
A DICTIONARY

OF

APPLIED CHEMISTRY

VOL. I.

IRIS - LILLIAD - Université Lille 1



PRINTED BY

SPOTTISWOODE AND CO., NEW-STREET SQUARE
LONDON

IRIS - LILLIAD - Université Lille 1



Ay

A DICTIONARY Q 80118-L

of

APPLIED CHEMISTRY

BY

T. E. THORPE, B.Sc. (Vict.), Ph.D., F.R.S., Treas.C.S.
PROFESSOR OF CHEMISTRY IN THE ROYAL COLLEGE OF SCIENCE AND

ROYAL SCHOOL OF MINES, SOUTH KENSINGTON

ASSISTED BY/ TBIBUTOBS

BIBLIOTHÈQUE
DE L'USTL

Cote UoA
Niv.

2,
J

Saile fAAG
Inv.

\SA sciLNUS /APy

IN THREE VOLUMES

VOL I.

SECOND EDITION l ' :

A KL,L.< , ■ j ; ^ i

LONDON

LONGMANS, GKEEN, AND 0 0.
AND NEW YORK : 15 EAST 16'" STEEET

1891

IRIS - LILLIAD - Université Lille 1



 IRIS - LILLIAD - Université Lille 1



PREFACE
♦o«—

Tins Work is essentially a Dictionary of Chemistry in its Applications to the Arts
and Manufactures ; hence it deals but sparingly with the purely scientific aspects
of Chemistry, unless these have some direct and immédiate bearing upon the busi¬
ness of the technologist. For ail such matters reference is made to the New Edition
of ' Watts' Dictionary of Chemistry,' by Dr. Forster Morley and Mr. Pattison
Muir, to which, indeed, the présent Work may be said to be complementary. In
order to facilitate such reference the général plan and method of arrangement of
the two Dictionaries are similar, and the nomenclature and notation adopted are

praetically identical. It has, however, not been thougkt désirable, even if it had
been found possible, to make use of the same elaborate System of abbreviation and
contracted expression as that employed in the companion Work, in which the
variety and complexity of the subject-matter are necessarily much greater.

Although the two Works are, in a broad général sense, complementary, it is
praetically impossible to avoid a certain amount of overlapping, and therefore a
certain degree of independence. Hence in the présent Work the chemical history
of a product of technical importance, so far as it is known, has often been completed
although its derivatives have, at présent, no applications in the Arts. Moreover,
such subjects as the Atmosphère, Water, Fermentation, the Chemistry of the

Hydrocarbons, the Vegeto-Alkaloids, Glucosides, &c. &c., ail of which are dealt
with in the other Work, find also a pilace in this Dictionary by reason of their
relations to Technology or to Medicine and Sanitation. In ail cases, however, these
subjects are treated from the standpoint of practical application.

The Editor has been fortunate in seeuring the co-operation of a large numner
of gentlemen, not only in the United Kingdom, but also in America, Germany,
Switzerland, &c., as contrihutors on subjects with which they are specially qualifiée!
to deal. A list of these, with the titles of their contributions, is prefixed to each
volume. Their naines and standing are a sufiieient guarantee that no pains have
been spared to make the Work a faithful record of the présent condition of
Chemistry in its relations to the Arts and Manufactures. Spécial attention has
been paid to the bibliography of the subjects, and in certain cases to the com¬

pilation of trustworthy patent-lists.
The Eclitor desires to express his acknowledgments to Messrs. F. B. Guthrie,

G. T. Holloway, Herbert Ingle, II. A. Lawrance, T. A. Lawson, J. Mills, and
W. P. Wynne, for assistance in the compilation of the subject-matter of certain of
the articles ; and he is under obligations to his colleagues Messrs. Japp, Howes, and
Scott for aid in the revision of the proof sheets.
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DICTIONARY
OF

APPLIED CHEMISTRY.

AÀL, A'L, ACH or AfCH. Native names
tor the roots of Worinda tinctoria and M.
citrifolia winch are extensively employed in
varions parts of India, under the général trade
name of Suranji, as a dye-stuff, more especially
for dyeing reds, purples, and chocolatés. These
plants are to be met with in nearly ail the pro¬
vinces of India, either wild, as in the jungles of
Bengal, or cultivated in small patches in betel-
nut plantations, or near the homesteads of the
dyers.

In Bengal, the plant is usually propagated
by slips or cuttings, but in other parts it is raised
from seed, as well as from cuttings. When the
plants have attained a height of some five or six
feet, that is, as a rule, at about the end of the
third year, the straight spindle-shaped roots,
whieh extend into the ground to a depth of three
or four feet, are dug out, and the upper portions
■of the plant are eut into slips to serve for the
propagation of the next crop.

The colouring matter is found principally in
the root-bark, and is developed in greatest quan¬
tités at about the end of three or four years,
depending upon the cliaracterof the soil. After
this time, the dyeing matter gradually dis-
appears, and the matured trees, which even-
tually attain the height of a mango tree, contain
hardly a trace of it. The thin roots are the most
valuable, roots thicker than half an inch being
thrown away as worthless. They are mainly
used for dyeing the thread or yarn from which
the coloured borders of the cotton garments
worn by the lower classes are woven, but they
are also occasionally employed for dyeing the
coarse cotton fabric called ' Khârua,' or for
dyeing the silk thread which forms the border of
the silk fabric known as ' Endi ' cloth. The
colours given by AT range from a reddish-yellow
through pink and various shades of red to a dark
brown-red. The tint seems primarily to dépend
upon the âge of the root, and upon the propor¬
tion of root-bark to root-stem which is employed.
The root-bark gives the best reds ; the dye in
the woody part of the root is yellow, and hence
when the wood preponderates over the bark the

Vol. I.—T

4-

resulting dye is reddish-yellow. The methods of
A'1-dyeing differ considerably in various parts of
India. The usual plan in Bengalis to steep the
cloth or yarn in a mixture of powdered castor-
oil seeds and the ashes of plantain leaves or
other alkaline ashes and water, for some days
with alternate washing and drying, after which
it is boiled with the dyeing solution prepared by
treating the pounded. roots, or sometimes the
root-bark only with water.

Myrabolans, turmeric, the bark or leaves of
Symplocos racemosa, alum, certain gums, and
various other substances are occasionally used
as mordants or auxiliaries either immediately
after the cleansing process or along with the
dye-stuff ; frequently, however, the cloth is
transferred directly from the cleansing liquor to
the décoction of the root, and no mordant is
employed. Purples and chocolatés are obtained
by adding sulphate of iron to the dyeing liquor.

The active dyeing principle of AT seems to be
Morindin, a crystallisable glucoside first isolated
by Anderson, and further investigated by Stein,
and Thorpe and Greenall (Anderson, A. 71,216 ;
Thorpe and Greenall, C. T. 51, 52 ; Liotard,
Indian Dyes ; M'Cann, Dyes and Tans of Ben¬
gal) (v. Mokiîïdiîi and Mokindon).

ABACA. A species of fibre obtained from
the Philippine Islands, and used in the manu¬
facture of mats, cordage, &e.

ABIES. The spruce-firs : a genus of trees
belonging to the Conifers, the most important
member of which is the Norway Spruce (A. ex-
celsa), constituting the ' White Norway,' Chris¬
tiania, and Danzig deals of the timber merchant,
much used for flooring, joists, and rafters. The
waste portions of the trunks and smaller branches
are made into splints for the match manufac¬
turer (v. Matches). Spruce wood is also used in
themanufacture of paper (v. Cellulose). ' Spruce
rosin ' or ' frankincense ' is mainly obtained
from A. excelsa, and is used in making the
better varieties of Burgundy pitch (v. Buegundy
ïitch). The bark and young cônes of spruce
are employed as tanning materials by the Norse
peasantry, and an infusion of the buds in

B
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ABIES.

milk is used by them as a remedy for scurvy.
Spruce beer is made by adding a décoction of
the green cônes to the wort before fermentation.
The Black Spruce (A. nigra) is chiefly found in
Canada and Newfoundland. The spruce beer of
America is made from the young shoots of this
tree : the concentrated infusion of the buds con-

stitutes ' Essence of Spruce.' Other varieties
found in Canada are the White Spruce (A. alba),
the Hemlock Spruce (A. canadensis), the bark of
which is used for tanning ; and the Douglas
Spruce (A. Douglasii), whieli frequently rises to
a height of 200 feet with a trunk measuring S
to 10 in diameter.

ABIETENE. A hydrocarbon obtained by
distilling the terebinthinate exudation of Pinus
Sabiniana, a coniferous tree indigenous to Cali-
fornia, and growing on the dry slopes of the foot-
hills of the Sierra Nevada and on the hills along
the coast, and known loeally as the nut-pine or
Digger pine. To procure the exudation, the tree
during winter is notehed and guttered at a con-
venient height from the ground, and the resin on
distillation yields the liquid hydrocarbon. The
crudo oilismetwithin San Francisco as an article
of commerce under the names of ' Abietene,'
' Erasine,' ' Aurantine,' and ' Thioline,' and is
used for removing grease-spots, paint-stains,
&c., from clothing. It is a nearly colourless mo¬
bile liquid of powerful aromatic smell, recalling
that of oil of oranges. Its vapour is said to be
powerfully anœsthetic, and it has been used with
success as an insecticide. It boils at about
100°.

Abietene has been shown by Thorpe to con-
sist almost entirely of normal heptane, C7HIS,
mixed with a small quantity of a resin to which
its charaeteristic smell of orange oil is due.
(Thorpe, C. J. 35, 296 ; Schorlemmer and Thorpe,
T. 174, 269).

ABIETIC ACID. An acid said to exist in
colophony, or to be formed from that substance
by digestion with dilute alcohol. According to
Maly (A. 129, 54 ; 132, 249) colophony consists
chiefly of abietic anhydride C44Hœ04. By
hydration it forms the acid C44H64Ô5 which on
hydrolysis yields sylvic and sylvinolic acids:

C44H6A + H20 = C20H30O2 + C,4H3s04.
Sylvie acid. Sylvinolic acid.

According to Strecker (A. 150,131) and Duvernoy
(A. 148, 143) abietic acid is identical with sylvic
acid ; v. also Emmerling, B. 12, 1441 ; Kelbe,
B. 13, 888 ; v. Colophony.

ABKAUM SALTS. Ger. Abraumsalze : ' Salts
to be removed.' The mixed salts found over-

laying the rock-salt deposit at Stassfurt in
Prussia. These consist mainly of rock-salt :
Carnallite, a double chloride of potassium and
magnésium ; Sylvine, or potassium chloride ; and
Kieserite or magnésium sulphate, .v. Potassium.

ABSINTH. A liquor flavoured with worm-
wood (Artemisia Absinthium, natural order, Com¬
posites), and other species containing the bitter
principle termed Absinthin. To préparé absinth,
the leaves and flower-heads of the wormwood are

steeped in spirit somewhat above ' proof ' for
several days, with other aromatic herbs—such
as angelica root, Calamus aromaticus, aniseed,
dittany leaves and wild marjoram. The liquid
is then distilled, and the green essence thus
obtained is mixed with certain aromatic extracts.

A brilliant tint is obtained by the use of indigo
and other vegetable colouring matters : sulphate
of copper is said to have been employed for this
purpose ; and it is also asserted that the liquor
is oceasionally adulterated with chloride of an-
timony in order to produce a charaeteristic
milkiness.

Absinth is largely prepared in Switzerland,
especially in the canton of Neufchâtel ; and, in-
deed, the strongest liquor is often known in
trade as ' Swiss absinth,' though it may not
have been prepared in Switzerland.

ABSINTHIN or ABSYNTHIN C1()H,,08. The
bitter principle of Artemisia Absinthium, or
wormwood. A yellow crystalline powder, smell-
ing like wormwood : sparingly soluble in water,
readily soluble in alcohol and ether (Mein, A.
8, 61 ; Luck, A. 78, 87 ; Kromayer, Ar. Ph. [2]
108,129).

ABSINTHOL C1(1H)60. The essential prin¬
ciple of oil of wormwood. Isomerie with common
camphor, from which it difl'ers by not being con-
verted into camphoric acid by means of nitric
acid, nor into eampho-carboxylic acid by treat-
ment with carbon dioxide and sodium. "With
melted potash it gives a resin but no acid.
Yields cymene when heated with P2S5 and ZnCl»
(Beilstein and Kupft'er, B. 6, 1183; A. 170, 290;
Wright, C. T. 27, 1 a. 319).

ABUTILON INDICUM, PETAEEE, or TUB0-
CUTY, The bark of this tree consists of long, thin,
tough fibrous strips, and, according to Dymock
(Ph. [3] 8, 383), is worthy of attention as a,
source of fibre.

ABYSSINIAN GOLD. A yellow alloy of 90-74
parts of copper and 8-33 of zinc. The ingot is
plated on one side with a thin pilate of gold, and it
is then rolled out into sheets, from which articles
of jewellery are formed in the usualway: the
amount of gold on the finished article varying
from 0-03 to 1*03 p.c. Known also as Talmi gold.
The tenu is sometimes applied in trade to Alu¬
minium Bronze, v. Alloys, art. Aluminium.

ACACIA CATECHU or KHEIE (Mimosa Ca-
techu, Lin.) is a tree growing in mountainous
places in various parts of India. Its unripe pods
and wood, by décoction, yield a catechu, known
by the name of Cutch or Kutch, which must not
be confounded with the officiai catechu (Catechu
pallidum). It is used in the préparation of
some leathers and by dyers.

ACACIA GTIM or ACACIN v. Guhs.
ACAE0ID EESIN or BOTANY BAY EESIN

v. Xanthorrhœa Balsams, art. Balsahs.
ACENAPHTHENE C12H10 i.e. C,„H6:C2H4.

A crystalline substance found in coal-tar oil
(Berthelot, Bl. [2] 8, 226). Obtained by cooling
the fraction of heavy coal-tar oil which boils
between 260°-270°. On re-crystallising the sclid
product from alcohol, acenaphthene is obtained
in long needles, m.p. 95° (Behr and Dorp, A.
172, 265), 103° (Schifi, A. 223, 263) ; b.p. 278°.
For other modes of formation and reactions v.

Watts' Dictionary of Cheaiistry.
ACETAL CsH1402 or CH3.CH(OC.,H3)2 (D6-

bereiner, Gm. 4, 805 ; Liebig, A. 5, 25 ; 14", 156 ;
Stas, A. Ch. [3] 19, 146 ; Wurtz, A. Ch. [3] 48,
370 ; Geuther, A. 126, 63).

Préparation.—To préparé acetal by Wurtz's
method, 2 parts of alcohol are added to a mix¬
ture of 3 parts of manganèse dioxide, 3 parts of
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ACETALS. S

sulphuric acid and 2 parts of water, and, after
the effervescence produced during tire first mo¬
ments of the reaction lias subsided, the whole is
heated at 100° until 3 parts have distilled over.
The product is then fractionally distilled, and
two portions, one boiling below 80° and the
second boiling at 80°-95°, are collected.1 The
former fraction is treated with calcium chloride;
the ethereal layer whieh separates is distilled,
and that portion boiling above 60° is again
treated with calcium chloride to separate the
impure acetal ; the second fraction S0°-95° is
also rectified, and the ethereal layer obtained on
treating the first portion of the distillate with
calcium chloride contains acetal and is added to
the other. The product so obtained contains
aldehyde and ethyl aeetate in addition to acetal,
and to remove these it is shaten with eoncen-
trated aqueous potash, the brown liquid sepa-
rated from the aqueous layer is distilled, and
the distillate shaken with calcium chloride.
The ethereal layer is then heated with twice its
volume of concentrated aqueous soda in sealed
tubes in a water bath for 24 hours, separated
from the soda, distilled, the distillate again
rectified, and the fraction 100°-105°, which con-
stitutes the greater portion, is acetal.

In addition to its formation as a by-product
in the oxidation of alcohol, acetal can also be
obtained from a mixture of acetaldehyde (1 vol.)
and absolute alcohol (2 vols.) by heating it with
acetic acid (£ vol.) for 12 hours at 100° (Geuther,
A. 126, 63) ; by cooling it in a freezing mixture,
passing dry hydrogen chloride to saturation, and
decomposing the resulting monochlorether with
sodium ethoxide (Wurtz and Frapolli, C. R. 67,
418 ; A. 108, 223) ; or by cooling a mixture of
equal volumes to —21°, and passing a current of
pure hydrogen phosphide for24 hours (Engeland
Girard, C. R. 92, 692 ; J. 1880, 694).

Propertics.—Acetal is a colourless liquid
with a peculiar agreeable odour. Its b.p. = 104°,
and sp. gr. = 0-821 at 22-4° (Stas, A. 64, 322) ;
b.p. = 103-7°-104-3° at 744-4 mm., and sp. gr. =
0-8314 at 2f° (Briihl, A. 203, 25). It is soluble
in 18 vols, of water at 25°, and the solubility
increases as the température rises ; from the
aqueous solution it is separated as an ethereal
layer on addition of concentrated calcium chlo¬
ride solution (Stas). Acetal is miscible in ail
proportions with alcohol and etlier, does not
reduce ammoniacal silver solution, and is un-
altered on exposure to air ; platinum blaek,
however, oxidises it first to acetaldehyde and
subsequently to acetic acid.

Réaction — Acetal does not give the iodoform
reaction when added to potassium hydroxide
and iodine in aqueous solution, but a séparation
of iodoform is obtained if it is first shaken with
a few drops of hydroehloric acid, owing to the
fact that acetal is thereby hydrolysed into a
mixture of alcohol and aldehyde.

Derivatives.—Mono-, di-, and trichloracetal
are obtained as intermediate products in the
préparation of chloralby passing clilorinethrough
80 per cent, alcohol (Lieben, A. Ch. [3] 52, 313 ;
Paternô, C. R. 67, 765). Aecording to Krey (J.
1876, 475) a better yield of these derivatives is

1 The b.p. is given as in the original paper, but, inas-
much as b.p. of acetal is 104°, it seerns probable that 95°
is a misprint for some higher température—say 105°.

obtained if a mixture of 2 parts of absolute
alcohol, 3 parts of manganèse dioxide, 3 parts of
sulphuric acid, and 2 parts of water is heated
until § of the liquid has distilled over and
chlorine is passed through the well-cooled dis¬
tillate until it shows signs of turbidity. In either
case the product is treated with 3-4 vols, of
water, the separated oil again washed with
water, dried over calcium chloride, and submitted
to fraetional distillation. The fraction 80°-120°
contains chiefly aldehyde and compound ethers,
120°-170° chiefly monochloracetal, 170°-185° di-
chloracetal (Lieben, l.c.), and the fraction boiling
above 185° contains trichloracetal (Paternô, l.c.).
These compounds may then be obtained in the
pure state by repeated fractionation.

Monocliloracetal CH„C1.CH(0C2H5)2 (Lieben,
A. 146, 193 ; Paternô and Mazzara, B. 6, 1202 ;
Klein, J. 1876, 336 ; Natterer, M. 3, 444 ; 5, 497 ;
Wislieenus, A. 192, 106 ; Frank, A. 206, 341) is
a colourless liquid, baving an aromatic ethereal
odour. Its b.p. = 156-8°, and sp.gr. = 1-0418 at
0°, and = 1-026 at 15° (Klein). When heated
with bleaching powder it yields di- and tri-chlor-
acetal, ehloroform and chlorinated acetaldehyde
(Goldberg, J. pr. [2] 24, 107).

Dicliloracetal CHCL.CH(OC.,H,)„ (Jacobsen,
B. 4, 217 ; Pinner, B. 5," 148 ; A. 179, 34 ; Krey,
l.c. ; Paternô, A. 149, 372 ; 150, 134) boils at
183°-184°, and has a sp. gr. = 1-1383 at 14°.

Trichloracetal CC13.CH(OC„H.)o (Byasson,
Bl. 32, 304 ; Wurtz and Frapolli, J. 1872, 438)
boils at 197° ; at 204-8° at 758-7 mm. (Paternô
and Pisati, J. 1872, 303), and has a sp. gr. =
1-2813. When heated with concentrated sul¬
phuric acid it yields chloral.

Trichloracetal C6H„C1302. Obtained by the
action of chlorine on alcohol (Lieben, Paternô,
Krey, l.c.) crystallises in monoclinic needles
resembling eaffeine, and melts at 89°.

Monobroviacctal (Pinner, B. 5, 149 ; Wis¬
lieenus, A. 192, 112).

ACETALS. (Wurtz, A. Ch. [3] 48, 370). The
acetals are a group of compounds formed
by the combination of 1 mol. of an aldehyde
with 2 mois, of an alcohol, and the élimination
of the elements of 1 mol. of water. They are
generally obtained as by-products in the pré¬
paration of aldéhydes by the oxidation of the
corresponding alcoliols, the aldehyde at the mo¬
ment of formation uniting with the alcohol,
and this tendency to combine is mueh increascd
if acetic acid is présent (Geuther, A. 126, 65), or
if pure (non-spontaneously inflammable) hydro¬
gen phosphide is passed through the cooled
mixture of aldehyde and alcohol (Girard, C. R.
91, 629 ; J. 1880, 695).

Propertics. —The acetals are liquids having
aromatic odours, and are sparingly soluble in
water, from which they can again be separated
on addition of concentrated calcium chloride
solution. When heated in a closed tube with
glacial acetic acid, the corresponding aldehyde ia
obtained (Beilstein, A. 112, 239). Aecording to
Bachmann (A. 218, 45) the sériés of acetals can
be descended by heating any member of the
group with an alcoholcontaining a smallernumber
of carbon atoms than is présent in its alcohol-
residue ; for example, diethylacetal and methyl
alcohol yield dimethylacetal and ethyl alcohol ;
but the reverse change, if it oceurs at ail, results
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in the production of very small quantities of the
kigher acetal. Mixed acetals—that is, acetals
containing two différent alcohol residues—bave
been described by Bachmann (l.c.), but these
consist of mixtures of moleeular proportions of
two distinct acetals (Riibencamp, A. 225, 271).

The following acetals have been prepared :
methylal (Kane, A. 19, 175; Briihl, A. 208, 12) ;
ethylidene-dimethyl ether (Arlsberg, J. 1864,
485), -dipropyl, and -diisobutyl ether (Girard,
J. 1880, 695), and -diisoamyl ether (Arlsberg, J.
1864, 486) ; propylidsnedipropyl etlier (Schudel,
M. 5, 247) ; isobutylidenediethyl ether (Oecono-
mides, Bl. 35, 500) ; and amylidene-di-methyl,
-diethyl, and -diisoamyl ether (Arlsberg, l.c.).
Glycolacetal, a derivative of glycolaldehyde, has
also been prepared (Pinner, B. 5,150).

ACETAMIDE C2H5NO, or CH3.CONH2.
Préparation.—(Hofmann, B. 15,980; Schulze,

J. pr. [2] 27, 512; Keller, J. pr. [2] 31, 364).
Aeetamide is usually irrepared by the dry distil¬
lation of ammonium acetate ; a large quantity of
ammonia is evolved at first, but when the tem¬
pérature rises to 160° an acid distillate, which
does not crystallise and consists probably of
acid acetate of ammonium, is obtained ; above
160° a product containing aeetamide distils over
and crystallises in the tube of the condenser,
whilst above 190° nearly pure aeetamide is ob¬
tained (Kiindig, A. 105, 277).

Properties.—Aeetamide forms white hexago¬
nal erystals having a peculiar odour, melts at
82°-83° (Hofmann, B. 14, 2729), boils at 222°
(cor.) [Kiindig], is readily soluble in water, and
when heated with acids or alkalis is converted
into acetic acid and ammonia. Chlorine, led
into fused aeetamide, yields acetchloramide
CHj.CONHCl, and bromine, in the presence of di-
luteaqueouspotash or soda,yields acetbromamide,
which on distillation with eoncentrated aqueous
soda is converted into methylamine (Hofmann,
B. 15, 408). Aeetamide acts both as a base and
an acid (Pinner and Klein, B. 10, 1896), com-
bining with hydrogen chloride and nitrie acid,
and forming compounds in which a métal
takes the place of one atom of hydrogen, as
C.,H,O.NHAg (Strecker, A. 103, 321). Mono-, di-,
and tri-chloracetamide have also been prepared
(Willm, A. 102, 110; Geuther, J. 1864, 317;
Pinner and Fuchs, B. 10, 1066 ; Malaguti, A.
56, 286; Cloëz, A. 60, 261; Bauer, A. 229,
165).

Diacetamide C4H.N02, or NHfCJljO).; (Gau¬
tier, Z. 1869, 127; Hofmann, B. 14, 2731), and

Triacetamide C6H0NO3, or N(C2H30)3 (Wi-
chelhaus, B. 3, 847), and derivatives from them,
have also been obtained.

ACETANILIDE, also known as ANTIFE-
BRIN, is prepared by heating together glacial
acetic acid and aniline for some time. The
mass solidifies and is then distilled.

C3H.,NH2+CH3.C02H = C6H5NHCOCH3 + H.,0.
The substance melts at 114° and boils with-

out décomposition at 295°, and it is soluble in
hot water, alcohol, and ether.

It is decomposed by boiling with aleoliolic
potash forming aniline and potassic acetate.

ACETIC ACID. Acide Acêtiqiie. Bssigs&ure.
Acidum Aceticum. C.,H40„ i.e. CH3.COOH, or
C2H3.OH.

Acetic acid occurs in nature in the juices of

many plants, especially trees, eiôher as free acid
or, generally, as the calcium or potassium sait ;
and, in the form of organic acetates, in the oils
from many seeds. It is stated to be présent in
larger quantities when the plants are kept from
the light. It exists in certain animal fluids ;
Béchamp states it to be a normal constituent
of mille. Gmelin and Geiger have found it in
minerai waters, doubtless from the décomposition
of organic matter.

Being a very stable body both at the ordinary
and at high températures, it is found as a pro¬
duct of the décomposition or destructive dis¬
tillation of many organic substances. Acetic
acid was first shown by Lavoisier to be formed
by the oxidation of alcohol. Its true composi¬
tion was ascertained by Berzelius in 1814, and
Dôbereiner in 1822 proved that it was formed,
together with water, by the oxidation of alcohol,
without the formation of carbonic acid as had
been previously supposed.

Préparation.—Acetic acid is produced by the
oxidation, décomposition, and destructive dis¬
tillation of many organic bodies. The greater
part of that used in commerce is produced in
the destructive distillation of wood.

By the action of oxygen on alcoholic liquids
under the influence of ferments, vinegar is pro¬
duced, of which the active constituent is acetic
acid. Alcohol may be converted into acetic acid
by powerful oxidising agents, such as chromic
acid, nitric acid, &c. Advantage may be taken
of the fact that spongy platinum or platinum
black has the property of absorbing oxygen, and
thus acting as a powerful oxidising agent. If a
tray of spongy platinum be plaeed over a vessel
of alcohol with free access of air, the platinum
absorbs at the same time the oxygen and the
alcohol vapour, which, being brought into such
immédiate contact, combine and produce acetic
acid and water :—

CH3CH,OH + 02 = CH3COOH + OH2
Alcohol Acetic acid

In addition to the acetic acid, aldehyde
(acetic aldehyde) is produced, which is inter-
mediate in composition between alcohol and
acetic acid. It is formed by the removal of two
atoms of hydrogen from the alcohol without
their replacement by an atom of oxygen :—

CH3CH2OH + O = CH3COH + H20
Alcohol Aldehyde

In presence of excess of oxygen aldehyde
forms acetic acid. Aldehyde is a very volatile
liquid, and is liable to be lost before its conver¬
sion into acetic acid ; it is therefore necessary in
ail cases where acetic acid is produced by the
oxidation of alcohol to allow free access of
air.

This method produces a very pure acetic
acid, but on account of the initial cost of the
platinum (which, however, is not in any way in-
jured by use) it is not used on the manufacturing
scale. An apparatus has been made in Ger-
many which contained a large number of small
vessels, each surmounted by a watch-glass con¬
taining platinum black. The température was
kept at 33°C., and a constant current of air
passed through, the products, as they passed
out, being conveyed through condensers so that
ail the acid was saved. The apparatus, of 40
cubic métrés capacity, contained 17 kilos ofIRIS - LILLIAD - Université Lille 1
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platinum, and converted 150 litres (33 gallons)
of aleohol into pure aoetie acid daily.

The action o£ the atmospherie oxygen may,
however, be assisted in other ways. The ferment
known as the ' vinegar plant,' ' mother of vine-
gar,' H'tjcoderma vini, or Mycoderma aceti, has
Ulis power, and appears, like platinum, to absorb
the oxygen and oxidise the aleohol within its
pores. It is a white gelatinous nitrogenous
plant, requiring for its healthy growth albumi-
nous substances and minerai salts, which are

always présent in wines and other alcoholic
liquids. On aecount of the absence of this food
it has no action on pure aleohol, but Pasteur
has shown that pure aleohol, to which alkaline
phosphate and ammonium phosphate have been
added, is slowly acetified by this ferment, the
ammonia, instead of the albuminous substances,
supplying the nitrogen.

The concentrated or glacial acid is usually
prepared by the distillation of a dry aeetate
with an équivalent quantity of strong sulphurie
acid, or acid potassium or sodium sulphate.
The following proportions may be used
Sodium aeetate, 82 parts, or potassium aeetate,
98, or calcium aeetate, 79, or lead aeetate, 163,
heated with 49 concentrated sulphurie acid, or
136 acid potassium sulphate.

Sodium aeetate being easily obtainable is
generally used. It is first rendered anhydrous,
and then fused in sheet-iron pans, 6 feet by
4 feet, care being taken that no sparks reach
the dried sait, as it would then ignite and burn
like tinder. The mass is cooled, broken into
small lumps, and distilled with concentrated
sulphurie acid. The distillate contains a small
quantity of water, and is redistilled. The first
portion distilling contains the water, the later
portion is collected and cooled ; when crystals
of the glacial acid have formed the still liquid
portion is removed, the crystals are melted and
redistilled as before, producing the glacial
acid.

When a solution of calcium chloride is
mixed in proper proportions with a solution of
calcium aeetate, fine large crystals of a double
compound, calcium aceto-chloride

CaC2H302C1.5H20
gradually separate. H. B. Condy has found
that these crystals may be produced in com¬
parative purity even when impure brown aeetate
of lime is used, and has patented (1868) a
process for the préparation of pure acetic acid
by means of this sait. The ordinary commercial
or ' distilled ' aeetate of lime is generally used.
It is mixed with the proper proportion of cal¬
cium chloride, and the solution is concentrated by
evaporation until crystallisation has commenced,
and is cooled ; the mother-liquor is poured from
the crystals and concentrated with the produc¬
tion of a second crop of crystals ; this is re-
peated until about four crops have been pro¬
duced. The crystals are then dissolved in
water, filtered through animal charcoal, mixed
with about 10 p.c. of calcium chloride, and
recrystallised. The crystals are distilled with
a mixture of 1 part sulphurie acid of sp.gr.
1-84 and 2 parts water, and the acetic acid
concentrated in the usual way. Very pure
acid is manufactured by this process. The
glacial acid may also be prepared by the dis¬

tillation of di- or acid-aeetate of potash, which,
when heated, décomposés into acetic acid and
the normal aeetate of potash. If ordinary
acetic acid be heated with normal potassium
aeetate, the acid aeetate is formed, and a weaker
acid at first distils over ; as the température
rises, the diacetate commences to décomposé,
and the distillate increases in strength until the
glacial acid passes over. When the température
reaches 300°C. the distillate becomes coloured
from the décomposition of the acid (Melsens, A.
52, 274-, C. E. 19, 611).

By repeated fractional distillation of a weak
acid the glacial acid, which boils at the higher
température, may be produced.

T. Goring (D. P. J. 254, 90-91) advises the
addition to dilute acetic acid of substances which
combine with the acid but are not soluble in
water ; the layer of the substance will thus
separate the acetic acid from the water, and
can itself be removed from the acid by frac¬
tional distillation or other means. The method
has been patented (Germ. pat. 28064, 1883).

' A r o m a t i c v i n e g a r ' is frequently prepared
by distilling crystallised diacetate of copper (dis¬
tilled verdigris). The aeetate is dried atl60° G.
and distilled in earthenware retorts ; the glacial
acid distils over, soon becoming coloured green
from the presenee of copper aeetate. It requires
to be redistilled. The verdigris produees about
half its weight of the acid. The pleasant odour
of aromatic vinegar is largely due to the presenee
of acetone, which is always produced when
acetates of hoavy metals are distilled, but cam-
phor and essential oils are frequently added to
increase or modify the smell.

Pure acetic acid for phannaceutical and other
purposes should not decolourise a solution of
permanganate of potash. To remove the organic
matter which would have that effect, the acid is
distilled with permanganate or dichromate of
potash in a copper retort having a silver con¬
denser. The opération is best conducted in an
atmosphère of carbonie anhydride to prevent
action of the acid on the metals. Por P y r o 1 i g-
neous Acid v. Wood, destkuctive distilla¬
tion op.

Properties. — The strongest acid solidifies
at 16'7°C. in tabulai- or prismatic glistening
crystals. Aceording to Begnault the glacial
acid may be cooled to — 10° without solidi
fication, even when agitated, but on the addition
of a crystal of the acid the whole solidifies and
the température rises to 16-7°, the ordinary
solidifying point.

The spécifie gravity of the crystals at -j °C.
is 1-0607 (Mendeléef, J. 1860, 7). They melt to a
mobile colourless liquid of sp.gr. 1-0543 at
(Petterson, J. pr. [2] 24,301), 1-0495 at (Briihl),
which boils at 118-5°C. at 760 mm. (Perkin).
The liquid is uninflammable, but the vapour
burns with a fine blue flame producing water and
carbonie acid. When passed through a red hot
tube only a small portion is decomposed pro¬
ducing carbon, acetone, benzene, &c. The strong
acid blackens when heated with concentrated
sulphurie acid evolving sulphurous and carbonie
anhydrides.

Nitric and chromic acids have no action ; for
this reason acetic acid is frequently used as a
solvent for organic substances sueh as hydro-
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carbons, which are to be subjected to the action
of chromic acid. Chlorine under the influence
of sunlight replaces a portion of the hydrogen,
and produces mono-, di-, and trichloracetic
acids. Similarly, bromine produces dibrom-
acetic acid. On the addition of water to the
glacial acid beat is evolved and the density in-
creases until 20 p.c. of water is présent ; from
this strength to 23 p.c. of water the density
remains stationary, the amount of water corre-
spondingto a monohydrate C„H10,,.H.,0 ; Eoscoe,
however, doubts its existence. Further dilution,
lowers the density, so that either dilution or
concentration from this point will produce an
acid of diminished density.

An acid containing only 43 p.c. of acid hasthe
same density as the glacial acid. This, together

with the slight différence between the density of
acetic acid and water, renders it impossible to
détermine, with any précision, the percentage of
acid by means of the hydrometer.

Mohr has determined the densities of mix¬
tures of varying proportions of acetic acid and
water, and the percentages of the B.P. are eal-
culated on his results. Oudemans has repeated
the déterminations at the same température
(15°C.), with différent results. According to him
the acid used by Mohr contained 5 p.c. water ; but,
on the other hand, Allen (An. III. 268) lias
pointed out inconsistencies in the'part of Oude¬
mans' table referring to dilute acids. Oude¬
mans' table is, however, generally employed.

The following table shows the density of
aqueous acetic acid at 15° and 20° :—

Density of Aqueous Acetic Acid (Oudejians).

p.c.

Density

p.c.

Density

p.c.

Density

15° 20° 15° 20° 15° 20°

0 0.9992 0-9983 34 1-0459 1-0426 68 1-0725 1-0679
1 1-0007 0-9997 35 1-0470 1-0437 69 1-0729 1-0683
2 1-0022 1-0012 36 1-0481 1-0448 70 1-0733 1-0686
3 1-0037 1-0026 37 1-0492 1-0458 71 1-0737 1-0689
4 1-0052 1-0041 38 1-0502 1-0468 72 1-0740 1-0691
5 1-0067 1-0055 39 1-0513 1-0478 73 1-0742 1-0693
6 1-0083 1-0069 40 1-0523 1-0488 74 1-0744 1-0695
7 1-0098 1-0084 41 1-0533 1-0498 75 1-0746 1-0697
8 1-0113 1-0098 42 1-0543 1-0507 76 1-0747 1-0699
9 1-0127 1-011-2 43 1-0552 1-0516 77 1-0748 1-0700

10 1-0142 1-0126 44 1-0562 1-0525 78 1-0748 1-0700

11 1-0157 1-0140 45 1-0571 1-0534 79 1-0748 1-0700
12 1-0171 1-0154 46 1-0580 1-0543 80 1-0748 1-0699
13 1-0185 1-0168 47 1-0589 1-0551 81 1-0747 1-0698
14 1-0200 1-0181 48 1-0598 1-0559 82 1-0746 1-0696
15 1-0214 1-0195 49- 1-0607 1-0567 83 1-0744 1-0694
16 1-0228 1-0208 50 1-0615 1-0575 84 1-0742 1-0691
17 1-0242 1-0222 51 1-0623 1-0583 85 1-0739 1-0688

18 1-0256 1-0235 52 1-0631 1-0590 86 1-0736 1-0684
19 1-0270 1-0248 53 1-0638 1-0597 87 1-0731 1-0679
20 1-0284 1-0261 54 1-0646 1-0604 88 1-0726 1-0674
21 1-0298 1-0274 55 1-0653 1-0611 89 1-0720 1-0668
22 1-0311 1-0287 56 1-0660 1-0618 90 1-0713 1-0660
23 1-0324 1-0299 57 1-0666 1-0624 91 1-0705 1-0652
24 1-0337 1-0312 58 1-0673 1-0630 92 1-0696 1-0643
25 1-0350 1-0324 59 1-0679 1-0636 93 1-0686 1-0632
26 1-0363 1-0336 60 1-0685 1-0642 94 1-0674 1-0620
27 1-0375 1-0348 61 1-0691 1-0648 95 1-0660 1-0606
28 1-0388 1-0360 62 1-0697 1-0653 96 1-0644 1-0589
29 1-0400 1-0372 63 1-0702 1-0658 97 1-0625 1-0570
30 1-0412 1-0383 64 1-0707 1-0663 98 1-0604 1-0549
31 1-0424 1-0394 65 1-0712 1-0667 99 1-0580 1-05-25
32 1-0436 1-0405 66 1-0717 1-0671 100 1-0553 1-0497
33 1-0447 1-0416 67 1-0721 1-0675

The addition of a small quantity of water
lowers the melting-point of the glacial acid eon-
siderably, as shown by the annexed table (p. 7)
(Eudorff, Pli. [3] II. 241).

Acetic acid is monobasic but formsboth acid
and basic, as well as normal salts. It dissolves
certain metallic oxides, as those of lead and
copper, forming basic acetates.

It has a pungent sour taste, is an acrid poison,
and when strong blisters the skin. The glacial
acid lias no action on litmus, but on addition of

water becomes powerfully acid. It is not affected
by the electric current, probably because a bad
conductor, but when a little sulphurie acid is
added the current décomposés it, produeing, ac¬
cording to Eenard (A. Ch. [5] 16, 289), carbonic
anhydride, carbon monoxide and oxygen. Eenard
also found formic acid in the remaining solution.
Alkaline acetates when electrolysed are decom-
posed into hydrogen and alkaline hydrate which
appear at the négative pôle, and ethane and
carbon dioxide at the positive pôle.
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Solidifying
point

°G

Water to
100 parts

real acetic
acid

Solidifying
point

°C

Water to
100 parts

real acetic
acid

+ 16-70 o-o + 6-25 8-0
16-65 0-5 5-30 9-0
14-80 1-0 4-30 10-0
14-00 1-5 3-60 11-0
13-25 2-0 2-70 12-0
11-95 3-0 -0-20 15-0
10-50 4-0 -2-60 18-0
9-40 5-0 -5-10 21-0
8-20 6-0 -7-40 24-0
7-10 7-0

Acetio aeid mises with alcohol and ether
in ail proportions. It dissolves resins, gelatin,
fibrin, albumen, essential oils, &c. Phosphorus
and sulphur are somewhat soluble in the warm
acid. Valenta (D. P. J. 252, 29G-297) and others
have used it on aecount of this solvent power in
tlie analysis o£ oils.

Acetic acid is largely used in the préparation
of the acetates of copper, aluminium, iron, lead,
&c., as pyroligneous acid in calico printing ; in
the préparation of varnishes and colouring
matters; in thelaboratoryand certain industries
for the solution of hydrocarbons and like sub¬
stances ; for domestic use ; in photography ; and
in medicine as a local irritant and to aîlay fever,
and in the form of smelling salts.

Analysis.—Commercial glacial acid should
contain at least 97 p.c. of absolute acid. If 9
volumes oil of turpentine be agitated with 1
volume of acid, no turbidity will be produced if
the aeid contain 97 p.c. or upwards. Acid of
99-5 p.c. produces no turbidity with any propor¬
tion of turpentine (Bardy, C. N. 40, 78).

A very delicate test for the presence of water
is to mix the acid with an equal bulk of bisul-
phide of carbon in a dry tube, and warm with
the hand for a few minutes ; in presence of a
trace of water the liquid beeomes turbid.

The commercial acid is liable to contain sul-
phuric aeid, sulphates, sulphurous acid, hydro-
chloric acid, chlorides, arsenic (derived from
sulphuric acid), and copper, lead, zinc, and tin
derived from the vessels used in the manu¬

facture.
The presence of sulphuric acid or sulphates

is shown by the production of a white precipi-
tate with barium chloride. To the filtered so¬

lution bromine or chlorine water is added, pro-
ducing, if sulphurous acid be présent, a further
precipitate of barium sulphate. Hydrochloric
acid and chlorides are detected and estimated
with silver nitrate.

In testing for metals a considérable bulk
should be evaporated ; if muck organic matter be
présent, the liquid should be evaporated to dry-
ness and ignited, and the residue dissolved in
hydrochloric acid, a few drops of hydrochloric
acid are added, and a current of sulphuretted
hydrogen gas passed through the liquid ; a black
or brown colouration or precipitate indicates
lead or copper. Copper may also be detected in
the evaporated liquid by the brown precipitate
produced on the addition of ferrocyanide of
potash, and estimated by electro-deposition.

To test for zinc, the solution, after the pas¬
sage of sulphuretted hydrogen, is filtered, nearly
neutralised with ammonia, and acetate of soda
added, when zinc will be precipitated as white
sulphide. For arsenic Beinsch's test may be used.

Small quantifies of acetic acid may be recog-
nised by neutralising with caustic potash, adding
arsenious oxide, evaporating to dryness, and
heating, when the characteristic odour of caeo-
dyl is evolved.

To détermine the free acetic acid in a solu¬
tion it is usual to titrate a weighed quantity with
a solution of caustic soda standardised with a

solution of acetic açid of known strength, or of
hydric potassic tartrate (Stillwell and Giadding).

As indieator litmus may be used, but as it is
rendered blue by the normal acetate of soda, it
is préférable to use phenol-phthaleïn, to whieh
that substance is neutral ; this is also more
delicate, and, where the liquid is coloured, may
be considerably diluted without impairing the
delicacy of the reaction.

To estimate small pereentages of water in
acetic acid, the melting-point may be determined
and the pereentage found by the table before
given.

Acetates, when heated alone, usually evolve
acetone ; heated with sulphuric or phosphoric
acid they evolve acetic acid ; heated with arse¬
nious acid cacodyl is produced.

The acetic acid in acetates may be deter¬
mined by distilling about 1 gram (15 grains) of
the sait nearly to dryness with 10 c.c. of a 40 p.c.
solution of phosphoric acid (free from nitric and
other volatile acids) ; water is added and the
distillation repeated to remove the last traces of
acetic acid ; the distillâtes are mixed and titrated
as above with standard alkali. This method of
distillation may also be used for highly coloured
solutions of acetic acid where direct titration is
inadmissible.

Préparation of Vinegar.
In ail processes for the manufacture of vinegar

advantage is taken of the oxidising action of the
vinegar fungus already described ; the souring of
wines and other alçoholic liquids is due to this
organism, the germs of which are alvvays présent
in the air and are deposited, and grow in any
suitable médium.

The action is more rapid when the liquid is
rich in vegetable matter and poor in alcohol,
and when the surface exposed to the air is large.
The pereentage of alcohol should not, however,
be too low ; the acetous fermentation proeeeds
but slowly in a liquid containing less than 3 p.c.
alcohol.

Wine vinegar. Fr. Vinaigre; Ger. Weinessig.
In the great wine district of Orléans, wines whîch
have become sour are generally used for the
préparation of vinegar. For this purpose full-
bodied wines are preferred. If they contain
above 10 p.c. alcohol they are usually diluted or
mixed with weaker wines, so as to contain about
that pereentage. The wine, before being fer-
mented, is usually left for some time in contact
with beech shavings, on which the lees are de¬
posited, rendering the wine brighter. A certain
amount of extraetive matter is, however, neces-
sary for the proper growth of the plant, and if
the wine be old and the matter deposited, the

IRIS - LILLIAD - Université Lille 1



8 ACETIO ACID.

fermentation is much retarded. Wine one year
old is preferred.

The ' Vinaigrerie ' is usually a building of
southern aspect ; the rooms in which the pro-
cess is condueted are low-roofed, and the walls
are provided with openings for the admission of
air, which can be closed when the température
is not sufficiently high.

A number of casks of well-seasoned oak,
bound with iron hoops, eaeh holding from 50 to
100 gallons, are supported on their sides in rows
about 18 inehe3 from the floor, one set being
frequently plaeed above another, in which case
those nearest the roof are f'ound to work most
rapidly. Each eask is bored with two holes in
the front end, a larger one, the 'eye,' for the
addition of wine or the removal of vinegar, and
a small one for the admission of air.

When first used the casks are thoroughly
scalded with boiling water to remove extractive
matter, one-third filled with boiling strong vine¬
gar, and allowed to stand for eight days ; from that
time wine is added in charges of about 10 pints
every eight days until not more than two-thirds
full ; after a further interval of 14 days a por¬
tion of the wine, varying from 10 gallons to half
the total bulk, is drawn ofi and the periodical
addition of the wine continued. The tem¬
pérature of the chambers should be about
25°C. and is kept up when necessary with a
stove. The workman, in order to ascertain if
the fermentation is completed at the end of the
psual time, plunges a white spatula into the
liquid : if a reddish froth adhères, more wine is
added and the température raised ; a white froth
indicates the completion of the process. More
than eight days is sometimes required to com¬
plété the oxidation, in which case stronger wine
and a higher température may be used. The
sluggishness may, however, be due to the casks
becoming foui, which occurs usually after about
6 years' working. The deposit of argol, yeast
sediment, &c., is thoroughly removed, the casks
cleansed and recharged with hot vinegar as in
the case of new casks. Good casks will often
last twenty-five years.

When working satisfactorily each eask will
produce about twice its capacity of vinegar an-
nually.

Before storing, the vinegar is usually passed
through the ' râpes ' where it is ' brightened '
and the acetification completed.

In other parts of France and in Holland and
on the Bhine the following method is used.
The wine is plaeed in two large upright tuns
about 9 feet high and 4 feet wide, open to the
air. Each tun has a perforated false bottom
about 12 inches above the true bottom on this is
plaeed a quantity of vine cuttings, stalks, &c., so
as to expose a large surface for the formation of
the fungus. One of the vats is half, and the other
completely, filled. The acetification progresses
more rapidly in the former; this, after twenty-four
hours, is filled from the full eask, in which then the
action increases. This alternate transference is
continued daily until the acetification is com¬
plété. The most favourable température is about
24°C, The vinegar is run off into casks con-
taining chips of birch wood on which the lees
settle. and in about fourteen days being thus
clarified is stored in close casks for the market.

Malt vinegar. Malzge.tre.ide. Bieressig. Ace-
tum Britannicum.—This is prepared from au
infusion of malt which has first been fermented
to produce alcohol. Six bushels of crushed malt
are extracted three times with water, in a cireular
mash tun supplied with a central stirrer, the first
extraction with water at 72°C., the second at a
higher température, and the third with boiling
water. The extracts, which together should not
exceed 100 gallons, are passed into a large cast-
irontank24 feet by 8 feet, eooled by refrigerators
to 24°C., poured into a large circular vessel,
mixed with 3 or 4 gallons of good yeast and
fermented briskly for about forty hours. The
extract is filtered, and, where intended for the
manufacture of the best keeping vinegar, is
stored in casks for some months, whereby the
extractive matters which would induce putréfac¬
tion are deposited.

This ' wash ' may be treated by the ' quiek
vinegar process' or acetified in large casks
lying on their sides in a room at a température
of about 24°C. The bung-holes of the casks
are open, and at each end near the top an open-
ing is made for the circulation of air. When
condueted in the open air the process is known
as ' fielding ; ' from eight to twenty rows of casks
constitute a vinegar field. The opération is eom-
menced in the spring and completed in about
three months in the warmer months.

The fermenting casks are frequently worked
in pairs ; one being completely and the other
three parts filled, acetification progresses more
rapidly in the latter; every day a portion is
transferred thereto from the full eask, being re-
placed by an equal amount of the more fer¬
mented liquid, until completed.

Before storing, it is necessary to filter the
vinegar from the extractive matter. The filter-
ing vessel ' rape ' or ' fining tun ' is a large
eask, usually wider at the base thau at the top,
fitted with a false bottom, above which it is
filled with spent tanner's wood, wood shavings,
or, which is far préférable, with ' râpes,' the
pressed cake of residue from the British wine
manufacture, consisting of the stalks and skins
of grapes and raisins. Through this the vinegar
is poured, escaping through a tap beneath the
false bottom into a tank from which it is eon-

tinuouslypumped to the top of the vessel and
again passed through until the last traces of
alcohol have been oxidised and the vinegar
cleared and brightened. In this way pickling
vinegar is produced.

For household vinegar, the malt is acetified
in upright casks fitted with false perforated
bottoms covered with a layer of râpes ; after
twenty-four hours it is transferred to another
similar eask, remaining there for two or three
days, and thence to a third and fourth eask. A
portion of the liquid is transferred to the mothers
and the remainder allowed to ferment. A little
argol is frequently added to produce a flavour of
wine vinegar and the liquid clarified with isin-
glass.

Vinegar casks are made in three sizes, hold¬
ing 25, 50, and 116 gallons.

Quiek Vinegar Process. Schncllessigbereitung.
This method, which is applicable to any

alcoholic liquid, is founded on that proposed in
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1720 by Boerhaave, and was first introduced by
Schutzenbacli in 1823. It differs from the other
prooesses in causing the liquid to expose a very
large surface to the action of the air, one
gallon being sometimes made to expose a surface
of 100 square yards.

The vat is usually from 6 to 12 feet high,
and from 3 to 4 feet wide. In England it is
frequently as much as 13 feet high, 14 feet
wide at the top, and 15 feet wide at the base.
At a distance of 18 inehes from the bottom, six or-
more air holes are bored 1 inch in diameter, in-
clining downwards towards the inside ; just
above these a false perforated bottom is fixed. A
quantity of beechwood shavings is thoroughly
washed with hot water, dried and placed on the
false bottom, nearly filling the vat. The shav¬
ings may be substituted with advantage by
pièces of charcoal about the size of a walnut
from which the saline particles have been re-
moved by acid and subséquent washing. The
acetifying action is assisted by the power of
absorbing oxygen possessed by the charcoal.

Near the top of the tun is fixed a wooden
dise perforated by holes as large as a quill, about
1 inch apart ; through these, twists of cotton
yarn or string are passed, of sufficient length to
touch the shavings : they are tied into knots at
the upper end to prevent them from slipping
through. There are also five or six larger holes
through which pass glass draught tubes project-
ing on either side of the dise, 1 to 2J inches
wide and 4 to 6 inches long, firmly fastened so
that no liquid can pass round them through the
holes.

About 1 inch from the true bottom is fixed a

bent tube attached to a tap through which the
vinegar is drawn as soon as it rises to a height
of about 15 inches. The vessel is closed with
a tightly-fitting lid through which a circulai-
opening is eut for the admission of liquid and
for the escape of air.

Before commencing the fermentation it is
necessary to ' sour ' the shavings ; for this pur-
pose hot vinegar is poured in from the top and
allowed to soak for at least twenty-four hours.

The composition of the fluid used varies eon-
siderably : any alcoholic liquid may be used, but
the presence of a trace of tarry matter, such as
pyroligneous acid, prevents the action. Accord-
ing to Wagner (Chem. Technology) the following
mixture is generally used : —4j gais. (20 litres),
brandy of 30° Tralles (42-5 p.c. by weight), 9 gais,
vinegar and 27 gais, water, to which is added a
mixture of bran and rye to promote the growth
of the vinegar fungus.

Another standard liquor is 50 gais, brandy
or whisky 52 p.c. by weight, 37 gais, beer or malt
wort with about part of ferment ; this is
mixed with 3 to 4 volumes of soft water before
passing through the tuns. Molasses or honey in
the proportion of 2 lbs. to 50 gais, is sometimes
added, to produce a more finely coloured vinegar.

For ' wine malt ' 40 lbs. wheat-meal and 80
lbs. barley-meal are ground, and mixed together
with 40 gais, warm water (50°C.) ; after set-
tling, the clear liquid is drawn off, the residues
are treated with hotter water (70°C.), settled,
the liquid removed and the residue again treated,
this time with boiling or nearly boiling water, in
such quantity that the total washings amount to

about 100 gais. The solution is cooled, mixed
with 15 lbs. yeast, and allowed to ferment at
27°C. for five or six days ; it is then known as
the ' gyle.' The température of the chamber
being about 38°C. the liquid which, where the
' generator ' or ' graduator ' is new, is heated to
50°C., or, where in use for some time and thus
in good condition, to 25°C., is poured over the
upper dise and trickles slowly down the t'.visted
threads, which swell and prevent -too rapid
passage. As the liquid flows over the shavings
it becomes oxidised, the action being more rapid
when, after some time in use, the shavings have
become coated with the 'motlier of vinegar.'
When the action is satisfaetory the température
of the interior rises on account of the oxidation
to 37°C. and créâtes a constant upward eurrent
of air which passes from the openings below the
false bottom, round the shavings and through
the tubes in the upper dise.

When the liquid contains no more than 4 p.c.
alcohol, the vinegar which collects is entirely
acetified, but where a stronger liquid is used it
may be necessary to pass it three or four times
through the graduator. When a strong vinegar
is required, that produced from one of the above-
mentioned liquids is mixed with a more alcoholic
liquid, and again passed through, and this may
be repeated until 1 oz. of the liquid will neutral¬
ise sixty grains pure dry potassium carbonate,
corresponding to about 12 p.c. acetic acid by
weight. Each graduator will contain about 80
gais, of liquid and will produce daily 15 gais, of
good vinegar. One workman usually attends to
10 tuns.

By this process, on account of the large
surface exposed, a considérable loss of alcohol,
and lience of acetic acid, is unavoidable, amount-
ing when properly earried out to about 6 p.c. of
the whole; but if the température has been
allowed to rise too high, the loss is greatly in-
creased. At the same time sufficient air must
be introduced to convert the alcohol directly
into acetic acid, or the loss will be further in-
creased by the formation of the volatile aldehyde.

By some makers the vapours from the tuns
are passed over or through water to absorb the
alcohol and aldehyde. For this purpose two
floating gasometers are sometimes used : one
rises and removes the air which has performed
its work, while the other falls, keeping up a con¬
stant eurrent of air through the generator. As
each gas-holder falls it discharges the air
through a eistern of water, which absorbs the
volatile products and is used. for the préparation
of a further quantity of malt extract.

About one-third of the total extractive matter
in the malt is lost or dissipated in the fermenta¬
tion and acetification (Ure).

In Singer's generator (v. C. T. 1868, 580),
a number of vessels are placed one above another
in a shed in which a suitable température is
maintained and from which draughts are ex-
cluded. The vessels are connected together by
wooden tubes provided with longitudinal slits
through which air can pass. The liquid slowly
drops through the tubes from one vessel to
another, and exposing a large surface to the air
becomes acetified. It is stated that the loss of
alcohol usually experienced is avoided in this
process. In many vinegar works the larvœ of
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the ' vinegar fly ' (DrosopMla cellaris) and'vine-
gar eels ' (Anguillula aceti) abound.

Vinegar is found to be very liable to décom¬
position when exposed to motion or vibration,
jn-obably on account of the lees becoming mixed
with the liquid.

In addition to wine and malt, vinegar is pre-
pared from many other substances. Cider
vinegar is of a yellowish colour, sp.gr. 1-013 to
1-015. It contains 3-g- to 6 p.c. acetic acid, and
on evaporation leaves a mucilaginous residue,
smelling and tasting of baked apples, and con-
taining malic acid, but îlot tartarie acid. The
residue varies from 1-5 to 1-8 p.c. Perry and
crab apple vinegars are used in Wales and
Monmouthshire, and possess characteristic pro-
perties.

Aie vinegar is prepared from strong sour
pale aie. It usually gives a large residue (5 to 6
p.c.), and is very liable to putréfaction. Crystal
vinegar is ordinary vinegar decolourised by fil-
tration througli animal charcoal. A household
vinegar is prepared in Germany from 7è gais,
soft vater, 2 lbs. honey or brown sugar, 1 gai.
vhiskey or corn spirit, 2 ozs. cream of tartar.

Glucose or Sugar vinegar is prepared
by the conversion of amylaceous substances into
sugar, by the action of dilute aeids, followed by
fermentation and aeetification. It is stated to
be used for adulterating wine vinegar. It can
be distinguished from other vinegars by the
addition of 3 or 4 volumes strong aicohol, which
produces a slimy precipitate of dextrin. Barium
chloride usually gives a copious precipitate, due
to the sulphuric acid used in the manufacture of
the glucose.

An artificial vinegar is made by mixing
acetic acid with water and adding burnt sugar
(caramel) and acetic ether to produce the proper
colour, odour, and taste. This vinegar differs
from genuine tinds by the absence in the evapo-
rated residue of phosphoric, tartarie, or malic
acid.

Properties.—Malt vinegar is a brown liquid
of pleasant refresliing odour. The odour is due
to the presence, in addition to the acetic acid, of
acetic and other ethers. Acetic ether is fre-
quently added in small quantity to inerease this
aroma.

The vinegar of the B.P. has a sp.gr. of 1-017
to 1-019. In commerce it usually occurs in four
strengths, numbered 18, 20, 22, and 24. The
last is ' proof ' vinegar, it contains G p.c. acetic
acid, and its sp.gr. is 1-019. The numbers dé¬
pend on the fact that one fluid ounce of the
liquid will neutralise 18, 20, 22, and 24 grains
respectively of pure dry sodium carbonate. The
real weight of acetic acid in one ounce of liquid
may be found by multiplying its number by
1-132, and the percentage by weight by multi¬
plying the number by 0-259. Thus No. 24 should
contain 6-22 p.c. of absolute acetic acid.

The addition of 1 part sulphuric acid to
1,000 parts vinegar is lawful, and is generally
made, though the idea that its presence prevents
putréfaction has been shown to be erroneous.

Malt vinegar usually contains aicohol, gum,
sugar, and extractive matter, acetates, chlorides,
free and eombined sulphuric acid, and. on evapo¬
ration and ignition leaves a residue containing
much phosphate.

Wine vinegar varies in colour from pale
yellow to red ; that made from white wine is
most esteemed ; it usually has an alcoholic
odour. Its sp.gr. is 1-014 to 1-022 ; it contains
from 6 to 12 p.c. acetic acid. A litre (1-76
pints) of Orléans vinegar usually saturâtes G or
7 grams (92 to 108 grains) of pure dry sodium
carbonate. On evaporation the total extract
varies from 1-7 to 2-4 p.c., of which 0-25 p.c. is
usually potassium tartrate, a sait peculiar to
wine vinegar. The residue, with the exception
of the tartar, should dissolve in aicohol.

The proof vinegars of various countries differ
considerably ; the minimum of acetic acid al-
lowed by the various Pharmaeopœias is—France,
8 to 9 p.c. ; England, Germany, and Austria,
G p.c. ; Belgium, 5-6 p.c. ; Bussia, 5 p.c. ; United
States, 4-6 p.c. Thus, genuine vinegar seldom
falls below 5 p.c., and should be condemned as
adulterated with water when the amount is as

low as 3 p.c.
The German Pharmaeopœia allows an ex¬

tract of 1-5 p.c., but it has been proposed by the
German Pharmaceutieal Commission to reduce
this to 0-5 p.c. (Ar. Ph. 23, 466).

Analysis of Vinegar.
The adultérants to be looked for m vinegar

are minerai acids, espeeially sulphuric acid,
more rarely hydroehloric, and. still more rarèly
nitric acid, tartarie acid, and pyroligneous acid ;
flavouring agents, cayenne, ginger, &c.\ impuri-
ties—usually derived from the vessels used—
copper, lead, zinc, tin, arsenic (from sulphuric
acid).

The presence of free minerai acids may be
demonstrated by the addition of Paris violet
(methylaniline violet). Préparé a solution of
this dye by dissolving 1 part in 1,000 parts
water, and add two or three drops of the solu¬
tion to about one ounce of the vinegar. In
presence of 1 p.c. free minerai acid the colour is
green, with 0-5 p.c. bluish-green, and with 0-2
p.c. blue (Hilger, Ar. Ph. 1876, 193).

If minerai acids are added to vinegar in
small quantity they liberate an équivalent quan¬
tity of acetic acid from the acetates, until the
acetates are wholly decomposed, and form salts
with the base, thus ceasing to exist as free
acids. As acetates on ignition produce carbon¬
ates, the presence of an alkaline reaction in the
ash indicates the presence of acetates in the
vinegar, and therefore the absence of free minerai
aeids, though these may have been added in
small quantifies in the first instance. If, how-
ever, the ash be neutral the presence of minerai
acids is indicated. Hydroehloric acid may be
tested for by adding silver nitrate to the dis-
tillate from the vinegar.

Heavy metals may be eonsidered absent if no
darkening is produced on passing sulphuretted
hydrogen for some time through the solution.
To détermine the acetic acid in vinegar 110 e.c.
may be distilled until 100 c.c. have passed over.
The 100 c.c. will contain four-fifths of the total
acid, and may be titrated with standard alkali
and phénol phthaleïn, making an allowance for
the one-fifth left in the retort.

Cayenne pepper, ginger, and other flavouring
matters may be discovered by neutralising the
vinegar and tasting.
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Chevallier has found fuchsine in French
wine vinegars.

Metallic Acetates.
Aluminium acetates.
The triacetate or normal acetate Al,(C2H302)a

is not known. A solution corresponding to this
compouud, but which appears to be a mixture of
the diacetate and acetic acid, is the only acetate
of commercial importance. It is known as ' red
liquor ' or ' mordant rouge,' and is prepared by
several methods.

A solution of alum is added to acetate of
lime liquor. The lime is precipitated as sul-
phate, its place being taken by the aluminium
forming aluminium acetate ; sulphate of am-
monia or potash (according to whether ammonia
or potash alum has been used) is produced
at the same time. The mixture is agitated
and allowed to settle, and a small quantity of
the clear fluid removed and t.ested by the addi¬
tion of alum; if a precipitate forms sulïicient
aluni has not been used and more must be
added. The solution is filtered and concentrated
to a spécifie gravity of 1*087 to 1*10 and allowed
to deposit the small excess of sulphate of lime,
ivhich is still présent. Sulphate of lime, being
slightly soluble in water, is contained in the
liquid in small quantity, and as the colours pro¬
duced are diminished in brilliancy by the pré¬
sence of this substance, its value is mucli reduced.
By the substitution of lead acetate for the cal¬
cium acetate a much finer product is obtained.
For this purpose 100 lbs. aluni-is dissolved in
50 gallons water, and treated with 100 lbs. finely
powdered lead acetate with constant stirring ; or,
using the same quantities, 10 lbs. crystallised
carbonate of soda is added before the acetate of
lead ; or, to 100 lbs. alum in 50 gallons water
6 lbs. of carbonate are added in small portions
followed by 50 lbs. of lead acetate. The addition
of the carbonate is made with a view to the pro¬
duction of a basic sulphate of alumina as well
as the acetate, and as the sulphate assists
the mordanting, less acetate is required. The
solutions are allowed to settle and deeanted.
They contain the aluminium acetate mixed with
basic aluminium sulphate and alkaline sulphate.

An aluminium sulpho-aeetate appears to aqt
satisfactorily. It is prepared by mixing (1)
453 lbs. ammonia alum (or 383 lbs. aluminium
sulphate), 379 lbs. lead acetate, 1,132 lbs. water;
or (2) 453 lbs. alum (or 333 lbs. aluminium sul¬
phate) and 158 lbs. acetate of lime. The mix¬
ture is agitated, settled, and the clear liquid
deeanted.

By the use of aluminium sulphate, red liquor
of the same density contains much more of the
active alumina than that prepared with alum.
Thus in a sample of the former 1 gallon con¬
tained 4 oz. 416 gr. alumina, while the average
amount found in three samples prepared from
alum was 3 oz. 245 gr. The addition of a
little ammonia or other alkali to the red liquor
prepared from aluminium sulphate is advan-
tageous for certain colours. Bed liquor usually
contains from 3 to 5 p.c. alumina (A1,03) and 0
to 10 p.c. acetic acid; its density varies from
1*085 to 1*120.

It is largely used in dyeing and calico-print-
ing, especially for the production of red colours,
niadder reds and pinks (whence its name of red

liquor) ; for the production of dense lakes, and
for waterproofing woollen fabrics.

One-fourth of the total quantity of alum used
in England is employed in the préparation of
' red liquor.'

Ammonium acetate C2H302NH4.
The crystalline sait is usually prepared by

saturating glacial acetic acid with dry ammonia
gas. In solution it may be prepared more
cheaply by neutralising acetic acid solution
with ammonia. On evaporation, a solution of
the sait loses ammonia, and leaves the acid
acetate or diacetate.

Ordinary solid ammonium acetate always
has anodour of acetic acid; it is very.soluble in
water and alcohol.

Pure ammonium acetate should be entirely
volatilised on lieating. The commercial sait is
liable to contain the same impurities as sodium
acetate.

Calcium acetate. Diacetate of lime. Pyro-
lignite of lime. Ca(C2H302)2.

This important sait is prepared by the neu¬
tralisation of acetic acid or pyroligneous acid,
with lime or chalk.

In the préparation from pyroligneous acid,
the crude acid may be used, in which case the
acetate of lime is known as brown acetate, or the
distilled liquor may be employed producing grey
acetate. The acid is placed in large wooden or
iron pans, and powdered chalk or lime added in
slight excess ; the liquor remains at rest at a
warm température until settled, and is then
syplioned off into the* evaporating pans. It is
usually evaporated by coils of pipe through
which steam passes, in this case the vessels are
usually wooden, and lined with lead, but some-
times iron pans are used, the evaporation being
conducted over a fire. As the liquid evaporates,
tarry impurities rise to the surface, and are re¬
moved with a skimmer. As the acetate forms,
it is removed and drained in wicker baskets
suspended over the pans.

The proper drying of the sait is an important
element in the formation of a good product. In
large works a drying house is used, which is
usually a wind furnace 7 or 8 feet long, 4i feet
broad. It is first heated from 75°C. to 115°, and
the fire slackened, the sait is then spread over the
bottom to the depth of about 2 inches, and when
somewhat dry an equal quantity is spread above
it, the sait is repeatedly turned, and the beat
continued for about 24 hours. When apparently
dry, the heat is increased to about 12ô°C. and
the last traces of moisture driven off. Care
must be taken that the heat is not too higli, or
the sait becomes decomposed. As in the case of.
sodium acetate, no sparks must touch the mass,
or it may burn away like tinder.

The mass thus produced, when prepared
from the brown liquor, is dark, containing ehar-
coal and decomposed tarry matters ; it may be
dissolved in 3 parts hot water, filtered through
animal charcoal, and again evaporated and
crystallised yielding a nearly colourless product.

Pure calcium acetate crystallises in sillcy
needles or prisms containing two molécules of
water. At the ordinary température the crystals
effloresee partially, and at 100°C. they become
anhydrous, forming a white powder of saline
taste, very soluble in water.
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Calcium acetate is usecl in tlie préparation of
other acetates, and of acetic aeid, and in calico
printing. The pure sait is completely soluble in
water and proof spirit. The commercial article
usually contains 62 to 67 p.c. of real acetate,
and 1 to 8 p.c. of matters insoluble in water.
The impurities are hydrate, carbonate and sul-
phate of lime and tarry matters ; formate and
other salts of lime with fatty acids also oecur.

Many methods of assay for this substance
are in use, varying considerably in accuracy.
Allen has tested them by assaying by each the
same sample of acetate, and liis results vary in
the extreme cases by as much as 10 p.c. (Com¬
mercial Organic Analysis, i. 399).

The most trustworthy method is to distil
with pure phosphoric acid and titrate the distil-
late as already described under acetic acid. (See
Stillwell and Gladding, The Manufacture and
Analysis of Calcium Acetate, A. Ch. 1881,
91-107.)

Calcium aceto-chloride CaC2H30,C1.5H20 has
already been described as used in Condy's pro-
cess for the préparation of pure acetic acid.

Copper acetates,
, phe normal acetate of copper is prepared by

dissolving cupric oxide or verdigris in acetic acid,
or by the action of copper sulphate on the ace¬
tates of lead, calcium, or barium.

It crystallises in prisms, soluble in 13 parts
cold and 5 parts bot water, and in 11 parts al-
cohol. In commerce it usually occurs in bunches
of deep-green coloured non-transparent crystals
known as ' grappes.'

Acetate of copper is used in the manufacture
of pigments ; as an oxidising agent in the indigo
bath ; and, to a sligkt estent, for the préparation
of acetic acid.

Basic copper acetate. Verdigris. Vert-de-gris.
Vert de Montpelier. GrUnspan.

This substance consists of a mixture of
mono-, di-, and tri-basie acetates of copper, which
are présent in différent proportions in différent
varieties of verdigris.

At Grenoble and Montpelier the following
process is used : The ' marcs ' or residues from
the wine factories, consisting of the skins and
stems of grapes, which were formerly thrown
away, are loosely placed in earthen vessels, about
16 feet higli, 14 feet in diameter at the widest
part, and 12 feet at the mouth, covered and
allowed to ferment, until a piece of clear copper
(previously moistened with verdigris and dried),
on insertion, becomes uniformly coated with
green in 24 hours. The fermentation should not
proceed too far, or putréfaction is liable to begin.

The copper used is in sheets ^ inch thick, 4
to 6 inches long, and 3 to 4 broad, each weighing
about 4 oz., they are freed from scales, if neces-
sary, rubbed with a solution of verdigris and
dried; unless this précaution be adopted, the
first coating produced by the marcs will be
black instead of green. They are heated over a
charcoal fire until as hot as the hand can

bear, and placed in an earthenware vessel
in layers with the marcs, the top and bottom
layers being composed of the latter material.
30 to 10 lbs. of copper are used for each vessel.
In from ten to twenty davs, aecording to the
température, the covers are removed, when, if
the process has progressed favourably, the marcs

will be wliitish and the copper covered with fine,
glossy, green crystals. The plates are then re¬
moved and placed on end one against another.
After two or tliree days they are moistened by
immersion in water or damaged wine, and again
erected for about a week. This alternate mois-
tening and exposure to the air is continued at
the same interval for about six or eight weeks.
The plates have then become covered with in-
creasing coatings of the verdigris, which is de-
tached and the plates again used until entirely
eaten away. The verdigris is kneaded with a
little water into leather bags, pressed into rect-
angular cakes and dried.

This substance is known as blue verdigris,
and consists principally of the basic acetate

(C2H302)2Cu20.
_

It should be dry, of a fine bluish eolour, and
soluble in dilute acids and ammonia.

Green verdigris contains as a principal
constituent the basic acetate 2(C2H302)2Cu20, and
is prepared by placing the copper plates alter-
nately with cloths moistened every two or three
days with pyroligneous acid or acetic acid until
the plates show green crystals. The plates are
arranged so as to allow free access of air and
occasionally moistened, for five or six weeks.
Large quantifies of verdigris are manufactured in
England by this process from pyroligneous acid.
The imports of verdigris are very small.

The various forms of verdigris are used as
oil and water colours. With white lead it is
used in Eussia and Holland as an oil paint,
which by double décomposition produces a
peculiar green. The paint is considered a good
preservative. Yerdigris is used in dyeing and
calico-printing, and for the préparation of
Schweinfurth green and other copper paints.

Verdigris is frequently adulterated with chalk,
'sand, clay, pumiee, and sulphates of copper,
barium, and calcium. When brass sheets have
been used in the préparation instead of copper,
zinc will also be présent.

When warmed with dilute hydrochloric acid
the sand, clay, baryta, &c., will remain undis-
solved, and may be weighed. The total residue
in a good sample will usually amount to 3 p.c.,
but should not exceed 6 p.c.

Aceto-arsenite of copper. Schweinfurth
green (v. Aksexic).

Ferrie acetate Fe2(C2H302)6.
This sait is prepared by the addition of cal¬

cium or lead acetate to ferrie sulphate or iron
alum, avoiding excess of the acetate. It is used
as a mordant, its action corresponding to that
of aluminium acetate. An alcoholic solution is
used in medicine.

For many purposes a mixture of ferrous and
ferrie acetates is preferred. It is prepared by
repeatedly pouring pyroligneous acid on iron
turnings until saturated with iron. The liquid
is known as 'pyrolignite of iron,' 'bouillon noir,'
' liqueur de ferraille.'

Ferrous acetate Fe(C2H.,02)2. Pyrolignite
of iron ; iron liquor or black liquor. Is pre¬
pared on the large scale by the action of crude
pyroligneous acid of sp.gr. 1-035 to 1-040 on
iron turnings, nails, &c., at a température of
65°C. The solution is frequently agitated and
the tarry matters skimmed from the surface as
they rise.
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It is fourtd that the purified aoid produees a
less satisfactory liquor, a faet due, according to
Moyret (J. S. D. C. i. 117), to the presence of a
email quantity of pyrocatechol in the crude aeid,
which forms a eompound with the ferrosoferric
oxide in the solution, and causes its intense
colour and keeping properties.

The liquid is intensely black, o£ sp.gr. 1-085
to 1-090, and is evaporated until its density rises
to 1-120, or sometimes to 1-140. It isthen ready
for use, and is known as ' printer's iron liquor.'
When of density 1-120 the liquor eontains about
10 p.c. iron.

The liquor used by dyers is often coneen-
trated, not by evaporation but by the addition of
copperas (ferrous sulphate) ; thus, the addition
to 1 gallon of black liquor, sp.gr. 1-085, of ^ lb.
copperas would raise its density to 1-111. Ôver
1 lb. of copperas has been found in 1 gallon of
iron liquor. Tannin also is sometimes added.

Black liquor is also prepared by the action of
ferrous sulphate on acetate of lime ; the liquor
produced has an average density of 1-11, and
ahvays eontains sulphate of lime. By the action
of lead acetate on ferrous carbonate, carbonate
of lead and ferrous acetate are produced.

Black liquor absorbs oxygen from the air,
forming ferrie acetate, which is ahvays présent
in the liquid. To diminish this action clean
metallic iron is frequently added.

It is largely used in calico-printing and in
dyeing, in the préparation of blue, violet, black,
brown, and other colours, and for producing a
black colour on hats, furs, leather, wood, &e.

lead acetate. Normal or di-acetate of lead.
Sugar of lead. Sel de Saturne. Bleizucker.
Pb(C2H302)2.

For the préparation of white acetate of lead,
leaden vessels are used, or eopper pans, on the
bottom of each of which a piece of metallic lead
is soldered to produce a galvanie action and
prevent the copper from being acted upon. In
the vessel aeetic acid of 45 p.c. or less is placed,
and to 100 parts of 45 p.c., or a proportionate
quantity of a weaker aeid, 80-5 parts of litharge
are added in small quantifies, with constant
stirring, until the liquid is nearly neutral, it is
then heated to boiling and impurities skimmed
from the surface, transferred to another vessel
and evaporated to a density of 1-5, and removed
to the crystallising pans, which are usualiy of
wood, lined with lead or copper, 4 feet by 2 feet,
and 6 or 8 inches high. The coarsely erystalline
mass thus obtained is drained on wooden racks,
and broken into lumps for the market.

A coarser variety, known as brown acetate, is
prepared by substituting distilled pyroligneous
acid for the purer acid. The muddy liquid pro¬
duced is settled in a large tun, and the super-
natant liquid transferred to a large iron pan and
heated to boiling. It is again allowed to settle,
transferred to another qran, evaporated until
crystallisation commences, and about 3 volumes
of water added, causing the remaining impurities
to lise to the surface. The liquid is skimmed
and again evaporated (water being added as
before if the liquid is not sufficiently clear) until
a small portion of the liquid crystallises, on re-
moving and cooling, to the satisfaction of the
workman. It is then ladled into pans and
allowed to crystallise.

As a rule, about 3 parts acetate are produced
from 2 parts litharge.

By another method granulated lead, white
lead residues, &c., are placed in vessels standing
obliquely one above another ; the upper vessel is
filled with strong acetic aeid, which after the
expiration of half an hour is allowed to run into
the second vessel. Every half-hour it is re¬
moved to a lower one. The lead, after the acid
has been removed, absorbs oxygen rapidly, and
becomes heated. After leaving the last vessel,
the acid is again passed through, dissolving the
acetate which has been formed, and is evapo¬
rated and crystallised.

Pure lead acetate is a white erystalline sait
of sweetish taste and weak acid reaction, con-
taining 3 molécules of water. It dissolves in
1-5 cold water, and in 0-5 hot water. At 280°C.
it melts, and when heated more strongly it
forms a basic sait and suddenly solidifies.

Lead acetate is largely used in dyeing and
calico-printing, for the préparation of alum
mordants, &c., in the manufacture of chrome
yellow and other pigments, and in medicine.

Lead forms two well-defined basic acetates—
the dibasic acetate PbA2.Pb0.aq (Wittstein, A.
52, 253), formed by dissolving litharge in the
normal acetate in caleulated proportions ; and
the tribasic acetate, PbA„2PbOaq, prepared by
boiling the normal acetate with excess of litharge
for some time. Solutions of subacetate of lead
are used in medicine as Goulard water and
Liquor plumbi subacetatis.

Magnésium acetate.
A basic acetate of magnesia, prepared by

warming the normal acetate with magnesia, is
stated to be a powerful antiseptic, disinfectant,
and deodoriser (W. Kubel, B. 15, 684-686).
A thick syrupy liquid containing suspended
magnésium hydrate is said to be used in com¬
merce under the name of ' Sinodor.'

Potassium acetate C2H3OJI occurs in the sap
of many plants, and of trees.

Its mode of préparation is similar to that of
sodium acetate. It is a déliquescent erystalline
solid soluble in 0'53 parts ice-cold water, and in
hot water forms a solution which, boiling at
169°C., eontains 80 p.c. of the sait.

When chlorine gas is passed through a solu¬
tion of acetate of potash, carbonic acid is evolved
and a very powerful, unstable, bleaching fluid is
produced.

Potassium acetate is liable to contain the
same impurities as the sodium sait. The di- and
tri-acetates are prepared like those of sodium.

Sodium acetate C2H302Na is formed (1) by
the action of dilute acetic acid on sodium carbo¬
nate, the solution being evaporated and crystal¬
lised ; (2) by neutralisation of pyroligneous acid
with soda, and evaporation and fusion of the sait
to remove tarry matters ; (3) by the addition of
Glauber's sait to solution of acetate of lime or

of lead. The solution is decanted and filtered
from the precipitated calcium sulphate, evapo¬
rated and crystallised and the crystals dissolved
and recrystallised. Methods (2) and (3) are used
on the manufacturing scale.

Sodium acetate forms monoclinic crystals,
containing 3 molécules of water ; strong saline
taste ; soluble in 2-8 cold water and in about 0-5
boiling water. The crystals melt completely
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at 75°C. and lose their water of crystallisation at
100°C. By solution of this sait in ordinary
strong aeetic acid and rapid evaporation the di-
acetate of soda is formed ; when glacial acid is
used the triaeetate is produced.

Sodium acetate is used for the préparation of
acetie acid and in medicine ; for the preserva-

1 tion of meat and other foods instead of sait.
The saturated solution is oecasionally used for
filling railway foot-warmers.

The commercial acetate is liable to contain
sulphates, chlorides and carbonates, and me-
tallic salts. Tarry matters are frequently pré¬
sent from the pyroligneous acid used in its
manufacture. -Acetate of lime, and sulphate
and carbonate of potash are oecasionally added
as adultérants.

Alkyl Acétates. Acetic ethers.
Aeetic acid forms numerous acétates with

organie radicles. Some of these occur in the oils
from various seeds.

Amyl acetates C5Hn(C2H302) or Ay(C.,H302).
The following isomeric amyl acetates are

knowh :—

1. Normal amyl acetate, boiling at 147-6°
(Gartenmeister), at 14S-4° (737 mm.)(Lieben and
Bossi).

2. Iso-amyl acetate.
3. Methyl propyl earbinyl acetate, boiling at

133°-135° (Wurtz), at 134°-137° (Schorlemmer).
4. Methyl isopropyl earbinyl acetate, boiling

at 125° (Wurtz).
5. Diethyl earbinyl acetate, boiling at 132°

(741 mm.) (Wagner and Saytzefï).
6. Tertiary amyl acetate, boiling at 124°

(750 mm.) (Flavitzky).
Of these, only the second is of teehnical in-

terest.
Isoamyl acetate, generally known as amyl

acetate (CH3)2CH.CH2CH.,0.C2H30, is a colourless
liquid of an odour resembling that of Jargonelle
pears. Sp.gr. 0-8762-1^-° (Mendeléef), 0-8562-^-°
(Briihl), b.p. 138-5°-139° at 758-6 (Schiff).

It may be prepared by distilling a mixture of
1 part amyl alcohol, 1 part strong sulphuric
acid, and 2 parts dried potassium acetate. The
distillate is agitated with water; the upper
layer of purified amyl acetate is separated, shaken
with a strong solution of sodium carbonate, again
separated, dried over calcium chloride, and re-
distilled.

The commercial amyl acetate contains other
of the isomers. It is prepared in a correspond-
ing manner to the above, but ordinary purified
fusel oil, which consists principally of a mixture
of active and inactive primary iso-amyl alcohol',
is substituted for the purer amyl alcohol, and
calcium acetate is frequently used instead of the
potassium sait.

It is insoluble in water, but dissolves in ail
proportions in ether, amyl alcohol and ordinary
alcohol. The latter solution is largely used
under the name of Jargonelle pear essence
for flavouring eonfetiionery.

Camphor, tannin, resins, &c., dissolve readily
in amyl acetate. A solution of gun-eotton there-
in is used as a varnish, for lacquering metals,
&c., and in the form of a stiff jelly, mixed with
opaque substances such as china clay, as a sub-
stitute for celluloïd.

Whitley Williams has reeommended its use

for the production of a standard flame in Pho-
tometry (J. S. C. 1.1885, 262).

Ethyl acetate. Acetic ether
CJIr;(CjHjO,) or Et(CJT303)

is a fragrant lirnpid liquid of sp.gr. 0-9072
b.p. 77-5°C. (Perkin).

For the préparation of aeetic ether 3-6 pts. by
weight of commercial absolute alcohol is mixed
with 9 pts. sulphuric acid with constant stirring.
After standing twenty-four hours the mixture
is poured on 6 pts. of fused sodium acetate (in
small lumps), allowed to stand for twelve hours
and distilled. The product is rectified over cal¬
cium chloride and carbonate of potash and re-
distilled. Clark recommends the following pro-
cess : 283 c.c. (10 oz.) of rectified. alcohol (sp.
gr. 0-838) are placed in a fiask, and 283 c.c. of
sulphuric acid (B. P.) are added with constant
stirring. The liquid should be eooled externally
as far as possible, allowed to stand till the tem¬
pérature has sunk to 15°C., and 351 grams
(12 J oz.) of dried sodium acetate added gradually
with constant agitation and cooling. The fiask
is then connected with a condenser and the
liquid distilled until 400 c.c. (14 oz.) has dis¬
tilled over ; this is digested for three days with
2 oz. freshly-dried potassium carbonate and
filtered. The filtrate is distilled on the water
bath until ail but 1 oz. haspassed over. On the
large scale dried sodium acetate may be sub¬
stituted for the potassium carbonate with ad-
vantage (v. furtherW. I. Clark, Ph. [3] 1883,777).

Ethyl acetate is soluble in 8 parts of water
at 0°C. and somewhat less soluble in water at
15°C. On the other hand, 1 part water dissolves
in 25 parts of the acetate at 0°C. and in 24 parts
at 15°C.

Commercial acetic ether usually contains less
than 75 p.c. of real ethyl acetate, the rest being
acetic acid, alcohol, water, ether, &c. It oceurs,

together with other organie acetates, in vinegar
and wines.

Methyl acetate CH3C3H303or Me(CJI302) is a
colourless fragrant liquid of spécifie gravity
0-9398^5°, boiling at 57'5°C. (760 mm.) (Perkin).
It occurs in wood-spirit, and in crude wood-
vinegar.

Methyl acetate is best prepared by distilling
a mixture of 1 part methyl alcohol, 1 part potas¬
sium acetate, and 2 parts sulphuric acid. The
product is dried over calcium chloride and quick-
lime and redistilled. It is soluble in water,
alcohol, and ether.

ACET0METEE. A hydrometer graduated to
indicate the strength of commercial acetic acid
according to its density.

ACETONE C3H60 or CH3.CO.CH3. Dimethyl
ketone. A product of the destructive distillation
of acetates; obtained byLiebigfrom lead acetate
(A. 1, 225) and further examined by Dumas (A.
Ch. [2] 49, 208), who first determined its com¬
position. Acetone is also produced in the dry
distillation of wood (Volckel, A. 80, 310), of
citric acid (Bobiquet, B. J. 18, 502), of sugar.
starch, and gums with lime (Frémy, A. 15, 279),
and by heating citric acid with potassium per¬
manganate (Péan de St. Gilles, J. 1858, 585).

Préparation.—1. Acetone can be obtained
by distilling a mixture of 1 part of caustic lime
and 2 parts of crystallised lead acetate (Zeise,
A. 33,32) ; but is usually prepared by the dry dis-
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tillation of barium acetate at a moderate heat.
Calcium acetate can also be employed, but the
température required is greater, and the product
is contaminated with impurities, such as duma-
sin, an isoineride of mesityl oxide.—2. From
wood-spirit acetone can be separated by distilling
over calcium chloride. The product obtained by
these methods can readily be purified by convert-
ing the acetone into its crystalline compound
with aeid sodium (or potassium) sulphite, cry-
stallising this, and subsequently distilling with
aqueous sodium carbonate ; the distillate is thèn
treated with concentrated calcium chloride solu¬
tion and the ethereal layer rectified over solid
chloride.

Acetone has been prepared synthetically from
zinc methyl and acetyl chloride (Freund, A. 118,
11). Occurs in the urine, blood, and brain of
calcium diabetie patients.

Properties. — Acetone is a limpid, mobile
liquid, having an agreeable odour and a pepper-
mint-like taste. It is very inflammable and
burns with a white smokeless flame. Its b.p. =
56-3° (Eegnault) ; b.p. = 56-3° at 700 mm., and
sp.gr. = 0-8141'at 0°, = 0-79945 at 13-9° (Kopp, A.
64,214; b.p. = 56-53° (cor.) and sp.gr. = 0-81858
at (Thorpe, C. J. 37,212). Acetone is miscible
in ail proportions with water, alcohol, ether and
many ethereal salts, can be separated from its
aqueous solution by the addition of calcium
chloride, and dissolves many fats and resins.
When its vapour is passed through a red-hot
copper tube, a very small proportion of tarry
products containing naphthalene is obtained
together with a large volume of gas having the
composition : carbon monoxide = 39'23 per cent. ;
methane = 37'58 per cent. ; hydrogen = 17-54
per Cent.; and ethylene = 5*65 per cent. (Bar¬
bier and Boux, C. B. 102, 1559). Dehydrating
agents readily act on acetone and convert it into
condensation compounds ; thus, for example,
caustic lime couverts acetone into mesityl oxide
C„H10O and phorone CBH140 when the action is
allowed to continue for a week (Fittig, A. 110,
32), and, together with smaller proportions of
other products, these two compounds are also
formed when it is saturated with hydrogen
chloride and allowed to stand for eight to fourteen
days (Baeyer, A. 140, 297). Distillation with
concentrated sulphuric acid converts acetone
into mesitylene. Sodium in the presence of
water reduees acetone to isopropyl alcohol and
pinacone (Fittig, A. 110, 25 ; 114, 54 ; Stiideler,
A. 111, 277 ; Friedel, A. 124, 329); whilst
chlorine, bromine and iodine in the presence of
alkalis convert it into ehloroform, bromoform,
and iodoform respectively.

Réactions. — Acetone, when treated with
aqueous potash and iodine, yields iodoform
(Lieben). Gunning (Z. Fr. 24, 147) has modi-
fied this reaction to render it available when
alcohol is présent in the substance suspected to
contain acetone, and employa ammonia and a
solution of iodine in ammonium iodide. Another
test proposed by Eeynolds (Fr. 24, 147) is based
on the fact that mercuric oxide is soluble in
acetone in the presence of potassium hydroxide ;
the suspected liquid is mixed with a solution of
mercuric chloride rendered strongly alkaline with
alcoholic potash, and after shaking the mixture

is filtered and the filtrate tested for mercury by
means of ammonium sulphide or stannous
chloride. Penzoldt (Fr. 24, 147) adds to the
suspected liquid orthonitrobenzaldehyde, which
in presence of causcie alkali combines with ace¬
tone to form indigo. Jacksch (C. C. 1884, 674)
states that Lieben's test is the most sensitive,
and that by its use 0-00001 gram of acetone can
be detected, also that the degree of delicacy of
the other tests stands in the order in which
they are given here.

Derivatives.—Acetone combines directly with
a large number of substances yielding well-
eharacterised additive-compounds. — 1. Com¬
pounds with alkaline sulphites :—Acetone forma
definite crystalline compounds when shaken with
concentrated solutions of the acid sulphites (bi-
sulphites) of the alkali metals. The potassium
sait, C.iHsOjKHSOs, and the sodium sait,
C3Hc0,NaHS03 crystallise in nacreous scales
(Limpricht, A. 93, 238) ; the ammonium sait,
^H^OjNHjHSOjCi-ystallises in laminœ (Stiideler,
A. 111, 307). These salts yield acetone when
heatedwith aqueous potash.—2. Compounds with
ehloroform (Willgerodt, B. 14, 2451 ; 15, 2308).
3. Compounds with hydrogen cyanide (Urecli,
A. 164, 255) :—Acetone yields acetonecyanhydrol
C4H7NO, b.p. = 120°, when added to anhydrous
hydrogen cyanide ; and diacetonecyanhydrol
C,H13NO„, a crystalline substance, when treated
with a 25 per cent, solution (aqueous) of hydro¬
gen cyanide (Tiemann and Friedliinder, B. 14,
1965).—4. Compounds with ammonia:—Ammo¬
nia unités with acetone in the cold with the
élimination of the elements of water ; the re¬
action, however, proceeds more quickly if the
température is raised to 100°, or if dry ammonia
gas is passed into boiling acetone. Several
bases, diacetonamine CeH]3NO, triacetonamine
C0H17NO, triacetonediamine CBH20N.,O, and dehy-
drotriacetonamine C,,H]5N, the last two in very
small quantity only, have been obtained by these
methods, the relative proportions in which they
are formed varying with the température em¬
ployed and the duration of the experiment.
These bases and their derivatives have been
examined by Heintz (A. -174, 133 ; 175, 252 ;
178, 305, 326; 181, 70; 183, 276; 189, 214;
191, 122 ; 198, 42, 87 ; 201, 90 ; 203, 336) and
also by Sokolow and Latschinow (B. 7, 1384) ;
they yield well-crystallised salts, and can be
separated from one another by means of their
oxalates. Methylamine also gives corresponding
compounds with acetone, but dimethylamine
yields dimethyldiacetonamine as the sole pro¬
duct (Gôttschmann, A. 197, 27).

Acetone also yields substitution derivatives
when acted upon with chlorine (Bischofi, B. 5,
863, 963 ; S, 1329) and bromine. By the direct
action of chlorine, monochloracetone (Henry,
B. 5, 190 ; Mulder, B. 5, 1009 ; Barbaglia, B.
7, 467 ; Linnemann, A. 134, 171) ; unsymme-
trical dichloracetone (Fittig, A. 110, 40 ;Borsche
and Fittig, A. 133, 112) ; symmetrical dichlor¬
acetone (Barbaglia, l.c.) ; triehloracetone (Bis-
choff, l.c. ; Kraemer, B. 7, 252) ; tetrachlorace-
tone (Bisehoff) and pentachloracetone (Cloëz,
Bl. 39, 638) are obtained ; and the corresponding
bromo- derivatives, with the exception of tri-
bromacetone, are obtained by the direct action
of bromine upon acetone (Mulder, J. 1864, 330).
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ACETOPHENONE. Phenyl-methyl-lcetone.
Sypnone. C„H3.CO.CH3.

Xs obtained by acting with benzoyl cbloride
on zino methyl ; by distilling a mixture of the
calcium salts of benzoic and aeetic acids, or by
boiling together benzene and aeetyl chloride
with aluminium ehloride.

Crystallises in large plates which melt at
20-5°. Boils at 202°. It possesses a persistent
odour of oil of bitter almonds and cherry laurel
water ; is insoluble iu water, but dissolves easily
in alcohol, ether, chloroform, or benzene. Was
discovered by Dujardin-Beaumetz and Bardet to
possess powerful soporific properties (C. R. 101,
960). Used in quantities of '05 to -15 grains it in¬
duces a quiet sleep, but is said to impart a dis-
agreeable odour to the breath (Ph. 1886, 582).

/3-ACET0-PR0PI0NIC ACID. Levulinic acid.
CH3.CO.CH2.CH,.CO„H.

This substance is formed by the action of dilute
acids on a number of carbohydrates—e.g. lévu¬
lose, inulin, galactose—but is best prepared by
heating on the water-bath cane sugarwith dilute
hydrochloric acid (4 vols, water, 1 vol. cone.
acid) until a brown flocculent precipitate is no
longer formed. Compare Tollens, B. 17, 668 ;
Wehmer a. Tollens, A. 243, 214. The filtered
liquid is then evaporated on the water-bath,
extracted several times with ether, and after
distilling ofî the ether the residue is fractionated
in a vacuum.

Levulinic acid crystallises in plates which
melt at 33°. It boils at 239°, and has at 15° a
sp.gr. 1-135. It is very soluble in water, alcohol,
and ether, and is not attacked by bromine in
the cold. Nitric acid converts it into carbon
dioxide, acetic acid, succinic and oxalic acids.
Iodine and sodic hydrate form iodoform even in
the cold. Hydriodic acid and phosphorus at
200° convert it into normal valeric acid ; whereas
sodium amalgam forms sodium 7-hydroxyvale-
rate acid in an alcoholic solution, and normal
valeric acid in an acid solution.

The substance is employed on a manufac-
turing scale as a mordant instead of acetic acid,
as it possesses the advantage of not being vola¬
tile with steam.

It is also used in the préparation of the anti-
pyretic ' antithermin.' Phenylhydrazine is dis-
solved in dilute acetic acid, and on adding a
solution of levulinic acid a yellow precipitate is
formed, which is purified by recrystallisation
from alcohol (Ph. [3] xvii. 801) (v. Antithek-
min).

ACETPHENETIDENE v. Phenacetin.
ACETYLENE GROUP. Hydrocarbons having

the général formula CnH2n_2.
The hydrocarbons of this sériés exist in two

isomeric modifications. Représentatives of the
first group are

ch;ch ch3.c;ch
Acetylene Allylene

And of the second
ch2 : c : ch, ctï2 : ch.ch2.ch2.ch : ch2
Isomeric allylene Diallyl

The hydrocarbons of the first group thus
contain the group (EECH) united to one carbon
atom, and may be designated true acetylenes.
They form compounds with copper and silver in
which the hydrogen of the group (CH) is re-
placed by the métal.

The following général reactions yield hydro- ?;
carbons of this sériés :—

1. By heating the monohalogen derivatives
of the hydrocarbons with alcoholic potash
CH3.CC1 : CH2 + EOH = CH3.C j CH + KC1 + H20.

2. By the action of alcoholic potash on the.
dihalogen derivatives of the ethylene sériés. In
this case the reaction takes place in two stages, a!

I. CH,Br.CH.,Br + KOH =

CHBr : CH, + KBr + H,0.
II. CHBr : CH, + KOH = CH j CH + KBr + H,0.

3. By electrolysing unsaturated dibasic acids.
ch.cojh : ch.c02h = ch ; ch + 2c02 + h,

Fumaric acid Acetylene
The acetylenes combine with Br, or Br4 ; thus

acetylene forms C2H._,Br2 and C2H2Br4.
Nascent hydrogen converts the acetylenes

into the hydrocarbons C„H„n and C^H^+^
The acetylenes also in presence of mercurio

bromide and other mercuric salts combine with
water to form aldéhydes and ketones.

C,H, f H,0 = C,H,0
Acetylene Aldehyde

CH3.C : CH + H.0 = CH3COCH3
Allylene Acetone

(Kutscheroff, B. 14, 1542; 17, 28).
By polymérisation of the acetylenes bodies

of the benzene sériés are formed. Thus acetylene j
at a red heat yields benzene; allylene by
the action of sulphuric acid, gives mesitylene ;
C3H12 (trimethyl benzene) ; and crotonylene C,He
gives hexamethyl benzene.

Acetylene C2H, i.e. HCjCH is produced
when an electric arc is formed between carbon

points in an atmosphère of hydrogen. Fur-
ther by passing the vapours of many carbon .

compounds (alcohol, ether, methane, ethylene)
through red-hot tubes. It is also formed by
electrolysing the sodium or potassium sait of
fumaric or maleic acid, and by the action of 1

silver, copper, or zinc dust on iodoform (Caze-
neuve, G. R. 97, 1371). (For other modes, v.
Watts' Dictionary of Chemistry.)

To préparé larger quantities, ethylene bro¬
mide C„H4Br2 is heated with potash and strong ;
alcohol in a flask with an inverted condenser.
The gas is passed into ammoniacal solution of
cuprous chloride, and the precipitate, after
washing with water, is decomposed by hydro- !
chlorie acid. Or a Bunsen burner is allowed
to strike back, and the gases are drawn through :
the cuprous chloride solution.

Acetylene is a colourless gas which has a
peculiar odour, and condenses at +1° at a pres¬
sure of 48 atmosphères. It is slightly soluble
in water, more so in alcohol and ether. The
gas burns in air with a smoky flame.

On heating sodium in acetylene hydrogen is
given off, and the compounds C,HNa and C,Na2
are formed.

The compounds with copper and silver corre¬
spond respectively to the formulas C2H.Cu,0 and
C,H2Ag20, or C2H,2Ag„0. The former is red,
the ïatter yellowish. Both explode on heating1
(Blochmann, A. 173, 174).

Nascent hydrogen converts acetylene into
C,H4 and C„H6. The latter gas is also formed
by passing hydrogen and acetylene over spongy
platinum. A mixture of nitrogen and acetylene

1 Since coal gas contains acetylene (-06 p.c.) copper
tubes cannot be used for gas service pipes (Beilstèin).
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eubjected to the action of induction sparks yields
prussicacid C2H2 +N2=2HCN (Beilstein).

Chlorine and acetylene combine explosively
when exposed to daylight. Antimony penta-
chloride when gently heated absorbs acetylene,
forming C2H2SbCl5, which, on distillation, dé¬
composés into SbCl3 and C2H2C12.

Bromine added to an aleoholic solution of
acetylene forms GH-Br,, but if tlie gas be
passed through bromine the substances CJEEBr.,
and (C2ïIBrs)n are obtained. Iodine forms CJ3.,I2.

Allylene or Aliéné C3H4 exists in two iso-
meric modifications.

1. Methyl acetylene CH3.C,: CH.
Is formed by the action of aleoholic potash

on bromopropylene.
CH3CC1CH2+K0H = CH3.C : CH + KC1+K.O.
Also by acting with sodium on dichloracetone
chloride

CH2CC12CHCL. + Na, = CH3.C ; CH + 4NaCl.
By electrolysing the alkali salts of citraconic
or mesaconic acids.

The substance is a colourless gas very similar
to acetylene, and, like it, forms compounds with
metals. The mercuric compound is obtained by
passing allylene through water containing mer¬
curic oxide in suspension. It bas the composi¬
tion (CïH3)2Hg, and crystallises from lrot alcohol
in fine needles. It is soluble in hydrochlorie
acid with évolution of allylene, but does not ex-
plode on heating.

(C3H3)2Ag forms microscopic needles which
•explode at about 150°.

Bromine forms the additive products C3H4Br2
and C3H4Br„ and the halogen acid compounds
corresponding to CH3CC12CH3. Concentrated
sulphuric acid absorbs allylene easily. On dis-
tilling the solution with water, acetone, mesityl-
ene and allylenesulphonic acid C3h3SOsh are
formed (Schrohe, B. 8, 18 and 367).

The formation of acetone from allylene in
presence of mercuric salts in water lias been
alluded to above.

2. Symmetrical allylene CH2:C:CH,.
Is obtained by the action of sodium on

/3-chlorallylchloride.
CHC1 : CH.CH2C1 + 2Na = CH2 : C : CH2 + 2NaCl.
Or by the action of Zn dust on an aleoholic
solution of dibrompropylene (Gustavson and
Demjanoff, J. pr. 1S88, 201). And by the elec-
trolysis of the alkali salts of itaeonic acid.

The substance is a gas, but diiïers from un-
symmetrical allylene in giving no precipitate with
an ammoniacal copper or silver solution. It
unités with bromine to form C3H4Br4, which
melts at 195°.

Butines C4H„.
Three of the four possible isomerides are

known.
1. Ethylacetylene C-Hj.C • CH. Formed by

the action of aleoholic potash on C2H5.CCI2.CH3
{Bruylants, B. 8, 412).

By passing acetylene and ethylene through
a red-hot tube (Berthelot, A. Ch. [4] 9, 466).

The compound is a liquid boiling at 18°, and
is a true acetylene, since it forms précipitâtes
with ammoniacal copper and silver solutions.

2. Crotonylene or dimethylacetylene
ch3.c:c.ch3,

by acting with aleoholic potash on ^-butylène
bromide CH3CHBrCHBrCH3; is a liquid boiling

Vol. I.—T

at 18°. It forms with bromine a liquid C4H6Br2
(b.p. 148°-158°), and G4H6Br4, which is solid. On
shaking the hydrocarbon with sulphuric acid
and water (3:1) liexamethylbenzene is obtained

3C,H0 = C,oH„ = C6(CH3)„.
3. Vinyl-ethylene GEL, : CH.CH : CH2. By

passing the vapours of fusel oil through a red-
hot tube (Caventou, A. 127, 348). Is présent in
compressed coal-gas (Caventou, B. 6, 70), and in
oil-gas (Armstrong and Miller, C. J. 1886, 74), It
gives no precipitate with an ammoniacal cuprous
chloride solution, but forms an additive product
with four atoms of chlorine or bromine.

4. The butine CH3.CH : C : CH2 is unknown.
Four of eight possible pentines are known.

Of the higher terms of the sériés the hexine
diallyl is of interest. It is formed by the action
of sodium on allyl iodide.
2CH„ : OH : CH„I+2Na=CH„: CH.CHa.CHaCH : CH2+SNaI.
Also by distilling mercuric allyl iodide with
potassium cyanide.

It forms a liquid smelling of horse-radisli,
boiling at 59°, and combines with bromine to
form the tetrabromide C(iHHtBr4, melting at 63°.
If this be boiled with potash a liquid dibromo-
diallyl is obtained, which boils at 210°, and by
the action of aleoholic potash yields dipropargyl
C6H6, a liquid boiling at 85° isomeric with benz-
ene, but having the constitution

ch;c.ch2.ch2.c;ch.
ACHREMATITE. A molybdo-arsenate of

lead from Guanaceré in the State of Chihuahua,
Mexico. It contains As203, 1S'25; Mo03, 5*01 ;
Cl, 2-15; Pb (as chloride), 6-28 ; PbO remaining
68-31 (Mallet, C. S. J.1875, 1141).

ACHYRANTHES ASPERA or AGHARA.
An Indian plant used as a simple and as a
remedy for toothache.

ACÏCULITE. Bismuthsulphide (v. Bismuth).
ACID ALBUMEN v. Albuminoids.
ACID BR0WN v. Azo- colourino matters.
ACID CERISE v. Tripiienylmethane colour-

ing matters.

ACID GREEN v. Triphentlmethane cologr-

ing matters.

ACIDIMETRY and ALKALIMETRY. The
détermination of the amount of acid or alkali
in solid and liquid substances. If the sub¬
stance is a liquid free from admixed foreign
matter, the proportion of acid or alkali can be
ascertained with considérable accuracy by de-
termining the spécifie gravity of the solution.
A direct détermination can also be made by any
suitable gravimétrie process ; but volumetric
methods are almost exclusively employed, and,
indeed, are the only processes available when it
is required to distinguish between free and com¬
binée! acid or alkali. In these processes the
quantity of acid or alkali présent is caleulated
from the volume of standard alkali or acid re¬

quired to exactly saturate it, the point of satura¬
tion being determined by means of an indicator
—i.e. a substance which gives a decided colour
change with a slight excess of acid or alkali.

The basis upon which the standard solutions
are made is normal sodium carbonate, which is
purified by reerystallisation and rendered an-
hydrous by careful heating in a platinum vessel.
It can also be prepared by heating pure sodium-
hydrogen-carbonate until it ceases to lose weight.
Mohr recommends crystallised oxalic acid as a
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basis ; but it is not easy to obtain crystàls having
exactly the composition H.,C..04 + 2H„0, and the
solution is not available for général purposes.

Préparation of the Standard Acicl.—Sul-
phurie or hydrochloric acid is generally used.
The former lias the advantage of being com-
pletely non-volatile in dilute solutions, whilst
the latter gives no précipitâtes with compounds
of calcium, barium, and strontium. Nitric acid
has also been proposed, but it has no advantages
over sulphuric and hydrochloric aeids, is not so
readily obtained pure, andis liable to décomposé,
especially if exposed to bright light.

Sulphuric acid.—28 c.c. of the pure con-
eentrated acid, of sp.gr. 1-84, diluted to 1000 c.c.,
gives an approximately normal solution—that is,
a solution which contains in each litre one

équivalent of the acid in grams.
Hydrochloric acid.—Advantage is taken of

the fact that an aqueous solution of hydrochloric
acid, which boils at a constant température
under the ordinary atmospheric pressure, has
a practically constant composition. A quantity
of the ordinary concentrated acid is placed in
a capacious retort and distilled until about one-
third has passed over. The liquid remaining in
the retort will have a sp.gr. of Tl, and will
contain 20-2 p.c. of real acid. 165 c.c. of this
acid diluted to 1000 c.c. gives an almost exactly
normal solution. A quicker method is to déter¬
mine the strength of the concentrated acid by
taking its sp.gr. by a hydrometer, and then
dilute a sufficient quantity to 1000 c.c.

The final adjustment of the acid in either
case is made by means of sodium carbonate.
About 1 gram of the pure anhydrous sait is
aecurately weighed into a flask of about 250 c.c.
capacity, dissolved in water, and mixed with
a few drops of litmus solution. The acid is
placed in a burette graduated in fifths or tenths
of a cubic centimètre, and is gradually added to
the carbonate solution until the colour of the
litmus changes to wine-red. The solution is
now boiled for a few minutes to expel carbon
dioxide, a further small quantity of acid is
added and the liquid again boiled, and this
process is continued until the litmus remains
red after boiling for some minutes. The volume
of acid used is read off, and the experiment is
repeated with a fresh quantity of the carbonate.
The quantity of hydrochloric or sulphuric acid
required to saturate the weight of sodium car¬
bonate taken is ealeulated, an,d this quantity
divided by the number of c.c. of acid used gives
the amount, of real acid in 1 c.c. of the solution.
Suppose that a solution of sulphuric acid is
being standardised, and that 18 c.c. are required
to saturate 1-025 gram of sodium carbonate.
106 : 1-025:: 98 : 0-9476, and therefore 1 c.c.
of the acid contains -9476 -=-18 = 0-0526 gram
H2S04. It follows that 931-5 c.c. of this acid
contain 49 grams H2S04 ; and if this volume is
diluted to 1000 c.c.,theresulting solution should
be exactly normal. To adopt a more convenient
plan : 1000 c.c. of the solution contain 52-6 grams
H-SOj, an amount of acid which would be con-
tained in 1073-5 c.c. of a strictly normal solution
(49 : 52-6 : : 1000 : 1073-5), and hence, to obtain
a normal solution, 1000 c.c. of the acid must
be mixed with 73-5 c.c. of water. Whiehever
method is adopted, the accuracy of the solution

) ALKALIMETRY.

must be confirmed by again standardising with
sodium carbonate. Sinee the accurate adjust¬
ment to normal strength is troublesome, it is
better to détermine the error of the solution and
to make a correction for this error in each cal- I
culation. The actual strength of the solution (x)
is divided hy the équivalent of the acid, and the
resulting number —.x— =/is a factor which

équivalent
dénotés the déviation of the acid from the normal

52*6
strength. In the example given -A = 1-074—

that is to say, 1 c.c. of solution contains
0-049 x 1-074 gram H2S04, and is therefore ;
équivalent to 0-040 x 1-074 gram of sodium
hydroxide, 0-053 x 1-074 gram of sodium carbo- i
nate, 0-017 x 1-074 gram of ammonia, and so on.

Sinee the repeated boiling required when the
carbonate is directly titrated makes the opération
very tedious, it is better to adopt the process of ,

reverse titration. The relation between the acid |
and the standard caustic alkali is first deter- I
mined by direct titration, boiling being un-
necessary. About 1 gram of sodium carbonate |
is weighed out, dissolved in water, mixed with
a measured excess (25 c.c.) of standard acid,
boiled for about ten minutes to expel ail carbon j
dioxide, mixed with litmus, and the excess of .

acid determined by adding the standard alkali
from the burette until the litmus becomes blue. I
The volume of alkali required gives the excess I
of acid, and this subtracted from the volume
of acid added, gives the volume required to j
neutralise the sodium carbonate taken. Suppose c
that 10 c.c. of alkali = 10-2 c.c. of acid, and that '
1-025 gram of sodium carbonate, after boiling S
with 25 c.c. of the acid, required 6-9 c.c. of :
alkali to neutralise the excess of acid. 6-9 c.c. s
of alkali = 7-0 c.c. of acid, and therefore E
25 — 7 = 18 c.c. of acid have been required to I
neutralise 1-025 gram of sodium carbonate. I
The strength of the acid is then ealeulated in
the manner already explained.

Oxalic acid A normal solution is prepared
by dissolving 63-00 grams of the recrystallised |
hydrated acid H2C204 + 2H20 in water and
diluting to 1000 c.c.

Préparation of Standard Alkali.—The alkali |
generally used is normal sodium or potassium
hydroxide, or half-normal ammonia.

50 grams of the purest commercial caustic j
soda is dissolved in 800-900 c.c. of water, I
allowed to stand for some time in order that
any insoluble matter may subside, and the clear j
liquid is siphoned off and diluted to 1000 c.c. s
10 c.c. of standard acid is placed in a porcelain j
dish, mixed with litmus, and the alkali added
from a burette until the litmus becomes blue.
If 9-4 c.c. of alkali are required, it follows that .

940 c.c. of alkali are équivalent to 1000 c.c. of
acid, and this volume of alkali should be diluted .

to 1000 c.c., or 1000 c.c. of alkali should be mixed
with 64 c.c. of water (9'4 : 10:: 1000 : 1064). |
The ratio of the diluted alkali to the standard i
acid is again determined, and the strength of
the alkali is readily ealeulated.

Ammonia has the advantages that it does (
not readily attack glass, is free from silica and
alumina, and does not so readily absorb carbon
dioxide from the air. If used of half-norma)

IRIS - LILLIAD - Université Lille 1



ACIDIMETRY AND ALKALIMETRY. 19

strength it does not appreciably alter if kept in
a oool place. Ail titrations must, kowever, be
made in cold solutions, and phénol phthaleïn
cannot be used as an indicator. 25 c.c. of
ammonia solution of sp.gr. 0-S9 is diluted to
1000 c.c., and the solution adjusted exactlyas in
the case of soda.

Indicatoks.—Many colouring matters, both
natural and artiflcial, bave been recommended
for this purpose, but comparatively few are
actually used.

Litmus occurs in the form of small cubical
granules mixed with a large proportion of
calcium carbonate. An aqueous solution of this
product not only contains free alkali, but also
a variable proportion of colouring matters which
interfère with the delicacy of the reaction.
Spécial précautions must therefore be taken in
preparing the solution for use in acidimetry.
Various processes have been recommended by
Berth.elot and De Fleurieu (A. Ch. [4] 5, 189),
Wartha (B. 9, 217), Kretzschmar (C.Z. 3, 682),
Stolba (C. C. [3] 12, 770),Mohr (Titrirmethode).
The following method gives excellent results :
The litmus is extracted three or four times
with boiling methylated alcohol of 85 p.c. in
order to reinove the injurious colouring matters,
the residue is extracted with cold water, slightly
acidifled with sulphuric acid, and boiled to
expel carbon dioxide. It is then neutralised
with baryta water, a few bubbles of carbon
dioxide passed in to remove excess of baryta,
again boiled and filtéred. The solution should
contain about 20 grams of solid matter per litre,
and must be kept in vessels to which the air
has free access, for if kept in closed vessels it
undergoes fermentation and is decolourised.
The colour is restored when the liquid is exposed
to air. It has been recommended to evaporate
the solution to dryness at 90° and dissolve the
residue in glycerol (Pli. Centralhalle, N.S. 3,
171). The colour of the solution should be
purple ; it turns blue with alkalis, and red
with acids, and is affected by carbon dioxide,
sulphur dioxide, and hydrogen sulphide. In
order to avoid the slight error due to the fact
that a small quantity of acid or alkali is required
to produce the colour change, Mohr recommends
the use of red litmus in cases wliere the end
reaction will be red, and blue litmus in cases
where the end reaction will be blue. He also
recommends the addition of litmus to the bulk
of the standard acid and alkali in order to avoid
mistakss in using them.

The colour change is rendered more delicate
by conducting the titration in the monochro-
matic light obtained by heating a bead of sodium
carbonate in a Bunsen fiame (L. Henry, C.B.
76, 222). The red solution seems colourless,
whilst the blue solution is almost black.

Cochineal was first recommended by Luckow
(J. pr. 84, 424 ; Fr. 1, 386). 3 grams of the
substance, which should not be pulverised, is
extracted with 250 c.c. of a mixture of 1 volume
of alcohol with 3-4 volumes of water. It is
yellowish-red with acids, and purple with
alkalis, and is not affected by carbon dioxide.
It is highly sensitive, and can be used in
very dilute solutions. With this indicator
the carbonates of the alkaline earths have an

alkaline reaction.

Methyl orange, or Poirrier's Orange III.
(Dimethylanilinediazobenzenesulphonic acid),
recommended by W. v. Miller (B. 11. 460; see
also Lunge, B. 11, 1944; S. C. I. 1, 16), has the
advantage that it is not affected by carbon
dioxide or hydrogen sulphide, and the alkaline
carbonates and sulphides can therefore be
titrated in the cold. The presence of normal
alkaline salts affects the delicacy of the reac¬
tion, and 0-1-0-3 c.c. of normal acid is re¬

quired to produce the colour change. 1 gram oî
the substance is dissolved in 1000 c.c. of water.
It is pale-yellow in alkaline solutions, and pink
with acids ; it is neutral to many normal salts
which are acid or alkaline to litmus.

Phénol phthaleïn, obtained by heating phénol
with phthalic anhydride and sulphuric acid
(Baeyer, A. 202, 69), is extremely sensitive to
alkalis, with which it gives a red colour, and
can be used in very dilute solutions (E. Luck,
Fr. 16, 322). It is, however, affected by carbon
dioxide and sulphur dioxide, hydrogen sulphide,
&c. With excess of acid the solution is colour¬
less. One gram of the phénol phthaleïn is dis¬
solved in 500 c.c. of dilute alcohol.

Aurin, obtained by the action of sulphuric
acid on a mixture of oxalio acid and phénol,
is colourless with acids, but pink with alkalis.
It is very sensitive, and is especially useful in
the titration of dilute solutions of barium
hydroxide, as in Pettenkofer's method for tlie
estimation of carbon dioxide in the air. It is
affected by carbon dioxide and hydrogen sul¬
phide. One gram of the aurine is dissolved in
500 c.c. of dilute alcohol.

Phenacetolin, recommended by Degener (Zeit.
d. Ver. f. d. Biibenzueker Industrie, 1881, 357 ;
S. C. I. 1, 85), is prepared by boiling togetherfor
several kours equal molecular proportions of
phénol, acetic anhydride, and sulphuric acid.
The product is extracted with water to remove
excess of acid, dried and dissolved in alcohol in
the proportion of 1 gram to 500 c.c. It is pale-
yellow with alkalis, red with carbonates of the
alkalis and alkaline earths, colourless with acids.

Lackmoid, a colouring matter very similar to
litmus, is obtained by heating gradually to
110°C. a mixture of 100 parts resorcinol, Sparts
sodium nitrite and 5 parts water. When the
violent reaction modérâtes, the mass is heated to
115°-120° until évolution of ammonia eeases.

The product is a glistening reddish powder, in¬
soluble in chloroform, benzene, and light petro-
leurn, easily soluble in methyl, ethyl, and amyl
alcohol, less soluble in water and ether (M. C.
Traub and C. Hock, B. 17, 2615). Its colour
changes are similar to those of litmus, but it is
more sensitive. One gram of lackmoid is dis¬
solved in 500 c.c. of dilute alcohol.

Turmeric contains a yellow colouring matter
which gives a dark-brown colouration with
alkaline hydroxides and may be used in the
form of paper in titrating with caustie alkalis
(Pettenkofer). The root is extracted with water
in order to remove a yellow colouring matter
insensitive to alkalis, and the residue is treated
with alcohol. Strips of unsized paper are
steeped in the alcoholic solution and dried.

Other indicators which have been proposed,
but which have no spécial advantages and have
not come into général use, are hœmatoxylin
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(Wildenstein, Fr. 2, 9) ; cyanin (Schônbein, J.
pr. 95, 449) ; tincture of barwood (Stolba, Fr. 14,
324) ; alizarin (Schaal, B. 6, 1180) ; fluoresceïn
(Kriiger, B. 9, 1572) ; ferrie salicylate (Weiske,
J. pr. N.S. 12, 157) ; tincture of oranges (Born-
trâger, Fr. 17, 459) ; flavescin (Lux, Fr. 19, 457) ;
nitrophenol (Langbeek, C. N. 43, 1G1) ; the pro-
duot obtained by fusing tetra-hydroelagic aeid
with potash (Oser and Ivalmann, M. 2,250); Poir-
rier's soluble blue C4B (Engel, C. R. 102, 214) ;
dimetbylazoamidobenzene (Fischer and Philipp,
C. Z. 56, 998), and Congo red. Many of the
azo- colours can likewise be used (W. v. Miller,
B. 11, 460).

The sensitiveness is measured in c.c. of
decinormal aeid required to produce a distinct
change when the volume of the liquid is 100 c.c.
Where a reaction is given as ' indefinite,' it is
not meant that there is no efîect, but that the
change is not sufficiently sharp to be available
in analysis. In many cases where the réaction is
indefinite in cold solutions it becomes definite if
the liquid is boiled, e.g. litmus with sulphides,
sulphites, and carbonates ; phénol phthaleïn
with sulphides and carbonates. Lackmoid is
most serviceable in the form of paper, and
several of the reactions which are unsatisfactory
with the solution are sharp and distinct with
the paper, e.g. with carbonates, sulphides and
sulphites.

Gawalowski recommends (Fr. 22, 397) the
use of a mixture of methyl orange and phénol
phthaleïn, which is deep-red with excess of
alkali, pale-yellow when neutral, and rose-red
with excess of aeid.

Détermination of total alkali. A weighed
quantity of the substance (10 grams) is dissolved
in water, filtered if necessary, and diluted to
500 c.c. 50 c.c. is withdrawn, mixed with a
measured excess (25 c.c.) of normal aeid,
boiled gently for ten minutes to expel car-
bon dioxide, and the excess of aeid deter-
mined with standard alkali. The volume
of standard aeid minus the excess of aeid
gives the volume of aeid required to neutral¬
ise the total alkali, i.e. the alkali présent as
hydroxide, carbonate, sulphide, sulphite, thio-
sulphate, aluminate and silicate. If methyl orange

The indicators differ not only in the nature
of the colour change, but also in their beliaviour
with différent substances. Many normal salts
which are aeid or alkaline to litmus are neutral
to methyl orange or phénol phthaleïn. Some
substances which are aeid to methyl orange are
neutral to phénol phthalein, and so on.

The relative sensitiveness of the more irn-
portant indicators and their beliaviour under
various conditions bave been investigated by
Wieland (B. 16), and espeeially by Thomson
(C. N. 47, 123, 135,184; 49, 32, 38, 119 ; 52, 18,
29), whose results are summarised in the fol-
lowing table :—

is used as indicator, boiling is unnecessary, and
the alkaline solution is titrated direetly with
standard aeid. If direct titration with litmus
as indicator is preferred, the solution must be
boiled after each addition of aeid in the manner

described above for the préparation of the
standard aeid.

Alkaline hydroxide in presence of carbonate.
100 c.c. of the above solution is heated, mixed
with excess of barium chloride, allowed to cool,
diluted to 250 c.c. and well shaken. When the
precipitate bas settled, 50 c.c. of the clear liquid
is withdrawn and titrated with standard aeid.
The quantity of aeid used x 25 gives the volume
équivalent to the hydroxide in the weight of
substance originally taken. The reaction which
takes place is expressed by the équation

œM.,C03 + 2/MOH + ^x + |jBaCl2-a:BaC03
+ U- BaH202 + (2x + 2/)MCl.2i

The barium carbonate is precipitated and a
quantity of barium hydroxide équivalent to the
alkaline hydroxide remains in solution. The
solution cannot be filtered, since the barium
hydroxide would absorb earbon dioxide from
the air with formation of the insoluble car¬

bonate.
In order to avoid error due to the presence of

the precipitate, and to économisé time, Watson
Smith (S. C. I. 1, 85) prefers to add just suffi-
eient barium chloride to precipitate the car¬
bonate without affecting the hydroxide. No

Litmus Lackmoid Aurin Methyl Orange Phenacetolin Phenolphthaleïn

Sensitiveness 0-05 0-01 0-01 0-05 0-01 0-01
Hot solutions Available . Available — — _ —

Ammonia . Available . Available Available Available . . Available Not available
Ammonium salts Not affected Not affected. Less sensitive Less sensitive Not affected . Not available
Neutral alkaline salts Not affected Not affected. Not affected . Less sensitive Not affected . Not affected
Carbon dioxide . Indefinite . Indefinite . Indefinite Not affected . Colour changed Indefinite
Hydrogen sulpliide . Indefinite . Decolourised. Indefinite Not affected . Not affected . Indefinite
Alkaline carbonates . Indefinite . Indefinite Indefinite Alkaline Red colour Alkaline
Alkaline bicarbonates Indefinite . Indefinite Indefinite Alkaline — Neutral

Sulphites Indefinite . Alkaline Neutral. Alkaline Not available . Neutral
Aeid sulphites . Indefinite . Neutral. Aeid Neutral. Not available . Aeid
Silicic aeid Neutral Neutral. Neutral. Neutral . Neutral . Not available
Alumina Indefinite . Alkaline Indefinite Alkaline. Neutral . Neutral
Boric aeid . Indefinite . Indefinite . Indefinite Neutral. Indefinite Indefinite
Sodium thiosulphate . Neutral Neutral. Neutral. Neutral. Neutral . Neutral
Sulphides . Alkaline Not available — Alkaline Alkaline . Alkaline

Hydrosulpliides . Indefinite . Not available — Alkaline — Neutral
Potassium nitrite Neutral — Neutral. Destroyed Neutral . Neutral
Oxalic aeid . Available . Not available Available Not available Not available . Available

Phosphoric aeid . Indefinite . Monobasic . Indefinite Monobasic . Indefinite Dibasic
Arsenic aeid Indefinite . Monobasic . Indefinite Monobasic . Monobasic Dibasic
Arsenious aeid . Neutral Neutral. Indefinite Neutral. Neutral . Indefinite
Phénol.... Neutral Neutral. Neutral. Neutral . Neutral . Indefinite
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barium remains in solution, and even if earbon
dioxide is absorbed the alkaline carbonate
formed remains in solution. The barium
chloride is added gradually to the hot solution
until précipitation is just complété, and the
liquid is filtered into a 250 c.c. flask and an
aliquot portion titrated.

Thomson (l.c.) proposes to precipitate with
excess of barium chloride, then add phénol
phthâleïn and titrate at once with standard acid.
The precipitated barium carbonate is, however,
attacked by the acid, and hence the results are
inaccurate.

Carbonate in presence of hydroxide. The
solution is coloured a very faint yellow with
phenacetolin, and standard acid is added until
the yellow colour changes to a rose tint. The
volume of acid required gives the amount of
hydroxide présent. A further quantity of acid
is now added, and the red colour increases in
intensity, but eventually changes to yellowish-
red, and finally to golden-yellow. At this point
a second reading is taken, and the différence
between this and the first reading gives the
volume of acid corresponding with the carbonate
présent (Lunge, H. C. I. 1, 56). This method is
not available for the estimation of small quan¬
tifies of hydroxide in presence of large quantifies
of carbonate (Thomson).

In order to estimate the proportion of car¬
bonate in quick-lime or slaked lime, the purpose
for which phenacetolin was originally recom-
mended by Dëgener, 100-150 grams of the lime
is made into a cream with water and diluted
to 500 c.c. After vigorous agitation 100 c.c. is
withdrawn and diluted to 1,000 c.c., and 25 c.c.
of this liquid is taken, mixed with phenacetolin,
and standard acid added until a pale-rose tint is
obtained. In order to estimate both hydroxide
and carbonate, the substance is dissolved in
standard acid and the excess of acid deter-
mined by reverse titration in the usual way
(Lunge, Z.c.).

Acid carbonate in presence of Normal car¬
bonate. The cold and dilute solution of normal
carbonate and acid carbonate is mixed with
phénol phthâleïn and standard acid added until
the liquid becomes colourless. At this point,
which corresponds with the complété conversion
of the normal carbonate into acid carbonate, the
volume of acid added is read off. The liquid is
then boiled and acid is added gradually until the
solution remains colourless even after long
boiling, and the volume of acid is again read off.
If x represents the first reading, and y the
second reading, then 2x = the normal carbonate,
and y—2x = the acid carbonate (Warder, A.C.J. 3).

Lunge (S. O.I. 1, 57) proposes a différent
method based on the reaction—

xM,C03+yMHC0a+rNHa+(>+2/)BaCl,,=
(2*+y)MCl+yNH4Cl+Or+y)BaOO,+(3-i/)NH,.

The solution to be tested is mixed with a mea-

sured excess of standard (half normal) ammonia,
excess of barium chloride added, and the liquid
diluted with recently boiled water to a definite
volume. When the precipitate has settled, an
aliquot portion of the clear liquid is withdrawn
and titrated with standard acid in order to as-

certain the excess of ammonia. The différence
between the volume of ammonia added and that
remaining after précipitation gives the volume

corresponding with the quantity of acid carbcn-
ate in the liquid analysed.

Ammonia. In order to détermine the quan¬
tity of free ammonia in a solution of the gas, an
accurately measured quantity (10 c.c.) of the
liquid is transferred to a light-tared flask and
weighed. This gives at once the weight taken
for analysis and the sp.gr. The liquid is then
titrated with standard acid in the usual way,
using litmus, lackmoid, or methyl orange as
indicator.

Ammonia in combination is determined by
boiling the substance with sodium hydroxide,
leading the ammonia into a measured excess of
standard acid, and determining the residual acid
with standard alkali. The substance is weighed
into a flask fitted with a cork, through one hole
in which passes a pipette eontaining a strong
solution of sodium hydroxide, whilst through
another passes a tube leading to a flask or bulb
Il-tube eontaining a lmown volume of standard
acid. The flask or U-tube is fitted with a cork
which carries a calcium chloride tube eontaining
beads moistened with some of the acid in order
to insure complété absorption of the ammonia.
After addition of the sodium hydroxide solution
the liquid is gently boiled for half an hour, and
the residual acid determined. Frorn the volume
of acid which has combined with the ammonia
the quantity of the latter is readily calculated.

Hydrochloric, Hydrobromie, Hydriodic, Sul-
phuric, Nitric, and Oxalic acids are readily
estimated by direct titration with standard alkali.

Tartaric, Citric, Acetic, and Lactic acids
can likewise be titrated accurately with standard
alkali if phénol phthâleïn is used as the indicator
(Thomson, l.c.).

Boric acid gives no very definite reaction
with the majority of indicators, but it is quite
neutral to methyl orange, and hence the quantity
of alkali in alkaline borates can be accurately
estimated by direct titration with standard acid
if methyl orange is used as indicator (Thomson).

Sulpliurous acid can be titrated direetly if
methyl orange, phénol phthâleïn or aurin is
used as indicator (Lunge, D. P. J. 250, 530).
With methyl orange the hydrogen sulphite
MHS03 is the neutral sait, whilst with the
other two indicators the normal sait is neutral.
This différence can be utilised for the détermi¬
nation of the relative proportions of normal and
acid sulphite in the same solution (Blarez, C. E.
103, 69 ; C. J. Abstracts, 1886, 918). Soda or
potash must be used, since ammonia gives in¬
accurate results.

Selenious acid can be titrated with standard
barium hydroxide. It is monobasic with me¬
thyl orange, and dibasic with phénol phthalein.
Tliis différence can be utilised for the estimation
of selenious acid in presence of other acids, if
the total basieity of the latter is indicated by
methyl orange (Blarez, C. P.. 103, 804 ; C. J.
Abstracts, 1887, 106).

Phosphoric and Arsenic acids are monobasic
with methyl orange, and dibasic with phénol
phthalein (Joly, C. E. 94, 529 ; C. J. Abstracts,
1882, 692). These acids can be most accurately
titrated with barium hydroxide, using phénol
phthâleïn as indicator. Towards the close of
the reaction, time must be allowed for the
gelatinous tribarium phosphate to change into
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22 ACIDIMETRY AND ALKÀLIMETRY.

the erystalline dibariura sait (Joly, C. E. 102,
316 ; C. J. Abstracts, 1886, 41S). Advantage
oan be taken o£ the différent basicity with me-
thyl orange and phénol phthaleïn to estimate
phosphoric aoid in presenoe of monobasie acids
such as hydrochloric acid (Joly, C. E. 100, 55 ;
0. J. Abstracts, 1885, 348).

Carbonic acid in solution is estimated by
adding excess of ammonia and calcium chloride.
The liquid is then boiled, and the preeipitated
calcium carbonate eollected, well washed, and
dissolved in a measuredexcess of standard hydro¬
chloric acid, the excess of acid being determined
by means of standard alkali, after boiling to
expel carbon dioxide. The volume of normal
acid actually used x 0'022 gives the quantity of
carbon dioxide.

Insoluble carbonates are weighed into a flask
fitted with a cork whieh carries a bulb and de-
livery tube. The bulb contains moderately strong
hydrochloric acid, which is allowed to drop
slowly on the carbonate, and the evolved gas is
led into a flask containing strong ammonia
solution. This flask is closed with a cork,
through which passes the delivery tube, which
ends just above the surface of the liquid. The
cork also carries an exit tube filled with glass
beads moistened with ammonia to arrest the
last traces of carbon dioxide. When ail
the gas has been expelled from the carbonate
the ammonia is mixed with calcium chloride,
boiled, and the precipitate treated as above.
With slight modification this proeess can be
adapted to the estimation of carbon dioxide in
aerated waters.

A direct estimation of carbon dioxide by
weight is made by placing the substance in a
light flask fitted with a cork whieh carries a
bulb containing acid to décomposé the carbonate
and a tube containing calcium chloride to dry
the gas. The apparatus is weighed with the
acid in the bulb, &c., after a known weight of
carbonate has been introduced. The acid is then
allowed to drop on the carbonate, and when de-
composition is complété the liquid is boiled for
two or three minutes to expel dissolved gas, and
a current of air is drawn through the apparatus.
The apparatus is again weighed, and the loss
of weight gives the amount of carbon dioxide.
For various forms of apparatus see Mohr's Ti-
trirmethode, Fresenius' Quantitative Analysis, or
Sutton's Volumetric Analysis. When the car¬
bonate is difficult to décomposé, it is better to
absorb the evolved gas, after drying, in bulbs or
tubes containing potash solution or soda lime,
the increase in weight giving the amount of
carbon dioxide. A very complété forni of
apparatus for this purpose is described by
Classen (Fr. 15, 221). Scheibler's method of
estimation by measuring the volume of gas
evolved is described in Fresenius' Quantitative
Analysis, vol. i.

Combined acids in salts may be estimated
with approximate accuracy by adding to a solu¬
tion of the sait a measured excess of sodium
hydroxide or carbonate. The liquid is boiled,
allowed to cool, and diluted to a definite volume.
When the precipitate has settled, an aliquot
portion of the clear liquid is withdrawn, and the
excess of alkali determined by titration. From
the volume of alkali used the proportion of acid

in the sait is ealculated. In order to avoid the
error due to the presenee of the precipitate, the
liquid may be filtered before diluting to a definite
volume, but methyl orange or cochineal must be
used as indicator in order to avoid any error
from carbon dioxide absorbed from the at¬
mosphère. Salts of copper, silver, mercury, I
cobalt, nickel, iron, and chromium are preeipi¬
tated with sodium hydroxide ; salts of calcium, :

barium, strontium, magnésium, aluminium, zinc, e
bismuth, and manganèse, with sodium car-;
bonate.

Kieffer's method is useful for coloured solu- !
tions, or in presenee of normal salts with acid f
reactions (A. 93, 386). 60 grams of crystallised I
cupric sulphate is dissolved in water, mixed with
ammonia until the precipitate is almost but not |
quite dissolved, diluted to about 900 c.c., allowed
to stand for some time, and the clear liquid
siphoned ofï, or filtered through glass-wool, and
diluted to 1000 c.c. If any further precipitate (
forms it must be siphoned or filtered off. If the
solution of cuprammonium sulphate thus obtained |
is added to an acid liquid, so long as the acid s
is in excess an ammonium sait and cupric sul¬
phate are formed, but as soon as the free acid
is neutralised, the ammonia in a fresh quantity
of cuprammonium sulphate reacts on the cupric ».
Bulphate already in the liquid and produces a
precipitate of a basic sait, the formation of
which indicates the point of saturation. Tlie i
precipitate is most readily seen against a black |
background. In order to standardise the liquid, |
10 c.c. of normal sulphuric acid is placed in a
flask or beaker and Kieffer's solution added until
a permanent precipitate is produced, and from
the volume of solution required, its strength in
terms of normal acid is readily ealculated. The
strength of the solution gradually diminishes, ,

and it must be titrated from time to time. In
making an actual détermination, the Kieffer's
solution is added to the liquid to be tested until -
a permanent precipitate is formed. The method |
is not very accurate, owing mainly to the fact i
that the precipitate is not quite insoluble in
solutions of ammonium salts, and therefore the -i
end reaction does not take place until the liquid
is saturat.ed with the basic sait. The mag-
nitude of the error dépends on the concentration -
of the solution. When the liquids to be titrated j)
contain barium, strontium, &o., the Kieffer's
solution must be prepared with cupric nitrate. I

Eichter has recommended potassium bicliro-
mate as a standard solution for the estimation ;
of alkalis, phénol phthaleïn being used as in- '
dicator (Fr. 21, 205).

Schultze has determined the rates of expan- j
sion of standard solutions of acids and alkalis I
and other solutions employed in volumetric ;
analysis (Fr. 21, 170). The following are the ■
results for average températures :—

- Oxalic Acid Hydrochloric
Acid Nitric Acid

0° 1000000 1000000 1000000
10° 1000993 1001010 1001800
15° 1001940 1001905 1003050
20° 1003125 1003013 1004490
25° 1004560 1004328 1006120
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Sulphuric Acid Potash Soda

1 1000000 1000000 1000000
10° 1001720 1001880 1002050
15° 1002945 1003130 1003365
20° 1004385 1004565 1004848
25° 1005990 1006165 1006510

Bibliography. — Mohr's Chemisch-Analyti-
eohe Titrirmethode, 6th ed. 18B6 ; Sutton's
Volumetric Analysis, 5th ed. ; Fresenius' Quan¬
titative Chexnische . Analyse, Y. 2, 6th ed. ;
Lunge andHurter's Alkali-maker's Pocket Book.

C. H. B.
ACID MAGENTA v. Triphenylhethahe

colouring matters.

ACID VIOLET v. Triphenylhethane colour-
ing siatteiis.

ACID YELLOW v. Azo- colouring hatters.

ACONITE, ACONITINE «.Vegeto-Alkaloids.
ACORUS CALAMUS. The common sweet

flag. The root is used by distillers to flavour
gin, and the essential oil by snuff-makers for
scenting snuff. It contains a glueoside termed
Acorin C36Hao06 (Faust, Bl. [2] 9, 392 ; Thoms,
Ar. Ph. f31 24, 465) [v. Calamus).

ACRIDINE C13H3N. Crude anthracene con¬
tains basio substances, and among them acri-
dine, which can be isolated by extracting it with
dilute sulphuric acid and adding potassium bi¬
chromate to the acid solution. The precipitated
acridine chromate is then reerystallised from
water, treated with ammonia, and the base crys-
tallised from hot water (Graebe and Caro, A.
158, 265 ; B. 13, 99).

Acridine bas also been obtained syntheti-
cally by passing the vapours of orthotolylaniline
and of orthoditolylamine through a tube heated
to dull redness (G., B. 17,1370) ; and by severally
heating formic acid and diphenylamine (Bernth-
sen and Bender, B. 16, 767, 1802), chloroform,
diphenylamine and zinc oxide (Fischer and
Kôrner, B. 17, 101), and aniline and salicylalde-
hyde (Môhlau, B. 19, 2451) with zinc chloride.

Proparties.—Acridine crystallises in small
colourless needles, or four-sided rhombic prisms,
sublimes at 100°, melts at 111°, boils above 360°
without décomposition, and distils with steam.
It is sparingly soluble in hot water, but readily
soluble in alcohol, ether and carbon bisulphide,
yielding solutions showing a blue fluorescence.
When inhaled either as dust or vapour it causes
violent sneezing, and in solution both it and its
salts cause much irritation on the skin. On
treatment with nitric acid it yields two nitro-
derivatives (m.p. = 154° and 214°) and a dinitro-
derivative (G. and C.) ; potassium permanganate
oxidises it to Py. 2 : 3 quinolinediearboxylie acid
C9H5N(CO.,H)2, and sodium amalgam reduces it
to hydroacridine C13HnN (B. and B., B. 16,1971 ;
G., B. 16, 2831). The salts are yellowand crys-
tallise well, but are deeomposed into their con-
stituents on boiling.

Methylacridine C,4HUN is obtained byheating
diphenylamine and acetic acid with zinc chloride
(Besthorn and Fischer, B. 16, 74 ; compare
Fischer, B. 16, 1820), and crystallises in colour¬
less tabular crystals melting at 114°.

Phenylacridine Ct9H13N is obtained by heat¬
ing diphenylamine with benzoic acid and zinc

chloride at 260° (Bernthsen, B. 15, 3012; 16,
767, 1810), and melts at 181°.

ADAMANTINE SPAR v. Corunduh.
ADAMINE. A hydrated zinc arsenate from

Chanarcillo, Chili, eontaining 39-85 p.c. As203,
54-32 ZnO, 1-48 FeO, trace MnO and 4-55
water. Its sp.gr. is 4-338 (Friedel, Bl. [2] 5, 433).

ADANSONIA DIGITATA, the Baobab tree,
yields a fibre which has been used in paper-
making. Its bark (Gowik Chentz or Ghuree
Chentz) is said by Duchaissaing to be a useful
substitute for cinchona (Dymock, Ph. [3] 7, 3).

ADIPIC ACIDS CaH10O4. The fifth terni of
the oxalic acid sériés having the général for¬
mula C„H2„_204. There are nine possible adipic
acids, ail of which, with the possible exception
of one, have been prepared. Ordinary adipic
acid is produced by the action of nitric acid on
tallow, suet, and other fatty bodies. Adipic acid
crystallises in monoclinic laminœ, melts at 149°,
and sublimes at a still higher température (Wirz,
A. 104, 257). By destructive distillation, espe-
eially with lime, it yields butane and carbon
dioxide, C„H10O4 = C4H10 + 2C02. It is slightly
soluble in water at the ordinary température,
and has a great tendeney to form supersaturated
solutions (Dieterle andHell,B. 17, 2221) ; readily
soluble in hot alcohol and ether. It forms salts
with most metals, which are generally soluble in
water and erystallisable.

For isomerides of adipic acid, v. Watts' Dic-
tionary of Chemistry, vol. i. p. 63.

ADIPOCERE (from adeps, fat ; and cera,
wax). A peculiar waxy - looking substance,
formed by the décomposition of animal matter
from which the air has been excluded. It was

first observed by Fourcroy in 1786, when the
Cimetière des Innocens at Paris was cleaned out.
A large number of coffins had been piled to-
gether and had remained for many years ; the
corpses in many of these were converted into a
saponaeeous white substance. According to
Ebert (B. 8, 775) adipocere consists chiefly of
a mixture of fatty acids, glycérine being absent.
On saponifying with potash, about 1 p.c. am¬
monia escapes and an insoluble residue (about
6 p.c.), consisting of, lime, &c., from tissues,
remains. A mixture of potassium salts was ob¬
tained, which by fractional précipitation with
magnésium acetate yielded mainly palmitic acid,
also a small quantity of margarie acid, hitherto
only formed synthetically. The last fraction,
not precipitable by magnésium, but by lead
acetate, gave oxymargaric acid (C1:H3403). Oleic
acid was not présent.

Of late years the formation of adipocere from
animal matter has been studied in glass vessels
filled with water (Kratter). It is not a décom¬
position product of albuminous tissue (Erman),
but is formed from the various fats présent in
the body at the moment of death (Zillner), the
fatty matter collecting together, after some time
undergoing further décomposition, eventually
losing its glycerol and oleic acid (Zillner).

AERATED WATERS. The names ' aerated '
or 1 minerai ' waters are applied to water charged
with an abnormal quantityof gas, usually carbon
dioxide. Water in this condition exists in natu-
ral springs in various places, as at Yichy, Spa,
Seltz ; or it may be produced by artificialmeans.
The natural springs vary in charaeter from the
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24 AERATED WATERS.

fact tliat along with the gas, which gives more
or less effervescence to their waters, other ingré¬
dients enter, giving to each locality its claim to
spécifie médicinal efficacy. These waters being
also pleasant and refreshing to the taste are
esteemed as beverages alone. Among arti-
licially produced quasi-minerai waters, a com-
mon forai is tliat of the Seidlitz, prepared from
sodium bicarbonate and tartaric acid, which are

kept separate until required for use ; on the
addition of water, proportioned to the quantity of
powder, the acid reacts on the bicarbonate, and
a lively effervescence is set up by the liberated
carbonic acid gas. Numerous modifications of
the seidlitz powder have been introduced for
public sale under spécial désignations ; they
usually consist of the same ingrédients, with
the addition of a little citric acid.

The attempt to imitate natural médicinal
spring-waters appears to have been made
about two hundred years ago, but it was only

Plan of a Soda-v
A. Main water-supply from well or waterworks.
B. Water reserve.
C. Eilter.
D. Pipe and branches supplying filtered water to syrup-

boiler, solution-tank, and soda-water machine.
E. Steam cased pan for boiling syrups.
PFP. Mixing and cooling-pans for syrups.
GGG. Pelt filtering-bags, through which svrup is passed.
HHH. Tank in compartments for storing filtered syrups.
III. Syrup junctions and pipes supplying syrup pumps at

bottling-machines.
JJJ. Bottling-machines.
K. Solution-pan feeding soda-water machine with either

plain water from filter C, or soda or other solution
from tank L.

L. Soda-water solution tank for mixing minerai waters

In référencé to E and X, when gas-engines
are used as the motive-power, and no steam is
available for boiling syrup, it is usual to em-
ploy an apparatus heated by gas.

It mil be noted that the plant here figured is
adapted to produce (1) water simply charged
under pressure with gas ; or (2) allialine, or
(3) sweetened effervescing drinks, and that
any of these can be made at the will of the
operator. In ail cases carbonic acid gas is
evolved in the generator by the mixture of sul-
phuric acid with chalk or whiting, is stored in
the gasometer, is conveyed to the condenser
along with water from the cistern, and, after
solution, is thence drawn to the bottling ma-

towards the close of the last century that the
manufacture began to assume anything like
commercial importance. Within the last few
years much attention bas been paid by inventors
to the cheap and expeditious manufacture of
artificial minerai waters and aerated beverages/:
and to the bottling and other processes ; so
much so that the applications for Letters Patent
under the title ' Aerated liquids ; minerai waters; ,

aerating,' more or less applicable to the heading
of this article, were—in 1882, five ; in 1883,
three ; in 1884, twenty-one ; in 1885, thirty-
five ; and in 1886, thirty-one. 'Bottle and jar
stoppers,' for the most part applicable to aerated
waters, in 1886 claim 184 inventors ; and ' Bottle-
opening and unstoppering,' twenty-five. Manu-
factories of these drinks are now found in almost
every town in the kingdom.

The général arrangement of the apparatus
employed will be made clear from the following
figure :—

lTEE Manotactoey.
whicli require 110 syrup. When using this tank the
tap M is closed.

M. Tap to shut ofl: plain filtered water when bottling non-
saccharine beverages.

N. Soda-water machine.
0. Condenser containing aerated water, to which pipes

leading to bottling machines are attached.
P. Whiting bin.
Q. Whiting shoot to generator.
B. Vitriol cistern.
S. Gasometer.
T. Generator.
IT. Blow-bacb prévention acid box.
V. Steam-engine.
X. Steam-pipe to syrup boiler and bottle-washing ap¬

paratus.

chines. The pressure in the condenser is in-
dicated by a gauge, and varies with the beve¬
rages made ; thus, for soda-water a pressure of
120 lbs. to 140 lbs. per sq. in. is required, whilst
for sweetened beverages 80 lbs. to 100 lbs. is
sufficient.

The generator is ordinarily of lead, and is
either vertical or, preferably, horizontal, and is
fitted with an agitator of gun-metal or of eopper,
to mix thoroughly the carbonate of lime and
acid. Besides two openings to admit these
materials, it bas a third for the puipose of
their removal when exhausted. The gas-holder
is simple in construction, the well or tank being
made of oak well-hooped, and the rising-bell of
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stout sheet-copper, tinned within and witliout.
To prevent the bell from collapsing when the
machine is working and the gas is exhausted,
it is often fitted with a valve.

Although not absolutely neeessary, it is ad-
visable to use a gas-purifier in preference to
allowing the gas to be pumped direct from the
gas-holder. The purifier is simply a vessel con-
taining water through which the gas passes. The
soda-water machine consists of one, or, in large
machines, two pumps which simultaneously
draw the gas from the gas-holder and the
water from the cistern : these are forced into the
cylinder or condenser, of which there may be one
or two constructed of gun-metal, tinned inside
and fitted with water-gauge, pressure-gauge, and
safety-valve. These cylinders are tested in large
machines to as much as 500 lbs. pressure to the
square inch. By an ingenious arrangement,
called a blow-back escape safety-valve, the excess
of gas may be taken back instead of being blown
away, thus enabling the largest machines capable
of occupying several bottiers to be so regulated
that one man may be kept comfortably at work
without the machine unduly gaining on him.
Such a machine liaving two 2J-inch pumps,
G-inch stroke, with two 6-gallon cylinders will
keep four bottiers at work, each going at the rate
of forty dozen per hour : whilst one having two
3-inch pumps, 7-inch stroke, and two 12-gallon
cylinders will employ eight bottiers at the same
rate.

Beverages flavoured with fruit essences or
syrups, such as lemonade, are produced by the
admixture in regulated quantities of such syrups
with the aerated water, by means of the pumps
shown in the figure. Of these flavouring com-
pounds a very large number are used under
différent names, such as, oil of lemon, essences
of lemon, ginger, capsicum, horehound, pear,
vanilla, orange, raspberry, eloves and various
other fruits and spices.

The tank L is employed when saline and
other solutions are required, which for the
most part are imitations of the waters of well-
known natural minerai springs, or are approved
médicinal eombinations.

The minor appliances of the industry, such
as bottle-washing machines, bottling machines
and their accessories, are endless in number and
variety, as may be seen by a referenee to the spéci¬
fications of patents. A determined effort has been
made, and with great suecess, to supersede corks
in stopperingbottles containing these liquids, on
account, partly, of convenience to the consumer,
but chiefly on account of economy. In an
estimate of the total cost of the materials used
in making a certain quantity of soda-water,
amounting to HZ. 4s. 4d., no less than 7Z. 10s. 0d.
is set down to the account of corks. Conse-
quently a method of bottling has been adopted
wherein the neck of the bottie is closed by the
pressure of the gas within it holding a marble of
glass, plugs of wood, or other stoppers firmly in
the mouth, which is necessarily smaller than the
marble or plug. When it is required to open the
bottie, the stopper is pushed down ; whereupon
the contents are liberated. By these and similar
contrivances, the cost of producing these bever¬
ages has been greatly redueed ; and probably
from this cause, as well as from a change in the

public taste, the consumption of themhas greatly
increased during recent years.

IERTJG0. (Verdigris (?) or basic carbonate of
copper.) The name given bythe Romans tothe
green rust produced on copper and bronze by the
united action of the oxygen and carbon dioxide
of the air. It was considered by them to enhance
the beauty of their bronze statues. The same
rust forms on brass, which was, however, not
used by the Romans.

JESCULIN v. Glucosides.
AFRICAN ELEMI v. Oleo-Resins.
AFRICAN FISH OIL. An oil of unknown

constitution, sp.gr. 0-865 to 0-867. It will not
saponify (Allen, S. C. I. 2, 54).

AFRICAN GREEN or EMERALD GREEN v.

Pigments.
AFRICAN INCENSE v. Oleo-Resins.
AGALITE. A fibrous magnesian silicate of a

white colour, with a slight tinge of green ; found
in America. It is somewhat readily redueed to
a powder, the particles composing which are
fibrous. Used in paper-making to impart a beau-
tiful surface and gloss to the paper (Macadam,
S. C. I. 6, 126).

AGAR-AGAR. Bengal Isinglass. A dried sea-
weed obtained from Singapore. Consists of
Euclwuma spinosum ; Sphcerococcus lichenoidcs,
spinosus and tenax.

It oceurs in small, transparent strips, and
dissolves almost entirely in water to a gelatinous,
tasteless and inodorous jelly, v. Algie.

AGATE. (Achat, Ger.) A natural aggregate
of various forms of crystalline, crypto-crystal-
line and colloidal silica. In most agates these
siliceous minerais are arranged in alternating
layers, which présent on section a banded ap-
pearance, whence the agate is valued, when
eut and polished, as an ornamental stone.
This zoned structure is usually the resuit of
the déposition of silica in successive layers
within the cavities of a vesieular rock. In
some cases, however, the déposition has been
effected in fissures, thus forming siliceous veins,
as in the breceiated agates of Saxony and
Bohemia. In other cases the agates may occur
in the cavities of stratified rocks, or occupy the
spaces between the pebbles of a conglomerate :
such are the agates of the dolomitic conglomerate
and the ' potato stones ' of the Triassic maris of
Somersetshire (Trans. Geol. Soc., ser. II. vol. iii.
p. 421). Rupert Jones has suggested that in
many cases these agates have been formed by
the replacement of CaC03 by Si02 (Proc. Geol.
Assoc. IV. 1876, p. 454).

The artificial déposition of silica, in forms
closely resembling those of certain agates, has
been effected by I'Anson and Pankhurst (Min.
Mag. v. 1882, p. 34). A strong acid is intro-
duced by means of a pipette into a solution of an
alkaline silicate, containing a certain proportion
of alkaline carbonate ; the bubbles of carbon
dioxide set free become coated as they ascend
with gelatinous silica, which forms a tube ; and
by continued déposition a stalactiform agate is
produced. If a cavity in a rock were filled with
a solution of an alkaline silicate, and the rock
permeated by an acid, a layer of amorphous
hydrated silica would be deposited upon the
walls of the cavity, and through this gelatinous
layer further déposition might gradually proceed.
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The rocks in which agates typically occur are
the basic igneous rocks knownas basait, dolerite,
diabase and melaphyre. These ' traps ' are
essentially plagioelase-augite rocks. In many
cases they présent a vesicular texture, and the
vesicles nray inclose various secondary minerais
resulting from the décomposition of the con¬
stituants of the rock. Among the commonest of
these alteration-products is the green earthy
minerai known as delessite, a hydrated silicate
of aluminium, iron, and magnésium, probably
a product of the décomposition of the augite.
Many yesicles are simply lined with this green
substance, but in other cases the delessite be-
comes covered by subséquent mineral-deposits
until the cavities are more or less completely
filled. The rock thus becomes ' amygdaloidal,'
a term suggested by the fact that the kernels of
minerai are usually of almond-like sliape. This
shape is due to the cavities, which were origin-
ally gas- or steam-bubbles, having been elon-
gated by the flow of the lava-like rock when
viscous. In many cases the ' amygdules,' or
contents of the cavities, are kernels of calcite,
but in other cases they are siliceous. If hollow
they fornr géodes ; and when nearly filled with
alternate layers of chalcedony, jasper, quartz and
other forms of silica, they constituf.e true agates.

The embedded agates are easily detached
from the inclosing rock, and when removed
usually présent a pitted surface. On the exterior
is a green coating or ' skin ' of delessite, or of
the similar minerai chlorophœite : many of the
larger agates, however, présent a rusty coating
of ferrie hydrate. The earliest-formed siliceous
deposits are usually chalcedonic, and the latest
are often crystalline : thus in a hollow agate the
interior is generally lined with a crop of quartz
erystals, not unfrequently amethystine, the
apices of the pyramidal erystals being directed
towards the central cavity. This structure shows
that the agate has been formed by successive
déposition from without inwards : in other words,
the growth has been ' endogenous.' It is notable
that in certain agates the first-formed layers have
been concentric with the walls of the original
cavity, and the subséquent strata horizontal.

Tubular orifices, lined with siliceous deposits,
may be detected in many agates, and these have
been commonly regarded as inlets of infiltration,
or channels through which the siliceous solution
gained access to the interior. It has, however,
been held by many observers that the solution,
so far from having been introduced through a
definite aperture, gradually filtered in at ail
points ; and the internai walls thus became uni-
formly coated with a gelatinous layer, which
allowed the furtlier introduction of silica by
osmotic action. Dr. Heddle has pointed out that
if, by a différence in the density of the siliceous
solutions within and without the cavity, pressure
were exerted outwards against the gelatinous
médium, this deposit might give way, and the
so-called inlet would thus be really a point of
egress (N. xxix. 1884, p. 419). E. Reusch has
suggested that the agate-bearing cavities were
filled periodically with hot siliceous solutions
by the action of intermittent thermal springs
(P. cxxiii. 1864, p. 94). G. Lange, extending
this view, supposes that the steam from the
solution confined in the cavity might exert suffi-

eient pressure outwards to pierce the gelatinous
deposit, and thus an outlet of escape might be
mistaken for an inlet of infiltration. Possibly
it sometimes happens, as nraintained byBischof
(Chem. Geol., Auf. II. 1866, III. p. 621), that .

the cavities in which agates occur, instead of
having been originally vesicles in an eruptive :
rock, were hollows left by the removal of erystals
in a rock of porphyritic texture ; but sueh an ex-
planation does not admit of général application. $

Agates, when released from their rnatrix by
its natural disintegration, occur as loose nodules, .

either in the beds of rivers or scattered over the1
eountry in pebble-drifts. The ' Scotch pebbles11
are found chiefly near Montrose in Forfarsliire,
and at the Hill of Kinnoul in Perthshire. The H
agates of the Cheviots are found in the Coquet s
and other Northumbrian rivers. In India agates '
have for âges been worked by the lapidaries of,
Cambay, Broach and Eatanpur, who obtain |
their supply from the traps of the Deccan and |
of the Ràjmahâl Hills, or from tlie agate-bear-1
ing gravels of Bajpipla, which are systematically jj
mined (Man. Geol. India, pt. III. [Y. Bail], I
1881, p. 503 ; pt. IV. [F. H. Mallet], 1887, p.
70). In S. Africa agate-pebbles occur in the
Orange and Yaal Hivers. In the U.S. the ç
localities are numerous—e.g. the shores of L.
Superior, the Pescadero beach in Californie
along the Connecticut Hiver, the Mississippi, the I
Fox H., Illinois, and the Yellowstone National f_
Park (G. F. Kunz, in Min. Resources of U.S., f
1885, pp. 756, 757). In Queensland is a locality S
known as Agate Creek, running into the Gilbert i
H. (For New South Wales, see A. Liversidge, I
Min. of N.S.W., 1888, p. 169.)

The largest and finest agates are the so- I
called BrazUian stones, which come chiefly from I
Uruguay, where they occur as pebbles in the j
beds of rivers, especially the E. Taquarie, having I
been derived from amygdaloidal trap rocks. Of
late years some interesting agates have been
obtained from this eountry, consisting of a rind i

of chalcedony, lined with quartz erystals and I
containing liquid, moveable within. These have |
been called water-stones, hydrolites or enliydros.
According to C. W. Giimbel the liquid is water
with a small quantity of NaCl, CaCl2, CaS04, Si02,
C02, &o. (Sitz. B. z. Munchen, 1880, II. p. 241, |
1881, III. p. 321). Chalcedonic waterstones, of
polyhedral form, occur at Beechworth, Victoria.

Moss agate consista of chalcedony inclosing
twisted filaments, usually green but sometimes
red or brown, resembling vegetable structures.
In most cases they are eertainly merely minerai
inclosures, but some forms have been regarded
as organic (Maceulloeh, Trans. Geol. Soc. ii.
p. 510). Mocha stones are simply white or brown
chalcedony, generally from India, with dendritic
or arborescent markings due to oxides of iron
and manganèse. Fortification agate is a term
applied to those stones in which strata of jas¬
per and chalcedony have been deposited upon
quartz erystals, and henee they présent on
section curious zig-zag patterns, suggestive of
the plan of a fortress. The trivial ternis eye
agate, riband agate, &e., need no explanation.

Agate is employed for the knife-edges of
balances, for small mortars and pestles, for
burnishers and writing styles, for trinket-boxes,
umbrella-handles, seals, brooelies, beads and an
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endless variety o£ trivial ornaments. Nearly ail
tlie agate used in the arts is worked in Germany.

The industry of outting and polisliing agates
is centred in the neighbourhood of Oberstein
011 the river Nahe, a tributary to the Rhine at
Bingen. Mast of the agate mills are situated
near Idar, about two miles north of Oberstein.
Here the Idar Bach, which flows into the Nahe,
furnishes abundant water-power, which for four
centuries lias been utilised in the local mills.
The original location of the trade in this district
was due to the occurrence of agates in the
amygdaloidal melaphyre of the Galgenberg, near
Idar, where agates were formerly obtained by
systematic mining opérations. For many years,
however, these workings have been abandoned,
and the mills have been supplied with South
American agates, the importation of wliich was
begun about 1827.

Large consignments of agates are periodieally
sold by auction at Oberstein. The common
stones are first roughly dressed with liammer
and cliisel, while the finer stones are carefully
wrought into form by means of métal dises fed
with emery or with diamond powder. The grind-
ing is performed on wheels of red sandstone,
about 5 feet in diameter, set vertically, and rota-
ting at the rate of about three révolutions per
second. Eaeh stone is about one foot in width,
and its surface présents channels corresponding
with the form of the objects to be ground. The
stones are usually moved by large undershot
water-wheels, but thé inconvenienee of their stop¬
page during the drought of summer or the frost
of winter has led to the partial introduction of
steam-power. When working, the grinder lies
almost horizontally upon a wooden stool, liol-
lowed to the shape of his body, and having liis
arms free. The agate is pressed forcibly against
the grindstone, fed with water from above, while
the workman obtains purehase by pressing his
feet against a block fastened to the floor. The
polishing is afterwards effected with rouge and
water on soft métal plates or with tripoli on
wooden cylinders.

Not only agates, but rock-crystal, amethyst,
false crocidolite, and other hard stones are now
extensively eut and polished by the Idar lapi-
daries. These stones are also eut, to a limited
estent, at Waldkirchin the Black Forest (Groth,
Edelsteinkunde, 1887, p. 155).

For many years the German agate-workers,
following the earlier practice of the Italian
cameo-cutters, have modified the colour of most
of the stones by stainingthem. Theeommonest
practice is that of darkening certain layers in a
banded agate, so as to produce an onyx. The
onyx présents a succession of two or more strata,

• alternately light and dark brown, or even white
and black. To produce this contrast of colour
when not naturally présent, the agate is first
steeped in honey and water, and gently heated
on a stove. In course of time, perhaps two or
three weeks, certain layers of chalcedony, more
porous than others, are found to have absorbed
the saccharine matter. No perceptible change
is observed when the agate is removed and
washed ; but on placing it for a short time in
sulphurie acid the absorbed matter becomes
carbonised, and it is then seen that certain
layers of chalcedony, originally of a dull grey

: tint, have assumed a rich brown or even black
colour. In place of the honey, olive oil is some-
timés used. If accidentally coloured too strong,
the excess may be removed, or the colour ' drawn,'
by the use of nitric acid. The process of darken¬
ing agates is one of great antiquity, and is im-
perfectly described by Pliny (Hist. Nat. xxxvii.
c. 75) as having been in his day practised in
Arabia. On the history of colouring agates, v.
Noggerath, Die Kunst, Onyxe . . . zu farben,
Karsten's Archiv, xxii. 1848, p. 262.

Carnclian is a red variety of chalcedony, and
its characteristic tint may be easily developed
artificially in the chalcedonie bands of certain
agates which are, in their natural state, merely
grey or yellowish. It has long been the prac¬
tice in India to heighten the colour of pale
brownish agates by prolonged exposure to solar
heat, whereby any ferrie hydrate in the stone
loses more or less water. In Germany the agate
is usually heated and then moistened with sul¬
phurie acid, or is placed in a solution of ferrie
nitrate, crudely prepared by throwing old nails
into dilute aquafortis ; in either case the stone
is afterwards exposed to a red heat, whereby the
absorbed sait is decomposed and ferrie oxide
formed. Alternating bands of red and white
chalcedony eonstitute the variety of agate known
as sardonyx, and it is to imitate this stone that
the red tints are often developed. Prolonged
digestion in warrn hydrochloric aeid imparts a
yellow tint to the agate, but this colour is not
popular. Green colours, resembling those of
chrysoprase, which is simply a green chalce¬
dony, are produced by means of salts of either
nickel or chromium. Blue tints may be readily
obtained by soaking the stone in a solution of
ferrous sulpliate and afterwards in either ferro-
cyanide or ferricyanide of potassium, when
Prussian blue or Turnbull's blue is thrown down
in the pores of the stone ; or an ammoniacal solu¬
tion of sulphate of eopper may be used. Blue
agates, artificially stained, are extensively sold
as lapis lazuli. Quite reeently a dead-white
eSect has been produced in certain stones, which
are thus rendered more valuable for cameo work.
It is said that this effect is obtained by the use
of caustic potash and subséquent exposure to a
high température. On the agate industry, v.
H. Lange, Die Halbedelsteine, Kreuznach, 1868;
and Upmann, Beitr. z. Gesch. d. Graftsch. Ober¬
stein, Mainz, 1872. F. W. R.

AGONIADA BARK. The bark of Plumeria

longifolia, used in Brazil as a remedy for inter¬
mittent fever, contains a bitter crystalline sub¬
stance, agoniadin, having the composition
C10HuOs (Peekolt, Ar. Ph. [2] 144, 34).

AGRICOLITE or AHELESTITE. A minerai
found at Schneeberg in Saxony containing 57T5
p.c. Bi.,03 ; 12-50 Fe^O,, ; and 30-35 As203
(Frenzel, J. M. 1873, 785").

AICH METAL. An alloy patented by J. Aich
in 1860 for use as sheathing for ships. Con¬
tains copper, 60 parts ; zinc, 38-5 parts ; iron,
1-5 part.

AILANTHUS BARK. The inner bark of A.
excelsa and A. glandulosa ; it has the odour
and taste of cinnamon ; used as a tonio in dys-
pepsia (Dymock, Ph. [3] 7, 309). Its Indian
name is îïaharook.

AKANDA v. Ak Mudar.
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28 AK MUDAR.

AK MUDAR, AKANDA, AKRA RUI, or
ERUKKU ERUKKAM, The bark oi Calotropis
gigantea and C. procera. An important Indian
drug (Dymock, Ph. [3] 10, 122).

AKOLA v. Ankool.
AKRA RUI v. Aie Mudae.
ALABAMITE, Manganèse sulpliide, v.

manganese.
ALABASTER. (Albâtre, Fr. ; Alabaster,Ger.)

A crystalline calcium sulphate found massive in
Glamorganshire ; at Syston, in Leicestershire ; at
Tutbury, near Burton-on-Trent, in Stafford-
shire, and other places in Britain. A snow-white
alabaster much used for small ornamental ob-
jects, such as vases, lamps, stands of time-pieces,
&c., is found at Volterra, in Tuscany. The
harder varieties are worked with the same tools
as marble, smoothed with pumice stone, polished
with a mixture of chalk, soap, and milk, and
finished by friction with a fiannel.

The softer kinds may be turned or fashioned
with rasping tools, fine chisels or small files,
smoothed with dried shave grass, then rubbed
with a paste of putty powder or finely divided
slaked lime, and polished by washing with soap,
water and lime, and finally with powdered elu-
triated French chalk or talc.

Alabaster may be stained by heating it to
about 90° or 100° C., and then dipping it into
the colouring solution which may be either
metallic solutions, spirituous tinctures of dyeing
plants, or coloured oils (Habild, W. J. 28, 669).

A variety of alabaster known as Onyx of
Tecali, from Mexico, takes a fine polish ; its
colour varies from milk-white to pale-yellow and
pale-green (J. 29, 1264).

ALANGIUM LAMARCKII v. Ankool.
ALANT CAMPHOR v. Camfhoe.
ALASKAITE, A minerai found in the Alaska

Mine, Ouray Co., Colorado, containing :—
Bi. Pb. Ag. Cu. Zn. Pe. S. Insol. Sb.

a 51-49 12-02 8-08 3-00 0-26 — 15-72
b 46-87 9-70 7*10 2-85 0-64 — 15-07 — 0-51
c 51-35 17-51 3-00 3-74 0-20 — 16-21 — —

d 53-39 12-02 7-80 5-11 0-34 0-84 17-98 1-80 —

(Kônig, a-c, J. M. 1883, 1. B. 25 ; d, Zeit.
Kryst. Min. 11, 290 ; C. J. [2] 44, 429 ; 50, 515.)

ALBERTITE. A jet-black minerai substance,
resembling asphalt, discovered in 1849, at Hills-
borough, Albert Co., New Brunswick. Islargely
used in the United States for the distillation of oil
andcoke. The yieldper ton is said to be 100 gallons
of crude oil, and 14,500 cUbic feet of illumina-
ting gas, while a residue of good coke remains
in the retorts. Albertite has been found at

Strathpeffer, Ross-shire; it contains 62 p.c. vola¬
tile matter, 37 p.c. fixed carbon, and 0-60 p.c.
water. Its ultimate composition is 79-75 p.c.
carbon, 8-12 p.c. hydrogen, 1-63 nitrogen, and
10-30 oxygen (Morrison, Min. Mag. 6, 101 ; C. J.
[2] 50, 311).

ALBU-LIGNOSINE is prepared by boiling
wood or other fibrous substances under pressure
in a solution of sodium sulphite ; acidifying the
solution and adding albumen. Used as a size,
mordant, and vehicle for colours and pigments
(Cross and Bevan, Eng. pat. 1548, 1883 ; S. C. I.
2, 541).

ALBUM GR2ECUM. A terni formerly used
for the excrement of dogs. It was at one time
supposed to have médicinal properties, but is

now used only for tanning, as skins treated
with it, after the removal of the hair and previous
to tanning, preserve their softness. Fowls' dung
is said by tanners to answer the purpose better,
It eonsists mainly of phosphate of lime.

ALBUMINOIDS. The albuminoids are a elass
of carbon compounds of a very complex nature,
whose properties comply more or less closely with
those enumerated in a subséquent paragraph.
They only oecur in nature, in plants and animais,
and are essential to both forms of life ; the group
also includes certain substances produced by the
action of reagents on these plant and animal
albuminoids, but no albuminoid has yet been
prepared artifieially from non-albuminoid sub¬
stances. It is noteworthy that it is only plant
life that can synthesise an albuminoid from
other forms of matter and that the animal is
dépendent on plant life for the albuminoids
necessary for its existence ; the animal can,
however, transform one albuminoid into another
or into a substance of the allied gelatinoidandkera-
tin groups ; besides being able to efieet its conver¬
sion into fat or into simpler oxidation products.
The greater part of the nitrogen of the albu-
minoids oxidised in the body is excreted by the
kidneys as urea ; the urea thus excreted is ap-
proximately one-third of the weight of the
albuminoids oxidised. The name ' Albuminoid '
is given to them from their similarity to albu-
min, a member of the group oeeurring in white
of egg (Latin, albumen). An alternative name
for the group is ' the proteids ' from protein
(irpuirews, ' holding the first place ') a name given
by Mulder to a substance which, he supposed,
when combined with sulphur, phosphorus, &c.,
formed the albuminoids ; his views, however,
turned out to be incorrect.

General Properties.—AU albuminoids contain
the five elements, carbon, hydrogen, oxygen, ni¬
trogen, and sulphur. They do not differ much
from one another in their percentage composi¬
tion; the percentages foundvaryingwithin fairly
narrow limits, viz. :—carbon, 50-55 ; hydrogen,
6'9 -7'5; oxygen, 20-24; nitrogen, 15-18; sul¬
phur, -3-2-0. They usually leave some ash when
incinerated, and tbis ash contains phosphates
and other salts. When heated in solution
or in suspension, many of them undergo a
change known as coagulation, i.e. they are
changed into substances which are insoluble
in the weak solvents : water, saline solutions,
dilute acids, and dilute alkalis ; this change
commences in some cases at 60° or even lower.
With the exception of the peptones, the
albuminoids diffuse through a membrane ex-
tremely slowly. Alcohol in large excess ; nitric
acid enough to make the solution strongly acid ;
acetic acid and potassium ferrocyanide ; basie
lead acetate ; mercuric chloride ; potassium
platino-cyanide ; potassio-mercuric iodide in
presence of free hydrochloric acid ; are reagents
that efl'ect the précipitation of many of the
albuminoids from their solutions. One of the
best tests for detecting the presence of albu¬
minoids is Millon's reagent. This is prepared
by treating mercury with its own weight of
nitric acid of spécifie gravity 1-4 ; when the
action slaekens, gentle heat is applied until ail
the mercury is dissolved ; the solution is then
diluted with twice its volume of water and
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allowed to stand for some hours, a deposit
separates, and the liquid decanted off from this
is Millon's reagent. Albuminoids, both solid and
in solution, boiled with this reagent give a red
oolour, and the liquid also beoomes red, but some
tinie must be allowed. It must be remembered
that members of the allied gelatinoid and
keratin groups and sillc also give the red colour.

Several of them (and gelatin as well) change
the blue colour of sugar test (potassio-eupric
tartrate in solution with potassium hydroxide)
to a violet colour resembling that of potassium
permanganate.

Boiled for some time with concentrated nitric
acid, solutions of the albuminoids give a yellow
colour which changes to orange on the addition
of ammonia in excess. This is known as the
xantho-proteic reaction.

Ail the albuminoids wlien in solution are

Iœvorotary in their action on polarised light, and'
a détermination of this power is of great im¬
portance for purposes of identification.

The chemistry of the albuminoids as de-
finite compounds is searcely yet known, and
very conflicting views have been entertained about
the identity of many members of the group.
Béchamp (Mem. sur Albds. 1884) lias made very
exhaustive researches on the albuminoids, taking
great précautions to separate one albuminoid
from another, by the employment of various
solvents, précipitants, and fractional précipita¬
tion, and using the polariscope to identify the
substances obtained. He holds that attempts
have been too much directed to prove the
identity of albuminoids from différent sources ;
whereas his methods lead to the conclusion that
the number of différent albuminoids is eonsider-
ably greater than is now admitted, and that many
of the albuminoids at présent described are in
reality mixtures. A considération of the large
number of compounds that occur in the carbo-
hydrate group, whose composition is far simpler
than that of the albuminoids, renders this view
very probable, and Béchamp's work may lead to
a revision of the albuminoids.

Classification.—The albuminoids are
classified into seven groups.

I. The Albumins.—These are soluble in water,
in neutral saline solutions, in dilute acids and
dilute alkalis, and are eolloids.

Egg albumin. | Crystallin.
Sérum albumin.
II. The Globulins.—These are insoluble in

water, but are soluble in neutral saline solutions,
in dilute acids and dilute alkalis.

Myosin. I Fibrinogen.
Sérum globulin. j Vitellin.
III. Derived Albumins.—These are insoluble

in water and in neutral saline solutions, but are
soluble in dilute acids and dilute alkalis.

Acid albumin. | Alkali albumin.
Syntonin. | Caseïn.
IV. Fibrin, which isInsoluble in water, and is

soluble, with difficulty, in neutral saline solutions
and in dilute acids and dilute alkalis.

V. Coagulated Albuminoids.—These are in¬
soluble in water, neutral saline solutions, dilute
acids, and dilute alkalis. They are the sub¬
stances produced by the action of heat or of
strong alcohol on many of the albuminoids when
in solution or in suspension in water.

They are attacked by strong acids and alkalis,
and can be eonverted into peptones by artificial
gastric or pancreatic juice.

VI. Lardaceïn or Amyloid is an albuminoid
substance occurring in diseased liver, spleen, &c.
It is insoluble in water and in dilute acids, but
is soluble in moderately dilute ammonia. Its
most characteristic features are that it is not
eonverted into a peptone by artificial gastric
juice, and that with strong sulphuric acid and
iodine it is coloured violet or blue.

VII. The Peptones.—These are soluble in
water, neutral -saline solutions, dilute acids and
dilute alkalis ; they differ from the albumins in
being diffusible tlirougli membranes, and in that
their solutions are not coagulated by heat. They
are produced by the action of the gastric and
pancreatic juices on the albuminoids.

The vegetable albuminoids are numerous,
but they have not been so much studied as the
animal albuminoids, and gluten is the only sub¬
stance that will be described.

The Albumins.
Egg Albumin.
Occurrence.—It forms the chief part of the

organic substance of the white of birds' eggs.
Préparation.—1. White of egg is eut up

with scissors, squeezed through linen, filtered
without access of air, diluted with much water,
and to the liquid acetic acid is carefully added
to precipitate a few flocks of some albuminoid
substance. After filtration the liquid is dialysed
to remove salts as far as possible.—2. After
diluting and filtering the white of egg, basic
acetate of lead is added, but not in excess, as
that would dissolve the precipitate formed. This
precipitate is suspended in water, and the lead
is removed by a current of carbon dioxide ; the
last traces being got rid of by adding a little
hydrosulphui'ic acid, and heating enough to
coagulate a little albumin, which carries down
the lead sulphide with it. After filtration the
liquid is evaporated at 50°. The albumin thus
obtained is only one of the ingrédients of white
of egg (v. Proximate composition).—3. For
teehnological purposes, white of egg is evapo¬
rated to dryness in the air at moderate tem¬
pératures, and the resulting light-yellow horny
flakes form the commercial egg albumin.

Propcrties of dried albumin.—Dried albumin
forms a white or pale-yellow translucent mass,
which is hard and brittle and can be easily
triturated to a white powder. It is tasteless and
inodorous. It is soluble in water but does not
dissolve freely ; it dissolves readily, however, if
the water contain an alkaline sait. It may be
heated to 100° without becoming insoluble in
water ; at 140° it loses 4 p.c. of water but still
retains its solubility.

Propcrties of an aqueous solution of albumin.
When the solution is heated it becomes
opaline at 60°, and between 60° and 75° the
albumin changes into a white insoluble substance
known as coagulated albumin. The solution
has a rotary power of (a)D= —38° (Haas).

Soluble albumin is neutral to vegetable
colours.

Albumin is insoluble in alcohol and in ether.
Strong alcohol added in large excess précipitâtes
albumin in the coagulated state, but a small
quantity of weak alcohol produces a precipitate
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which is completely soluble in water. Ether
shaken up with a solution of albumin of moderate
strength coagulâtes only a small portion of it.

Nitric acid produces aprecipitate and is used
as a test for the presence of soluble albumin ;
warming aids the précipitation.

Dilute sulphuric acid produces a precipitate
only after some time. A small quantity of
liydrochloric acid produces no precipitate, but a
large quantity throws down a substance which
contains hydrochlorie acid. Metaphosphoric
acid, or a solution of a metaphosphate and acetic
acid, produces a precipitate. Pyrophosphoric
acid, orthopliosphorie acid, acetic acid and car-
bonic acid do not give précipitâtes. Dilute solu¬
tions of potassium and sodium hydroxides do
not produce précipitâtes. Acids and alkalis
produce a change in the properties of albumin
which will be described under the heads of Acid
Albumin and Alkali Albumin.

Solutions of sodium chloride and other
similar salts of the alkalis do not give précipi¬
tâtes ; but if acetic acid be added to a solution
of albumin containing one of these salts, or if
the sait be added to a solution containing acetic
acid, a precipitate is formed. Many salts of the
metals produce a precipitate when added to a
solution of albumin, e.g. ferrous sulphate, ferrie
chloride, copper sulphate, silver nitrate, neutral
and basie acetates of lead and mercuric chloride.

Potassium ferrocyanide throws down from an
albumin solution containing acetic acid a pre¬
cipitate free from potassium. Chlorine and bro-
mine produce précipitâtes. Phénol coagulâtes
albumin. Eennet does not produce a precipitate
at ordinary températures.

Proximate composition.—Béchamp lias iso-
lated three différent substances from the white
of hen's egg. The first (primovalbumin) is
thrown down by basic acetate of lead, it lias
a rotary power for polarised light of (a)j = —34°
and is coagulated by heat. The second and
third substances are left in the fillrate after re-

moving the first ; they are both precipitated by
an ammoniacal solution of the basic acetate, but
can be separated by fractional précipitation.
One of them (secondovalbumin) is coagulated
and rendered insoluble in water by alcohol ; it
has a rotary power of — 53° and is coagulated
by heat. The other (leucozymase) is precipitated
by alcohol, but is not thereby rendered insoluble
in water; it has a rotary power of —78°, and is
a ferment, as it possesses the power of liquefying
starch paste. White of egg contains these sub¬
stances in about the proportion of 5 ; 4 ; 1, and
the rotarypower — 46° calculated from these pro¬
portions agréés pretty closely with —40°—43°,
the observed powers for white of egg.

Sérum Albumin.

Synonym.—Blood albumin.
Occurrence.—It occursin blood sérum,muscle

sérum, lymph, chyle, milk, and abundantly in
colostrum.

Préparation.—1. Blood sérum is diluted with
twenty times its volume of water, and the globulin
is thrown down by the cautious addition of
acetic acid. After standing, it is filtered and the
filtrate is neutralised with sodium carbonate,
evaporated to a small bulk at 40°, and the
greater part of the salts are separated by
dialysis. -2. For technological purposes it is |

prepared by collecting the blood straight from the
animal in shallow zinc pans of about two gallons'
capacity, in which it is left in a cool place until
it has clotted ; great care must be taken not to
agitate it when fresh drawn, so the place must
not be far from the animal. When it has com¬

pletely clotted it is transferred to similar pans
with perforated bottoms, and is eut into small
fragments to allow the sérum to drain away.
The sérum is collected and evaporated to dryness
at a moderate température and the albumin is
obtained in scales. Ail rough treatrnent must
be avoided, as it causes the red corpuscles to
break and spoils the colour of the product.
Eive oxen yield about 4| gallons of sérum and
about 44 lbs. of albumin. The blood of 20 sheep
or 34 calves gives the same quantity of albumin.
Less than half of the albumin only is obtained
that analysis shows to be présent in blood.

Properties.—Its properties are much the
same as those of egg albumin, but its rotary
power for polarised light is very différent, being
(a)D = from —56° to —62° (Haas), and, unlike
egg albumin, it is not coagulated by shaking up
with ether.

Crystallin.
Synonyms and Occurrence.—Crystallin (also

called Globulin) is the name given to an albu-
minous substance obtained from the crystalline
lens.

Préparation.—The crystalline lens is trilu-
rated and extracted with water, and the filtered
extract is evaporated, some impurities are re-
moved by alcohol, and a yellow mass is obtained.

Properties.—It is soluble in water, and is
coagulated by heat, a granular mass being the
resuit.

Proximate composition.—Béchamp has ob¬
tained two substances from the aqueous extract
of the crystalline lens. One, crystalbumin, is
precipitated by the addition of alcohol ; the
precipitate, immediately after coming down,
dissolves if water be added, but it is gradually
changed into an insoluble state, and then
addition of water does not dissolve it. It
further differs from primovalbumin in giving
a precipitate with basic lead acetate which is
not deeomposed by carbon dioxide. Its rotary
power is (a); = — 80°.

The other substance, pliacozymase, is pre¬
cipitated by alcohol, but is not thereby ren¬
dered insoluble in water. It is a ferment, as
is proved by its liquefying starch paste. Its
solution is coagulated by heat. Its rotary
power is —41°.

The Globulins.
Myosin.
Occurrence.—The fibres which enter into the

composition of the voluntary muscles contain
within an outer sheath a semifluid substance
which is called the muscle plasma ; after death,
when rigor mortis sets in, this plasma yields
a liquid (muscle sérum) and a elot which causes
the rigidity. This clot is myosin. Brine used
for pickling meat contains a considérable quan¬
tity of myosin.

Préparation.—Fresh flesh is chopped fine
and well washed with water until the washings
are no longer acid and give no traces of the
presence of any albuminoid ; it is then tritu-
rated to a pulp with common sait, and enough
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water is added to make with the sait a 10 p.c.
solution. After standing for a time it is pressed
througk linen and âltered. The filtrate dropped
slowly infto water gives a precipitate of myosin,
which can be purilied by redissolving in sodium
chloride solution and reprecipitating.

Properties.—Whenwet it forms a whitemass,
and when dry is yellow andhorny. Itisneutral
in réaction. It is insoluble in water, alcohol,
and ether. When suspended in water and
heated to 70° it coagulâtes. It is readily soluble
in dilute acids, and when thus dissolved the
myosin changes into syntonin. It is soluble
in dilute solutions of the alkalis and alkaline
carbonates.

It dissolves readily in 1 to 10 p.c. solutions of
sodium chloride, and is precipitated unchanged
therefrom either by diluting with water or by
saturating the solution with sait.

Sérum Globulin.

Synonyms.—Globulin or Fibrino-plastie sub¬
stance (Schmidt) ; Paraglobin (Briieke) ; Para-
globulin (Kiihne).

Préparation.—Fresh blood sérum is diluted
with ten times its bulk of cold water and is
subjected to a stream of carbon dioxide. The
solution, after some time, deposits flocks, whieh
are colleeted and dissolved in water with the
help of a few drops of a very dilute solution of
sodium hydroxide. The globulin is then re-
precipitated by a stream of carbon dioxide.

Properties.—As precipitated, it is in micro-
scopic, eolourless, amorphous granules. It is
insoluble in water, alcohol, and ether, but
dissolves in water saturated with oxygen, and
is thrown down again on passing carbon dioxide
through the solution. It is readily soluble in
dilute acids, but is changed by them into a
derived albumin.

It is soluble in dilute alkalis and in alkaline
carbonates. Dilute solutions of the alkalis
change it into a derived albumin, unless they
are extremely dilute, when the globulin can be
thrown down by a current of carbon dioxide.

It is soluble in solutions of phosphates of
the alkalis, sodium chloride, magnésium sul-
phate, and other salts. It is precipitated from
its solutions in neutral salts by dilution with
water, and the précipitation is helped by passing
a current of carbon dioxide. It is also precipi¬
tated from solutions of neutral salts by in-
creasing the amount of sait présent to the point
of saturation.

Globulin suspended in water, or dissolved in
neutral sait solutions, is coagulated on heating
to 70°.

It is not precipitated from its solution in
acetic acid by potassium ferrocyanide.

Fibrinogen.
Occurrence.—Fibrinogen occurs in blood

plasma—i.e. the liquid portion of blood before
clotting has oecurred; also in the liquids of
hydrocele and of various serous cavities.

Préparation.—1. Blood plasma is diluted
with 10 or 15 times its volume of ice-cold water
and is subjected to a stream of carbon dioxide
for a long time, to precipitate the globulin.
This is separated and the liquid is further
diluted, and on again passing carbon dioxide
through it fibrinogen is precipitated. Fibrin¬
ogen can be separated from the other liquids

mentioned by similar treatment.—2. Horse's
blood is mixed, immediately it escapes, with one
third of its volume of a saturated magnésium
sulphate solution. The corpuscles are then
filtered off, and to the filtrate a saturated solution
of sodium chloride is added which causes the
précipitation of fibrinogen. The precipitate is
removed, washed with more of the same sodium
chloride solution, and is twice purified by dis-
solving it in a weaker sodium chloride solution
containing 6 to 8 p.c., filtering and precipitating
as before. As thus prepared it dissolves in
water owing to the adhering sait.

Properties.—It is insoluble in water, but is
soluble in water containing oxygen. It is soluble
in dilute alkalis. Like globulin, it is soluble in
solutions of sodium chloride ; but when the sait
reaches 12tol6p.e.the fibrinogen is precipitated,
and but little globulin separates until the sait pré¬
sent amounts to 20 p.c. ; this explains the second
proeess of preparing it given above. Solutions
of fibrinogen in sodium chloride coagulate at
à considerably lower température than globulin
solutions. When blood clots, the fibrinogen of
the plasma is converted into Fibrin {([. v.).

Vitellin.

Préparation.—Yolk of egg, after treatment
with water, alcohol and ether, leaves an albumi-
noid substance undissolved, to which the name
vitellin has been given (Latin, vitellus, ' yolk of
egg '). Various other methods for separating it
from yolk of egg have been described, and pos-
sibly the products obtained are not identical.

Properties.—It appears to be insoluble in
water, but soluble in dilute acids, alkalis, and in
a 10 p.c. solution of common sait.

Proximate composition of yolk of egg.—
Béchamp has obtained five substances from yolk
of hen's egg. On treatment with water a granu-
lar substance is left, and in solution there is
found a body (lecitho'ànin) which alcohol co¬
agulâtes and renders insoluble ; its rotary power
when dissolved in acetic acid is (a)j = — 81° ;
also a second body (lecithozymase) which alco¬
hol précipitâtes but does not render insoluble in
water; it is. a ferment and liquéfiés starch
paste, its rotary power is about — 48°.

The granular substance, after washing with
ether, with ether containing a little alcohol and
with water, is quite white and yields to a weak
solution of sodium carbonate a body (lecimi-
croonin) which is precipitated on addition of
acetic acid ; its rotary power in acetic acid solu¬
tion is — 72° to —15°. The acetic acid filtrate con-

tains a body (lecimicrozymase) which is thrown
down on adding alcohol ; it is soluble in water
and is a ferment as it liquéfiés starch paste ; its
rotary power is about — SI0.

The sodium carbonate leaves part of the
granules undissolved, the substance left does
not appear to be homogeneous, and it probably is
the outer covering of the granules. It is this
covering that prevents the extraction of the
soluble lecimicrozymase by the water employed
at first.

Derived Albumine.
Acid Albumin.

Préparation.—If egg albumin be treated with
a little dilute hydrochloric acid, and the mixture
be warmed gradually, no coagulation takes place
even at 100°, and if when cold the solution be
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neutralised, a preoipitate is thrown down which
is acid-albumin.

Properties.—It is soluble in dilute solutions
o£ the alkalis and of the alkaline carbonates.
It is insoluble in sodium eliloride solution. It
becomes coagulated when suspended in water
and heated.

Syntonin (or Musculin) is a name given to
the produet of the action of dilute hydrochloric
acid on myosin ; the same name lias been ap-
plied to the products obtained by the action of
dilute acids on soluble or coagulated albuminous
substances and on fibrin ; syntonin has also
been supposed to be formed as the first produet
of the action of the gastrie juice on albuminous
substances. Béchamp's experiments have led
him to the conclusion that these products are
différent substances.

Alkali Albumin.
By the action of the caustic alkalis on egg

albumin, substances are obtained which have
received the names alkali albumin or albumin-
ate. Most probably the products vary with
the strength of the alkaline solutions employed
and are numerous. If egg-albumin is really a
mixture of three différent substances, some
work has yet to be done before the products of
the action of the alkalis are isolated anddescribed.

The following are the most noticeable facts
about the action of the alkalis on albumin.

1. If egg albumin is treated with dilute
caustic alkali and the liquid warmed gradually,
no coagulation talces place even at 100° ; if the
solution is allowed to cool and is neutralised by
acid a precipitate is thrown down. This pre-
cipitate is called alkali albumin or albuminate.
2. If white of egg freed from membranes
and then brought to its original strength is
mixed with strong potash solution, it is con-
verted into a gelatinous mass. This mass
washed with water until the washings are no
longer alkaline (access of air being prevented
as far as possible) is soluble in boiling water. It
lias been called albuminate of potassium, being
■considered to be a sait of an ' albuminic acid.'
From potassium albuminate, albuminates cf
copper, silver, and other metals have been ob¬
tained. When a solution of potassium albumin¬
ate is neutralised by an acid, a precipitate is
thrown down which has been supposed to be
the same as that obtained when dilute alkali is
used as described above.

Caseïn.
Occurrence.—Caseïn occurs in the milk of

mammals, and is the characteristic constituent
of cheese (Latin, caseus) and from this its name
is derived.

Préparation.—Fresh milk, diluted with its
own bulk of water, is heated to 50°, and just
enough acetic acid is added to make the liquid
distinctly acid. The eurd is separated on a
cloth and well washed with water, a little acetic
acid being added in the water first employed.
The fat is next removed by treatment with a
mixture of alcohol and ether, and then with
ether alone. The mass is dissolved in very
weak ammonia and the solution is filtered and
precipitated by acetic acid. The precipitate is
treated with ether, redissolved in ammonia and
reprecipitated by acetic acid, washed with water,
then with alcohol and ether, and finally dried

in vacuo over sulphurie acid (Béehamp).—
2. For technological purposes, a préparation
of caseïn known as lactarine is obtained by
curdling skimmed milk with dilute acid or with
rennet. The curd is collected, washed, and
dried, and is sold in the form of a yellow
granular powder.

Propcrties.—Caseïn appears to be a single
compound, and not a mixture. Prepared as
described above, it is a light, finely divided, p
white substance ; other methods yield it as a
yellowish, amorphous, hygroscopic mass, with- .

out taste or smell. That prepared by Béehamp s
contained only '2 p.c. of ash. Caseïn dried in
vacuo retains water which requires a prolonged .
drying at 130°-140° to expel. Caseïn can be
kept at 100° for some hours without being
altered, but after heating to 130°-145° the pro- !
duct is no longer completely soluble in sodium >
carbonate solution.

Caseïn reddens litmus, and behaves like an
acid to the alkalis and alkaline earths, and like .

a base towards the acids. It is insoluble in
water, but dissolves readily in solutions of
ammonia, the alkalis and the alkaline carbon- •

ates. Caseïn when still wet dissolves easily in '
lime water and in baryta water. Acids added
to solutions of caseïn in the alkalis throw down
précipitâtes which are compounds of caseïn with ;
the acid ; these compounds are decomposed by ,

water, that with acetic acid most easily. Caseïn j
is readily soluble in dilute hydrochloric acid |
(containing -2 p.c. of the fuming acid), but addi¬
tion of acid of médium strength to this solution I
throws down a precipitate containing hydro- .

chloric acid. Caseïn is insoluble in hydrochloric
acid containing 2 or 3 p.c. of the fuming acid. |
Caseïn dissolves in strong hydrochloric acid, b
giving a fine violet colour. Caseïn is soluble in
aqueous acetic acid, forming an acetate ; on
evaporating the solution and drying, the acetic f
acid is not entirely expelled even at 140°.

Caseïn is insoluble in solution of sodium
chloride. When still wet from its préparation,
it dissolves in solutions of ordinary sodium
phosphate and borax, which are alkaline.
Caseïn in solution in potassium hydroxide is
not coagulated by heat.

Caseïn has a rotary power varying from
(a)j = - 94° to (a)j = —133° according to the sol-
vent employed.

Curdling of Milk.—When milk is exposed .

to the air, the milk sugar it contains is con-
verted into lactic acid by the agency of a micro-
organism (Bacterium lactis), and it becomes
acid. This acidifying of the milk causes the r
précipitation of the caseïn, and the milk
' curdles.' In cheese-making another method
of precipitating the caseïn is employed. Bennet,
which is prepared by extracting the fourth
stomach of the calf with a 5 p.c. solution of
common sait, is added to the milk warmed to
the température of about 25°, and causes the
précipitation of the caseïn, which earries down
the fat globules of the milk entangled in it.
This curd, after subséquent treatment to remove
the liquid, forms cheese. The précipitation of
the caseïn has been shown to be due to the
action of a ferment in the rennet, and not to
the souring of the milk that accompanies the
curdling.
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Fibrin.
Occurrence.—Blood removed from the living

animal soon turns to a jelly, winch gradually
eontracts, squeezing out a liquid as it does so, so
■that eventually there is obtained a clot sur-
rounded by a fluid (the sérum). This clot is
composed of fibrin with red blood-corpnscles en-
tangled in it. Numerous théories liave been
advanced to explain this formation of fibrin ; it
is now supposed that the albuminoid fibrinogen
contained in the plasma, i.e. the liquid part of
living blood, yields fibrin under the influence of
a ferment which is derived from the white cells
of the blood, and is probably liberated by their
breaking-up ; some of the salts of the blood
appear to be required also for the formation of
fibrin.

Préparation.—Fresh blood is whipped with
twigs, to which the fibrin adhères. It is next
washed with water until colourless, after which
it is treated with alcohol and ether to remove

the fat. Blood plasma can be used instead of
blood.

Properties.—Moist fibrin is a white, elastic,
fibrous mass which becomes hard and friable
when dried. It has no taste or smell. It is
insoluble in water and in alcohol. When sus-

pended in water and heated, or when kept for
some time under alcohol, it undergoes a change
and ceases to be soluble in saline solutions, and
in dilute acids, but is still soluble in alkalis.
Fibrin swells up and dissolves when digested in
dilute solutions of the alkalis ; these solutions
are not coagulated by heat. Fibrin is coloured
yellow by nitrie acid, and on digesting, xantho-
proteic acid is produced. In dilute hydrochloric
acid, fibrin swells up and dissolves on gentle
warming. In fuming hydrochloric acid, dry
fibrin swells up and gradually dissolves to a
dark-blue liquid. Strong acetic acid converts
fibrin into a jelly which dissolves easily in
warm water. In 6 to 10 p.c. solutions of the
neutral salts, potassium nitrate, sodium chloride
and sulphate, fibrin swells up, and the liquid
can be filtered after long digestion ; the solutions
coagulate when heated.

Moist fibrin causes the évolution of oxygen
from hydrogen dioxide ; but loses the property
after boiling.

The products of the action of dilute hydro¬
chloric acid have been studied by Béehamp. A
part of the fibrin is left undissolved (the epider-
mose of Bouchardat), consisting of microscopie
granules, which, when washed free from acid,
possess the power of liquefying starch paste
and of liberating oxygen from hydrogen di¬
oxide. These granules he regards as being
organised, and names them fibrin microzymes.
They still liberate oxygen after being dried in
vacuo, but after boiling in water this property
is lost.

The solution freed from the microzymes gave
a rotary power of (a)j = — 72°, calculated on the
matter obtained by evaporating and drying at
110°-120°. Addition of ammonia to it throws
down a substance which he names fibrinin. It
is insoluble in water but dissolves readily in
aqueous acetic acid, and gives a rotary power
of (a)j = — 67°. In fuming hydrochloric acid it
dissolves, and on warming gives a fine violet
colour.

Vol. I—T

The filtrate from the fibrinin, when mixed
with a large quantity of alcohol and a little
sodium acetate solution, gives a precipitate
which is nearly ail soluble in water. This
soluble substance he names fibrimin. It pos-
sesses a rotary power of from (a)j = — 79° to
(a)j= — 87:. When dry it dissolves in fuming
hydrochloric acid, and gives on warming a
mauve-red colour, changing to a brownish-red.
Its solution is not coagulated by heat, or preci¬
pitated by neutral or basio lead acetate ; it is
precipitated, however, by metaphosphoric acid.
Nitrie acid turns its solution yellow; Millon's
reagent gives a slight precipitate and a red
colour on warming. It has the power of lique¬
fying starch paste, but only in a feeble degree.

According to Béehamp, there appear to be
other products besides these.

Gluten.
Préparations.—1. The mixture of substances

left when wheat flour is made into dough and
lmeaded with water until no more starch is
washed away, is known as gluten, or wheat-
gluten.—2, For use in dyeing, the gluten obtained
as a by-product in the manufacture of starch from
wheat has been employed. The process used
in the manufacture consists in washing the
starch away from the gluten, and then allowing
the starch to settle from suspension in water ;
there are various ways of effecting this : in one
the grain is steeped in water, crushed between
rollers, and then lmeaded on a sieve with water,
when the starch is washed through and the
gluten is left on the sieve.

Properties.—In the moist state it is a light-
yellow, tough, elastic, and adhesive mass ; when
dried it is brown, translucent at the edges, and
brittle. Moist gluten, when heated, coagulâtes
and becomes for the most part insoluble in alco¬
hol, acids, and solution of caustic potash ; the
same change is effected when it is dried by heat.
When moist gluten is kept, it soon gives off car-
bon dioxide and liquéfiés to a varnish-like mass.

Boiling water dissolves out some of the con-
stituents of moist gluten. Gluten is only part
dissolved by boiling alcohol. It is insoluble in
ether.

Dilute hydrochloric acid dissolves gluten,
giving a solution which becomes turbid on boil¬
ing, and with which acids give précipitâtes
soluble in excess of the précipitant. Dilute
acetic acid dissolves gluten, whether fresh or
dried, without heating. These acids, however,
leave the impurities of the gluten, viz. starch, fat,
&c., undissolved. Gluten swells up and falls to
pièces in aqueous ammonia, but does not dis¬
solve. Fresh gluten dissolves in solutions of
caustic potash and soda ; these solutions are
precipitated by the addition of acids ; in the
case of phosphorie and acetic acids the precipi¬
tate separates when the alkali is just neutralised,
ând dissolves on adding more of the acid.

Proximate composition.—Besides water, fresh
gluten contains a certain amount of starch
grains, fat, and other débris ; the rest of it is
composed of several substances which have been
diflerently named bydifférent authors. Béehamp,
by the use of alcohol and of -1 p.c. hydrochloric
acid as solvents, isolated four substances, viz.
(1) glutin, which is soluble in alcohol ; (2) plant
caseïn, which is soluble in water ; (3) gluten-
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fibrin, which is soluble in -1 p.o. hydrochloric
acid ; and, (4) a gluten-fibrin which, when iso-
lated, is insoluble in acid of that strength,
although in the original gluten the presence
of glutin enables it to dissolve in dilute hydro¬
chloric acid.

Technological Uses.
Dyeing. Egg albumin and blood albumin

are largely used as mordants in dyeing and
printing calico and to some extent in printing
wool.

Albumin is used to fix two classes of colours,
the action being somewliat différent in the two
cases. Those colours which are employed in an
insoluble condition, e.g. ultramarine, are mixed
in the cold with a solution of albumin and
printed on the calico, which is aftenvards
steamed. The beat coagulâtes the albumin,
and this incloses the colour and fixes it perma-
nently on the fibre. The other class of colours
which are employed in solution, e.g. many of
the aniline dyes, have the power of combining
directly with the animal fibres, wool and silk, to
form compounds which can withstand washing ;
they do not, however, form such compounds
with vegetable cellulose fibres, and the difliculty
is met by ' animalising ' these fibres by coagu-
lating albumin on to them ; after this treatment
the dye combines with the albumin as it does
with wool and silk, and becomes fixed to the
fabric. The solution of albumin is printed on
to the calico, or if the whole cloth is to be dyed
the calico is impregnated with albumin solution
and dried. The albumin is then coagulated by
steaming, and the fabric is dyed in a solution of
the colour which only attaches itself perma-
nently where the albumin lias been applied.
Another method employed is to print the albumin
and the soluble colour together on the calico and
then to steam. In using albumin for various
colours, thickening agents are in some cases
mixed with it.

Blood albumin is cheaper than egg albumin
and can be obtained in nearly as colourless a
condition. A given • quantity of it has a greater
thickening power than the same quantity of egg
albumin, but for light colours it does not answer
so well owing to its tint, and further it seems to
acquire more colour from the dirty soap liquor
used in a subséquent opération than egg albumin
does.

A préparation of easeïn, known aslactarine,
is used as a substitute for albumin ; it was intro-
duced by Pattison in 1S48 for fixing pigment
colours, and later it was also employed for soluble
colours. Lactarine is insoluble in water, but
with ammonia solution it yields a smooth white
paste, which is employed in the same way
as albumin ; the steaming drives off the am¬
monia, and leaves insoluble caseïn on the fibre.
Other solvents employed or proposed are caustic
soda, borax and aeetio acid. As left by the
driving off of the ammonia, the caseïn is soluble
in alkaline solutions, but if the ammonia paste
is mixed with fresh milk of lime and then
applied to the cloth, on heating a lime cernent
is formed on the fibre which can withstand
washing with alkaline liquids. Lactarine is in-
ferior to albumin as a mordant, and is apt to
give trouble in working, as the paste seldom
keeps good for twenty-four hours.

Skim-milk cheese can be used instead o!
lactarine to furnish the caseïn ; it is maceratei
with warm water to remove salts and fattj
matters, and then the paste is prepared with
ammonia or caustic soda as in the casa ol
lactarine.

Another substitute for albumen is gluten,
but it has not been largely used. There an
various methods of getting it into solution ; oui
method is to leave the moist gluten until il
becomes sour and fluid ; it is then treated witt
sodium carbonate to render it insoluble again,
and after having been washed it is dissolved in
caustic soda solution, or else the treatment with
sodium carbonate is omitted, and the sour an!
fluid gluten is mixed at once with caustic soda
solution. Another method is to leave the moisi'
gluten until it is plastic, dry it, and then dis.
solve it in saccharate of lime.

Photography.—Albumin is largely used in.
photography for various opérations. One im¬
portant use is in preparing the sensitive paper
on which the positives are printed from the'
glass négative plate. The paper is first floated
on a solution containing albumin and a soluble
chloride, and is then dried. It is next sensitised
by floating it on a solution of silver nitrate ; the
resuit is a film containing silver chloride and
nitrate, and a compound of silver and albumin,
which is darkened by light. The silver bath
must be of sufficient strength, otherwise the
albumin is not rendered insoluble.

Albumin is also used for the négative plate;
in dry plate processes, a film of it is sometimes
put on the plate to form a stratum uniting col-
lodion to the glass so that it may a'dhere during
the subséquent treatment; it is also used in
some of the preservative liquids applied after
sensitising. In one proeess the film on the glass
before sensitising is formed of albumin con¬
taining potassium iodide.

In photography, egg albumin is preferred to
blood albumin ; either white of egg or the dried
albumin of commerce is employed.

Sugar refining.—In refining sugar, the syrup;
obtained by dissolving the raw sugar contains
suspended impurities ; these were formerly re-
moved by adding blood sérum or fresh blood,
and heating to coagulate the albumin which en-
tangled the suspended matters. This method
has been replaced, and the suspended matters
are removed by filtering through cotton bags. I

H.H.K.
ALCOHOL (Ethylic or "Vinous), tbe active

principle of intoxicating liquors, is, in the dehj-
drated condition, a colourless liquid having a
spécifie gravity of -791 at (Lowitz, Crellï;
Ann. 1, 1796,1-195), -7938 at ~ (Eownes, Tr,
1847, 249), -793811 at *||° (Drinkwater, P. M,
Eeby. 1848), -79350 at (Squibb, Ephemeris,
18S4-5, and Ph. [3] 16", 147-148). It boils at
78-4° under a pressure of 760 mm. (Kopp, A. 92,
9), and solidifies at -130-5° (B. Wroblewski and
H. Olsewski, C.R. 96,1140-1142 and 1225-1226).
It is inflammable, the combustion evolving great
heat but little light, and producing earbonie
anhydride and water. It acts as a caustic irri¬
tant in contact with the tissues of the body,

IRIS - LILLIAD - Université Lille 1



ALCOHOL. 35

owing probably to the energy with which it draws
moisture from the surface. It possesses a spécifie
heat of 0-6120, calculated at températures be¬
tween 16° and 40-5° (Schiiller, P. Erg. 5,116-192).
Its index of refraction for Bj3 = 1-3667 (Bruhl),
and its critical température 234-6° at 48-9 m.
At this point 1 gr. occupies 3-5 c.c. (Eamsay
and Young, Pr. 38, 329).

Alcohol forms ethoxides with sodium and
potassium, and unstable compounds with certain
crystalline salts, e.g. zinc chloride, the latter
called alcoholates. Subjected to the action of
a limited supply of oxygen it is converted into
aldehyde (C^O), which, by further oxidation,
becomes acetie acid (C2H402). Distilled with
chloride of lime, it forms chloroform (CHC13).
With sulphurie acid at a température not ex-
ceeding 145° it yields ether (C4H10O). With
twiee its bulk of sulphurie acid it gives ethylene
(CJtt,). With excess of dry chlorine gas it pro¬
duces chloral (CjHCljO).

Préparation.—Synthetically from its élé¬
ments thus:—By passing an electric arc between
earbon pôles in an atmosphère of hydrogen
acetylene (CAL,) is produeed, which, in the pré¬
sence of nascent hydrogen, becomes ethylene
(C2HJ. Ethylene by protracted shaking with
sulphurie acid is converted into sulphovinic
acid, which, being distilled in présence of water,
produces alcohol.

Alcohol is, for practical purposes, prepared
by dehydrating the products of the distillation
of fermented liquids. Up to 1796 the strongest
spirit known contained not less than 5 per cent,
of water. Lowitz appears to have been the first
to préparé it in an approximately anhydrous
condition. His process consisted in first increas-
ing the strength of reetified spirit by adding to
it dry potassic tartrate, and after decanting from
this, distilling very slowly in presence of great
excess of perfectly dry potassic carbonate.
Bichter used, instead of potassic carbonate, hot
calcium chloride (CrelPs Ann. 2, 211). Drink-
water first digested with perfectly dry potassium
carbonate for twenty-four hours ; decanted the
strong spirit thus produeed, digested with as
much fresh-burnt quicklime as was sufficient to
absorb the whole of the alcohol, and afterwards
distilled in a water-bath at a température of
82-2°. The product of this distillation, which
was found to have a spécifie gravity of -7946 at
15-6°, was returned to the retort, and a fresh
quantity of dry pulverised quicklime added to it,
after which it was allowed to digest for a week
at a température of 15-6°. It was then again
slowly distilled and the spécifie gravity of the
product found to be -7944 at 15-6°. This was
digested at a température of 54-4° with hot quick¬
lime, and distilled out of contact with the air at
a température of 81-1° to 82-2°, and the spécifie
gravity of the product, which was taken as ab-
solute alcohol, found to be -793811 at

Dr. Squibb followed the process of Drink-
water, distilling in a partial vacuum of 380 to
630 rnm., and making use of the Sprengel pump
to produce perfectly dry air in the bottles. The
alcohol he thus prepared had a spécifie gravity
of -79350. The différence between this spécifie
gravity and that found by Drinkwater only re¬
présenta one-tenth per cent, of alcohol. Men-

deléef's observations (Z. 1865, 260, and P. 138,
103, 230) practically confirai those of Drink¬
water and Fownes.1

Tests.—We are dépendent upon spécifié
gravity for the exact quantitative estimation of
alcohol, and perhaps no method could be devised
so easy of application (v. Alcoholometry). It
is, however, open to the objection that it assumes
water to be the only volatile substance with
which the spirit is mixed, aldehyde, fusel oil,
and ether when existing as impurities being
reckoned as alcohol. On the other hand, no
chemical test, capable of practical application,
has yet been devised for the exact quantitative
estimation. Berthelot's process (C.E. 80, 1039)
of measuring the ethylene produeed by sulphurie
acid and absorbed by bromine from a given
quantity of spirit is a valuable qualitative test,
and within limits most useful when applied
quantitatively in presence of methylic alcohol.
The production of iodoform (Hager, C. E. 82,
768) may be employed with advantage as a pre-
liminary test for small quantifies of alcohol, but
as other bodies produce iodoform under the
same circumstances, it cannot be regarded as
conclusive. For the détection of alcohol in
ether Allen (C. J. 2, 1877, 930) suggests that a
little fuchsine be shaken up with water and
ether, and 10 c.c. of the solution thus formed
agitated with the same quantity of the ether
submitted for examination ; the intensity of the
colour produeed would be a measure of the
quantity of alcohol présent. For the détection
of fusel oil in alcohol A. Jorissen (B.C. 1881, 791)
recommends that 10 c.c. of the spirit should
be mixed with 10 drops of colourless aniline and
2 or 3 drops of sulphurie acid. A deep-red
colour would thus be formed if fusel oil be pré¬
sent, due to the action of furfuraldehyde, an
invariable impurity in fusel oil.

Alcohol is sometimes used as an adultérant
in essential oils. A very ready test is to place
a little of the oil in a perfectly dry test-tube,
taking care in pouring it in that none adhères
to the side. Bub a little fuchsine on the upper
inside surface of the test-tube and apply heat,
the presence of alcohol will be indicated by red
stains in the fuchsine. No satisfactory test has
yet been suggested for the estimation of alde¬
hyde in alcohol, but the peculiar suffocating
odour which accompanies it, and the brown
colour produeed by alkalis in the spirit, are
characteristic of its presence.

Manufacture.—The first process in the manu¬
facture of spirit is one of brewing, and in général
principles it does not dift'er from that employed
in making beer. The brewer, as well as the
distiller, endeavours to treat his materials in
such a way as to extract from them the greatest
arnount of fermentable matters. The brewer of
beer, however, does not desire to convert ail the
matter he extraets into spirit, and he brews at
such gravities as his customers require. The
distiller desires to convert as much as possible
of the matter he has extracted from his materials

1 Absolutely anhydrous alcohol produces no blue
eolouration with dehydrated (white) copper sulphate. It
should give no cloudiness when mixed with benzene.
Absolutely anhydrous alcohol added to a mixture of an-
tliraquinone (*001 gr.) with a little sodium amalgam gives
a green eolouration ; if a trace of water be présent the
colour becomes red (Olaus, B. 10, 927).
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into spirit ; he therefore produces a wort eontain-
ing more maltose and less dextrinous matter
than tlie brewer of beer. He bas also an ad-
vantage over the brewer in being able to choose
the gravities which he knows by experience will
prodnce the best results. It has been found that
for distillers' purposes it is advisable to keep the
spécifie gravity of the wort when set for fermen¬
tation below 1040°. The prineiple of low tem¬
pératures when the diastase is acting in the
mash tun appears to be fully recognised, 60° to
63° being generally adopted, and it is understood
that the higher the température at which the
worts are set for fermentation, the greater is the
arnount of fusel oil in the spirit. The distiller
has, therefore, to choose the lowest température
at which a healthy fermentation can be started,
and this is found to range between 23° and 25°.
He eannot be too careful as to the purity of his
yeast, for not only has he to run the risk of
acetic and other ferments being introduced into
his wort, involving loss of alcohol, but to provide
against the presence of aldehyde which is so
objectionable in his spirit. Kekulé attributes
the presence of aldehyde to the action of nitrates
derived from the materials. It is found in prac-
tice that it is always more prone to appear in
liot weather, when the difficulty of keeping the
yeast from décomposition is greatest, and as yeast
always contains some spirit in a dilute form it
is not improbable that the aldehyde is frequently
a product of the oxidation of this spirit.

The materials used in the manufacture of
alcohol in the United Kingdom are ehiefly malt,
maize, rice, barley,rye, oats, sugar, and molasses,
but occasionally dates and locust beans have
been employed. In Scotland the smaller distillers
use malt only, and the spirit they produce under
the name of Highland, Campbeltown, or Islay
Whiskey, Glenlivet, Lochnagar, &c., has im-
parted to it a flavour derived partly from the
poat used in drying the malt. The process of
manufacture consists in distilling the fermented
wort—then called wash—in a common still, col-
lecting the distillate, which is weak spirit con-
taminated with fusel oil, and is called 'Low
Wines,' and redistilling. The spirit which passes
over in the middle of the redistillation is that
which is used for consumption. It contains from
GO'8 to 76-7 per cent, of alcohol by weight (20
overproof to 45 overproof), but is generally
diluted by the addition of water to 55-4 per
cent, of alcohol by weight (11 overproof) before
being sent into consumption or placed in bond.
Irish whiskey differs from Scotch ehiefly in the
absence of peat flavour. The materials used in
its manufacture are, with one or two exceptions,
a mixture of malt with oats and rye, the propor¬
tion of malt being, liowever, greater than in
English distilleries. It is generally bonded at 25
overproof (64 per cent, of alcohol by weight).

We have hitherto dealtwith the spirit manu-
factured in ' Common ' or ' Pot ' stills, or in
other words by boiling the wash, condensing the
steam thus produced, reboiling the product and
recondensing. But by far the greater quantity
of the alcohol of commerce is produced by the
Coffey still, in which the alcoholic vapour hav-
ing been produced is deprived of water as the
process continues until a spirit is formed of
mueh greater purity than that manufactured

! by the old method. The annexed sketch re-
présents a Coffey's distilling apparatus, the
left hand column being called the analyser,.
the right hand one the rectifier. The firsl
opération is to fill both columns with steam
This is accomplished by introducing it undei
pressure from the boiler at c, whence it ascends
within the analyser, passing by the pipe »
into the bottom of the rectifier. When a propei .

température has been attained, the wash i;
pumped from the wash charger by a pipt
which enters the top of the rectifier. Thi
pipe is only shown sectionally in the sketcl.
after entering the column, but it is continuons
and the wash passes slowly through it, becomin;
warmer, owing to the pipe being in contact witî
the steam. When it has reached the bottom ol
the rectifier it is not far from the boiling-point,
It will be seen that the pipe then ascends, and
finally delivers the wash into the top of tin
analyser. The lines across the analyser repre-
sent plates of perforated copper, and in connee
tion with each is a tube which projects aboutan
inch and a half above the plate, and dips into !
shallow vessel placed on that next beneath. Tk
wash on entering falls on the first plate, but a
reaching a depth of an inch and a half passe
through the tube to the second one. In tk
meantime the steam produces ebullition in ttt
contents of the plates, and carries away withi
the alcoholic vapour through the steam eii
pipe, so that by the time the wash has reachei
the bottom of the column it has been deprire;
of its alcohol. The alcoholic vapour passes b;
the pipe h into the bottom of the rectifier, whici
lilce the analyser contains plates and meti
tubes, and where a process of graduai coolin;
takes place by the action of the pipe earryiu;
the cold wash. Fusel oil vapour, condensing ï
a higher température than alcohol, is the fin
to assume the liquid form, and contaminate
with spirit passes into the hot 'Feints' it
ceiver. The vapour containing alcohol coi
tinues to ascend, meeting with portions tk'i»
have condensed, and are undergoing the procès1
of rectification. It will be seen that the uppe:
part of the apparatus is marked ofl in the sketd
as finished spirit condenser. It is so called bf
cause ail that condenses within its area, insteai
of returning towards the bottom of the apparatus
to be rectified, passes by the finished spiri:
pipe or Feints pipe into the receivers. At tic
top of the apparatus is a pipe marked ' alcokoli
steam exit ' which carries away most of tlis
aldehyde as well as spirit vapour which unde
spécial circumstances may not have been cot-
densed before reaching that point.

The English distillers confine themselw
exclusively to this apparatus, brewing for fis
most part from a mixture of grain and mali
the grain selected being generally that which is
comparatively the cheapest. The spirit pro-
duced does not to any large extent go into con¬
sumption. as whiskey, the want of flavour bein;
an objection in regard to the better qualifies
Large quantities are transferred to the rectifias
who redistil them with various flavouring in¬
grédients, producing gin, British brandy, Britisl
rum, and the various cordials. A portioi
after being redistilled from potash or potassit
carbonate, or filtered through charcoal, isIRIS - LILLIAD - Université Lille 1
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used in the arts and in medicine under the
names of rectified spirit and spirits of wine.
The British Pharmacopœia (1885) requires
rectified spirit to be of a spécifie gravity of -838,
equal to 84 per cent, of alcohol by weight. The
Pharmacopœia of the United States fixes it at
•820, equal to 91 per cent., which is about the

strength it cornes from Coffey's apparatus. It
is from this spirit that anhydrous or absolute
alcohol is generally prepared. It varies con-
siderably in flavour and according to the United
States Dispensatory, 1883, thepurestisprodùced
under Atwood's patent in which permanganic
acid is used to destroy the disagreeable organio
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substances. It has been suggested that the
purity of strong spirit might be considerably in-
creased by redistilling in vacuo. Eeference has
already been made to the occurrence in variable
quantity of secondary products on fermentation.
Pasteur (A. Ch. 58, 330) has shown that on the
fermentation of sugar 3T6 per cent, of glycerin
and 0-67 per cent, of succinic acid is produced.
These bodies are, however, very slightly volatile,
and therefore can only pass into the spirit in
very small proportion.

We have hitherto ccnfined our remarks to
spirit manufactured in the United Kingdom.
Of those possessing importance abroad, the prin¬
cipal is brandy, the production of which from
grape wine is an industry confined almost en-
tirely to France. The best brandy is derived
from white wine, but a considérable quantity of
spirit is imported from the Continent, under the
name of brandy, which has either been mixed
with other spirits or prepared from substances
bearing no relation to wine. The distillation of
genuine brandy takes place in stills which are
practically on the pattern of common or pot
stills ; the improvements being cliiefly confined
to the adoption of means for carrying on the
distillations continuously. Illustrations of the
various stills now in use will be found in
Duplais' treatise on the manufacture and dis¬
tillation of alcohol. Brandy is generally im¬
ported into this country at a strength of 1 or
2 overproof (50 per cent, of alcohol by weight)
(v. Beandy).

Rum is the spirit produced by fermenting
diluted molasses and distilling the product in an
ordinary still. Its character is due to the forma¬
tion of ethyl butyrate, which, when added to
other spirits, produces a flavour difficult to
distinguish from genuine rum. The strength at
which rum is generally imported into this coun¬
try is about twenty overproof (60'8 per cent, of
alcohol by weight) (v. Rum).

The molasses from the beet sugar manu-
factories in France is now utilised in making
spirit, being simply neutralised, generally mixed
with a little rye flour and malt, fermented and
distilled. The best qualitie3 of spirits thus pro¬
duced are according to Duplais devoid of taste
or any peculiar aroma, and are employed in the
manufacture of liqueurs, for improving common
brandies and for refining rectified spirit.

GenevaorHollandsis awell-known form
of gin manufactured in Holland where the grain,
spirit is for the most part made from a mixture
of malt and rye. It does not possess any
characteristic to distinguish it from the same
article manufactured by rectifiers in this country,
and its consumption appears to be declining
(•y. Gin). Absinth now largely consumed in
France is also a form of gin in which the spirit
is flavoured with the bitter principle of worm-
wood, together with extracts of some or ail of
the following plants : fennel, hyssop, anise, co-
riander, angelica seed, dried veronica, chamo-
mile and mint (v. Absinth). A large quantity
of spirit manufactured in Germany from po-
tatoes is imported into this country, coming
into compétition with the lowest qualities of
spirits of wine of the British distilleries.

Eeference has already been made to the bond-
ing of whiskey—that is, placing it in warehouses

under the controi of the revenue authoritiej
where it remains maturing for periods varying
from a few months to several years. The exact
change which takes place during the maturing
process has not yet been satisfactorily ex.
plained, althoughthe labours of Pelletan, Dumas,
and Stas, Gaultier, Chancel, Wurtz, Cahours,
Balard, Liebig and Pelouze, Pasteur, Fittig, and
Krâmer and Pinner, have added largely to oui
knowledge of the subject. According to the re-
searches of these authorities fusel oil is a com-

plex substance and a necessary accompaniment !
to fermentation. In grain fermentations amyl
alcohol is the prédominant constituent of this i(
oil, but propyl and butyl alcohol are also présent.
In wine fermentations it consists principally of
œnanthyl and caproyl alcohols. It is probable I
that these alcohols are converted, in the process I
of maturing the spirit, from a disagreeable
smelling and highly intoxicating body into com- I
pound ethers which are both fragrant and
harmless.

In the process of mellowing there is generally
a loss of alcohol, varying with the length of time .

and the condition of the atmosphère of the
warehouse. The revenue authorities fully re-
cognise this, and make the necessary âllowances
in charging the duty. It will therefore be ap¬
parent that alcoholic strength based on spécifie I
gravity is not always a measure of the money
value of spirits as beverages. The Food and
Drugs Amendment Act (42 & 43 Vict. e. 30) has i
fixed a limit below which spirits shall be assumed fi
to be diluted. This limit is twenty-five under ;.

proof (35-8 p.c. of alcohol by weight) for whiskey, i
brandy, and rum ; and thirty-five under proof
(30-8 p.c. alcohol by weight) for gin.

Uses.—In addition to its use as a heverage, 1
spirit is employed as a solvent for many of the
drugs required in medicine, and diluted to the •
standard of British proof—that is, to the spécifie f
gravity of -91984 at 15-6°, representing 49'24
p.c. by weight of Drinkwater and Fownes
alcohol—it forms part of a large proportion of
the tinctures of the Materia Medica. It is also |
used largely as a solvent for essential oils, in
preparing perfumes and essences, and ether is
manufactured from it. The alcohol used in ail
the above préparations pays a duty of 10s. per
proof gallon, equal to very nearly 18s. 4d. pet
gallon of the alcohol of Gay-Lussac, the standard i
of France.

Adultération.—Although it has been stated f
that spirits, especially gin, were formerly adul-
terated with capsicum and even sulphuric acid, i
in order to increase their fiery character, it
is satisfaetory to find that in the working of
the Food and Drugs Act no evidence has been
afforded of such practices during late years. 1
The report of the Local Government Board,
1885, after referring to the fact that one-fourth
the samples submitted for analysis were diluted :
below the standard, adds, ' It is satisfaetory,
however, to find that water is the only adul- i
terant employed.'

Methylated spirit. In 1853 a strong repre- |
sentation was made to the Government to allow
the use of alcohol duty-free in the arts and
manufacturing processes in which it was re¬
quired, and after careful inquiry the Board of
Inland Revenue in 1855 decided to sanction
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trader certain restrictions a mixture of nine
parts of spirits of wine and one part of methyl
alcohol (wood naphtha) free of duty under the
name of methylated spirits. The reasons for
selecting wood naphtha were that while it would
be least likely to interfère in any of the processes
for which alcohol was required—especially as a
solvent—it would be very diffieult to separate
from the alcohol when once mixed. It was pro-
vicled that it shouldnot be used in any beverage,
or medicine which could be taken internally.
The principal restriction on the use of methyl¬
ated spirit is that it shall only be kept by
authorised persons and in authorised pre-
mises.

Uses.—Methylated spirit is used as a solvent
for gum resins, including varnishes, for burning
in lamps, in the manufacture of transparent
soajj, collodion, aniline colourSt white lead and
acetate of lead. It is also used as an antiseptic
in preserving anatomical specimens. The con-
sumption of this spirit has increased from
145,000 bulk gallons in 1857 to 1,900,000 in
1887.

The following are the quantities of British an
Ireland, and British spirits exported caleulated i:

Tests. — For the détection of methylated
spirit in ordinary alcohol, Biche and Bardv
(C.N. 31, 239) recommend the distillation of
10 c.c. of the alcohol with 15 gr. of iodine and
2 gr. of red phosphorus, and the conversion of
the methyl or ethyl iodide, which distils over,
into methyl or ethyl aniline. Methyl aniline on
being oxidised produces the well-known violet,
and the intensity of the colour dyed on a piece
of white wool 2 feet in length with a very
dilute solution of the aniline violet is the
measure of the proportion of methyl alcohol
présent. The test when carefully performed pro¬
duces satisfactory results, but its application,
as indeed that of ail tests, must be preceded by
the séparation of the alcohol from ail organic
matter. Another test called Miller's (Ph., April
1865) is to oxidise the alcohols with potassium
bichromate, and estimate the formie acid thus
produced.

Gunning's test (C.N. 17, 186 and 196), a
modification of that of Nessler, is a useful
preliminary test where strong spirit is being
dealt with.

I Foreign spirits consumed in Great Britain and
. gallons at proof.

Year ending
31st March

Spirits charged with duty.
Gallons Total charged

with duty.
Gallons

Spirits
methylated.

Gallons

British
spirits exported.

G-allons

.Spirits
consumed as

ships stores.
G-allonsBritisli Foreign

1875
1885
1886
1887

29,821,574
29,224,474
27,551,982
26,935,873

11,779,720
8,349,360
8,098,400
8,168,060

41,601,294
37,573,834
35,650,382
35,103,933

1,180,000
2,334,835
2,477,798
2,673,375

2,101,875
3,832.545
4,095,785
3,960,819

655,595
354,250
359,178
326,150

Quantities of British and Foreign spirits consumed in Great Britain and Ireland, and British
spirits exported caleulated in gallons of alcohol of Gay-Lussac.

Tear ending
31st March

Spirits charged with duty.
Gallons Total charged

with duty.
Gallons

Spirits
methylated.

Gallons

British
spirits exported.

Gallons

Spirits
consumed as

ships stores.
GallonsBritish Foreign

1875
1885
1886
1887

17,207,040
16,862,520
15,897,490
15,541,990

6,796,890
4,817,580
4,672,770
4,712,970

24,003,930
21,680,100
20,570,260
20,254,960

680,891
1,347,190
1,429,680
1,542,530

1,039,680
2,211,370
2,363,260
2,285,380

378,270
204,400
207,240
188,180

The quantity of Foreign spirits exported in 1875 was 3,045,042 proof gallons.
2,157,201 proof gallons.

ALCOHOLOMETRY is the term applied to
any process for estimating the amount of alcohol
in a spirituous liquid. When the liquid is a
mixture of alcohol and water, the quantity of
alcohol can be indicated by its spécifie gravity ;
but when it holds in solution other bodies, they
must be separated by distillation and replaced
by water before the spécifie gravity can be
ascertained.

When two liquids, on being mixed, neither
contract nor expand, the spécifie gravity of the
mixture can be readily ascertained by the well-
known formula—

rA + tA
ri + ri '

r, and r2 representing respectively the volumes
of the components, and d, and d2 their densities.
în the case of mixtures of alcohol and water,

In 1885 it was

G. N. S.

however, contraction takes place varying in
amount according to the proportion of alcohol
to water in the mixture.

It has therefore been found necessary to
ascertain by actual experiment the densities of
mixtures of alcohol and water in ail proportions
and at various températures. The results of
these experiments are embodied in tables, gene-
rally associated with the names of those who
carried out the investigations. In 1794 Sir
Charles Blagden, in conjunction with Mr. Gilpin,
concluded a very extensive and careful sériés of
experiments, undertaken at the request of the
British Government (Tr. 1794), which have
been generally recognised as accurate, and
accepted by some of the Continental govern-
ments as the basis of their Systems. At that
time anhydrous alcohol had not been prepared,
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and the experiments were made with spirit
, 15'G°

having a spécifié gravity of -825 at 15'6°* Tralles,
who in 1811 was engaged in a like investigation
for tlie Prussian Government (G. A. 1811), con-
firmed the researches of Blagden and Gilpin.
He also found by experiment that spirit of the
spécifié gravity of -7986—the strongest he had
been able to prepare-*-must contain 9*63 p.c. by
weight of water when reduced to the spécifie
gravity of -825. In the meantime, Lowitz and
Bichter had prepared aleohol of the spécifie
gravity of -7939 at or -7946 at Tralles
therefore aeeepted this spécifié gravity as that
of pure aleohol, and calculated the composition
of the spirit of Gilpin and Blagden as—

Aleohol by weight . . 89*2 p.c.
Water „ ... 10*8 „

100-0
and aleohol by volume 92-6 p.c. He also care-
fully tested and substantially confirmed the
results Blagden and Gilpin obtained by mixing
strong spirit and water in ail proportions, and
upon these data constructed the tables now in
général use in Germany. Gay-Lussae undertook
similar researches for France. Beginning with

15°aleohol of the spécifie gravity of -7947 at or

■7944 at his results do not in every case

exactly accord with those of Tralles, but they
are suffieiently alike to be used for ail com¬
mercial purposes. The whole subject has been
investigated by McCulloch for the Govern¬
ment of the United States (Senate document
No. 50, 1848), who praetically confirms the pre-
vious results, and on whose reeommendation
a system has been adopted by the revenue
authorities in whieh 50 p.c. by measure of
Tralles' aleohol at being ealled 100 degrees
of proof spirit, every degree of American proof
is equal to -5 p.c. of Tralles' aleohol.

The most definite form of expressing the
proportions of aleohol in spirit is by weight,
because the proportion by volume varies with
the température, whereas that by weight is con¬
stant. For scientific purposes, therefore, the
strength of spirit is always expressed in per-
centage by weight, and this is found by taking
the spécifie gravity by means of a spécifie gravity
bottle at the température of 15-6°.

The annexed table compiled by Fownes
(Tr. 1847) gives the percentage by weight of

15'6°aleohol of the spécifie gravity of -7938 at cor-

responding to various gravities, and can be easily
interpolated for any intermediate gravity.

Drinkwater made mixtures of aleohol of

spécifie gravity '7938 at *-|~5 with from 99 to
90 p.c. of water. His results differ slightly from
those given in the table of Fownes, the spécifie
gravities for 7, 8, 9 and 10 p.c. of aleohol being
respectively -9881, -9807, *9853 and -9839, repre-
senting différences of from -15 to -18 p.c. of
aleohol. Squibb also made mixtures of aleohol
of *7935 with from 1 to 60 p.c. of water, the
greatest discrepancy between his results and
those of Fownes being in the case of 75-75
according to Squibb, which is 76'0 p.c. according

to Fownes. The more dehydrated aleohol of
Squibb accounts for -1 p.c. of this -25, so that
no greater différence of observation than -18 p.c.
is to be found in the work of these three autho¬
rities. The results of Tralles' and Gay-Lussac's
experiments, being based upon a less dehydrated
aleohol, do not compare so precisely with those of
Fownes, but the discrepancy never exceeds -4 p.c.

Spécifie
gravity

Per¬
centage

of
aleohol

Spécifie
gravity

Per¬
centage

of
aleohol

Spécifie
gravity

Per- '
centage

of
aleohol

•9991 0-5 ■9511 34 •8769 68
•9981 1 •9490 35 •8745 69
•9965 2 •9470 36 •8721 70
•9947 3 •9452 37 •8696 71
•9930 4 •9434 38 •8672 72
•9914 5 •9416 39 •8649 73
•9898 6 •9396 40 •8625 74
•9884 7 •9376 41 •8603 75
•9869 8 •9356 42 •8581 76 '
•9855 9 •9335 43 •8557 77
•9841 10 •9314 44 •8533 78
•9828 11 ■9292 45 •8508 79
•9815 12 •9270 46 •8483 80
•9802 13 •9249 47 •8459 81
•9789 14 •9228 48 •8434 82
■9778 15 •9206 49 •8408 83
•9766 16 •9184 50 •8382 . 84
•9753 17 •9160 51 ■8357 85
•9741 18 •9135 52 •8331 85
•9728 19 •9113 53 •8305 87
•9716 20 •9090 54 •8279 83
•9704 21 •9069 55 •8254 89
•9691 22 •9047 56 •8228 90
•9678 23 •9025 57 •8199 91
•9665 24 •9001 58 •8172 92
■9662 25 •8979 59 •8145 93
•9638 26 •8956 60 '8118 94
•9623 27 •8932 61 ■8089 95 :
•9609 28 ■8908 62 •8061 96
.9593 29 ■8886 63 •8031 97
•9578 30 •8863 64 •8001 98
•9560 31 •8840 65 •7969 99
•9544 32 •8816 66 •7938 100
•9528 33 •8793 67

In the assessmeni of duty and in commercial
transactions in this country the standard of
strength is called 'proof.' This standard has
been found to bave the spécifie gravity of
*91984 at and to contain 49'24 p.e. by
weight of aleohol of the spécifie gravity of
•79381, and by measure 57-06 p.c. It should be
understood, however, that in speaking of 57-06
p.c. by measure, we mean that 100 gallons of
this proof spirit eontains 57'06 gallons of
aleohol. If this aleohol were separated from
the water, it would be found that 57*06 gallons-
of aleohol and 46-68 gallons of water would be
produced—a total of 103*74 gallons; and if
these proportions of aleohol and water were
mixed again, tbey would be found to have con-
traeted in measure to 100 gallons.

The hydrometer of Sikes, being the legalised
instrument of the Revenue in Great Britain and
Ireland as well as of most of the British colonies,
is generally adopted in commerce for estimating
the strength of spirits. It is made of hard
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métal, gilded, and consists of a hollow bail, into
one end of which a stem is inserted, and into
the other end a thin solid cylinder, ending in a

knob. The stem is marked 10 at
the lower and 0 at the upper end,
and between these two extrêmes
there is a mark for every ^ths,
each division being equalin length.
When the instrument, on being
placed in spirit at the tempéra¬
ture of 15-6°, rises to 0, it repre-
sents a strength of 67 overproof,
or 95-3 per cent, of the aleohol of
Tralles ; and when it sinks to 10
it represents 58-2 overproof, or
90'2 per cent, of the same aloohol.
For strengths weaker than these
nine weights are employed, the
smallest being marked 10 and the
largest and heaviest 90. These
are attached to the knob at the
lower end of the instrument.
When the stem sinks to 10 with
the 90 weight attached, at the
température of 10-6°, the indica¬
tion is 100, representing distilled

water. The indications are interpreted in
actual strength overproof and underproof by
means of a book of tables which accompanies
the instrument. The results are accurate at
the température at which the instrument has
been adjusted, and between 5-5° (42°F.) and 20°
(68°F.) it does not show any greater error than
•5 p.c. of aleohol. It possesses an advantage
over most other alcoholometers in the fact that
its scale ean be easily read to *2 p.c. of aleohol.

On the Continent the alcoholometers of Gay-
Lussac and of Tralles are those most exten-

sively used. They are made of glass, are without
weights, and differ from the hydrometer of Sikes
in indicating, the first at a température of 15°
and the second at 15'6°, the percentage of aleohol
by measure, without referenee to any table. The
différences in their results are so slight as to
permit of the instruments being interchangeable
for commercial purposes, but their scales are
not marked for less than 1 p.c. of aleohol. The
National Academy of Sciences of the United
States (Senate Mis. Doc. 44, 1867) have recom-
mended the adoption of a sériés of five of these
alcoholometers, each having a limited range,
and the scales being proportionately larger. On
the other hand, the Russian Government in
1872 permitted the use, side by side with the
alcoholometer of Tralles, of a métal instrument,
resembling that of Sikes in form and in the
number of its weights, but reversing the indica¬
tions of Sikes, so that 100 is made to represent
95-5 p.c. of Tralles' aleohol at 15-6°, and 0 to
represent water.

By means of Table I. the indications of any
one of these instruments can be converted into
degrees of any other, into percentages of aleohol
by measure, or into English or American proof
at the température of 15'6° (60°F.). The
column marked percentage of aleohol of France
refers to the alcoholometers of Gay-Lussac, of
Tralles, and of Meissner.

The hydrometers of Cartier and Baumé are
still to some extent used in France, and that of
Beck in Switzerland.

An example will best show how to use the
table. Let the Gay-Lussac or Tralles alcoho¬
lometer show 86 p.c. of aleohol at 10° (50°F.)
or 5'6° (10°F.) below the standard of lô'fi0
(60°F.). The spécifie gravity corresponding to
86 p.c. in the table of strengths (Table I.) is
•8466. The correction for each degree of centi¬
grade température between -8100 and -8500 in
Table II. is -00085 which multiplied by 5'6 pro¬
duces -0047. The température being below the
standard, -0047 must be deducted from the
spécifie gravity. Therefore -8466 — -0047 = '8419,
and this spécifie gravity in Table I. will be
found to correspond very nearly to 87'7 p.c. of
aleohol or 53-7 English overproof. If the S6 p.c.
of aleohol liad been found at 21'2° (70°F.) the
figures '0047 must be added to -8466, producing
•8513, equal to very nearly 84-2 p.c. of'aleohol.

In comparing American with English proof,
it is necessary to remember that the American
gallon is smaller than the English impérial
gallon, 100 EnglisMieing equal to 120 American
gallons. After allowing for this différence it
will be found that 100 English proof gallons
are equal to 136-95 American proof gallons.

Up to the year 1881, the strength of brandy
and rum was for the purposes of duty assumed
to be that indicated by Sikes' hydrometer, irre¬
spective of the amount of solid matter which
they might contain. By a clause in the 44 Vict.
c. 12 it was provided that the amount by which
the real strength was obscured should be added
to the strength indicated by the hydrometer.
The duty is, therefore, now levied on the actual
amount of aleohol contained in the liquid. This
is generally ascertained by distilling about three-
fourths of a given bulk, making the distillate up
to the original bulk with water, and taking the
strength of this liquid to be the strength of the
spirit. The same process is adopted for esti-
mating the amount of spirit in liqueurs and in
wines. Another method is to evaporate a given
weight to dryness in a water-oven, weigh the
dry solid matter and ealculate its percentage on
the given weight. This percentage multiplied
by factors, which increase from 2-2 for 40 over¬
proof to 3'8 for 30 underproof, gives'the degrees
of proof spirit to be added to the apparent
strength in order to find the real strength on
English proof.

Many methods have been described for the
purpose of registering the quantity and strength
of spirits passing from the still to the receiver at
distilleries. A very ingenious apparatus, and
one extensively used on the Continent, is that of
Siemens. It consists of three vessels. In the
first the spirit is mixed. The second contains a
large float which, aeting on a spring, indicates
the strength of the spirit. The third is a large
drum divided into three sections, and contain-
ing a smaller drum round its axis. The spirit
passes from the second vessel into the smaller
drum, and from thence into that section of the
larger drum the position of which is vertical to the
axis. This section continues in a vertical posi¬
tion until it is filled, after which the spirit rises
in the smaller drum to a point at which it runs
into the section next adjoining that which liad
been filled. This causes the filled section to
tilt and empty itself. Each emptying is regis-
tered, and the eapacity of each section known.
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Table I.

Percentage volume of Indication of hydrometer of

Spécifie
gravity

Indication of
sites' Alcohol of France,

hydrometer English
proof

American
proof

Germany, Bclgium,
Sweden, Austria, Baumé Cartier Beck

and Russie

Overproof
•7946 — 75-2 200 100 47° — 44
•7995 — 73-1 198 99 46 — 42-5
•8041 71-3 196 98 45 — 40-8
•8084 — 69-6 194 97 44 — 40
•8125 — 68-0 192 96 43 — 39
•8152 0 67-0 190-6 95-3 — — —

•8164 — 66-6 190 95 —
— 38

•8171 1 66-1 189-6 94-8 42 — —

•8189 2 65-3 188-6 94-3 — — —

•8201 — 64-8 188 94 — — —

•8206 3 64-5 187-6 93-8 — — 37
•8225 4 63-6 186-6 93-3 — — —

•8237 — 63-0 186 93 41 — —

•8244 5 62-7 185-6 92-8 — — 36
•8262 6 61-8 184-6 92-3 — — —

•8272 — 61-2 184 92 40 — —

•8280 7 60-9 183-6 91-8 — 39 —

•8298 8 60-0 182-6 91-3 — — 35
•8306 — 59-4 182 91 — — —

•8315 9 59-1 181-4 90-7 39 — —

•8332 10 58-2 180-4 90-2 — 38 34
•8340 — 57-8 180 90 — — —

•8349 11 57-3 179-4 89-7 — — —

•8366 12 56-4 178-4 89-2 — — —

•8373 — 56-0 178 89 38 — 33
•8383 13 55-5 177-4 88-7 — 37 —

•8399 14 54-6 176-4 88-2 ■— — —

•8405 — 54-3 176 88 — — —

•8415 15 53-8 175-4 87-7 37 — 32
•8433 16 52-7 174-2 87-1 — 36 —

•8436 — 52-6 174 87 — — —

•8450 17 51-8 173 86-5 — — 31
•8466 — 50-8 172 86 — — —

•8468 18 50-7 172 86 36 35 —

•8485 19 49-7 170-8 85-4 — — —

•8496 — 49-1 170 85 — — —

•8502 20 48-7 169-6 84-8 — — 30
•8520 21 47-6 168-2 84-1 35 34 —

•8526 — 47-4 168 84 — — —

•8537 22 46-6 167-2 83-6 — — 29
•8553 23 45-6 166 83 — — —

•8555 — 45'6 166 83 — — —

•8570 24 44-6 165 82-5 34 33 —

•8583 — 43-7 164 82 — — 28
•8587 25 43-5 163-8 81-9 — — —

•8605 26 42-4 162-4 81-2 — — —

•8611 — 42-1 162 81 33 32 —

•8622 27 41-3 161-2 80-6 —
— 27

•8639 28 40-2 160 80 — — —

•8657 29 39-1 158-6 79-3 — — —

■8664 — 38-7 158 79 32 31 —

•8674 30 38-0 157-4 78-7 — — 26
•8691 31 36-9 156-2 78-1 — — —

•8693 — 36-9 156 78 — —
—

•8709 32 35-7 154-8 77-4 — — —

•8720 — 35-0 154 77 31 — 25
•8728 33 34-5 153-4 76-7 — — —

•8745 — 33-4 152-2 76-1 — 30 —

•8747 — 33-3 152 76 — — —

•8762 35 32-2 150-8 75-4 — — 24
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Table I.—continued.

Percentage volume of Indication of liydrometer of

Spécifie
gravity

Indication of
Sikes'

kydrometer Englisli
proof

American
proof

Alcohoi of France,
G ermany, Beigium,

Sweden, Austria,
and Russia

Baumé Cartier Beck

•8773
•8780
•8798
•8817
•8824
•8835
•8850
•8854
■8871
•8875
•8890
■8900
•8908
•892(3
■8945
•8949
•8962
■8973
•8982
•8997
•8999
•9018
•9021
•9036
•9044
•9055
•9067
•9073
•9091
•9110
■9112
■9129
•9134
•9147
•9156
•9166
•9178
•9183
•91984

36
37
38

39

40
41

42

43
44
45

46

47

48
49

50

51

52
53
54

56

57

58

Overproof
31-5
31-0
29-8
28-5
28-0
27-3
26-2
26-0
24-8
24-4
23-5
22-8
22-2
20-9
19-6
19-2
18-3
17-5
16-9
15-8
15-6
14-2
14-0
12-8
12-3
11-4
10-5
10-0

8-6
7-1
7-0
5-6
5-5
4-2
3-7
2-7
1-8
1-4

Proof

150
149-4
148
146-6
146
145-2
144
143-8
142-4
142
140-8
140
139-4
138
136-4
136
135
134
133-4
132
131-8
130-2
130
128-6
128
127
126
125-4
124
122-2
122
120-4
120
118-8
118
117-2
116
115-6
114-6

75
74-7
74-0
73-3
73
72-6
72
71-9
71-2
71
70-4
70
69-7
69
68-2
68
67-5
67
66-7
66
65-9
65-1
65
64-3
64
63-5
63
62-7
62
61-1
61
60-2
60
59-4
59
58-6
58
57-8
57-3

30

29

28

27

26

25

24

23

29

28

27

26

25

24

23

23

22

21

20

19

18

17

16

15

•9203
•9222
•9240
•9242
•9259
•9262
•9279
•9283
•9298
•9303
•9317
•9323
•9336
•9343
•9358
•9362
•9375
•9381
•9394

59
60
61

62

63

64

65

66

67

68

69

Unclerproof
0-3
1-9
3-4
3-5
5-0
5-1
6-7
7-0
8-3
8-7

10-0
10-6
11-7
12-4
13-5
13-9
15-3
15-8
17-3

113-8
112
110-2
110
108-4
108
106-4
106
104-6
104
102-8
102
100-8
100
98-6
98
96-6
96
94-6

56-9
56
55-1
55
54-2
54
53-2
53
52-3
52
51-4
51
50-4
50
49-3
49
48-3
48
47-3

22

21

20

22

21

20

14

13

12

11
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Table I.—continuai.

Spécifie
gravity

Indication of
Sikes'

liydrometer

Percentage volume of Indication of liydrometer of

English
proof

American

proof

Alcohol of France,
Germany, Belgium,

Sweden, Austria,
and Russia

Baumé Cartier Beck

TTnderproof
•9399 — 17-6 94 47 — —

—

•9413 70 18-8 92-6 46-3 — 19 —

•9417 — 19-2 92 46 19 — —

•9432 71 20-8 90-4 45-2 — — —

•9435 — 21-1 90 45 — — —

•9451 72 22-7 88-2 44-1 — — 10
•9452 — 22-8 88 44 — — —

•9470 73 24-7 86 43 18 18 —

•9487 26-4 84 42 — — —

•9489 74 26-7 83-6 41-8 — — 9
•9503 28-0 82 41 — — —

•9509 75 28-8 81-2 40-6 — — . —

•9519 — 29-9 80 40 — —

•9528 76 31-0 78-8 39*4 — — —

•9535 — 31-8 78 39 17 — —

•9548 77 33-1 76-2 38*1 — — 8
•9550 - 33-3 76 38 — 17 —

•9565 35-2 74 37 — — —

•9567 78 35-6 73-6 36-8 — — —

•9579 — 36-8 72 36 — — —

•9587 79 3SY 70-6 35-3 —
.

— —

•9592 38-7 . 70 35 16 — —

•9605 — 40-3 68 34 — — —

•9606 80 40-5 67*8 33-9 — -r- 7
•9618 — 42-4 66 33 — —

•9625 81 43-3 64-8 32-4 — 16 —

■9631 44-1 64 32 — — —

■9643 — 45-8 62 31 — — —

•9645 82 46-1 61-6 30-8 —
—

—

■9655 —. 47-5 60 30 — — 6
•9666 83 49-1 58 29 15 — —

•9677 50-9 56 28 — — —

•9684 84 52-2 54-6 27*3 —
— —

•9688 — 52-7 54 27 — — —

•9698 — 54-5 52 26 — 15 —

•9704 85 55-5 50-8 25-4 — — —

•9709 — 56-3 50 25 — — —

•9719 — 57-9 48 24 — — 5

•9725 86 59-0 46*2 23-1 — — —

•9729 — 59-3 46 23 14 — —

•9740 — 61-4 44 22 — — —

•9745 87 62-5 42-8 21-4 — — —

•9750 63-2 42 21 — — —

•9760 65-0 40 20 — — — '

•9766 88 66-0 38-8 19*4 — 14 —

•9770 — 66-7 38 19 —
— 4

•9780 — 68-6 36 18 — — —

•9785 89 69-4 35 17-5 — — —

•9790 — 70-3 34 17 13 — —

•9800 — 72-0 32 16 — — —

•9805 90 72-8 31 15-5 — — —

•9811 — 73-7 30 15 — — —

•9821 — 75-4 28 14 — — —

•9S26 91 76-1 27*2 13-6 — — 3

•9832 — 77-0 26 13 — — —

■9844 — 79-1 24 12 — 13 —

•9845 92 79-2 23-8 11-9 — —- —

•9854 — 80-6 22 11 — — —

•9865 93 82-3 20 10 12 — —

•9878 — 83-9 18 9 — — —
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Table I.—continued.

Percentage volume of Indication of hydrometer of

Spécifie Indication of
Sikes' Alcohol of France,gravity hydrometer Englisli

proof
American

proof
Germany, Belgium,

Sweden, Austria,
Baumé Cartier Beck

and Bussia

TJnderproof
9886 94 85-2 16-6 8-3 — — • 2

•9890 — 85-8 16 8 — — —

,

•9902 — 87-8 14 7 — — —

•9904 95 88-0 13-8 6-9 — — —

•9915 — 89-6 12 6 — 12 —

•9925 96 90-7 10-6 5-3 — — —

•9928 — 9T2 10 5 11 — —

•9942 — 93-0 8 4 — — —

•9944 97 93-3 7-6 3-8 — — 1
•9956 — 94-7 6 3 — — —

•9965 98 95-9 4-6 2-3 — —

•9970 — 96-5 4 2 — —

•9985 99 98-2 2 1 — — —

10000 —

.
Water — 10 11 0

Between thetempérature of 4° and 78-8° water
increases in bulk to the extent of 2-8 per cent.
Alcohol within the same degrees increases
very nearly 9 per cent. Silbermann (C. R. 27,
418) has taken advantage of this différence in
the rate of expansion of alcohol and water in
order to détermine the strength of spirits. A
thermometer is filled up to a certain mark
with the spirit at 25°, and after the liquid lias
been exhausted of air an observation is made
of the amount by wkich it expands wlien heated
to 50°. The percentage of alcohol is found by
means of a scale graduated by direct observa¬
tion upon a number of samples of known
strength.

The results shown in Table I. are only
true at 15-6° (60°F.), but the indications at
any other température may be approximately

converted into those of the table by mailing the
following corrections for température :—

Table II.

Spec. gravities
Correction for
each degree
Centigrade

Correction for
each degree

of F.

•8100 to *8500 •00085 •00047
•8500 to -8900 •00083 ■00046
•8900 to *9200 •00080 •00044
•9200 to *9400 •00075 ■00042
•9400 to *9500 •00069 ■00038
•9500 to *9600 •00060 •00033
•9600 to -9700 •00044 ■00024
•9700 to -9800 •00026 •00014
•9800 to *9900 •00016 ■00009

Table III.—Showino the Qcantity of Water requibed to Reduce 100 Volumes of a
Stronger Spirit to a Spirit of Lower Strength.

90 85 80 75 70 65 60 55 50

85 6-56
80 13-79 0-83
75 21-89 14-48 7-20
70 31-05 23T4 15-35 7-64
65 41-53 33-03 24-66 16-37 8-15
60 53-65 44-48 35-44 26-47 17-58 8-76
55 67-87 57-90 48-07 38-32 28-63 19-02 9-47
50 84-71 73-90 63-04 52-43 41-73 31-25 20-47 10-35
45 105-34 93-30 81-38 69-54 57-78 46-09 34-46 22-90 11-41
40 130-80 117-34 104-01 90-76 77-58 64-48 51-43 38-46 25-55
35 163-28 148-01 132-88 117-82 102-84 87-93 73-08 58-31 43-59
30 206-22 188-57 171-05 103-53 136-04 118-94 101-71 84-54 67-45
25 266-12 245-15 224-30 253-61 182-83 162-21 141-65 121-16 100-73
20 355-80 329-84 304-01 278-26 252-58 226-98 201-43 175-96 150-55
15 505-27 471-00 436-85 402-81 368-83 334-91 301-07 267-29 233-64
10 804-54 753-63 702-89 651-21 601-60 551-06 500-59 450-19 399-85

The original percentages by volume of alcohol are here placed at the head of the columns, and the
percentages to whicli they are required to be redueed in the first column of the table. G. N. S.
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ALDEHYDE Acetaldehyde C2H,0 or
CH3.COH. A produet of the oxidation of ordi-
nary (ethylic) aleohol. Aldehyde occurs, together
with its polymerides metaldehyde and paralde¬
hyde, in the ' first runnings ' from the stills in
the rectification of aleohol which has been
filtered through charcoal (Kramer and Pinner,

> E. 2, 403 ; 4, 787) ; the best yield is obtained
from the aleohol manufactured from potatoes
and from the sugar beet. It is also présent in
crude wood spirit (Kramer and Grodzki,
B. 9, 1921). Aldehyde is also formed when
calcium formate is heated with calcium acetate

(Limpricht, A. 97, 369), and when lactic acid
and the laetates are distilled with manganèse
dioxide and sulphuric acid (Stadeler, A. 69,
333) ; it is also one of the produets of the
dry distillation of sugar (Vôlckel, A. 87,
303).

Préparation.—Aldehyde is formed by the
oxidation of aldohol by means of platinum
black (Dobereiner, Gm. 8, 274), of manganèse
dioxide and sulphuric acid (Liebig, A. 14,133), or
of potassium dichromate and sulphuric acid
(Stadeler, J. 1859, 329). When prepared by
Liebig's method, 2 parts of 80 p.c. aleohol are
heated with 3 parts of manganèse dioxide, 3 parts
of sulphuric acid and 2 parts of water, and the
distillation carried on until the distillate begins
to show an acid reaction ; this point is reached
when about three parts have colleeted in the
well-eooled receiver. The distillate containing
aleohol, acetal and ethereal salts is then distilled
with an equal weight of calcium chloride, and
1-g parts colleeted ; this is again rectified with
an equal weight of calcium chloride and f part
distilled over. The produet so obtained is
nearly anhydrous, but still contains aleohol and
small quantifies of ethereal salts ; to free it
from these, it is dissolved in 2 vols, of ether,
saturated with ammonia in the cold, and the
aldehyde-ammonia which separates is colleeted,
dissolved in water, distilledwith dilute sulphuric
acid in a water-bath, and the distillate rendered
anhydrous by rectification over calcium chloride
at as low a température as possible.

Commercially, aldehyde is obtained from the
' first runnings ' of the aleohol stills. A spécial
form of still in which the séparation of aldehyde
from aleohol is brought about during the recti¬
fication of the latter is figured and deseribed by
Galland (D. P. J. 259, 225).

Properties.—Aldehyde is a colourless liquid
having an extremely pungent suffocating odour ;
it is very inflammable, and burns with a feebly
luminous fiame. Its b.p. = 20-8°, and sp.gr.
= 0-80092 at 0° (Kopp, A. 64, 214) ; its sp.gr.
= 0-79509 at 10°, =0-79138 at 13°, =0-78761 at
16° (Perkin, C. J. 45, 475). It is soluble in ail
proportions in aleohol, ether and water, and is
separated from the aqueous solution as an
ethereal layer on addition of calcium chloride.
When heated with aqueous soda or potash, so-
called aldehyde resin is obtained as a brown
mass (Liebig, l.c. ; Weidenbusch, A. 66, 153).
Sodium amalgam converts aldehyde into ethylic
aleohol, a small quantity of P - butyleneglycol
beingformed simultaneously (Kekulé, A. 162,310);
whilst phosphorus pentachloride reacts with it
yielding etlîylidene diehloride (Geuther, A. 105,
323).

Aldehyde readily polymerises in the presence
of small quantifies of various substances, such
as sulphuric acid, phosgene, zinc chloride,
hydrogen chloride, sulphur dioxide, &c., and two
compounds are obtained whose relative quantifies
dépend upon the température; the ehief pro¬
duet being metaldehyde (C2H40)3 (Hanriot and
Oeconomides, A. Ch. [5] 25, 227), when the
action takes place in a freezing mixture, and the
isomeric paraldehyde (elaldehyde) when it occurs
at the ordinary température (Kekulé and Zincke,
A. 162, 125). Paraldehyde is a colourless
liquid, crystallising below 10° in large trans¬
parent prisms ; its b.p. = 124° at 759-8 mm. and
sp.gr. =0-998 at 15° (Kekulé and Zincke) ; sp.gr.
= 0-99925 at 15° (Perkin, C. J. 45, 479); b.p.
= 123-2°_123-5° at 744 mm. (Briihl, A. 203, 26).
Metaldehyde erystallises in needles or tetragonal
prisms, sublimes without previous fusion at
1120-115°, and when heated in sealed tubes at
120° is entirely reeonverted into ordinary alde¬
hyde. Neither polymeride is resinised by aque¬
ous soda or potash, but in other reactions they
behave generally as ordinary aldehyde and yield
similar produets (Kekulé and Zincke).

Beactions.—Aldehyde in aqueous solution
very readily reduces an ammoniacal solution of
silver nitrate giving a bright metallic mirror.
Acetaldehyde (and ail aldéhydes which are
stable in aqueous soda solution) can be de-
tected by adding to a solution of the suspected
substance in dilute alkali a fresh solution of
1 part of paradiazobenzenesulphonic acid in
60 parts of water rendered alkahne with a little
soda, and then some sodium amalgam ; if an
aldehyde is présent, a reddish-brovvn colour is
developed after the mixture has stood for 10-20
minutes (Penzoldt andPischer, B. 16, 657).

Aldehyde very readily yields condensation
compounds ; thus, when aflowed to remain in
the cold with dilute hydrochloric acid, or with
aqueous solutions of zinc chloride or of salts
having an alkahne reaction, such as potassium
carbonate, aldol is obtained, whilst croton-
aldehyde is formed when it is heated with eon-
centrated hydrochloric acid (Kekulé, A. 162, 92).

Additive compounds.—Aldehyde not only
shows a strong tendency to yield polymerides
and condensation compounds, but unités directly
with a large number of substances.

(1) Compounds with alcohols :—v. Aoeiax,.
(2) Compounds with acids :—(Geuther, A.

106, 249 ; Lieben, A. 106, 336 ; 178, 43 ; Buben-
camp, A. 225, 279 ; Sehiff, B. 9, 304).

(3) Compounds with alkaline sulphites ;—-
Aldehyde forms definite crystalline compounds
when dissolved in concentrated aqueous solu¬
tions of the acid sulphites (bisulphites) of the
alkali metals. Ihepotassium sait, C2H40,KHS03,
erystallises in indistinct needles ; the sodium
sait, CjHjO.NaHSOa + ^H.O, in fineneedles orna-
creous plates ; but the ammonium compound has
the formula C2H4(OH) SOj.NH,. These salts are
almost insoluble in excess of the sulphite, and
separate in the crystalline state ; from them
aldehyde can be obtained by distillation with a
stronger acid or an alkaline carbonate (Bunte, A.
170, 305).

(4) Compound with ammonia:—Aldehyde-
ammonia, C2H4O.NH3, obtained by leading dry
ammonia into aldehyde in ethereal solutionIRIS - LILLIAD - Université Lille 1
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(Liebig, A. 14, 144), crystallises in large rhom-
bohedra, melts at 70°-80°, boils at 100° without
décomposition, and is decomposed into its con¬
stituants on distillation with dilute acids.

(5) Compounds with hydrocyanic acid :—
(Tiemann, B. 14, 1965 ; Streoker, A. 91, 349 ;
Erlenmeyer and Passavant, A. 200,120).

Substitution-dcrivatives. — The action of
chlorine on aldehyde has been studied by Wurtz
(A. 102, 93), Wurtz and Voigt (Bl. 17, 402), and
by Pinner (A. 179, 21). Pinner finds that when
chlorine is passed into ordinary aldehyde at 10°,
metaldehyde and paraldehyde are fivst formed,
and these subsequently yield substitution-deri-
vatives, of which chloral is the chief product,
butyric chloral and dichloraldehyde being formée!
in smaller quantity. The following derivatives
bave been prepared :—Chloraldeliyde,

CH2Cl.CHO + ^H20
(Natterer, M. 3,446); dichloraldehyde, CHCL.CHO
(Grimaux and Adams, Bl. 34, 29) ; trichloralde-
hyde (v. Chloral).

The bromine derivatives have been examined
by Pinner (B. 7, 1499, and l.c.).

ALDEHYDES. The name aldehyde, origi-
nally assigned to the compound obtained by the
limitée! oxidation of ethylic alcohol, has come to
possess a wider signification, and is now used
as a generic term for a elass of organic sub¬
stances which are similarly derived from the
primary alcohols. In composition the aldéhydes
eliffer from the alcohols from which they are
derived by containing two atoms of hydrogen
fewer in the moleeule ; whilst in their chemical
behaviour they ail exhibit the général pro-
perties of the typical member of the sériés,
acetaldehyde.

ALDEHYDINE v. Bore oïl.

ALDEHYDINES. Compounds formed by the
condensation of ortho-diamines with aldéhydes
(Ladenburg, B. 10, 1126).

ALDER BARK. Aune, Fr. ; Erle, Ger. ;
Alnus glutinosa, L. Used for tanning and clyeing.
The percentage of tannin varies from 16 to 18
(Eitner,Zeit. f.d. chem. Grossgew. 3,668 ; 4, 279).

Lamasse states that the tannin is a methyl
tannin like that of the oak, that it gives a red-
disb-blue precipitate with ferrous acetate, an
olive-green precipitate with ferrous sulphate, and
is precipitated by a gum solution.

A solution of the bark is employed for ob-
taining black, greys, and browns on linen ; in
Germany for reds, and in Kamtschatka for
eolouring skins a red tint (Giradin's Chemie,
4, 360).

ALE v. Brewing.
ALEMBROTH, SALT OE. A compound of

mercuric chloride and sal ammoniac
2NH,Cl,HgCl,,H20

formed by mixing the two salts in moleeular
proportions. Also called by the alchemists Sait
of Wisdom.

ALFA v. Halfa.
ALGIE. Varech or Algues, Fr. ; Tange See-

gras or Algen, Ger. A elass of cryptogamous
plants including the seaweeds and the lavers
growing in sea-water, and the fresh-water con-
fervœ. Many of the salt-water species are edible,
none of them is poisonous.

Rhodymenia palmata (dulse, dylish or del-
hsh) and Alaria esculenta (murlins) are used

as food by the peasantry of the Highlands and
of Ireland. Porpliyra laciniata (laciniated
purple laver), very abundant on the British
coasts, is sold in England as laver, in Ireland as
sloke, and in Scotland as slaak. Chondrus
crispus (carrageen, Irish or pearl moss) is col-
lected on the west coast of Ireland, and is fre-
quently used there by painters and plasterers as
a substitute for size. It is also used in making
jeliies, &c., in medicine; and a thick mucilage
scented with some prepared spirit is sold as
'bandolin,' 'fixature,' or ' clysphitique,' andis,
employed for stiflening silks.

Amongst other aigre having an économie
value are Ceylon moss or edible moss (Gracilaria
liclienoides), found in the Indian archipelago ;
the agar-agar of Malacca, or agàl-agal of China,
which is derived from Gracilaria lichenoides,
Eucheuma spinosum and probably other aigre.
The substance is now much used in bacterio-
logieal research as a nutrient jelly ; for gumming
silks, paper, &c., and for making a paste not
liable to be eaten by insects.

Manna, or mannite, can be obtained from
Laminaria saccharina or sugar wrack, found on
sandy shores attached to pebbles.

The following table shows the composi¬
tion of various species of aigre; the quantity
of nitrogen in some of them is remarkably
large.

Alga Water Dry
matter

Per
cent,
nitro¬
gen in

dry
matter

Protein
con¬

tain ed
in dry
matter

Chondrus crispus, bleached.
82-08 9-587from Bewlay Evans 17*92 1-534

Chondrus crispus t bleached
80-21 1-485 9-281second experiment 19-79

Chondrus crispus, un-
78-53 13-387bleached, Ballycastle .

21*47 2-142
Chondrus crispus, un-

bleached, second ex¬
15-687periment 19-96 80-04 2-510

Gigartina mamillosa, Bal¬
78-45 2-198 13-73rlycastle.... 21*55

Laminaria digitata, or
78-62 9-925dulse tangle . 21-38 1-588

Iihodijmenia palmata 16-56 83-44 3-465 21-656

Porphyra laciniata . 17*41 82-59 4-650 29-062

Sarcophyllis edulis .
19-61 80-39 3-088 19-300

Alaria esculenta 17-91 80-09 2-424 15-150

ALGAR0TH, POWDER OF. Powder of Al-
garotti, English Powder. A erystalline oxy-
chloride of antimony, obtained by pouring anti-
mony chloride into hot water. Used in the
préparation of tartar emetic.

ALGAROVILLA. The fruit of the Prosopis
pallida Juga Marthœ, of Santa Martha, in the
province of New Carthagena. The pods contain
large quantifies of tannin, and hence are used for
tanning leather. Algarovilla is said to possess.
more than four times the power of good oak
bark.

ALGIN. A nitrogenous body obtained from
seaweed, somewhat resembling albumen (v.
Ioeine).

ALHAGI MAUR0RUM, JAWASA or TA¬
RANTABIN. An Indian drug, from a species of
leguminosœ, used for rheumatism ; it is a laxa-
tive and diuretic (Ph. [3] 9, 145).
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ALIZARIN AND ALLIED COLOURING
MATTERS. Madder, Rubia tinctoria, which
was for a very long time used on a very large
scale in the ' Turkey-Red ' industry, contains
two colonring matters, alizarin and purpurin,
of which the former is by far the most im¬
portant.

Alizarin is not found ready-formed in the
madder-root, but exists there in the form of a
glueoside called ' rubianic acid ' which when
allowed to ferment, or when boiled with dilute
acid, splits up readily into alizarin and glu¬
cose.

The eolouring matter itself was first isolated
from the madder-root in 1827, by Colin and
Robiquet, who obtained it by extracting ground
madder with hot water and subliming the puri-
fied extraet carefully in a glass tube.

This method of sublimation was not con-

sidered sufficient proof of the existence of alizarin
in madder, and it was not till Dr. Schunek suc-
■ceeded in isolating this substance by chemical
means from the madder extracts used by dyers
that this important point was definitely settled.

In assigning the correct formula to alizarin,
considérable différence of opinion existed at first,
owing no doubt to some extent to the difficulty
experieneed in obtaining alizarin in a condition
pure enough for accurate analysis.

Schunck proposed the formula C]4H10O4,
whilst Strecker believed it to be C10H603 and
related to 'chloroxynaphthalic acid' (ehloro-
.hydroxynaphthaquinone), a derivative of naph-
thalene, since both these substances on oxidation
yield phthalic acid.

Strecker's formula was the more generally
■accepted by chemists, and chloroxynaphthalic
acid was looked upon as being simply chlorinated
alizarinthe, two bodies being thus related:—

C.oH.OlO,
Alizarin Chlorinated alizarin or

Chloroxynaphthalic acid.
In order to prove the relation supposed to

exist between these two substances it was only
necessary to replace the chlorine atom in
chloroxynaphthalic acid by hydrogen, when
alizarin should resuit.

This opération was eventually accomplished
by Martius and Griess who obtained thus a sub¬
stance of the formula C|0H6O3, which was, how-

■ ever, not identical with alizarin, and was there-
fore supposed to be isomeric with it.

Some time after these experiments of Martius
and Griess, Graebe commenced his research on

■ quinones, the working out of which led not only
to results which proved beyond a doubt what the
chemical nature of alizarin really was, but also
eventually resulted in the artificial production of
this important eolouring matter. In pursuing
this investigation Graebe suceeeded in preparing

■ chloranil CSC1402, by treating phénol with potas¬
sium chlorate and hydroehloric acid, and in acting
on this with caustie potash he found that two of
the atoms of chlorine in this compound became
replaced by (OK), producing the potash sait of

• chloranilie acid C„G12(0K),02, a change the
knowledge of which proved to be of the utmost
importance in his subséquent experiments on
the artificial production of alizarin.

Chloroxynaphthalic acid was now considered
by Graebe to be related to naphthalin in much

the same way as chloranil was to benzene, i.e. to
be a derivative of naphthaquinone.

Soon after this the attention of Graebe, in
conjunction with that of Liebermann, was turned
to alizarin, which they also thought might be-
long to the quinone sériés.

In determining the constitution of this sub¬
stance, the first step necessary was to obtain
some information as to the nature of the hydro-
carbon from which alizarin was derived, and
this was done in the following way: Alizarin
prepared from madder was mixed with zinc-dust
and heated strongly in a furnace, according to
Baeyer's method of reducing benzenoid com-
pounds, and in this way a crystalline hydrocarbon
was obtained having the composition C14H1ci which
on examination was found to be identical with
anthracene, a hydrocarbon previously obtained
by Dumas and Laurent from coal-tar. TJsing
the information which had been already obtained
in the research on quinone, Graebe and Lieber¬
mann now assumed that alizarin must be a

dihydroxyquinone of anthracene, the relation
of these substances to one another being easily
seen from the following formula :—-

ChH10 C14HS02 C14HS02(0H)2
Anthracene Anthraquinone Alizarin

Havingthus obtained anthracene from alizarin
it was now only necessary to reverse the opéra¬
tion and convert anthracene into alizarin, and
the problem of the artificial production of a vege-
table eolouring matter would be solved for the first
time.

In 1862 Dr. Anderson, while investigating
anthracene, obtained from it by oxidation a
substance of the formula C14Hs02 which he
named oxanthracene.

In this substance Graebe and Liebermann
recognised the quinone of anthracene (anthra¬
quinone), the first step in the synthesis of alizarin
from anthracene, and in order to convert this
quinone into alizarin ail that was necessary was
to replace two atoms of hydrogen in it by
hydroxyl, an opération which is easily done in
the following way :—

Anthraquinone when heated with two molé¬
cules of bromine in sealed tubes is converted into
dibromanthraquinone, thus :

CI4Hs02 + 2Br2 = C, ,HsBr202 + 2HBr.
This substance when heated with potash ex¬
changes each of its bromine atoms for (OK), yield-
ing the potash sait of alizarin, C14H6(0K)202, a
reaction which is preeisely similar to the forma¬
tion of chloranilate of potash from chloranil as
described above. The potassic alizarate thus ob¬
tained, when decomposed with hydroehloric acid,
yielded alizarin, and thus the problem of the
artificial production of alizarin was solved.

In considering this synthesis, perhaps the
most remarkable fact, from a chemical point of
view, is that, in considération of the number of
possible isomers of alizarin, just that dibrom¬
anthraquinone prepared by Graebe and Lieber¬
mann should on treatment with potash have
yielded alizarin. Had this not been so, the
artificial production of alizarin would no doubt
have been very much delayed.

The great importance of alizarin as a dyeing
agent induced Graebe and Liebermann to patent
this process, which proved, however, to be of no
commercial value, owing to the great expense
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attending the use o£ bromine, and it was there-
fore désirable to find some new method which
would render their discovery important from a
manufacturing point of view.

This was first achieved by "W. H. Perkin1 in
tbe following way :—Sulphuric aeid, as is well
known, forms with many organic bodies corn-
pounds called sulphonic acids, whicli in composi¬
tion simply correspond to the substance acted
on plus sulphuric anhydride.

Thus benzene C6H6 when treated with sul¬
phuric acid yields benzenesulphonic aeid
C6H5S03H. Naphthalene C10H9, naphthalene-
sulphonic acid C10H7SO3H. When fused with
caustic potash these sulphonic acids are split up
into the potassium sait of the eorresponding
phénol and potassium sulphite thus:—

CjHJSOJH + 3KOH = OsH,OK + K2S03 + 2H..O.
Similarly disulphonic acids when fused with
potash are converted into diphenols thus :—

C„H1(S03H);1+6K0H=C,H. ^ + 2K2S03-t-4H20.
In this second example it will be seen that a
body is formed which bears the same relation
to benzene as alizarin does to anthraquinone,
and it was therefore probable that if anthraqui¬
none were subjeeted to a similar sériés of re¬
actions, alizarin would resuit.

The great obstacle to carrying out this
synthesis, in the first instance, was the remark -
able stability of anthraquinone in général and
particularly towards sulphuric acid, which is so
great that it dissolves in moderately hot sul¬
phuric acid without change, and crystallises out
again in needles on cooling.

When, however, a mixture of anthraquinone
and sulphuric acid was heated very strongly, com-
bination did eventually take place, the product
becoming perfectly soluble in water, the solu¬
tion now containingmono- and disulphonic acids
of anthraquinone.

After removing the excess of sulphuric acid
from the new product it was mixed with caustic
potash, and heated to about 180°C.

During the heating the melt became darker
anddarkerin colour, and eventually almost black,
and on dissolving this in water a rich purple
solution was obtained which when acidified with
dilute sulphuric acid gave a copious precipitate
of alizarin.

The great obstacle to the préparation of
alizarin—viz. the use of bromine—was thus re-

moved, and, as the future lias proved, a process
liad been obtained by which this colouring
matter could be manufactured in quantity and
at a price so cheap as entirely to supersede the
old method of dyeing with the madder root.

Another process for the manufacture of arti-
ficial alizarin shortly afterwards discovered by
W. H. Perkin, and largely used by him on a
manufacturing seale, is the following:—

Anthracene is treated with chlorine and
thus converted into a beautifully crystalline com-
pound called dichloranthraeene C„HSC12.

This substance combines with Nordhausen
sulphuric acid, forming a bright-green solution,
which contains a sulphonic acid of dichloran¬
thraeene. When heated with sulphuric acid

1 It sliould be mentioned here tbat wliile these experi-
tnents were in progress, Caro, G-raebe and Liebermann
were investigating the same reaction in Germany.

Vol. I,—t

this substance undergoes a remarkable change,
hydrochlorie acid and sulphurous acid are-
evolved, and a disulphonic acid of anthraquinone
formed thus : —

GHH8Cl2(SOaH)2 + H„S04
Dichloranthracene-disulplionic acid

= C14H802(S03H)2 + 2HC1 + S02.
Anthraquinone disulphonic acid

This anthraquinone disulphonic acid when
fused with potash yields alizarin.

Alizarin and the other colouring matters of,
this class will not dye unprepared fabrics ;
these must first of ail be mordanted.

The mordants used in this case consist of
metallic hydroxides—e.g. of aluminium, iron,
and chromium. Chloride of tiu (tin crystals) is
also extensively employed.

With alumina mordants alizarin produces
sliades of red and pink; with iron mordants,
shades of black and purple ; with chromium
mordants, a dull purple ; and with tin crystals a
bright yellowish orange. These mordants may
also be mixed and thus a large variety of différent
shades produced. A description of the method
of application of these various mordants and the
processes employed in dyeing with alizarin will
be found in tlie article Dyeino.

Sinee the first production of artificial alizarin
on the large scale, the study of this substance
and of the various colouring matters related to
it lias received a large amount of attention at
the hands of chemists, the resuit being that a
considérable number of derivatives of anthra¬
quinone have been prepared and examined.

Most of these are either colouring matters
themselves, or easily converted into such, several
of them being obtained on the large seale in the
manufacture of alizarin.

These derivatives may be divided under the
following lieads :—

(1) Sulphonic acids of anthraquinone.
(2) Monohydroxyanthraquinones.
(3 ) Dihydroxyanthraquinones.
(4) Trihydroxyanthraquinones.
In this article are also ineluded the two dyeing

matters, Galleïn and Cœruleïn, which althougb
not aetually anthracene derivatives are very
closely allied to these.

Sulphonic acids of anthraquinone.
1. Anthraquinone-m-sulphonie acid

C6H4<°°>C8H3(S03H).
This acid is formed together with a certain
amount of anthraquinone disulphonic acid by
heating anthraquinone with fuming sulphuric
acid to 170° or with ordinary sulphuric acid to
250°-260°.

In preparing it a mixture of one part of
fuming sulphuric acid (containing 40-50 p.c.
anhydride) and 1-1^ parts of anthraquinone is
gradually heated to about 170° and kept at this
température for eight or ten hours, the whole
being well stirred during the opération.

The product thus formed consists chiefly of
the mono-sulphonic acid together with a little
disulphonic acid and unchanged anthraquinone.
On diluting with water the anthraquinone sépa¬
râtes out, and ean easily be filtered off, leaving
the sulphonic acids in solution. In order to sepa-
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rate the mono- fromthe disulphonic acid the olear
filtrate is neutralised with carbonate of soda (or
caustic soda). This causes the difficultly soluble
sodium sait of anthraquinone monosulphonic
acid to separate out, leaving the easily soluble
sait of the disulphonic acid in solution.

The pasty mass obtained on neutralising
with soda is thoroughly pressed, washed with a
little water, and then, if requiredpure, recrystal-
lised from this solvent. In this way a beauti-
ful brilliant-white scaly crystalline mass is ob¬
tained, which consists of pure sodic anthra¬
quinone monosulphonate, the so-called ' silver-
salt ' of the alizarin manufacturer.

The free acid obtained by the addition of an
acid to the soda sait crystallises in plates. It
is very easily soluble in cold water and aleoliol,
but almost insoluble in ether.

When fused with caustic soda, this acid (or
rather its soda sait) gives first hydroxyanthra-

co
quinone C6H4<^^,q^>CsH3OH,and then alizarin;
and, as will be shown later on, alizarin, when
prepared on a manufacturing scale, is invariably
formed from the monosulphonic acid of anthra¬
quinone, not from the disulphonic acid as might
be expected. The reason for this is that on
fusing hydroxyanthraquinone with caustic soda,
a continuous process of oxidation and réduction
is carried on, the change being represented by
the following équation :—

C, 4H7(ONa)0, + NaOH + 0
Sodium monohydroxyanthraquinonate

= C»H<ONa)°*+OH*
Sodium alizarate

the oxygen being supplied at the expense of a
part of the hydroxyanthraquinonewhich is there-
by reduced to anthraquinone. On the large scale
this réduction is prevented by the use of chlorate
of potash in the fusion.

Literature.—Graebe and Liebermann (A. 160,
131 ; 212, 44 ; B. 7, 805).

Anthraquinone disulphonic acids
.COC6H4<qq>C6H,(S03H)2

When anthraquinone is heated to a high tem¬
pérature with 2 or 3 parts of ordinary or better
fuming sulphuric acid, a mixture of a- and /3-
anthraquinone disulphonic acid is obtained,
which can be separated by fractional crystallisa-
tion of the sodium salts.

Préparation.—1. A mixture of 10 kilos of
anthraquinone and 20 to 30 kilos of fuming sul¬
phuric acid is heated to a température of 160°-
170° until a sample taken out is found to dis¬

solve completely in water. The product is then
heated another hour to convert any mono- into
disulphonic acid, poured into water, neutralised
with caustic soda, and evaporated.— 2. 10 kilos
of anthraquinone, 12 kilos of hydrogen sodium
sulphate, and 40 kilos of ordinary concentrated
sulphuric acid are heated in pressure tubes for
five or six hours to 260°, the product treated
with water, and the acids converted into sodium
salts as above.

In concentrating the solution of the sodium
sait obtained by eitherof the above methods, the
sodium sait of the o-acid crystallises out first, the
more readily soluble sait of the f)-aeid remaining
in the mother-liquors, and thus by repeated
recrystallisation, the two acids are easily sepa¬
rated from one another.

The free acids obtained by decomposing the
salts by an acid are both readily soluble in
alcohol and water, but insoluble in ether and
benzene, the a-acid crystallises in small yellow
crystals, the Aacid in beautiful yellow plates.

The salts of the a-acid are sparingly soluble
in water and crystallise with difficulty, those of
the j3-acid are readily soluble and crystallise
with the greatest ease.

Besides these two important acids, two
further disulphonic acids of anthraquinone are
known—viz., x-anthraquinone disulphonic acid
and p-anthraquinone disulphonic acid.

Literature.—Schultz (Chemie des Stein-
kohlenheers, 709,712) ; Perkin (C. J. 1870, 133);
Graebe and Liebermann (A. 160, 134).

X-Anthraquinone disulphonic acid. This
acid is formed by treating sodium a-anthraeene
disulphonate with nitric acid. The sodium sait
crystallises in yellowprisms, which are sparingly
soluble in water. On fusing with potash this
sait yields chrysazin C14H6(0H)203, hydroxy-
chrysazin C,4H5(0H)302, m-hydroxybenzoic acid,
and salicylic acid.

Literature.—Liebermann and Dehnst (B. 12,
1288).

p-Anthraquinone disulphonic acid is ob¬
tained by oxidising ^-anthracene disulphonic
acid, The soda saitcrystallises in leather-yellow
plates, which are easily soluble in water. On
fusing with potash it yields anthrarufin

(0H).C6H3<°°>C6H3(0H),
hydroxychrysazin CJ4H3(0H3)02, m- and o-
hydroxybenzoic acids.

Literature.—Liebermann and Dehnst (Z.c.).
The relation of the various colouring matters

of this group to anthracene, anthraquinone, and
its sulphonic acids is easily understood from the
following table (Schultz) :—

Anthracene

. I
Anthraquinone

I

Monosulphonic acid

(a- & /3-) Anthracene disulphonic acids

(a- & /8-) Disulphonic acids (X- & p-) Disulphonic acids
« P X P

I III-
m-Hydroxyanthraquinone Anthraflavic acid Isoanthraflavic acid Chrysazin Anthrarufin

. I . I I I I
Alizarin Blavopurpurin Isopurpurin Hydroxyehrys- (Hydroxyan-
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The beliaviour of the anthraquinone disul¬
phonic acids on fusion with potash is exactly
similar to that of the monosulphonic acid. Just
as this aoid on fusion with potash is first con¬
verted into monohydroxyanthraquinone and
then by oxidation into dihydroxyanthraquinone
(alizarin), so the anthraquinone disulphonic
acids in the first place yield the corresponding
dibydroxyanthraquinones, whioh then by the
further action of the potash are converted into
trihydroxyanthraquinones.

Hydroxyanthraquinones.
I. Monohydroxyanthraquinones

g«h<co>c«h3gh.
o-Hydroxyanthraquinone Erythroxyanthra-

quinone). This substance is formed together
with m-hydfoxyanthraquinone by strongly heat-
ing a mixture of phénol and phthalic anhydride
with sulphurie acid.

C#H4<qq>°+C6Hs0H= C6H4<QQ>Cbh3( OH)+Ha0.
Also by heating o-bromanthraquinone with
potash to 160°.

o-Hydioxyanthraquinone crystallises from
alcohol in orange-red needles, which melt at
190°. When fused with potash it gives alizarin.

Literaturc.—Baeyer and Caro (B. 7, 969) ;
Pechmann (B. 12, 2128).

m-Hydroxyanthraquinone is easily prepared
by melting anthraquinone sulphonic acid or m-
bromanthraquinone with potash. Synthetically
it has been prepared (together with o-hydroxyan-
thraquinone) by heating together phthalic anhy¬
dride, phénol and sulphurie acid (v. supra). It
crystallises from alcohol in yellow plates, which
melt at 323°, and sublimes readily at a higher
température. When fused with potash it is
converted into alizarin. A mixture of o- and m-

hydroxyanthraquinone can easily be resolved into
its constituents by means of baryta water, with
which o-hydroxyanthraquinone forms an in¬
soluble eompound, whereas the barium sait of m-
hydroxyanthraquinone is readily soluble.

Literaturc.— Graebe and Liebermann (A. 1G0,
141); Baeyer and Caro (B. 7, 969).

Dihydroxyanthraquinones.
Alizarin (1, 2) Dihydroxyanthraquinone

C«H<C0>C'H<£!(2)-
Alizarin occurs in madder (the root of Bubia
tinctoria) as rubianie acid, and is obtained
from this glucoside either by the action of a fer¬
ment, or by treatment with a dilute acid :—

C.^O,, + 2H20 = C14H804 + 2CaH1206.
Rubianie acid Alizarin Glucose

Alizarin is prepared artificially by fusing dichlor-
antliraquinone, dibromanthraquinone, anthra¬
quinone, mono- or disulphonic acids with potash.
It is produced synthetically when a mixture of
pyrocatechol and phthalic anhydride is heated
with sulphurie acid to 140° :—

C«H<OH(2) + C^<œ>°
Pyrocatechol Phthalic anhydride

= C»H4<°°>C8H2<°ggj + H20.
Alizarin

Purification of artificial alizarin. Com¬
mercial alizarin contains as impurities hydroxy¬

anthraquinone, anthrapurpurin, fiavopurpurin,
and small quantifies of otlîer colouring matters.

In order to separate the alizarin from these,
the crude commercial product is dissolved in
dilute caustic soda, and the solution treated with
carbonic acid until two-thirds of the colouring
matter has been precipitated as acid sodium sait.
The precipitate is collected, washed with water,
deeomposed with hydrochloric acid, the crude
alizarin thus obtained dissolved in caustic soda,
and the treatment with carbonic acid repeated
twice more.

The purified product is then boiled with
baryta water to remove hydroxyanthraquinone
andanthraflavic acid (which dissolve), the barium
sait of alizarin is collected, washed, deeomposed
by hydrochloric acid, and the alizarin either sub-
limed or recrystallised from alcohol.

Alizarin crystallises from alcohol in red
needles or prisms, which melt at 282°, and sub¬
lime at a higher température. With care alizarin
can be sublimed in magnificent deep-red prisms,
which, if the opération be performed on a large
scale, may be obtained over an inch in length.

It dissolves in alkalis with a purple colour,
and is eompletely precipitated from this solution
by the addition of lime or baryta in the form of
a blue precipitate of the calcium or barium sait.
Heated with acetic anhydride to 160° alizarin
forms a diacetyl eompound C14H602(C2Ha0)„02,
which crystallises from alcohol in long yellow
needles, melting at 160°. When treated with
nitrous acid alizarin yields anthraquinone.-
Nitric acid acts violently on alizarin with évolu¬
tion of red vapours and formation of phthalic
and oxalic acids. Distillation with zinc reduces
alizarin to anthracene.

Salts of alizarin. Calcium alizarate
CaC„H604 + H20

is precipitated by adding calcium chloride to an
ammoniacal solution of alizarin as a purple
mass. Barium alizarate BaCHHa04 + H20 is
prepared, like the calcium sait, by mixing an
alkaline solution of alizarinwith barium chloride.
It is deep-violet when moist, almost black when
dry, and very sparingly soluble in water. Alum¬
inium alizarate (C14H602)3A1206(?) is obtained by
precipitating an alkaline solution of alizarin with
alum or aluminium hydroxide. It is a very fine
red, or rose-red precipitate. Lead alizarate
C,,Ha04Pb is obtained by mixing an alcoholic
solution of alizarin with an alcoholic solution
of sugar of lead.

Alizarin can readily be detected by means of
the spectroscope, as it gives in alkaline solution
two sharp absorption bands, one at d and one
near c, as will readily be seen from the accom-
panying figure, which shows the absorption
speetrum of a solution of alizarin in alcoholic
potash.

A tt B C □ Et F G

Literaturc. — Anderson (J. 1847-48, 749) ;
Stenhouse (J. 1864, 543) ; Rochleder (B. 3, 295) ;
Perkin (C. J. 23, 141) ; Graebe and Lieber¬
mann (A. Suppl. 7, 300 ; B. 3, 359) ; Baeyer and
Caro (B. 7, 972) ; Liebermann (A. 183, 206) ;
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Liebermann and Dehnst (B. 12,1293) ; Schunck
(A. 66, 187) ; Wolff and Streoker (A. 75, 8).

Derivatives of alizarin. When treated with
the ordinary re-agents, such as bromine, nitrio
aoid, &o., alizarin forms a variety of valuable
substitution products, some of which are used to
a considérable extent as dyeing agents. Tlie
most important of these are the following :—

Monobromalizarin C6H4<^Q>C6HBr(OH)2.
This substance is prepared by heating alizarin
with bromine and bisulphide of carbon to 180°-
190° for four or five hours.

It crystallises from glacial acetie acid in
orange-coloured needles which, when lieated,
first melt to an orange-coloured liquid and then
sublime in orange-red needles.

As a dyeing agent, monobromalizarin retains
ail the properties of combining with mordants
possessed by alizarin, and the colours produced
appear to be equally fast. The shade of eolour
produced is, however, not the same, the reds
being less purple, and the purples less blue than
those produced by alizarin.

Litarature.—Perkin (C.J. 27, 401)
a Nitroalizarin CJ4H7(N02)04. This sub¬

stance is obtained by treating diacetyl alizarin
with nitric acid.

Préparation.—Diacetylalizarin in fine powder
is gradually added to nitric acid (sp.gr. 1-5)
cooled with ice. The resulting dark.-red-coloured
liquid is poured into an excess of water, and the
yellow precipitate, thus formed, is colleeted, well
washed with cold water, and then boiled with
water to dissolve out a small quantity of an
orange-coloured secondary product. The residue
is dissolved in hot dilute caustic potash, the
resulting blue-violet solution acidified with
liydrochloric acid, and thé precipitate reerystal-
lised from alcohol. a-Nitroalizarin crystallises
from alcohol or glacial acetic acid in golden
yellow needles. It dissolves in caustic alkali
with a blue-violet colour, but if only a minute
quantity of alkali is employed the solution is of
a fine crimson colour. The alkaline solution
gives two absorption bands similar to alizarin.
Nitroalizarin is easily redueed in alkaline solu¬
tion with sodium amalgam, amidoalizarin
CI4H7(NH2)04 resulting.

a-Amidoaiizarin crystallises from alcohol in
small needles of a nearly black colour, but pos-
sessing a slight greenish metallic reflection. Its
alcoholic solution gives two absorption bands ;
the first is a little beyond d and the second near
e. There is also a faint line close to e.

Dyeing Properties of a-Nitro- and a-Amido-
alizarin. These colouring matters possess the
power of dyeing ordinary madder mordants.
a-Nitroalizarin gives with alumina mordants
very clear orange-red colours, not unlike some
of the colours produced with aurine, and with
iron mordants reddish-purple colours. Amido¬
alizarin gives with alumina mordants purple
colours, and with iron a bluish or steel-like
colour. The great beauty of the colours pro¬
duced by a-nitroalizarin makes it a most valuable
dyeing agent. It is, however, not manufactured
on the large scale, owing to the expense atten¬
dant on its préparation, and up till now no
cheaper method has been found for producing it
than the above.

Litcraturc.—Perkin (C. J. 30, 578).
/3-Nitroalizarin

C6H4<^°>C6H(N02) (0H).,(0H:0H:N02 = 1:2:3),
/3-Nitroalizarin is prepared by the action of
nitrous fumes or nitric acid on alizarin, and also
by boiling dinitro-m-hydroxyanthraquinone

C14H5(0H)(N02)202
with caustic soda (20 p.c.).

Préparation.—1 part of alizarin suspende!
in 10 parts of glacial acetic acid is carefully
mixed with 0-7 parts of nitric acid (of 42°B.).

The mixture is allowed to stand at the ordi¬
nary température until the precipitate, on ex-
animation with the spectroscope, is found to
contain no more alizarin. The whole is then
filtered, the residue dissolved in warm dilute
potash solution, reprecipitated with hydrochlorio
acid, and the crude nitroalizarin purified by re.
crystallisation from glacial acetic acid. /3-Nitro-
alizarin crystallises in orange-yellow needles
which melt with décomposition at 244°. When
carefully heated it sublimes, with a good deal of
décomposition, in yellow needles. Dissolved in
alkalis it forms a purple solution ; the sodium sait
is insoluble in an excess of caustic soda. The
calcium sait is an insoluble violet-red precipitate,
which is not decomposed by carbonic acid (dis¬
tinction from alizarin). Treated with glyeerin
and sulphuric acid, <8-nitroalizarin is converted
into alizarin blue.

The diacetate of /3-nitroalizarin crystallises
in yellow needles melting at 218°.

/3-Nitroalizarin is prepared on the large scale,
and cornes into the market under the name of
' Alizarin orange.' In dyeing it is applied to
the various fibres in the same way as alizarin ;
but although it yields fast colours, it has as
yet found only comparatively limited employ-
ment. Applied to wool it gives the following
shades :—

With an aluminium mordant it yields a very
good orange ; with stannous chloride mordant a
reddish or yellowish orange according to the
amount of mordant used ; with copper sulphate
mordant a good reddish-brown is obtained ; with
ferrous sulphate a purplish-brown; and with
bichromate of potash a dull brownish-red.

Literature. — Rosenstiehl (Bl. 26, 63);
Schunck and Boemer (B. 12, 584) ; Simon (B. 15,
692).

Alizarin blue

m /CH=CH
C17H9N04 = C6H4<^>C6(OH)/'AJ XN = CH

(OH:OH:N:CH = 1:2:3:4).
This important colouring matter, discovered by
Prud'homme, is obtained by treating /3-nitro-
alizai'in with glyeerin and sulphuric acid. Its
ehemical constitution was first demonstrated by
Graebe, who showed that this substance was
related to alizarin in precisely the same way as
quinoline is to benzene, i.e. that alizarin blue is
a quinoline of alizarin.

Préparation.—1 part of /3-nitroalizarin, 5
parts sulphuric acid, and II glyeerin (of sp.gr.
1-262) are mixed and gently heated.

At 107° the reaction commences and soon

becomes very violent, the température rising to
200°. After the frothing has subsided, the mass
is poured into water, the product well boiled,
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filtered, and the rosidue extracted three or four
times with very dilute sulpiiuric acid. The
combined extracts on cooling deposit the crude
alizarin blue sulpliate in brown crystals. These
are collected, washed with water till neutral,
mixed with water, and borax added until the
solution becomes brownish-violet. The precipi-
tate thus formed is filtered oiï, washed with
water, and decomposed with a dilute aeid, the
crude alizarin blue thus obtained being purified
by recrystallisation from benzene or glacial
acetic acid.

Alizarin blue crystallises from benzene in
brownish-violet needles which melt at 270°, and
at a higher température gives oiï orange-red
vapours which condense in the form of blue
needles.

It is insoluble in water, sparingly soluble in
alcohol and ether, more readily soluble in hot
benzene. It dissolves in ammonia, potash or
soda, forming blue solutions which become green
when mixed with an excess of alkali.

Alizarin blue combines with both bases and

The barium sait BaC1IHrNOj!BaO+ |H.,0 is
a greenish-blue precipitate. The following salts
of alizarin blue with acids have been pre-
pared:—

CuïïjNOjHCl is a red crystalline precipitate
formed by passing dry hydrochloric acid gas
through a solution of alizarin blue in boiling
benzene. When treated with water it is com-

pletely decomposed into its constituents. The
sulphate crystallises in red needles. The acetate
C,;H,iN01C2H402 crystallises in blue plates.

Alizarin blue also combines witlî picric acid
forming a compound C1,H,lN01.CeH3(N02)20
which crystallises from benzene in long orange-
red prisms melting at 245°. This compound is
completely decomposed by water. One of the
most important compounds of alizarin blue is
the sodium bisulphite compound

C1IH8N04.2NaHS0s.
This product is manufactured on the large scale
and sold under the name of ' Alizarin Blue S.'
It dissolves readily in water, with a brownish-red
colour. Alizarin blue is met with in commerce

in two forms, viz. as a paste containing about 10
p.c. of dry substance, and as a powder under the
name of Alizarin Blue S. The former is nearly
insoluble in water, while the latter, which is the
bisulphite compound (described above), dis¬
solves readily. This soluble kind is now alrnost
entirely used in dyeing. In dyeing cotton with
alizarin blue a chromium mordant is used, but
in the case of wool, bichromate of potash gives
the best results.

Alizarin blue with an alumina or iron mor¬

dant is also used for dyeing silk.
Alizarin blue is used largely as a substitute

for indigo in calico-printing works. It is one of
the most stable colouring matters, and is even
said to be faster than indigo itself.

Literature.—Prud'homme (Bl. 28,62) ; Graebe
(A. 201, 333); Auerbach (C. J. 35, 800).

(1, 3) Dihydroxyanthraquinone Purpuroxan¬
thin C6H4<^CQ^>CcH2<^yH|3|.
Purpuroxanthin exists in small quantities in
madder. It can be prepared by heating purpurin

C14H3(0H)302 with iodide of phosphorus and
water, or more readily by boiling purpurin with
caustic soda and chloride of tin.

Préparation. — Purpurin is dissolved in a
boiling solution of caustic soda (10 p.c.), and
chloride of tin added until the solution loses its
deep-red tint and becomes of a yellow colour.
Hydrochloric acid is then added, the precipitate
washed with strong hydrochloric acid, dissolved
in baryta water, reprecipitated with hydrochloric
acid and crystallised from alcohol.

Purpuroxanthin crystallises in reddish-yellow
needles which melt at 2G2°-263°. It dissolves in
alkalis with a reddish colour. If the solution
in caustic potash be boiled in the air, it absorbs
oxygen, the purpuroxanthin being reconverted
into purpurin.

Literature. — Schiitzenberger and Schiffert
(Bl. 4, 12).

(1, 4) Dihydroxyanthraquinone Quinizarin
n TT /C0V TT /OH(l)

6 a\OH(4),
is obtained by heating a mixture of quinol
(or p-chlorphenol) and phthalic anhydride with
sulphuric acid.

CA<CO>0 + C«H<SI(l)
= c«h-<C0>C°H2<0H(4) + Hï°"

Préparation.—Equal parts of p-chlorphenol
and phthalic anhydride are heated to 200°-210°
for some hours, with ten times as much sul¬
phuric acid as chlorphenol used. The product
is poured into two or three times its volume of
water, and after standing for twenty-four hours,
the precipitate is filtered oiï, washed and
pressed.

The crude product is then boiled with water
to free it from phthalic acid, dissolved in caustic
soda, precipitated with hydrochloric acid and re-
crystallised from alcohol. In order to remove a
small quantity of purpurin, which is nearly
always présent, the crude quinizarin is then
washed with cold dilute caustic soda as long as
the solution is coloured red, and the residue re-
crystallised from toluene.

Quinizarin crystallises from alcohol in red
needles which melt at 192°-193°, and sublime at a
high température with partial décomposition.
It dissolves readily in benzene. The solutions in
ether and sulphuric acid are characterised by a
beautiful greenish-yellow fluorescence. Quin¬
izarin dissolves in baryta, forming a blue solu¬
tion from which it is reprecipitated on passing
carbonic acid (distinction from alizarin).

When fused with potash it is converted into
hydroxychrysazin C]4Hs05. Quinizarin forms a
diacetate which melts at 200°.

Literature.—Baeyer and Caro (B. 8, 152) ;
Schunck and Boemer (B. 10, 554).

Anthrafiavic acid OH.C(iH3<^°>CliH3.OH.
Anthrafiavic acid is prepared by fusing a-anthra-
quinone disulphonic acid with potash, and is
therefore nearly always présent in artifieial
alizarin. Synthetieally it has been obtained by
heating m-hydroxybenzoic acid with sulphuric
acid to 190°.

20H.C„H4.C00H
= OH.C6H3<qq>C8H,.OH + H20.
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This mode of formation proves that this sub¬
stance contains the two hydroxyl groups in
différent benzene rings.

Anthraflavic acid crystallises from alcohol in
yellow needles which melt above 330°. The pure
substance when carefully lieated sublimes par-
tially in yellow needles, leaving a considérable
quantity of a carbonaceous residue. Anthraflavic
acid does not dye mordanted clotli. It dissolves
in alkalis forming a yellowish-red solution, and
in sulphuric acid forming a green solution, the
absorption spectrum of which shows a broad
band between the blue and the green. Anthra¬
flavic acid forms a number of salts of which the
sodium sait is the most charaeteristic. This sait
is sparingly soluble in water, and is remarkable
for the ease with which it crystallises ; this dis-
tinguishes it from isoanthraflavie acid, and gives
a ready means of separating these two substances.
When treated with acetic anhydride, anthra¬
flavic acid forms a diacetate melting at 228°-229°.

Literature.—Perkin (C. J. 1S71, 24, 1109 ;
26, 19); Schunck and Iloemer (B. 9,379; 11,
970) ; Liebermann (B. 5, 968) ; Rosenstiehl (Bl.
29, 401-434) ; Barth and Senhofer (B. 170,100).

Isoanthraflavie acid C14H804 is formed when
i8-anthraquinone disulphonic acid is fused with
potash, and is therefore always contained in
crude alizarin. In preparing it, crude alizarin is
dissolved in dilute caustic soda, the solution pre-
cipitated with hydrochloric acid, and the pre-
cipitate dissolved in coldbarytawater andfiltered.
(In this way isoanthraflavie acid, which forms
a soluble baryta compound, is easily separated
from alizarin, anthrapurpurin, and anthraflavic
acid, which y ield insoluble barium compounds.)
The filtrate is treated with hydrochloric acid
and the precipitate recrystallised from alcohol.
Anthraflavic acid crystallises in long yellow
needles, containing 1 mol. H20, which can be
driven oif at 150°. It melts above 330° and sub¬
limes at a high température in lustrous yellow
needles. It dissolves easily in alkalis forming a
deep-red solution, but it does not dye mordanted
cloth. Fused with potash isoanthraflavie acid
yields anthrapurpurin.

The diacetate of isoanthraflavie acid melts at
195°.

Literature.—Schunck andRoemer (B. 9, 379).
Anthrarufin (1:4') Lïhydroxyanthraqiùnone

(4)(OH)CdH3<°°>C8H3(OH)(l).
Anthrarufin is formed together with anthra¬
flavic acid and metabenzdioxyanthraquinone by
heating m-oxybenzoie acid with sulphuric acid.

2(OH)CliHJ.COOH
= (4)OH.CdH3<°°>C6H3OH.(l) + 2HzO.

It may also be obtained by fusing o-anthra-
quinonedisulphonic acid with potash. Anthra¬
rufin crystallises in yellow needles which melt
at 280°, and sublime easily at a higher tempéra¬
ture (distinction from anthraflavic acid), It
dissolves with difficulty in ammonia and soda,
but more readily in potash.

Anthrarufin dissolves in sulphuric acid,
forming a deep-red solution, the colour of which
is so intense that it is still easily apparent in
solutions containing only 1 part in 10,000,000.

Anthrarufin forms a diacetate which melts
at 244°-245°.

Literature.—Schunck and Roemer (B. 11,
1170) ; Liebermann and Dehnst (B. 12, 1289).

Metabenzdihydroxyanthraquinone C|4Hs0,
is formed together with anthraflavic acid and an¬
thrarufin by heating m-hydroxybenzoic acid with
sulphuric acid (v. supra). It is separated from
these by treatment with benzene and subséquent
recrystallisation from dilute alcohol. Meta¬
benzdihydroxyanthraquinone forms yellowish
needles which melt at 291°-293°, and sublime at
a higher température almost without décom¬
position. It dissolves in alkalis with a dark-
yellow colour, and in concentrated sulphuric
acid, forming a brownish-yellow solution, which
shows no absorption bands.

The diacetate of metabenzdihydroxyanthra¬
quinone melts at 199°.

Literature.—Schunck and Roemer (B. 10,
1225) ; Rosenstiehl (B. 9, 946).

(1, 1' or 1, 3') Dihydroxyanthraquinone
(Clirysazin) is formed by fusing x-anthraquinone-
disulphonic acid with potash, or by treating
hydrochrysamid C, 4H.,(NH,)4(0H)30.2 with nitrous
acid and alcohol. (N.B. Hydrochrysamid is
obtained by the réduction of chrysammic acid
Cl4H4(N02)404, which isthe product of the action
of nitric acid on aloes.)

Clirysazin forms reddish-brown needles
which melt at 191°. It dissolves in alkalis aud
sulphuric acid, with a red colour. Its diacetate
melts at 227°-232°.

Literature.—Liebermann (A. 183, 184).
Frangulic acid C14Hs04. The glucoside

frangulin when boiled with dilute acids is con-
verted into frangulic acid and sugar, thus

C20H20O,0 = C14Hs04 + CsH1206.
Frangulin Frangulic

acid

It crystallises from alcohol in yellowish-red
needles, which melt at 252°-254°, and sublime
readily on further heating with slight décom¬
position. It dissolves in alkalis forming a
eherry-red solution. Its diacetate melts at 184°.

Literature.—Faust (A. 165, 231).
Trihydroxyanthraquinones.

Anthrapurpurin. Isopurpurin. Hydroxy-
isoanthraflavie acid.

(OH).CflH3<gO>CeH2jOH) g).
This important colouring matter is contained

in crude artificial alizarin. It is formed by fusing
/3-anthraquinonedisulphonic acid, isoanthra¬
flavie acid, metabenzdihydroxyanthraquinone,
or o-dibromanthraquinone with potash.

The préparation of this substance is a some-
what tedious proeess dépendent on the fact that
anthrapurpurin difïers from alizarin, in the
behaviour of its alumina lake. The former, on
treatment with an alkaline carbonate, is dis¬
solved, whilst the alizarin lake remains un-
attacked. The solution containing the anthra¬
purpurin is filtered from the alizarin lake, heated
to boiling, and acidified with hydrochloric acid.
The anthrapurpurin thus obtained is purified by
conversion into its difficultly soluble sodium
compound, and from this, by précipitation with
barium chloride, the barium sait is obtained which
is decomposed with hydrochloric acid. The pre¬
cipitate is colleeted on a filter, well washed with
water and recrystallised from glacial acetic acid.
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Anthrapurpurin crystallises in orange-
coloured needies which melt above 330°, and,
when carefully lieated, sublime in long red
needies. It dissolves in alkalis witli a violet
colour ; the solution shows the same absorption
spectrum as alizarin.

With aoetio anhydride anthrapurpurin forms
a triacetate C14H5(C2H30)305, which crystallises
in yellow needies, melting at 220°. When heated
with ammonia, anthrapurpurin is eonverted into
anthrapurpurinamide C14H5(NH2) (0H)202.

Anthrapurpurin has the same afflnity for
mordants as alizarin ; the colours it produces
are also analogous to some extent, as it produces
reds with alumina, purples and blacks with iron
mordants. There is, however, a considérable
différence in the shade of colour produced, the
reds being much purer and less blue than those
of alizarin, whilst the purples are bluer and the
b'iacks more intense. When used in Turkey-red
dyeing it produces very brilliant colours of a
scarlet shade, which are of remarkable per¬
manence.

Literature.—Perkin, 25, 659 ; 26, 425 ; 29,
851 ; Caro (B. 9, 682) ; Schunck and Roemer
(B. 9, 679 ; 10, 972, 1823 ; 13, 42) ; Rosenstiehl
(Bl. 29, 405) ; Auerbach (J. 1874, 488).

Purpurin

C,H4<çq>C6H(OH)3 (OH : OH : OH = 1 : 2 : 4).
Purpurin oceurs along with alizarin in

madder, probably as glucoside. In order to
separate it from alizarin, the mixture of the two
substances is repeatedly recrystallised from a
hot solution of alum, in which purpurin is more
soluble than alizarin, or the mixture is dissolved
in caustic soda and the solution saturated with
carbonic acid. This précipitâtes the alizarin,
but not the purpurin.

Purpurin crystallises from dilute aleohol in
long orange-coloured needies which contain
1 mol. H20. The pure substance begins to
sublime at 150°, and melts at 253°. It is
slightly soluble in water, forming a deep yellow
solution ; in alkalis it dissolves with a purple-
red colour ; in alkaline carbonates with a red
colour. The solution in alkalis shows two
marked absorption bands in the green. Purpurin
also dissolves readily in ether, earbon bisulphide,
benzene, and acetic acid ; these solutions give
two absorption bands, one at F and the other
near e ; the solution in sulphuric acid shows
another line in the yellow. Under the influence
of reducing agents purpurin is eonverted into
purpuroxanthin ChH804 ; when boiled with
acetic anhydride it yields a triacetate,

GuH,(C,H,0),05,
which crystallises in yellow needies, melting at
192°-193°.

Aqueous ammonia at 150° eonverts purpurin
into purpurinamide,

C6Hj<°°>C.H(NH2)(OH)2 (OH : OH : NH2
= 1:3:4),

which, when boiled with ethyl nitrite, yields
purpuroxanthin, C8H4<^QQ^>C6H..Qg |g|.

Purpurin dyes fabrics much in the same way
as alizarin and anthrapurpurin, there being,
however, a différence in the sliades, The reds
produced by purpurin are much yellower,. and

the browns (with chrome mordant) much more
intense than are produced either by alizarin or
anthrapurpurin.

The following figure shows the absorption
spectrum of a solution of purpurin in aluminium
sulphate :—

Al BC D El) F G

Flavopurpurin OH.CfiH3<^pQ^>C6H2|Qpjj.
Flavopurpurin occurs in commercial artificial
alizarin, but is with difficulty isolated from this
produet, owing to the fact that its chemical
properties agree so closely with those of anthra¬
purpurin, which is also nearly always présent
in artificial alizarin, that it can only with
difficulty be separated from this substance.

It is prepared by fusing /3-anthraquinone-
disulphonic acid or antliraflavic acid with potash.

Flavopurpurin crystallises from aleohol in
anhydrous yellow needies, sparingly soluble in
water, but readily soluble in cold aleohol. Its
melting-point lies above 330°.

It dissolves in caustic alkalis with a purple
colour ; the solution shows two absorption bands,
one in the blue and the other near the red, but
a little further removed than the alizarin band.

Flavopurpurin dyes mordanted fabrics simi-
larly to alizarin, there being, however, a slight
différence in the shades produced. The red
shade is somewhat duller and yellower; the
brown shade is also yellower. Flavopurpurin
dyes wool mordanted with tin crystals and
cream of tartar a bright yellowish orange:

When heated with acetic anhydride, flavo¬
purpurin yields a triacetate C14H;,(C2H30)305,
which crystallises from aleohol in golden-yeliow
plates melting at 238°.

Literature.—Caro (B. 9, 682) ; Schunck and
Roemer (B. 9, 679 ; 10, 1823 ; 13, 42).

Anthragallol

C6H4<°°>C6H(OH)3. (OH : OH : OH
= 1:2:3).

Anthragallol is formed when a mixture of 1 part
of gallic acid, 2 parts of benzoic acid, and 20
parts of sulphuric acid are heated to 125° for
eight hours :

C7Hs05 + C,H602 = C,4H805 + 2H20.
G-allic Benzoic Anthra-
acid acid gai loi

The produet is poured into water, well washed,
and recrystallised from aleohol.

Anthragallol crystallises in yellow needies,
which, when heated to 290°, sublime without
melting. It is sparingly soluble in water, chlo-
roform, or carbon bisulphide ; readily soluble in
aleohol, ether, and glacial acetic acid. It dis¬
solves in alkalis, forming a green solution. Its
triacetate, C44H8(C2H30)308, melts at 171°-173°.

Literature.—Seuberlich (B. 10, 39).
Hydroxyanthrarufin Mydroxychrysazin

C14Hs05. Formed by fusing chrysazin, anthra-
rufin, p- or ;x-anthraquinonedisulphonic acids
with potash. It crystallises in small red needies,
which are sparingly soluble in aleohol. When
strongly heated it sublimes in red needies. It
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06 ALIZARIN AND AJLLIED COLOURING MATTERS.

dissolves in potash, forming a violet solution,
and shows in its réactions great similarity to
purpurin. It differs from this substance in the
tact that its solution in alum gives no absorption
spectrum. The triaeetate of hydroxyanthrarufin
melts at 192°-193°.

Literature.—Liebermann (A. 183, 191) ;
Schunck and Roemer (B. 11,1179) ; Liebermann
and Boeck (B. 11, 1017) ; Liebermann and
Dehnst (B. 12, 1289).

Galleïn

/CjByoH)-—s. /Cyi,
C20H10O, = o/ >°>c\ \ •x!6h2(0h)——/ \0—co
Galleïn is formed by heating pyrogallol witli

phthalic anhydride.
Préparation.—Amixture of lpartof phthalie

anhydride and 2 parts of pyrogallol are heated
to 190°-200°, the melt dissolved in alcohol, and
the colouring matter precipitated by the addi¬
tion of water. The crude galleïn thus obtained
is dissolved in alcohol, reprecipitated with water,
and, after repeating this opération a few times,
converted into the acetate by heating with
acetic anhydride. This is reerystallised several
times, and decomposed with potash.

Galleïn crystallises from alcohol in small.
greenish crystals. It is insoluble in chloroform
and benzene, sparingly soluble in water and
ether, readily soluble in alcohol, forming a dark-
red solution. It dissolves in cold concentrated
sulphuric aeid without change ; on warming the
solution cœruleïn is formed.

Galleïn dissolves in small quantities of potash
or soda with a red colour ; excess of alkali produces
a blue solution. Heated with acetic anhydride to
150° galleïn yields a tetracetate of hydrogalleïn.

Galleïn (often called anthracene violet) is
sold in the form of a reddish-brown powder, or
a 10 p.c. paste ; not very soluble in cold water,
but readily so in hot. With ail the usual aliza-
rin mordants galleïn produces purple colours,
which are fast to light and soap ; those obtained
by the use of chromium and iron are bluish, those
with tin reddish, those with aluminium inter-
mediate in tone.

Literature.—Baeyer (B. 4, 457 and 663) ;
Buehka (A. 209, 201).

Cœruleïn r®_|
c-c6h2=—-\

c20H8o6 = C6h/ \ >02 o (?)
XlO.OsHfOffK /

Cœruleïn is prepared by heating 1 part of
galleïn and 20 parts of sulphuric acid to 200°,
and preeipitating the colouring matter by adding
a large quantity of water. It is thus obtained
as a bluish-black mass, which, when rubbed,
acquires a metallie appearance. It is almost in¬
soluble in water, ether, and alcohol, more readily
soluble in acetic acid.

It dissolves in alkalis with a green colour, in
acids with an olive-brown colour. With bisul-
phite of soda cœruleïn forms an easily soluble
compound. With acetic anhydride it forms a
triaeetate. Cœruleïn (anthracene green) is sold
in two forms, either as a bluish-black paste
containing 10-20 p.c. cœruleïn, or as a black
powder.

The former is insoluble in water, the latter,
known as cœruleïn S, is soluble in water,

and is indeed a bisulphite compound of cœru-
leïn.

Cœruleïn is mostly employed in calico-print-
ing for producing very fast olive-grèen shades.
Whatever the mordant used, only différent
shades of olive-green are produced.

Literature.—Baeyer (B. 4, 556, 063).
Manufactuee of Alizabin.

1. Anthraquinone process.—Anthracene, the
basis of alizarin, is obtained entirely from the
coal-tar oils boiling above 300°, the so-called
' last runnings ' of the tar distiller. These
heavy oils are redistilled and the anthracene
oils collected as soon as the distillate on cooling
commences to solidify. In this way a semi-
solid greenish-looking mass is obtained, which,
after roughly freeing from excess of oil by treat-
ment in liydraulic presses, is the starting point
in the alizarin factory. This crude product con-
tains only about 30-40 p.c. anthracene, the re-
mainder consisting of phenanthrene, naphthal-
ene, carbazol, and small quantifies of other
hydroearbons.

The first opération necessary in the manu¬
facture of alizarin is that of purifying the crude
anthracene obtained from the tar distillers, in
order to obtain a product fit for the subséquent
oxidation to anthraquinone.

This process of purification varies consider-
ably in différent countries, but the following
method may be given as having been used with
mueh success.

The crude anthracene is first ground between
edge-runners, and then thoroughly agitated with
boiling petroleum spirit in large iron vessels
fitted with stirrers and heated with steam.

About 1,500 to 1,800 lbs. of crude anthracene
and 300 gallons of petroleum spirit are used in
one opération, the amount of the latter varying
slightly according to the quality of the anthra¬
cene employed. After boiling for an hour or
two, the product is allowed to eool, filtered
through coarse canvas, and the anthracene on the
filter washed with a little clean petroleum spirit.
The pasty mass thus obtained is next treated
with steam to remove the excess of petroleum
spirit, and then sublimed. The sublimation pro¬
cess is best earried out • by melting the anthra¬
cene in an iron pot, called the ' subliming pot,'
and then blowing in superheated steam. This
carries the anthracene vapour forward through
a long pipe, where it meets a spray of water,
which serves to condense both it and the steam.
The anthracene is thus obtained in an extremely
finely divided state, much more suitable for
oxidation than when simply ground under edge-
runners as it used to be. The next step consista
in converting the anthracene into anthraquinone
by oxidation with bichromate of potash (or soda)
and sulphuric acid—an opération which is usually
done in the following way :—The anthracene is
placed in lead-lined tanks with about twice its
weight of potassic bichromate (dissolved in
water), the requisite amount of dilute sulphuric
aeid is slowly added, and the mass kept well
boiled and agitated by a steam jet connected
with a Kôrting's injeetor.

The whole is then transferred to settling
tanks, the crude yellowish-brown anthraquinone
well washed by décantation until free from green
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chrome liquors, well drained, and freed from
water as completely as possible by placing it in
canvas bags and exposing it to great pressure in
a hydraulic press. The amount of oxidiser re-
quired to convert the crude anthracene into an-
thraquinone is of course regulated by the purity
of the sample employed, pure anthracene re-
quiring about 1-66 times its weight of potassium
bichromate to convert it into anthraquinone.

Instead of potassium bichromate, the sodium
sait is now very often used on account of its
cheapness.

The anthraquinone thus obtained is still very
impure, and must be carefully purified before it
can be converted into sulphonic acid. Inpurifying
anthraquinone two methods may be employed :

(1) The anthraquinone is sublimed, and then
recrystallised from high-boiling coal-tar naphtha.

(2) The anthraquinone is treated with con-
centrated sulphuric acid.

When the first process is employed, the an¬
thraquinone is melted in iron pots and subjected
to the action of super-heated steam. The steam
carries the vapour of the anthraquinone with it,
and on condensation a fine, almost impalpable,
powder is obtained, which, when dried and re¬
crystallised from high-boiling coal-tar naphtha,
consists of nearly pure anthraquinone.

In this country this process has now been
almost abandoned ; method (2) having entirely
taken its place.

The working of this method is based on the
fact that crude anthraquinone when treated with,
sulphuric acid at 100° dissolves, but is not actedon.
The impurities, however, become converted into
sulphonic acids, which, being easily soluble, can
be removed by treating the product with water,
when nearly pure' anthraquinone is left behind.

In carrying out this opération a mixture of
1 part of crude anthraquinone and 3 parts of
sulphuric acid is plaeed in large circulai' lead-
lined iron pots, and heated by steam for twenty-
four hours, the whole being continuously agitated
by a stirrer.

The blackish-looking product is then l'un into
shallow tanks, and exposed to the action of damp
air, or a gentle current of steam, until the acid
has become diluted. In a short time anthraqui¬
none separates out as a light-brown crystalline
powder, which, after washing by décantation,
pressing, and thoroughly drying, is found to
contain about 95 p.c. of pure substance.

The anthraquinone is now in a condition
suitable for conversion into the sulphonic acid.

This opération, which consists in heating
anthraquinone with fuming sulphuric acid, is
conducted in large iron pots capable of holding
from 30 to 40 gallons. The amount of fuming
sulphuric acid employed dépends on the nature
of the sulphonic acid required. In preparing
the monosulphonie acid, 1 part of fuming acid
(containing 40-50 p.c. S03) and 1 to lj parts of
anthraquinone are used.

The mixture is gradually heated by means of
an oil-bath to 170°, or even to 190°, and kept at
this température for eight or ten hours, the
stirrer being kept constantly in motion.

The product, which contains, besides anthra-
quinonemonosulphonic acid, a little disulphonic
acid, and some unacted-on anthraquinone, is
diluted with water, passed through a filter-press
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to remove the anthraquinone, and neutralised
with caustic soda.

In a short time the whole becomes quite
thiclc owing to the séparation of the sparingly
soluble soda sait of anthraquinonemonosul-
phonie acid, the easily soluble salts of the di¬
sulphonic acids remaining in solution.

The crystalline sait is collected in filter-
presses, washed with a little very dilute sul¬
phuric acid, and thus obtained practically pure
in beautiful, brilliant, pearly scales.

In preparing the disulphonic acids of anthra¬
quinone, the opération is similar to the above, the
only différence being that more fuming sulphuric
acid is used and the sulphonation conducted at
a mueh higher température (about 260°).

The next opération consists in the conversion
of the product just described, and ealled 'soda
sait,' into colouring matter, a change which is
accomplished by heating it strongly with caustic
soda and a little potassium chlorate.

If the potassium chlorate is not added, a
considérable loss is ineurred owing to the re-
ducing action of a large quantity of nascent
hydrogen, always formed during the fusion,
which converts the soda sait partially into an¬
thraquinone and hydroanthraquinone. The
fusion is conducted in large wrought-iron cylin-
ders fitted with stirrers and heated with hot air.
The usual charge is 700 lbs. caustic soda (70 p.c.)
dissolved in water, 1,300 lbs. of a eoneentrated
solution of • soda sait,' and 13 to 15 p.c. of
potassium chlorate, the amount of this latter
substance varying slightly with the nature of
the sait used, the monosulphonie sait requiring
more chlorate than the disulphonic sait.

The température is kept up to about 180°
for at least twenty-four hours and often mueh
longer, the progress of the décomposition being
controlled from time to time by extracting small
quantities of the melt and examining them in
the laboratory.

The product thus obtained is an intense
purple fluid, becoming thick on cooling and con¬
taining the colouring matter as sodium sait
besides sodium sulphite and an excess of caustic
soda.

To separate the colour the melt. is run into
large wooden tanks, diluted with water, and
boiled with dilute sulphuric acid.

This causes the solution to become orange in
colour owing to the précipitation of artittcial
alizarin.

After being allowed to settle, the supernatant
liquor is run off, the alizarin forced into filter
presses and carefully washed until free from
acid and saline matter. The colouring matter
is then made up to a definite strength (10 p.c. or
20 p.c. paste as required) by transferring it to
large wooden tubs fitted with powerful stirrers,
and thoroughly mixing it with water.

Pure alizarin thus prepared produces a blue
shade of Turkey-red, and anthrapurpurin (pro-
duced by fusing sodium anthraquinonedisulpho-
nate with caustic soda) a red shade, so that by
varying the amounts of these two constituents
any intermediate shade required by the market
can be obtained.

2. Dichloranthracene process. — In manu-
facturing alizarin by this process it is necessary,
in the first place, to purify the anthracene used
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much more thoroughly tlian is tke case in tke
anthraquinone process.

For this purpose the anthracene after washing
with petroleum spirit, as described in the last
process, is submitted to distillation with potask.
This removes the carbazol and the phenolic sub¬
stances présent in the crude anthracene, and as,
besides this, a considérable quantity of the other
impurities are charred during the distillation,
the anthracene resulting, although still very im¬
pure, is found to be greatly improved in quality.

In earrying out this opération 100 parts of
washed anthracene, 30 parts of potask, and 6
parts of powdered lime are thoroughly ground
together under edge-runners, the mixture intro-
duced into iron retorts and distilled. The dis-
tillate, whicli consists of pale-yellow cakes con-
taining about 50 p.c. of pure anthracene, is now
sufliciently pure for conversion into dichlor-
anthracene.

In ehlorinating anthracene, leaden chambers
are used, technically known as ' chlorine ovens.'
These are 10 ft. long, 4 ft. G in. wide, and 1 ft. 6 in.
deep, and are used in pairs, eonnected at one
end in order that any chlorine escaqring from the
first oven may come in contact with a fresh
amount of anthracene and thus prevent loss.

400 Ibs. of anthracene are put into each oven,
and subjected to the action of a rapid current of
chlorine for about five or six hours.

The anthracene first fuses and gets dark in
colour, hydrochloric acid being evolved in abun-
dance ; but after a time this fluid product begins
to deposit crystals and soon becomes a semi-
solid mass. In order to purify this crude pro¬
duct, it is first freed from hydrochloric acid by
washing with dilute caustic soda, and then
pressed between linen cloths in a kydraulie
press, by which means a considérable quantity
of a thick dark oily product technically known
as 1 chlorine oils ' is got rid of.

The yellow cakes of dichloranthraeene thus
obtained are still not pure enough for use, they
must next be soaked in coal-tar naphtha for
some time and pressed, this opération being re-
peated until a product is obtained which con-
tains 84 p.c. of pure substance.

The next process consists in converting the
dichloranthraeene into the sulpho- aeids of
anthraquinone by treating it with ordinary con-
centrated sulphuric acid. This décomposition
is accomplished in iron pots capable of holding
about 30 gallons and fitted with iron covers in
which there is an opening for the escape of the
acid vapours formed during the reaction.

These pots are charged with 350 lbs. of con-
centrated sulphuric acid and heated to 140°-1G0°
by means of an ordinary fire, the dichloran¬
thraeene (70 lbs.) being shovelled in in small
quantities at a time. After ail the dichloran¬
thraeene bas been added and the frothing due
to the évolution of the hydrochloric and sul-
phurous aoids produced during the décomposition
has subsided, the température is gradually raised
to 260° and then maintained at this point until
a sample taken out on a glass rod and diluted
with water forms a nearly clear solution devoid
of fluorescence.

The product contains now the mono- and
disulphonie acids of anthraquinone, the latter of
which greatly prédominâtes.

These crude sulphonie acids are next diluled
with water in a large wooden tank and boiled
with slaked lime until neutralised. The neutral
product is then forced into filter presses to sepa-
rate the calcium sulphate, the clear filtrate mixed
with the washing of the calcium sulphate, evapo-
rated until it contains about 15 p.c. of lime
salts, and then treated with sufficient sodium
carbonate to precipitate ail the lime as carbonate.

The solution of the sodium salts of the sul¬
phonie acids is siphoned from the precipitated
calcium carbonate, concentrated until it contains
30 p.c. of soda salts, and then converted into
colouring matter by fusion with caustic soda, as
described in the last process. W. H. P. jun.

ALIZARIN BLUE v. Alizarin and allied

colouring matters.
ALIZARIN ORANGE v. Alizakin and allied

colouring matters.

ALKALI ALBUMIN v. Albuminoids.
ALKALI BLUE. Nicholson's bluc. Sodium

triphenyl-rosaniline sulphonate v. Triphenyl
methane colouring matters.

ALKALI GREEN 'or VIRIDINE, Sodium
diphenyldiamido-triphenyl carbinol sulphonate
C31H23N,S03Na, a colouring matter obtained by
Meldola in 1877 by acting on diphenylamine
with benzyl chloride, oxidising the benzyl di¬
phenylamine and sulphonating the resulting
product. Dark-green powder, soluble in water;
solution gives a green precipitate with HC1 ; a
browncoloration with caustic soda,and afuehsin-
red solution with H2S04.

ALKALIMETRY v. Acldimetrt.
ALKALI WASTE v. Soda manufacture.

ALKANET. Alkanna. Anchusine. This
term is applied to two différent plants, viz.
Lawsonia inermis (v. Al-kenna) and Anchusa
tinctoria. The latter, or l'aise alkanet, is also
known as Orcanette, Fr. ; Orkanet, Ger. ; Langue¬
doc bugloss or Dyers' bugloss, Èadix alkanna
spuriœ. A rough plant with downy spear-shaped
leaves, and clusters of purplish or reddish flowers,
belongs to the Boragineœ. Figured in Giradin's
Chemie, 4, 277. Found in Asia Minor, Greeee,
Hungary, &c. The roots, which have an astrin¬
gent taste, oceur in commerce, varying from
the thickness of a quill to that of a finger.
They give up their colouring matter to oils,
fats, waxes, spirits, &c., by simple infusion.
The dye may be isolated by extracting with
water, drying, and digesting the residue with
alcohol ; the extracts are concentrated, shaken
with ether, and the ethereal extract evaporated.
Thus obtained anchusine is an amorphous
substance of a deep-red colour, which softens at
60°C., dissolves in ether, oil, and acetic acid, but
is only slightly soluble in water. Its composition
is variously given as C„H10O4 (Pelletier, A. 6,27),
C35Hj0Os (Bolley and Wydlers, A. 62, 41), or
C15Hu04 (Carnelutti and Nasini, B. 13, 1514).

Used by druggists and perfumers to colour
tinctures, oils, pomades ; by varnisk makers to
tint their varnishes ; by statuaries for tinting
marble; hydairyfarmers for colouring checse; and
by wine merchants for dyeing corks and colouring
artificial wines. Dyes cottons, mordanted with
iron, grey ; with aluminium, lilac violet ; but the
colours are not fast (Giradin's Chemie, 4, 279).

Its absorption spectrum shows three bands
dividing the spectrum between d and the blue
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strontium line into four equal parts. On adding
ammonia the red solution turns blue, and sliows
two bands, one at d, the other in the red two-
tbirds of the way towards the lithium line
(Dupré, C. J. 37, 572). The absorption spectrum
varies slightly, aceording to the solvents and
salts présent.

Bôttger (J. pr. 107, 146) and Enz (J. 70, 935)
recommend the use of papers dyed by alkanet
as indieators in alkalhnetry.

Aceording to John the pereentage of ancku-
sine in the root is 5-50. Thompson (Ph. [3] 16,
860) found that it varies from 5-50 to 6-02 p.c.

l'or the détection of alkanet in wines v.

Herz (Eep. Anal. Chem. 5, 210 ; S.C.I. 5, 30).
AL-KEHNA. The powdered roots and leaves

of the Lawsonia inermis used in the East for
dyeing the nails, teeth, hair, and garments.
Used in Persia mixed with lime for dyeing the
tails of horses.

ALLEMONTITE. A native alloy of arsenic
and antimony, SbAs3, found at Allemont in the
Dauphiné, Prajbram in Bohemia ; and Andreas-
berg in the Hartz.

ALLOCLASE. A minerai, formerly regarded
as cobalt glance, crystallising in rhombic prisms.
Hardness, greater than 4. Sp. gr. = 6-6. Tscher-
mak (W.A.B. [3] 1, 1 ; J. 1866, 918) gives it the
formula Co„As,0S9.

Erenzel (Min. Petr. Mitth. [2] 5, 179 ; J. 36,
1831) has analysed six specimens from the Eliza-
beth pit, Oravicza, with the following results :—

Bi Cu Co Fe As S Au Sp.gr.
22-08 0-16 10-90 2'66 27-74 15-60 l'IO 6'23
to to to to to to to to

32-27 0-45 24-20 3'80 32'64 1814 l'70 6-50

AIX0M0RPHITE. A minerai from Budol-
stadt, consisting mainly of barium sulphate
(Gerngross).

AILOYS. Since many valuable meehanical
properties are conferred upon metals by associa-
ting them with one another, it seldom happens
that when metals are devoted to industriaî use

they are used in a state of purity, and this fact
was discovered at a very early period of metal-
lurgical history. In ail probability the word
'alloy' originally eomes from the Latin ad-ligo
(alligo) ' to bind to.'

Throughout the whole of the Middle Ages
there seems to have been a belief that the action
of a base métal on a precious one was, on the
whole, corrupting, and Biringuceio, in 1540, pro-
bably gave the true définition of alloys, which
were, he said, nothing but ' intimate associations
of metals with one another,' and he pointed out
that metals must be ' mixed by weight and not
at randora.' In early times some metals were
used unalloyed, although at the présent day they
have no industriaî application except in union
with other metals. Antimony, for instance, now
only employed as a constituent of certain alloys,
was formerly cast and fashioned into ornaments,
as is proved by the analysis by Virchow, and by
a fragment of a Chaldean vase, which when
examined by Berthelot was found to be of pure
antimony (A. Ch. Sept. 1887, p. 135). The im-
plements and ornaments discovered by Sehlie-
mann abundantly show that the early Greeks
were familial- with alloys of silver and gold,
copper and tin, lead and silver, and many others,
ail artifieially prepared.

Without attempting to give the history of
research connected with alloys it may be men-
tioned that in the period from the sixteenth to
the eighteenth centuries there were four writers
whose names deserve to be specially remembered
because they seem to have been the first to indi-
eate the direction in which modem investigation
has been condueted. These are Réaumur,
Gellert, Musschenbroek, and Achard, who re-
speetively studied :—(1) Réaumur—molecular
change produced in a métal by heat ; (2) Gellert
—the relation of fluid metals to each other con-

sidered as solvents ; (3) Musschenbroek— the
cohésion of alloys as shown by certain meehanical
properties; and (4) Achard—the eleetrical be-
haviour of metals and alloys.

Réaumur (L'Art de convertir le fer forgé en
acier, Paris 1722, p. 321), in explaining the
liardening of steel by rapid cooling from an
elevated température, cornes very near the
modem view that a métal may assume an allo¬
tropie state, for he distinctly contemplâtes the
possibility of molecular change produced by the
expulsion by béat of ' sulphurs and salts ' from
the molécules into interstitial spaces between
them, as he speaks of molécules and the ele-
mentary parts of molécules like a modem writer,
and tries to show that when hot steel iâ rapidly
cooled, ' sulphurs and salts ' cannot re-enter the
molécules, but remain in the interstitial spaces,
and therefore the physical properties of hard
steel become quite différent from those of the
soft métal. That this analogy between carbur-
ised iron and alloys is not overstrained is shown
by the fact that in 1867 Matthiessen, after ap-
pealing to the fact that in certain alloys metals
are in allotropie states, said ' I have always made
a comparison between iron and steel (and alloys).
This has been done to show that the carbon iron

alloys behave in an analogous manner to other
alloys which cannot be looked upon as chemical
combinations ' (Lecture delivered before the
Chemical Society, Journal, 1867, p. 220). Gellert
makes the analogy of certain alloys to solutions
very clear, and in his Métallurgie Cliemistry he
gives a table showing the relative solubilities of
metals in each other, while in the observations
which accompany it he says (English translation
of his work, London, 1766, p. 186), to take one
instance as an illustration, ' Since copper and
silver, and copper and gold, dissolve one another
very readily, the copper cannot be parted from
iron by means of gold or silver,' as copper could
be parted from gold by the addition of sulphur,
and he further clearly shows that with regard to
the solution of metals in a triple alloy he
understood the possibility of the division of a
métal between two other metals acting as
solvents.

Musschenbroek, who worked in the first part
of the eighteenth century, made some very early
experiments on the tensile strength of metals
and alloys. He writes of the ' absolute cohésion
by which a body resists fracture when acted upon
by a force drawing aceording to its lengtk '
(Eléments of Pbilosophy, translated by John
Colson, E.R.S., 1744, vol. 1, p. 237). He gives
the tenaeity of several metals, and of the alloys
brass and pewter.

Achard, whose results were published in
1784, made a very extended sériés of experi-
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ments on multiple alloys as well as on those of
simple metals. He pointed out that the relative
conductivities of substances for beat and for
electricity are exactly related. He devised an
appliance for the expérimental vérification of
this fact, and as he ineluded alloys in his inves¬
tigations it may fairly be claimed that he led
the way for the important généralisation made
by Wiedemann and Franz in 1853, that in alloys
the order of conductivity for heat and for elec¬
tricity is the same.

The importance of metals being pure when
added to each other vas hardly recognised until
the eighteenth century, and Duhamel, who eon-
tributed the article on Alloys to the Encyclopédie
Méthodique in 1792, appears to have been the
first writer to insist on the necessity for making
exact experiments upon alloys with metals whieh
possess a high degree of purity, and on effecting
their union by heat in closed vessels. He added
that up to his time no chemist had taken these
précautions, and it is certain that in conducting
some modem experiments they have been
neglected.

The early researches, properly so called, on
alloys were directed to ascertaining the elîect on
the spécifie gravity of metals produced by alloy-
ing them, and to determining the effects of
slowly cooling alloys possessing low melting-
points. The work of Ermann (P. 9, 557) in
1827, and of Eudberg (P. 18, 210), was of
such a nature. Ermann called attention to
certain anomalies in solid alloys, Eudberg to
anomalies in alloys when in the liquid state.

Eegnault showed that the spécifie heats of
alloys are greater near 100° than the mean
spécifie heat of their constituents, and this fact
appears to have induced Person to undertake
researches on the latent heats of alloys and on
their spécifie heats. Undoubtedly one of the
greatest works on alloys of the présent century
was that of Matthiessen (Tr. 18C0, 85, &c.) who
investigated the electrical résistance of metals
and alloys, and who was led to the conclusion
that the electrical conductivity of the alloys of
any two metals may be represented by one or
other of three typical curves U-shaped, as in
the case of gold-silver alloys ; L-shaped, as in
the case of the copper-tin sériés ; and nearly a
straight line, as in the case of the lead-tin alloys.
Not the least important conclusion arrived at by
Matthiessen was that, in certain alloys, the con¬
stituent metals exist in allotropie forms. With
regard to the influence of the passage of an
electrie current through malien alloys the évi¬
dence is so far of an uncertain nature. Obach
(P. Sup. 7 (1870), 280) in examining this ques¬
tion did not confirm Gérardin's statement

(C. E. 43, 727) that liquid amalgams and alloys
undergo electrolytic décomposition on the pas¬
sage through them of an electric current ; and
Eoberts-Austen failed to produce any change in
fused lead-gold or lead-silver alloys by passing
through them a current of 300 ampères from
secondary batteries (B. A. 1887, 341). The experi¬
ments seem to show that the passage of a strong
current through a fused alloy does not effect any
change in its composition, and the question now
arises : Is there a group of bodies between true
alloys and true electrolytes in which some
graduai change from metallie to electrolytic con¬

duction can be proved to occur ? That this may
possibly be the case is incidentally supported
by the evidence afforded by Hittorff (P. 1851,
84, 14), who shows that while the sulphides of
silver and copper (Cu2S3) conduct metallically at
ordinary températures, they suffer electrolytic de-
composition when the température is somewhat
increased.

Properties of Alloys. Liquation.—When a
fused alloy separates on cooling into two or
more alloys of différent density, or of différent
fusibility, or when from a solid alloy one or
more of the constituents, possessing a lower
melting-point than that of the remainder, is
separated by the aid of heat, this phenomenon is
termed liquation. It is of considérable metal-
lurgieal importance, being used for the purifica¬
tion of impure metals. Of the copper-tin alloys,
those possessing the compositions represented
by the formula Cu3Sn, Cu.,Sn, and Cu17Sn2 are
stated to show no tendency to liquation. The
copper-zinc alloys either do not liquate at ail or
only to a very slight extent. The copper-lead
alloys liquate to such an extent that the two
metals may be almost completely separated from
each other. Of the silver-copper alloys, only
that with 71'9 p.c. of silver is homogeneous.
The tin-zinc and the lead-silver alloys show a
great tendency to liquation.

Density.—-The spécifié gravity of an alloy is
rarely the same as the mean of those of its consti¬
tuents ; it is usually either more or less than that
calculated from the percentage composition. In
the case of the copper-tin alloys, the spécifie
gravity decreases with the increase in the per¬
centage of tin, until this reaches 28 p.c. ; when
the percentage exceeds this, the spécifie gravity
is greater than the calculated mean until the
alloy containing 38-3 p.c. of tin—SnCu3—is
reached, the spécifie gravity of this alloy ex-
ceeding that of copper itself. Beyond this point
the spécifie gravity diminishes again. In the
copper-zinc alloys a considérable increase of
density is observed in those containing from
40-80 p.c. of zinc. The whole of the copper-
silver alloys show a lower actual spécifie gravity
than that found by calculation. The spécifie
gravity of the alloys of the copper-gold sériés
varies irregularly ; usually it is almost identical
with that calculated. Ail the lead-gold alloys
show increased spécifie gravities ; the spécifie
gravities of the lead-silver alloys are less than
the calculated ones, until starting from lead with
a trace of silver the alloy with 11*5 p.c. of silver
is reached ; beyond this point the différence
diminishes, and those alloys with more than
34 p.c. of silver show increased spécifie gravities.
The spécifie gravities of the alloys of antimony-
bismuth, and of tin-cadmium containing less
than 75 p.c. of tin, are almost identical with
those found by calculation.

Tenacity.—By alloying metals together, their
tenacity is sometimes increased and sometimes
diminished ; usually, however, it is increased.

Hardness.—This is almost always increased.
Extensibility.—Almost always diminished.
Fusibility.—The melting-point of an alloy is

usually less than the arithmetical mean of the
melting-points of the alloyed metals.

Expansion by heat.—The coefficients of ex¬
pansion of alloys frequently differ considerabiy
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from tliat found by caloulation ; this variation
is, bowever, irregular.

Golour.—The alloys showing the greatest
variation of tint are those o£ eopper and o£ gold.
Tlie only alloy possessing a violet colour is the
' Begulus of Venus,' Cu2Sb.

Among the more important recent researches
in connection with alloys, those o£ W. Spring
deserve spécial mention, as lie has thrown much
light on their molecular constitution by proving
tliat they can be built up from the powders of
the constituent metals by simple pressure (Bull.
Acad. Boy. Belg. [2] 45, No. 6, 1878; 49,
No. 5,1880, &c.). Hallock (Z. P. C. 2, 378) finds
that alloys may be formed from their compo-
nents without extra pressure provided the tem¬
pérature be above the melting-point of the alloy
itself. In a more recent research on the lead-
tin alloys (Bull. Acad. Boy. Belg. [3] 11, 1886,
No. 5) Spring, from thermal considérations,
cornes to the same opinion as that of Mattliiessen
concerning the possibility of alloyed metals
assuming allotropie forms.

The industrial importance of the influence
exerted by small quantifies of metallic and other
impurities on masses of métal in which they
are hidden is now becoming fully recognised. <
With regard to gold some researches made by
Hatchett (P. T. 1803) liave reeently been re-
peatedbyRoberts-Austen (P.T. 179,1888, A. 339),
who by determining the influence of impurities
on the tenacity and extensibility of gold cornes
to the conclusion that their action is controlled
by the periodic law. He shows that an element
with a larger atomic volume than gold greatly
diminishes both its tenacity and its extensibility,
whilst an element with a smaller atomic volume
tends to improve these qualifies.

'Alloys used for coinage' have been very
fully dealt with by the Chemist of the Mint in
the Journal of the Society of Arts, 1884, and a
eomprehensive bibliography of alloys is given in
Ledebur's Metallverarbeitung, Brunswick, 1882.

W. C. E.-A.
ALMAGEERITE. Native anhydrous zinc

sulphate, found in crystals belonging to the
rhombic System at Barranca Jarosa Mine,
Sierra Almagrera, S. Spain (Breithaupt).

ALMASCA. A soft grey resin soluble in
chloroform, ether and absolute alcohol. Pro-
bably derived from Icica lieptaphylla (Symes,
Ph. [3] 13, 213).

ÀLMIRAO. Indian name for Microrliynchus
sarmentosus used at Goa as a substitute for
taraxacum (Dymock, Ph. [3] 6, 730).

ALOE. A genus of succulent plants, having
stiff, pointed, fleshy leaves, belonging to the
Liliaceœ. (Plants figured, and structure of
leaves described, Pennetier, 560, 579.) They
are natives of the tropies. (For a list of the
species and their distribution, v. Ph. [3] 11, 746.)

The fibre is used for rope, &c. ; experiments
made in Paris have shown it to be five times as

strong as hemp. The fibre has also been used
for paper-making (Nat. 20, 484).

ALOE RESIN. Separates from solutions of
aloes in boiling water ; aceording to Kossmann,
has the same composition as aloïn. On treat-
ment with sulphuric acid it gives glucose,
aloëresinic acid C,rH,cO„, and aloëretinic
acid C13H18Os (Kossmann, J. Ph. [3] 40, 177).

ALOES or BITTER ALOES. Aloès, Fr.;
Aloë, Ger. The inspissated juice or extract of
the aloe. The principal varieties found in the
market are :—

1. Barbadoes Aloes (aloes in gourds). The
juice of A. vulgaris and A. sinuata growing in
Barbadoes, Jamaica, and St. Helena. It is
opaque, lustreless, and of a brown colour, with
a bitter nauseous taste and very disagreeable
odour ; it gives a powder of a dull-yellow colour.

2. Cape Aloes (Aloe capcnsis, A. lucida),
obtainéd from A. spicata, A. africana, A.ferox-,
and other Cape species. Its odour is stronger
and more disagreeable than that of Barbadoes
aloes ; it is of a deep greenish-brown colour, is
resinous and shining, and its powder is of a
greenish-yellow colour, and is almost eompletely
soluble in boiling water.

3. Hepatic Aloes. Imported from Bombay
and Madras. It is probably the juice of the
Socotrine aloe solidified without the aid of arti-
ficial beat (Pereira, Ph. [3] 11) ; it is of an opaque
liver colour, its powder contains much matter
insoluble in weak alcohol.

4. Socotrine Aloes. The juice of A. Perryi
(Baker) imported from Bombay and Madras. It
is of a garnet-red to golden-red colour, is aro-
matic, and has an intensely bitter taste ; its
powder is of a bright golden-yellow colour
(Cooley, 1).

5. Zanzibar Aloes from Zanzibar.
By extracting aloes with water the purgative

principles, aloïns, can be obtainéd. Shenstone
(Ph. [3J 13, 461 ; C. J. [2] 44, 80) divides them
into two classes :—

1. Nataloïns, which only yield picric and
oxalic acids with nitric acid, and which are not
reddened by it, even on heating (Flùckiger,
Ar. Ph. [2] 149, 11 ; Tilden, C. J. [2] 10, 153).

2. Barbalo'ins, which yield aloetic acid
C,H2N205, chrysammie acid C,H2N206, picric
and oxalic acids, and are reddened by nitric acid.

a-Barbaloïns from Barbadoes aloes reddened
in the cold by strong nitric acid (Tilden, Ph. [3]
2, 845 ; C. J. [2] 10, 488).

/3-Barbaloïns from Socotrine, Zanzibar,
and Jafferabad aloes, coloured only on heating
with ordinary, and in the cold with fuming,
nitric acid (Flùckiger, l.c. ; Tilden, C. J. [2] 28,
270 ; Ph. [3] 4, 208).

Nataloïn, 2C];H1S0, + H20, was discovered
in 1856 by Groves. It crystallises in bright-
yellow scales, melts at 212°C.-222°C., and is
soluble in water, benzene, Carbon disulphide,
chloroform, and ether. It is soluble in concen-
trated sulphuric acid, the addition of a crystal
of potassium nitrate producing a characteristic
bright-green eolouration passing rapidly from red
to blue. Chromic acid oxidises it to carbon
dioxide, acetic acid, and probably quinone
(Tilden, Ph. [3] 8, 231 ; C. 3. [2] 32, 264, 903).

Barbaloïn, C]:H190„ wasisolated by Smith
(Chem. Gaz. 1851, 107) and analysed by Sten-
house. It crystallises in yellow prisrnatic
needles, which, on fusion with canstic potash,
yield orcin, yr-hydroxybenzoic, and alorcinic
acids (Hlasiwetz, A. 134, 237 ; 136, 31). Bar¬
baloïn and socaloïn, on oxidation with chromic
acid, break up into carbon dioxide, acetic acid
and alloxanthin, CuH2(Me)(0H)40„ (Tilden, Ph.
[3] 8, 231 ; C. J. [2] 32, '264, 903).
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Schmidt (C. J. 1876, 2, 641 ; Ar. Ph. [3] 6,
496-509) obtained a body to wliicli lie assigned
the formula C]5Ijf1607 by extracting Barbadoes
aloes with dilute sulphurie acid. Zanzaloïn,
C34H3s015 + 5H30, diseovered in 1871, erystallises
in tufts of yellow needles.

By the action of sulphurie acid upon aloïn,
glucose and rottlerin are formed, according to
Czumpelik (J. 1861, 743), Bochledër (ib. 598) ;
glucose, aloëresic acid C30H32O14, aloëretin
C30H4sO,4, and aloëretic C30H34O,„ according to
Kossmann (Bl. Chem. 63, 380), whilst Hlasiwetz
states that p-coumaric acid is formed (A. 134,
287 ; 136, 31) ; p-coumaric acid was also ob¬
tained by Rochleder and Czumpelik (J. pr. 84,
436) by boiling aloïn with a solution of caustic
potash.

By distilling, a yellowish oil, sp.gr. 0-877,
boiling-point 130°C., was obtained by Robiquet
(J. Ph. [3] 10, 167, 241), rvhich Rembold (A.
138, 186) regards as a mixture of xylyl alcohol,
acetone, and hydrocarbons.

Graebe and Liebermann (Z. [2] 4, 503) ob¬
tained anthracene by distilling aloïn with zinc-
dust.

Uses.—Chiefly in medicine and as a hop-
substitute. It lias also been used as a source of
certain dyeing materials (Ure, 1, 104 ; Preston,
C. C. 1876, 390; C. J. [2] 32, 37S). Kavser
(Chem. Tech. Repert. 1876-80) findsaloe eolouring
matters make the aniline dyes,e.p. fuehsin, faster.

Properties and Réactions.—Pave aloes is
soluble in ether and almost completely soluble
in water, the solution being eoloured dark-brown
by alkalis, black by ferrie chloride, and grey by
plumbic acetate (Flùckiger). By adding a solu¬
tion of eopper sulphate or chloride to a solu¬
tion of aloes, an intense yellow-coloured solu¬
tion is obtained, which, warmed with bromide
or chloride of potash, turns to a deep-red and
reddish-violet tint (Klunge, B. 16, 1691 ; Ar.
Ph. 1883, 363). Borntrager (Fr. 19,165 ; B. 13,
1040) extracts with twice the volume of benzene,
and adds to the clear extract a drop of ammonia,
when, on warming and shaking, the solution
becomes violet-red ; Groves (Ph. [3] 11, 1045)
finds that this colour is not due to aloïn, but
probably to a tannin-like substance. Lenz
(Fr. 21, 220) extracts with amyl alcohol, évapo¬
râtes the extract, treats with nitric acid, and
then with potassium cyanide and hydroxide,
when a blood-red eolouration is obtained.

Cripps and Dymond (Ph. [3] 15, 633) test
for aloïn by dissolving 1 grain in 16 drops of
strong sulphurie acid, then adding 4 drops of
nitric acid (1-42) and 1 ounce of water, when a
deep orange or crimson colour is produced,
deepened by ammonia ; substances containing
chrysophanic acid behave in a similar manner,
but their aqueous solution turns pink upon ihe
addition of ammonia.

ALOES, ESSENTIAL OIL OF. Apale-yellow
mobile liquid to which the odour of aloes is due.
Sp.gr. 0-863, boils 266°-271°. It exists in very
smail quantities in the aloes, and when pure has
the taste and smell of oil of peppermint (Ph.
[3] 10, 613).

ALOES WOOD. A name applied to the wood
of Aloëxylon agallochum, a leguminous tree of
Cochin China, and to that of Aquilaria agallo¬
chum and A. ovata of tropical Asia. Both are

highly fragrant and aromatic ; used in fumiga¬
tions and pastilles, and occasionally by cabinet-
rnakers and inlayers.

The same name is applied to the resin. Of
ail perfumes this is said to be the most esteemed
bv Orientais (Cooley).

ALOO BOKHARA, ALPOGADA, PAZHAM.
The Bokhara plum (Prunus Bokhariensis),
largely imported into Bombay. Used as a laxa-
tive. The root is astringent ; the gum is used as
a substitute for gum arabic under the name of
Persian gum (Dymock, Ph. [3] 9, 145).

ALOUCHI RESIN v. Aluc/ii Resin, art.
Resin.

ALPOGADA v. Aloo bokhaka.

ALQUIFON. Black lead ore or Potters' ore.
A native lead sulphide, used by potters to give
a green glaze to coarse wares (Cooley).

ALSTONIA BARK. The bark of Alstonia
constricta, an apocyanaceous tree growing in
Australia. It has a bitter taste, slightly cam-
phorous odour, contains a neutral bitter principle
(similar to cailcedrin and tulucumin), a
volatile oil smelling like camphor, an iron-green-
ing tannin, resin, fat, wax, a protein-like sub¬
stance, oxalic and eitric acids (Palm, J. 1863,615).

Millier a. Rummel (C. J. [2] 35, 31) obtained
a yellow substance to which they gave the name
alstoninc. Oberlin a. Schlagdenhauiïen (Ph. [3]
10, 1059 ; C. J. [2] 38, 127) showed that this
body eonsisted of two compounds alstonine
and alstonicine, the former being soluble in
acids with fluorescence, the latter without.

Hesse subsequently (B. 14, 264 ; A. 205, 360 ;
Ph. 11, 775; C. J. [2] 40, 623) isolated

Alstonine (chlorogenine) C20H21N2O4, a brown
amorphous mass, a strong base, soluble in
chloroform, alcohol, and sparingly soluble in
ether, and melting when anhydrous at 195°C.
(uncor.).

Porpliyrine, C21H25N302, a white powder
melting at 97° (uncor.), soluble in alcohol, chlo¬
roform, ether and acids with blue fluorescence.

Porphyrosinc, soluble in acetie acid, forming
a pink solution.

Alstonidine, colourless needles, melting at
181°C. (uncor.), soluble in chloroform, ether,
alcohol and acetone.

Hesse, however, could not find a trace of
quinine (B. 11, 1546, 1753 ; C. J. [2] 36, 269).

ALSTONIA SPECTABILIS. Poêlé bark. Con¬
tains alstonamine (Hesse, B. 11, 1548 ; C. J.
[2] 36, 71), and the alkaloids of dita bark.
It contains six times as mueh echitammonium

hydroxide as dita bark (Hesse, A. 203, 144 ;
Ph. [3] 11, 251).

Its physiological action is like that of curare.
ALTI. Indian name for a root used at Goa

as a substitute for Althœa (Dymock, Ph. [3] 8,
101).

ALUDEL. The aludels of the earlier chemists
were pear-shaped pots generally made of earthen-
ware, but sometimes of glass, open at both ends.
Eaeh aludel had a short neck at the top and
bottom, so that a sériés of them could be fitted
together by means of the necks. The earthen-
ware pear-shaped vessels in which the mercurial
vapours are condensed at Almaden in Spain are
also known as aludels ; v. Mekcuky.

ALUM v. Aluminium.
ALUMINATES v. Aluminium.
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ALUMINIUM. Sym.Al. At. w. 27-04 (Mallet,
Berzelius, Tissier, Dumas, Isnard, Terreil, Bau-
bigny).

Occurrence.—Aluminium is the most widely
distributed element in nature with the exception
oi oxygen and silieon, with which it usually
occurs in combination. It is not found in the
metallic state.

As oxide AL03, aluminium is found in co-
rundum, or, coloured by metallic oxides, in
sapphire, ruby, emery, &c. The hydrated
oxide ALjOjILO occurs as diaspore, and, to-
gether with ferrio oxide, as the important
minerai bauxite.

Aluminium occurs in combination with
oxygen and metals as aluminales, in spinel
AUOj.MgO, chrysobcryl Al203Be0, galmite
AL03.ZnO. As hydrated sulphate it is found in
aluminite or websterite A1203S039H,0, and as
alunogen A1203S0318H20 ; as the double sul¬
phate of aluminium and potassium in alumstone
or alunite ; and, as an efflorescence on aluminous
minerais, as the alums of potassium, sodium,
ammonium, &c.

Aluminium occurs principally, however, as
silicate in the various clays ; as silicate eontain-
ing silieon fluoride in the topaz, and, as double
silicate, with iron, magnesia, lime, &c., in
garnets ; with potassium, sodium, magnésium,
and calcium in immense quantities in the
varieties of felspar.

As double fluoride of aluminium and sodium
it is found in cryolite AlJ?36NaF; as hydrated
phosphate in the turguoise and in wavellite, and
as borate in a crystalline minerai occurring in
Siberia.

Although présent in such quantities in the
soil, aluminium is not usuajly eonsidered a
constituent of the ash of plants except of eryp-
togams; Yoshida, however (C. J. 18S7, 748), has
found it in a number of phanerogams in Japan.

Sistory.—The name of this métal is derived
from alumen, a term applied by the Bomans to
ail bodies of an astringent taste. Pott, in 1746,
stated that the basis of alum is an argillaceous
earth ; and in 1754 Margraff pointed out the
distinction between alumina and lime, and its
presence in combination with silica in clay.

Davy, in 1807, having isolated the alkali
metals by electricity, endeavoured, unsuccess-
fully, to reduce alumina in the same manner.

An important advance was made by Oersted
in 1824. He prepared aluminium chloride by
passing chlorine over a mixture of alumina and
carbon heated to redness. He appears to have
reduced the chloride to the metallic condition
by heating with potassium amalgam (Berzelius,
Jahresb. 1827 [6] 118). The amalgam pro-
duced oxidised rapidly in the air, and left, on
volatilising the potassium, a tin-white métal. An
amalgam may be formed directly by heating a mix¬
ture of mercury and finely-divided aluminium,
which is decomposed by contact with water.

Wôhler, in 1827 (A. 1828, 37, 66), having
failed to procure the métal by Oersted's method,
obtained it by the décomposition of the
anhydrous chloride with potassium, as a grey
powder, which became brilliant under the
burnisher. In 1845 he obtained globules as
large as a pin's head ; first, by heating a mix¬
ture of potassium and aluminium chloride, and,

later, on account of the violence of the action,
by the method also adopted by Liebig, of pass¬
ing the vapour of the chloride over heated
potassium. The métal so obtained showed,
however, properties very différent from those
of pure aluminium, and doubtless contained
potassium and aluminium chloride, and also
platinum, when vessels of that métal were used
in the préparation.

Bunsen and Deville, in 1864, independently,
obtained the métal by electrolysis of the fused
chloride. Deville, in the same year, much sirn-
plified the manufacture by substituting sodium
for the more expensive potassium. In 1854
he was installed in the manufactory of Javel
by the Emperor Napoléon III., and supplied
with the necessary apparatu3 for experiments
on the large seale. A description of his method
is given in A. Ch. (3] 43, 5-36, and specimens
of the métal produced were shown at the Paris
Exhibition of 1855.

Shortly after the publication of these results,
Messrs. Dick and Smith, under the direction of
Dr. Percy, prepared aluminium by the action of
sodium on the newly-discovered minerai cryolite,
some of the product being shown byFaraday at the
Boyal Institution in March 1855 (P. M. 10, 365).

About six months subsequently, Rose, inde¬
pendently, prepared it in the same manner, and
published his results in an extended article in
P. 96, 152 (P. M. 10, 233).

Deville at once turned his attention to this
process (A. Ch. [3] 46, 451) ; but on account of
the impurity of the métal produced, he pre-
ferred the double chloride of aluminium and
sodium, using cryolite as a flux only.

Wôhler (A. 99, 255) proposed a method for
preparing aluminium free from silieon by this
method in ordinary crucibles. It was adopted by
Tissier Frères at Rouen, but was soon abandoned
on account of the smallness of the yield.

The first manufactory in England was started
at Battersea, London, in 1859, by F. W. Gerhard.
Some of his métal was shown at the Society of
Arts Exhibition in 1860. Messrs. Bell, of New-
castle, also prepared aluminium and aluminium
bronze, but the manufacture has been discon-
tinued.

Notwithstanding the large number of pro-
eesses proposed during the last thirty years for
its manufacture, praetically the whole of this
métal is at présent produced by Deville's pro¬
cess at the manufactory of Salindres. Mr.
Castner's process of manufacture, now in
opération at the Aluminium Company's Works
in Oldbury, promises, however, to reduce very
considerably the cost of production.

Manufacture.—Ail attempts to produce alu¬
minium by the réduction of its oxide, except,
perhaps, by the use of electricity, have been
unsuccessful. The affinity between this métal
and oxygen increases considerably at high tem¬
pératures, as shown by its tendency to produce
aluminates when heated to whiteness with cer¬

tain metallic oxides and salts. This, together
with its high heat of formation, renders it im¬
probable that the oxide will be reduced by
ordinary reducing agents at the températures at
présent available. Hitberto the haloid salts
have been the source of the métal, the chloride
and fluoride being used on the large scale.
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These salts are rapidly reduced by the alkali
metals. Sodium alone is used on account of its
lower cost and less violent action than potas¬
sium.

The use of zinc has been recommended by
many chemists for the réduction of the chloride.
Dullo (Bl. 1860, 472), Basset (Le Génie In¬
dustriel, 1862, 152), Wedding (J. Ph. [4] 3,
155), and others have advised its use. Aceord-
ing to Flavitzky (B. 6, 195), however, zinc
chloride itself is reduced by aluminium.

Weldon (Eng. Pat. 1883, 97) states that the
haloid salts may be reduced by manganèse.
Aluminium, however, appears to reduce man¬
ganèse from its chloride.

Theprocess adopted byDeville for producing
the masses of aluminium shown at the Paris
Exhibition in 1855 consisted in passing the
vapour of aluminium chloride over heated
sodium. The chloride was distilled from a ver¬

tical iron retort over a quantity of iron filings
heated to dull redness. The ferrie chloride and
any hydrochlorie acid présent as impurity hav-
ing thus become reduced, the vapour was passed
through a tube cooled to about 300°C. where
the ferrous chloride produced was deposited.
The chloride passed thence into a chamber
heated to dull redness, containing three iron
dishes, each holding 500 grams of sodium. The
chloride was rapidly reduced, and the sodium
chloride produced combined with excess of
aluminium chloride, forming a fusible mass of
the double chloride containing globules of me-
tallic aluminium. The action having ceased,
the contents of the dishes were fused in a

crucible, cooled, digested in water, and the
metallic globules fused and pressed together
with a clay rod.

Deville also prepared the métal by passing
the mixture of sodium vapour and Carbon
monoxide from a sodium generator into a
large earthen crucible. As these gases ignited
and heated the crucible, pièces of aluminium
chloride were thrown in from time to time and
reduced by the sodium vapour. This promising
method produced very pure métal, but does
not appear to have been successful on the large
scale. A process not difiering essentially from
it has been patented by Frishmuth, of Phila-
delphia (TJ. S. Patent, 308, 152).

The yield of aluminium by these processes
is far below the theoretical amount. This is
explained by the fact that much of the métal is
produced in a state of fine division, and is lost,
partly mechanieally, and partly by passing into
solution during the washing. The chloride also
is very hygroscopic, and appears to surround
the globules of métal with a coating of oxide,
which prevents them from uniting. The sub¬
stitution of the much less hygroscopic double
chloride of aluminium and sodium for the ordi-
nary chloride considerably reduces this diffieulty,
but the addition of cryolite, or of fluorspar,
render3 it possible to obtain nearly the whole of
the métal in one mass. This is due to the pro-
perty possessed by fluorides of dissolving the
film of oxide from the globules, and also to the
great fluidity of the cryolite flux.

Cryolite may be reduced with facility by
sodium, but the métal so produced is much less
pure, on account of the solvent action of the

alkaline lluoride on earthen crucibles, and con¬

séquent introduction of silicon into the métal.
When iron crucibles are used this impurity is
avoided, but the métal then contains iron. For
this reason cryolite is not used for the direct
production of aluminium, but is invariably added
as a flux.

For the following description of the prépara¬
tion of aluminium on the manufaeturing scale
by M. Pechiney at Salindres, we are indebted
principally to the account by M. Margottel in
Fremy's Encyclopœdia, to Payen's Chimie Indus-
trielle [1] 583, and to M. Wurtz in the Beports
on the Vienna Exhibition of 1873 (Hoffmann's
Ber. Entwick. Chem. Indust. [1] 657).

The presence of a small quantity of iron in
aluminium is very injurious. It is necessary,
therefore, to use in the préparation only such
substances as are free from iron. Aluminous
minerais never occur in sufficient purity to be
directly available, and require a preliminary
treatment to remove iron before their conversion
into the chloride. The préparation from bauxite
consists of four distinct opérations. (1) The
formation of sodium aluminate. (2) Its con¬
version into alumina free from iron. (3) The
production from the latter of the double chloride
of aluminium and sodium. (4) The réduction
of the chloride by sodium.

The bauxite preferred is obtained from the
Department of Var, and contains usually 50 p.c.
AL03 and 25 p.c. Fe203. Of the finely-powdered
minerai 480 parts are mixed with 300 parts of
sodium carbonate. The mixture is strongly
heated in a reverberatory furnace with fréquent
stirring until a portion no longer effervesces on
addition of an acid. About five or six hours is
usually required.

The alumina is thus converted into the solu-
ble sodium aluminate, whilst the ferrie oxide is
unacted upon and remains insoluble :—

Al203 + 3Na2C03 = A1203, 3Na„0 + 3CO,.
The apparatus used for the solution of the

aluminate is of peculiar construction. A charge
of 500 kilos (nearly half a ton) is placed within,
upon a cloth filter stretched over a métal grating.
The first wash-water consists of a weak solution
of aluminate from the last washing of a previous
quantity. It is conveyed through a tube from a
separate vessel, over and through the mass, by a
slight pressure of steam, and the whole is heated
continuously by a steam jet. For the subséquent
washings pure water is used. Ail liquors passing
through of above 3°B. (1-02 sp.gr.) are mixed
and produce 'strong liquor' of about 12°B.
(1-085 sp.gr.).

The strong liquor has next to be treated for
the re-production of the alumina, now entirely
free from iron. It is placed in a closed vessel
called a ' baratte ' and subjected to the action of
a current of washed carbon dioxide. The
barattes are 2 métrés long, 0-6 métrés wide, and
0-8 métrés high ; each has a capacity of about
1,200 litres (264 gallons) and its contents are
continually stirred by a mechanieal agitator. A
steam jacket at the bottom of the vessel main-
tains the température at 70°C. Three barattes
are connected in sériés in order to utilise the
whole of the carbon dioxide, and when the last
fails to absorb the gas—usually after about five
hours—the précipitation of the alumina in the
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first may be considérée! complété. This is tlien
emptied through a tap in the bottom, refilled and
placed at the end of the sériés, so that the solu¬
tion in which précipitation has most advanced is

Fia. 1.

always first exposed to the gas. The ehemical
change is exactly the reverse of that oceurriug
in the previous ignition :

ALOj, 3NaaO + 3C02= 3Na..COs + Al,Os.
Nearly the whole o£ the carbonate used in the
first instance may be thus recovered by evapo-
rating the solution to 32°B. and erystallising.

The solution of carbonate having been de-
canted, the deposited granular alumina is freed
from adhèrent liquid by means of a centrifugal
machine and washed with water. A second rota¬
tion in the machine frees it suSiciently from
carbonate for the next opération. The moist
alumina has the composition

AI..O3 47'5 H„0. 50-0 Na,C03 2-5.
The dried alumina (100 parts) is mixed with
sait (120 parts) and finely powdered wood
charcoal (10 parts) ; the mixture is sifted to render
it homogeneous, mixed with sufficient water to
make it cohere, and the mass kneaded into balls
about the size of the fist. They are dried at about
150°C. and transferred to a vertical cylinder of
refractory earth (fig. 1), about 1£ métrés high
and 18 centimètres internai diameter, 6 or 8 such
cylinders being arranged in each furnace. The
cylinder cover is luted clown with a mixture of
fire clay and horse-dung and the whole heated
gently until the balls are perfectly desiccated.

When this opération, which usually occupies
a considérable time, is completed, the tempéra¬
ture is raised to redness and perfectly dry chlorine
gas is passed through a tube in the lower portion
of the cylinder. The gas passes through the
porous balls, and, assistée! by the action of the
carbon, décomposés the alumina with production
of aluminium chloride and carbon monoxide :

A1.,03 +30 + 3CL = A12C16 + 3CO.
The chloride at once combines with the admixed
sait producing the double chloride A1,C1„ 2NaCl,
which volatilises, passes through the tube in
the upper portion of the cylinder and condenses
in the earthen, flowerpot-shaped receiver as a

Vol. I.—T

crystalline mass. The cover of this condenser
is well luted on and supplied with a tube about
6 c.m. diameter through which the carbonic oxide
passes into the chimney. The double chloride
thus produced is very pure, and contains only a
trace of iron. It is not removed from the con-

densers until required for use. During the first
three hours the chlorine is almost completely
absorbed and the double chloride distils regu-
larly, but as the action proceeds the absorp¬
tion is less complété, and the distillation is
irregular. About 12 hours is occupied in each
distillation, and the residue is removed after two
opérations. A retort lasts about a month.

The aluminium compound is nQW in theproper
condition for réduction to the metallio state.
A mixture of 100 kilos (2201bs.) of the double
chloride and 45 kilos (1001bs.) of cryolite, ail
powdered, is divided into four portions. Three
of these are mixed, each with 12 kilos (26|lbs.)
of sodium in pièces about J-inch cube and
placed in sheet iron baskets, the fourth portion,
eontaining no sodium, is placed in a separate
basket.

The reverberatory furnace used is of peculiar
construction. It is built of refractory brick,
and is so arranged that the flame may at any
time be removed from the hearth ; it is strongly
built and braced by iron tie-rods to resist the
concussions produced by the action. The fur¬
nace bed is about 80 centimètres long, and 50
centimètres wide in the middle. The bed and
walls are well coated with a mixture of 4 parts
calcined alumina and 1 part calcium aluminate
to prevent as far as possible the introduction
of silicon from the bricks into the métal. To-
wards the front of the bed is built a small brick
wall, which may be removed when réduction is
completed. A cast-iron gutter facilitâtes the
running out.

Fig.' 2.

A. Slïghtly inclined bed of furnace. lî. Iron gutter. c.
Temporary wall. DD. Dampers. E. Opening for intro¬
duction of charge. HE. Communications witli chimney.

The furnace is heated to redness, and the
fiame removed from the hearth. The material
from the three baskets is rapidly inserted
through an opening in the furnace roof, followed
by the mixture eontaining no sodium, and the
furnace entirely closed.

A violent action at once commences, with
hard concussions on the side of the furnace.
The reaction having subsided, the dampers are
opened in about fifteen minutes, and the mass
stirred with an iron poker. In three hours the
réduction is complété, and the whole mass is in
tranquil fusion with the métal beneath the slag.

The upper portion, or ' white slag,' is free
from aluminium, and is removed by abstracting
a brick from the upper portion of the temporary
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wall. The métal is then run out from beneatb
the remaining slag by the removal of a plug
from the bottom of the wall and received in a

cast-iron pot previously heated to redness at
the base. The métal is at once east into small
reetangular ingots. By two or three successive
meltings the slag inclosed by the aluminium is
eliminated.

The remaining slag is grey, and contains
globules of aluminium. To facilitate its escape,
the whole of the little wall is removed, and the
slag is collected in the crucible in which the

'

aluminium was received. It is allowed to cool
gradually, and the small quantity of métal which
collects beneath is removed.

In a good opération, 10-5 kilos of aluminium
are produced from the quantities of material men-
tioned. According to Wurtz, 1,800 kilos of alu¬
minium were produced at Salindres in 1872 at a
cost for the various materials of :

1 kilo dry alumina . . 0 fr. 50 c.
1 „ double chloride . 2 fr. 48 c.
1 „ sodium . . .11 fr. 32 c.
Total cost of 1 kilo aluminium 80 fr.

In 1882 the output had increased to 2,400
kilos per annum (Bull. Soc. de l'Industrie
Minérale, 1882 [2] 451).

According to Weldon the comparative cost of
the materials used at Salindres is :—Préparation
of alumina, 9'67 ; conversion into double chlor¬
ide, 33"4 ; additional cost for sodium, cryo-
lite, &c. 56-93 (S. C. I. 1883, 368). From these
figures it is évident that any radical change
in the cost of production must dépend on the
réduction of the cost of the double chloride
or of the sodium, or on the use of some other
reducing agent or power.

The oxide prepared as already described is as
pure as can be prepared by any process, and
even a great réduction in the cost could but
little affect the price of the métal.

By Castner's process (Eng. Pats. 1886,7,395 ;
1888, 5,856) sodium is now being manufacture:!
and sold at less than one-half its former price,
whilst by his new process (Eng. Pat. 1888,
5,857) the cost of the double chloride is said
to be reduced by one half.

Aluminium may also be produced by electro-
lysis of the fused haloid salts, preferably at a
température a little below the melting point of
aluminium.

According to Deville's method, the réduction
may be performed in a porcelain crucible with a
négative pôle of platinum and a positive pôle of
carbon. When the double chloride of aluminium
and sodium is used, aluminium and a little
sodium chloride are deposited on the platinum,
while chlorine and a little aluminium chloride
are liberated at the carbon pôle. The first
portions of the deposit contain the greater part
of the silieon and iron, so that by substituting a
fresh platinum plate after a part of the métal has
been deposited, very pure aluminium may be
obtained. The current from two Bunsen cells is
sufficient. The métal is detached, and fused
under a layer of the double chloride.

Gore and many others have stated that it
is possible to deposit aluminium from aqueous
solution. None of these processes has, however,
been successful, and Deville, Sprague, and

Winckler have particularly stated their in-
ability to deposit the métal from solution.
The action of alkaline solutions on aluminium
would prevent the possibility of déposition
from such liquids, and the same objection
would apply to most neutral and acid solutions.

An electric furnace suitable for the produc¬
tion of very elevated températures was described
by Dr. Siemens at Glasgow in 1881, and
recently a furnace on somewhat similar princi¬
pes has been patented by Messrs. Cowles Bros,
for the réduction of alumina and other oxides

(U.S. patents, 1885, 324,658, 324,659, 319,945,
319,795. Eng. Pat. (W. P. Thompson) 1885,
9,781 ; 1886, 1,160 and 1,161). The furnace is
a reetangular box, one foot wide, five feet long,
and fifteen inches deep, ail inside measures.
Two carbon electrodes pass through qpipes in
the ends ; they are three inches in diameter and
thirty inches long ; this size cannot be exceeded,
as larger carbons disintegrate under the intense
heat. For a non-conducting furnace lining, fine
particles of chareoal are washed in lime-water,
exposed to the air and dried. They thus become
coated with lime and are of good insulating
power. At the high température produced,
ordinary charcoal beeomes converted into gra¬
phite and forms a good conductor. The two
electrodes being within a few inches of one
another, the charge of twenty-five parts of
corundum, twelve parts of carbon and fifty
parts of granulated copper is placed around and
between them, covered with small lumps of
charcoal, and the whole covered with an iron
top lined with fire brick. The current from a
powerful dynamo is then passed, and the elec¬
trodes moved if necessaryto produce the requisite
résistance. In about ten minutes, the copper
having melted between the electrodes, the dis¬
tance between them is increased while the
current is raised to 1,300 ampères of fifty volts
E.M.F. As the résistance is increased the tem¬

pérature rises, the alumina is reduced to the
metallic condition and alloys with the copper,
while its oxygen forms carbon monoxide and
burns at the openings in the cover with a white
flame. After about five hours the opération is
completed. The alloy produced is brittle, con-
sisting of copper and 15 p.c. or upwards of alu¬
minium. When boron or silieon oxides have
been added, the bronzes produced contain these
elements. It is melted, cast into ingots, the
percentage of aluminium determined, and suffi¬
cient copper added to produee ' aluminium
bronze,' or the required alloy.

When other metals, such as iron, nickel,
silver, &c. are substituted for copper, correspond-
ing alloys are produced.

The slag produced is hard and compact, but
soon falls to a fine alkaline powder ; it contains
alumina, calcium aluminate, with traces of
copper, silieon, &a.

Pure aluminium cannot be produced satis-
factorily by this method, as it remains, to a great
extent, mingled with the carbon.

See further, W. P. Thompson (S. C. I. 1886, ,

206) ; Mabery (Am. S. 308), and (Am. 1887,
H).

An electric furnace for the réduction of
cryolite has been invented by Eleiner (F<ng-
Pat. 1886, 8,531).
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The following analyses, taken from Hoffmann's Ber. Entwick. Chem. Ind. (1) 603, show the
composition of commercial aluminium :—

1 2 3 4 5 6 7 8 9 10

Locality .... Paris Pari3 Berlin Paris Paris Paris Bonn Nanterre (Morin)

Analyst .... Salvétat Salvétat Mallet - Dumas Dumas Kraut Kraut Kraut Sauerwein

Aluminium 88-35 92-97 96-25 92-60 92-5 96-16 94-7 97-2
Silicon . . . 2-87 2-15 0-45 0-45 0-7 0-47 3-7 0-04 0-12 0-25
Iron .... 2-40 4-88 3-29 7-55 6-8 3-37 1-6 1-62 2-26 2-40

Copper . . . 6-38 — — — — — — — — —

Lead . . . trace trace
Sodium. . .

— trace trace

Absolutely pure aluminium may be prepared
by the method adopted by Mallet in his déter¬
mination of the atomic weight of that element
(Tr. 171,1,018 ; C. N. 46, 178). Ordinary com¬
mercial aluminium is converted into bromide
by the direct action of bromine. On aceount of
the violence of the action the métal should be
immersed only for a short time, at intervais,
until dissolved, or should be added in very
email pièces. The bromide so produced is freed
from bromine by distillation and fractionally
distilled, that portion boiling uniformly at
263'3°C. being reserved. This portion is eolour-
less, entirely soluble in water, and consists of
the pure bromide.

It is heated with sodium (which has been
carefully freed from oil and well scraped) in a
crucible made of a mixture of pure alumina and
sodium aluminate. The amount of sodium
used should not be sufficient to reduce the
whole of the bromide, or the aluminium is
liable to contain sodium. The globules of
métal are fused together before the blowpipe
on a bed of alumina, immersed for a short time
in hydrochloric acid, washed and dried. Pure
aluminium might also be produced by the elec-
trolysis of the pure bromide or chloride.

Purification.—On aceount of the low spécifie
gravity of aluminium there is a considérable
tendency for portions of the slag to remain in
the métal. The presence, especially, of alumi¬
nium chloride is very injurions, and such métal,
though quite pure in appearance, soon becomes
attaeked in spots on exposure to the atmo¬
sphère, and coated with alumina. Aecording to
Morin, the métal should be melted in a plum-
bago crucible and exposed to the air at a red
heat. Acid fumes are evolved from the décom¬
position of the chloride, &c., and a white scum
collects on the surface. The crucible is taken
from the furnaee and the scum removed by a
cast-iron rod. This opération must be repeated
three or four times before the whole of the slag
is removed.

The purification from metallic impurities
is extremely difficult. The only method of ob-
taining satisfaetory métal is to produce it in a
state of purity in the first instance by using
only pure materials.

No process of removing silicon is known.
When heated in fused soda the superfieial
silicon is removed. Métal so treated takes a

good polish.
Iron may be partially removed by a process

of liquation, and iron or copper, by fusion with

potassium polysulphide, chlorate, and nitrate,
but the séparation is very incomplète.

Zinc may be driven off as oxide by exposure
of the molten métal to the air. The complété
séparation only takes place at an extremely
high température.

Lead is removed by cupellation. Peligot
reeommended cupellation of impure aluminium
with lead for the removal of other impurities ;
aecording to Deville the métal may be much im-
proved by that method.

Deville recommends the following as the best
général method of purification. A cast-i?-ore
crucible is thoroughly oxidised on the surface
by a little fused nitre and the métal placed
therein, covered with a layer of potassium
nitrate and heated to redness. The iron, cop-
per, &c., are thus oxidised and pass away in the
slag. If the température be too high the alu¬
minium itself rapidly acts upon the nitre with
formation of potassium aluminate.

(For the .influence of small quantifies of im-
purity v. Alloys, infra. )

Physical Propertics.—Commercial aluminium
is a white métal with a bluish tinge, which be¬
comes intensified when the métal is worked, and
when mueh silicon and iron are présent. It has
been obtained in crystals resembling octahedra ;
pure aluminium is not magnetic. The spécifie
gravity of the cast métal is about 2-56; this
may be increased to 2-688 by rolling. Its spécifie
heat is about 0-218.

It rnelts at 600°C. (Pictet) ; about 700°
(Castner, com.), and appears to be quite non-
volatile.

Notwithstanding its low melting-point it is
difficult to liquefy the métal on aceount of
its high spécifie heat ; its latent heat also ap¬
pears to be considérable. It should be fused in
an open vessel without a flux.

Aluminium contracts on solidifying. The
largest casting of this métal is said to be the
cap of the Washington Monument, weighing
8g lbs. (Min. Bes. United States, 1883-1884).

Taking the eléctric conduetivity of silver at
0°C. as 100, that of aluminium at 0°C. is 34-0
(Matthiessen). The conduetivity for heat of
silver being 100 at 19'60C., that of aluminium is
33-7. Slightly différent conductivities from the
above are given by Lorenz (A. Ch. 2, 13, 422
and 5S2).

Aluminium is extremely malléable, espe¬
cially when pure, and may be beaten into leaf
like gold and silver. Its temper, however, is
quickly lost and the métal requires fréquent

F 2
IRIS - LILLIAD - Université Lille 1



68 ALUMINIUM.

rnnealing, especially as it beeomes thinner.
The leaf is said to form a good and durable
substitute for silver. It may be drawn into fine
wire if frequentiy annealed at a low heat. The
best température for working is said to be 100°
to 150°C. In elastioity and hardness it is about
equal to silver. The hardness increases when
hammered and diminishes after heating.

W. H. Barlow (Brit. Assoo. Bep. 1882,
668) lias determined the more important me-
chanical properties of a bar of aluminium
J- inch square and 3 feet long. Its sp. gr. was
2-688 ; its modulus of elasticity 10,000 ; its
range of elasticity high, a bar stretched ^ of
its length before breaking. Its tensile strêngth
was 26,800 Ibs. (about 12 tons) per square inch.
The length of a bar able to support its own
weight was 23,040 feet, i.e. equal to that of
ordinary steel and more than double that of
bronze. Kamarsch (D. P. J. 172, 55) finds, for
a wire 0-225 mm. in diameter a tensile strêngth
of 12-975 kilos per square mm., and for a wire
0-145 mm. in diameter, a tenacity 11-845.
According to Mallet (G. N. 46, 178), absolutely
pure aluminium is as white as tin, but of greater
lustre, with no bluish tinge, softer and more
malléable, and apparently less fusible than the
ordinary métal. Its hardness is less increased
by hammering. Its sp.gr. is 2-583 and its
sp. heat between 0° and 100°C. is 0-2253 ; higher
than that of any other métal except lithium
and glucinum, as might be expected from its
low atomic weight. Considérable difficulty is
experienced in soldering aluminium. Mourey
(D. P. J. 166, 205) recommends several solders ;
a generally useful one contains aluminium 6,
eopper 4, zinc (free from iron) 90 ; or for heavier
work, aluminium 12, copper 8, zino 80; the
latter is also reoommended by Van der Weyde.

Por burnishing and engraving aluminium,
the ordinary média are unsuitable. According
to Mourey and others an emulsion of equal
parts of rum and olive oil is most satisfaetory.
The appearance of the manufactured articles is
improved by a frosted appearance. This is pro-
duced by plunging the article momentarily into a
weak solution of caustic alkali, washing well and
immersing in dilute nitric acid. Aluminium is
extremely sonorous, especially when pure. If
suspended by a fine wire, a bar when struck
emits a clear, sweet, and prolonged sound.
Lissajous lias prepared tuning-forks of this
métal, the action of wliich was very satisfaetory.
Dumas (C. B. 90, 1,027, and J. Ph. 2, 12) has
shown that ordinary aluminium contains nearly
its own bulk of hydrogen and a small quantity
of carbon dioxide. The whole of this gas is
evolved, somewhat suddenly, at a white heat,
about the melting-point of porcelain. The pure
métal prepared by Mallet only evolved about j of
this amount (C. N. 42, 285). It appears, there-
fore, that the quantity of gas absorbed dépends
on the method of préparation. The presence of
this gas would not appreciably affect Mallet's
détermination of the atomic weight of aluminium
from the métal.

Chemical Properties.—Vfhen heated in air,
especially at a white heat, aluminium is oxi-
dised. The presence of silicon increases the
action, and when this is présent in considérable

quantity, the alloy burns brilliantly, forming a
silicate of aluminium. In foil, however, the
métal burns readily in air or oxygen.

Commercial aluminium is rapidly oxidised
by water or steam at high températures. Alu¬
minium leaf slowly décomposés in water at
100° C., becoming finally converted into the trans-
lucent hydrate which retains the form of the
métal.

According to Hinze (D. P. J. 227, 277) alu¬
minium, when pressed against moist platinum,
beeomes covered with alumina, from galvanie
action on the water.

At a red heat sulphur converts aluminium
into the sulphide ; the foil burns in sulphur
vapour. Sulphuretted hydrogen, ammonium
sulphide, &c., are without action upon it.
Aluminium combines with phosphorus but not
with hydrogen. It combines with carbon, and
the carbon appears to exist in the métal as a
carbide, as in iron and steel. It is rapidly at-
tacked by the halogens with considérable rise of
température.

Dilute sulphuric acid has no action, even in
presence of other metals (De la Bive). When
much silicon is présent, silicon hydride is
evolved and the métal slowly dissolves. The
cold concentrated acid has a slight action;
when heated, the métal is rapidly dissolved with
évolution of sulphurous anhydride. Cold con¬
centrated or dilute nitric acid is without action ;
even on heating solution is slow, and again
ceases on cooling. On this account Hulot has
proposed the substitution of aluminium for
platinum in Grove's battery.

Pure aluminium is attacked by hydrochloric
acid. The commercial métal dissolves readily
in dilute or concentrated acid, both hot and
cold, more rapidly in strong acid or when the
métal is very impure. At a very low tempéra¬
ture gaseous hydrochloric acid converts the
métal into the chloride. Corresponding effeets
are produced by aqueous and gaseous hydro-
bromic, hydriodic, and hydrofluoric acids.

The action of organic acids on aluminium is
almost inappréciable. In presence, however, of
sodium chloride these acids have a slight solvent
action. Under like circumstances, tin and
copper would be much more affected, with the
production of injurious salts, while the salts of
aluminium are quite harmless and are almost
entirely precipitated and rendered insoluble on
boiling.

Perspiration, being acid, has no apparent
effect ; saliva, on account of its slight alkalinity,
acts very slowly. Aluminium tubes have been
used for insertion in the human body where
much purulent matter was présent, without
perceptible corrosion.

Aluminium when fused with potash or soda
is unaffeeted even at a dull red heat, but the
superficial silicon is removed ; métal so treated
takes a good ' mat.'

Solutions of caustic alkalis act with considér¬
able energy, with formation of an aluminate.
Calcium hydrate has a less rapid action.

Dry ammonia gas has no action ; solution of
ammonia slowly converts the métal into hydrate,
and a portion passes into solution.

Pure aluminium is less acted upon by most
reagents than the commercial métal (Mallet).
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Action on mctallic solutions.—Aluminium,
especially in the form of foil, has a considérable
action on many salts in solution. The action of
sulphates and nitrates is usually very slow. AU
chlorides, except those of the alkalis and alka-
line earths, are readily decomposed, even alu¬
minium chlorida solution dissolves the métal
with évolution of hydrogen. Bromides and
iodides have corresponding effects. The pré¬
sence of sodium or other chloride in solutions of
other salts much facilitâtes their action.

From a neutral or feebly acid solution of
silver nitrate, silver is precipitated slowly ; from
an ammoniacal solution of the chloride, silver is
rapidly precipitated as a crystalline powder.

From the nitrate or sulphate of copper, pré¬
cipitation is slow, from the aeetate quicker,
and from the chloride or other sait in presence
of sodium chloride, rapid and complété.

Mercurous salts are decomposed with forma¬
tion of an amalgam. Lead and zinc are readily
precipitated (v. also Cossa, Z. [2] 6, 380 and
443).

Action on dry salts and oxides.—The action
of aluminium, when heated with certain salts
and oxides, is peculiar, and shows, especially at
high températures, the tendency of this métal to
form aluminates.

It is not afïected by potassium nitrate except
above a red heat ; it is then rapidly oxidised
with formation of potassium aluminate. With
aJkaline carbonates combination takes place at
a red heat with séparation of carbon, and with
alkaline sulphate combination takes place sud-
denly at redness with explosive violence ; in both
cases aluminates are formed.

When finely divided aluminium is mixed
with oxide of copper, lead, or iron, combination
takes place at a white heat only, with such vio¬
lence as frequently to shatter the crucible. In
the case of lead and copper oxides, aluminates
are produced, and with iron an alloy of iron and
aluminium (Tissier).

When heated with silicates or borates, alu¬
minium libérâtes silicon or boron, forming an
aluminate with the base. Fused silver chloride
is reduced to métal ; zinc is reduced from its
fused chloride, whilst magnésium chloride is
not afïected (Flavitzky, B. 6, 195). The vapour
of mercuric chloride is reduced with such energy
by heated aluminium that the métal fuses.

Détection.—Compounds of aluminium, when
heated, moistened with solution of cobalt nitrate,
and again strongly ignited, produce a fine sky-
blue colour (Thenard's bluc, q. v., art. Cobalt).

Aluminium compounds are usually eolour-
less. Silicates and other compounds insoluble
in acids require to be finely powdered, mixed
with 4 parts of sodium carbonate or fusion mix¬
ture, and ignited strongly in a platinumcrucible.
The aluminium having thus become converted
into sodium aluminate, is dissolved out with
hydroehloric acid, evaporated to dryness to render
any dissolved silica insoluble, and treated with
dilute hydroehloric acid, The aluminium is
then présent as chloride.

Aluminous solutions, on addition of an alkali,
give a white gelatinous precipitate of hydrate,
soluble in excess of the précipitant and in acids.
Ammonia produces the same precipitate, which
is only slightly soluble in excess, and is entirely

reprecipitatéd on boiling off the excess of
ammonia.

Estimation.—Aluminium is always precipi¬
tated as the hydrated oxide A1203,3H20.

For this purpose the solution, which, in pré¬
sence of alkalis or alkaline earths, is mixed
with excess of ammonium chloride, is treated
with a slight excess of ammonia, and the solu¬
tion boiled until the free ammonia is expelled.
The hydrate, having thus become totally pre¬
cipitated, is filtered, well washed, dried and
ignited in a platinum crucible, the heat being
finally raised to bright redness for five minutes
over the blowpipe. The weighed residue consists
of anliydrous oxide, AL03, and contains 53'39 p.c.
of aluminium. The séparation from other
metals is not difficult. The heavy metals may
be precipitated from the acid solution by sulphu-
retted hydrogen, leaving the aluminium in solu¬
tion, whilst the précipitation in presence of
ammonium chloride in excess separates it from
the alkalis and alkaline earths. From chro-
mium and iron the séparation is less simple.
Chromium may be separated as follows :—The
precipitated oxides are dried, mixed with 2
parts potassium nitrate and 4 sodium carbonate
in a platinum crucible and fused. Alkaline
chromate and aluminate are thus produced.
The mass is digested with water and a small
quantity of potassium chlorate and hydroehloric
acid are then added, and the solution is evapo¬
rated to a syrup, with oecasional addition of
potassium chlorate to destroy the excess of
hydroehloric acid and prevent its reducing
action on the chromate. The aluminium in the
diluted solution is precipitated as above by
ammonia, leaving the chromate in solution.

For the séparation from iron, the precipitated
hydrated oxides are dissolved in the minimum
quantity of hydroehloric acid and treated with
an excess of pure strong potassium hydrate
solution, boiled for a few minutes, diluted,
filtered and well washed. The ferrie oxide is
thus precipitated and separated from the soluble
alumina. The solution and washings are acidu-
lated with hydroehloric acid and precipitated
by ammonia. On account of its solvent action
upon glass, the treatment with potash should
be performed in a porcelain dish, which is much
less attacked, or, preferably, in one of silver.

Alloys. Aluminium unités easily with most
metals, usyally with évolution of heat. The
alloys are frequently brittle when either con¬
stituent is in excess. Many of them are easily
worked and possess spécial properties, such as
résistance to corrosion, hardness, fine quality
of colour, great tenacity, &c.

The malleability of aluminium is not much
impaired by the addition of gold, silver, or tin,
but the presence of iron, and especially of
silicon, is very injurious.

With silicon aluminium unités in almost ail
proportions, either directly or by its action on
silicious matériels ; for this reason the fusion
or préparation of this métal should not be per¬
formed in any silicious crucible in presence of a
flux. The presence of silicon renders aluminium
brittle and much less permanent. The alloy
containing 10 p.c. silicon is grey and brittle.
Wohler has prepared an alloy containing 70 p.c.
silicon, which still appeared metallic.
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With iron the alloys are of espêcial interest.
The presence of a small quantity of iron is very
injurious ; it renders the aluminium crystalline,
and raises the melting-point. The alloy con-
taining 5 p.c. of iron is hard and brittle ; with
8 p.c., the alloy crystallises in needles and on
heating separates into a more liquid alloy con-
taining but little iron and a skeleton very rich
in that métal. Michel (A. 115,102) hasprepared
an alloy which crystallises in six-sided prisms,
corresponding to ALFe.

The valuable properties imparted to iron and
steel by the presence of a small quantity of
aluminium have long been known ; Faraday
(Quarterly Journ. Eoy. Inst. 1819, 290) found
from 0-013 to 0-069 p.c. of aluminium in certain
samples of Bombay wootz, though it has been
shown by Henry and others that this métal is
not always présent. About the same time
S. B. Kogers showed the presence of aluminium in
some of the best quality of pig-ironmade in South
Wales, and found that a steel to which 0-8 p.c.
of aluminium had been added in the form of an

alloy with iron, was rendered harder and stronger
and resembled the best wootz (Bogers, Metal-
lurgy, 1858, 14). A superior steel was prepared
by Sir Charles Knowles, which was stated to
owe its value to the use of kaolin and consé¬

quent introduction of aluminium into the
métal in its préparation (Mining Journal, 1859,
118).

Messrs. Cowles Bros, have exhibited a Sie¬
mens-Martini basic steel containing 0'2 p.c.
aluminium, which welds with iron and shows no
mark at the junction.

The addition of aluminium to iron or steel
for the production of ' mitis castings ' has been
patented by P. Ostberg (Engineering, 1886, 360).
Iron and steel, especially at températures far
above the melting-point, absorb considérable
quantities of gas, which impairs the value of the
castings. If is stated that the addition of 0-05
or 0'1 p.c. of aluminium in the form of an alloy
of iron containing 7 or 8 p.c. of aluminium to
the fused iron or steel lowers the melting-point
by 300° to 500° F., prevents the absorption of
gas, and considerably increases the fiuidity. The
métal can then be easily cast. Small castings
only have at présent been produced ; they are
stated to resemble wrought iron, to be free from
flaws, to require no annealing, and to have
gained 30 to 50 p.c. of additional tenacity.

With copper, aluminium unités in ail propor¬
tions. The presence of a small quantity of
copper increases the hardness ; with 3 p.c. cop¬
per the métal is whiter than aluminium and
more easily worked; with 5 p.c. the alloy is
about as hard as standard silver. The alloy con¬
taining from 30 to 40 p.c. copper is brittle, very
hard, and crystalline ; a further addition of that
métal again reduces the hardness. With 30 p.c.
of aluminium the alloy is hard and unworkable ;
that containing 20 p.c. is yellowish-white, and
may be pulverised in a mortar. Alloys contain¬
ing 10 p.c. or less of aluminium are ail valuable,
being hard, tenacious, and easily worked. The
7 p.c. alloy is the colour of ' green gold ' ; that
containing 5 p.c. is more easily tarnished ; the
presence of even 1 p.c. of aluminium renders
copper harder, more fusible, and more easily
worked. Messrs. Bell Bros, give the sp.gr. of

these alloys as 3 p.c. aluminium, 8-G91 ; 4 p.c.,
8-021 ; 5 p.c., 8-369 ; 10 p.c., 7-689.

Aluminium bronze. Of these alloys the most
important is that containing 10 p.c. aluminium,
known as 'aluminium bronze.' It corre¬

sponds to the compound AlCu„ and was first
prepared by Percy. It appears to be a true com¬
pound, for on the addition of a bar of aluminium
to copper, fused in a plumbago erucible, eom-
bination at once commences, and the température
rises to whiteness.

For the production of the best bronze both
the aluminium and copper should be of the
greatest possible purity. The impurities présent
in commercial copper lower the value of the
alloy considerably. When first prepared it is very
brittle, but beeomes malléable after being fused
two or three times.

Aluminium bronze is of a bright golden
colour, of sp.gr. 7-689, i.e. about that of wrought
iron ; it takes a fine polish, and casts well. It is
less aeted upon by sulphurous gases and by
vegetable acids and ordinary reagents than
other alloys of copper (v. Proctor, C. N. 4, 5).
It is malléable at ail températures, but requires
fréquent annealing if worked when cold. The
tensile strength of the best hammered aluminium
bronze is equal to that of good steel ; indeed,
it is stated by many to surpass steel in that
respect. According to Anderson its tenacity is
about 96,000 lbs. per square inch, whilst that of
the best gun-metal is 35,000 lbs., steel varying
from 67,000 to 114,000 lbs. It has great power
of resisting pressure, standing midway between
the best steel and iron. Under a pressure of 59
tons per square inch it became distorted, but
showed no sign of fissure. Its rigidity is 3 times
that of gun-metal, 44 times that of brass ; it is
slightly less affected by change of température
than those rnetals (Strange, P. M. 24, 508).

On account of its valuable properties, its
lightness and beauty, aluminium bronze may be
applied to an immense variety of purposes, its
universal application being only retarded by its
présent high price. It is excellent for forging,
casting, making tubes, &c. For the journals of
machines it is superior to gunmetal ; for phy-
sical and other délicate apparatus it is unsur-
passed, both from its lowsp.gr. and its résistance
to corrosion.

The addition of nickel, zinc, bismuth, tin,
&a., to this métal produces bronzes useful for
spécial purposes. Hercules métal, containing
copper, nickel, and a little aluminium ; argentan,
and minargent, are alloys of this type. With a
certain proportion of ' silicon the tenacity of
aluminium is said to be increased.

A corresponding improvement is effeeted by
the addition of aluminium to brass. An alloy
containing aluminium 2-5 p.c., copper 70 p.c.,
and zinc 27-5 p.c., is said to show nearly double
the tenacity and considerably more than double
the elongation of ordinary cast brass.

The presence of tin in aluminium renders it
more fusible and brittle. According to Bour-
bouze (C. B. 102, 1,317) an alloy of aluminium
100, and tin 10 is strong, easily worked, may be
soldered as easily as brass, is whiter and less
affected by reagents than aluminium, and is
very suitable for parts of optical instru¬
ments. Its sp.gr. is 2-85. The addition of alu-
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minium to tin increases its hardness and tenaoity.
The alloys eontaining 5, 7, and 9 p.c. of alu¬
minium are ail easily worlied and soldered. A
Iarger proportion of aluminium is liable to sepa-
rate out on melting.

The presence of zinc in aluminium renders
it brittle and more fusible. The alloy eontain¬
ing 3 p.c. of zinc is brilliant in appearance and
harder than aluminium. With 25 p.e. of alu¬
minium the grain is fine and even ; with 30 p.c.
of that métal the alloy is crystalline and brittle.

Aluminium combines in ail proportions with
cadmium, forming malléable fusible alloys.

Small quantifies of silver increase the hardness
and elasticity and lower the melting-point
without rend ering aluminium brittle. The alloy
eontaining 4 p.c. silver has been used for the
beams of delicate ehemical balances. When the
addition exceeds 5 or 6 p.c. the métal becomes
brittle ; the 50 p.c. alloy is as hard as bronze,
but very brittle. ' Tiers argent ' consists of 1
part silver and 2 parts aluminium ; it is of
considérable hardness, and is used for table-
spoons &c. The addition of 5 p.c. of aluminium
to silver renders it as hard as standard silver and
very permanent.

The presence of aluminium in gold consider-
ably alters its properties. The addition of 0T86
p.c. of aluminium to pitre gold increases the
tensile strength from 7 tons to 8-87 tons per
square inch, a greater increase than is produced
by the same amount of any other métal (Boberts-
Austen, Boy. Soc. Bep. April 1888; C. N. 1888,
v. 57, p. 133). With 1 p.c. aluminium the gold
has the colour of 'green gold,' is hard but easy
to work ; with 5 p.c. aluminium it is white and
extremely brittle, and with 10 p.c. white, brittle,
and crystalline. Aluminium eontaining 10 p.e.
of gold is white and hard.

Nickel and aluminium combine with incan¬
descence when heated together. The presence
of under 3 p.c. of nickel lowers the melting-point
and increases the hardness and elasticity.
Further addition renders the métal brittle.

Pure aluminium combines with mercury al-
tliough not readily when the metals are heated
together in an inert gas such as carbonic an¬
hydride. The two metals combine rapidly in
presence of alkalis. The amalgam mav also be
produced by eleetrolysis of mercuric nitrate,
using a négative plate of aluminium, dipping in
mercury. When aluminium is rubbed with
wash leather impregnated with mercury, com-
bination occurs ; the surface rapidly oxidises, and
becomes heated, with formation of concrétions of
alumina (Jehn and Hinze, B. 7, 1,498). The
amalgam oxidises rapidly, especially in moist air
or in water, with formation of white alumina and
séparation of mercury. According to Hinze
(D. P. J. 227, 277) this oxidation does not take
place in dry air, and is due to a galvanic action
on the water.

Alloys of bismuth with aluminium are hard
and brittle. With antimony and Icad aluminium
does not unité, although traces of lead are fre-
quently présent in commercial aluminium.

Sodium unités readily with aluminium. The
last traces of sodium are diflicult to remove,

especially, it is said, when the métal has been
reduced from cryolite. The alloys are easily
attacked by moisture, and burn in the air, with

oxidation both of the aluminium and sodium ;
that eontaining 2 p.c. of sodium décomposés
water with ease. The necessity of thoroughly
removing the whole of the Sodium in the purifi¬
cation of aluminium is therefore obvious.

Aluminium also unités with manganèse ; with
platinum it unités easily, forming fusible alloys.
With boron aluminium unités in varying pro¬
portions. The so-called ' adamantine ' and ' gra-
phitic ' boron appear to be borides of aluminium
(Hampe, A. 1876, 75 ; and Deville and Wôhler,
ibid. 1867, 268), v. Bokon.

Mallet (C. J. 1876, ii. 350) has prepared a
hitride of aluminium in small crystals hard
enough to scratch glass.

For further information respecting aluminium
and its alloys, v. St. Claire Deville, L'Alu¬
minium, Paris, 1859 ; and Beports on the Paris
Exhibition, 1862, vol. i. 104-114 ; C. and A.
Tissier, L'Aluminium, Paris, 1874 ; Mierzinski,
Die Fabrikation des Aluminiums, Berlin, 1885 ;
J. W. Bichards, Aluminium and its Alloys, Lon-
don, 1887.

Aluminium oxide Alumina A1203.
Aluminium forms only one oxide, AL03, eor-

responding to and isomorphous with the ses-
quioxides of iron and chromium.

This oxide occurs native, colourless as
hyaline, corundum, or coloured by metallic
oxides, as ruby, sapphire,oriental topaz, &c. (g-v.).
Very impure, dark, and usually associated with
magnetite and hœmatite, it occurs in large
boulders in many districts and is used as a
grinding and polishing material in the form of
emery (g. v.). The native oxide crystallises in the
l'hombohedral System ; in hardness it cornes
next to the diamond. The finely-coloured
specimens are used as gems. It occurs almost
pure in considérable quantities in the Alleghanies
in Northern Georgia.

It may be prepared by the ignition of alu¬
minium foil in air or oxygen ; the oxide so pro¬
duced is fused and as hard as corundum.

Amorphous alumina may be produced by
ignition of the preeipitated hydrate, pure alu¬
minium sulphate or ammonia alum ; in either
case alumina alone is left.

It is white and soft, but becomes hard on
strong ignition. According to H. Bose (P. A.
74, 430) the sp.gr. of the oxide after heating
over a spirit lamp is 3-725; its density may
be raised to 4, just about that of corundum, by
ignition in a porcelain furnaee, but it still re¬
mains amorphous. •

When alumina is ignited with a sait of cobalt
a fine blue colour is produced which is used as a
pigment (v. Thcnard's blue, art. Cobalt).

When heated by the oxyhydrogen blow-pipe,
alumina melts and crystallises, the addition of
chromium oxide or a chromate imparts a ruby
colour to the crystals.

Fremy and Verneuil (C. B. 1888, 566) have
prepared fine artificial rubies by heating to red-
ness a mixture of barium fluoride and alumina
eontaining a trace of potassium bichromate. The
heat requires careful management. Fine rubies
are tlius formed in a friable matrix which may
be separated by agitation with water. By former
methods the matrix was hard and,diffiçult to re¬
move (Fremy and Feil, C. B. 1877, *1,029, and
1887, 737). The crystals contain no barium,
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easily scratch the topaz and possess the form
and properties of natural rubies ; their crystalline
form has been determined by Descloiseaux (C. E.
1888,567). By the addition of a little cobalt ox-
ide before the fusion, sapphires may be produced.

Alumina is soluble, on strong ignition, in
boric oxide ; the latter may be driven off at an
elevated température leaving crystalline alumina.
By the addition of the proper oxides the corre-
sponding aluminates may be produced, such as
spinel (magnésium aluminate), and others,
colourless or coloured by oxide of cobalt (blue),
of ehromium (red), and of iron (black) (Ebelmen,
A. Ch. 3, 22, 211 and 33, p. 34).

Alumina is not affected by heat ; nor by
ehlorine, except in presence of carbon. In any
form it is converted into sodium aluminate by
ignition with caustic soda and into sulphate by
fusion with potassium bisulphate.

Hydrated oxides. Alumina oecurs in three
states of hydration, the mono-, di-, and tri-
hydrates. The hydrate oecurs, usually with
corundum, as diaspora A1,0;1H._,0 and in the im¬
portant minerai bauxite. Alum-clay may also
be ineluded among the hydrates ; it contains
aluminium silicate in addition.

Bauxite oecurs at Beaux in France, at
Feistritz in Austria, and in a clay-like form at
Wochein in Styria, known as Wocheinite. Its
most important locality is Irish Hill near Larne-
in Co. Antrim, Ireland, where it oceurs with
lignite in the iron measures. It is found in three
layers, the first from four to seven feet thick, the
second of about equal thickness beneath a layer
of basait, and the third about forty feet thick
containing much iron.

Bauxite ahvays contains ferrie oxide, but the-
finest or ' Gertrude ' quality from Irish Hill is
nearly as free from iron as good china clay.
Bauxite is very largely used for the préparation
of aluminium sulphate and of sodium aluminate.
The varieties used for the préparation of alu¬
minium are known as 'aluminium ore.' It is
also used, mixed with fire-clay, dolomite or
magnesite, as a fire-resisting material. With
clay, sodium silicate, ifcc., it forms a valuabie
lining for furnaces such as Siemens's rotary
furnace. When heated, it becomes extremely
hard and is used as artificial emery. The
following analyses show the composition of
bauxite from Beaux, Wochein, Feistritz, and co.
Antrim, Ireland :—

Locality Beaux Wochein Feistritz Irish

Analjst Deville Drechsler Schnitzer Siemens

Al.,Os ....
Fe.,0, ....
SiÔ„ ....

Na„Ô + K.,0 . .

H..Ô . ". . .

Ti"02 ....

60
25

3

12

75
12

1

12

Dark
coloured

63-16
23-55
4-15
0-79
8-34

trace

Light
coloured

72-87
13-49

4-25
0-78
8-50

trace

Reddish
brown
44-4
30-3
15-0

9-7

Tellow

54-1
10-4
12-0

21-9

Wliite

64-6
2-0
7-5

24-7

Raw

35-0
38-0

3-5

21-5
2-0

Calcined

44-48
48-0

4-45

2-54

The following analyses by Leop. Mayer and 0. Wagner (D. P. .T. 248, 213) show that the ap-
pearance of bauxite cannot be relied on as a criterion of its value. The origin of the samples is
not given.

Appearance Hygroscopic
moisture

Combined
water A1„0, Fe203 Si03 MnOa CaO MgO P„Os

1 Pure white . . 2-33 13-86 .29-80 3-67 44-76 ■ 2-75 0-84 1-47
2 Yellow . . . 1-03 27-85 43-22 14-39 10-43 — 1-61 — 1-13
3 „ . . . 1-30 27-70 50-38 11-68 8-34 trace trace trace 0-61
4 Eed .... 1-34 23-12 33-86 25-69 12-41 2-42 trace — 0-53
5 . . 1-31 23-81 46-18 22-05 4-82 — 0-89 — 0-66
6 . . . . 0-95 20-83 62-10 6-11 5-06 2-01 3.20 trace trace
7 1-17 4-75 21-80 3-75 60-10 — 6-06 2-49 trace

Other analyses of bauxite and of alum clay
are given under Aluminium szdpliate.

Aluminium trihydrateAl.,033H20 orAL(HO)6.
This compound is the ordinary hydrated oxide
precipitated by the addition of an alkali to a
solution containing an aluminium sait. In its
préparation from insoluble minerais a solution
of sodium aluminate is usually first produced,
from which the oxide is then precipitated by
carbon dioxide. Its préparation in this manner
has already been described (pp. 04 et seq.). When
freshly precipitated, it is a white gelatinous solid
which loses a portion of its water at 100°C. and
becomes soft and friable ; this water is partially
reabsorbed with formation of a stiff paste on
addition of water. At a strong red heat it be¬

comes anhydrous and contraets considerably.
The hydrate is easily soluble in acids and in
caustic alkali.

When boiled with water containing one drop
of a 1 p.c. solution of alizarin, the hydrate
assumes a bright-red colour, not removed. by a
weak solution of acetie acid. This test easily
distinguishes it from gelatinous silica.

Aluminium hydrate possesses a powerful
affinity for man'y organic substances, and com¬
bines with a large number of eolouring matters,.
precipitating them entirely as lakes. On this
property dépends the use of alum mordants (red
liquor, &c.). They precipitate the hydrate upon
the fibre of the goods to be dyed, and this is the-
mordant or fixing agent which retains the colour.
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Sodium aluniinate Al2033Na20 or Al2(NaO)6.
This sait is now préparée! on a large scale, both
to be used as sucli and as an intermediate pro-
duct in the préparation of the sulpbate and otlier
salts of aluminium.

Its formation dépends upon the property
possessed by alumina of acting as an acid in pré¬
sence of a powerful base.

Its préparation from bauxite has been de-
scribed on page 64. It may also be produced
by passing a current of steam through a heated
mixture of bauxite and common sait, and by
the ignition of a mixture of bauxite, sodium
sulpliate, and carbon, but in the latter case its
purification from the sodium sulphide simul-
taneously produced is diffieult. It is also formed
in the préparation of soda from cryolite. Aceord-
ing to Tliomsen's method, powdered cryolite is
ignited at a red heat with chalk, forming sodium
aluminate and calcium fiuoride :—

AhF66NaF + 6CaC03 = Al2(NaO)„ + 6CaF2 + 6CO...
The mass produced is lixiviated with water and
filtered. From this aluminate the hydrate is
precipitated by carbon dioxide with formation
of sodium carbonate :—

AI,(NaO)6 + 3C02 + 3H..0 = Al.,(OH)6 + 3Na.,C03.
The hydrate is usually made into aluminium
sulphate by solution in sulphuric acid or it is
converted into alum.

An entirely différent process has been intro-
duced by Sauerwein. The finely powdered cryolite
is boiled with milk of lime forming aluminate as
before :—

AljFjGNaF + GCaO = Al2(NaO)8 + 6CaF2.
For the conversion of the aluminate into oxide
Sauerwein applies a peculiar property possessed
by that sait which shows the readiness with
whieh alumina loses its acid properties and again
becomes basic. Sodium aluminate, when mixed
in équivalent proportions with any haloid sait of
aluminium, is deeomposed ; the sodium combines
with the halogen while the whole of the alu¬
minium is precipitated as hydrate. On the large
scale the haloid sait used is cryolite. The finely
powdered minerai is stirred into the clear liquid
from the previous opération, and the alumina
precipitated as hydrate :—

Al2(NaO)8 + Al.,F86NaF + 6H..0
= 2A1,(0H)8 + 12NaF.

Sodium aluminate is a white, infusible,
amorphous solid, easily soluble in both cold and
bot water. The concentrated solution rapidly
deposits alumina, leaving in solution a basic
aluminate, which on evaporation is obtained as
a fusible and hygroscopic mass. The addition
of any acid at once décomposés it with précipita¬
tion of alumina. This alumina is pure and free
from alkali, which is never the case when alkaline
précipitants have to be used. It may be used as
a mordant in dyeing and calico printing, but an
acid and not, as in the case of alum, an alkaline
bath must be used. For the production of laites
the colouring matter is mixed with the aluminate
solution and precipitated by the addition of sul¬
phuric acid. According to Morin these lakes
are richer than those obtained from alum and are

produced at about one half the cost.
Potassium aluminate A1.,033K20 or A1,(K0)8

is obtained in hard glistening crystals when
alumina is fused with potash, the mass boiled
in water and evaporated in vacito.

Aluminium ehloride A12CI6. This compound
was first prepared in 1824 by Oersted, by passing
chlorine over a mixture of alumina and charcoal
heated to redness. The method and apparatus
resemble that used in the préparation of the
double ehloride, omitting the sodium ehloride.

According to P. Curie (C. N. 28, 307) it
may be easily prepared as follows :—Anhydrous
alumina, or, less satisfactorily, clay, is strongly
heated in a tube and subjected to a current of
hydrochloric acid impregnated with carbon bisul-
phide by bubbling through that liquid. Alu¬
minium sulphide appears to be formed and at
once deeomposed by the hydrochloric acid yield-
ing aluminium ehloride and sulpliuretted hydro-
gen. The condensed ehloride may be freed from
sulphur by distillation with iron fihngs.

A solution of the ehloride may be obtained
by dissolving the hydrate in hydrochloric acid.

The pure anhydrous ehloride is a white, waxy,
crystalline solid ; in presence of a trace of iron
it becomes yellowish. On heating it volatilises
without fusion. If large pièces be quickly heated
theyfuse and boil at 180° to 185°C. (Liebig). It
is very hygroscopic, and evolves hydrochloric acid
on exposure to the air ; easily soluble in water ;
soluble in aleohol and ether. When deposited
fronr a solution in hydrochloric acid, it forms
crystals of the formula A12C18,12H20.

It absorbs ammonia and combines with
many metallic ehlorides, forming double chïor-
ides, the most important being that with sodium.
Aluminium ehloride has been recommended by
Filsinger (C. Z. 10, 1,270) for the préservation
of wood, and by Saget (C. N. 45, 113) and others
(S. C. I. 1882, 185 and 230) for the production
of a discharge on indigo blue. An impure
ehloride eontaining calcium and sodium salts is
stated to be largely used as a disinfectant under
the name ' Chlor Alum.'

Double ehloride of aluminium and sodium
Al2Cl8,2NaCl. This compound may be pro¬
duced by fusing together the proper proportions
of aluminium and sodium ehlorides. Its com¬

mercial préparation has been fully described
on page 64. It is a colourless crystalline
solid, melting at 185°C. (Deville) and volatilis-
ing at a red heat. It is slightly hygroscopic,
but much less so than aluminium ehloride ; it
is also more stable and more satisfactory in use
than that substance, and gives up nearly
the whole of its aluminium when reduced by
sodium.

Aluminium bromide Al2,Br6 is most readily
prepared by the action of bromine on metallic
aluminium. The action is violent, and the métal
should only be added gradually. A lump of
aluminium weighing twenty grams became
strongly heated and even fused on being placed
in cold bromine (Mallet, T. 171, 1,018).

It may also be prepared by the action of
bromine on a strongly heated mixture of alumina
and carbon, and, in solution, by dissolving the
hydrate in hydrobromic acid. It crystallises in
colourless shining laminœ, which melt at 93°C.
(Deville and Troost) and boil at 263'3°C. (at 747
mm.) (Mallet).

Like the ehloride, it forms a double bromide,
Al2Br8,2KBr.

Aluminium iodide A12IC may be prepared by
heating aluminium with iodine in a closed tube.
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It melts at about 185° (Weber) and boils at
350°C. (Deville and Troost) ; its vapour ia com¬
bustible. It dissolves in water, alcohol, and
carbon disulphide.

Aluminium fluoride A12FB, may be prepared
by the action o£ gaseous silicon fluoride, or of
hydrofluoric acid upon aluminium. It forms
transparent rhombohedra, volatile at a red beat,
insoluble in water and unacted upon by acids.
In solution in hydrofluoric acid, it appears
to form the compound Al,Fa,6HF, correspond-
ing to the double fluoride of aluminium and
sodium.

Cryolite Al,Fe,6NaF. This important com¬
pound may be prepared artificially. It oecurs
in quantity only in one locality, in a large vein
in the gneiss at Ivigtuk, in Greenland.

It is a semi-transparent, white, crystalline,
brittle solid, which melts at the edges in a
candie flame. Its hardness is 2-5 to 3 ; its
sp.gr. 2-95. When impure it is frequently
yellowish-red or even black.

Cryolite is used as a flux in the manufacture
of aluminium ; for making salts of sodium and
aluminium; and formerly, for the manufacture
of an opaque, porcelain-like glass. See further,
Benzon (Hoffmann's Ber. Entw. Chem. Ind. [1],
6G0).

Aluminium sulphide A12S3, may be prepared
by the action of a strong heat on a mixture of
aluminium and sulphur, or by heating alumina
to bright redness in the vapour of carbon bi-
sulphide. It forms a yellow, glassy mass, which
fuses with difficulty, and burns in air with pro¬
duction of alumina and sulphur dioxide. It is at
once decomposed by water.

Aluminium sulphate A1,033S03,18H20, or
AI2(S0J)318H20. Aluminium sulphate occurs
naturally in considérable quantities. As alu-
nogen, halotrichite, or hair sait, it is found
as hydrated sulphate containing ferrous oxide
in volcanic districts, at Bilin in Bohemia,
Copiapo in Chili, &c. It also occurs in pyritic
shale. A sample of feather aluni from Fries-
dorf, Bonn, analysed by Bose, gave S03 37*4
p.c., AL03 14-9 p.c., FeO 2-5 p.e., H20 45-2 p.c.,
with traces of K, Na, Mg, and Si02.

Aluminite lias been found at Miihlhausen,
Bohemia, of the composition A1203S03,9H,0.

It occurs in large quantities as a hydrated
double sulphate of aluminium and potassium in
alum-stone, alunite or alum rock, in seams in
volcanic rocks, at Tolfa near Civita Vecchia ; at
Puy-de-Dôme ; in hard masses in Hungary, and
in many other localities. It usually occurs in
fibrous compact masses in traehyte, of colour
varying from white to red or brown, being pro-
duced by the action of sulphurous gases upon
trachytic rocks rich in felspar.

The alunite from Tolfa contains from 32 p.c.
to 17-5 p.c. alumina. According to Guyot (C. It.
95, 693) the average composition is—Alumina
27-6, sulphuric acid 29'74, potash 7'55, water
11-20, iron 1-20, silica 22-70.

Large deposits of white and semitransparent
alunite are said to occur in Gloucester, New
South Wales, yielding alum perfectly free from
iron on calcination and lixiviation (Emerson Mac-
Ivor, C. N. 18S8, 64).

Aluminium sulphate may be produced by
solution of the hydrated oxide or silicate in

sulphuric acid. It is largely prepared from
bauxite, alum clay, and china clay. Bauxite or
alum clay are préférable to china clay, as they
may be at once treated with acid, whereas china
clay requires a preliminary calcination ; the
latter, however, contains less iron. When
china clay is used, it is selected as free as pos¬
sible from iron and grit, and is calcined in a
reverberatory or muffle furnace. It is thusren-
dered porous and more easily soluble in acid,.
whilst a portion of the iron présent becomes in-,
soluble. The température should be carefully
regulated ; if too high, the mass partially vitri¬
fies, and is then almost insoluble in acids. The
calcined minerai is finely ground and mixed
in a lead-lined boiler with one-half its weight
of sulphuric acid of 1-615 sp.gr. ; suffîcient
water is added to reduce the density to 1-375
and the mixture is slightly heated. A rapid ac¬
tion soon ensues, and 75 p.c. of the alumina
together with most of the iron is dissolved. The
heating is continued until the acid is saturated,
and the solid mass produced on cooling is eut
into blocks and ground into eoarse fragments for
the market. It then contains the whole of the
silica, iron, and other impurities in the clay,
and is known as ' alum cake,' or ' aluminous
cake.'

Beveridge gives the following analysis of
aluminous cake. No. 1 was exceptionally free
from iron :—

— 1 2 3

,-alo3 12-30 11-54 11-54
< eorresponding to
Lalo3.3so3 41-07 38-53 38-53

Fe303 0-05 0-16 0-21
s03 . 29-55 28-00 28-38
CaO . 0-10 0-12 0-15
Free s03 . 0-40 0-50 1-83
Insoluble . 26-50 22-40 20-08

For préparation of commereially pure sul¬
phate, water is added to the mixture before
solidification, the insoluble particles are allowed
to subside, and the solution is evaporated until
a portion solidifies on cooling. The iron may
be precipitated from the solution by one of th'e
methods described later. The product usually
contains a few per cents, of potash alum from
the potash présent in the clay.

The substitution of bauxite for China clay
was proposed by Chatelier in 1858. It has now
largely replaeed that substance on aeeount of
its ready solubility, no preliminary calcination
being necessary. Eglinton alum clay is also
used to a large extent. Its solubility is about
equal to that of bauxite.

The following analyses show the général com¬
position of these three minerais. (For further
analyses and description of bauxite see Hxj-
drated oxides.)

The treatment of bauxite for the préparation
of ' alumino-ferric cake,' as patented by Messrs.
P. and F. M. Spence (1875), is as follows:—The
minerai is digested with dilute sulphuric acid
with the aid of steam until the acid is neu-

tralised ; the insoluble matter allowed to subside,
and the solution evaporated to 100°Tw. (1-5
sp.gr.), and run into shallow partitioned lead
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—
Bauxite (Irish Hill Bauxite Company) Alum clay (Eglinfcon Chemical

Company)
Cliiua clay

Quality
' Gertrude ' j ^

quality |
2 3 1

-

2 — —

Analyst Pattinson Pattinson Fresenius Unknown

AL03 .

Fe"303 .

Ca'O .

MgO .

K..0 + Na20
TiO., (titanie acid)
S03" . . .

l'A . . .

Si02 .

Organic matter .

Combined water .

59-37
0-53
0-21
0-11
0-09
6*35
0-04

trace
11-43

21-87

53-83
1-57
0-62
0-13
0-01
5-80
0-07

trace
8-67

29-27

52-00
4-57
0-79
0-20
0-08
6-20
0-07

trace
12-00

24-00

46-13
15-14
0-18
0-26
0-28
4-20
0-10

trace
10-40

23-39

52-37
1-29
0-48

trace
0-06
5-20
0-35
none

13-15
trace
27-13

•42-42
1-54
0-46

trace
0-04
9-40
0-08
none

27-50
trace
18-53

48-83
2-2,4
0-62
0-17
0-14
5-02
0-51

CO.,0-28
15-88

26-35

39-74
FeO 0-27

0-36
0-44

46-32

12-67

Total 100-0 99-97 99-91 ; 100-08 100-03 99-97 100-04 99-80

Amountof Fe,03-i
présent for 15
parts of alu- \
mina (Beve-
ridge) J

0-130 0-43 1-31 4-92 0-32 0-54 0-68 0-11

coolers. It there solidifies, and is removed in
blocks 18 or 20 inches square, each weighing
about 1 cwt. It is yellowish-green in colour,
contains much alumina, and a small proportion
of iron and free acid. It is used in the prépa¬
ration of ail but the finest papers, and in the
précipitation of sewage, refuse liquids, and in
the clarification and decolorisation of water
supplies. The following analysis shows its
général composition :—Al203.14-26 p.c. (corre-
sponding to Al,0s3S03 47'61 p.c.) Fe203 0-28 p.c.
FeO 0-32 p.c. S03 (combined) 35-36 p.c. S03
ffree) 0-45 p.c. Insoluble 0-06.

For the préparation of aluminium sulphate
as formerly1 used by Messrs. Duncan and the
Messrs. Newlands for the purification of sugar,
the finely-powdered bauxite is well mixed with
sufficient strong sulphuric acid in an apparatus
resembling that used in the préparation of super¬
phosphate of lime, and tho fiuid mixture run
into a brick tank. A violent action soon ensues,
and the mixture solidifies. No heating is re-
quired, and the opération only occupies a few
minutes ; the product, however, contains ail the
impurities in the minerai.

Crude aluminium sulphate is usually prepared
from bauxite as follows :—67 cubic feet of cold
sulphuric acid 1-615 gr. is poured into a large
lead-lined vessel provided with a mechanical
agitator, also covered with lead; the liquid is
heated slightly by steam, and 1 ton of dried
powdered bauxite is then added. The action
soon commences, and the mass swells. After the
whole has subsided, more minerai is added in
charges of about 2 cwts. until an additional half
ton has been added. Sufficient water is poured
in to prevent solidification, and the mixture
heated by steam. When the acid has become
nearly neutralised the liquid is diluted to 40°Tw.

1 The works are now closed owing to the opération of
the foreign sugar bounties.

(1-2 sp.gr.) and run into settlers. The clear
liquid, of density 1-185, is decanted off, and
contains about 90 p.c. of the alumina présent in
the minerai, its usual composition being :—

Sp.gr. 1-181. (36-2°Tw.).
G-rammes per litre

. 193-42 = 57-92 A1.,03

: 3-52}=1-794Fe
1-57
2-69

. 977-13

A1.A 3SOa
Fe„03 .

FeS04 .

Free H..SO,
CaSO, ".
H.,0

1180-13

The purification of tliis solution from iron is
a matter of the utmost importance. Aluminium
sulphate contains a much larger proportion of
the active principle, alumina, tlian aluni, and,
when quite pure, is available for ail the technical
uses to which the latter is applied. The sul-
phates of potassium or ammonium are of value
only in forming with the aluminium sulphate
a compound wliieh can be readily purified by
crystallisation and thus obtained both free from
iron and of constant composition.

Many processes have been proposed for the
removal of iron. In the mechanical process of
B. Newlands (Eng. Pat. 1880, 5,287), the crude
solution of sulphate is evaporated to 67°Tw.
(at 200°F.), and cooled for 24 hours in leaden
tanks 3 feet deep. About 60 p.c. of the sul¬
phate thus crystallises out. The liquid is
drained off, and the residue pumped or forced
into lead-lined filter presses, the plates of which
are covered with thiek felt, and separated by
métal rings. Here it is subjected to a pres¬
sure of about 200 lbs. to the square inch.
The hard cake so produced contains about 67
p.c. of the total aluminium sulphate, and 0-05
to 0-1 p.c. of iron. When ' Gertrude ' bauxite
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has been used, tlie iron may fall as low as
0*04 p.c. The mother liquor, evaporated and
similarly treated, yields a second and third crop
of crystals containing less alumina and more
iron. The following shows the général degree
o£ purity of each crop (Strype) :—
Amount of v

Fe,03 pre- Crucle ' lst 2nd 3rd Eesidual
sent for > liquor crop crop crop liquor
15*35 parts [ 6*679 0*06o 0*130 0*2o9 2*312
ai2o3 J

By dissolving these crops of crystals and
treating as before, the proportion of iron may
of course be much further reduced. The addi¬
tion of a small quantity of hydrochloric acid
to the magma is said to facilitate the purifica¬
tion.

A method for the removal of iron from the
minerai before solution has been patented by
Messrs. Chadwick and Kynaston. The raw
powdered bauxite is mixed to a thick cream with
water, and treated with 5 to 10 p.c. of oxalie
acid and sufficient hydrochloric acid to prevent
the précipitation of insoluble oxalates. The
mass is oceasionally stirred for 7 to 10 days,
and washed by décantation until free from oxalic
acid. A great portion of the iron and some
aluminium are thus removed as oxalate. Bauxite
so purified is said to produce a sulphate con¬
taining from 0*1 to 0*2 parts of iron to 10 parts
of alumina. Condy, in 1877, proposed the ré¬
duction of the iron by reducing agents, or its
conversion into sulphide by sulphuretted hy-
drogen or a sulphide, and the removal of the
métal or sulphide by dilute acid. The propor¬
tion of iron may thus be reduced to one-third
(Newlands). The only processes, however, used
commercially dépend on treatment after the
minerai has been brought into solution.

The first chemical process proposed was that
of Weismann, and consisted in precipitating
the iron by means of potassium ferrocyanide.
The precipitate, however, subsides very slowly,
and contains much alumina ; the liquid still
retains a portion after long standing, and the
product, on evaporation, is blue and unsaleable.
Ivynaston has found that the whole of the blue
precipitate may be deposited by the addition of
a sait of copper or of zinc, and by certain other
salts. The composite process as used by him
includes the déposition of the greater part
of the iron as ferrie arsenite, and is as
follows :—

Forty-five cubic feet of ordinary sulphuric
acid from the Glover tower (145°Tw.) is placed
in a lead-lined iron tank and heated by means
of steam. The density is reduced by dilution
to 90° or 95°Tw., and 26 cwts. of bauxite is
added. When the action has moderated, 5 cwts.
of bauxite mixed with 95 lbs. of commercial
arsenious oxide are stirred in, followed by a
further addition of 3 cwts. of bauxite. In
order to oxidise ail the iron, a little sodium
chlorate or a hypochlorite is then added together
with 200 lbs. of chalk made into a thin cream

with water, and the whole is well agitated.
The acid being neutralised, the muddy liquor is
run into one of a sériés of lead-lined tanks on a

lower level, which it nearlyfills. After standing
for three or four days a sample is treated with
the chalk mixture ; if the yellow tint becomes

deepened, a further addition of chalk is made
to the bulk of the solution ; and this treatment
is continued until no further change is per¬
ceptible. In twelve or fourteen days from the
commencement the clear solution is drawn off
into another sériés of tanks on a still lower level.
In this manner a great part of the iron is pre-
cipitated as insoluble arsenite, and remains
behind with the undecomposed bauxite, silica,
&c., in the upper tanks. Tlie liquid then con¬
tains about 100 grains of aluminium sulphate
and 0*2 grains of ferrous oxide per cubic inch,
and would at once yield a product containing
0*05 p.c. to 0*06 p.c. of iron. For its complété
purification the proper proportion of calcium
ferrocyanide is added whereby the remainder of
the iron is converted into Prussian blue. The
précipitation of this substance is, however, in¬
complète, and after twenty-four hours 7 or 8 lbs.
of copper or zinc sulphate is added and the
mixture well agitated. In three or four days, it
is said, the whole of the iron is precipitated,
leaving the solution, oceasionally, slightly blue.
The liquid is then drawn ofï, treated with
calcium sulphide (a few pounds for each ton of
aluminium sulphate in solution), and the whole
heated by a steam-coil to the boiling point. The
excess of arsenic and copper (or zinc) having
thus been removed as sulphides, the clear liquid
is decanted, evaporated to 106° or 108°Tw.,
and, while boiling, poured into leaden trays and
solidified. The product contains 16 p.c. of alu¬
mina, and is as free from iron as alum itself.
The cost of purification per ton of sulphate
is said to be 3s. for the précipitation with arsenic
and bd. or 9cl. for the removal of the excess of
that substance, &c. Persoz proposed the pré¬
cipitation of iron by the addition of gelatinous
silica ; the précipitation, however, is not com¬
plété.

According to Fahlberg and Semper (Eng.
Pat. 1881, 5,579), both ferrous and ferrie salts
may be precipitated from aluminium sulphate
by agitation in the cold for about thirty minutes
with lead peroxide, ferrous salts being first
oxidised and then precipitated. No lead passes
into solution unless chlorides be présent. The
composition of the precipitate is not known, but
the peroxide may be regenerated by digestion in
cold nitric acid. P. & F. M. Spenee (Eng. Pat.
188*2, 3,835) use manganèse peroxide for the
same purpose. In presence of reducing agents
such as ferrous salts, &c., manganèse passes
into solution, and requires to be reprecipitated
by addition of chlorine or a hypochlorite.

The use of metantimonic acid and meta-
stannic acid (Hood and Salamon) has also been
proposed for the précipitation of iron. The iron
is first oxidised by the addition of bleaehing
powder, and the liquid is neutralised with chalk
and agitated with the précipitant. Both sub¬
stances may be regenerated by digesting the
precipitate with sulphuric acid.

Beveridge has published the annexed
analyses of the purified aluminium sulphate.

For further information regarding these pro¬
cesses, see :—Beveridge (S. C. I. 1886, 16-22) ;
B. E. II. Newlands (S. C. 1.1882,124) ; Kynaston
(C. N. 40, 191 and 202). A neutral aluminium
sulphate is prepared, as patented by Laur, by
boiling a solution of the ferruginous sulphate
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Newlands' meehanioal process Pure salts

—

Extra
quality

Ordinary
quality No. 1

No. 2 purified
by a manganèse

method

2STo. 3 Kynas-
ton's arsenic and

ferroej'anide
method

No. 4

A1A • •

FeA . . .

SO,.
Free H.,S04. .

CaO ...

H,0 .

14-84
0-06

35-00
0-32
o-u

49-42

14-70
0-12

34-60
0-40
o-u

49-95

14-95
0-04G

36-09
nil

0-17
48-72

14-85
trace

34-94
0-29
0-14

49*60

1600
nil

3S-00
nil

0-16
45-50

16-20
trace
38-00

nil
0-14

45-40

99-75 99-88 99-97 99-82 99-66 99-74

with zinc. The iron is thus reduced to ferrous
sulphate, a corresponding amount of zino pass-
ing into solution. Potassium ferrocyanide then
no longer produces a dark-blue precipitate,
although excess of iron be présent, and the pre¬
cipitate produced by the addition of ammo-
nia contains so much zinc oxide that a sample
precipitated in this way containing 12 p.c. may
appear to contain 15 p.c. of alumina (Debray,
S. C. I. 1882, 188).

Karl Keuss (B. 17, 2,888) gives the density
of solutions of pure aluminium sulphate as
follows :—

Per- Density at Per- Densitv afc
centage 15°C. ceutage 15°C.

1 1-017 14 1-1467
2 1-027 15 1-1574
3 1-037 16 1-1668
4 1-047 17 1-1770
5 1-0569 18 1-1876
6 1-0670 19 1-1971
7 1-0768 20 1-2074
8 1-0870 21 1-2168
9 1-0968 22 1-2274

10 1-1071 23 1-2375
11 1-1171 24 1-2473
12 1-1270 25 1-2572
13 1-1369

Per-

centage
Density at

25°C.
Density at

35°C.
Density at

45°C.

5 1-0503 10450 1-0356
10 1-1022 1-0960 1-0850
15 1-1522 1-1460 1-1346
20 1-2004 1-1920 1-1801
25 1-2483 1-2407 1-2295

Very pure aluminium sulphate is produced
from cryolite and from bauxite by converting
them into sodium aluminate, free from iron,
preeipitating the alumina with carbon dioxide,
and dissolving it in sulphurie acid (v. Sodium
aluminate). It may also be prepared from blast
furnace slag. The finely powdered slag is con-
verted into chloride by digestion in hydrochloric
acid ; the solution evaporated to dryness, heated
to render silica insoluble, and the residue con-
verted into sulphate by digestion in sulphurie
acid. According to Liirmann (D. P. J. 194, 851),
if the slag contains 25 p.c. A1203, 42 p.c. CaO,

and 31 p.c. SA, 100 kilos would require 333
kilos of hydrochloric acid (34 p.c.), and 58 kilos
of sulphurie acid (150°B.), producing 180 kilos
of aluminium sulphate.

Aluminium sulphate crystallises with diffi-
culty in thin, six-sided, flexible, nacreous plates
containing 18 molécules of water; soluble in
twice their weight of cold water, almost insoluble
in alcohol. According to Persoz it crystallises
more readily in presence of alcohol.

When heated, the crystals melt in their water
of erystallisation and swell up, leaving a white
porous anhydrous sulphate which only dissolves
slowly in water. At a red heat, sulphurie oxide
is evolvcd leaving pure alumina. Aluminium
sulphate lias a strong affinity for other sulphates,
such as that of potassium, combining with them
and forming crystalline double sulphates or
' alums.' Most methods of preparing alums
dépend upon the addition of potassium or
ammonium sulphate to a solution of this sait.
According to Beuss (B. 17, 2,888) the addition
of 1 p.c. of potassium sulphate to a solution
containing 7 p.c. or upwards of aluminium sul¬
phate, at once produces a precipitate of alum.

The général industrial uses of this sait are
the same as those of potassium alum. It is
largely used in paper-making and in the prépara¬
tion of red liquor as a mordant. The coarser
préparations are employed for the précipitation
of sewage.

For the détection of free acid in aluminium
sulphate, Miller (B. 1883, 1,992) recommends
the use of methyl orange. Pure sulphate turns
it orange, free acid turns it a further red. A
dilute solution of Congo red becomes biue in
presence of free acid, but is not affected by the
pure sait.

For the estimation cf free acid, a weighed
quantity of the powd.er is digested with strong
alcohol for twelve hours, filtered, washed several
times with strong alcohol and the solution
diluted and evaporated to a syrup. When ail the
alcohol has evaporated, absolute alcohol is
added, which précipitâtes most of the sulphate,
and the solution is filtered, diluted, and titrated
with standard soda solution and phénol
phthaleïn. For the estimation of small quan¬
tifies of iron in this sait v. Alums. Several
basic aluminium sulphates are known. Accord¬
ing to Siewert, a yellow basic sulphate, soluble
in water, exists ; its colour is not due to the
presence of iron. An insoluble form has been
prepared by Persoz by heating alum with an
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excess of sulphuric a,cid, evaporating off the
greater part of the acid and washing the residue
until it is free from potassium bisulphate. It
forms a mealy powder which is eonverted into
the normal sulphate by prolonged boiling with
water.

ALUMINIUM BRONZE v. Alloys, art. Alu¬
minium.

ALUMS. A number of compounds are in-
eluded under this term. They ail possess the
constitution M2S01,R,03(S03)3,24H„0, where M
is a monatomic element or radicle such as po¬
tassium, ammonium, sodium, &c., and R203 is a
sesquioxide such as that of aluminium, iron,
chromium, or manganèse. They ail crystallise
in the regular System with 24 molécules of water.

In the alums to be considered here the
sesquioxide is alumina ; the most important of
these alums are those of potassium, ammonium,
and sodium:

' Selenic alums ' have been prepared, in
which sulphuric acid is replaced by selenic acid.

Potassium alum K2S0j,Al2033S03,24H„0.
This sait occurs in nature as kalinite as an

elïlorescence, or in fibrous crystals on aluminous
minerais, occasionally in octahedra, at Whitby,
Campsie, &e. In the Solfatara, near Naples,
and the islands of Volcano and Milo, it occurs
in larger quantities, being formed by the action
of volcanic gases upon felspathic trachyte.

The manufacture of alum is of great an-
tiquity. In the time of Pliny alum was in use
as a mordant for the production of bright
colours, and was even tested by means of the
tannin in pomegranate juice to ascertain its
purity. It was prepared in the thirteenth cen-
tury at Smyrna from alum rock, and sinee the
fifteenth century lias been largely produced at
Tolfa from the same substance.

Its préparation from pyritic shale has long
been knoivn, together with the fact that the
presence of alkali was necessary to induce
erystallisation, but, until proved in 1797 by
Chaptal and Vauquelin, the essential presence
of alkali in the crystals was not recognised.

Very pure alum is prepared in small quan¬
tities at Solfatara. The natural alum found there
is digested with water in large woodenvats under
cover, and maintained at about 40°C. by the
natural heat of the soil. The solution is de-
canted and crystallised. A second erystallisation
produces extremely pure alum.

A considérable amount of alum is prepared
from alunite (q.v., also Aluminium sulphate, art.
Aluminium). Alunite contains the elements of
potassium alum, basic aluminium sulphate, and
free alumina. In Sicily it is made into heaps and
caleined in the open air. At Tolfa, where the
manufacture is carried out on a larger seale, the
roasting is eonducted in furnaces like lime-kilns,
lined with refractory materials. The minerai is
heated in large pièces by the flame without direct
contact with the fuel until sulphur dioxide begins
to escape. The calcination requires about six
hours, the mass losing about 35 p.c. of water.
During the ignition, the excess of alumina beyond
that necessary to produce alum is rendered in¬
soluble, and no longer has the property of preci-
pitating basic sulphates from the solution. The
caleined mass is exposed to the air upon a clay
floor for some weeks, during which time it is

occasionally moistened. The mud-like product
is agitated in boilers with water at 70°C., and the
clear decanted liquid, of density 10-12°B., is
evaporated to 32°B., and crystallised in small
wooden tubs. The crystals are cubic, opaque,
and reddish from the presence of ferrie oxide.
This iron is, however, quite insoluble, and may
be separated by reerystallisation ; the soluble
iron is said to be less- than -005 p.c. In this
way ' Roman alum ' was formerly largely pro¬
duced. On account of their great purity the
red crystals were much sought after.

Alunite is now largely eonverted into alum
by treatment with sulphuric acid and addition
of potassium sulphate.

Guyot (C. R. 95, pp. 693 and 1,001 ; and
C. N. 53, 27) has examined this process, and re-
commends the following method :—

On ignition of alunite, the free alumina is
first rendered anhydrous, and soluble in sul¬
phuric acid ; at a higher température the basic
sulphates become soluble, but if the température
be allowed to rise too high the alumina becomes
vitrified and is insoluble. Guyot reeommends
ignition at 800°C. for three hours as the best
means of rendering the maximum amount of
both these substances soluble. The composition
of the caleined mass is determined, and acid is
used in proportion to the amount of soluble sul¬
phate contained. For a product of the following
composition, K2S04, 14-00 p.c. ; A12033 S03 (pré¬
sent as alum), 26-55 ; A1.,033S03 (free), 6-56 ;
A1.,03 (free), 18-58; OH2, 11-90; Fe203, 0-80;
silicious residue, 21-61 p.c., the proportions given
below would be most satisfaetory. Into a clay
oven is poured 12-5 tons of sulphuric acid of
52°B. diluted to 30°B., and heated to 80° or
90°C. Eight tons of the caleined minerai is
then added in portions and well stirred. After
the whole has been added, the liquid is left for
two hours, then evaporated to 38°B., and treated
with 2-7 tons of potassium sulphate. The pro¬
cess up to this point occupies ten hours ; after
a further period of thirteen hours, the clear
liquid is decanted off ; its density should not
exceed 42°B. The muddy liquid remaining is
reduced to 24°B. by the addition of mother
liquor from a previous erystallisation, stirred,
allowed to settle, drawn off clear, mixed with
the first decantate, and crystallised in a vat.
After one day the crystals are removed, redis-
solved, and recrystallised. The muddy residue
is crystallised out for a further crop of alum.
The total yield of alum is about 2-3 times the
original weight of ore. The insoluble matter
contains 3-00 p.c. alumina and 2'01 p.c. potas¬
sium sulphate in addition to siliea &c.

According to C. Schwartz (B. 17, 2,887) the
best température for the roasting is 500°C., and
the acid used should have a density between
1-297 and 1-530.

The greater portion of the alum manufac-
tured in England was formerly prepared from
alum shale (alum ore), alum scliist, and similar
substances which occur in large quantities at
Whitby in Yorkshire, Hurlet and Campsie in
Scotland, in Sweden, Thuringia, &c. These
minerais are mixtures of aluminium silicate,
iron pyrites, and bituminous substances ; the
iron pyrites is principally présent in the alu¬
minous schists as a fine black powder dissemi-
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nated throughout the mass, and not distinguish-
able by the eye. The rapid oxidation of these
minerais under atmospherie influences or heat
is due to this fine state of division.

The following analyses by Kichardson and
Iîonalds show the composition of the Whitby
and Campsie shales :—■

Sulphur
Iron
Ferrie sulphide

(pyrites) .

Siiica .

Ferrous oxide
Alumina
Lime .

Magnesia .

Manganèse per-
oxide

Sulphuric acid .

Potash.
Soda .

Clilorine
Carbon and loss .

Carbon only.
Coal
Loss .

Water .

Whitby

Top
rock

Bot¬
tom
rock

—

4-20
52-25
8-49

18-75
1*25
0-91

8-50
51-16

6T1
18-30

2-15
0-90

trace
1-37
0-13
0-20

trace

trace
2-50

trace
trace
trace

4-97 8-29

2-88 2-00

95-40 91-99

Campsie

Top
rock

Top
rock

Bot¬
tom
rock

23-36
18-16

23-44
15-04 [• 9-63

15*40

11-35
1-40
0-50

15-40

11-64
2-22
0-32

0-47
2-18

18-91
0-40
2-17

0-15

0-90 -

0-55
005
1-26
0-21

29-78
28-80

3-13
8-51
0-59
8-54

100-00 99-99 100-00

Aluminous eartlis are friable, porous masses
without structure, dark brown, and containing
less silica than the schists. They usually occur
in layers with lignite.

Treatment of aluminous shale.—The more
earthy shales are porous, and, if piled in heaps
in the open air and occasionally moistened,
undergo spontaneous oxidation, and fall to pièces.
Usually they require roasting, and, when not
sufficiently bituminous for combustion, are first
mixed with fuel. Thus, at Whitby and Hurlet
the rock is laid in small pièces, in layers with
brushwood or coal, upon a bed of well-pressed
clay, and ignited. The top and bottom rock are
usually mixed in order to ensure uniformity in
the amount of combustible matter.

The shales at Campsie are too combustible,
and require mixing with spent rock to retard
the calcination.

At Salzweiler in Rhenish Prussia a stratum
of brown coal beneath the ore was aceidentally
ignited in the mine in 1600, and has eontinued
burning slowly up to the présent time.

At Whitby the heaps are gradually increased
as the mass burns until they reach a height of
90 or 100 feet and an area of 200 square feet.
As, however, in these large heaps the température
is liable to rise unduly and cause loss of sul¬
phur, it is préférable, as at Hurlet, to limit the
height and increase the area. At Whitby 130
tons of the caleined schist produce 1 ton of
alum. Ores containing much lime cannot be
used on account of the formation of calcium
sulphate and conséquent loss of material.
Great care is necessary in regulating the heat.
At too high a température a considérable amount
of sulphur volatilises as sulphur dioxide, and is
lost before its conversion into aluminium sul¬
phate ; the pyrites is liable to form a slag with
the earthy matter and beeome useless, while the

aluminium sulphate itself becomes decomposed.
When combustion is completed the mass occu-
pies only about one-half its former bulk, is
of a reddish tint and porous, allowing free access
to air. During the atmospherie action, either by
slow spontaneous oxidation or by combustion,
the pyrites is decomposed. Sulphur is evolved,
which combines with oxygen and attacks the
clay, forming aluminium sulphate. At the same
time the lower sulphide of iron remaiuing is
converted into ferrous sulphate and ferrie oxide.
The caleined mass is usually lcept for a considér¬
able time before lixiviation.

Lixiviation.—The eisterns are of stone, or
wood lined with lead, and are placed on différent
levels. The material is placed in the upper
eisterns—the larger pièces above, the smaller ■
pièces beneath—digested with water for six to
twelve hours, and the liquid decanted into the
lower eisterns. A second lixiviation is per-
formed for an equal time with one-half the
quantity of water and the liquor is used for the
first digestion of a fresh charge of ore.
The exhausted ore still contains a considérable
amount of alumina and sulphuric acid. At
Campsie the residues usually contain 12-7 p.c.
alumina and 1076 p.c. sulphuric oxide. The
liquors of from T09 to 1T5 sp.gr. are allowëd to
deposit calcium sulphate, ferrie oxide, &e., and
are concentrated. The evaporation is preferably
conducted at the surface on account of the dépo¬
sition of a considérable quantity of solid matter
containing much basic sulphate or iron, calcium
sulphate, &c., during the evaporation. When,
however, much magnésium sulphate is présent,
surface evaporation is not satisfactory on
account of the formation of a crust of that sait
which retards evaporation. In that case, as at
Whitby, where also the amount of aluminium
sulphate greatly exceeds that of ferrous sul¬
phate, the evaporation is conducted in leaden
pans to a density of 1*4 or 1-5.

At Hurlet and Campsie a reverberatory fur-
nace is used. The bed is of stone, coated with
well-rammed clay, 4 or 6 feet wide, 2 or 3 feet
deep, 30 or 40 feet long. It is filled to the brim
with strong liquor, arîd the famé and hot air
from the tire carried over it. As evaporation
proceeds, more liquor is added until the proper
concentration is reached. It is then run into
leaden pans, concentrated to about 1*4 sp.gr.
and conveyed to a precipitating cistern contain¬
ing the requisite quantity of dry potassium
chloride : the liquid is well agitated and the
chloride soon dissolves. In about 5 days the
liquor is drained from the large crystals, which
are waslied and recrystallised. At Whitby
' alum meal ' is first formed. The hot liquor, of
sp.gr. 1-4 to 1-5, is mixed in a precipitating
cistern with a saturated solution of potassium
sulphate or chloride in the proper proportions,
and the whole kept in constant agitation to
induce the formation of small crystals. To
ascertain the amount of potassium sait required,
a known volume of the liquid is treated with
potassium sulphate or chloride, left for 24 hours
and the crystals slightly washed and weighed.

When much ferrie sulphate is présent in the
solution, the addition of potassium sulphate
would produce iron alum, isomorphous with ordi-
nary alum, which would erystallise out and con-
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taminate the product. The use of potassium
chloride prevents this, by producing the easily
soluble ferrie chloride, while ferrous salts are
converted into the equally soluble ferrous chloride,
an équivalent amount of potassium sulphate
being formed at the same time. Chloride of
potassium is generally employed in preference to
the sulphate, whenever sufficient iron sulphate
is présent to supply the requisite amount of sul-
phuric acid for the formation of alum ; its
greater solubility is also in its favour. At
Wliitby the proportion of iron is considerably
less than would produce this effect. Too much
chloride should be carefully avoided, for, after
the iron sulphates have been decomposed, the alu¬
minium sulphate is itself attacked vith the pro¬
duction of the very soluble chloride, which is lost.

For the production of 100 parts of alum 18-3
parts of potassium sulphate, soluble in 10 parts
of cold water or 15'G parts of the chloride, soluble
in 3 parts of cold water, would be required.

The alum meal, consisting of small brownish
crystals, is drained and washed twice by agita¬
tion with cold water. The ferruginous solution
and a little alum are tlius removed and the meal
is nearly pure. For recrystallisation, the meal
is dissolved in the minimum quantity of boiling
water and run into the ' rocking casks.' These
are 5 feet high, 3 feet wide at the top and some-
what wider at the bottom, with movable staves.

After about 8 days the staves are removed
and the alum found in a solid cake inclosing the
solution. The liquid is removed by piercing the
crust near the bottom and is added to a fresh
quantity of the small crystals. At the bottom of
each cask is found a slime consisting of an in¬
soluble basic aluminium sulphate containing
small crystals of alum.

The mother liquor from the alum meal has a
sp.gr. of about 1*4 ; it contains sulphate or
chloride of iron, magnésium sulphate, &o., and
will yield more alum on evaporation. In a final
evaporation it yields ferrous sulphate in fine
green crystals. When iron is présent in great
quantity, the liquors are evaporated and the
ferrous sulphate crystallised out, before the ad¬
dition of the potassium sait. In this case the
iron sait is less pure and less soluble, but the
alum subsequently produced contains less iron.

Formerly, potassium alum was alone pro¬
duced. In 1845, however, the potassium sul¬
phate was replaced by the ammonium sulphate
produced from the then waste liquors from gas
Works, yielding ammonium alum. This great
improvement was introduced by the late Mr.
Peter Spence ; his method was soon generally
adopted both in England and on the Continent.

Another great advance was made by Mr.
Spence in 1845 in the manufacture, by the
treatment of the refuse shale underlying the
■coal seams of South Lancashire. This shale
contains from 5 to 10 p.c. of carbonaceous
matter. It is piled upon rows of loosely placed
bricks (to allow a free passage to the air) in heaps
4 or 5 feet high and 20 feet long. The com¬
bustion is started with a little fuel, but the shale
contains sufficient combustible matter to con¬

tinue burning. The calcination is performed
slowly at a heat below redness. In about 10 days
the roasting is completed, the material has be-
come soft, porous, and light red, whilst the

alumina contained in it has become anhydrous
and soluble in sulphuric acid. Too high a tem¬
pérature, however, partially vitrifies it, in which '
case it is only slowly attacked by acid. Charges
of 20 tons are placed in large covered pans 40
feet long, 10 feet wide, and 3 feet deep, lined
with lead, and are digested for about 48 hours
with sulphuric acid (of sp.gr. l'35) at 110°C.,
the température being maintained by fires be-
neatli the boilers. Formerly ammonia was forced
into the liquid from a boiler containing gas
liquor ; ammonium sulphate was thus produced,
with considérable rise of température, and com-
bined with the aluminium sulphate forming am¬
monium alum. The solution of alum so produced
is run into cisterns 29 feet by 17 feet, and 1J feet
deep, in which it is kept in constant agitation. In
about 14 hours the small crystals so formed are
drained, washed with some mother liquor from
'block alum' and dissolved by a process known
as ' rocking ' for the production of pure block
alum. For this purpose they are introduced into
a hopper, at the bottom of which they encounter
a current of steam at a pressure of 20 Ibs. per
sq. inch, both steam arid crystals being supplied
in such proportions that ail the crystals are
dissolved, while no steam is wasted. In this
manner 4 tons of crystals may be dissolved in
30 or 40 minutes. The solution is run into a

leaden tank, and, after a time, treated with a
small quantity of size, which précipitâtes a
quantity of insoluble matter. The clear liquid
is next run into tubs about 6 feet high and 6 feet
wide, tapering upwards, with movable lead-lined
staves. After some days the staves are removed
and a hole bored in the mass of crystals for the
removal of the liquor. Each block weighs about
3 tons, while the mother liquor contains about
1 ton.

A great advantage of this process is the
speed with which the crude material is con¬
verted into marketable alum. By the old pro¬
cess twelve months was required for this con¬
version, while by Spence's process the whole
opération is performed in one month. For this
process Mr. Spence was awarded the medal for
alum manufacture at the Exhibition of 1862, at
which date he manufactured 150 tons of alum
weekly, over one half the total production of
England (u. Hofmann's report on Chemical
Processes at the Exhibition of 1862, p. 62, and
J. Carter Bell, C. N. 12, 221).

Alum is also produced by the addition of
potassium sulphate to aluminium sulphate, pre-
pared by any of the processes already described.
It is prepared in great purity from the sulphate
produced from eryolite ; 1 ton of cryolite pro¬
duces three tons of alum (v. Sodium aluminate,
art. Aluminium).

Many other processes have been proposed
and used for the préparation of alum.

Spence, in 1870 (Eng. Pat. 1,676), patented a
method of preparing alum from minerai phos¬
phates, especially that from Redonda near
Antigua, which contains 26T p.c. of alumina as
phosphate with ferrie oxide and silica. It is
calcined at a red heat to render it porous,
powdered, and digested with sulphuric acid of
sp.gr. 1-6 in quantity proportional to the amount
of alumina, in lead-lined vessels, heated by steam.
The liquid is concentrated to a density of 1*45 and
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treated with the requisite amount o£ potassium
sulphate to couvert the whole o£ the alumina
into alum. Phosphate containing 20 p.c. o£ alu¬
mina yields about 1J times its weight of alum,
from which, however, the last traces o£ phos-
phoric acid are removed with difficulty. The
phosphoric acid in the mother liquors is valuable
as a manure.

Methods have frequently been propose! for
the préparation of alum from felspar. Ordinary
lelspar contains both potassium and aluminium
combined with silica in larger proportions than
are contained in alum ; the problem to be solved
is the substitution of sulphuric acid for silica.
A method adopted by Turner, said to have been
originated by Sprengel, consisted in the ignition
of a mixture of one part of the powdered minerai
with one part of potassium bisulphate until
fused ; one part of sodium carbonate was then
added and the whole again fused. The mass
was boiled with water and the insoluble double
silicate remaining was decomposed by hot sul¬
phuric acid of sp.gr. 1-20, and the alum crystal¬
lised out. On account of the high température
required, this process was not successful.

For the more delicate dyes the alum used
must be of extreme purity. Samples containing
even less than 0-001 p.c. of iron may be unsuit-
able for certain purposes. The percentage of
iron in alum or in aluminium sulphate is usually
determined by means of a solution of ammonium
thiocyanate standardised with iron alum. Many
précautions are necessary in performing the
analysis (y. Tatlock, S. C. i. 1887, 276).

Potassium alum crystallises in the cubic
System, usually in fine large colourless octa-
hedra of sp.gr. 1-735 (Soret, C. B. 99, 867). De
Boisbaudran has also obtained it crystallised
with hemihedral faces of the tetrahedron. The
crystalline form is affected by the presence of
other substances in solution, and by the tem¬
pérature. When formed at ordinary températures
in the presence of basic alum, the crystals are
cubes, frequently dull on the surface from the
presence of the basic sait ; for this reason Boman
alum usually forms cubes. At 40°C., even in
presence of basic salts, octahedra are produced.

According to Poggiale (A. Ch. [3] 8, 467) the
solubility of this sait and of ammonium alum is
as follows :—

100 parts water dissolve :—

°c. Crystallised
Potassium Alum

Crj'stallised
Ammonium Alum

0 3-9 5*2
10 9-5 9-1
20 15.1 13-6
30 220 19-3
40 30-9 27-3
50 44-1 36-5
60 66-6 51-5
70 90-7 72-0
80 134-5 103-0
90 209-3 187-8

100 357-5

Potassium alum possesses a sweetish astrin¬
gent taste and a strongly acid reaction. The
aqueous solution décomposés when heated with
précipitation of a basic alum, especially when

Vol. I,—T

dilute. For this reason a small quantity, not
suflieient to be distinguished by taste, is fre¬
quently added to impure water. The gelatinous
precipitate carries with it the colouring matter
and most of the organic impurities, producing a
slimy deposit.

Alum is almost insoluble in a saturated solu¬
tion of aluminium sulphate, and is quite insoluble
in alcohol. On exposure to air, the crystals become
white on the surface. This change is due, not
to the loss of water, but to the absorption of
ammonia from the air, with formation of a
basic sait. Below 30°C. they lose no water ; at
42° they evolve 11 molécules (Juttke, C. C.
18, 777). In a closed vessel over sulphuric
acid they lose 18 molécules at 61° (Graham) and
become slowly anhydrous at 100°, more rapidly
in a current of air. When heated to dull redness
they are converted into a porous friable mass,
slowly soluble in water, known as ' burnt alum.'
At a full-red heat alumina and potassium sul¬
phate alone remain.

When potassium alum is mixed with one-
third its weight of carbon and heated to redness,
the residue is spontaneously inflammable on ac¬
count of the presence of finely divided potassium
sulphide, and is known as Homberg's pyrophorus.
By fusing alumina with potassium bisulphate and
digesting the mass in warm water, anhydrous
potassium alum may be obtained in crystals of
which 5 parts are soluble in 100 of water at 10°
C. and 74-5 parts at 100° (Salm-Horstmar, J. Pr.
52, 319).

On the addition of caustic soda or sodium
carbonate to a solution of alum until the pre¬
cipitate at first produced is only just redissolved
on agitation, i.e. when two-thirds of the acid has
been neutralised, the solution contains a neutral
basic alum, known as neutral alum, together
with sodium sulphate. This solution, on ac¬
count of the ease with which it gives up its
excess of alumina to the fabric, is used by dyers
as a mordant. Commercial potassium alum
is frequently mixed with ammonium alum.-

Alum is very largely used in the préparation
of ' red liquor ' ; in the préparation of leather ;
as a size and weighting for paper ; mixed with
sawdust it is used as the fire-proof material of
safes. Seealso Austenand Wilber (C.N. 51, 241).

Ammonium alum

(NH4)2S04,A1„03(S03)„24H20.
occprs as Tscliermigitc in Bohemia. Ammonium
alum forms crystals corresponding exactly with
those of potassium alum, but is less soluble in
water ; insoluble in alcohol ; sp. gr. 1-631 (Soret).
The saturated solution boils at 110-6°C. and
contains 207-7 pts. of the alum to 100 pts. of
water (Mulder). When heated, the crystals swell
and form a porous mass, losing water and sul¬
phuric acid ; at a high température alumina alone
remains. In its général properties and uses it
resembles potassium alum.

Sodium alum Na2S04,Al203(S03)?,24H20.
Occurs as mcndozite in S. America, and in Japan
(Divers, C. N. 44, 218).

The crystals of this alum resemble those of
other alums, but effloresce and fall to pièces in
air. Their sp.gr. is 1-667 (Soret). At 16°C.
100 parts of water dissolve 110 parts of this
alum. It is, therefore, difficult to crystallise
and purify from iron. On account of the lower

G
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cost of sodium salts it would be largely used in
place of the other and more expensive alums, if
it could be easily purified by crystallisation.
Messrs. P. and 3F. M. Spence bave patented a
proeess with this object (Eng. Pat. 1881, 5,650).

Aluminium sulphite AL03(S02)3.
Tbe bisulphite has been used by Becker

(D. P. J. 257, 300), Suchomel (S. C. I. 1887,143)
and others, for the purification of beet sugars.
Becker préparés for this purpose a solution of
sp.gr. 1-167 containing 4-37 p.c. alumina and
13'9 p.c. sulphurous oxide, by dissolvmg the
hydrated oxide in sulphurous acid.

Aluminium phosphates. As hydrated phos¬
phate aluminium occurs in the turquoise, and
enters into the composition of wavellite, lazu-
lite and gibbsite. It is found in considérable
quantity in minerai phosphates, as in theBedonda
phosphates which have been used for the pré¬
paration of alum and for fertilisers (v. Alums ;
Manubes). A massive stony variety is fouhd on
the island of Anguilla in the West Indies.

Aluminium thiocyanate or sulphocyanate
has been proposed as a substitute for aluminium
acetate foralizarin, steam reds, &c. ; the colours
produced are said to be espeeially permanent
(■v. Storch and Strôbel, D. P. J. 241, 464, and
Gottlieb Stein, D. P. J. 250,36).

Lauber and Haussmann (D. P. J. 245, 306)
recommend the following method of préparation :
5 kilos aluminium sulphate are dissolved in
5 litres boiling water, 250 grams of chalk are
added, followed by 11-5 litres of crude calcium
thiocyanate solution of 30°Tw., and the whole
well stirred and allowed to settle. The clear
liquid is ready for use.

Aluminium permanganate v. Manganèse.
Aluminium silicates. These oompounds are

exceedingly numerous and important. As an
anhydrous silicate, with silicate of iron, calcium,
magnésium, &c., aluminium occurs in the
varieties of gamct, crystallising in the régulai'
system. As silicate of aluminium, calcium, and
sodium it is found in lapis lazuli, which
was formerly used as ultramarine. It is now
replaced by artifieial ultramarine (v. Ultba-
maeine). As silicate of aluminium, combined
with potassium, iron, and magnésium, it occurs
in the viicas. As double silicate of alumi¬
nium, potassium, sodium, magnésium, or cal¬
cium, it forms the varieties of felspar which
oeeur in immense quantifies in eruptive rocks.
By the décomposition of felspar by the carbonic
acid in the atmosphère and in rain or spring
water, the alkaline compounds are removed,
leaving clay of more or less purity (v. Clay),
which, under pressure, becomes hardened and
laminated, forming shale, and finally slata (q. v.).
Many of the silicates of aluminium are of great
importance, and of the widest application. The
more important of them are speeially eonsidered
under their applications (v. Potteby; Pokcelain).

Aluminium acetate. Red liquor (v. Alumi¬
nium acetates, art. Acetic acid).

The compounds of aluminium with the higher
fatty aeids are used for increasing the viscosity of
minerai lubricating oils, under the names ' oil
pulp ' and ' fluid gelatin ' (L. Marquardt, Er. 25,
159).

Aluminium oleate is a soft white, putty-like
substance, of great tenacity, insoluble in water,

soluble in ether and petroleum. A mixture of
oleate, palmitate, and other fatty salts is pro¬
duced from whale, cotton seed, and similar
oils by saponification with soda and addition
of the sodium sait so produced to a solution of
alum. The gummy precipitate is known as ' oil
pulp,' and is dissolved in 4 or 5 parts of minerai
oil to form a ' thickener ' for addition to the lubri-
cator. A sample of oil-pulp resembling thick
gelatin had a sp.gr. of 0-921, and contained
6 p.c. alumina combined with 30 p.c. fatty acids,
together with 15 p.c. lard oil, and 48 p.c. paraffin
oil (Oil and Colourman's Journ. 4, 403).

Aluminium palmitate is a constituent of oil
pulp. It may be prepared in the same manner
as the oleate, from palm oil. It forms a resinous,
elastic, inodorous, neutral substance, insoluble
in water, but readily soluble in petroleum and
turpentine. II. Lieber (D. P. J. 246, 155)
recommends the use of the latter solution as a

varnish. It imparts a glossy appearance to
paper, leather, &c., and renders them waterproof
without affeeting their elasticitv.

ALUNITE or ALUM STONE. A basic sul¬
phate of aluminium and potassium found chiefly
in volcanic districts, viz. at Tolfa, near Civita
Vecchia ; at Solfatara, near Naples ; at Puy de
Garcey, Auvergne ; and other localities. In
most places it appears to have been formed by
the action of volcanic exhalations upon trachytic
rocks or breccias (A. v. Lasaulx, J. M. 1874,
142). The alunite of Breuil, Auvergne, how-
ever, seems to have been formed by the oxida-
tion of iron pyrites or of marcasite contained
in the clay.

The composition of alunite is shown in the
following analyses :—

Breuil, by Truchot Tolfa, bv Guyot
S03 . . 37-6 29-74
A1.,03 . . 38-3 27-60
IÇO . . 7-2 7-55
Fe„03 . . trace 1-20
SiÔ„ . . 8-2 22-71
OH2 . . 8-5 11-20

99-8 10000

(v. Aluminium).
ALUNOGEN. Native aluminium sulphate.
SO, A1,0, FeaO, FeO OaO MgO

a 36-935 13-479 2-883 0-157 0-140 0-138
6 34-685 15-198 — — — —

c 34-43 15-52 — — — —

KaO Na,0 In sol. H,0
a 0-87 0-131 0-235 45-109= 99-299
b 0-337 0-931 1-314 47-535 = 100
c — — 7-62 42-56 =100-13

a. From minerai on shale, Nova Scotia
(Adams, C. J. 40, 545).

b. Found as an efflorescence in New South
Wales (Liversidge, J. Boy. Soc. N. S. W. 14, 213;
0. J. 40, 991).

c. From Gila Biver, New Mexico (Clarke and
Chatard, C. J. 48, 492 ; Am. S. [3] 28, 20-25)
(v. Aluminium).

ALVA or ALFA v. Espabto.
ALVELOS. A name applied to the Euphorbia

heterodoxa, growing in Brazil, the juice of which
is used as a cure for cancer (Ph. [3] 15, 614).

AMADOU or GERMAN TINDER. (Amadou,
Fr. ; Zunderschwamm, Ger.) A spongy com¬
bustible substance, prepared from a species of
fungus, Boletus icjniarius, which grows on the
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trunks of cherry trees, ashes, beeches, &e. It
must be plueked in the months of August and
September. It may also be prepared from
Boletus fomentarius, another indigenous fungus,
found on the oak and birch. It was formerly
used in surgery, and has hence been called sur¬
geons' agaric. Amadou is prepared by removing
the outer bark and carefuliy separating the
yellow-brown spongy substance which lies within
it. This substance is eut into thin slices, and
beaten with a mallet to soften it, till it can be
easily pulled asunder between the fingers. In
tbis state it is useful in surgery. To convert it
into tinder, it is then boiled in a strong solution
of nitre, dried, beaten anew, and put a second
time into the solution. Sometimes, to render
it very inflammable, it is imbued with gunpowder,
whence the distinction of black and brown
amadou.

AMALGAM. An alloy of mercury with some
other métal or metals.

There are four général methods for preparing
amalgams.

1. Metallic mercury is brought into contact
with the other métal, either in the solid or in a

finely-divided state at the ordinary, or at a
higher température. In this way amalgams
of antimony, arsenic, bismuth, cadmium, mag¬
nésium, potassium, silver, sodium, tellurium,
thorium, tin, zinc, and lead may be obtained.

2. Mercury is brought into contact with a

Gold and silver in the metallic state are

extracted from their ores by grinding the ores
and making them pass through mercury. (For
détails v. these metals, and May, S. C. I. 4,
352 ; Moon, id. 4, 678 ; Miller, id. 4, 122 ;
Whilehead, id. 4, 503 ; Fisher and Waber, id.
4, 351 ; Barker, D. P. J. 251, 32; Body, id. 252,
33 ; Molloy, id. 254, 210 ; Bonnet, id. 254, 297 ;
Cassel, id. 257, 286; Jordan, id. 258, 163;
Hollick, id. 258, 168.) When the mercury has
taken up a quantity of gold, the amalgam is
squeezed through chamois leather, when the
greater portion of the gold is left, combined with
a little mercury, as a pasty mass. Kazantseff
(Bl. [2] 30, 20 ; C. J. [2] 34, 937) finds that the
mercury which escapes contains at ordinary
températures 0-126 p.c. of gold, at 0° 0T10 p.e.
and at 100° C. 0-650 p.c. thus behaving like an
aqueous solution.

Berthelot also finds that the solution of defi-

saturated solution of a sait of the métal, when
part of the mercury goes into solution and the
remainder combines with the liberated métal ; or
better still, zinc or sodium amalgam is employed,
when the zinc or sodium displaces the métal in
the solution. By this method amalgams of bis¬
muth, calcium, chromium, iridium, iron, magné¬
sium, manganèse, osmium, palladium, and stron¬
tium may be prepared by using sodium amalgam ;
and cobalt and nickel by using zinc amalgam
(Moissan, C. B. 1879 ; C. N. 39, 84).

3. The métal to be amalgamated is placed in
a solution of a mercury sait ; copper may be
amalgamated by this process.

4. The métal is placed in contact with
mercury and tlilute acid ; this is the method
usually employed in amalgamating zinc. Iron,
aluminium, palladium, nickel, and cobalt may
be made to combine with mercury by this pro¬
cess if.they be placed in contact with a stick of
zinc (Casamajor, C. N. 34, 36 ; Ar. Pli. [3] 11,
64 ; C. J. [2] 34, 474).

The combination of sodium with mercury by
Method 1 takes place with great energy, heat
and light being produced. It is best prepared by
combining a small portion of the mercury with
the sodium, and then adding the remainder to
the amalgam.

Native amalgams are found in various parts
of the world. The following table contains the
analyses of a few :—

nite amalgams in différent quantifies of mercury,
like the solution of salts in water, absorbs a con¬
stant amount of heat ; thus the heat of solution
of Hg.,,K in four times its weight of mercury is
— S-0 kil. deg. of heat, and in twenty times —9-0
kil. deg. (C. B. 89, 465 ; C. J. [2] 38, 1).

Aecording to Berthelot the maximum heats
of formation for amalgams of potassium and
sodium are 34-2 and 21-1 corresponding with
Hg_,,K, a crystallineeompound containing l-6p.c.
of potassium, and Hg12Na containing 2 p.e. of
sodium. In these amalgams the relative affinities
of the free alkali metals are inverted : this ex-

plains Kraut's and Popp's observation that so¬
dium displaces potassium when potassic hydrate
is treated with sodium amalgam, the final resuit
being the formation of Hg2lNa (C. B. 88, 1,335).

Wiedemann states (W. [2] 3, 237-350 ; C. J.
[2] 34, 466) that the spécifie heats of tin and of
its amalgams SnHg Sn2Hg are nearly the same at

o 2

Ag Hg Au Fc203 CaO AgCl Fe Zn Pb CaC03 Cu Izisol.
and loss

Formula Locality Analyst and
Eeference

75-900 23-065 0-490 AgaHg Kongsberg,
Norway.

Flight, P. M.
[5] 9, 146 :

C. J. [2] 38,707.
92-454 7-105 — 0-033 0-055 0-0S8 1-328 Ag12Hg „ „

36-0 64-0 Moschellandsberg.
Palatinate.

Klaproth,
Ure 1.

25-0 73-3 — Heyer, id.
27-5 72-5 Allemont, Cordier, ib.

Dauphiné.
46-30 51-12 — — — 0-18 tr. tr. 0*21 — 1-01 — Salagrube,

Sweden.
Nordsbrom,
J. 35, 1, 521.

56-70 43-27

60-98 39-02

Friedrichssegen.—
Mine.

Mariposa,

Weiss,
J. 36, 1828 ;

Z. geol.
Ges. 34, 817.

Ure.
— to

58-37
to

41-63
California.

5-00 57-40 38-39 (fEJ^ Choco, Schneider.
New Grenada. Ure.
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high températures, which would be the case if it
be assumée! that the spécifie heats of alloys are
the mean of their components; but SnHg at
128°C. and Sn-Hg at 164°C. beliaye like a mix¬
ture of a solid and a liquid.

By heating alloys of mercury to the boiling-
points of sulphur, mercury, and diphenylamine,
Sonza (B. 9, 1050) obtained amalgams repre-
sented by the formula in the annexed table :—■
Sulphur vapour Mercury vapour Diphenylamine vapour

Au9Hg AujHg AusHg
Ag13Hg AgnHg AgJ-Ig
Cu,„Hg Cu,.,Hg CuuHg
K2Hg* -

Na3Hg —

PbsHg
But according to Merz and Weith amalgams

of gold, silyer, copper, lead, tin, bismuth, cad¬
mium, and zinc lose their mercury if kept at
these températures for some hours. Potassium
and sodium also slowly part with mercury (B. 14,
1,438 ; C. J. 40, 881). 'Ammonium amalgam'
is prepared by acting on a saturated solution of
ammonium ehloride with sodium amalgam ; the
amalgam thus obtained soon breaks up into
mercury, and ammonia, and hydrogen gases.
According to AVetherill (Am. S. [2] 50, 100)
this compound is not a true amalgam, as when
an ammoniacal solution is electrolysed, the néga¬
tive pôle being a spongy plate impregnated with
mercury, no amalgam is formed. Landolt (Z. [2]
5. 429) draws attention to the fact that ammo¬
nium amalgam does not reduce solutions of silver
nitrate, ferrie ehloride, or cupric sulphate, as do
sodium and potassium amalgams.

Seeley (0. N. 21, 265) has shown that on
submitting ammonium amalgam to pressure, its
volume diminishes in the same way that gases
do, and hence he considers that the ammonia
and hydrogen exist in the amalgam as gas, and
that the spongy mass is only a froth of mercury
inclosing these gases.

Gellatlin (Z. [2] 5, 607) asserts that when am¬
monium amalgam, free from sodium, is placed
in contact with phosphorus, phosphuretted hy¬
drogen is evolved, and he infers that the hydrogen
must be in the nascent state.

Pfeil and Lippmann (C. B. 62, 426) state
that trimethylamine hydrochloride also forms a
spongy amalgam which quickly décomposés with
évolution of hydrogen and formation of tri:
methylamine ; saturated solutions of the hydro-
chlorides of aniline, coniine, morphine, and
quinine give off hydrogen only.

Electrical amalgam is made by melting to-
gether 1 part of zinc and 1 part of tin, and then
adding 3 parts of mercury.

Silvering amalgams. For metals, 1 part of
silver to 8 parts of mercury ; for glass, 1 part
each of lead and tin, 2 parts bismuth, and 4 parts
mercury.

Tooth cements. 1. A gold amalgam contain-
ing enough mercury to make it doughy at the
température of boiling water. 2. One part of
zinc filings and 2 parts of mercury, mixed and
applied at once. 3. Amalgam containing 0'25
to 0-30 of copper.

AMANITA ffiUSCARIA. Agaricus muscarius,
Fly agaric. A poisonous fungus, used in Kamt-
schatka and Siberia as a narcotic and intoxicant,

K A. crystalline compound with a silvery lustre.

and, when steeped in milk, as a fly poison. A
narcotic organie base, muscarine, C5H15N03,
which is the hydrated aldehyde of betaïne, has
been isolated from it (Schmiedeberg and Har-
nack, J. 1876, 804).

AMABANTH v. Azo- colouring matters.

AMAZON STONE. A variety of orthoclase,
found at Lake Ilmen, Bussia, of a bluish-green
eolour ; and at Baikal, Siberia, in silvery spangles
on a green base. The colouring matter is saidto
be due to organie iron salts (Kônig, J. 30, 1,333).
Used for making trinkets.

AMBAK, LIQUID. A resin obtained from
Liguiclambar styraciflua, growing in Louisiana
and Mexico. It is of the consistence. of tur-
pentine, has a brown ashen grey colour, dries
up readily, smells like gum benzoïn, has a
bitter sharp burning taste, is soluble in 4 parts
of alcohol. It contains 1-4 p.c. benzoic acid.

AMBEB. Ambre, Succin, Fr. JBernstein,
■ Electrum, Agtstein, gelbes Erdharz, Ger. The
fossil resin of the Pinites succinifer, found on
the southern coast of the Baltic, in the dilofial
soils of Prussia, in Saxony, Poland, Sicily, and
Maryland, U.S. The amber-bearing stratum of
the Baltic lies partly below the sea level ; it con-
sists of a coarse green sand, the particles of
which are covered with a yellow coating. Amber
is found in it to the extent of one kilogram per
20 cubic feet.

Amber is a hard, brittle, tasteless substance,
usually semi-transparent or opaque, and of a
glassy surface ; it is found in ail colours, but
most commonly yellow or orange ; it frequently
contains leaves and insects. Statements differ
as to its sp.gr. : Helm (Ar. Ph. [3] 11,229, 246 ;
C. J. [2] 34, 323) gives it as varying between
1-05 and 1-095 ; Ure, between 1-065 and 1-070 ;
Eeboux (A. Ch. [5J 9, 138, 144 ; C. J. '[2] 32,
903), between 1-09 and 1-11. Its hardness varies
from 2 to 2-5. Its fracture is eonchoidal, and it
is susceptible of a high polish. It is worked on
a lathe with whiting and'water or rotten stone
and oil, and finished off by friction with a
flannel. A large amount of electricity is thus
generated, and the amber is apt to splinter.
Amber is mended by smearing the fracture with
linseed oil, pressing the pièces firmly together,
and holding over a charcoal fire. Amber is
coloured by placing it in linseed oil coloured
with dragon's blood, alizarine, purpurine, or
indigo, heating to 190-200°, and, after keeping
the température steady for a few minutes, allow-
ing to cool slowly. If heated in a fluorescent
oil the amber becomes fluorescent (Hanàusek,
C. C. 15, 461 ; S. C. I. 3, 491 ; Ph. [3] 14, 566).
Amber is soluble in alkalis without décompo¬
sition, colours sulphuric acid purple, and is
soluble in chloroform.

According to Helm (l.c.), Prussian amber
contains from 17 to 22 p.c. of a substance melt¬
ing at 105°C., soluble in alcohol ; 5 to 6 p.c. of a
substance melting at 145°, insoluble in alcohol,
but soluble in ether ; 7 to 9 p.c. of a body melt¬
ing at 175°C., insoluble in alcohol and ether,
but dissolving in caustic potash ; 44-60 p.c. of
an insoluble bitumen, C10PIlsO, having the com¬
position of ordinary camphor ; and 3-2-8-2 suc-
cinic acid.

Clear yellow amber has no characteristic
appearance under the microscope, but the opaque
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or white variety under 200-500 diameters is
seen to be £ull o£ round cavities. Amber con-

tains sulphur, tlie quantity ranging from 0-26
to 0'34 p.c. (Helxu, Ar. Ph. [3j 13, 496; C. J. [2]
36, 300). John. (J. 1876, 1,272) gives the fol-
lowing analyses of amber :—

80-75 10-02 9-23 0-36
80-29 10-57 9-14 0-32

A solution of amber (1 kilo in 2 kilos of
cliloroform) bas been applied to silken goods to
give softness and elasticity (O. Thummel, S. C. I.
2, 378). Amber is valued by Turks and other
Orientais as a charm against infection. Its cliief
use in England is in jewellery and for mouth-
pieces to pipes.

Natural amber when rubbed bas an aromatic
odour, which copal and ' mellite ' (artificial amber)
do not possess. Natural amber, when greased
and warmed, can be bent, but copal and mellite
will not bend under tbis treatment. Copal melts-
at^ low température, changes colour at 100°C.
aiîd loses water ; natural amber does not melt
at 400°, but blackens and gives off a suffocating
gas ; it also burns with a yellow flame, leaving a
Ûght lustrons coal. ' Mellite ' is infusible and
leaves a white residue. Natural amber is harder
than artificial amber, and resists the pressure
of the finger nail. Reboux, A. Ch. [5] 9, 138 ;
C. J. [2] 32, 903 ; C. N. 37, 31 ; and Cooley, 1 ;
v. also Resins.

AMBER, OIL OF. When amber is heated
it softens, fuses, and gives off succinic acid, water,
oil, and a combustible gas. If the residue
(colophony of amber) be more strongly heated,
a colourless oil passes over. These oils, accord-
ing to Pelletier and Walter (A. Ch. [3] 9, 89)
liave the composition of . oil of turpentine. By
distilling with water, a pale yellow oil, having a
strong odour and acrid taste, can be obtained.
It blackens and thickens on exposure to air and
heat, boils at 86°, and has a sp.gr. of -758 at 24°.
One part of the rectified oil mixed with 24 parts
alcohol (0-830) and 96 of caustic ammonia, forms.
eau de luce, a celebrated old perfume. By mix-
ing ' eau de luce ' with nitrie acid, artificial
musk is made. Its solution in alcohol was for-
merly eonsidered as a spécifié for whooping-
sough (v. also Resins).

AMBER VARNISH v. Vaiînish.
AMBERG-RIS. (Ambregris, Er.; Ambra, Am-

bar, Ger.) Is found in the sea, near the coasts of
tropical countries, aud in the intestines of the
spermaceti whale (Physeter macrocephalus).

Ambergris is generally found in fragments,
but a piece has been obtained weighing 225 lbs.
Its sp.gr. ranges from 0'780 to 0-926 (-780 to
■896 Brande, -908-920 Pereira). If of good
quality, it adhères like wax to the edge of a
knife. with which it is scraped, retains the
impression of the nails, and emits a fat odori-
ferous liquid on being penetrated with a -hot
needle. It is generally brittle, but on rubbing it
with the nail it becomes smooth like hard soap.
Its colour varies from black to white. Its smell
is peculiar, and not éasily counterfeited. It
melts at 62-2°C., at 100°C. it is volatilised as a
white vapour ; on a red-hot coal it burns and is
entirely dissipated. Water has no action on it ;
acids, except nitrie acid, act feebly upon it ;
ether and the volatile oils dissolve it ; so do

the fixed oils, and also ammonia when assisted
by heat ; alcohol dissolves a portion of it.

The principal constituent of ambergris is
ambreïn ; its inorganie constituents are carbon¬
ate and phosphate of calcium, with traces of
ferrie oxide and alkaline chlorides.

Used by perfumers. The Chinese test its
purity by scraping it upon boiling tea, in which
it should dissolve (Ure).

AMBLYGONITE. A greenish - coloured
minerai, marked on the surface with reddish and
yellowish brown spots, translucent, brittle, intu-
mesces and fuses to a white enamel.

P„Os A120, LiaO Na-0 K.,0 F FeaOa H.O
a. 47-15 88-43 7'03 3'29 0-43 8'11 — —

b. 39-00 25-66 — — — — 171 —

c. 48-20 34-83 10-18 — — 6-45 — 3'06

a. From Chursdorf and Armsdorf, Pinig,
Saxony, Handwb. d. Chem. 2 Auf. 1, 665 ; Dana,
2, 409.

b. Thenard, M. S. [3] 9, 1,175 ; J. 32, 1,204.
c. Rammelsberg, J. M. 1883,1,14 ; J. 36,1865.
Thenard (l.c.) uses this minerai for the manu¬

facture of superphosphates (v. also Lithium).
AMBREÏN. Ambreine, Er. Avibarstoff, Ger.

Isolated by Pelletier and Caventou, by digest-
ing ambergris in hot alcohol, sp.gr. 0-827. It
is of a brilliant white colour, has an agreeahle
odour, is destitute of taste, is insoluble in water,
dissolves readily in alcohol and ether. Melts at
30°C., and is volatilised above 100°C. ; is non-

saponifiable ; is eonverted by nitrie acid into
ambreic acid. Ambreïn is probably impure
cholesterin. Pelletier (A. 6, 24) found it to eon-
tain 83-3 p.c. C, 13-3 H, and 3-31 p.c. O.

AMBRITE v. Resins.
AMBR03INE. A resinous minerai found in

the phosphatic beds near Charleston, South
Carolina, U.S.

AMERICAN COW or MILK TREE WAS
v. Wax.

AMERICAN ELEMI v. Oleo-kesins.
AMETHYST. Tetramethyl saffranine and

tetra-amyl saffranine are found in commerce
under this name (v. Azines).

AMETHYST, ORIENTAI, v. Cokundum.
AMIANTHUS. (Amiante, Er.) Mountain

flax. The whiter and more delieate varieties of
asbestos, particularly those possessing a satiny
lustre. A variety found at Oisans, Erance, is
somewhat elastie (v. Asbestos).

AMIDE POWDER. An explosive similar to
ordinary gunpowder, in which, in place of the.
sulphur, an ammonium sait is employed in
combination with saltpetre, in such proportions
that on ignition potass-amide, volatile at high
températures, is formed. This increases the
useful efl'ect of the explosive, which burns with-
out residue (Gaens. Eng. Pat. 14, 412, 1885 ;
S. C. I. 5, 678).

AMIDOAZOBENZENE or ANILINE YEL¬
LOW V. AZO- colouring mattees.

AMIDOGENE. An explosive made by dis-
solving 73 parts of potassium nitrate and 1 part
magnésium sulphate in one third their weight of
boiling water ; 8 parts of ground wood eharcoal,
8 parts of bran, and 10 parts of sulphur are added,
and the whole is digested for two hours at 140° ;
it is then dried at 50° and made into cartridges
(Gemperle, S. C. I. 3, 191; 1, 201; Bieder-
manu's Chem. Tech. Jahrb. 7, 14G).
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AMIDONAPHTHOPHENAZINE v. Azines.
AMIDOPHENOPHENANTHRAZINE v.

Azines.
AMLAKI (Beng.), ANVUEA (Hi'nd.), AWLA

(Bomb.), TOPPI (Tamil). The fruit of JPhyllan-
thîis emblica (emblic myrobolams), used in a
fresh condition as a laxative, and, when dried, as
an astringent (Dymock, Ph. [3] 10, 382).

AMMIOLITE. A red earthy minerai from
Chili, containing:

Sb Te Ca H*g SiOa
36-5 14-8 12-2 22-2 2-5

(Rammelsberg, Mineralchemie, 426).
AMMONIA. Volatile alkali ; Alkaline air;

Spirit of hartshorn, NH3. Solutions of am-
monia bave been known from very early times,
but the substance itself was first clearly recognised
by Priestley, who obtained it by boiling the
aqueous solution and collecting the gas, which
lie termed alkaline air, over the mercurial pneu-
matic trough. Scheele jiroved that it contained
nitrogen, and Berthollet, and, more accurately,
Austin, deihonstrated its real nature and deter-
mined the properties of its constituents.

Ammoniacal salts are found in small quan-
tity in the air and in most natural water ; in
the juice of plants, in most animal fluids, and
in many soils, and in a few minerais, ochres,
elays, maris, &c. Ammonia can be syntbeti-
cally obtained in small quantity by the action
of the silent discharge on a mixture of nitrogen
and hydrogen (Donkin, P. 21, 281), or as nitvite
by means of a strong induction spark, or a mix¬
ture of nitrogen and water vapour (Thenard,
C. B. 76, 983) ; or as chloride, by passing electrie
sparks through a mixture of hydrogen chloride,
nitrogen,and hydrogen (Deville, C. B. 60, 317) ; or
by the action of heated spongyplatinum, pumice,
&c., on a mixture of hydrogen and nitric acid.

(For other methods v. Watts' Dict. vol. i. 196.)
For laboratory purposes ammonia gas is

usually prepared by heating the aqueous solu¬
tion, or by heating a mixture of ammonium
sulphate or chloride and slaked lime. The gas
is dried by passing over quicklime. For the
préparation of absolutely pure ammonia v. Stas,
Fr. 6, 423.

_

Ammonia is a colourless gas, which, when
perfectly dry, is without smell ; it is poisonous
when breathed in quantity and destroys the
mucous membrane. It is very feebly combus¬
tible in air, especially when heated, and may be
made to burn readily in oxygen gas. It is easily
condensed to a mobile colourless and very ex-

0*6234 0°
pansive liquid of sp.gr. at 0° which
boils at — 33*7° (Bunsen) and freezes to a wliite
crystalline mass at — 75° (Faraday).

According to Bunsen (P. 46, 95) the vapour
tension of tliis liquid is :—

At — 33*7 . . 1 atmos.
0° „ . 4*4 „

+ 15*5 . . 6*9 „

+ 2*8 . . 10 „

(Compare Kegnault, J. 1863, 66).
Liquid ammonia dissolves the alkali metals

without change, forming blue solutions ; it has
no action on oil of vitriol at 65° (Gore, C. N. 25,
251). Ammonia gas is gradually decomposed
into its elements even at 500°, and to a greater
extent at higher températures, and especially

by the disruptive discharge from a powerful
Buhmkorff coil ; in no case, however, is the de-
composition by heat complété.

Bamsay and Young (C. J. 45, 92) find that
when the gas is passed through a heated porce-
lain tube or an iron tube, or glass tube filled with
asbestos cardboard, the amount of décomposition
at 500°-520° is nearly equal and very small.
In contact with a glass surface, the température
at which décomposition begins is much higher.
Ammonia may indeed be heated to 700° in con¬
tact with glass without any appréciable décom¬
position. The nature of the heated surface has
a very great influence on the extent of the de-
composition.

When the gas is passed over certain metals,
e.g. platinum, gold, silver, iron, copper, it is de¬
composed in its elements ; when heated with
potassium it forms the potassamines NH..K and
NK, ; titanium and boron heated in the gas
form the respective nitrides. A mixture of
ammonia and air passed over heated copper
turnings yields pure nitrogen gas and water.

A heated platinum wire suspended in a
mixture of ammonia and oxygen, or air, yields
ammonium nitrite and nitrate. (For other reac¬
tions v. Watts' Dict. vol. i. 19S.)

Ammonia is very soluble in water, alcohol,
and ether, and in many saline solutions.

1 gram of water at 0° absorbs 1,148 ce. or
■875 gram of ammonia at 0° and 0'76 m. pres¬
sure. At 10°, 0*679 gram ; at 20°, 0*526 ; at 30°,
0*403 ; and at 100°, *074 gram (Boseoe and
Dittmar, C. J. 12, 128).

The aqueous solution is a pungent-smelling,
caustic, alkaline liquid, which solidifies at 49J
to an inodorous crystalline mass. In the act
of solution considérable heat is evolved ; accord¬
ing to Thomsen, NH.„Aq = 8,430 calories. The
coneentrated solution diluted with water also
evolves heat. When dissolved under pressure
and at ordinary températures more of the gas
is taken up than corresponds with Dalton and
Ilenry's law ; at 100°, however, the amount
dissolved under pressure of more than 1 atmos.
is in accordance with the law (Sims, C. J. 14, 1).
The strongest aqueous solution of ammonia has
a sp.gr. 0*8S4 at 64° (Carius) and contains 36 p.e.
NH3. It has been generally assumed that the
aqueous solution contains the hydroxide NHjHO,
corresponding to KHO and NaHO, but the
thermal observations of Thomsen and Tommasi
appear to throw doubt on the existence of am¬
monium hydroxide.

The solution dissolves many metallic oxides,
e.g. Ag30,CuO, and certain salts, e.g. AgCl,Ag3P04,
which are insoluble in water. It also dissolves
many fats and resins.

In contact with red-liot coke or coal, ammonia
forms ammonium cyanide and hydrogen, together
with, under certain conditions, marsh gas and
acetylene. Chlorine, bromine, and iodine at
once décomposé ammonia, forming nitrogen
and a haloid sait ; and with the occasional pro¬
duction of explosive compounds, e.g. nitrogeD
trichloride NC13, and diamine di-iodide N„H3I„.

With many of the inorganic and organio
anhydrides and with the acid chlorides it forms
the ammonium salts of the corresponding amie
acid. Thus with carbon dioxide it yields am¬
monium carbamate; 2NH3 + C02 = CO.NHjONHj.
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Certain salts, e.g. calcium chloride, silver
cliloride, zinc chloride, copper sulphite, am¬
monium nitrate, combine with ammonia to
form stable compounds from which the gas can

be expelled by beat. It was by lieating the
compound 2AgC1.3NH3 in a sealed tube that
Faraday, in 1823, first effected the liquéfaction
o£ ammonia.

Densiiï of Aqueous Solution of Ammonia at 15° (Lunge and Wieenik).

Sp.gr. NHS 1 litre con- Correction of j Sp.gr. nh3 1 litre con- Correction of
p.c. tainsNH3 g. sp.gr. for ±1° p.c. tains Nïïag. sp.gr. for ± 1°

1-000 o-oo o-o 0-00018 I 0-940 15-63 146-9 0-00039
0-998 0-45 4-5 0-00018 0-938 16-22 152-1 0-00040
0-996 0-91 9-1 0-00019 0-936 16-82 157-4 0-00041
0-994 1-37 13-6 0-00019 0-934 17-42 162-7 0-00041
0-992 1-84 18-2 0-00020 0-932 18*03 168-1 0*00042
0-990 2-31 22-9 0-00020 0-930 18-64 173-4 0-00042
0*988 2-80 27-7 0-00021 0-928 19-25 178-6 0-00043
0-986 3-30 32-5 0-00021 0-926 19-87 184-2 0-00044
0-984 3-80 37-4 0-00022 0-924 20-49 189-3 0-00045
0-982 4-30 42 -2 0-00022 0-922 21-12 194-7 0*00046
0-980 4-80 47-0 0-00023 0-920 21-75 200-1 0-00047
0-978 5-30 51-8 0-00023 0-918 22-39 205-6 0-00048
0-976 5-80 56-6 0-00024 0-916 23-03 210*9 0-00049
0-974 6-30 61-4 0-00024 0-914 23-68 216-3 0-00050
0-972 6-80 66-1 0-00025 0-912 24-33 221-9 0-00051
0-970 7-31 70-9 0-00025 0-910 24-99 227-4 0-00052
0-968 7-82 75-7 0-00026 0-908 25-65 232-9 0-00053
0-966 8-33 80-5 0-00026 0-906 26-31 238-3 0-00054
0-964 8-84 85-2 0-00027 0-904 26-98 243-9 0-00055
0-962 9-35 89-9 0-00028 0-902 27-65 249-4 0-00056
0-960 9-91 95-1 0-00029 0-900 28-33 255-0 0-00057
0-958 10-47 100-3 0-00030 0-898 29-01 260-5 0-00058
0-956 11-03 105-4 0-00031 0-896 29-69 266-0 0-00059
0-954 11-60 110-7 0-00032 0-894 30-37 271-5 0-00060
0-952 12-17 115-9 0-00033 0-892 31-05 277*0 0-00060
0-950 12-74 121-0 0-00034 0-890 31-75 282-6 0-00061
0-948 13-31 126-2 0-ÛU035 0-888 32-50 288-6 0-00062
0-946 13-88 131-3 0-00036 0-886 33-25 294-6 0-00063
0-944 14-46 136-5 0-00037 0-884 34-10 301-4 0-00064
0-942 15-04 141-7 0-00038 0-882 34-95 308-3 0-00065

Technical sources of ammonia.1—Ammonia
is formed in nature prmcipally durmg the decay
of nitrogenous organic substances. Thus very
considérable quantities of it exist, both in the
soil and in the atmospheric air, but, extremely
important as this occurrence is for agriculture,
it is only quite exeeptionally possible to utilise
it for the recovery of ammoniacal compounds.
That object is practically attained almost en-
tirely by the destructive distillation of organic
substances, chiefly coal.

A. Natural occurrence of ammoniacal com¬
pounds, in sufficient quantity to be of commer¬
cial value.—Ammonium carbonate has been
found in guano deposits on the West Coast of
South America, and has been exported to
Europe. A sample, introduced into Germany in
1848, consisted essentially of ammonium bicar¬
bonate mixed with some insoluble matter.
Ammonium sulphate is contained in the Tuscan
' soflioni,' and is obtained there in somewhat
considérable quantities as a by-product in the
manufacture of boric acid. Ammonium chloride,
together with sulphate, is sometimes collected
in the neighbourhood of volcanocs.

B. Ammonia made from hydrogen and at¬
mospheric nitrogen. —The fact that nitrogen and
hydrogen can be united by the electric dis¬
charge, or by contact with certain substances,
has been made use of by inventors, but, in spite
of very confident assertions to the contrary,
those reactions have never turned out to be
practieable ; nor has the intervention of boron
or titanium proved more successful. It is very
doubtful if the ammonia said to have been ob-

1 Comp. Q-. Lunge's Coal Tar and Ammonia (Gurney
and Jackson, 1887), cliapters xii.-xiv.

tained by some of those processes has not been
pre-existent in the materials employed, or is
due to the nitrogen contained in the coke em¬
ployed, and it is certain that none of it has ever
found its way into commerce. In order to give
an outline of the attempts hitherto made in this
direction, we enumerate the following patented
processes : —

Swindells (E. P. June 21, 1876) passes a
mixture of air and steam over red-hot coal and
then through a solution of caustic soda.

Eickman (E. P. 3,341,1878) proposes to manu¬
facture ammonia from the nitrogen of atmo¬
spheric air, by injecting a mixture of steam and
air into retorts filled with coke, spongy iron, or
the like, heated to about 550°. The steam is
decomposed by those oxidisable substances, hy¬
drogen being liberated, which is supposed to
combine with the nitrogen of the air to form
ammonia. Comp. also the German Patent, No.
10,889, by Eickman and Thompson.

G. Th. Glover (E. P. 1,890, of 1880) passes
furnace gases mixed with steam and hydrogen
chloride over coal or bituminous shale heated to
redness, whereby ammonium chloride is sup¬
posed to be formed.

Solvay (Bl. 25,527) and Wagner (J. 1876,444)
tried coke impregnated with magnésium chloride
and heated by a blast.

Basset (E. P. 4,338, 1879) employs coal im¬
pregnated with boric acid over which nitrogen
is passed ; the boron nitride is then decomposed
by steam. G. N. Tucker (G. P. 13,392) pro-
ceeds in a somewhat similar way.

G. S. Johnson (C. N. 43, pp. 42 and 28S)
passes nitrogen mixed with hydrogen through
red-hot spongy platinum.
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Th. G. Young (E. P. 1700, 1880) passes the
electric current through a mixture of 3 vols, of
hydrogen and 1 vol. nitrogen.

Several other inventors invoke the aid of
electricity for eombining nitrogen and hydrogen ;
thus Mûller and Geisenberger (G. P. 11,489 and
12,364), and the Société l'Azote (G. P. 17,070).
The latter proposes obtaining both nitrogen and
hydrogen by the action of melted zinc on air
and steam in separate furnaces, zinc oxide being
formed at the same time in each case. The two

gases are to be combined by spongy iron im-
pregnated with titanium or else by platinised
carbon, and this combination is to be promoted
by an electric current.

Twinch (E. P. 3,712, 1881) patents the manu¬
facture of ammonia by the joint action of at-
mospheric air, steam, nitrio oxide, and caustio
soda.

C. Ammonia made from cyanides, prepared
by means of atmospheric nitrogen.—Margueritte
and Sourdeval (E. P. 1,027, 1860) patented a
process for manufacturing ammonia, consisting
in first preparing cyanides by heating a mixture
of barium carbonate and coal in an atmo¬
sphère of nitrogen, and afterwards decomposing
the cyanides by steam. This process, which
did not prove successful in their hands, has
been taken up by L. Mond (E. P. 433, 1882).
He forms lumps, or bricks, e.g. by compressing
a mixture of 32 parts of barium carbonate, 8 of
wood-charcoal and 11 of coal-tar piteh, or in
some other suitable way. These lumps are first
lieated in a reducing flame till the piteh has
been converted into coke, and the barium car¬
bonate has been partially or entirely converted
into oxide. They are then charged into an
annular kiln of the usual description, where
they are first exposed at a température of
1400°C. to a current of gases containing as
much nitrogen and as little C02, H20, and O
as possible. Wlien a sufficient quantity of
cyanides has been formed, the current of hot
gases is shut off and a cold current of the same
composition is passed through the mass till the
température has fallen to 500°, when steam is
admitted to décomposé the cyanides into am¬
monia which is collected in the usual way.
This process, although tried on a somewhat
large scalt, has not yet come into practical
opération, and is, therefore, probably at this
moment not yet worked out so as to be fully
successful. No more can be said of the pro¬
cesses of L. Q. and A. Brin (E. P. 3,089, 1883),
J. Young (E. P. 16,046, 1885), and T.B. Fogarty
(E. P. 5,361, 1883).

D. Ammonia from urine, sewage, and animal
excreta.—Urine is not merely the oldest, but
for centuries was the only source for obtaining
ammonia compounds on a commercial scale.
It is stated that sal-ammoniac made from it was

an article of commerce as early as 1410, and
that the Jesuit Sieard in 1720 saw the manu¬

facture of it in the Delta of the Nile. In Egypt
sal-ammoniac was made by burning camels'
dung and collecting the sublimate. Putreûed
urine (in which the urea has passed into ammo¬
nium carbonate) has been used for centuries,
and to a certain extent is still used by dyers as
a source of ammonia for scouring wool and
other purposes. The methodical working up of

urine collected in large quantities, or of sewage
for obtaining ammonia therefrom, has been.
carried out in the neighbourhood of some large
towns, e.g. Paris, but only a very small quantity
of ammonia in comparison with the enormous
quantity excreted is aetually obtained in this way.

Normal urine contains per litre from 20 to
35 grams urea (carbamide) which after a short
time is changed into ammonium carbonate
under the influence of a micro-organism. An
adult man produees from 22 to 37 grams urea
per 24 hours, together with a little uric acid,
corresponding to 12-5-21 grams NH3 per day,
or between 9 and 17 lbs. per annum. If ail the
ammonia obtainable from London urine were re-

covered this would amount to 60,000 tons of
ammonium sulphate per annum.

In Paris there are daily 2,200 cubic métrés
(say tons) or urine and night soil taken out of
the fosses, and treated by various processes.
In the Bilange process the sewage is mixed with
milk of lime and allowed to settle, the liquid
portion is worked for ammonia, the muddy de-
posit (containing a great many albuminoid
matters) is heated by steam, passed through
filter-presses and sold as manure. In the
Kuentz process the muddy deposit is mixed
with a reagent prepared by treating a mixture
of bauxite, natural phosphate of lime, and
hydrated oxide of iron with hydrochloric acid.
The resulting mass is passed through filter-
presses ; the cakes remaining in these contain
ail the phosphoric acid (10-12 p.c.) as dicalcic
phosphate, precipitated by ammonium car¬
bonates ; the iron has absorbed the sulphur
compounds, and the alumina has modified the
albuminous and slimy matters which would
have impeded the filtration. The percentage of
nitrogen in these cases is 3-3-5.

These processes only apply to ordinary
excreta, not to sewage diluted with water from
water-closets, &c.

Of the large number of recent proposais for
treating sewage &c., we here mention a very few.

J. Duncan tries to remove the ammonia from
sewage, and the refuse water of sugar-refineries,
by distilling it in a vacuum by means of steam
at a température not exceeding 30°C. (G. Pat.
27,148 and 28,436). A similar principle has
been patented by J. Young (E. P. 3,562, 1882).
Bolton and Wanldyn (G. P. 17,386) heat urine
or other putrefying liquids ; the vapour, mixed
with air or carbon dioxide, is passed through
calcium sulphate, pure or mixed with other salts.
The ammonium carbonate is thereby trans-
formed into sulphate, calcium carbonate being
formed. When the reaction is finished the
mixture is heated, whereupon the inverse ré¬
action is started ; the ammonium carbonate
which escapes is condensed as usual, and the re¬
maining calcium sulphate is used over again as
at first.

Further patents are those of Schneider (G. P.
27,671 and 32,890); Ricliters and Hagen (G. P.
14,210) ; Brullé and Leclerc (E. P. 1,086, of
1880) ; Van Ruymbecke (Am. P. 342,237) ; Buhl
and Keller (G. P. 27,671).

Chateau (Bl. 35, 195) describes the ap-
paratus employed at Arcueil for burning the
noxious vapours escaping in the treatment of
sewage, urine, &c., for the recovery of NHS.
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E. Ammonia from guano &c.—Whilst the
ammonia obtaina'ole from excreta is mostly lost
for immédiate recovery, as it quickly passes
away into the water, the soil, or the air, there
are a few exceptions to this rule presented by
the deposits of birds' excrements on some de-
sert islands, and a few similar cases. In this
' guano,' ammonia salts exist already preformed,
and ammonia can be formed from other nitro-
genous substances contained therein by heating
guano with lime (as patented by Young in 1841),
but this process is not remunerative, since the
direct manurial value of guano is mueh superior
to that of the ammonia salts obtainable there-
from.

F. Bones, liorn, leather, and other animal
substances ricli in nitrogen yield considérable
quantities of ammonia in dry distillation.
When manufacturing bone-chareoal (the ' char '
of sugar-refiners) it is possible to collect the
liquid products of dry distillation, oonsisting of
tar and ammoniacal liquor, and this process is
frequently carried out, especially in Great
Britain. On the continent it is less usual, as
the beet-root sugar-makers prefer charcoal made
in pots to that made in closed retorts, but
attempts have been made to recover the am¬
monia in the former case by washing the gases
(' scrubbing '), although in this case much of it
must be lost owing to the heat being much
greater than when employing retorts. It is also
very difficult to treat such dilute gases without
injuring the draught of the furnace. The treat-
ment of the ammoniacal liquors obtained in
manufacturing bone-charcoal, or in the dry dis¬
tillation of horn, hoofs, hair, leather, &c., as
a préparation for the manufacture of prussiate
of potash, is exactly like that of the gas-liquor
to be described below. They are in the same
way obtained in the first instance by means of
air-cooled condensers and scrubbers, exactly
similar to those used in the manufacture of coal-
gas. The remaining gases, which still possess
a very disagreeable smell, are conveyed back
into the retort fire and are burnt there, care

being taken to introduce them in a very hot place,
so that the combustion may be complété. The
passage of the gases may be promoted by an
injector or exhauster. The condensing liquids
are separated, by settling, into tarry matters
('Dippel's oil ') amounting to 1-7-2 p.c. of the
weight of the bones, and hitherto mostly burnt
under the retorts, and ammoniacal liquor, yield-
ing from 6 to 7 p.c. of ammonium sulphate on
the weight of the bones, of somewhat inferior
quality and strongly coloured. Horn, when dis-
tilled as a preliminary to the manufacture of
prussiate of potash, yields, according to Dumas,
50 p.c. ammoniacal liquor at 8-10° Twaddell
and 16 p.c. of Dippel's oil.

Some inventors try to increase the quantity
of ammonia, and to destroy a portion of the ob-
jectionable organic impurities, by passing the
gases over red-hot lime, &c., as H. P. Lorenzen
(G. P. 9,989), and H. J. and E. B. Castner
(E. P. 4,057, 1882) ; or by distilling animal re¬
fuse matters together with lime (Proschwitzky,
G. P. 10,957), or caustie soda (L'Hôte), or
carbonate of potash (Th. Richters, G. P.
13,594).

In the last case the residue contains a large

quantity of cyanogen compounds, and can be
utilised for manufacturing ferrocyanides.

The most suceessful treatment of such
animal refuse matters which cannot be utilised
in other ways, as leather cuttings, &c., seems to
be to dissolve them in hot concentrated sul-
phuric acid (which can be done in cast-iron
vessels), utilising that acid for manufactur¬
ing superphosphate. In this case most of the
nitrogen is converted into ammonia, as is done
in Kjeldahl's analytical process for determining
nitrogen.

G. Ammonia formed in inorganic chemical
manufactures.—A very perceptible quantity of
ammonia is formed in the manufacture of
caustic soda, in oxidising the sulphur compounds
by means of sodium nitrate (comp. especially
Lunge and Smith, S. C. I. 1883, 460 and 525).
Although this ammonia is dispersed in an enor-
mous volume of other gases, it is aetually re-
covered at the Aussig works, where, in 1884,
sixty tons of ammonium sulphate were obtained
from this source.

L. Tralls (Application for G. P. T. No. 1,860,
of January 26, 1887) believes he can obtain
ammonia in manufacturing sulphate of alumina
from alum-schists, by adding 1 p.c. of calcium
sulphate before ealeining it.

H. Ammonia as a by-product in the manu¬
facture of beet-root sugar.—Ammonia can be got
from beet-root juice and from the mother-
liquors produced in working it up. During the
evaporation of beet-root juice, ammonia is given
off, which Vibrans (G. P. 15,513) proposes to
collect. Much more can be got by the dry dis¬
tillation of the ' vinasse,' that is, the liquid re¬
maining behind when beet-root molasses have
been made to ferment, and the alcohol has been
distilled off. It is probably the betaïne, dis-
eovered by Scheibler as a constituent of the
beet-root, which by its décomposition furnishes
both ammonia and trimethylamine. The pro¬
cess proposed in 1878 by C. Vincent (C. N.
39,107) principally aims at obtaining tri-methyl-
amine and methylchloride ; but a number of
other proeesses are intended to convert prae-
tically the whole of the nitrogenous compounds
contained in the vinasse into ammonia. Thus
Ernst (G. P. 13,871, 17,869 and 18,549) mixes
the concentrated vinasse with lime and fatty
oil, and distils the mixture in a retort of peculiar
construction. Other apparatus for this purpose
are those of Lederer and Gintl (G. P. 17,874), of
F. X. Brosche (G. P. 14,433), of the Badische
Gesellschaft fiir Zuckerfabrikation (G. P.
15,702), of Haring, Ehrenberg & Co., and M.
Baswitz (G. P. 15,751). Erom the potash made
from vinasse, which contains some cyanides,
Legrand and Dabernard (Er. Pat. Dec. 27, 1876)
believe they can obtain 1-4 p.c. of ammonium sul¬
phate by treating itwith steam. Other inventors
treat the alcohol employed in recovcring sugar
from molasses, for ammonia, as H. Steffens
(G. P. 23,594) and R. Schiller (G. P. 38,596).

If ail the beet-root sugar-works in Germany
were able to recover the total ammonia given oiï
during the manufacture it would amount to
15,000 tons of sulphate per annum.

I. Peat and analogous vegetable matters
sometimes yield large quantities of ammonia,
either already formed (and probably first ab-
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ËOrbed from the air) or obtainable from nitro-
genous organic substances. The nitrogen of
organic substances, more particularly that con-
tained in ' Bruehmoor ' and ' Griinlandmoor '
(spécial kinds of peaty moorlands), which
amounts to 3'8 p.c.. is intended to be re-
covered in the shape of ammonia by the pro-
cess of Grouven (G. P. 2,709; 13,718; 18,051;
34,086). The principle of the process is to
mix the damp peat with ehalk (in order to fix
the sulphur), to heat this mixture in upright
cylinders by means of the gases remaining from
the subséquent stages of the process, and to pass
the gaseous products of this dry distillation
through a 'contact-substance,' consisting of
peat, chalk, and clay in exact proportions,
moulded into the shape of drain-tiles and heated
in upright cylinders to a proper température.
Here the nitrogen, under the influence of the
incandescent aqueous vapour, hydrogen, and
hydrocarbons given off in the first cylinders, is
to a great extent converted into ammonium car¬
bonate, which is condensed by calcium sulphate,
and thus converted into ammonium sulphate.

Grouven's process has been the subject of
prolonged expenments which, however, did not
meet with pecuniary success, in spite of the then
high price of ammonia. The question of uti-
lising the very large quantity of nitrogen con-
tained in peat is therefore not yet finally solved,
althoughthe best descriptions of peat are said to
yield up to 8 p.c., and even inferior qualifies
4 p.c., of ammonium sulphate.

Lencauchez's ' gazogène distillateur ' (de-
scribed by Cam. Vincent, ' Industrie des products
ammoniacaux,' p. 82) is intended to recover
ammonia in employing peat as raw material
for gas-producers. This matter should be taken
in connection with the processes to be enu-
merated under L. 6.

K. Ammonia from bituminous shale is ob-
tained in the Scotch shale-oil works by washing
the gases with water. The quantity of ammonia
obtained from this source is very considérable,
amounting to 18,000 tons in 1886. The recovery
of ammonia in this industry is carried out
exaetly like that from coal (to be mentioned
under L.), and many of the proposais for in-
creasing the yield of ammonia from coal apply
equally to shale.

L. Ammonia from coal.—There is always a
considérable quantity of nitrogen contained in
coal, much moretlian in fresh vegetable matter;
in ail probability most of this nitrogen is due to
the animais which lived during the growth of
the coal-forming forests or swamps, and whose
remains were buried in them. The same origin
is no doubt attributable to most of the nitrogen-
ous substances found in bituminous shales,
some of which approach the most shaly varieties
of coal so nearly that it is difiicult to draw a
sharp line of démarcation between them.

The percentage of nitrogen in coal varies
from about 1 to 2 p.c. According to Tidy (Lunge's
Coal Tar and Ammonia, 541) Welsh coal con-
tains 0'91, that from Lancashire T25,fromNew-
castle T32, from Seotland T44 p.c. of nitrogen.
AV. Poster (Proe. Inst. Civ. Eng. 77, pt. iii. 23)
found 0'91 p.c. of nitrogen in AVelsh anthracite,
1-66-1-75 p.c. in English coal, and l'28 p.c. in
Scotch cannel.

Knublaueh (J. fiir Gasbel. 1883, 440) found
in five samples of AVestphalian coal 1-215-1-612,
in two samples of English coal 1*102-1*443 p.c.
of nitrogen. E. Schilling (ibid. 1887) has shown
that most previous analyses were not quite accu-
rate : his own analyses, made by the Kjeldahl
process, yielded on an average for AVestphalian
coal 1-50, Saar coal 1-06, Silesian coal 1-37,
Bohemian coal 1*30, Saxon coal l'20, Boldon gas
coal 1*45, Pilsen cannel-coal 1-49, Bohemian
brown-coal 0-52 p.c. of nitrogen. He found on tha
whole that the percentage of nitrogen in coaî
decreased with an increase in the percentage of
oxygen.

Only a small portion of the nitrogen con¬
tained in the coal is utilised. If we take the
quantity of coal annually burnt as 400 millions
of tons, and its average percentage of nitrogen
as T33, this would be equal to 5,320,000 tons
of nitrogen, or about twenty-six millions of tons
of ammonium sulphate—i.e. about 200 times as
much as is now obtained from ail sources. But
it may be safely said that upwards of 90 p.c. of
ail coal is used in such a manner that a recovery
of its nitrogen in the shape of ammonia is prac-
tically impossible ; of the remaining 10 p.c. only
that portion from which coal-gas is manufac-
tured is fully utilised for the production of am¬
monia, and even here, as we shall see, only a
eomparatively small portion of the nitrogen is
recoveredas ammonia. Apart from the question
whether there might not be an increase effected
in the yield of ammonia in the manufacture of
coal-gas, it is beyond ail doubt that the quantity
of ammonia now in the market might easily be
doubled, and more than that, by resorting gene-
rallyto the recovery of by-products in the manu¬
facture of coke, or by carbonising coal in other
ways. This fact should be kept in view when
considering the proposais to revolutionise the
conditions of burning coal as fuel, by doing this
in such a way that tar and ammonia are ob¬
tained as by-products.

1. Production of ammonia in the manu¬
facture of coal-gas.—In this manufacture it is
necessary to purify the gas by subjecting it to
cooling (' condensing ') and washing (' scrubbing ').
In this process an oily and an aqueous sub¬
stance are obtained, which separate by settling
and form coal-tar and gas-liguor. The latter
cornes from the hydraulic main, the eondensers
and serubbers. The quality of the liquor from
these sources is very unequal, that of the con¬
densera being the best, but in most gasworks
they are ail united. Sometimes that which
condenses without washing is colleeted by itself
as ' virgin gas-liquor.' Some liquor always
remains incorporated with the tar, and is ob¬
tained partly by subsidence and partly by dis¬
tillation.

A description of the condensera and serub¬
bers used at gas works will be found in the
article Coal-gas.

Nothing like ail the nitrogen contained in
the coal distilled is recovered as ammonia ; at
most a fifth, but sometimes as little as a tenth,
is actually obtained as such. From coal with
1*33 p.c. N. we ought to get 6*65 p.c. ammonium
sulphate, or 149 lbs. to the ton, whilst 20 lbs. or
at most 22 lbs. is considered as a fair yield. In
a iaboratory experiment, AV. Foster (C. S. 43,
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105) obtained, of 100 parts of nitrogen con-
tained in coal : 14-50 parts as ammonia, 1-56 as
cyanogen, 35-26 in tlie elementary condition (as
part of coal-gas), 48-68 remaining in the coke.
Watson Smith (ibicl. 45, 144) showed tliat
coal-tar must also be taken into account for
some nitrogen. In ordinary gas-retort coke lie
found 1-375, in bee-hive coke 0-511, in Simon-
Carvès coke 0-384 p.c. nitrogen, showing that
much less nitrogen is driven out in the short
process of gas-making than in the long-con-
tinued process of coking proper. Cl. Winlder
found that in coke-ovens 28-7 p.c. of the nitrogen
remained in the coke, 71-3 p.c. escaping with

An increase of the yield of ammonia in gas-
making is aimed at by the following processes : —

A. Coopères lime-process. —• W. J. Cooper
(E.P. 5,713,1882; comp. Wanklyn, S. C. I. 1883,
438; 1884, 12) mixes 21 p.c. lime of the weight
of the coal, previously slaked to a powder, with
the coal before charging it into the retorts. This
produces a substantial gain of ammonia, and a
much smaller percentage of sulphur in the gas.
The latter is a doubtful advantage, since the sul¬
phur retained in the spent oxide is valuable,
while that retained in the ' limed ' coke is just
the contrary. In England the highest yield of
ammonia by this process was 361bs. of ammo¬
nium sulpliate per ton of coal. Schilling (l.c.)
found that in the case of Boldon coal there was

an increase of 30-7 p.c. of ammonia by ' liming '
the coal, but in the other cases only a slight
increase (3-11 p.c.), or even a slight decrease
(2-4 p.c.) ; only the exeeptionally pool- yield from
Saxon coal was very greatly increased (S4 p.c.).
Iinublauch (J. fiir Gasb.) found 20 p.c. more
ammonia, and 5 p.c. more but poorer gas ; there
was a falling off in the quantity (10 p.c.) and
in the quality of the tar. There seems to be
no great prospect of this process being generally
adopted.

13. Tervet's process (E. P. 1872, 1883) of
passing hydrogen over coal, shale, &c., in the
retorts yielded very good results on a minute
laboratory scale, but much less good results on
a slightly larger scale. It seems never to have
passed the laboratory at ail.

C. Injection of steam lias been frequently
proposed, but this seems hardly praeticable for
real illuminating gas (v. below).

The direct recovery of ammonia from illumi¬
nating gas in the shape of a compound suitable
as a fertiliser, without the intervention of pro-
ducing ammoniacal liquor and without having
to distil the ammonia from this, is efïected by

the gases. Knublauch (J. fiir Gasbel. 1883,
p. 440) found that in gas-making on the large
scale, 31-36 p.c. of the nitrogen remained in
the gas-coke, 10-14 was reeovered as ammonia,
and 1-5-2 as ferrocyanide, whilst 1-0-1-3 was
contained in the tar, and about 50 in the gas.
The most trustworthy statements in this direc¬
tion have been made by E. Schilling (ibid.
1887), founded upon aceurate experiments with
a working-gas-retort, specially adapted for this
purpose, at a température of 1160-1220°. A
short summary of his results is given in the
following table :—

the process of Bolton and Wanklyn (G. P. 16,788).
They pass the gas, previously freed from
tar, through a purifier charged with super¬
phosphate, where the ammonia is to be re¬
tained by the free acid or the monocalcium
phosphate ; the resulting ammoniacal super-
phosphate'is to be sold as a manure. This pro¬
cess has been tried at the Munich gas-works
(Bunte, Fischer's Jahresber. 1882, 281) ; accord-
ing to the conditions of working from 8-5 to
31 p.c. of the total ammonia was thus reeovered
in the superphosphate, but it must be considered
that part of this consists of sulphoeyanide
which is supposed to be injurious to végétation ;
also that the soluble phosphate is thereby trans-
formed into precipitated phosphate. The latest
reports on this process (J. fiir Gasbel. 1887,1,061)
are very favourable to it.

The spent oxide from the gas-purifiers also
contains considérable quantities of ammonia.
This can be reeovered by lixiviation, either hot
or cold. Bichters (G. P. 15,206) combines the
revivifieation of spent oxide with the recovery of
ammonia, by passing air through the mass, con¬
tained in close boxes ; the heat produced in the
oxidation of the ferrie sulphide drives off the
ammonia.

2. Some modem prouesses are intended to
make the production of ammonia a principal
feature in the treatment of coal or shale, and to
obtain the heating value of the latter as a seeon-
dary produet, mostly in the shape of ' water-gas.'
It has long been known that the injection of
steam when carbonising nitrogenous organic
substances increases the quantity of ammonia
obtainable therefrom, and the process of H.
Grouven, mentioned above, which dates as early
as 1878, takes advantage of this faet for utilising
the nitrogen of otherwise useless descriptions of
peat. But when applying this process to bitu-
minous shale or to coal, it must be noted

—

Description of Coal

West-

plialian
Boldon

gas
Silesian

Bohe-
mian Saxon Saar

Bolie-
mian
cannel

Brown
coal

Total nitrogen, per cent. .

Of 100 parts N left in coke
„ „ volatilised

Percentage yield of NH:| on the coal .

Yield of N as NH3 on the total N per 1
cent J

Yield of ammonium sulphate (lbs.)
per ton of coal J

1-50
80
20

0-248

13-6

22-3

1-45
72
28

0-180

10-8

17-0

1-37
70
30

0-284

17-4

25-6

1-36
69
31

0-237

14-2

21-4

1-20
64
36
0-094

6-4

8-5

1-06
57
43

0-188

14-8

16-9

1-49
44
56

0-221

12-4

19-9

0-52
38
63
0-129

20-7

11-0

IRIS - LILLIAD - Université Lille 1



92 ammonia.

that a sensibly inereased yield of ammonia can
only be obtained by applying a considérable
quantity of steam, and that, at the same time,
the conditions for producing an inereased yield
of ammonia and those for producing ' water-gas '
of good quality, corresponding to the reaction
C + H20 = C0 + H20 are opposed to each other,
r.s we shall see directly. It is, therefore, unlikely
that the recommendations made by W. Poster
(Proc. Inst. Civ. Eng. 1883-84, v. 77, pt. iii.)
will have any practical sueeess, especially as his
caleulations concerning the thermal value of
water-gas have been shownto be quite erroneous
(comp. ib. 65 and 76), and as, even with the im-
provements made by Young and Beilby (comp.
below) the reaction taking place in this instance
yields far more C02 than CO.

Several attempts had already been made
in this direction, e.g. by W. Young (E. P. April
12, 1881); G. Beiïby (E. P. May 18, 1881);
W. Young and G. Beilby (E. P. March 21, 1882).
Young and Beilby recover part of the nitrogen
contained in bituminous shale and coal by
burning them in the presence of steam. Their
proeess is described at length by Beilby
(S. C. I. 18S4, 216). He found that of
100 parts of the nitrogen contained in bitu¬
minous shales (amounting to about 1 p.c.) there
is recovered on distilling them in the usual
manner for the production of paraffin-oils : 17'0
as ammonia in the vatery distillate, 20'4 as
alkaloidal tar, 62'C in the residual coke. When
the distillation was carried on first at a low red
heat, and the residue was afterwards subjected
to a bright red heat in the presence of steam,
only 4-9 nitrogen was left in the coke, 74*3 being
recovered as ammonia and 20*4 as nitrogenous
tar. A certain proportion of air may be mixed
with the steam, without seriously reducing the
yield of ammonia. This has the advantage
that a certain amount of heat is generated
within the retort, and less heat has to be supplied
from the outside.

The theoretical problem to be solved is that
of applying steam in such a way that the carbon
is utilised as water-gas, by the reaction C + H20 =
CO + ïI2, wliilst the nitrogen, also by the action
of steam, is caused to pass for the most part
into ammonia. TJnfortunately the température
at which carbon freely décomposés water is eon-
siderably above that at which ammonia is de-
composed ; the former maybe taken as 1100° to
1200°, whilst according to Bamsay and Young
(C. J. 1884, 88) the décomposition of ammonia
in favourable circumstances commences rather
below 500° and is nearly complote at 780°.
This difficulty can be avoided only by diluting
the ammonia gas with a large quantity of
neutral gas. Grouven effects this for analytical
purposes by passing a quantity of steam through
the apparatus equal to 20 or 30 times the weight
of the substance. This is evidently impossible
to apply on an industrial scale, but Young and
Beilby have found that, by mixing steam and
air, 60 to 70 p.c. of the nitrogen can be obtained
as ammonia on a large scale with an expenditure
of only 1} parts of steam to 1 part of coal.
The heating gas obtained at the same time, that
is, even with Young and Beilby's improvements,
was certainly of a poor description, viz. contain-
ing in 100 parts by volume 16'6 C02, 8-1 CO,

2-3 CHj, 28'6 H, 44-4 N, and it is hence doubtful
whether this proeess will pay in actual practice,
especially as it involves the érection of costly
plant. The différent retorts or furnaces con-
structed for this purpose are described and illus-
trated in the mernoir quoted. They consist
essentially in vertical shafts, in the upper half
of which small coal is carbonised, the coke de-
scending into the lower half, where it is burned
with air and steam: the gases and vapours
generated in the upper portion are passed through
the red-hot coke contained below, and are here
completely converted into permanent gases and
ammonia. The cooling and condensation is
effected in large brick cliambers where water is
injected in fine jets of spray Crossing each other;
as the velocity of the gases is very slight, the
cooling and washing processes should be very
thorough.

L. Moud (E. P. 3,923, 1883 ; 8,973, 1885)
applies a similar principle to gas-producers, in
which a low température and an excess of steam
is conducive to the formation of ammonia. He
describes spécial means for condensing tar and
ammonia. This proeess has been carried out ou
a working scale with good sueeess; it yields a
very considérable quantity of ammonia, but
much poorer gas than the ordinary proeess, and
it must dépend upon the relative value of am¬
monia and coal whether there is a profit in it
or otherwise. It appears that it is going to be
carried out on a very large scale.

We shall further quote the patents of G. B.
Hislop (5,252, 1882) ; of H. Simon and Watson
Smith (4,871, 1883) ; of H. Kenyon (1,016,1886) ;
of A. Erench (5,945, 1885).

3. Ammonia from coke-ovens.—Whilst in the
manufacture of coal-gas the ammonia evolved
has been collected ever since the commencement
of this industry (as witnessed by the patents of
Lord Dundonald in 1781, of Winzler or Winsor,
in 1804 and the following years, &c.), owing to
the faet that it was necessary for the purifica¬
tion of the gas, on the other hand the ammonia
produced in the consumption of coal for coke-
making in blast-furnaces and for ail other pur-
poses has been wasted until a very recent period.
During the last few years, however, the problem
of more fully recovering the nitrogen of coal in
the shape of ammonia has received a very great
amount of attention.

According to Gurlt the earliest attempt to
collect tar and ammonia from coke-ovens was

made by Stauf in 1764, at an ironworks near
Saarbrucken. The first really successful ap¬
paratus of this kind was constructed by Cari
Knab at St. Denis, in 1S56. His ovens were

originally only provided with bottom-flues ; on
introducing Knab's ovens at Commentry, Carvès
(1862) added side-flues, and these improved ovens
were introdueed in 1866 at the Bessègês iron¬
works, and 1879 at Terre-Noire. About 1870
the coke-ovens known as those of Pauwels-
Dubochet were arranged on a similar plan, but
they do not seem to have had the same eiïeet as
far as the quality of the tar is concerned ; about
the ammonia nothing is said (Watson Smith,
S. C. I. 1884, 603). The Carvès oven has been
further improved in 1882 by II. Simon, of
Manchester, who added a previous heating of
the air to 500-600° by means of the waste heatIRIS - LILLIAD - Université Lille 1



AMMONIA. 93

of the fire-gases. Some earlier efforts at saving
tar and ammonia in coking are mentioned by
Watson Smith.

The apparatus devised for recovering am¬
monia (and tar) as by-produets in coking may be
classed as follows :—

I. Those which are merely a modification of
the ordinary coke-oven, where the heating is

. efieeted by admitting air and thus burning part
of the coal to be eoked. The best-known

•examples for this are Jameson's, comp. S. C. I.
1S83, 114 (&. P. 27,694, 24,915 and 25,676,
E. P. 14,551, .1885) and Lûrmann's coke-oven

. (G. P. 17,203). In the Jameson coke-oven the
quantity of ammonia obtained is not worth the
collecting, as stated by the inventor himself
(J. Soc. Ch. I. 1885, 314). Lûrmann's ovens
bave also proved a failure. Probably the tem¬
pérature in this kind of furnace is too high for
the production of considérable quantifies of NH3.

II. Those where no air is admitted into the
interior of the coke-oven, ail the heating being
done from the outside by means of the gas
escaping from the coal in the coking process,
after taking the tar and ammonia out of it.
Nearly ail the modem coke-ovens belong to this
class, of which it is impossible to describe ail the
modifications. Those invented within the last
few years have-been described in the S. C. I.
1883, 322 ; 1884, GB1; 1885, 112 and 484. Eor
a synopsis of the whole field up to the middle
of 1887, we refer to Lunge's Coal Tar and
Ammonia, p. 38-82 and 711-715. Over and
above the ' Hoffmann-Otto ' and the ' Simon-
Carvès ' ovens, principally treated there, we
must now quote the excellent type of coke-ovens,
invented by Th. JBauer (the original inventor of
the ' Hoffmann ' coke-oven), as patented from
1884 onwards (G. P. 28,530, 32,235, 32,660).

Without going into any détails of construc¬
tion we will in a few words describe the général
principle followed in every one of those really
Buccessful modem coke-ovens. They are ail
constructed (with an infinité variety of détail) on
the principle of a close chamber, practically a
very large retort, from which the gases evolved
in the distillation of the coal are mechanically
aspirated without any admixture of air or fire-
gases. The gases pass through condensers,
cooled on the outside by air or water, where
they deposit a great deal of their tar and am¬
monia ; the remainder is taken out by scrubbers,
and the residual gas is then carried back to
flues surrounding the coking-chambers, in order
to be inflamed by means of a current of (pre-
viously heated) air, and to heat the coking-
chambers from the outside. After having effected
this purpose, the waste fire-gases are employed
for the previous heating of the air, serving for
combustion in ' recuperators ' of various descrip¬
tions. By this process the following advantages
are realised. Whilst in the ordinary coke-mak-
ing process no tar or ammonia is obtained, the
new process produces, from ordinary coking-eoal,
about 2-3 p.c. of excellent tar and about 1 p.c.

- of sulphate of ammonia; it also leaves a con¬
sidérable amount of gas at disposai for heating
steam-boilers, &c. ; last, not least, it increases
the yield of coke from 60 to about 70 or 75 p.c.
of the coal—that is, about one-fifth to one-
fourth. The quality of the coke, as obtained in

the best new ovens, is fully equal for ail smelt-
ing purposes to the best bee-hive coke, notwitli-
standing the préjudice of many ironmasters
against it. The only real drawbaek to the new
process is the large amount of capital required
for the plant, but this is tending to be greatly
reduced now—e.g. in the Bauer ovens.

4. Ammonia from blast furnace-gases can, of
course, only be obtained in the case of blast-
furnaces fed with raw coal, as is done in Seot-
land. We refer liere also to the descriptions in
Lunge's Coal Tar and Ammonia, pp. 85-90 and
557-563. One of the most successful of these
proeesses is that of Alexander and McCosh
(E. P. 4,117, 1879 ; 1,433, 1880 ; 3,785, 1881).
This process has been carried out at the Gart-
sherrie ironworks. The gas escaping from the
blast-furnace mouth is carried through an ar¬
rangement of pipes alternately eommunicating
at top and bottom, where the cooling action of
the air can set in. The bottom communication
consists in a trough with suitable divisions,
where the condensed ammoniacal liquor and tar
eollects. The whole apparatus is exactly like
that used in ordinary gas-works. It is followed
by a set of scrubbers, not filled with coke, like
ordinary gas-scrubbers, but provided with a
number of perforated shelves, which leave room
for the passage of the gas alternately at opposite
sides, whilst water is continually trickling down
through the perforations and washes out the
ammonia still contained in the gas. The liquid
collecting at the bottom is pumped up again and
used over again till it is sufficienily saturated
with ammonia. The gas, after being freed from
tar and ammonia, is utilised for heating pur-
poses, like ordinary blast-furnace gases.

The process of Alexander and McCosh is sub-
stantially identical with that of W. S. Suther-
land for recovering tar and ammonia from pro-
ducer-gases (S. C. I. 1883,459). The Dempster
and the Henderson process are also very similar.

The quantity of ammonium sulphate obtained
from blast-furnace gases at the Gartsherrie iron¬
works is about 0-9 p.c., latterly up to l'36 p.c. of
the weight of coal passing through the furnace
(together with 10'2 p.c. of tar). This is equal to
the quantity of ammonia obtained by the Carvès
process, although the volume of the gases to be
treated in the blast-furnace is thirteen times that
of the gases evolved when previously coking the
coal by itself (J. L. Bell, Engineering, 37, 378).
This evidently involves an immense amount of
cooling and compromises the economical work-
ing of the process. This drawbaek is intended to
be avoided by the process of Addie (E. P. 4,758,
1882 and 3,246, 1883), which is also applicable
to the gases from coke-ovens and gas producers.
They are mixed with sulphur dioxide, suffieient
to fix the ammonia as sulphite, and are then
passed through a scrubber where the sulphite is
dissolved out and the resulting solution is
oxidised into sulphate by injecting air into it, or
else it is distilled with lime and the ammonia
utilised in the usual manner. The liquors actu-
ally obtained by this process contain sulphate,
sulphite, and thiosulphate in varying proportions
(S. C. I. 1883,458).

Similar processes had been previously applied
to ordinary coal-gas by R. Laming and by W.
Huns (1852), and latterly to producer-gas by
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G. E. Davis (S. C. I. 1883, 521). The Société
de Hussigny (Lake's E. P. 5,898, 1884) absorbs
the ammonia from furnace gases by calcium
chloride. A very complété paper on the whole
subject has been read by W. Jones at the Iron
and Steel Institute's meeting in Glasgow in 18S5
(abstr. S. C. 1.1885, 737). He states that, if ail
the blast-furnace gases in Scotland were treated
for the recovery of ammonia, the yield of am¬
monium sulphate would be some 18,000 tons per
annum, equal to 22 p.c. of the présent produc¬
tion of Great Britain.

5. A number of German patents taken out in
1883 (by Neumayer, Lorenz, Wellstein), treat of
the recovery of ammonia from hot furnace gases
of ail descriptions by means of injecting into
them heated acid in a fine jet.

6. Very many attempts have reeently been
made to recover the ammonia from the gases of
gas-producers or generators. These processes
generally resemble those applied to coke-oven
and blast-furnace gases, and, like these, mainly
consist in cooling and scrubbing the gas, exactly
as in the purification of ordinary coal-gas ; some
of them add to it the action of acids, as just
mentioned There are also some spécial plans—
e.g. the following. E. Siemens (E. P, 9,103, 1885)
separates the zone where hydrocarbons are
cooled, along with ammonia, from that where the
conversion of carbon into carbon monoxide takes
place, by a spécial construction of the gas-pro-
ducer, in order to more easily condense tar and
ammonia.

T. B.Fogarty (Lake's E. P. 5,361,1883) passes
producer-gas, raised to a very high température
through a shower of finely comminuted carbon
and alkali, which combine with some of its
nitrogen to form cyanide. This in its downward
course is decomposed by steam, ammonia being
formed, which is recovered by a scrubber.

One of the principal attempts in this direc¬
tion is the process of Moud, already mentioned
(v. No. 2), in which the quality of the gas is
sacrificed to the greatly increased yield of am¬
monia.

We must further mention the process of
G. H. Davis (E. P. 5,717, 1882 ; 4,468, 1883 ;
S. C. I. 1883, 522), which principally aims at
very greatly increasing the quantity of benzol

by distilling coal at a very low température, say
about 650°C. Pie thus obtains from 1 ton of
coal 37 gallons of ammoniacal water, together
with 16 gallons of tar, 4 gallons of 90 p.c.
benzol from the gas, and a residual gas well
adapted for beating purposes. There seem to
be several ' carbonising Works ' in England
which treat the gas produced in the distillation
of coal as a by-product, tar and ammonia being
the principal products. These works can evi-
dently only be carried on when tar and ammonia
command a fairly good price, which has some-
times not been the case lately.

The following officiai statement of the
amount of ammonium sulphate produced in
1886 (Twenty-third Annual Beport on Alkali
&c. Works, 26), proves that so far the greatest
portion of ammonia still cornes from gas-works,
the only considérable competitors having been
the Scotch shale-works :

Gas-works .... 82,480 tons
Iron-works .... 3,950 „

Shale-works.... 18,080 „

Coke and carbonising works. 2,100 „

Total for the United
Kingdom . . 106,610 „

II. The working up of ammoniacal liquor
The ammoniacal liquor from the manufacture of
coal gas (to whicli the liquors obtained in other
manufactures bear great resemblance in ail
essential points) is a liquid of a çolour varying
from light yellow to dark brown, of an am¬
moniacal and at the same time fetid smell. Its
principal constituents, apart from small quan¬
tifies of tarry, ill-defined substances, some of
them phénols, are ammonium salts : carbonate
and sulpliide (which always prevail), sulpho-
cyanide, ferrocyanide, chloride, sulphate, thio-
sulphate, sometimes sulphite, perhaps also free
ammonia. Together with these occur the salts
of organic nitrogenous bases. The proportions
in which those salts are distributed vary greatly,
both according to the nature of the coals dis-
tilled and the way in which the distillation had
been carried on. The following table, by Gerlach,
gives an idea of this, but it cannot be exact,
since no sulphocyanide is mentioned : —

One litre of gas-liquor contains in grams :

—

Chemnitz Works,
Zwiçkau coal

Saxon town,
Zwickau coal

Bonn works,
.Ruhr coal

Treves works,
Saar coal

Ztirich,
Saar coal

Total ammonia .

Ammonium thiosulphate .

„ sulphide.
„ bicarbonate
„ monocarbonate
„ sulphate.
„ chloride .

Salts, total....

12-090
1-036
0-340
1-050
4-550
0-462

30-495
37-943

9-40
1-628
0-646
1-470
7-580
0-858

17-120
29-402

18-12
5-032
5-222
2-450 i

33-120 /
1-320 1

3-745/
51-889

15-23
2-072
2-468

33-763

4-922

43-225

3-47
0-296
1-428

5-856

1-925

9-506

The valuation of gas-liquors is, at least in
Great Britain, frequently if not generally per-
formed at the gas-works by means of the hydro-
meter. This method is, however, most decep-
tive, for the ammonium salts raise the density
of the liquor in an unequal degree, and free am¬
monia (which, however, does not seem to occur
frequently) even lowers it. It is hence de-

cidedly préférable to value gas-liquor by a
chemical test. In England it is usual to préparé
a standard acid by diluting 11b. of rectified oil of
vitriol to a gallon ; the dUute acid ought to be
of sp.gr. 1-068. 16 liquid ounces of the gas-liquor
are measured off and the acid is run in from a

measure graduated to liquid ounces, till litmu3
paper indicates neutrality. (A solution of litmus
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canriot be employée!, both on account of the
original colour of the gas-liquor and of the H,S
evolved). The number of the measures of aeid
consumed indieates the number of ounces of
concentrated oil of vitriol which each gallon of
the gas-liquor requires for saturation. It is
generally assumed that each degree of Twaddell's
hydrometer corresponds with about 2 ounces of
sulphuric acid, e.g. gas-liquor of 4°Tw. ought to
saturate 8 ounces of acid. But this is anything
but correct : usually less acid is required than,
according to the hydrometer, should be ex-
pected.

If the test-acid is correctly made to contain
100 grams of H,,S04 per litre, each ounce used in
the test is equal to 0-3469 ounces of NH3 per
gallon, or 0-217 part NH3 by weight per 100 parts
liquor by volume.

This ' saturation test ' only indieates the
aminonia combined with CO, and H2S, but not
that combined with other acids. The total am-

monia is estimated by the distillation test.
A sample of the gas-liquor is distilled with
caustic soda, magnesia, or lime, and the vapours

are received into water or at once into standard
acid, the unsaturated acid being afterwards de-
terminèd by standard alkali. S. Dyson, who
has given a complété set of methods for the
total analysis of gas liquor (S. C. I. 1883, 229)
recommends empioying magnesia in lieu of soda
or lime, because the former is supposed not to
set free volatile organic bases, but Lunge has
shown (ib. 514) that this is a mistake, and
that magnesia has the drawback of requiring
longer time and a greater excess to act. It
seems préférable to use lime, because this is the
agent employed on a manufacturing seale, and
it is required to know how much ammonia will
be obtained by it. The liquid should be distilled
almost to dryness, so as to make sure of driving
off ail the ammonia.

The following tables are constructed from
the materials supplied in a paper by J. H. Cox
(Journal of Gaslighting, 1883), but the thio-
sulphate is not, as there, included in the volatile
salts, since this sait on boiling does not décom¬
posé any more than the cliloride.

I,— Table showing the properties and composition of eight samples of gas-liquor, obtained from tlie
same coal, but takenfrom différent points in the condensing and scrubbing plant.

Liquor

Condensed Another

—
in the

hydraulic
point of the
hydraulic

From
first

From
second From

third
condenser

column

From
fourth

condenser
column

From From
main main con¬

denser
column

con¬

denser
column

first
washer

finishing
washer

Colour . . \
very dull

orange, turned
very dull

orange, turned colour-
less

almost
colour-

brown red,
from light

dark
brown, from

colour-
less

colour-
less1 black in air black in air less tar-oi.s tar-oils

Sp. gr. in deg. Tw. )
at 15*5°C. . J 21 2à 7 15 23 24 2

Ounces by distilla-1
tion test . . J

6-1 6-0 16*2 36-1 53-0 58-0 16-5 8-3

Ounces by satura- |
tion test . . J

2-7 2*8 15-9 35-7 52-5 57-4 16-1 8-1

Am. sulphide,)
grams per gai. J

364 440 2430 5000 \ 8440 1592 1220

=NH3, gr. per gai. 182 220 1215 2500 1 7905

NH3

4220 796 610
Àm. carbonate,)

gr. per gai. . J
=NH3, gr. per gai.

564 510 3384 8120 [ 12,126 4512 1690
200 81 1200 2880 J 4300 1600 600

Am. thiosulphate. )
gr. per gai. . J

122 82 trace 125 352 765 230 135

=NH3,gr.pergal. 28 19 trace 41 81 176 51 31
Am. sulphate, gr. )

per gai. . . J
8 34

=NH3, gr. per gai. 2 9 — — —■ —

— - —

Am. thiocyanate, )
gr. per gai. . J

112 130 91 trace 112 27

=NH3, gr.per gai. 25 29 2 trace — — 25 6
Am. cliloride, gr. ) 1552 1455 119 155 201 107 88 38

per gai. . . J
=Î1H3,gr.per gai. 493 462 38 50 64 34 28 12

Am. ferrocyanide, 1
_ trace 22 41 125 375 _

gr. per gai. . J
10=NHS, gr. per gai. — — 5 30 90 — —

Total ammonia, ) 930
, 920 2460 5480 8080 8820 2500 1260

gr. per gai. . )
Percentage of fixed )
am.inthetotalam. j 59% 56% 1-8% 1*85% 2-2% 3'4% 4*2% 4-0%

Am. expressed as j
cwt. of sulpliate, h 4-5 4-5 11*9 26-6 39-3 42*8 11*8 6-1
per 1000 gallons J

not quite
strong
enough

Value of liquor for )
sulphate making J

very small very small -j very
good

very
good | excellent excellent j very ]

good |
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II.—Table showing the proparties and composition of varions samples of liquor from différent
coals, and from différent points in the condensing and scrubbing plant.

Condensed Another Same liquor Part From
liquor sample exposed Hydraulic condenser ' standard '

- passed taken at to air, main liquor, part washer
through différent high tem¬ liquor hydraulic before
scrubber time pérature main purifiers

Colour yellow yellow bright orange dark yellow yellow colourless
Sp. gr. in. deg. Tvvaddell at 15*5° C. 4-5 4 3-5 2 3 4-5
Ounces by distillation test 10 00 8-25 6-90 5-60 6-60 10-00

„ saturation test 8-30 7-00 4-25 3-40 4-90 10-00
Am. sulphide, grams per gallon 960 1216 630 576 220 1180

„ „ =NH3 „ 480 608 315 288 110 590
„ carbonate „ „ 2030 1156 800 — 1692 2540

=NH3 720 410 283-5 193 600 900
„ tliiosulphate „ „ 195 182 236 — 174 trace
» =NH3 „ „ 45 42 52-5 35 40 —

„ sulphate „ „
— trace 39 — 9 —

„ „ =NHS — — 10-5 6 2-5 —

„ thiocyanate „ „ 338 243 472 — 90 —

=NH3 „ 75 54 105 36 20 .—

„ chloride „ „ 567 403 891 — 693 32
=nh3 180 128 283-5 301 220 10-1

„ ferrocyanide „ „ trace — — — 31 —

NH3 „
— — — — 7-5 —

Total ammonia „ „
1500 1250 1050 860 1000 1500

'Percentage of fixed ammonia 20 18-3 43 44 29 0-7
Am. expressed as cvvt. sulphate per |

1000 gallons J
7*25 6-00 5-00 4-10 4-85 7-30

Value of liquor for sulphate making . not good poor very poor j not worth
working } - very good

The working up of the gas-liquor, so far as
it was not run to waste, formerly consisted in
saturating it directly with sulphuric or hydro-
chloric acid and evaporating till the sulphate or
chloride crystallised out. This caused great nui¬
sance by the gases which escaped on saturation,
and tlie resulting sait was so much discoloured
by tarry substances that it would, nowadays, be
hardly saleable. Moreoyer, the evaporation of
such dilute solutions takes more fuel than driving
off the ammonia from gas-liquor in properly
constructed apparatus. This process, now uni-
versally preferred, seems to have been first car-
ried out by Watson in 183S.

The apparatus for distilling gas-liquor must
be so arranged that it admits of driving off
the total ammonia along with as little water as
possible, and with a minimum of fuel. It should,
therefore, be constructed upon similar prineiples
to that for rectifying spirit of wine, which, as a
matter of fact, lias served as a mode! in this
case. There are, however, some questions to be
considered previously to entering upon the mat¬
ter of stills themselves.

The first question is this : whether lime is to
be used in the distillation or not. In the latter
case only the carbonate and sulphide of am¬
monium are driven olï (in a state of dissociation)
while the chloride, sulphate, and sulphoeyanide
remain behind. These fixed salts are decom-
posed by lim«, and their NH3 is thus recovered,
but many, especially British manufacturers, pre-
fer avoiding this complication, as they consider
that the ammonia recovered thereby does not
pay for the extra trouble and expense. On the
continent it is far more usual to employ lime,
but only after expelling the volatile salts : this
saves time and inconvenience. The escape of
ILS cannot be avoided even by a great excess of
lime as CaS is partly decomposed in the boiling.

It is a further question what kind of heating
is most advantageous for distilling ammonia.
From experiments made on a manufacturing
scale by Dr. Tidy, it would seem that heating
by steam directly blown into the liquid is supe-
rior to indirectly heating by a steam coil or by
a fire from without ; in the first case 98'5, in the
second case only 92, in the third 90 per cent, of
the total ammonia was expelled.

In any case it would be inexpedient to expel
the ammonia by heating without utilising the
(sensible and latent) heat of the vapours for a
preliminary heating of fresh gas-liquor ; when
doing this, the ammonia is at the same time
freed from aqueous vapour by dephlegmation,
and a very great saving of fuel is the consé¬
quence.

The distilling apparatus must differ accord-
ing to whether it is the aim of the opération to
obtuinliquorammoniœ, or to receive the vapours
in sulphuric acid and to manufacture com¬
mercial sulphate of ammonia ; or to condense
the carbonate and sulphide as a concentrated
solution whereby a saving in the cost of car-
riage, as compared with that of crude gas-liquor,
is effected.

The prineiple of dephlegmation and rectifica¬
tion can be carried out in many différent ways,
of which we shall here describe some of those
most frequently in use in ammonia works.

Many English ammonia works use a Cofiey
still (first employed by Newton in 1841, fig. 1).
This consists of an oblong vessel b, and two
superposed columns, cdef and ghik, made of
wood lined with lead. The bottom vessel is
divided into two chambers b'b'' by a horizontal
diaphragm d, perforated with many holes.
Steam is blown into the bottom compartment
and carries away the last traces of ammonia
from the liquor which has made its way thereto.
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The mixed steam and ammonia then pass
through the first of the superposed columns, the
' analyser ' cdejt, whicli is divided into twelve
chambers fff, by horizontal diaphragms gh,
perforated with many holes, and also provided

with a number of valves oo, opening upwards,
and overflow pipes p. seated at the bottom of the
next lower compartment, by a 'hydraulic lute. '
From there the vapours pass on to the rectifying
colurnn ghik, filled with similar diaphragms, but

containing, moreover, a pipe m, whieh runs in
a zigzag course through ail the chambers of
the rectifier and outside of it rises up again,
iinally ending near the top of the analyser.
Through this pipe gas-liquor is pumped so that

it must run within the pipe through ail the
chambers of the rectifier, and issues near the
top of the analyser in order to fiow down
through ail its chambers, forming a layer on
eaeh of the diaphragms, according to the height

Fig.I

of the overflow pipes (the steam meeting it pre-
venting the liquor from flowing through the
holes in the diaphragms). Ultimately the liquor
reaches the bottom compartment where steam is
injected into it. As this passes on through the
analyser, it carries off most of the ammonia

Vol. X,—T

contained in the descending liquor, so that but
little remains to be driven out in the bottom
compartment. The mixture of steam and am¬
monia, as it passes on through the rectifier, heats
the liquor running down in the zigzag pipes
almost to the boiling-point, but in doing so most
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of the steam is condensed, so that almost pure
ammonia issues at tlie top and can either be
condensed into a oonoentrated solution or passed
into sulphuric acid to be absorbed. In this way
the heat originally supplied by the steam is
eompletely utilised, as is shown by the am¬
monia passing out almost cool.

This apparatus «(as well as Solvay's and
several others), rationally as it is oonstruoted, is
not very well adapted for distilling gas-liquor
with lime, and in fact is used only by those dis-
tiUers who dispense with lime. Where lime
is used, other apparatus is preferred, of whioh
we only describe a few examples.

Mallet's apparatus (fig. 2), principally used
in France, consists of a number of upright
eylindrical stills, holding above 1,000 gallons
apiece, and disposed terrace-wise. The lowest
stills, a and n, are heated by a direct fire ;
these are provided with mechanical agitating

gear h, for mixing the liquor with lime and
preventing any burning on. The third and
fourth stills, o and d, serve for washing the
vapours from n, and are at the same tiine
heated by these. From d the vapours enter a
worm f, 70 or 80 feet long, placed in a tank
where it is cooled by gas-liquor. The liquid
here condensed flows into a collector, whence it
can be emptied back into d ; the gases pass on
through another worm t, cooled by air, and
ultimately into the vessel where they are to be
absorbed. The gas-liquor, which, as we bave
seen, is to be fed into the outer space of the
cooling tank r, there undergoes a preliminary
heating and then gradually passes on through
the stills d, c, b, and a, being on its way mixed
with lime ; the spent liquor is ultimately run
out of a.

Griineberg's apparatus, one of those most
widely employed, lias been modified from time

Fio. 3.

to time (G. P. 35, 9,392, 33,320). The apparatus
first eonstructed was heated by a direct fire,
the last is intended for heating by steam injected
into the liquid. Ail his apparatus are intended
to work so that the volatile salis are driven oiï
first by the vapours given off by the hotter
parts of the liquid; the liquor then arrives at a
place where it meets with milk of lime in order
to décomposé its fixed ammonium salts ; and
this passage is so prolonged that the spent
liquor can be made to run away in a continuous
stream, whilst the spent lime is from time to
time withdrawn by a sort of valve. The ap¬
paratus intended for direct firing is so con-
struçted that the lime cannot form hard crusts
on surfaces exposed to the heat of . the fire.
The fire is applied to the outside of an up¬
right eylindrical still or boiler, which has
within it a vertical eylindrical tube, extending
below the bottom of the boiler, beyond the heat¬
ing zone, and there closed with a blow-off

cock or valve. The upper end of this tube
reaehes nearly up to the top of the boiler and is
open to the vapour space of the latter. Above
the boiler is a vessel eharged with milk of lime
from a tank above, and this vessel is again sur-
mounted by a reetifying column, of the descrip¬
tion generally employed in spirit stills. The
vapours generated in the bottom boiler pass
through pipes reaching down near the bottom of
the lime vessel into the latter, and keep its con¬
tents continuously agitated ; they then pass
through the successive compartments of the
reetifying column. In this the descending gas-
liquor is gradually heated and deprived of its
volatile ingrédients, whilst the ascending vapours
are partly condensed and mixwith the descending
liquor; the uncondensed gases, together with
those liberated from the descending liquor, pass
away through a pipe into the vessel or worm,
where they are to be absorbed in water or sul¬
phuric acid. From the bottom of the column the
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liquor, still containing Ihe non-yolatile ammo¬
nium salts, flows into the lime-vessel and is there
mixed with its contents. The whole descends
through an overflow pipe into the bottom o£ the
central tube o£ the bottom boiler, where the lime
is deposited, so that it does not come into contact
with the heated outer surface of the boiler ; only
the clear liquor, gradually rising in the central
tube and from this overflowing into the outer
space of the boiler, is exposed to the action of
the fire, and is thus deprived of the last traces
of ammonia, a large quantity of steam being
generated at the same time, which passes
through ail the parts of the apparatus pre-
viously mentioned, and there acts as described.
From the bottom of the boiler the spent liquor
rises again in a tube and overflows through a
deep hydraulie seal as fast as liquor descends
from above.

A new modification, patented by Griineberg
and Blum (G. P. 33,820) is préférable in ail
cases where there is steam at disposai. Fig. 3
shows this apparatus as adapted to the manu¬
facture of ammonium sulphate. a is the still,
b the gas-liquor heater (économiser), o the lime-
pump, and d the saturator. The gas-liquor
enters the heat économiser b by means of pipe
o, and flows from this by pipe 6 into the column
£, which serves to drive out the volatile am¬
monium salts. The lime vessel f, into which
mille of lime is pumped by means of pump c
and pipe c, serves to expel the fixed ammonia,
and the boiler a, with its stepped cone, serves
to boil the liquor in thin sheets, by means of
the steam coil d, and thus to set free the last
portions of ammonia. In b the first heating of
the liquor takes place by means of the liot vapours
from the saturator d, which ascend through the
bell q, the pipe s and the inner pipes of b, while
the liquor, arriving at a, rises up in b. It then
enters through 6 into the dephlegmating column
e, and finds its way downward from chamber to
chamber, till it gets into the lime-vessel r. From
here it overflows by pipe / into the sludge-catcher
g, overflows here again ail round at hh and runs
over the cone i downwards from step to step ;
from the pipe k it is discharged continuously
and quite spent to the overflow t. The steam
travels in the opposite way—namely, along the
steps of cone i, upwards in pipe m, and through
n into the lime vessel f. From here the mixed
steam and ammonia-vapours ascend into the
column e. and traverse this from chamber to
chamber, and ultimately leave. it by the pipe p.
This pipe enters the saturating box d, filled with
sulphurie acid. The sulphuretted hydrogen,
Carbon dioxide, &o., eollecting in the bell q, are
led through the flue s into the économiser b,
ryhere they give up their heat to the gas-liquor,
and lose their steam in the shape of condensecl
water. Ultimately they are conveyed by a pipe
not shown in the diagram into some fireplace
to be burned, or can be treated in any other
desired way.

In the apparatus of Feldmann (G. P. 21,708)
fig. 4, the gas-liquor, afterhaving passed through
the ordinary rectifying column a, flows into a
vessel b, into which milk of lime is pumped by
a in regular intervais, whilst the whole is kept
agitated by steam injected into the mixture.
The liquor, after having deposited most of the

lime, flows into a second column c, where the
ammonia set free by the lime is distilled olï :
the spent liquor runs away continuously through
g, and the gases and vapours pass over by pipe
e into the first column ea, which serves both for

Fig. 4.

retaining the water and for driving off the vola¬
tile ammonium salts contained in the erude
gas-liquor. The économiser J, and the saturator
f, with the gas-bellF, require no spécial explana-
tion. This apparatus, as well as those of Mallet
and Griineberg, is very successfully employed at
many works.

AU the apparatus described here are of the
' continuous ' kind, but in many ammonia works
intermittent stills are yet in use, mostly in sets
of two or even three, the fresh liquor being fed
into the top still and finding its way into the
bottom still when this has been emptied. Sueh
apparatus, as well as many other descriptions of
ammonia stills, are described and figured in
Lunge's Coal-Tar and Ammonia, Cbapter 14.
There are found there also descriptions of ap¬
paratus specially adapted for extraeting the am¬
monia from the fermented sewage liquors and
frem the mother-liquors of ammonia-soda works.

The gases obtained in ail these apparatus
consist of free ammonia, ammonium sulphide,
and ammonium carbonate (or rather of a mix¬
ture of dissociated gases producing these com-
pounds on condensation). Sometimes they are
condensed at once in the shape of a concen-
trated solution, prineipally for the use of the
ammonia-soda manufacturera, and sold as con-
cenlrated gas-liquor. More frequently they are
utilised for the production of ammonium sul¬
phate or ammonium chloride.

Ammonium sulphate is produced by passing
the vapours evolved in the ammonia stills into
' saturators ' containing sulphurie acid. Tliese
are generally wooden vessels, lined with lead ;
the vapours are admitted by a perforated pipe
near the bottom, or by a bell-jar dipping below
the liquid, or a similar contrivance. In any
case care must be taken not to allow the offen¬
sive gases evolved during the evaporation,
especially hydrogen sulphide, to escape into the
atmosphère. It was formerly most usual to
burn the hydrogen sulphide by passing it througlj..
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a coke fire, the sulphur dioxide being eonducted
into a ehimney. But as the combination of
ammonia with sulphuric acid evolves considér¬
able heat, a great deal of steam is formed, which
aecompanies the hydrogen sulphide, and would
interfère with its combustion unless it were

previously removed. Tliis is generally done by
cooling the vapours escaping from the saturation,
so that the steam is condensed, most rationally,
by employing their heat for a previous heating-
np of fresh gas-liquor. Several of the new stills
(G-riineberg's, Feldmann's, &c.) hâve adopted
this principle. A rather complieated apparatus
for burning hydrogen sulphide is deseribed by
Chateau (Bl. 36, 105).

Usually, the sulphur dioxide formed by the
combustion of hydrogen sulphide is allowed to
escape into the air as being cornparativelyharm-
less. But this is only a makeshift, and should
not be resorted to in large works, since it has
been proved that the hydrogen sulphide ean be
burned so as to utilise the sulphur dioxide
formed for the manufacture of sulphuric acid
(P. Spence at Manchester, Hunt at Frizinghall
near Bradford).' Sometimes this hydrogen sul¬
phide is burned in ordinary pyrites-burners
together with pyrites or spent oxides (Spence,
E. P. 1882,1,494).

Young (E. P. 1880, 1,310) burns the am¬
monium sulphide directly into sulphite, and
couverts this into sulphate by means of heated
air.

Attempts have been made to retain the
hydrogen sulphide by lime, or to precipitate it
■with iron or manganèse salts, but the former
process is incomplète and the latter too trouble-
some and costlv. It has also been proposed to
employ ferrie hydrate in the still itself ; the
reaction would then be :

Fez(OH)„ + 3(NH4)ZS = 2FeS + S + 6NH3 + 0HzO.
The ferrous sulphide remaining behind is re-
vivified in the usual manner until it is saturated
with free sulphur, which is then recovered by
well-known processes.

The simplest and, in most cases, also a per-
fectly efficient plan is that of passing the satu-
rator gases, previously freed as much as possible
from moisture, through an ordinary oxide of
iron purifier, such as is used at ail gasworks.
This completely relains the hydrogen sulphide.

It is préférable not to connect the purifier
with a ehimney, but to leave it open so that any
imperfection in its action can be discovered at
once before the noxious gases have travelled
any distance. Of course the spent oxide is
revivified in the usual manner, and is ultimately
worked for the sulphur it eontains.

In the process of C. F. Claus (E. P. 3,606,
1882 ; 5,070 and 5,959, 1883) the gas is mixed
with a carefully regulated quantity of air,
containing just sufficient oxygen to burn the
hydrogen of the hydrogen sulphide, and the
mixture is passed through a chamber in which
it has to traverse a bot layer of porous material,
preferably oxide of iron. Here the hydrogen is
burnt to water and sulphur is set free, the heat
of the reaction keeping up the température
without any external heating. The steam and
sulphur vapours pass into a sériés of condensing
chambers from which the sulphur is from time
to time removed. Since at times some sulphur

dioxide or hydrogen sulphide, or both, nray
eseape, the gases should be ultimately passed
through limestone moistened with water and
through a small oxide of iron purifier. This
process is stated to work very satisfactorily.

Apart from the nuisance eaused by the gases
escaping from the saturators, there may be
nuisance arising from the storage of the gas-,
liquor, from the evaporation of sulphate liquors,
and more especially by the waste liquor from the
stills, which eontains much lime, together with
tarry matters.

There are two Systems of absorbing the am¬
moniacal vapours in sulplmric acid. When
somewhat concentrated acid is used (say of sp.gr.
1-7) the ammonium sulphate separates out in
the solid state, and can be fished out from time
to time. The acid is run in continuously
in a thin jet ; ail the exeess of water is driven
off by the heat generated by the réaction, so
that no artificial evaporation is necessary. But
as the liquor in this case has no possibility of
settling out any impurities, the sait sometimes
does not corne out very pure. It is therefore
frequently preferred to employ dilute sulphuric
acid down to sp.gr. 1-4 ; the solution formed is
clarified by standing, and is then evaporated to
crystallisation, mostly in lead pans, by means of
a steam coil. The mother liquor is employed
for diluting a fresh quantity of sulphuric acid.

In England it was formerly most usual to
employ sulphuric acid made from brimstone
for this purpose, because the acid made from
pyrites eontains iron and arsenic, which discolour
the ammonium sulphate. But as this is not
material when it is to be employed as a manure,
nearly ail continental manufacturers, and latterly
also many English makers, employ pyrites acid,
only avoiding that made from Spanish pyrites,
in which the amount of arsenic is excessive.

It is quite possible to get white ammonium
sulphate from pyrites-acid by means of the
following plan. To the acid employed at sp.gr.
1*71 a certain quantity of ' vitriol-tar ' is added—
that is, the sulphuric acid which has served for
purifying crude benzol, and which is charged with
a large quantity of pyridine bases and of tarry
impurities. On the acid being saturated by the
ammonia coming over, the tarry matters and
the bases are separated and rise to the surface,
carrying along and enveloping the arsenious
sulphide formed at the same time from the
pyrites acid. The seum is carefully removed,
and the sulphate fished out after this is per-
fectly white. The tarry seum can be employed
for recovering the pyridine sériés of bases, which
have now been turned to several useful pur-
poses.

A serious impurity sometimes found in
commercial ammonium sulphate (even up to
91 p.c.) is ammonium thiocyanate, which is very
injurious to végétation. This is unlikely to be
found in the sait obtained by the processes just
deseribed, but it may oceur in the sait obtained
by direct saturation of gas-liquor with acid, or
in that made from the washings of the spent
oxide of gas-purifiers. Such solutions ought not
to be evaporated directly, but distilled with
lime ; the calcium thiocyanate formed can be
extracted from the residue and utilised for com¬

mercial purposes.
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Commercial sulphate of ammonia is solcl ac-
cording to its pereentago of ammonia. Chemi-
cally pure sait would contain 25'75 p.c. ; the
commercial sait sometimes contains rathermore
than 25 p.c., and it ought not to fall below 23
p.c. Tliis, o£ course, ought not to include
ammonium thiocyanate, which can be easily
detected by the red colouration imparted to its
solution by a per-salt of iron. Ammonium sul¬
phate is found in trade sometimes of nearly
white colour, sometimes grey or even brown
(from tarry matterS), or greenish-yellow (from
arsenic). The latter colour is objected to by
most buyers. It is not usual to purify ammonium
sulphate by recrystallisation, which of course
could be very easily done if it were required.

Ammonium chloride (muriale of ammonia,
sal-ammoniac) is obtained by saturating the
gases evolved from an ammonia still with
hydrochloric acid ; but it is not quite so easy to
do this in the same way as previously described
with sulphuric acid, since lead vessels do not
resist the action of hot hydrochloric acid, and
stone or stoneware vessels are, for various rea-
sons, awkward to employ. This is avoided by
allowing the ammoniacal liquid to condense by
itself, and then to meet a thin stream of hydro¬
chloric acid, just sufficient to saturate the am¬
monia, the permanent gases being carried away
as usual. The solution is boiled down to the
crystallising point, either in leaden or iron ves¬
sels ; in the latter case the liquor mnst always
contain a slight excess of ammonia, sinoe it
would otherwise act upon the iron. Sometimes
ammonium chloride is obtained by double de-
composition of ammonium sulphate and sodium
chloride ; when mixing a concentrated solution
of the former sait with an équivalent quantity of
common sait, and boiling down, monohydrated
sodium sulphate separates out, and ammonium
chloride remains in solution.

The crude ammonium chloride is coloured
by tarry matters, and always contains other
impurities. In order to purify it, it is dried on
métal plates heated by the waste heat of the
subliming pans till the moisture and free acid
are volatilised and the tarry matters are mostly
carbonised. The roasted sait is quickly conveyed
into the subliming pans, cast-iron pots of from
3 to 9 feet diameter, lined with fire-brick, and
covered with thiclc concave métal plates. The
covers are perforated in the centre so that the
permanent gases may escape. These pans are
heated till sublimation sets in, when the fire is
slackened and carefully regulated—the tempéra¬
ture being kept neither too low nor too high—
since in either case the sublimate is not of the
proper colour, translueency, or fibrous texture.
The opération lasts from 5 to 9 days ; the cover
is then raised, and a layer of sublimed sal-am¬
moniac is found on its lower side, from 2J to
4 inches thick. That part of it which is im-
mediately adliering to the iron is always brown,
and is removed previously to sending out the
sait.1 The sal-ammoniac of commerce is sub¬
limed ammonium chloride, whilst muriate of
ammonia is the commercial term for ammonium

1 In France sal-ammoniac is made in earthenware or

glass vessels, and is therefore purer than the English
article made in iron pots, tut it is more costly, the sub¬
liming vessels being destroyed at each opération.

chloride, more or less purifîcd by crystallisation
in the wet way.

Sometimes it is recommended to mix the
crude ammonium chloride, previously to sub¬
liming it, with animal eharcoal or with phos¬
phates, in order to purify it from tarry sub¬
stances and from iron, but this does not appear
to be done in practical work. If a product
entirely free from iron is desired, the ferrous
chloride contained in the crude sait should be
converted into percliloride by passing chlorine
through the boiling solution of the sait and pre-
cipitating the iron by ammonia. An excess of
chlorine would produce nitrogen chloride, which
must be carefully avoided on account of its
explosiveness.

Grystallised ammonium chloride, commonly
called muriate of ammonia, is much cheaper
than the sublimed sait, and equally efficient for
most purposes. It is made by dissolving the
crude sait and filtering the solution through
animal chareoal before allowing it to crys-
tallise.

Commercial ammonium carbonate (sal vola¬
tile) is really a mixture or compound of am¬
monium bicarbonate and carbamate. It is usually
made by mixing 1 part of ammonium sulphate
with 1J or 2 parts of calcium carbonate (ground
chalk) and heating in horizontal cast-iron cy-
linders, first slowly, afterwards to redness. The
vapours are conveyed into lead ehambers, where
they are condensed by air-cooling or by means
of a water jacket. When a sufficiently thick
crust has been formed by repeating the opération
several times, it is loosened by blows from the
outside and is removed by means of a door. A
pipe at the bottom serves for running ofî a little
solution of ammonium carbonate formed by the
excess of moisture, and for the escape of steam.
The product of this opération is still very im¬
pure, and is especially contaminated by tarry
matters ; it is therefore converted into a white
sait by resubliming in iron pots surmounted by
a leaden cap, in which the sublimed salts form
white fibrous crusts.

The usual process for making ammonium
carbonate does not appear quite rational, since
according to the conditions of the process there
is only enough C02 (3 molécules C02 to 4 molé¬
cules NH3) to form a neutral sait, whilst com¬
mercial ammonium carbonate corresponds to
li times as much C<X. Hanekop (Ar. Th.
1886, 24, 21) has found some English commer¬
cial carbonate of ammonia to eonsist entirely of
bicarbonate. This is, however, evidently an
exception to the rule. Hence a large quantity
of ammonia must go away in the uncombined
state unless carbon dioxide in excess is passed
into the eondensing ehambers. At Kunheim's
Works (near Berlin) the gaseous mixture from
the distillation of gas-liquor is directly brought
together with C02 in lead ehambers, and thus
the commercial sait is produced. Seidler (G. P.
26,633) distils gas-liquor directly with calcium
carbonate. Teed (S. C. I. 1885, 709) has shown
that a solution of ammonium chloride is com-

pletely deeomposed by slowly triekling down a
tower filled with pièces of calcium carbonate,
steam being blown in at the same time ; at the
top of the tower solid ammonium carbonate was
deposited.
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Caustic ammonia (liquor ammoniœ) is made
in the purest form by redistilling ammonium
sulphate with lime. It is, however, much
elieaper to make it direotly from the gas-liquor
stills, but in this case a large quantity of lime
must be employed, and this must be added from
the beginning in order to retain oarbon dioxide
and hydrogen sulphide. ïhis is not quite easy,
as calcium sulphide partially décomposés during
the distillation ; but this ean be avoided or
remedied by the use of ferrie hydroxide, either
in the ammonia stills or subsequently in spécial
puriiiers (compare above).

Kunheim (G. P. 26,422) treats the gas-liquor
in the cold by a current of air, divided in
many fine jets. ïhis splits up the ammonium
sulphide into free ammonia and hydrogen sul¬
phide. The gases are passed through ferrie
hydroxide suspended in a solution of alkaline
earths, whero hydrogen sulphide is absorbed,
whilst ammonia passes on. The FeS first pro-
duced is at once decomposed by the air into
Fe2(OH)u and free S.

When making caustic ammonia direetly from
gas-liquor, the apparatus of Grùneberg, of
Feldmann, of Coffey, &a., eannot very well be
employed, since the quantity of lime re.quired to
retain the carbon dioxide and hydrogen sulphide
is too considérable. Hence, for this purpose,
ordinary double stills are employed, the first of
which is provided with strong agitating gear,
and is charged with a great excess of lime ; it
receives the liquor previously treated in the
second still. The latter is mounted on a higher
level, and receives fresh gas-liquor previously
heated up by some waste heat. The vapours
issuing from the first still are passed through
the .contents of the second, which they raise
nearly to the boiling-point, the liquid retaining
a great deal of the steam. The vapours which
escape absorption ought, before being condensed,
to be further purified by passing through milk
of lime and by a previous cooling, so that most
of the steam is deposited as liquid water. It is
only when nearly dry that they are fit for treat-
ingwith wood-charcoal, which is done by passing
them through a sériés of vessels charged there-
with ; this chareoal must, of course, be from
time to time re-ignited. The purified gas is
lastiy condensed by means of water, internai and
exterhal cooling being employed at the same time.

Caustic ammonia made from gas-liquor
direetly, and, to a certain extent, even that
made from ammonium sulphate, obstinately
retains some tarry (empyreumatie) substances
and compound organic volatile bases. The
empyreuma ean be removed by further treat-
ment with ignited charcoal, or by distilling
over potassium permanganate. The presence
of such impurities is generally indieated by the
smell of the liquor, and more distinctly by
pouring a few drops of it into a test-tube con-
taining colourless nitric acid diluted with a
quarter of its volume of water, when a pink
eolour will appear ; but the ammonia ought
not to be added in such quantity as to saturate
the free acids (Lelimann, W. J. 1864, 195 ;
Kupft'erschlager, Bl. 23, 256; "Wittstein, D. P. J.
213, 512). Caustic ammonia made from the
liquor produced by fermenting urine is eom-
pletely free from ail those tarry impurities.

Ammonium phosphate. Monammonium phos.
phate (NH4)Hs(POJ, and diammonium phos¬
phate (NH4)2H(P04) have become commercial
products by the process of Lagrange, which
starts from commercial superphosphate. This
is lixiviated by water and steam, and a solution
of sp.gr. 42°Tw. is obtained, together with a
worthless residue of calcium sulphate. Some of
the latter remains in the solution, and is re¬
moved by carefully adding barium carbonate.
The filtrate is neutralised by ammonia in slight
excess, whereby ail the lime is precipitated as
basic phosphate, which is washed and used over
again for the manufacture of superphosphate.
The filtered solution, marking 32"Tw., contains
monammonium phosphate, and can be worked
for this, or for biammonium phosphate. The
latter is obtained by gradually mixing the above
solution with liquor ammoniœ of sp.gr. 0'92, in
the proportion of 1| équivalents of NH, to 1 of
(NH4)H2(P04). The diammonium phosphate at
once separates out as a crystalline mass, which,
after cooling, is submitted to hydraulic pressure.
The opération is carried out in a closed vessel,
to prevent the escape of ammonia. The mother
liquor is employed for the manufacture of
ammonia. The diammonium phosphate is prin-
cipally used in Lagrange's sugar-refining process.

Technical Application of Ammonia and

Ammoniacal Salts.

Caustic ammonia is employed in pharmacy,
dyeing, calico-printing, for the préparation of
colouring-matters and of many chemicals;
especially also for Carré's and Linde's ice-
making machines. The largest quantifies of
ammonia are used in the manufacture of soda
by the ammonia process ; but in this case the
manufacturers start either from ammonium
sulphate or from the strong crude liquid ob¬
tained in distilling gas-liquor (compare above).

Ammonium sulphate is mostly employed as
a manure as a substitute for sodium nitrate.
Although the nitrogen of the nitrate is generally
cheaper than that of ammonium sulphate, the
latter sait cannot be replaced by it in ail cases,
and is hence extensively employed, especially
for the cultivation of sugar-beet. Large quan-
tities are also used for the manufacture of alum,
for the ammonia-soda process, and for preparing
caustic ammonia and the other ammonium salts.

Ammonium chloride (sal-ammoniac) is used
in pharmacy, in soldering, in galvanising iron,
in dyeing and calico-printing, and for a variety
of less important purposes. Its uses are very
much more restricted than those of the sulphate.

Ammonium carbonate is used for scouring
wool, in dyeing, as a baking powder, &c.

Statistics.— Great Britain produces most of
the ammoniacal compounds found in trade.
Mr. Fletcher's twenty-third Keport on theAlkali
&c. Acts (26) states the amount of sulphate,
together with a small quantity of muriate of
ammonia, produced in 1886 in the United IÂing-
dom as under :—

Gas-works .... 82,480
Iron-works .... 3,950
Shale-works .... 18,080
Coke and carbonising works . 2,100

Total .... 106,610
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Besicles about 1,000 tons of sal-ammoniac, only
about 22,000 tons of that quantily is retained foi-
home use, the remainder being exported, the
largest eustomer being Germany. That country
herself produees about 10,000 tons, France
12,500 tons, Holland and Belgium 3,000 tons,
the United States of America 11,000 tons of
sulphate of ammonia. Ail these countries im¬
port, almost entirely for agrieultural purposes,
mucli more from England tlian tliey produce
themselves. G. L.

AMMONIACUM, AFEICAN, v. Gum eesins.
AMMONIACUM, GUM, v. Gum eesins.
AMMONIACUM. PESSIAN, v. Gdm eesins.
AMMONIUM MELEQUETA v. Gocoulus

indicus.

AMEAD-GUM. The gumforms wliite, yellow,
and brown lumps of a sweetish taste and. resin-
ous smell. An aqueous solution (1 : 2) is viscid
and stvongly adhesive. It also gives with oil
excellent emulsions, which keep very well. The
dry substance contains 5-61 p.c. of ash, consist-
ing of carbonic acid, lime, iron, magnesia, traces
of phosphoric acid and silica. Has been recom-
mended as a substitute for gum arabic. It was
brought into the market some years ago, and
cornes from the Abyssinian highlands ; is pro-
bably obtained from Acacia Abaica (Schwein-
furth). (H. Unger and Kempf. Pharm. Zeit. 33,
218 ; S. C. F. vii. 446.) ■

AMYGDALIN v. Glucosides.
AMYL ALCOHOL C,H,,0. The ordinary

amyl alcohol (fusel oil, fermentation amyl
alcohol, or isoamyl alcohol) is one of the eight
alcohols of the formula C5H120 theoretically
possible, and is the chief constituent of the fusel
oil or ' last runnings ' obtained in the rectification
of alcohol, particularly of the alcohol made by
the fermentation of potatoes. Amyl alcohol is
apparently an invariable constituent of the pro-
duct obtained when ordinary alcohol is formed
by fermentation ; but the précisé conditions
attending its formation are not known. The
alcohol is got from the ' last runnings ' by
shaking the erude product with hot mille of lime,
decanting, drying over calcium ehloride, and
rectifying at a température of 132°.

Properties.—Amyl alcohol is a colourless
liquid with a peculiar cough-exeiting odour and
a burning taste ; it burns with a white smoky
flame. Its b.p. = 131-6°(eor.) and sp.gr. = 0-8248
at 0°, =-■ 0-8113 at 18-7° (Kopp, A. 94,289) ; b.p. =
128-9°-129-2° at 740'9 mm., and sp.gr. = 0-8104 at

^ (Briihl, A. 203, 23); b.p. = 130-5°-131° at
759-2 mm. (Sehiff, A. 220, 102). It is soluble in
ethylie alcohol and ether, but is soluble in water
only to the extent of 1 in 39 at 16-5° (Wittstein,
J. 1862, 408), and 1 in 50 at 13°-14°, and the
solution becomes milky at 50° (Balbiano, B. 9,
1437). Amyl alcohol dissolves in ail proportions
in acetic acid diluted with an equal bulk of
water (Berthelot and St. Gilles, J. 1862, 408).
When oxidised with platinum black ordinary
valeric (isovaleric) acid is formed, whilst distilla¬
tion with either manganèse dioxide or potassium
dichromate and sulphuric acid converts it into
isovaleraldehyde and isovaleric acid. Sulphuric
acid dissolves it in the cold forming amylsul-
phuric acid, which, on heating, décomposés into
amylene and its polymerides diamylene and

tetramylene ; these hydrocarbons, together with
hexylene and the corresponding paraffins, are
also obtained when amyl alcohol is distilled with
zinc cliloride (Bauer, Z. C. P. 1861, 645 ; Wurtz,
A. 128, 316) : it is probable, however, that the
latter owe their formation to impurities in the
alcohol. The action of chlorine has been studied
by Barth (A. 119, 216), and that of bleach-
ing powder by Goldberg (J. pr. [2] 24, 116). The
bromide (Cahours, A. 30, 29S ; Balbiano, J.
1876, 348), ehloride (Cahours, A. 37, 164 ;
Balard, A. 52, 312 ; Balbiano, l.c.), and iodide
(Cahours, A. 30, 297) have been prepared by the
action of the corresponding phosphorus com-
pounds. Commercial amyl alcohol is generally
lœvorotatory ; the degree of rotation, however,
is not constant, but varies in différent specimens,
and the variation has been shown by Pasteur
(A. 96, 255) to be due to the fact that ordinary
amyl alcohol is a mixture, in varying proportions,
of two isomerides, one of which is optically in¬
active, and the other lœvorotatory. When ordi¬
nary amyl alcohol is treated with sulphuric acid
and the resulting amyl-sulphuric acids con-
verted into barium salts by neutralisation with
barium carbonate, a séparation of the two
isomeric alcohols can be effected, inasmuch
as the barium sait of the optically active
alcohol is 2j times more soluble in water than
the corresponding sait of the optically inactive
modification. This question has been further
examined by Ley (B. G, 1362), Le Bel (B.
9, 358), Bakhoven (J. pr. [2] 8, 272), Chapman
(Z. 1870, 406), and Pedler (C. S. 21, 74), with
results which do not entirely agree ; whilst
Wyschnegradsky (A. 190, 366) is of opinion that
a third isomeride, normal amyl alcohol, is also
présent.

In addition to the optically active and in¬
active modifications obtained from ordinary
amyl alcohol, the following isomeric alcohols
have been prepared :—Normal amyl alcohol
(Lieben and Rossi, A. 159, 70 ; Schorlemmer, A.
161, 268) ; mcthylpropyl carbinol (Schorlemmer,
l.c. ; Saytzew and Wagner, A. 175, 351 ; 179,
313 ; Markownikow, J. 1883, 861) ; methyliso-
propyl carbinol (Wyschnegradsky, l.c. ; Miineh,
A. 180, 339; Winagradow, A. 191, 125) ; diethyl
carbinol (Saytzew and Wagner, l.c.) ; dimcthyl-
ethyl carbinol (Wurtz, A. 125, 114 ; 127, 236 ;
129,365 ; Berthelot, A. 127,69 ; Flavitzky, A. 179,
348 ; Wyschnegradsky, l.c. ; Osipofï, B. 8,1240).

a-AMYLAN »CgH10O5 (O'Sullivan, C. J. 41,
24). A carbohydrate found in the cereals wheat,
rye, barley, and oats, but most plentifully in the,
two latter. It is a gum-like body, only slightly
soluble in water, a 2 p.c. solution forming a
jelly-like fluid ; a 1 p.c. solution flows freely,
however, and is transparent. It is insoluble in
alcohol. The solution in water is optically
active, the apparent sp. rotation being [a]j =

— 24° ± 2°. Digestion with sulphuric acid con¬
verts it directly into dextrose. It is probably
owing to the presence of this body that unmalted
barley cannot be satisfaetorily employed in the
préparation of beer. Malted grain does not contain
it. Distillers using raw grain (oats and barley)
have at times much difficulty in separating the
wort (solution of sugars, &c.) from the grains
(undissolved portion of the grain employed) in
conséquence of the presence of this body in
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quantity, the barleys and oats of some seasons
containing inuch more of it than at other times.

fj-AMYLAN mC6H]0O5 (l.c.). A carbohydrate
from tbe same source as tbe a- compound. It
exists in larger quantity in wheat and rye than
in barley and oats, and a substance agreeing yery
closely with it in général properties is found in
rnalted barley. It is more soluble in water than
a-amylan, insoluble in alcohol, but, when pure,
forms with that liquid a milk without being
precipitated. A drop of aeid coagulâtes the
milk, throwing the amylan out of solution. Di¬
gestion with sulphuric aeid converts it directly
and quantitatively into dextrose. Its optical
activity is [o]j = — 72° ; but digestion with lime-
water raises the activity to [a]j = —144°.

If this and the a-eompound could be eco-
nomically prepared from distillers' wash, a use
would probably be found for them in dressing
crape, lace, &c. 0. O'S.

AMYLEHE C5HI0. Five isomerie amylenes
are tlieoretically possible, and ail have been pre¬
pared. These hydrocarbons have been ehiefly
studied by Flavitzky (A. 179, 340) and by
Wyschnegradsky (A. 190, 336), and ean be
obtained by the action of alcoholic potash on
the various amyl iodides, or by the action of
dehydrating agents such as sulphuric aeid or
zinc chloride on amyl alcohol.

The amylene ordinarily met with is tri-
methylethylene, and is ehiefly obtained by the
dehydrating action of zinc chloride on fermen¬
tation amyl alcohol.

Préparation.—To préparé amylene, fermenta¬
tion amyl alcohol (lpart) is shaken with coarsely-
powdered zinc chloride (1J parts), allowed to
remain for twenty-four hours, and then distilled.
The product consists of a complex mixture of
paraffins from C5HI2 to C]0H,,2 with olefins from
C5H10 to Ci0H20 (Wurtz, J. 1863, 607). These can
be isolated by fractional distillation (Wurtz), but
according to Eltekow (J. B. 14, 379) amylene is
most readily obtained if the product is well
cooled, and shaken with dilute sulphuric aeid
(2 vols, of aeid to 1 vol. of water), the aeid layer
separated, diluted with water, and distilled ; the
distillate consists of amylene (trimethylethylene)
and tertiary amyl alcohol, and the latter, on dis¬
tillation with sulphuric aeid (1 : 1) yields pure
trimethylethylene.

Other methods for obtaining ordinary amyl¬
ene have been described .by Balard (A. Ch. [3]
12, 320), Bauer (J. 1861, 659), and Linnemann
(A. 143, 350).

Properties.—Amylene is a colourless liquid
b.p. 36°-38° and sp.gr. 0-6783 at 0° (Le Bel,
Bl. 25, 547) ; b.p. 36*8° at 752-7 mm. (Schiff,
A. 223, 65). It combines directly with a large
number of substances : with nitric peroxide
(Guthrie, C. S. 13, 129 ; Wallach, A. 241, 291 ;
248, 161 ; Miller, Proc. C. S. 3, 108), sulphur
chloride and chlorine (Guthrie, C. S. 12, 112 ;
13, 45, 129; 14, 136), with bromine (Wurtz,
A. Ch. [3] 55, 458), and, when cautiously
mixed with well-cooled sulphuric aeid, sp.gr.
1-67 (2 vols. ELSO, to 1 vol. water), in a freezing
mixture, is converted into dimethylethyl car-
tinol, which can be obtained, after neutralisation
with sodium hydroxide, on distillation (Fla-
vitzky, 175, 157) ; with sulphuric aeid sp.gr.
1-545 (2 pts. by weight H2S04 to 1 pt. water)

methylisopropyl ' carbinol is obtained (Osipoff,
B. 8, 542, 1240).

In addition to ordinary amylene, the followiug
isomerides have been obtained :—Normal amyl¬
ene, b.p. 39°-40° (Wurtz, A. 123, 205 ; 127,
55 ; 148, 131 ; Flavitzky and Wyschnegradsky,
l.c.) ; isopropylethylene, b.p. = 21T°-21-3° (Fla¬
vitzky and Wyschnegradsky, l.c.) ; symmetri-
cal rneth/ylethylethyleme, b.p. = 36° at 740-8 mm.
(Wagner and Saytzew, A. 175, 373 ; 179, 302) ;
and unsymmetrical methylethylethylene, b.p. =
31°-32°, sp.gr. = 0-67 at 0° (Wyschnegradsky, l.c. ;
Le Bel, Bl. 25, 546).

The action of hydrogen iodide on the amyl¬
enes has been investigated by Saytzew (A. 179,
126) ; whilst Zeidler (A. 186, 245) has examined
the products obtained when various amylenes are
oxidised with potassium permanganate in aeid,
neutral and alkaline solution, with ehromic aeid,
and with potassium dichromate and sulphuric
aeid.

The following polymerides of amylene have
also been obtained, and can be prepared by
heating ordinary amyl alcohol or amylene with
zinc chloride :—Diamylene CJOH„0 (Balard, A.
52, 316 ; Schneider, A. 157, 207 ; Bauer, J.
1861, 660) ; triamylene C15H30 (Bauer, l.c.) -, and
tetramylenc C,0H,0 (Bauer, l.c.).

AMYRIN v. Oleo-eesins.
ANACAHUITA. Awoodof unknownbotanical

origin irnported from Mexico ; its préparations
are said to be useful in pulmonary disorders.
The wood contains a volatile oil, an iron-greening
tannin, gallic aeid, a yellowish resin, sugar, a
tasteless volatile body crystallising in .warty
masses, and a bitter substance crystallising in
white needles (J. 1S61, 771).

ANACARDIUM NUT. Cashew nut, Kajoo.
A nut which is edible after it has been roastei
to expel the cardol it contains ; the cardol thus
obtained is used at Goa for tarring boats
(Dymock, Ph. [3] 7, 730). In addition to cardol
the nuts contain anacardic aeid, and an oily
matter which, by exposure to the air, assumes
a fine black colour, permanent against acids,
alkalis, chlorine, and hydrocyanic aeid. It has
been recommended as a marking ink, and is used
for giving a black colour to candies (Bôttger,
D. P. J. 205, 490).

ANALYSIS. Analysis is the séparation of a
complex substance into its constituents. It is
proximate when a mixture is separated into the
compounds of which it is composed, ultimate
when those compounds are separated into tlieir
constituent elements. It is qualitative when
the nature only of the constituents is ascertained,
quantitative when their amount is determined.

For the purposes of research the most ac-
curate methods are naturally selected and other
considérations are of seeondary importance, but
for technical purposes extreme accuracy is rarely
required, and in many cases a method which will
give an approximately correct resuit in a short
time is of greater value than a more accurate
method which requires a long time for its exécu¬
tion. This article is written mainly from a
technical point of view, and an endeavour has
been made to select the simplest and most rapid
methods capable of yielding good results. For
the same reason détails of the séparation of the
rarer elements are omitted from the général
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scheme for qualitative analysis. Alist of spécial
tests is, however, given, and from these the re-
quired method of séparation can be framed.

General opérations.
Accuracy and rapidity in analysis are largely

dépendent upon attention to those général pro¬
cesses and methods of manipulation which are
involved in almost every analytical opération.

Sampling.—It is of the highest importance
that the sample under examination should be
truly représentative of the bulk of the substance.
Piscrepancies between the results of différent
analysts are usually attributed to inaccurate
methods or inaccurate work, but in many cases
they are really due to imperfeet sampling. If
the substance is a liquid, the contents of the
vessel should be thoroughly mixed before the
sample is withdrawn. If the substance is con-
tained in several vessels, a proportional quantity
should be taken from each, the différent portions
mixed together, and the final sample taken from
the mixture.

In the case of solid products care must be
taken to secure a proper proportion of large and

■ small, hard and soft fragments. If a ship's
cargo is to be sampled, portions should be
taken from différent parts of the bulle ; if the
substance is contained in l'ailway trueks, por¬
tions should be taken from the ends and mid-
dle of each truck. When the substance is in
bags or barrels a long hollow auger is thrust to
the bottom of each and then withdrawn, bringing
with it a long core of the substance. If the
material loses or gains moisture, or undergoes
any other change on exposure to air, as in the
case of soap or caustic soda, a proper proportion
of the internai and external portions must
be taken. In ail cases the first samples are
broken into small pièces, thoroughly mixed, and
one-fourth taken for further treatment. This is
ground to powder, again thoroughly mixed, and
one-fourth taken. The subdivision is repeated
if necessary, and the final sample kept in well-
closed bottles.

If the mixture is soft and friable, pulvérisa¬
tion is readily effected in a porcelain or earthen-
ware mortar, but barder substances should be
powdered in a cast iron or steel mortar. When

the substance is hard, and a very
fine powder is required, an agate
mortar should be used for the final
opération, and the powder may be
sifted through fine muslin. Tery
hard substances, such as minerais,
are first broken into small pièces by
wrapping them in paper and strik-
ing with a hammer, and are then
further crushed in a steel mortar

consisting of a strong base with a
circular recess into which fits a

movable steel ring or guard, and in-
side this is a solid steel piston which
acts as a pestle. A small quantity
of the minerai is placed on the base
of the mortar inside the guard-ring,
the latter is held firmly dovra, and

the piston is placed inside and struck smartly
with a hammer, which drives it down upon the
minerai. The final crushing is done in an
mortar.

fig. 1.

Drying.—Many substances absorb more or
less moisture when exposed to the air, and in order
to bring them into a definite condition for analy¬
sis, it is désirable that they should be dried, this
opération being conducted at the ordinary or at
a liigher température according to cireum stances.
Substances which contain water in combination
are usually dried by exposure to air or by pres¬
sure between folds of filter paper. In other
cases where a higher température would be in-
jurious the substance may be placed under a
bell-jar which also incloses a dish containing
sulphuric acid. The opération proceeds more
quiekly if the bell-jar is connected with an air-
pump and thus rendered vacuous.

Substances which do not décomposé at 100°
are best dried in a copper oven provided with a
jaeket containing water which is heated to
boiling, the water-level being kept constant by
means of an overflow and feeding arrangement
at the side. The inside of the oven is fitted
with a perforated shelf which supports dishes,
funnels &c.

Fia. 2.

When the substance is sufficiently stable it
is advisable to dry at 115-120°, since an increase
of 10° or 20° often greatly reduces the time re¬
quired. For this purpose we use a copper oven
without a jacket, heated by a lamp underneath.
Inside the oven at a little distance from the
bottom is a shelf which supports the vessel
containing the substance. At the top of the
oven are two apertures, one of which serves
to promote a current of air through the oven,
whilst the other carries a thermometer the bulb
of which is close beside the vessel which is being
heated.

If it is desired to keep the température con¬
stant for a long time, the oven must be provided
with a thermoregulator (v. Theemobegulatoes).

Weighing.—The balance and the précautions
to be observed in weighing form the subjeet of a
spécial article (v. Balance). As a rule sub¬
stances taken for analysis should be weighed
from tubes provided with well-fitting stoppers or
corks, the différence between the weight of the
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tube before and after the removal of tbe sub¬
stance giving the weight taken for analysis.
The quantity required for an analysis will dé¬
pend upon circnmstances. When constituents
présent in minute quantity bave to be estimated,
a relatively large amount of the substance is
required, but for the estimation of one or two
constituents from 1 to 2 grams of the substance
is usually sufficient. The smaller the quantity
of matter operated upon, the shorter the time
required for filtration, washing, &c., but also the
greater the demands on the skill and accuracy of
the operator.

Hygroscopic substances and précipitâtes
must be kept under a desiccator, i.e. a glass dish
containing sulphuric acid or calcium chloride,
fitted with a tray to support a crucible &c., and
provided with an air-tight glass cover, preferably
bell-shaped. Grucibles containing non-hygro-
scopic précipitâtes may be allowed to cool with
exposure to air, proyided that the empty crucible
was allowed to cool under the same conditions
before weighing.

Solution.—The solution of a substance is
most eonveniently effected in flasks or in some-
what deep beakers which are inclined at an
angle in order to prevent possible loss by spurt-
ing. The opération may be accelerated by heat,
and the reagent should be used in the most
concentrated form possible and in the least pos¬
sible excess, in order to avoid loss of time in
evaporation &e. Evaporation to expel excess
of solvent should, where possible, be conducted
in the same vessel.

Evaporation.—The evaporation of a liquid
may be effected over an ordinary flame, eare

the opération is conducted in a flask or crucible,
the latter should be inclined in order to prevent
loss by ebullition, and the opération is acce¬
lerated in the first case by drawing a current of
air through the flask, in the second by inclining

the lid of the crucible across the moutli of the
vessel and thus producing a circulation. The
rate of evaporation, cœteris paribus, dépends on
the area of surface exposed, and hence the
opération is effected most quickly in shallow
dishes, especially if a current of air removes the
vapour as fast as it is given oiï. During the
process the contents of the dish should be pro-
tected from dust &c., and this is readily done
by supporting at a distance of about six inches
above the surface of the dish a triangle of glass
rod or tubing on which is stretched a sheet of
filter paper freed from soluble compounds by
treatment with acid. When evaporation over a
direct flame is impractieable, the dishes &a.
should be placed on a water-bath, that is, a
vessel containing boiling water, in such a way
that they are heated by the steam. The top of
the water drying-oven already described (fig. 2)
maybe provided with a sériés of rings of various
sizes and thus serves two purposes. Ordinary
tin cans or copper vessels of similar shape will
answer, but in ail cases it is désirable to have
an arrangement for keeping the water at a con¬
stant level.

Précipitation is conducted in beakers, dishes,
or conical flasks, but not in ordinary round
flasks because of the difficulty of removing the
precipitate. Glass vessels, especially when
new, are appreciably attacked and dissolved by
water, and still more strongly by alkaline sohb
tions, the action increasing with the concentra¬
tion of the solution and the duration of contact.
Acid liquids, with the exception of dilute sul¬
phuric acid, have less solvent action. Porcelain
vessels, especially after they have been used for
a short time, are not appreciably attacked.
(Fresenius's Quant. Anal.; Emmerling, A. 150,
237). Ail précipitations involving long heat-
ing with alkaline liquids should be conducted in
porcelain vessels or in platinum, silver, or
nickel dishes.

Unless circumstances forbid, the liquid and
the reagent should be heated to boiling and
mixed gradually with continuai agitation, since
under these conditions précipitation as a rule is
more rapid and complété, and the precipitate is
obtained in a dense and granular form and is
readily separated and washed. It is only in
rare cases that prolonged standing after pré¬
cipitation is necessary. Usually filtration may
be commenced as soon as the supernatant
liquid is clear, or at any rate after two or three
hours. An unnecessary excess of reagent should
always be avoided, but in ail cases complété;
précipitation should be proved by adding a small
quantity of the reagent to the clear liquid.

Filtration.—The séparation of a precipitate
from a liquid is usually effected by means of a
specially prepared variety of blotting paper,
known as filter paper. The Swedish paper
made by J. Munktell has the oldest réputation,
but that made by Schleicher and Schull, of
Diiren, is of excellent quality, and for many pur-
poses answers better. The latter firm supply
paper which has been treated with hydrochlorie
and hydrofiuoric acids and thus freed from al-
most ail inorganic matter. It is désirable that
ail paper used in quantitative work should be
free from soluble compounds, and this end is
secured by soaking the ordinary filter paper for
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three or four hours in pure hydrochloric acid
diluted with 15-20 times its volume o£ water,
and then washing thoroughly to remove ail
traces of acid and soluble salts. The paper is
conveniently kept in circulai- pièces of known
radii (2,4, 5, 6, 8, cm.) and the ash left by each
size should be determiDed once for ail by inciner-
ating six filters of one of the médium sizes in
the manner described under the treatment of
précipitâtes, and weighing the ash which is left.
Tllis quantity divided by six gives the average
amount of ash left by one filter of that size, and
the amount left by the other sizes is readily cal-
culated, the quantity of ash being proportional
to the area of the paper.

Usually the filter paper is supported in a
glass funnel which should liave smooth eyen
sides and an angle of G0°. The stem should be
somewhat long and not too wide, with the lower
end eut obliquely. À circular filter is folded in
lialf, then in a quadrant, and when the quad¬
rant is opened at one side it forms a hollowcone
which should fit accurately into the funnel.
The edge of the filter paper should he about
10 mm. below the edge of the funnel, and
the size of the filter should be such that it
is not more than three quarters filled by the
precipitate. After placing the filter in position
it is moistened with water, and fitted accurately
to the glass, care being taken to remove ail air
hubbles from between the glass and the paper.
Attention to these points greatly facilitâtes the
subséquent filtration. The edge of the vessel
containing the liquid to be filtered is slightly
greased outside and the liquid is directed into
the filter hy means of a glass rod, care being
taken not to disturb the precipitate until most
of the clear liquid has passed through. It is
advisable to keep the filter well filled with the
liquid, but the latter must not rise higher than
10 mm. below the top of the paper.

In order to accelerate filtration a glass tube
about 3-4 mm. in diameter and not less than
20 cm. long, bent into a loop near its upper end,
may be attached to the stem of the funnel by
means of indiarubber tube.

(ireater rapidity of filtration is obtained by
using one of the numerous water pumps (v.
Filter pomp). In this case the liquid is filtered
into a flask with stout walls, preferably of the
conical form. The stem of the funnel passes
through a cork which fits in the neck of the
flask and also carries a tube connected with the

pump, or the flask may be provided with a side
tube for this latter purpose. When it is required
to filter into a dish or beaker, the latter is placed
under a tubulated bell jar standing on a glass
plate, the cork carrying the funnel &c. being
fitted into the tubulus of the bell jar. If the
réduction of pressure is considérable, it becomes
necessary to support the apex of the filter. In
the case of filters of médium size the necessary
toughness is obtained by dropping into the apex
of the dry filter, after it has been fitted into the
funnel, two or three drops of the strongest
nitric acid. After a minute or two the paper is
washed and is ready for use. Bunsen's original
method is to support the apex of the filter by
means of a cone of platinum foil, which is made
in the following way. A circular piece of thin
platinum foil 3-4 cm. in diameter is eut in the

manner shown in the diagram, softened by
heating in a flame, and then placed against a
small métal cone of 60° so that the point a
coïncides with the apex of the cone. The foil is
then folded round the métal so that it also forms
a small cone, which is finished by being pressed

in a hollow conical mould into which the
métal cone fits. It is then dropped into the
funnel and the paper fitted in. The métal
cônes and moulds required can be purchased ;
Bunsen's method of making a cone and mould
of plaster is described in Thorpe's Quantitative
Analysis.

Carmichael has described a method of re¬

verse filtration (Z. N. F. 6, 481 ; Fr. 10, 83).
A stout bulb 25 mm. diameter is blown at the
end of a glass tube about 2 mm. diameter, and
the lower part of the bulb is flattened. Whilst
still soft the flat part is pierced with a large
number of small holes by means of a white-hot
steel wire, care being taken that ail the holes
are at least 3 mm. from the edge of the dise.
Platinum ' roses ' of similar size, fused to short
pièces of platinum tube about 2 mm. in diameter,
can be purchased, and are more convenient and
much less liable to fracture. The rose need not
be hemispherical but may with advantage be
much flatter in cross section. It is attached by
means of a short piece of India-rubber tube to
one limb of a glass tube which is bent twice at
right angles, the other limb being fitted by
means qf a cork or air-tight cover to a flask or
beaker which is also in communication with
a pump (C. J. Trans. 1885, 123). A dise of
filter paper is placed on the flat surface of the
rose and moistened with water. The pump is then
set in action, and the rose with its dise is intro-
duced into the liquid to be filtered, care being
taken that it does not touch the bottom. When
the clear liquid has ail been drawn off, the rose
is raised, the pump being kept in action, fresh

, water is added to wash the precipitate and the
rose is again introduced. After the precipitate
has been washed and transferred to the vessel
in which it is to be weighed, the paper dise with
its adhering precipitate is readily detached from
the rose. This method is very rapid; it is
especially useful for précipitâtes which subside
readily and when it is desired to keep a precipi¬
tate or residue in the original vessel. The filter
paper is so small that the ash which it leaves
on incinération is negligible.

Gooch (C. N. 37, 181) uses asbestos felt and
a crucible with a perforated bottom. The
asbestos makes .an excellent filter, is not aiïected
by ordinary acid and alkaline liquids, is readily
dried, and does not alter in weightwhen ignited.
Silky asbestos is scraped into a short fine down,
boiled with hydrochloric acid, well washed and
kept in water. A platinum crucible, preferably
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o£ the low wide form, with tlie bottom perforated
with a large number of minute holes, is fitted air-
tight into an ordinary funnel by means of an
india-rubber ring placée! between the crucible
and the wall of the funnel, which is fitted into a

filtering flask. The pump is set in action and
water containing the asbestos in suspension is
poured into the crucible. A layer of asbestos
ielt is quiekly formed, and when this is of
sufficient thickness it is drained, dried, and
ignited over a lamp, and the crucible is then
weighed. It is désirable to bave a non-per-
forated bottom to fit on the crucible during
ignition in order to protect the contents of the
crucible from the flame gases. In cases where
the use of platinum is inadmissible, a porcelain
crucible perforated in a similar manner must
be used. The weighed crucible is replaced in
the funnel and filtration is conducted in the
ordinary way, care being taken that the pump is
set in action before any liquid is poured into the
crucible. Drying and igniting the precipitate
occupies but little time. Por gelatinous pré¬
cipitâtes the crucible may be replaced by a cone,
the lower part of which is made of platinum
gauze and the upper part of platinum foil.

Gooch has proposed (P. Am. A. 1S85, 390 ;
Pr. 24,583) in spécial cases to replace the asbestos
by anthracene, which after filtration can be dis-
solved in benzene or other suitable solvent,
leasing the precipitate undissolved.

Not unfrequentiy it is necessary to keep the
contents of a funnel hot during filtration. This
is effected by placing the funnel inside a copper
jacket filled with water which is heated to boil-
ing by means of a side tube. A simpler plan is
to coil lead pipe round the funnel and blow
steam through the pipe (Kichter, J. pr. N. P.
28, 309).

Sometimes it is désirable to avoid contact
with air during filtration. A convenient ap-
paratus for this purpose has been described by
IUobukow (Pr. 24, 395 ; S. C. I. 4, 756).

Ail précipitâtes require to be washed in order
to remove soluble impurities, the liquid em-
ployed being water, dilute acid, dilute ammonia,
alcohol, &c., as the case may require. The ob-
ject in ail cases is to reduee the impurity to the
desired minimum in the shortest possible time
with the least expenditure of liquid, and it can
readily be shown that successive treatments with
small quantities of the liquid are far more
effectuai than the same volume of liquid applied
ail at once (Bunsen, A. 148, 269). Whenever
possible hot liquids should be used. The
soluble impurity colleets round the top edge of
the filter paper by reason of capillary action
and evaporation, and hence, when washing is
effected with the aid of an ordinary wash-bottle
with a movable jet, it is important that the
liquid should be directed on to the top edge of
the filter. It is also important that each
quantity of wash-water should be drained away
as eompletely as possible before adding a fresh
quantity, and it is obvious that this takes place
most readily when a pump is used. In this case
the liquid is poured into the funnel from an
open vessel to a height of about 10 mm. above
the edges of the paper. Care must be taken that
the precipitate is not drained so farthat channels
are formed. It is always advisable to ascer-

tain whether the washing is complété by testing
a few drops of the last wash-water.

Drying and weighing précipitâtes.—Occa-
sionally a precipitate must be dried without the
application of heat, and this is accomplished in
a desiccator over sulphuric acid, preferably in a
vacuum. In other instances the substance is
not injured by a température of say 120°, but
cannot be ignited. In these cases the filter is
carefully dried at the particular température,
inclosed between a pair of watch-glasses, and
weighed. It is then placed in the funnel and
the opération proceeded with. After filtration
the filter and the precipitate are thoroughly
dried at the same température as before and
again weighed, the increase being the weight of
the precipitate. The majority of the précipi¬
tâtes usually met with can, however, be dried by
heating them in a crucible over a lamp. In
most cases it is not necessary that the précipi¬
tâtes should previously be dried. The greater
part of the water is removed by draining in the
funnel by means of the pump or by placing the
filter and its contents on a porous tile or on a
pad of filter paper. The filter is then intro-
duced into a crucible, heated cautiously until
quite dry and then heated more strongly until
the weight is constant.

When the precipitate is not easily reducible
it is not necessary to remove the paper before
ignition. If any slight réduction takes place,
for example, with barium sulphate, it is easily
remedied by adding a few drops of dilute sul¬
phuric acid and again heating. In the case of
magnésium pyrophosphate strong nitric acid
serves a similar purpose. If, however, the precipi¬
tate is readily reduced in contact with organic
matter, it must be removed from the paper as
eompletely as possible by gentle friction, and
transferred to the crucible, which should stand
on a sheet of glazed paper. A carefully trimmed
feather or a camel's-hair brush is useful to
transfer scattered particles from the paper to
the crucible. The filter paper is then îolded
with the portion to which the precipitate had
adhered inside, wrapped in platinum wire which
forms a sort of cage, and set on fire. Whilst
burning it is held over the crucible, and when
eompletely hurnt out, the ash is heated with the
tip of a Bunsen flame for a few minutes and
then shaken into the crucible.

Précipitâtes which contain compounds of
. silver, lead, zinc, tin, and other easily reducible
metals, should be heated in porcelain crucibles,
since platinum vessels are liable to be attacked.
Care should also be taken that platinum vessels
are not heated with srnoky or ' roaring ' fiâmes,
and do not corne in contact with brass crucible
tongs or easily fusible metals whilst hot. After
some time the surface of the métal may beeome
dull owing to the partial disaggregation of the
platinum, but this defeet can be remedied by
polishing the métal with sea-sand or a burnisher.

Heating appliances.—The ordinary Bunsen
burner serves for most opérations, but the argand
Bunsens introduced byPletcher are more efficient,
and the radial slit burner of the same inventor
is perhaps the most efficient gas-burner for heat¬
ing purposes that has yet been made. Glass
vessels are more safely heated on a sheet of wire
gauze or on a layer of sand in a métal tray. A
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most useful piece of apparatus in a tcehnical
laboratory is a large iron plate supported on iron
legs, and heated by a burner underneath the
middle. Vessels plaeed on the plate near its
edges are subjeeted to a very gentle beat, but
may be raised to a much higher température by
being moved nearer to the middle.

A water-bath provided with a constant feed-
ing arrangement is the most useful way of heat-
ing vessels at 100°. If higher températures are
needed, a saturated solution of calcium chloride,
melted parafïin, or oil may be used. Maumené
(C. K. 97, 45, and 215) has proposed to use
fused mixtures of alkaline nitrates for tempera-
tares between 140° and 250°. Brauner (C.J. 47,
8S7) has described a simple arrangement for
lieating substances in sulphur vapour.

Reagents.—The ordinary acids and ammonia
are required in a dilute as well as in a concen-
trated form ; they may be conveniently diluted
with three times their volume of water. Ordi¬
nary solid reagents are dissolved in water and
diluted so that 10 parts of the solution by
measure contain 1 part of the sait by weight ; it
is then easy to calculate approximately the
quantity of reagent required to precipitate a given
amount of a substance. Spécial reagents will be
described in connection with the various pro¬
cesses.

Proximate analysis.
The methods to be adopted for the séparation

of the constituents of any particular mixture
will dépend entirely upon the nature of the mix¬
ture. It is only possible to describe the général
methods which are found to be most useful.

Fractional distillation is available for the
séparation of liquids which differ considerably
in their boiling points (v. Distillation).

Fractional précipitation may be employed
for the séparation of substances, some of which
are precipitated by a given reagent, whilst the
others are not; or for the séparation of sub¬
stances which differ in the order of their préci¬
pitation. If, for example, silver nitrate is added
in successive small quantities to a solution con-
taining an iodide, bromide, and chloride, the
first portion of the precipitate contains the greater
part of the iodine ; the middle portion contains
the greater part of the bromine, and the last por¬
tion the greater part of the chlorine. In a similar
manner organie acids can, not unfrequently, be
separated by taking advantage of différences in
the order of their précipitation by silver nitrate
or lead acetate. In these cases the separated pré¬
cipitâtes can be suspended in water and decom-
posed by hydrogen sulphide, when the acids are
again liberated.

Fractional crystallisation may be adopted in
the case of substances which differ in their solu-
bility in one and the same solvent. The solution
is coneentrated somewhat, and the crystals which
separate are removed ; the mother liquor is still
further coneentrated, and the second erop of
crystals is removed, this process being repeated
as often as the case demands. The least soluble
compound is mainly in the first crop of crystals ;
the most soluble is in the last mother-liquor.

Fractional saturation is an analogous pro¬
cess, but is of more limited application. It was
employed by Liebig for the séparation of volatile

organie acids. The mixture of acids is mixed
with a quantity of soda or potash insufficient
for complété saturation, and is then distilled.
The acids of higher molecular weight are first
neutralised and converted into salts, which of
course remain in the retort, whilst the acids
of lower molecular weight are found in the free
state in the distillate. Anything like complété
séparation is only to be obtained by many répé¬
titions of this process.

Fractional solution.—The most useful and
most generally applicable method of proximate
analysis is based upon the différent solubilities
of various substances in différent menstrua.
The mixture is treated successively with various
solvents, eaeh of which dissolves some of the
constituents, but leaves the others undissolved.
Advantage may also be taken of the fact that the
solubilities are in many cases modified by a rise
of température. Further, if two substances differ
considerably in their solubility in one and the
same liquid they may be separated by treatment
with successive small quantities of the liquid,
which removes the more soluble compound but '
leaves the greater part of the other undissolved.
The following is a list of the solvents commonly
employed, with indications as to their général
properties.

Water dissolves many salts and acids ; in-
organic and organie alkalis and their salts ;
carbohydrates, gums, and other highly oxidised
carbon compounds which are not readily solu¬
ble in alcohol, ether, &c. On the other hand, it
does not dissolve the carbonates, phosphates,
oxalates, and certain other salts of the heavier
metals. Very many organie substances are in¬
soluble in this liquid. It décomposés the halogen
compounds of the acid radicles and certain other
compounds, and converts many normal metallic
salts into basic salts, part of the acid passing into
solution in the free state.

Dilute acids will dissolve many salts, and
also some organie substances which are insoluble
in water.

Alcohol dissolves many salts, caustic alkalis,
hydrocarhons, fatty acids, resins, and a very
large number of carbon compounds. It reacts
with many haloid substitution derivatives, and
hence is not a suitable solvent for this class of
compounds.

Ether dissolves a few salts, and is an excel¬
lent solvent for hydrocarbons, fats, resins, alka-
loids, and almost ail organie compounds which
are insoluble in water. It reacts with very few
substances, and boils at a low température, so
that it can readily be distilled off and the dis¬
solved substance recovered.

Benzene dissolves iodine, sulphur, phos-
pliorus, oils, fats, wax, camphor, resins, caout¬
chouc, gutta-percha, &c., and is especially useful
as a solvent for haloid derivatives, on which it
has no action.

Carbon bisulphide shares with ether the
advantage of being readily volatile. It should
always be purified from dissolved sulphur before
being used. The best plan is to mix it with a
small quantity of white wax and then distil off
the bisulphide on a water-bath. It dissolves
sulphur, phosphorus, iodine, fats, essential oils,
resins, caoutchouc, &c. ; but its solvent powers
are comparatively limited, and almost ail salts

IRIS - LILLIAD - Université Lille 1



110 ANALYSIS.

and very many carbon compounds are insoluble
in it.

Light petroleum eonsists of the lower boiling
liydrocarbons of the paraffin sériés. It oeeurs
in commerce in several varieties under différent
names. Petroleum ether boils at 50°-60° ; petro¬
leum benzene at 70°-90°; ligroïn at 90°-120°.
They are excellent solvents for oils and fats, but
dissolve very few other compounds.

Chloroform readily dissolves oils, fats, and
similar substances, and is especially useful as a
solvent for alkaloids.

The treatment of a solid with a volatile solvent
must be conducted in a spécial apparatus, es¬
pecially if the liquid is to be heated. Various
forms of apparatus bave been devised for this
purpose, but there is none more efficient than
that of Soxhlet (D. P. J. 232, p. 461). It eon¬
sists of a short wide test tube, open at the top
but closed at the bottom, to which is sealed a
narrower tube "which can be fitted into a small
weighed flask by means of a cork. Communica¬
tion between the two tubes is made by means of
(1) a narrow side tube which opens into the

A

ï
Fia. 6.

bottom of the wider upper tube, forms a siphon,
and descends through the lower tube nearly to
the bottom of the flask ; and (2) a wider side
tube which enters the upper tube near the top and
the lower tube near the junction (fig. 5). A weighed
quantiiy of the substance to be treated is placed
in a cylinder of fllter paper open at the top, and
introduced into the upper tube, or the bottom of
the tube is packed with purifiedeotton-wool, and
the substance is placed upon this. A quantity
of the solvent rather more than sufficient to fill
the upper tube to the level of the bend in the
siphon, is placed in the flask and heated to boil¬
ing by means of a water-bath. The upper tube
is attached to a reflux condenser, care being
taken tliat the condensed liquid falls directly into
the cylinder containing the substance. The
vapour passes up the wide side tube, is con¬
densed, falls upon the substance, and filters
through the paper or cotton-wool. As soon as
the liquid rises to the bend of the siphon, the
latter draws 6ff the elear solution into the flask,
and the liquid is again volatilised whilst the dis-
solved matter remains in the flask. The process
goes on automatically, and the substance can be

extraeted many times with a small quantity of
liquid. When extraction is complété, the flask
is connected with an ordinary condenser, the
liquid is distilled off, and the residue dried and
weighed if necessary.

A convenient apparatus for treatment with
solvents in dishes has been described by A. AV.
Blyth (C. J. Trans. 1880, 140).

The older plan of allowing the substance to
remain in contact with the solvent for a long
time in a cylinder or other closed vessel is much
less efficient.

In many cases substances in solution can be
removed and separated by agitating the liquid
with some non-miscible solvent. The alkaloids
and many aminés can be removed from aqueous
solutions by means of ether, whilst metallic salts
are left ; fatty substances can be removed from
liquids by means of petroleum ether, and so on.
Extractions of this kind are best made in a

separator consisting of a somewhat wide tube
contracted at one end, which is fitted with a cork
or stopper, whilst the other end is drawn out
into a narrow tube provided either with a stop-
coek or an indiarubber tube and a pinch-cock (fig.
6). The liquid and the solvent can be completely
mixed by agitation, and after they have separated
the lower layer can be drawn off. If it is required
to remove the supernatant liquid in this or
any similar case, a somewhat narrow tube is
bent twice at right angles, and one limb is
fitted by means of a cork into a distilling or
other flask which is connected with an aspirator,
whilst the other limb of the tube is placed
in the liquid. When the aspirator is set in
action, the liquid is drawn over into the flask,
from which it can be distilled. With care a very
accurate séparation can be made, and the tube
is readily rinsed by drawing some of the fresh
solvent through it.

The microscope is of the greatest service in
ascertaining whether a substance is a single
compound or a mixture, and a microscopic ex-
amination of the various pi;oducts obtained in
the course of a proximate analysis affords valu-
able information as to the extent to which sépa¬
ration has been effected.

Qualitative analysis.
The qualitative détection of substances is

based upon the fact that almost every element
or acid radicle will, under suitable conditions,
yield a precipitate or reaction which, under tliose
conditions, is eharaeteristic, and enables us to
distinguish it from everything else. With
scarcely any exceptions the reactions of the
metals and acid radicles are independent of the
acids or metals with which they are respectively
eombined. The tests may be applied to the sub¬
stance in solution, in which case they are known
as wet reactions ; or the solid substance may bo
subjected to the action of différent solid reagents,
usually at a high température, and these are
known as dry reactions.

In framing a systematic scheme for the
qualitative examination of a substance, advantage
is first taken of certain similarities between the
elements or radicles which enable us to divide
tlxem into a limited number of groups, and the
individual members of these groups are after-
wards separated by utilising the différences be-

EIQ. 5.
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tween the properties of their respective com-
pounds.

The metals are divided into six groups ac-
cording to their behaviour with the following
reagents, which must be applied in the order
given : (1) Metals preeipitated as chlorides by
liydrochloric acid. (2) Metals preeipitated as
sulphides by hydrogen sulphide in an acid solu¬
tion. (3) Metals preeipitated as hydroxides by
ammonia in presence of ammonium ohloride. (4)
Metals preeipitated as sulphides by ammonium
sulphide in an alkaline solution. (5) Metals
preeipitated as carbonates by ammonium car¬
bonate in presence of ammonia. (G) Metals not
preeipitated by these reagents.

In the ease of acid radieles the division into
groups is by no means so sharp, but barium
ohloride, calcium chloride, silver nitrate, and
ferrie chloride give reactions with a large number
of acids, and can to a certain extent be utilised
as group reagents.

The course to be adopted in making a quali¬
tative analysis will dépend very largely on cir-
eumstances. When the approximate composition
of a substance is known, or when it is simply
desired to prove the presence or absence of par-
ticular substances, the systematic scheme may
be shortened very considerably. If, however, the
composition of the substance is entirely unlrnown
it is just as important to prove deeisively that
certain elements are absent as to prove that
others are présent. In ail cases a preliminary
examination of the substance should be made in
the dry way, and if the substance is in solution
a portion should be evaporated to dryness. The
reactions of several substances in the dry way
are interfered with and rendered inconclusive by
the presence of certain other substances ; but
nevertheless an examination of this kind gives
much information in a short time.

Examination in the Dry Way.
The most convenient source of heat for this

purpose is the ordinary Bunsen burner. Con¬
sidérable care is required in performing the
experiments, and only small quantifies of the
substance must be operated upon. The Bunsen
lamp consists of a métal tube at the bottom of
which coal gas enters by means of a jet, the
lower part of the tube being pierced with holes
through which air is drawn and mixes with the
coal-gas. The mixture of 1 volume of coal-gas
with about 2J volumes of air, which is tlius pro-
duced, burns at the top of the tube with a non-
luminous flame. When the supply of gas is
turned low, it is necessary also to reduee the air
supply by partiallyclosing the holes at the bottom
of the tube by means of a regulator. The upper
part of the tube carries a gallery and cone to
protect the flame from draughts.

The flame consists essentially of an inner
dark zone containing unburnt gas mixed with
air, and an outer zone or flame mantle in which
combustion becomes complété. If the air holes
are partially closed, a lùminous cone appears
at the top of the inner zone. Bunsen has
shown, however, that several distinct zones
exist, each of which can be utilised for producing
particular reactions. The most useful of these
are a, a comparatively cold zone at the base of
the flame, which serves for the volatilisation of

salts in order to obtain flame colourations ; the
lower reducing flame S about one quarter of
the way up and close to the edge of the dark
zone ; y, the upper and more powerful reducing
flame at the top of the dark zone, obtained by
closing the air holes until the tip of the inner
zone just becomes luminous; /3, the zone of
fusion or highest température, at about one-third

the height of the flame and half way between the
inner zone and the flame mantle ; ri, the lower
and botter oxidising flame atthe edge just below
the zone of fusion ; .and e, the upper oxidising
flame at the extreme tip of the flame.

Instead of the Bunsen lamp, the flame ob¬
tained by means of a blowpipe may be used. A
moutli blowpipe consists of a métal tube provided
at one end with a mouthpiece, the other end
fitting into a small métal box which serves to
condense and retain the.moisture of the breatk.
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From the side o£ tliis box a second shorter
and narrower tube projects at right angles to
tbe first, and is provided with a nozzle or jet o£
brass or, better, of platinum. For général work
tbe diameter of tbe bore of the jet should be
0'4 mm. In Black's blowpipe tbe larger tube is
conical, the lower and wider end serving tbe

Fia. 8.

same purpose as the box in the form just de-
scribed. The art of keeping up a continuons
blast of air through the blowpipe can only be
acquired by practice. The necessary pressure is
produced by distending the cheeks, breathing
being carried on through the nostrils, whilst
communication between the nostrils and the
mouth is eut off by the pressure of the tongue
against the palate. A convenient form of hand-
blower for blowpipe work has been devised by
Fleteher.

A good flame for blowpipe work is obtained
by dropping into the tube of an ordinary Bunsen
burner a brass tube, the lower end of which
descends to the bottom of the burner and cuts
off the supply of air, whilst the upper end is
flattened and eut off at an angle. The flame
should be much smaller than when the burner
is used in the ordinary way. Coal-gas usually
contains more or less sulphur and consequently
cannot be used when testing for this element.

A thick stearin candie answers well; but
nothing is better than a lamp consisting of a low
and somewhat wide cylindrical métalvessel, open
at the top, with a somewhat broad and flat wick-
holder attached to the side. The fuel used is
solid paraffin, which is kept in a melted condi¬
tion by the beat of the blowpipe flame, the wick
being so arranged that the flame passes over the
top of the paraffin. A métal cover protects the
lamp from dust when not in use.

The nozzle of the blowpipe is introduced a
short distance into the lamp flame at a short
distance above the wick, and when the blast is
produced the flame is deflected horizontally,
becomes long and narrow, and is seen to consist
of two parts, viz., an outer or oxidising flame, at
the tip of which there is an excess of oxygen

Fia. 9.

heated to a high température, and an inner or
reducing flame, which contains carbonic oxide
and hydrocarbons heated to a high température.
If the blowpipe is held just at the edge of the
flame and a moderate blast is used, a broader
reducing flame can be obtained, which has a
luminous tip containing solid particles of carbon.

Other spécial apparatus required is a small
pair of forceps with platinum points ; short
pièces of thin platinum wire ; charcoal from some
fine-grained compact wood ; glass tubes about

3 mm. internai diameter, and G0-80 mm. long,
closed at one end ; and glass tubes of similar
diameter 100-120 mm. long, open at both ends
and bent slightly in the middle. The reagents
used are borax, microcosmic sait (NH4NaHPOJ,
potassium cyanide, sodium carbonate, potassium
nitrate, cobalt nitrate solution, and potassium
hydrogen sulphate.

The usual opérations are as follows :—
(1) Seating in closed tube. The sides of the

tube must be clean and perfectly dry ; after in¬
troduction of the substance they may be cleaned
by means of a roll of filter paper.

(2) Seating in an open tube, the tube being
inclined in order to promote a current of air
through it.

(3) Seating on platinum wire in order to
obtain a flame colouration. The wire is cleaned
by repeated dipping into hydrochloric acid and
heating in the flame until it imparts no colour.
A small quantity of the substance is talcen on
the end of the clean wire and introduced into the
edge of the blowpipe flame just beyond the top
of the inner flame, or into zone a of the Bunsen
flame. A colouration is only obtained if the
métal is in the form of some volatile compound,
and since the chlorides are amongst the most
volatile salts, the substance should be moistened
with hydrochloric acid. An excellent plan is to
mix the substance with a small quantity of pre-
cipitated silver chloride, which is kept in a paste
with water, and heat the mixture on a thin iron
wire. Silver imparts no colour to the flame, but
chlorine is given off gradually, and converts the
other metals into chlorides. A mixture of several
substances may be made to show successively
their individuel flame colourations by first heat¬
ing in a comparatively cold part of the flame
until the most volatile is expelled, then moving
to a somewhat hotter zone, and so on.

(4) Seating on charcoal to obtain reduced
métal or a film of oxide. The substance, mixed
with three times its weight of dry sodium car¬
bonate or of a mixture of 2 parts sodium car¬
bonate and 1 part potassium cyanide, is placed
in a small shallow hole scooped out in charcoal,
and heated in a reducing flame. The metallic
bead obtained is examined as to colour, malle-
ability, solubility, &c. Many metals yield films
of oxide which coat the charcoal at a greater or
less distance from the flame, and the colour and
appearance of which is more or less character-
istic. These and similar films are best seen

when the charcoal is supported on an aluminium
plate (Ross). Apiece of sheet aluminium 12 cm.
by 5 cm. is bent at right angles at a distance of
2 cm. from one end, thus forming a ledge on
which a small flat piece of charcoal is placed,
the plate being held so that the surface rises
vertically behind the ledge. Volatile oxides &c.
condense on the metallic surface (v. Hutchings,
C. N. bG, 208, 217).

In order to obtain reduced metals with the
Bunsen flame, a match-stick is smeared with
ordinary sodium carbonate (washing soda) which
has been melted by holding it in the flame, and
the wood thus prepared is carbonised by heating
it in the flame. A small quantity of the sub¬
stance is mixed in the palm of the hand with a
small quantity of the fused washing soda and
the mixture is carefully placed on the charcoal
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splint, which is then heated in the lower or
upper reducing flame. When réduction is com¬
plété the match is allowed to cool inside the dark
zone, and is then withdrawn, crushed in a
mortar, and the lighter particles of eharcoal
removed by levigation with water, the heavy
metallic particles being left.

By means of the Bunsen flame reduced metals
and their oxides can be obtained in the form of
films on a porcelain surface. The substance is
supported on a long slender piece of asbestos,
and heated in the tip of a small oxidising or
reducing flame, a small evaporating dish con-
taining cold water being held momentarily just
above the asbestos (v. Bunsen's 'Flammen-re-
actionen,' Heidelberg, 1880).

(5) Seating with borax or microcosmic sait.—
A small loop is made at the end of a platinum
wire, and some borax or microcosmic sait is taken
up and heated in the flame until it is perfectly
fused. The bead when cold must be quite trans¬
parent and colourless, otherwise it must be re-
melted, shaken oiï, and a fresh bead made. Ksmall
quantity of the substance is taken on the bead
and heated first in the oxidising flame (O.F.)
and then, after it has been examined, in the
inner or reducing flame (I.F.). The colour of
the bead should be observed both hot and cold.
If too much substance is taken the bead becomes
opaque, and the colour cannot be distinguished.

(6) Certain infusible substances, when mois-
tened with cobalt nitrate solution and strongly
heated, acquire characteristic colours.

The following results may be obtained :—
(1) In closed tube :—
(a) It carbonises, with or without évolution

•of empyreumatic vapours = organic compounds.
(b) Water is evolved and condenses in the

cold part of the tube ; neutral reaction = hy-
drated salts, hydroxides ; acid reaction = acid
salts ; alkaline reaction = ammonium compounds.

(c) Fuses without change of colour = alkaline
salts : hydrated salts.

(d) Fuses and changes colour : yellow hot,
dark yellow cold = bismuth oxide; yellow hot,
red cold = lead oxide.

(e) No fusion, but change of colour: dark
yellow hot, pale yellow cold = stannic oxide ;
yellow hot, white cold = zinc oxide ; black hot,
reddish-brown cold =ferrie oxide-, black hot,
bright red cold = mercuric oxide.

(/) Gasisevolved: oxygen = chlorates,iodates,
&c., peroxides ; carbon dioxide = carbonates, oxa-
lales ; carbon monoxide (burns with blue flame)
=formates, oxalates-, sulphur dioxide = acid sul-

phites, sulphates of heavy metals ; cyanogen =
cyanides ; ammonia = ammonium salts : orange-
brown vapours = nitrates, nitrites, bromides-,
violet vapours = iodides.

(g) A sublimate is formed : black or reddish-
black = sélénium, mercuric sulphide-, reddish-
yellow = arsenic sulphide ; yellow = sulphur, sul-
phides ; white = ammonium salts, mercury salts,
volatile organic acids, antimony trioxide
(needles), arsenic trioxide (octahedra) ; metallic
mirror = arsenic ; grey metallic globules = mer-
cury.

(2) In open tube much the same results as
in closed tube. Sulphides burn and give off sul¬
phur dioxide ; arsenic sublimes as oxide and not
as métal ; sélénium and its compounds evolve a

Vol. 1.—T

pungent odour of, horse-radish, and give a grey
or reddish sublimate.

(3) Flame colouration :—yellow = sodium ;
orange red = calcium ; crimson = strontium,
lithium ; lavender =potassium ; apple-green =
barium ; bright green = thallium, copper, boric
acid-, pale blue = lead, antimony-, deep blue,
becoming green = copper (haloid salts) ; deep
blue = sélénium.

(4) On charcoal.—White malléable bead =

silver, tin, lead ; red malléable bead = copper ; grey
magnetic powder = iron, nickel, cobalt-, brittle
bead = antimony, bismuth.

Incrustations on charcoal : white = anti¬

mony, orange-yellow hot, pale yellow cold =
bismuth-, pale yellow hot, deeper yellow cold,
with white edge = lead ; white, very volatile =
arsenic ; yellow hot, white cold = zinc ; reddish-
brown or orange-yellow cold = cadmium.

(5) In borax bead :—
Inner flame Outer flame Métal

Hot
Green
Green
Green
Colourless
Blue
Grey

Brownish

Cold
Bottle-green
Green
Bottle-green
Colourless
Blue

Grey

Emerald
green

Colourless Brown

Hot
Yellow
Yellow
Yellow
Amethyst
Blue
Violet

Yellow

Green

Cold
Paler
Green
Pale yellow
Amethyst
Blue
Eeddish-

brown
Greenish-

yellow
Bluîsh-

green

Iron
ChJ-omium
Uranium
Manganèse
Cobalt
Nickel

Vanadium

Copper

(6) With cobalt nitrate :—blue = aluminium
(some phosphates, silicates, and borates) ; green
= zinc, titanium -, pale red = magnésium.

Examination in the Wet Way.
The préparation of the solution reqnires

some attention. If the substance is a métal,
treat at once with moderately strong nitric acid.
Tin and antimony form oxides which to a great
extent remain undissolved ; other metals (with
the exception of gold and the platinum metals,
which are not attacked) are converted into
nitrates, which dissolve at once or on diluting.

If the substance is not a métal, it is first
treated with hot water, and if anything is dis-
solved (which is ascertained by evaporating a
few drops on platinum loil), the substance is
boiled two or three times with fresh quantities of
water. Any residue which may be left is treated
with dilute hydrochloric acid, and afterwards, if
necessary, with the concentrated acid. Care
must be taken to observe if any gas is given
ofi—e.g., carbon dioxide (effervescence), from
carbonates ; sulphur dioxide, from sulphites or
thiosulphates-, chlorine, from .peroxides or hy-
pochlorites ; hydrocyanic acid, from cyanides ;
hydrogen sulphide, from sulphides. Many
chlorides are insoluble in the strong acid, and
hence the solution must be diluted before filter-
ing. Any metals of Group I. will be converted
into insoluble chlorides.

Any residue insoluble in hydrochloric or
nitric acids must be treated with aqua regia (a
mixture of hydrochloric acid 3 parts, and nitric
acid 1 part) and the excess of acid expelled by
evaporation. Substances which are insoluble
in aqua regia are examined in the dry way, or
converted into soluble compounds. They may
contain stannic oxide ; crystallised or strongly
ignited aluminium or chromium oxides ; silica
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or silicates; barium sulphate; silver cbloride,
bromide or iodide ; antimony trioxide ; fluor-
ides.

Silicates, insoluble sulpbates, silver com-
pounds, &a., are fused with three or four times
their weight of a mixture of potassium and
sodium carbonates in equal proportions. A
porcelain crucible must be used for silver or lead
compounds. The fused mass, after cooling, is
treated with water, whieh dissolves out the acids
as alkaline salts ; the residue is then dissolved
in acids.

Insoluble compound cyanides are decomposed
by heating with strong sulphuric acid ; also by
treatment with potassium or sodium hydroxide,
which dissolves the acids as alkaline salts, and
leaves the metals as hydroxides whieh are
soluble in hydroehloric acid.

When both aqueous and acid solutions liave
been obtained from the same substance the
analyst must use his own judgment as to
whether they may be mixed or should be
analysed separately. The latter course some-
times gives information as to the distribution of
the acids and bases in the original substance.
If the first course is adopted, it must be borne
in mind that the hydroehloric acid solution may
precipitate metals of Group I. from an aqueous
or nitric acid solution.

Systematic method of examination in the
wet way.

The formation of a precipitate at the proper
stage in the systematic séparation is not sufîi-
cient proof of the presence of a particular sub¬
stance ; some characteristic confirmatory test
should always be applied. In the course of the
analysis, observe carefully the colour of the
solutions at différent stages in the opération.
Unneeessary excess of the group or other re¬
agents should be avoided, but the filtrate from
a group should always be tested to make sure
that précipitation is complété. Many tests
succeed only when the proper proportion of the
reagent is added, and it should be a rule always
to add the reagents very gradually. Group pré¬
cipitâtes and ail other précipitâtes which have
to be subjected to the action of reagents
should be carefully washed, but in qualitative
analysis it is not as a rule désirable that the
washings should mix with the filtrate.

Note the reaction of the solution.
Test a small portion of the solution for

ammonia by heating with sodium hydroxide.
Group I.—Add hydroehloric acid to acid re¬

action. If no precipitate, pass on ; if a pre¬
cipitate is formed, add more acid to ensure
complété précipitation or re-solution of the pre¬
cipitate. Silver, mercury (mercurous), lead,
thallium, are precipitated as chlorides ; tungsten
as tungstic acid.

If the original solution is alkaline the pre¬
cipitate by hydroehloric acid may consist of me-
tallic sulphides which had been dissolved in
an alkaline sulphide. The precipitate will be
yellow or orange, and must be examined like
the subdivision of Group II-. Under these cir-
cumstances none of the ordinary metals of the
first group except tungsten, and very few of the
others except those of the fifth and sixth groups,
can be présent.

The precipitate may also consist of insoluble
silver salts whicli had been dissolved in an al¬
kaline cyanide or thiosulphate. In this case it
must be dried and fused with the alkaline car¬

bonates like an insoluble compound.
Group II.—If the filtrate from Group I. con-

tains nitric acid or nitrates it must be evaporated
to dryness two or three times with small quan-
tities of strong hydroehloric acid in order to
remove these compounds, and the residue re-
dissolved in dilute hydroehloric acid. The
solution, which should be moderately dilute and
not contain too much free acid, is gently heated,
and saturated with hydrogen sulphide. Mercury
(mercuric), lead, bismuth, copper, cadmium,
arsenic, antimony, tin, gold, platinum (and the
platinum metals), molybdenum, and sélénium
are precipitated as sulphides. Prolonged treat¬
ment with hydrogen sulphide is required to pre¬
cipitate molybdenum and the platinum metals.

Group III.—The filtrate from Group II. is
boiled to expel ail hydrogen sulphide, and heated
with nitric acid to peroxidise the iron. If or-
ganic matter or oxalates are présent, it is eva¬
porated to dryness, heated until they are decom¬
posed, and the residue dissolved in dilute hydro¬
ehloric acid. Any insoluble residue may be
silica or barium sulphate.

The solution is then mixed with ammonium
chloride and a slight excess of ammonia, and
heated to boiling. Aluminium, iron, chromium,
and béryllium are precipitated as hydroxides;
uranium and cerium as salts or basic salts.

Group IV.—The filtrate from Group III. is
heated to boiling, and mixed gradually with a
slight excess of ammonium sulphide. Zinc,
manganèse, cobalt, and nickel are precipitated
as sulphides. Nickel sulphide is somewhat
soluble in excess of the précipitant.

If the filtrate is brown it is slightly acidified
with hydroehloric acid ; vanadium sulphide
(and nickel) is precipitated.

Group V.—The filtrate from Group IV. is
mixed with ammonia and ammonium carbonate.
Calcium, barium, and strontium are thrown
down as carbonates.

Group VI.—The filtrate from Group V. con-
tainsmagnésium, sodium, anàpotassium (lithium
ccesium, rubidium).

The group précipitâtes are examined by the
following methods :—

Group I.—The group precipitate is boiled
with two or three successive quantities of water,
filtered, and the filtrate mixed with dilute sul¬
phuric acid ; a white precipitate (PbS04) indi-
cates lead. The portion insoluble in water is
treated with strong ammonia and filtered ; a
black residue (NHJTg,Cl) indicates mercury.
The ammoniacal filtrate is acidified with nitric
acid ; a white precipitate (AgCl) indicates
silver.

Group II.—The precipitate is washed with
water containing hydrogen sulphide, warmed
with yellow ammonium sulphide and filtered
(A). This treatment is repeated once or twice.
The insoluble portion is treated with warm dilute
nitric acid, and filtered (B). The residue in¬
soluble in nitric acid is dissolved in aqua regia,
excess of acid expelled, and stannous chloride
added ; white precipitate (Hg2Cl2) changing to
grey (Hg) indicates mercury.
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(A) The ammonium sulphide solution is
acidified with hydrochloric aoid, and filtered.
The preeipitate is gently warmed with a strong
solution of ammonium carbonate, again filtered,
and the filtrate acidified with hydrochloric aeid ;
a yellow preeipitate = arsenic (confirm by dry
tests). The portion insoluble in ammonium
carbonate is dissolved in strong hydrochloric
acid, boiled to expel hydrogen sulphide, diluted,
and platinum foil and a piece of zinc free from
tin are introduced. A black stain on the plati¬
num = antimony. After a short time the zinc
is removed, dissolved in hydrochloric acid, and
mercuric chloride added ; a white preeipitate
becoming grey = tin.

(33) The nitric acid solution is evaporated to a
small bulk with some sulphuric acid, diluted, and
filtered. A white residue (PbS04) indicates lead.
The filtrate is mixed with ammonia in slight
excess, and again filtered ; a white preeipitate
(Bi(HO)s) = bismuth (confirm by dissolving in a
small quantity of hydrochloric acid and pouring
into a large quantity of water). The ammo¬
niacal filtrate is blue = copper. Add potassium
cyanide until the solution is colourless, and
then hydrogen sulphide ; a yellow preeipitate
(CdS) = cadmium.

Group III.—Dry the preeipitate and fuse on
platinum with 2 parts pure sodium carbonate
and 1 part potassium nitrate. If the fused
mass has a green colour, manganèse is présent.
Dissolve in water (if green add a few drops of
alcohol) and filter. Dissolve the residue (Fe203)
in hydrochloric acid, and add potassium ferro-
cyanide ; dark-blue preeipitate = iron (ascertain
state of oxidation from original solution). The
aqueous solution is divided into two parts, one
is heated with excess of ammonium chloride;
a white preeipitate (Al^HO),,) indicates alumi¬
nium; the other is acidified with acetic acid
and tested with lead acetate ; a yellow preeipi¬
tate (PbCrOJ = chromium (ascertain degree of
oxidation in original solution).

If the original solution was acid this group
preeipitate may contain metallic phosphates
precipitated as such on neutralising with am¬
monia. In this case dissolve a small portion of
the preeipitate in nitric acid, and examine for
phosphoric acid by the molybdic test. If phos¬
phates are absent, proceed as just described ; if
présent, proceed as follows :—Examine one-third
of the preeipitate by the preceding method.
Dissolve the remaining two-thirds in hydro¬
chloric acid, add sodium acetate in tolerably
large excess, and then ferrie chloride until no
more preeipitate forms and the solution aequires
a deep-red colour. Now boil, and filter whilst
hot. Dnder these conditions the ferrie chloride
précipitâtes the phosphoric aeid, and the metals
remain in solution as chlorides. Examine the
filtrate, which should be quite colourless, for
metals of Groups IV. and V., and for magnésium.

Group IV.—Wash well with water contain-
ing hydrogen sulphide, and treat with cold
dilute hydrochloric acid (1: 20). Filter, boil the
filtrate to expel ail hydrogen sulphide, and add
potash or soda in excess; a white preeipitate
(3In(HO)2) becoming brown on exposure to air
= manganèse. To the filtrate from this pre¬
eipitate add ammonium sulphide ; a white pre¬
eipitate (ZnS) indicates zinc.

The portion insoluble in cold dilute hydro¬
chloric acid is first tested for cobalt by the borax
bead, and then dissolved in strong hydrochloric
acid with the aid of a few crystals of potassium
chlorate, or in aqua regia, and concentrated to
expel excess of acid. Potash or soda is then
added to alkaline reaction and potassium cyanide
until the preeipitate dissolves. The solution is
now boiled for some time in a dish with free
exposure to air, then mixed with sodium hypo-
chlorite solution in moderately large quan¬
tity and boiled again ; a black preeipitate
(NijOjxBÛO) indicates nickel. If cobalt has not
been found by the borax bead, acidify the filtrate
with hydrochloric acid, evaporate to complété
dryness, heat the residue for some time with excess
of strong sulphuric acid, dilute with water, neu¬
tralise with ammonia, add ammonium sulphide,
and test with a borax bead any preeipitate which
may form.

Gkoup V.—Dissolve the washed preeipitate
in hydrochloric acid, add ammonium sulphate
in considérable quantity, boil and filter. Neu¬
tralise the filtrate with ammonia, and add am¬
monium oxalate ; a white preeipitate (CaC204)
= calcium. The preeipitate by ammonium sul¬
phate is boiled with a solution of potassium
carbonate 1 part and potassium sulphate 3
parts, filtered hot, and the well-washed preeipi¬
tate treated with dilute hydrochloric acid. Any
insoluble residue is tested in the flame for
barmm. The hydrochloric acid solution is tested
in the flame, and also mixed with calcium sul¬
phate ; white preeipitate (SrSOJ forming slowly
= strontium.

Gkoup VI.—Part of the filtrate from Group
V. is mixed with ammonia and sodium phos¬
phate ; white preeipitate (NH4MgP04) = mag¬
nésium.

The remainder is evaporated to dryness,
heated to expel ammonium salts, dissolved in
water, mixed with oxalic acid, again evaporated
to dryness and heated to expel excess of the
acid. Dissolve in water and filter ; test one part
of the solution by flame test and potassium met-
antimoniate for sodium ; the other by flame test
and platinic chloride for potassium.

Examination for acids.

(A) Preliminary. Mix the solid substance
with three or four times its volume of strong
sulphuric acid and heat, taking care that the
acid does not boil.

No action—sulphate, phosphate, borate, sili¬
cate, arsenate, arsenite.

Gas is evolved :—

a. Colourless.
Fuming and acid, does not etch ; chloride.
Fuming, acid, and etches glass ; fluoride.
Smell of vinegar ; acetate.
Carbon dioxide, turns lime-water milky ; car¬

bonate.
Carbon monoxide, burns with blue flame ;

formate, ferrocyanide.
Carbon dioxide and monoxide ; oxalate.
Hydrocyanie acid ; cyanide.
Sulphur dioxide, no sulphur ; sulphite. ,

Sulphur dioxide, and sulphur precipitated ;
thiosulphate.

Hydrogen sulphide ; sulphide, iodide.
/3. Coloured.
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Violet vapours of iodine ; iodide.
Orange vapours of bromine ; bromide.
Reddish-brown nitrogen oxides ; nitrite (ni¬

trate).
Yellow and explosive eblorine oxide ; chlo¬

rate.
Substance carbonises and evolves Carbon

dioxide and monoxide and sulphur dioxide ;
tartrate, citrate, malale.

Group reagents.—Before testing a solution
for acids, boil with excess of pure sodium car¬
bonate to remove heavy metals, filter, and care-
fully neutralise with nitric acid.

(B) Barium chloride in neutral solution yields
(a) a white precipitate, insoluble in hydro-
chloric acid = sulphate, liydrofluosilicate ; (/3) a
white precipitate, soluble in hydrochloric acid
= sulphite, carbonate,phosphate, oxalate, borate,
fluoride, silicate, tartrate ; (7) a yellow precipi¬
tate = chromate.

(C) To a portion of the neutral solution add
calcium chloride in excess, allow to stand for
some time with oocasional shaking, and filter.
A white precipitate (a) insoluble in acetic acid
= oxalate (sulphate in strong solutions). (/3)
soluble in acetic acid = phosphate, borate, and
other acids precipitated by barium chloride.

Calcium tartrate after washing is soluble in
potash, and is re-precipitated on diluting and
boiling.

The filtrate from the precipitate in the cold
is boiled for some time and filtered hot ; a white
precipitate = citrate (malate in strong solutions).
The filtrate from this precipitate is allowed to
cool and is mixed with excess of alcohol ; a white
precipitate = succinate, malate.

(D) Silver nitrate in neutral solution
yields :—

(a) A precipitate soluble in nitric acid.
(1) White --= oxalate, borate, tartrate, ben-

zoate, &c.
(2) Yellow = phosphate, arsenite.
(3) Brick-red = arsenate.
(4) Dark-red = chromate (soluble only in hot

strong nitric acid).
(5) A precipitate insoluble in nitric acid.
Soluble in ammonia : White = chloride (hy-

pochlorite), cyanide, thiocyanate ; yellowish-white
= bromide ; orange-red = ferricyanide.

Insoluble in ammonia : White =ferrocyan-
ide ; yellow = iodide ; blaclc = sulphide.

(E) Ferrie chloride in neutral solutions
yields :—

(a) A colouration : blood-red = acetate, formate
(precipitate on boiling), thiocyanate (no precipi¬
tate on boiling) ; violet = salicylate, thiosulphate
( fugitive) ; bluish-black = tannate, gallate ;
greenish-brown = ferricyanide (dark-blue pre¬
cipitate on adding stannous chloride).

(0) A precipitate : bufi = benzoate, carbonate-,
reddish-brown = succinate ; white = phosphate ;
black = sulphide ; bluish- or greenish-black =
tannates, gallates.

Sulphur acids. Detect sulphates by barium
chloride, and sulphides by lead acetate, &c.
Make part of the solution slightly alkaline with
potash, add zinc sulphate in considérable ex¬
cess, and filter. Test one part of the filtrate
for thiosulphate by means of hydrochloric acid ;
to the other part add acetic acid till faintly
acid, sodium nitroprusside in small quantity,

and potassium ferrocyanide ; a pink precipitate
indicates a sulphite.

Chlorine, bromine, and iodine. Place the
substance in a small flask connected with a

small bulb U-tube containing a little starch
paste and placed in a beaker of water. Add
water and ferrie sulphate solution to the sub¬
stance in the flask, and heat to boiling. If
iodine is présent, the starch paste becomes blue.
Remove the cork, boil with fresh additions of
ferrie sulphate till ail iodine is expelled. Now
add a few crystals of potassium permanganate,
connect with a bulb tube containing chloroform,
and again boil. If bromine is présent, the
chloroform is coloured brown. Boil with addi¬
tion of more permanganate until ail bromine is
expelled, filter and test filtrate for chlorine.

After iodine has been detected by means of
nitrogen oxides in sulphuric acid, evaporate part
of the solution to dryness with sodium carbon¬
ate, fuse with ten times its weight of potassium
dichromate till ail iodine is expelled, place in a
small dry retort, and heat with strong sulphuric
acid. Part of the distillate is agitated with
water and carbon bisulphide ; if bromine is pré¬
sent, the latter becomes orange-red. The re-
mainder of the distillate is neutralised with
ammonia, and tested for chromic acid by acidi-
fying with acetic acid and adding lead acetate.
The présence of chromic acid indicates the pré¬
sence of chlorine in the original substance.

Other acids must be detected by spécial tests.
Iodine, and ferrocyanides and ferricyanides must
be removed before testing for nitrates.

To remove iodine, ferrocyanic, ferricyanic,
and thiocyanic acids, add excess of a mixture of
cupric and ferrons sulphates, and filter. To
remove excess of copper and iron (which is not
ahvays necessary) heat to boiling, add slight
excess of pure potash or soda, and filter.

To remove bromine and iodine, acidify with
dilute sulphuric acid, and boil with successive
additions of potassium permanganate until the
liquid has a faint permanent pink tinge ; filter.

To remove hypochlorous and nitrous acids,
acidify with dilute sulphuric acid, and boil.
Nitrous acid can also be decomposed by boiling
with a strong solution of ammonium chloride.

Spécial Reactions.

In the following lists only the most charao-
teristic and useful reactions bave been given;
negatiye réactions, and others not particularly.
characteristic, have, as a rule, been omitted.

Metals.

The metals are arranged in the order of their
occurrence in the systematic séparation.

Silver.
On charcoal, brilliant-white malléable bead,

soluble in nitric acid.
Hydrochloric acid, a white precipitate (AgCl) ;

insoluble in hot water and in nitric acid ; soluble
in ammonia and reprecipitated by nitric acid in
excess. Potassium chromate, a dark-red pre¬
cipitate (AgCr04) ; soluble in hot concentrated
nitric acid.

Lead.
On charcoal, malléable bead, soluble in nitric

acid ; oxide film yellow with white border.
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Hydroehloric acid, a white precipitate
(PbCl2), soluble in hot water, from which it
cristallises on eooling; insoluble in ammonia.
Hydrogen sulphide, a black precipitate (PbS),
insoluble in ammonium sulphide ; soluble in
nitric acid. Sulphuric acid, a white precipitate
(PbS04), soluble in hot dilute hydroehloric acid ;
insoluble in dilute sulphuric acid. Potassium
ehromate, yellow precipitate (PbCr04), in¬
soluble in acetic acid; soluble in potassium
hydroxide.

Thallinm.
Flame colouration intense green.
Hydroehloric acid, white precipitate (T1C1),

only slightly soluble in hot water. Potassium
iodide, pale-yellow precipitate (T1I), even in
dilute solutions. Siâphuric acid, no precipitate
(diS. f. Pb).

Tungsten.
Hicrocosmic sait, colourless in OF ; blue in

I.F., becoming blood-red on addition of FeS04.
Hydrocldoric acid, a yellowish-white precipi¬

tate (HjWO.,), insoluble in excess of the dilute
acid ; soluble in the concentrated acid ; frag¬
ments of zinc added to this solution produce a
blue colouration. Stannous chloride, a yellow
precipitate, which becomes blue if mixed with
hydroehloric acid and heated.

Mercury.
Heated in closed tube most mercury salts

sublime ; heated with sodium carbonate, a sub-
limate of metallic mercury.

Mercurous salts. Hydroehloric acid, white
precipitate (Hg,Cl2), insoluble in hot water; in¬
soluble in ammonia, but blackened (NH2Hg,Cl).
Stannous chloride, grey precipitate (Hg). Me¬
tallic copper, becomes coated with mercury,
which can be sublimed.

Mercuric compounds. Hydrogen sulphide,
white precipitate, becoming red and then black
(HgS) ; insoluble in ammonium sulphide ; in¬
soluble in nitric acid; soluble in aqua regia.
Stannous chloride, white precipitate (Hg,Ci,),
becoming grey (Hg) with excess of the reagent.
Potassium iodide, scarlet precipitate (Hgl2),
soluble in excess. Metallic copper, as mercurous
salts.

Bismuth.
On charcoal, brittle bead ; oxide incrusta¬

tion orange-yellow when hot, lemon-yellow
when cold.

Hydrogen sulphide, brown precipitate (Bi2S3),
insoluble in ammonium sulphide ; soluble in
nitric acid. Ammonia, white precipitate
(Bi(HO)3), soluble in hydroehloric acid. Water
in large excess (with previous addition of am¬
monium chloride if chlorides are absent), white
precipitate (BiOCl), soluble in hydroehloric acid;
insoluble in tartaric acid.

Copper.
On charcoal, red malléable métal. Borax,

O.F. green hot, bluish-green cold ; I.F. colourless
hot, brown cold.

Hydrogen sulphide, black precipitate (CuS),
insoluble in ammonium sulphide, and in dilute
sulphuric acid; soluble in nitric acid and in
potassium cyanide. Ammonia, blue precipitate,
soluble in excess to dark-blue solution. Potas¬
sium ferrocyanide, ehocolate-brown precipitate,
insoluble in dilute acids ; in very dilute solutions
colouration only.

Cadmium.
On charcoal, brown incrustation of oxide.
Hydrogen sulphide, yellow precipitate (CdS),

insoluble in ammonium sulphide and potassium
cyanide; soluble in nitric acid and hot dilute
sulphuric acid. Ammonia, white precipitate
(CdH202), readily soluble in excess. Potash orsoda,
white precipitate (CdH202) insoluble in excess.

Tin.
On charcoal, white malléable bead ; incrus¬

tation of oxide, yellow hot, white cold.
Stannous compounds. Hydrogen sulphide,

dark-brown precipitate (SnS), soluble in yellow
but not in colourless ammonium sulphide.
Mercuric chloride, white precipitate (Hg2Cl2),
becoming grey (Hg).

Stanuic compounds. Hydrogen sulphide,
yellow precipitate (SnS,), soluble in ammonium
sulphide ; insoluble in ammonium carbonate ;
soluble in concentrated hydroehloric acid. Stan-
nic chloride boiled with copper becomes stannous
chloride. When sine and platinum are placed
in the solution, no black stain on the platinum ;
crystals of tin on the zinc.

Antimony.
On charcoal, white incrustation of oxide.
Hydrogen sulphide, orange precipitate (Sb2S3),

soluble in ammonium sulphide and in concen¬
trated hydroehloric acid ; insoluble in ammo¬
nium carbonate. Water in excess (with ammo¬
nium chloride if chlorides are absent), white
precipitate (SbOCl), soluble in hydroehloric acid
and in tartaric acid. Zinc and platinum, a
black stain on the platinum (Sb), soluble in
nitric acid and in ammonium sulphide.

Arsenic.
In open tube, white sublimate (As203) in

microseopic octahedra and tetrahedra. In closed
tube, with potassium cyanide and sodium car¬
bonate, dark shining sublimate of metallic ar¬
senic (diff. f. Sb).

Hydrogen sulphide, yellow precipitate, solu¬
ble in ammonium sulphide and in ammonium
carbonate ; insoluble in concentrated hydroehloric
acid. Metallic copper boiled with the liquid af ter
acidifying with hydroehloric acid is covered with
a shining grey deposit (As,Cu5), which, when
heated in a tube, yields a sublimate of arsenious
oxide (Reinsch's test).

Arsenites. Ammonio-silver nitrate, yellow
precipitate (Ag3As03), soluble in nitric acid and
ammonia. Ammonio-cupric sulphate, briglit-
green precipitate (CuHAs03).

Arsenates. Ammonio-silver nitrate, brick-
red precipitate (Ag3As04), soluble in nitric acid
and ammonia. Ammonium chloride, ammonia,
and magnésium sulphate, white crystalline pre¬
cipitate (NH4MgAs04).

When arsenic acid or arsenates are présent
they should be reduced by heating with sul-
phurous acid before applying hydrogen sulphide
or Reinsch's test.

Platinum.
Hydrogen sulphide, brown precipitate (PIS,)

on heating, soluble in ammonium sulphide.
Ammonium chloride or potassium chloride,
yellow crystalline precipitate (M2PtCl„), less so¬
luble in presence of aleohol.

Palladium.

Hydrogen sulphide, black precipitate (PdS),
insoluble in ammonium sulphide ; soluble in
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hot hydrochloric aoid and in aqua regia. Potas¬
sium ioclide, black precipitate (Pdl2), somewhat
soluble in excess. Mercuric cyanide, yellowish
white, gelatinous precipitate (PdCy3), readily
soluble in ammonia. Ammonium chloride, no

precipitate (diff. from Pt). Potassium chloride,
precipitate (2KCl.PdCl2) only in very coneen-
trated solutions.

Iridium.

Hydrogen sulphide, decolourisation followed
by brown precipitate (Ir2S3), soluble in ammo¬
nium sulpliide. Potash, a greenish colouration,
which, on heating with exposure to air, changes
slowly to azuré blue (diff. from Pt). Ammo¬
nium chloride or potassium chloride, dark brown
or red precipitate (double chloride), insoluble in
a saturated solution of the précipitant. Both
salts become olive green with potassium nitrite
and other reducing agents, espeeially in hot
solutions.

Gold.

Hydrogen sulphide, black precipitate (Au,S3)
in cold, brown precipitate (Au2S) in hot, solu¬
tion ; soluble in yellow ammonium sulphide.
Oxalic acid or ferrons sulphate, brown or purple
precipitate, yellow and lustrous when rubbed.
Stannous and stànnic chlorides, purplish pre¬
cipitate, insoluble in hydrochloric acid.

Molybdenum.
Borax bead, O.F. yellowish, hot ; colourless,

cold; I.F. brown. Microcosmicsait, O.P. green,
hot ; pale-green, cold ; I.F. green.

Hydrogen sulphide, brownish-black precipi¬
tate (MoS3) on heating, soluble in ammonium sul¬
phide. Sodium phosphate in presence of nitric
acid, yellow precipitate on heating, soluble in
ammonia and in excess of the alkaline phos¬
phate.

Sélénium.
On charcoal in I.F., a pungent smell re-

sembling horse-radish.
Hydrogen sulphide, yellow precipitate be-

coming dark on heating, soluble in ammonium
sulphide. Sulphurous acid in presence of hy¬
drochloric acid, a red precipitate which becomes
grey on heating and is soluble in potassium
cyanide. Stannous chloride and other reducing
agents behave in a similar manner.

Aluminium.
On platinum wire, with cobalt nitrate, blue

mass.

Ammonia, white gelatinous precipitate
(A12HsO„), insoluble in excess and in ammonium
carbonate; soluble in acids. Potash or soda,
white gelatinous precipitate (AI.,H„Os), soluble
in excess ; reprecipitated on adding ammonium
chloride and heating.

Chromium.
Borax bead, O.F. yellow, hot ; green, cold ;

I.F. green. Fused with potassium nitrate and
sodiwn carbonate, soluble yellow potassium
chromate is formed.

Chromic salts. Ammonia, greenish or pur¬
plish precipitate (Cr2Hfi06), soluble in acids ; in¬
soluble in ammonium carbonate. Potash or

soda, green precipitate (Cr2H„Ofi), soluble in
excess, but reprecipitated on boiling.

Chromâtes. Hydrogen sulphide, in acid so¬
lution, réduction to chromic sait with change of
colour to green. Lead acetate, bright yellow
precipitate (PbCrOJ, insoluble in acetic acid.

Silver nitrate, dark red precipitate (Ag2CrO,),
soluble in hot concentrated nitric acid.

Iron.
On charcoal, grey magnetic métal. Borax

bead, O.F. dark yellow, hot ; pale yellow, cold ;
I.F. green.

Ferrous salts. Ammonium sulphide, black
precipitate (FeS), soluble in acids. Potash, soda,
or ammonia, white precipitate, rapidly becom-
ing green and then brown. Potassium ferro
cyanide, white precipitate, gradually becoming
dark blue. Potassium ferricyanide, dark blue
precipitate Fe3(FeCys)2. Potassium thiocyanate,
no reaction.

Ferrie salts. Ammonium sulphide, black pre¬
cipitate (2 FeS + S), soluble in acids. Potash,
soda, or ammonia, reddish brown precipitate
(FeJIjOj), soluble in acids. Potassium ferro-
cyanide, dark blue precipitate FeJ(FeCys)3, in¬
soluble in dilute acids. Potassium ferricyanide,
no precipitate ; greenish brown colouration.
Potassium thiocyanate, blood-red colouration ;
not affected by boiling nor by hydrochloric
acid.

Cerium.
Borax or microcosmic sait, O.F. orange red,

hot ; nearly colourless, cold ; I.F. colourless.
Ammonia, white precipitate of basic sait;

insoluble in excess. Potash or soda, white pre¬
cipitate (Ce-HjOn) ; insoluble in excess ; becomes
yellow when exposed to air. Oxalic acid, white
precipitate (Ce2(C204)3) ; insoluble in excess, but
soluble in a large quantity of hydrochloric acid.
Potassium sulphate, white precipitate even in
somewhat acid solutions (CeK3(SOJ3) ; insoluble
in saturated solution of potassium sulphate.

Béryllium.
Ammonia, white precipitate (BeH202) ; in¬

soluble in excess. Potash or soda, the same

precipitate ; soluble in excess, but reprecipitated
on boiling (différence from Al). Ammonium
carbonate, white precipitate ; easily soluble in
excess (différence from Al).

Uranium.
Borax bead, O.F. yellow, hot ; pale yellow,

cold ; I.F. green. Microcosmic sait, O.F. yellow,
hot ; yellowish green, cold ; I.F. green.

Ammonia, potash, or soda, yellow precipitate;
insoluble in excess, but readily soluble in am¬
monium carbonate. Ammonium sulphide, brown
precipitate ; readily soluble in ammonium car¬
bonate. Potassium ferrocyanide, chocolaté
brown precipitate ; readily soluble in alkalis.

Titanium.
Microcosmic sait, O.F. colourless ; I.F. yellow,

hot ; violet, cold, espeeially after adding a little
tin. If ferrous sulphate is added the bead be¬
comes blood red.

Ammonia, potash, soda, or ammonium sul¬
phide, white precipitate H2Ti03 ; insoluble in
excess, soluble in dilute sulphuric and hydro¬
chloric acids. Potassium ferrocyanide, dark
brown precipitate. Sodium thiosulphate, com¬
plété précipitation on boiling.

Zinc.
On charcoal, incrustation of oxide; yellow,

hot ; white, cold. With cobalt nitrate, green
mass.

Ammonium sulphide, whiteprecipitate (ZnS),
soluble in dilute hydrochloric acid ; insoluble iu
acetic acid and in alkalis. Potash or soda,
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white preeipitate (ZnH202) ; soluble in excess.
Potassium ferrocyanide, wliite preeipitate in¬
soluble in dilute hydrochloric acid (Zn^FeCy,,).

Manganèse.
Borax bead, ormicrocosmic sait; O.F., violet;

I.F., colourless. Fused withpotassium nitrate and
sodium carbonate, bluish-green mass (K,Mn04).

Ammonium sulphide, pink preeipitate (MnS) ;
soluble in dilute hydroohloric aeid and in aeetio
acid. Potash or soda, white preeipitate (MnH202) ;
insoluble in excess, beeoming brown on exposure
to air. Boiled with dilute nitric acid and lead

peroxide (in absence of ehlorine), a purplish
crimson solution of permanganie acid.

Hickel.
On charcoal, grey magnetic métal. Borax

lead, O.F., reddish brown ; I.F., grey or colour¬
less.

Ammonium sulpliide, black preeipitate (NiS) ;
somewhat soluble in excess ; insoluble in cold
dilute hydrochloric acid ; soluble in strong acids.
Potash or soda, pale green preeipitate (NiH202) ;
insoluble in exoess. Potassium cyanide, pre¬
eipitate (NiCy2) soluble in excess, forming
NiCy2,2KCy, which is not altered when boiled
with exposure to air. This solution, heated
with excess of sodium hypochlorite solution,
or mixed with bromine in the cold, yields a pre¬
eipitate of black nickelic hydroxide.

Cobalt.
On charcoal, grey magnetic métal. Borax or

microcosmic sait, O.F. or I.F., dark-blue bead.
Ammonium sulphide, black preeipitate (CoS) ;

insoluble in cold dilute hydrochloric acid ;
soluble in strong acids. Potash, pale-blue pre¬
eipitate (CoH202) ; slightly soluble in excess,
forming a blue solution. Potassium cyanide,
preeipitate (CoCy2); soluble in excess, forming
CoCy2,2KCy, and when this solution is boiled
with exposure to air it is changed to K3CoCy6,
which is not precipitated by sodium hypochlorite
nor by bromine.

Vanadium.
Borax bead, O.F. yellow, hot ; greenish yellow,

cold ; I.F. brownish, hot ; emerald green, cold.
Ammonium sulphide, dark-brown solution,

which when acidified yields a brown preeipitate
(V2S5). Ammonium chloride, white preeipitate
of ammonium meta-vanadate (NH4VOs). Potas-
sium ferrocyanide, in acid solution, a green
preeipitate. If a solution of an alkaline vana-
date is agitated with hydrogen peroxide and
ether, the solution acquires a deep purplish red
colour, but the ether remains colourless.

Calcium.
Flame, orange red.
Ammonium carbonate, white preeipitate

(CaC03) ; soluble in acids. Sulphuric acid,
white preeipitate only in very concentrated solu¬
tions. Ammonium oxalate, white preeipitate
(CaC204) ; insoluble in acetic and oxalic acids,
but soluble in hydrochloric acid.

Strontium.
Flame, crimson.
Ammonium carbonate, white preeipitate

soluble in acids (SrCOs) ; Ammonium sulphate,
white preeipitate, especially on boiling. Am¬
monium oxalate, white preeipitate (SrC204) ;
soluble in hydrochloric acid ; insoluble in acetic
acid. Sulphuric acid or calcium sulphate, white
preeipitate (SrSOj, forming slowly.

Barium.
Flame, apple green.
Ammonium carbonate, white preeipitate

(BaC03) ; soluble in acids. Ammonium oxalate,
white preeipitate (BaC204) ; soluble in hydro¬
chloric acid ; insoluble in acetic acid. Sulphuric
acid or calcium sulphate, an immédiate white
preeipitate, insoluble in acids and alkalis. Po¬
tassium chromatc, yellow preeipitate (BaCr04) ;
insoluble in acetic acid.

Magnésium.
With cobalt nitrate, a pink mass. No pre¬

eipitate with group reagents. Sodium phos¬
phate, in presence of ammonia and ammonium
chloride, white preeipitate rapidly beeoming
crystalline (NH4MgP04). Forms slowly in dilute
solutions, formation being accelerated by agita¬
tion and by rubbing the sides of the beaker
with a glass rod ; soluble in acids.

Potassium.
Flame colouration, lavender.
Platinum tetracliloride, yellow crystalline

preeipitate K.,PtCl3 ; somewhat soluble in water,
insoluble in alcohol. Sodium hydrogen tartrate,
in neutral or feebly acid solutions, a white crys¬
talline preeipitate KHC4H406, forming slowly in
dilute solutions. If the solution contains free
minerai acids, nearly neutralise with soda and
add sodium acetate.

Ammonium.
Ammonium salts are readily volatile. Heated

with lime, potash, or soda, ammonia gas is given
off, and is reeognised by its smell and its action
on test paper.

Platinum tetrachloride,, yellow crystalline
preeipitate (NH4)2PtCl6 ; slightly soluble in
water, insoluble in alcohol. Sodium hydrogen tar-
trate, white crystalline preeipitate (NH4HC4H4Os),
forming slowly in dilute solutions.

Sodium.
Flame colouration, intense yellow.
Almost ail sodium salts are soluble ; sodium

chloride, obtained by slow evaporation of a so¬
lution acidified with hydrochloric acid, crystal-
lises in distinct cubes.

Potassium metantimoniate, white crystalline
preeipitate (NaSbOa) ; from neutral or slightly
alkaline solutions.

Lithium.
Flame colouration, crimson.
Platinum tetracliloride, no preeipitate. So¬

dium phosphate, white preeipitate (Li3P04) ;
soluble in hydroehlorio acid, not reprecipitated
by ammonia exeept on boiling. Ammonium
hydrogen fluoride, a white preeipitate (LiF).

Caesium.
Flame colouration, violet.
Platinum. tetrachloride, yellow crystalline

preeipitate CsAtClg ; insoluble in boiling water.
Tartaric acid, crystalline preeipitate ; some¬
what soluble in water.

Rubidium.
Flame colouration, violet.
Platinumtetrachloride, yellow crystalline pre¬

eipitate (Rb2PtClB) ; insoluble in boiling water.
Tartaric acid, white crystalline preeipitate ; less
soluble than the caesium compound.

Acid Radicles.

The acid radicles are arranged partly in the
order of the systematic séparation and partly
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with a view to bring together those acids winch
are eommonly associated or which resemble one
another in their reactions. In ail cases, unless
otherwise specified, it is important that the
solution sbould be neutral.

Sulphates.
Barium cliloride, white precipitate (BaS04) ;

insoluble in acids and alkalis.
Sulphates heated on charcoal, with sodium

carbonate (not in a coal-gas flame) arereduced
to sulphides ; and if the mass is placed on a
silver coin, and moistened with water, the silver
is blackened.

Sulphites.
Hydrochloric acid, sulphur dioxide evolved,

but no sulphur precipitated. Barium cliloride,
white precipitate (BaS03) ; soluble in hydro¬
chloric acid. Iodine solution, sulphites are con-
verted into sulphates. Neutralise, then slightly
acidify with acetic acid ; add excess of zinc
sulphate, a small quantity of sodium nitro-
prusside, and potassium ferrocyanide. The
precipitate of zinc ferrocyanide has a pink
colour.

Thiosulphates.
Hydrochloric acid, sulphur dioxide evolved

and sulphur precipitated. Silver nitrate, white
precipitate (Ag2S,03), rapidly changing to black
(Ag2S) ; soluble in excess of alkaline thiosul-
phate, forming a much more stable solution.
AVith sodium nitroprusside, zinc sulphate, and
potassium ferrocyanide, the precipitate is white.
Iodine solution converts soluble thiosulphates
into tetrathionates, which give no precipitate
with barium chloride.

Thionic Acids (v\ C. J. Trans. 1880, 608).
Sulphides.
Hydrochloric acid, in most cases évolution of

hydrogen sulphide, especially on heating. Lead
nitrate or àcctate, black precipitate (PbS).
Silver nitrate, black precipitate (Ag2S); in¬
soluble in ammonia, sodium thiosulphate, and
potassium cyanide. Sodium nitroprusside, in
alkaline solutions an intense but somewhat
fugitive violet colouration.

Phosphates.
Barium cliloride, white precipitate Ba3(P04)2 ;

soluble in dilute acids. Calcium cliloride, white
precipitate Ca3(P04)2; soluble in acetic acid.
Silver nitrate, yellow precipitate Ag3P04 ; soluble
in nitric acid and in ammonia. Magnésium
sulphate, in presence of ammonium chloride
and ammonia, white crystalline precipitate
NH4MgP04 ; soluble in acids. Ammonium
molybdate, in niiric acid solution, a yellow pre¬
cipitate on heating; soluble in ammonia, and
soluble in excess of an alkaline phosphate.

Phosphates.
Barium cliloride, whiteprecipitate (BaHP03) ;

soluble in hydrochloric acid. Silver nitrate,
precipitate of metallic silver, especially in pre¬
sence of ammonia, and on heating. Mercuric
cliloride, white precipitate (Hg,Cl2), becoming
grey (Hg). Heated with nitric acid, phosphites
are converted into phosphates.

Carbonates.
Hydrochloric acid, effervescence, with évolu¬

tion of carbonie anhydride, which turns lime-
water turbid. Barium chloride, white pre¬
cipitate (BaCOJ ; soluble in acids with efferves¬
cence.

Borates.
Barium chloride, white precipitate in not too

dilute solutions ; soluble in acids.
Mix the solid substance with concentrated -

sulphuric acid in a small crucible, add alcohol
and ignite ; the alcohol flame is green, especially
at the edges. Mix the solid substance with three
parts potassium hydrogen sulphate and one part
powdered fluorspar, and heat on platinum wire
in the cold area of the flame ; a bright green
colouration (due to BF3) is observed.

Silicates.
Silicic acid, or silica heated on a bead of

microeosmic sait, is not dissolved, but after
cooling can be seen under a lens in the form
of a skeleton.

Solutions of silicates heated with acids, am¬
monium chloride, or ammonium carbonate,
deposit silicic acid. Dilute solutions must be
evaporated to dryness, and on treating the
residue with dilute hydrochloric acid insoluble
silica is left.

Most silicates are insoluble in water ; some
are decomposed by acids ; others are only de-
composed by fusion with about four times their
weight of a mixture of equal parts of sodium
and potassium carbonates.

Oxalates.
Barium chloride or calcium chloride, white

precipitate ; insoluble in acetic acid, but soluble
in hydrochloric acid.

Acidify with sulphuric acid, and add potas¬
sium permanganate ; the colour of the latter is
rapidly and conrpletely discharged.

Heat the solid substance with concentrated
sulphuric acid ; carbonic anhydride and car¬
bonie oxide are evolved. The latter burns with
a blue flame.

riuorides.
Barium chloride, white precipitate (BaF„)

soluble in hydrochloric acid. Silver nitrate, no
precipitate with soluble fluorides. Concentrated
sulphuric acid, especially when heated, produces
hydrogen fluoride, which attacks glass. The
substance and acid are placed in a small leaden
or platinum crucible, which is covered with a
watch-glass proteeted by a thin coating of wax,
part of which has been scratched away so as to
expose the glass.

Chlorides.
Silver nitrate, a white precipitate (AgCl) ;

insoluble in nitric acid, soluble in ammonia;
darkens when exposed to light. Manganèse di¬
oxide and sulphuric acid, évolution of chlorine
on heating. Potassium dichromate and strong
sulphuric acid, évolution of chromyl dichloride
on heating. This forms with ammonia a yellow
solution of ammonium chromate.

Bromides.
Silver nitrate, yellowish white precipitate

(AgBr) ; insoluble in nitrio acid ; moderately
soluble in ammonia ; readily soluble in potassium
cyanide or sodium thiosulphate. Manganèse
dioxide and sulphuric acid, orange vapours
of bromine, which turn starch paste orange.
Clilorine water libérâtes bromine, which dis¬
solves in ether or carbon bisulphite, forming an
orange brown solution. Bromides heated with
potassium dichromate and strong sulphuric acid
yield bromine, whieh forms a colcurless solution
with ammonia.
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Iodides.
Silver nitrate, yellow precipitate (Agi) ; in¬

soluble in nitric acid or ammonia ; soluble
in potassium cyanide or sodium thio-sulphate.
Manganèse dioxide and sulphuric acid yield
violet vapours of iodine, which colour starch
paste blue. Chlorine water, bromine water, or
potassium dichromate in presence of hydrochloric
acid,libérâtes iodine, which turns starch paste an
intense blue. The colour disappears on heating,
and reappears on cooling. The liberated iodine
may be agitated with carbon bisulphide or chlo-
roform, when it yields a violet solution. Nitro-
gcn oxides in sulphuric acid likewise liberate
iodine ; but do not liberate bromine unless
added in large excess.

Cyanides.
Silver nitrate, white precipitate (AgCN) ; in¬

soluble in nitric acid, but soluble in ammonia,
sodium thiosulphate, or excess of the alkaline
cyanide.

Add ferrie chloride and ferrous sulphate ;
make alkaline with potash or soda, and then
aoidify with hydrochloric acid. A dark-blue
precipitate of Prussian blue is formed.

Evaporate the solution with an excess of
yellow ammonium sulphide to complété dryness
on a water-bath ; dissolve in very dilute hydro¬
chloric acid, and add ferrie chloride ; a blood-
red colouration is produced.

Most cyanides evolve hydrocyanic acid, re-
cognisable by the smell, when treated with
hydrochloric or sulphuric acid.

Mercuric cyanide cannot be recognised by
these tests. It yields cyanogen when heated in
a closed tube, and is decomposed when heated
with strong sulphuric acid.

Ferrocyanides.
Silver nitrate, white precipitate (Ag4FeCya)

insoluble in nitric acid and in ammonia ; solu¬
ble in potassium cyanide. Ferrie chloride, dark-
blue precipitate (Fe4(FeCya)3). Ferrous sulphate,
white precipitate rapidly becoming blue. Gopper
sidphate, chocolate-brown precipitate (Cu2FeCy„)
or in very dilute solution a brown colouration.

Ferricyanides.
Silver nitrate, orange precipitate (Ag^FeCy,,)

soluble in ammonia,insoluble in nitric acid. Fer¬
rous sulphate, dark-blue precipitate (Fe3(FeCya)2)
insoluble in dilute acids, decomposed by alkalis.
Ferrie chloride, a greenish-brown colouration.

Thiocyanates.
Silver nitrate, white precipitate (AgCNS),

soluble in ammonia, insoluble in nitric acid.
Ferrie chloride, blood-red colouration, not
aiïected by boiling nor by hydrochloric acid ; de-
colourised by mercuric chloride. Gopper sul¬
phate, a black precipitate changing to white
(Cii2(CNS)2) on standing or addition of a re-
ducing agent.

Nitrates.

Sulphuric acid evolves nitric acid on heating ;
if metallic copper is added, red-brown nitrogen
oxides are given off.

The neutral solution is mixed with ferrous
sulphate, and concentrated sulphuric acid is
poured down the side of the tube so as to form a
layer at the bottom ; a dark-brown ring is formed
at the junction of the two liquida. Iodine and
bromine must be removed before applying this
test, and the liquid must be cold.

Nitrites.
Silver nitrate, a white precipitate in concen¬

trated solutions.
Mix the solution with potassium iodide and

starch and aeidify with acetic acid ; a deep-bluo
colouration is produced owing to the libération
of iodine.

Nitrites heated with dilute acids evolve
nitrogen oxides.

Chlorates.
Heat a small quantity of the solid with con¬

centrated sulphuric acid, a yellow explosive gas
is produced.

Aeidify the solution with sulphuric acid, add
indigo solution, and then sulphurous acid or a
sulphite drop by drop. The colour of the indigo
is discharged.

Hypochlorites.
Silver nitrate, a white precipitate of silver

chloride. Lead nitrate, a white precipitate be¬
coming orange red, finally brown. Manganous
salts, a brown precipitate (Mn02a?H„0). Indigo
solution, decolourised even in an alkaline solu¬
tion.

Tartrates.
Calcium chloride in excess, a white pre¬

cipitate (CaC4H406), soluble in acids and in
potash solution. Complété précipitation requires
time, and is promoted by vigorous agitation.
Potassium acetate, in presence of free acetic
acid, a white crystalline precipitate (KHC4H4Oa)
forming slowly in dilute solutions. Silver
nitrate, a white precipitate soluble in nitric acid
or ammonia. If the washed precipitate is dis-
solved in the least possible quantity of dilute
ammonia, and the solution heated, the test tube
is coated with a mirror of metallic silver.

Citrates.
Calcium chloride, or lime water, in excess in

a neutral solution, a white precipitate
(Ca3(C6H507)2)

only on boiling. Potassium salts, no precipitate.
Malates.
Calcium chloride, no precipitate even on

boiling, except in strong solutions ; precipitate
in dilute solutions on adding alcohol. Lime
water, no precipitate even on boiling, Silver
nitrate, white precipitate (Ag„C4H405), which
becomes grey on boiling. Lead acetate, white
precipitate (PbC4H405), which when washed
melts in boiling water.

Succinates.
Barium chloride, or calcium chloride, no

precipitate except after addition of alcohol.
Ferrie chloride, reddish-brown precipitate
(Fe2(C4H404)3), soluble in acids ; decomposed by
ammonia.

Benzoates.
Hydrochloric acid, white crystalline pre¬

cipitate of benzoic acid, slightly soluble in
water. Ferrie chloride, a buff precipitate
(Fe2(C7H502)„) soluble in hydrochloric acid with
libération of benzoic acid ; decomposed by
ammonia.

Salicylates.
Ferrie chloride, intense purple colour; not

aiïected by glycerol ; interfered with by alkalis,
dilute minerai acids, tartaric, citric, and oxalic
acids, and certain other substances such as
borax, sodium phosphate, ammoniumand sodium
acetates. Silver nitrate, white precipitate in
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neutral solutions. Bromine water, white pre-
cipitate which witli sodium amalgam yields
phénol.

Acetates.
Ferrie chloride, a dark-red colouration, dis-

charged on boiling, with précipitation of a basic
ferrie acetate. Also diseharged by hydrocliloric
acid. Heated with strong sulphuric acid, acetic
acid is evolved. If alcohol is added, ethyl
aeetate is formed and is recognised by the smell.

Formates.
Silver nitrate, a white precipitate in con-

centrated solutions ; the solution or precipitate
rapidly beeomes blaek (Ag), especially on heat-
ing. Ferrie chloride, a red oolour, diseharged
on boiling, with précipitation of basic ferrie
formate : also diseharged by hydrochloric aeid.

A solid formate heated with concentrated
sulphuric aeid gives off carbonic oxide, but no
carbonio anhydride.

Gallic acid.
Ferrie chloride in neutral solutions, a bluish-

black precipitate or colouration. Gelatin or
albumen, no precipitate. Potassium cyanide,
red colouration, which disappears on standing
but reappears on agitation in presence of air.

Tannic acid.
Ferrie chloride, bluish-green or bluish-black

precipitate or colouration. Gelatin or albumen,
yellowish-white precipitate. Potassium cyanide,
no colouration.

Quantitative Analysis.
A few metals are separated and weighed in the

metallic condition, but the majority of elements
and acid radicles are weighed in the form of
one or other of their compounds. In order that
a compound may be available for the détermina¬
tion of one of its constituents, it must be of per-
fectly definite composition and not highly hygro-
scopic or otherwise liable to alter; it must be
insoluble in the liquid in which it is formed and
insoluble in an excess of the reagent ; it must be
easily freed from impurities and capable of
being brought into the proper condition for
weighing without tedious and complicated opéra¬
tions. It is also désirable that the compound
should contain only a small proportion of the
constituent to be estimated, since the effect of
the unavoidable error of experiment is thus
minimised. An estimation of chlorine in the
form of silver chloride is more accurate than an

estimation of silver in the same way, since only
one-fourth of the error of experiment represents
chlorine, whilst three-fourths represents silver.

The forms in which metals are estimated
are somewhat limited. A description will first
be given of methods which are applicable to
several metals, then an alphabetical list of
metals and acid radicles with a summary of
methods available in each case, followed by a
sériés of methods of séparation of général appli-
cability. Spécial methods for the analysis of
technical products will be found under spécial
articles.

General Methods oe Estimation.
I. As Sulphides.
(a) With previous précipitation by hydrogen

sulphide. The solution should be moderately
dilute and distinctly acidified with HC1, but any

large quantity of this acid must be avoided.
Nitric acid and nitrates should be absent as far
as possible ; if présent a much higher degree of
dilution is necessary. In most cases précipita¬
tion is accelerated and the precipitate rendered
more granular by keeping the liquid warm. A
current of washed hydrogen sulphide is passée!
through the solution until it is thoroughly
saturated, and the flask is closed and allowed
to stand in a warm place until the precipitate
has settled. Molybdenum and the metals of the
platinum group are only completely precipitated
after prolonged treatment with the gas. The
precipitate is proteeted from air as far as pos¬
sible during filtration, and the liquid used for
washing should contain hydrogen sulphide in
order to prevent oxidation.

When arsenic is présent the liquid should
be heated with pure sulphurous acid to reduce
arsenic acid, and the excess of sulphurous acid
expelled before treatment with hydrogen sul¬
phide. In presence of antimony, tartaric acid
should be. added to prevent co-preeipitation of
basic antimony chloride.

When copper is precipitated as sulphide in
presence of zinc, the copper sulphide should be
washed once or twice with dilute hydrochloric
acid of sp.gr. 1-05 containing hydrogen sulphide,
and then with water also containing the gas.

Nitric acid may be removed by evaporating
two or three times with concentrated hydro¬
chloric acid, but this treatment is not admis¬
sible if the métal présent forms a volatile
chloride.

(/3) With previousprécipitation by ammonium
sulphide. Add to the warm solution a considér¬
able quantity of ammonium chloride, which is
found to promote précipitation and render the
precipitate more granular, then ammonia to
alkaline reaction, and a slight excess of am¬
monium sulphide. Close the flask and allow to
stand in a warm place until the precipitate has
settled. Protect from air as far as possible
during filtration and wash with water containing
ammonium chloride and a little ammonium sul¬

phide or hydrogen sulphide.
The precipitated sulphide is treated in one

of two ways. It is collected on a weighed filter,
driecj at a definite température and weighed ; or
it is heated with sulphur in a current of hydro¬
gen and then weighed.

In the first case it is essential to ensure the
absence of co-precipitated sulphur, and for this
purpose the dried precipitate is treated with
pure carbon bisulphide and again dried, or in
the case of cadmium, mercury, or bismuth the
moist precipitate is treated with a warm con¬
centrated solution of sodium sulphite, again
washed, and dried.

When the sulphide is stable at a moderately
high température and is not reduced by hydro¬
gen, Eose's method is employed. The dry preci¬
pitate is separated from the filter, which is then
burnt, and the precipitate and filter ash are in-
troduced into a porcelain crucible and mixed
with pure finely powdered sulphur. The crucible
is provided with a perforated lid, through which
passes a porcelain tube connected with a hydro¬
gen apparatus. A current of purified and dried
hydrogen is passed into the crucible, which is
gradually heated to full redness until excess of
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sulphur is expelled, allowed to cool in a current
of hydrogen, and weighed.

II. As Oxide.

(a) With previous précipitation as hydroxide.
The solution is mixed with ammonium chloride,
heated to boiling, and ammonia added in
slight excess. A large excess of ammonia mil
partially redissolve some of the precipitate and
must be expelled by boiling. The precipitate is
washed with bot water.

If ammonia is inadmissible, pure potash or
soda is used as the précipitant. Excess of
alkali must be avoided, and the precipitate must
be very thoroughly washed, silice small quanti¬
fies of alkali are somewhat firmly retained.

In both cases it is better to precipitate
in a porcelain or platinum vessel tlian in
glass.

Non-volatile carboncompounds, such assugar,
glycerol, alkaline tartrates and citrates, &c.,
more or less completely prevent précipitation of
liydroxides by potash, soda, or ammonia, and
lience must first be removed by calcination.

(0) With previous précipitation as carbonate.
The solution is nearly neutralised, heated to
boiling, and mixed with a slight excess of
sodium carbonate, boiling being continued until
ail carbon dioxide is expelled. The precipitate
is washed with hot water. Ammonium car¬

bonate can be used in some cases and lias the
advantage of not introducing a fixed alkali.
In these cases the precipitate- should be washed
with water containing a little ammonia and am¬
monium carbonate.

The precipitated hydroxide or carbonate is
placed in a crueible (with previous séparation
from the filter paper if the métal is easily re-
ducible) and is gradually heated to full redness,
care being taken that no reducing gasesfrom the
flame enter the crucible. Oxides of reduciblo
metals must be heated in a porcelain crucible,
but in other cases a platinum crucible may be
used with advantage. If carbonates (or oxalates)
are being converted into oxides, it is important
to secure a circulation of air in order to remove

carbon monoxide and carbon dioxide as fast as

they are given off, and thus accelerate décom¬
position. This is done by inclining the crucible
and placing the lid across the mouth in a slant-
ing position.

III. As reduced Metals.
(a) In some cases the métal is precipitated

as oxide, which is then dried and heated in
hydrogen as in Bose's method for sulphides, the
reduced métal being cooled in hydrogen and
weighed. This method is especially valuable
when, as in the case of cobalt, the oxide obsti-
nately retains small quantifies of alkali, which
however can readily be removed from the re¬
duced métal by washing with water.

(0) The other method is to mix the oxide,
carbonate, &c., with five or six times its weight
of ordinary potassium cyanide, and heat in a
capacious porcelain crucible, at first cautiously
and afterwards to complété fusion. When ré¬
duction is complété the crucible is allowed to
cool, and is tapped occasionally to promote the
collection of the reduced métal in a single button.
The cyanide is removed by treatment with water,
the métal washed, dried, and weighed. Care
should be taken that it is not mixed with small

fragments of porcelain resulting from the corro¬
sion of the crucible.

IV. As Sulphate.
Barium, strontium, and lead are precipitated

from solutions in the ordinary way, but other
metals are converted into sulphate by treat¬
ment with the strong acid, the method being
only available when a single métal is présent
in combination with a volatile acid. The highly
concentrated solution, or better, the solid sub¬
stance, is mixed cautiously with concentrated
sulphuric acid in a platinum crucible and then
gently heated to expel excess of acid, the
crucible being inclined and the lid placed in a
slanting position across its mouth. A large
excess of acid should be avoided, and care
must be taken that the température is suffi-
cient to expel the excess of free acid but not
sufficient to décomposé the sulphate. Sulphates
of the alkalis and alkaline earths may be heated
to redness. Bismuth sulphate and zinc sulphate
décomposé if heated above 400° ; magnésium
sulphate is not decomposed at 450°, nor barium
or lead sulphate at 500° (G. H. Bailey). A tem¬
pérature of about 350° is required to expel the
last traces of free sulphuric acid. With lead or
bismuth sulphate a porcelain vessel must be used.
Détermination of Metals and Acid Badicles.

Détails of opérations will be found under
General Methods of Estimation (v. p. 122).

Aluminium.
(a) As oxide, with previous précipitation with

ammonium sulphide, ammonium carbonate, or
as basic acetate (v. Methods of Séparation).

(b) As phosphate. The solution is nearly
neutralised, mixed with sodium acetate and a
small quantity of acetic acid, heated to boiling,
sodium phosphate added in excess, and the preci¬
pitate washedwith hot water, heated, and weighed
as aluminium phosphate A1P04.

Ammonium.

(a) As platinochloride (NHJjPtCl,, (v. Potas¬
sium). The platinic chloride solution should
be added before the liquid is heated, and evapo-
ration should not quite be carried to complété
dryness.

(b) By distillation (v. Acidihetky).
Antimony.
(a) As sulphide, Sb2S3 (v. I.). The precipitate

is collected on a weighed filter, dried at 100°, and
weighed. An aliquot part is then placed in a
porcelain boat, and heated in a glass tube in a
current of dry carbonic anhydride until it be-
comes blaek and ail admixed sulphur is expelled.
The loss of weight is calculated to the whole
quantity and dedueted from the weight at 100°.

(b) Asoxide, Sb2Oj, with previous précipitation
as sulphide. The sulphide is placed in a porcelain
crucible and treated with fuming nitric acid
boiling at 86° until completely oxidised, the
excess of acid expelled, and the residue heated
with partial exposure to air until the weight is
constant. The sulphide may also be mixed with
30 to 50 fîmes its weight of precipitated mer-
curie oxide and heated cautiously until ail
vapours cease to come off.

Arsenic.

(a) As sulphide, As2S3 (v. I.), which is dried at
100°. The dry precipitate should volatilise com¬
pletely when heated.IRIS - LILLIAD - Université Lille 1
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Arsenic aeid is estimated as magnésium
pyro-arsenate, MgA-SoO,, in the same way as
phosphoric acid (which see). The filter paper is
moistened with a solution of ammonium nitrate
and dried before burning, in order to prevent ré¬
duction (Eeichel). It can also be estimated
indirectly by means of standard iodine solution.

Arsenious acid, by standard iodine solution
(v. Volumetric Methods).

Earium.

(a) As sulphate, BaS04, by précipitation with
sulphuric acid (v. Sulphuric acid).

(b) As carbonate, BaCOs, which may be dried
at a température below dull redness after
moistening the filter ash with ammonium car¬
bonate (v. Methods of Séparation, p. 128).

(c) As silicofluorida (v. Methods of Sépara¬
tion).

Béryllium.
(a) As oxide, BeO, with previous précipitation

by ammonia or ammonium sulphide, but not
soda, potash, or ammonium carbonate.

Bismuth.
(а) As oxide, Bi203, after précipitation with a

slight excèss of ammonium carbonate. In pré¬
sence of chlorides or sulphates the precipitate
will contain basic chloride or sulphate, and in
this (or in any other) case the bismuth may be
precipitated as sulphide, which is oxidised in
the crucible by fuming nitric acid boiling at 86°,
and then heated.

(б) As sulphide, Bi,S3, which is dried at 100°
and weighed at intervais of 20-30 minutes. The
weight lirst decreases owing to loss of water,
and then increases owing to oxidation; the
minimum weight is taken as correct.

(c) As metallic bismuth (v. III.).
(d) Volumetrically by potassium bichromate.
Cadmium.

(а) As sulphide, CdS, which is dried at 100°,
(б) Volumetrically by potassium permanga¬

nate.
Calcium.
(a) As oxide, CaO, after précipitation with

ammonium carbonate or ammonium oxalate.
In the latter case the solution is made alkaline
with ammonia, heated to boiling, and mixed with
excess of ammonium oxalate. The precipitate
is washed with hot water and strongly heated
until its weight is constant.

Chromium as chromic salts.
(a) As oxide, Cr.,03, after précipitation by

ammonia, or better, ammonium sulphide.
(è) As phosphate in the same way as alu¬

minium.
Chromium as chromic acid.
(а) As oxide, Cr203. The solution is neutral-

ised, heated to boiling, and mixed with excess of
a neutral solution of mercurous nitrate free from
nitrous acid. The precipitate is washed with hot
water containing mercurous nitrate and heated
to redness in a porcelain crucible until ail mer-
curial vapours are expelled. The mercurous
ehromate yields chromic oxide.

(б) Volumetrically. The solution is acidified
with sulphuric acid, mixed with a measured
excess of a standard solution of ferrous sulphate,
and the excess of iron detexmined by means of
standard potassium bichromate Cr03 = Fe3.

When chromic salts and chromâtes occur

together, the chromic acid is estimated volu¬

metrically, and the total chromium is dctermined
as oxide in another portion of the solution after
reducing the chromic acid by treating with sul-
X>hurous acid or alcohol.

Cobalt.

(a) As metallic cobalt, after précipitation as
hydroxide by soda or potash (v. III. a). The
solution must be free from ammonium salts or

ail ammonia must be expelled by boiling. The
precipitateretainstraeesof alkali, and in aecurate
estimations the reduced métal should be washed
with water, dried, and again heated in hydrogen.

(b) As sulphate, CoS04, after précipitation as
sulphide, which is treated with nitric aeid and
then with sulphuric acid (v. IV.). If the heated
sulphate is at ail black it must be treated again
with sulphuric acid.

Copper.
(a) As cuprous sulphide, Cu2S, using Bose's

method, with previous précipitation as euprie
sulphide by hydrogen sulphide.

(b) As oxide after précipitation by potash or
soda in absence of ammonium salts.

(c) As cuprous thiocyanate, CuCNS. The
solution, which must contain no free nitric acid,
is slightly acidified with hydrochloric acid,
heated to boiling, and mixed gradually with an
excess of a moderatelv strong solution of equal
parts of ammonium or potassium thiocyanate and
sodium hydrogen sulphite. When cold the pre¬
cipitate is eollected on a weighed filter, washedwith
cold water and dried at 100°. The precipitate
may also be converted into cuprous sulphide
by Bose's method. Cuprous thiocyanate is not
quite insoluble, especially in presence of much
free acid.

(d) Volumetrically, and
(e) Electrolytically.
Gold.
As metallic gold. Nitric acid is removed

by evaporation with hydrochloric acid. The
solution is acidified with hydrochloric acid,
mixed with a large excess of ferrous sulphate
solution, and heated gently for a few hours ; or it
is acidified with sulphuric acid, mixed with
oxalic acid, and allowed to stand in a warm place
for several hours. The precipitate is eollected
on a weighed filter, washed and dried.

Iron.

(a) As ferrie oxide, Fe2Os, after précipitation
by ammonia, potash, or soda, or as basic carbon¬
ate or basic acetate. The oxide is heated to
redness until its weight is constant ; if heated
at a higher température it is partially converted
into ferroso-ferric oxide, Fe304.

(b) As sulphide, by Bose's method, after pré¬
cipitation by ammonium sulphide.

(c) Volumetrically by potassium perman¬
ganate or bichromate.

When ferrous and ferrie salts exist in solution
together, the total iron is determined in an
aliquot portion by completely oxidising by nitric
aeid or bromine water and preeipitating as ferrie
oxide, or by completely reducing and titrating
with permanganate or bichromate. The ferrous
iron is determined in another part by perman¬
ganate or bichromate. If the substance is solid
it is dissolved in acid in an atmosphère of car-
bonic anhydride and the ferrous sait determined
by titration. Silicates and similar substances
are heated in sealed tubes at 200° with a mixture
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of strong sulphuric aeid (4 parts) and water (1
part), and tlie solution titrated with perman¬
ganate.

Lead.

(a) As sulphate, PbS04. The solution, which
sliould not be dilute, is mixed with dilute sul-
phurie aeid and twice its volume of alcohol, and
allowed to stand, and the preeipitate is washed
with alcohol. If the addition of alcohol is in¬
admissible the solution is evaporated to'small
bulk, mixed with a large exeess of dilute sul-
pliurie aeid, and allowed to stand. The pre¬
eipitate is washed with dilute sulphuric aeid and
afterwards with alcohol to remove ail free aeid.

(b) As sulphide, PbS, by hydrogen sulphide
and Eose's method.

(c) As oxide, PbO, after précipitation by
ammonium carbonate, avoiding the presence of
an excess of ammonium salts.

(d) As mctal.
(e) Volumetrically by permanganate.
Magnésium.
(a) Aspyrophosphate, Mg2P20,. The solution

is mixed with ammonium chloride in sufficient
quantity to prevent précipitation by ammonia,
made strongly alkaline with ammonia, and
tlien mixed with excess of sodium phosphate, or,
better, ammonium phosphate or microcosmic
sait. Care should be taken to avoid rubbing or
scratching the sides of the vessel. The liquid
is allowed to stand for a few hours, filtered, and
the preeipitate washed with a mixture of strong
ammonia (1 part) and water (5 parts) until the
washings give only a faint opalescence with
silver nitrate after acidifying with nitrie aeid.
The preeipitate is dried, cautiously heated in
aplatinum crucible until ail ammonia is expelled,
and then heated to redness until the weight is
constant. If the preeipitate is black, owing to
partial réduction, it is moistened with a few drops
of strong nitric aeid and again heated until per-
fectly white.

Manganèse.
(a) As sulphide, MnS, by Eose's method after

précipitation by ammonium sulphide.
(b) As oxide, Mn304, after précipitation by

soda or potash or by sodium carbonate, ammo¬
nium salts being absent.

(c) As pyrophosphate, MnJjO, (v. Magné¬
sium).

Mercury (as mereurous eompounds).
(a) As mereurous chloride, Hg2Cl2. The

dilute cold solution is mixed with a solution of
sodium chloride in slight excess, and the pre¬
eipitate is collected on a weighed filter and dried
at 100°.

Mercury (as mercurie eompounds).
(а) As sulphide, HgS, which is dried at 100°

after précipitation by hydrogen sulphide.
(б) As mereurous chloride, Hg2CL. The solu¬

tion is mixed with excess of hydroehloric aeid
and phosphorous aeid (made by allowing phos-
phorus to oxidise slowly in moist air), and allowed
to stand in a warm place for twelve hours. Tho
preeipitate is collected on a weighed filter and
dried at 100°.

Molybdenum.
(a) As lead molybdate, PbMo04. The solu¬

tion is heated to boiling, mixed with excess of
lead acetate, and boiled for a few minutes. The
preeipitate is washed with hot water, dried at

100°, and heated to low redness in a porcelain
crucible.

(6) As the oxide, Mo02. The solution is
neutralised with nitric aeid, mixed with excess
of a neutral solution of mereurous nitrate, the
preeipitate washed with mereurous nitrate solu¬
tion, dried, and heated in Eose's apparatus in a
current of hydrogen until the weight is constant.

Nickel.
(a) As oxide, MO, after précipitation by

potash or soda in absence of ammonium salts ;
or after précipitation by ammonium sulphide
thoroughly saturated with hydrogen sulphide,
the nickel sulphide being dissolved in aqua regia
and the solution precipitated by soda or potash.

(b) Eleetrolytically.
Platinum.

(a) As métal. The solution of platinic
chloride free from excess of aeid is precipitated
by ammonia, or, better, potassium chloride (v.
Potassium), and the preeipitate is filtered by
Gooch's method or through aplugof thoroughly
dried asbestos contained in a weighed tube. The
preeipitate is dried, heated to redness in a
current of hydrogen, washed with water to re¬
move alkaline chloride, again dried, and weighed.

Potassium.

(a) As platinochloride, iy?tCl6. The solu¬
tion, which must contain the potassium in the
form of chloride and be free from aeid, is mixed
with excess of platinic chloride and evaporated
to dryness on the water-bath. The crystalline
residue is washed with strong alcohol, without
breaking the crystals, until the washings (which
at first must be orange, showing the presence of
excess of platinum) are eolourless. The pre¬
eipitate is left in the evaporating dish and the
washings are poured through a small filter.
When washing is complété the preeipitate is
transferred to a weighed porcelain crucible by
means of a jet of alcohol from a wash-bottle, and
the alcohol is decanted off through the filter.
The preeipitate in the crucible is dried first at
70° till most of the alcohol is expelled and then
at 100° for half an hour. The filter is dried, and
any preeipitate is detached from the paper as
far as possible and added to the contents of the
crucible, which is then weighed. The filter is
burnt, and the ash allowed to fall into the
crucible, which is again weighed. The increase
in weight is filter ash and metallic platinum.
The amount of platinochloride corresponding
with the latter is calculated and added to the
weight of the preeipitate.

Sélénium.
As sélénium. The solution is strongly acidi-

fied with hydroehloric aeid, mixed with excess
of sulphurous aeid or sodium hydrogen sul-
phite, and boiled for about fifteen minutes.
The preeipitate is collected on a weighed filter
and dried at a température below 100°. Solu¬
tions of sélénium containing hydroehloric aeid
cannot safely be concentrated by evaporation
except in presence of a large quantity of alkaline
chlorides, which prevent the volatilisation of the
sélénium as chloride.

Silver.
(a) As chloride, AgCl, or bromide, AgBr. The

solution is acidified with nitric aeid, heated to
boiling, and mixed with a slight excess of sodium
chloride or potassium bromide. Estimation as
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bromide is to be recommended, since silver
chloride is not quite insoluble in pure water.
The preeipitate is washed with liot water, dried,
detached from the paper as far as possible,
transferred to a porcelain cruoible, and dried at
150°, or heated slowly until it shows signs of
fusion at the edges, and weighed. The filter is
burnt and the ash added to the crucible, which
is again weighed. The inorease in weight is
filter ash and metallic silver. The quantity of
bromide or chloride corresponding with the
latter is calculated and added to the weight of
the preeipitate.

(6) Volumetrically (v. Silver).
(c) Electrolytically.
Sodium is weighed in the form of chloride

together with any potassium which may be
présent, and is estimated by différence, or it may
be estimated directly as sulphate or chloride if
potassium is absent.

Strontium.
(а) As sulphate, SrS04. The solution, which

inust contain bqt little free acid, is mixed with
excess of dilute sulphuric acid and at least an
equal volume of alcohol, and the preeipitate is
washed with alcohol. If alcohol cannot be used
a much larger excess of sulphuric acid is added
and the preeipitate is washed with cold water,
but the results are less exact.

(б) As carbonate, SrCOs (which must not be
heated too strongly) after précipitation by am¬
monium carbonate.

Thallium.
(a) As thallous iodide Tll. The solution is

heated with sulphurous acid to reduce ail the
thallium compounds to thallous salts, allowed to
cool, and then mixed with excess of potassium
iodide. The preeipitate is washed with dilute
alcohol, and dried on a weighed filter at 100°.

Tin.
(a) As oxide, Sn02, which is obtained when

tin or one of its alloys is treated with nitric acid.
The solution is boiled for ten minutes to ensure

complété précipitation, and the preeipitate is
digested for an hour with dilute nitric acid
(1 : 6) at 100° to remove other metals, washed
with hot water, and ignited.

In other cases the tin is precipitated as
hydrated oxide. If the solution contains stannous
salts the latter are oxidised by chlorine or by
hydrochloric acid and potassium chlorate, am-
monia added until a slight preeipitate forms,
and hydrochloric acid until the preeipitate just
redissolves. The solution is then mixed with a

moderately large quantity of a strong solution of
ammonium nitrate or sodium sulphate, and
boiled for some time. The preeipitate is washed
with hot water by décantation and on the filter,
dried, and heated. To aseertain if précipitation
is complété, a small quantity of the filtrate is
added to a hot solution of ammonium nitrate or

sodium sulphate.
If the tin has been precipitated as stannic

sulphide the latter is washed with a solution of
sodium chloride, and finally with a solution of
ammonium acetate, dried, and roasted in a

porcelain crucible until the weight is constant.
Décomposition is facilitated by adding a small
quantity of ammonium carbonate.

In ail cases the filter is burnt separately and
the ash dropped into the crucible.

Titanium.

(a) As dioxide, Ti02, after précipitation by
ammonia. Usually the substance is dissolved
in sulphuric acid, or is fused with potassium
hydrogen sulphate and dissolved in water. The
solution is diluted largely and boiled for some
time, when ail titanium is precipitated as hy¬
drated oxide, which is rendered anhydrous by
ignition. The solution should contain 0-5 p.c.
of free sulphuric acid ; if less, the preeipitate is
impure, if more, précipitation is incomplète
(Lévy). In presence of iron the results are
always somewhat too high.

Tungsten.
As tungstic anhydride W03. The solution

containing the tungsten as an alkaline tungstate
is neutralised with nitric acid and precipitated
with a neutral solution of mercurous nitrate.
The preeipitate is washed with a solution of
mercurous nitrate, dried, and heated in a por¬
celain crucible, when tungstic anhydride is left.

Uranium.
As the oxide, XI3Oa. The solution, oxidised

if neeessary by nitric acid, is heated to boiling
and mixed with a slight excess of ammonia.
The preeipitate of acid ammonium uranate is
washed with ammonium chloride solution, dried,
and strongly heated.

Vanadium.
(а) As barium vanadate, 2Ba0.V205. The

solution is neutralised with ammonia, heated to
boiling, mixed with excess of barium chloride,
agitated, and cooled quickly out of contact with
air. The preeipitate is washed and heated.

(б) As manganèse vanadate, 2MnO.V205. The
solution is mixed with a slight excess of ammo¬
nium chloride and ammonia, manganèse chloride
or sulphate mixed with ammonium chloride is
added in excess, and the liquid is boiled two or
three minutes and allowed to cool out of con¬

tact with the air. The preeipitate, which should
be brownish yellow and free from oxidation
products, is washed with cold water and heated.

For other methods of estimating and separa-
ting vanadium v. A. Carnot, C. B. 101, 1803 &
1850, C. J. Abstraets, 1887, 890.

Zinc.
(а) As oxide, ZnO, with previous précipitation

by sodium carbonate in absence of ammonium
salts.

(б) As sulphide, ZnS, by Bose's method after
precipitating with ammonium sulphide.

Acid Badicles.
Carbonic acid v. Acidimetby.
When carbonates and sulphides occur to¬

gether, the gases evolved on treatment with
acid are passed into a solution of copper acetate
acidified with acetic acid and heated to boiling.
Hydrogen sulphide is absorbed, with formation of
copper sulphide, and Carbon dioxide passes on.

Chloric acid.

Any chlorine présent as chloride is deter-
mined, the chlorate reduced by a zinc-copper
couple, and the chlorine again determined. The
différence is the amount of chlorine existing
as chlorate (Thorpe, C. J. 1873, 541). Thin
granulated zinc is washed with soda solution,
then with dilute sulphuric acid, which is allowed
to act for a short time, and finally with water.
It is then covered with about 100 cc. of a 3 p.c.
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solution of copper sulphate heated to 4û°-50°.
When most of the copper has been deposited
the liquid is carefully poured ofi, and treatment
repeated with a fresh quantity of solution. The
zinc-copper couple is now very carefully washed
with distilled water by décantation, not more
than 0'5 gram potassium chlorate, or the équiva¬
lent quantity of any other chlorate, is weighed
out into the beaker and dissolved in about 25 ce.

of warm water, which should just cover the
couple. The liquid is heated gently for half an
hour, then boiled for half an hour, dilute sul-
phuric acid added drop by drop until the white
precipitate of zinc hydroxide and oxychloride
just dissolves, filtered, the filtrate neutralised
with pure calcium carbonate, and the chlorine
estimated by standard silver nitrate solution
(C. J. Trans. 1888, 166).

Hydrobromic, hydrochlorie, and hydriodic

(a) As silver salts (AgBr, AgCl, Agi). The
solution is mixed with excess of silver nitrate,
acidified with nitric acid, and heated to boiling.
The precipitate is treated exactly as in the esti¬
mation of silver.

(b) Volumetrically with silver nitrate.
Hydrofluoric acid.
(a) As calcium fluoride, CaF2, in the case of

soluble fluorides. The solution is mixed with
a moderate excess of sodium carbonate, heated
to boiling, and mixed with excess of calcium
chloride. The precipitate is washed, dried, and
heated to redness in a platinum crucible, then
treated with excess of acetic acid, evaporated to
dryness, and heated to expel excess of acid. The
product is now heated with water, and the in¬
soluble calcium fluoride filtered off, washed, and
heated.

(b) Indirectly as silicon fluoride, SiF4. The
finely-powdered solid substance is placed in
a deep platinum crucible and covered with three
or four times its weight of pure precipitated silica,
the weight of which is accurately known. Sul-
phuric acid i3 then added, and the crucible gently
heated for half an hour. The température is
raised to expel most of the sulphuric acid, the
residue treated with hydrochlorie acid, washed,
dried, and heated. The hydrofluoric acid is
caleulated from the loss in weight of the silica
4HF = Si02. The amount of silica in the sub¬
stance must be known, and its weight added to
that of the admixed silica.

Hydrosulphuric acid.
(a) Soluble sulphides are estimated volu¬

metrically by iodine solution.
(b) Insoluble sulphides are decomposed by

hydrochlorie acid in a flask similar to that used
in the gravimétrie estimation of carbonio acid,
and the gas evolved is led into two or three bulb
U -tubes containing a solution of bromine in
dilute hydrochlorie acid, which converts the
hydrogen sulphide into sulphuric acid. When
décomposition is complété, the liquid in the flask
is boiled, and the last traces of the gas are drawn
through the bulbs by means of an aspirator.
The contents of the bulb tubes are transferred
to a beaker, heated to expel bromine, and the
sulphuric acid precipitated by barium chloride.

Sulphides which are not decomposed by hy¬
drochlorie acid may be oxidised with aqua regia,
hydrochlorie acid and bromine, or hydrochlorie

acid and potassium chlorate, the sulphuric acid
formed being weighed as barium sulphate.

Nitric acid.

(a) Indirectly, as ammonia, by means of the
zinc-copper couple (Thorpe). A zinc-copper
couple (v. Chloric acid) is made in a flask into
which is weighed a quantity of the nitrate cov-
responding with not more than 0'5 gram of
potassium nitrate, and sufficient water is added
to just cover the couple. The flask is attaehed
to a condenser, the other end of which is con-
nected with a (J -tube or flask containing hydro¬
chlorie acid, as in the estimation of ammonia.
The liquid is gently heated for some time, and
then distilled nearly to dryness. After cooling,
a further quantity of water is added to the couple,
and distillation repeated. The ammonia in the
distillate is estimated as platinochloride, or is
received in a measured volume of standard acid
and titrated.

(b) Schloesing's mcihod. When a solution of
a nitrate is heated with an acid solution of a

ferrous sait, the nitrate is decomposed, the
whole of the nitrogen being evolved as nitric
oxide, which is measured. The difficulty lies
mainly in obtaining the nitric oxide free from
air. The apparatus employed consists of a small
distilling flask provided with a side tube which
terminâtes under a gas-collecting tube in a mer-
curial trough. The neck of the flask is fitted
with a cork, which carries a tube funnel provided
with a stop-cock and another tube connected
with a carbon dioxide apparatus. Carbon di-
oxide free from air is passed into the apparatus
until ail air is expelled and the gas issuing
from the exit tube is completely absorbed by
potash. The substance containing the nitrate,
which must bein the solid condition, is dissolved
in 2 or 3 c.c. of concentrated ferrous chloride
solution, mixed with 1 c.c. of strong hydrochlorie
acid, and introduced into the flask by means of
the funnel tube, care being taken that no air
enters. The dish and the funnel are rinsed with
very small quantifies of acid, the object being
to use as little liquid as possible. The contents
of the flask are then rapidly boiled to dryness,
the evolved gas being collected in the tube over
mereury, and carbon dioxide is driven through
the apparatus to expel ail nitric oxide. The
mixture of nitric oxide and carbon dioxide is
transferred to an apparatus for gas analysis ;
the latter absorbed by potash, and the former
mixed with oxygen and absorbed by alkaline
pyrogallol. Nitrites are converted into nitrates
by addition of hydrogen peroxide during evapo-
ration of the original solution (v. Warington,
C. J. Trans. 1880, 468, and 1882, 345).

(c) By standard indigo solution (Warington,
C. N. 35, 45, and C. J. Trans. 1879, 578).

Oxalic acid.

(a) As calcium oxalate. The solution is neu¬
tralised with ammonia, heated to boiling, mixed
with calcium chloride in excess, and allowed to
stand for an hour or two. The precipitate is
washed with hot water, and either weighed as
calcium oxide after strong ignition, or decom¬
posed by sulphuric acid and the liberated oxalic
acid estimated by permanganate.

(b) Volumetrically by permanganate.
Phosphoric acid.
(a) As magnésium pyrophosjphate, Mg„P207.
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The opération is oondueted as in tke estimation
o£ magnésium. If magnésium sulphate is used
as the précipitant, the precipitate may be con-
taminated with basic magnésium sulphate ; it is
therefore advisable to employ a solution of the
chloride, which is made as follows : 85 grams
crystallised magnésium sulphate is dissolved in
boiling water, acidified with 5 c.c. of hydrochloric
aeid, mixed with an aqueous solution of 82
grams crystallised barium chloride, boiled, and
filtered. Add a few drops of magnésium sul¬
phate solution to be sure that there is no excess
of barium, tben 165 grams pure ammonium
chloride, and 260 c.c. of ammonia, and dilute to
1 litre. Allow to stand two or three days, and
filter. In many cases the phosphoric acid is first
separated by ammonium molybdate (v. Methods
of Séparation).

(b) Volumetrically by uranium nitrate (v.
Mânuee).

Silicic acid.

(a) As silica SiO-. Soluble silicates are
acidified with hydrochloric acid and evaporated
to complété dryness ; moistened with strong hy¬
drochloric aeid, again evaporated to dryness, the
residue treated with dilute acid, and the insoluble
silica washed with hot water and ignited.

Insoluble silicates are very finely powdered,
intimately mixed with about five times their
weightof a dry mixture of sodium and potassium
carbonates in equal proportions, and heated to
redness in a platinum crucible for half an hour.
The cooled mass is treated with water, acidified
with hydrochloric acid, and evaporated as
above.

For the séparation of silica when the alkalis
have to be estimated, v. Methods of Séparation,
Group VI.

SulpMdes v. Hydrosulphuric acid.
Sulphuric acid.
(a) As barium sulphate EaS04 by précipi¬

tation with barium chloride. The chief diffieulty
arises from the tendency of the barium sulphate
to separate in a finely-divided condition and to
carry down impurities, especially in presence of
nitrates and potassium salts. These sources of
error are avoided by taking care that the solution
is somewhat dilute, is free from nitrates, and
contains a moderate but not excessive quantity
of free hydrochloric acid. The solution and the
barium chloride solution should both be heated
to boiling, and mixed gradually, with continuai
agitation. The liquid may be filtered as soon as
it Iras become clear, and the precipitate is washed
with hot water and heated to dull redness. If
too little hydrochloric acid is présent, the pre¬
cipitate is liable to be impure ; if a very large
excess of the acid is présent, précipitation is not
quite complété.

(b) Volumetrically by barium chloride (Wil-
denstein, Fr. 1, 323 and 432).

Sulpburous acid.
(а) Volumetrically by iodine solution.
(б) Indirectly as barium sulphate after oxi-

dation by bromine water, excess of bromine
being expelled by boiling.

Thiosulphuric acid.
(а) Volumetrically by iodina solution.
(б) Indirectly as barium sulphate after oxi-

dation by bromine water, excess of bromine
being expelled by boiling.

Water is usually estimated by différence. If
a direct détermination is required, the metliod
to be adopted will dépend upon circumstances.
In many cases it is sufficient to heat the sub¬
stance on a watch-glass, or in a crucible in a
drying oven, at a definite température, until the
weight is constant. During weighing the dried
substance must be carefully protected from the
air. Attention must, however, be paid to the
possibility of the volatilisation of substances
other than water. Many hydrated haloid salts,
for example, lose part of their acid. In such
cases the substance is previously mixed with
a known weight of perfectly dry lead monoxide.
Ammonia, ammonium salts, and volatile organic
matter may also be given oiï. If the drying is
conducted in a glass tube the vapours may be
led into standard aeid and the ammonia deter-
mined by titration : the total loss, minus the
ammonia, gives the amount of water. Some
substances increase in weight in conséquence of
oxidisation. Frequently it is désirable to collect
the evolved water and weigh it directly. The
substance is introduced into a glass tube (plain,
or with a bulb in the middle) drawn out and
bent at right angles at one end, which passes
directly, without any intervening indiarubber
tube, through the corlc of a U-tube containing
either calcium chloride or pumice moistened
with strong sulphuric acid (v. Oeganic ànadtsis).
The y-tube is weighed before and after the ex-
periment, and the increase in weight gives the
amount of water. It is connected with some

form of aspirator, a second drying-tube being
interposed to protect the absorption-tube from
the water vapour in the aspirator. The oppo¬
site end of the glass tube containing the sub¬
stance is connected with a U -tube filled with a
hygroscopic substance to dry the air which
enters the apparatus ; if the water is absorbed
by calcium chloride, the air must be dried by
calcium chloride ; if it is absorbed in sulphuric
acid, the air must be dried by means of pumice
moistened with this acid. The. substance -is
carefully heated, and a slow current of air is
drawn through the apparatus. Silicates and
some other minerais can only be rendered an-
hydrous by prolonged ignition at a high tem¬
pérature. Ûnder these conditions earbonic
anhydride will likewise be expelled, and the
substance may also oxidise.

Methods oe Sepaeatiox.

In this section the metals are arranged in
groups, following the order in the section on
Qualitative Analysis. Most of the methods em-
ployed for group séparations in qualitative
analysis are also available for quantitative pur-
poses if certain précautions are observed.

Geoup I.—Silver and mercury (as mercurous
salts) are readily separated from the metals of
the succeeding groups by précipitation as chlor-
ides by hydrochloric acid o'r sodium chloride.
The précipitation of lead is not complété, and
this métal should be separated in the form of
sulphate.

Lead from silver and mercury. The lead is
separated as sulphate, or the mixture of the
three chlorides obtained by précipitation with hy¬
drochloric acid or sodium chloride is repeatedly
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treated with hot water until ail lead is dissolved.
Silver chloride is not quite insoluble in water.

Silver from mércury. The mercury is con-
verted into a mercuric sait by treatment with
chlorine, aqua regia, or hydrochloric acid and
potassium chlorate, and excess of acid or chlorine
is expelled by evaporation. The silver is pre-
eipitated as chloride, whilst mercuric chloride
remains in solution.

Lead is separated from ail metals of the first
four groups by conversion into sulphate ; but
when other metals are présent the use of alcohol
is rarely permissible (v. Lead).

Lead from barium. The two metals are con-
verted into sulphates and the mixture digested
with a concentrated solution of sodium thiosul-
phate at a température not exceeding 60°. Lead
sulphate dissolves, and ean be precipitated in
the form of sulphide. Barium sulphate remains
undissolved.

Thallium from ail metals which form soluble
iodides by heating with sulphurous acid to
cnsure réduction to thallous salts, and then pre-
cipitating with potassium iodide.

Thallium from copper. The solution is pre¬
cipitated with potassium iodide in presence of
sulphurous acid, and the mixture of cuprous
and thallous iodides is treated with dilute am-

monia. Cuprous iodide dissolves with absorption
of atmospheric oxygen ; thallous iodide remains
undissolved.

Gsonp II.—The metals of this group are
separated from the metals of the succeeding
groups by hydrogen sulphide (v. General Methods
of Estimation, I.).

Antimony, arsenic, and tin from the re-
maining metals of the group. The well-washed
precipitate is digested with a somewhat con¬
centrated solution of yellow ammonium sulphide
&t a température of about 80°. The undissolved
portion is allowed to settle, the clear liquid de-
canted off, and digestion repeated three or four
times. Antimony, arsenic, and tin sulphides dis¬
solve; the other sulphides of the group are
insoluble. Copper sulphide is slightly soluble in
ammonium sulphide, and henee when eopper
is présent sodium or potassium sulphide should
be used. Mercuric sulphide, however, dissolves
in sodium or potassium sulphide, and inpresence
of this métal ammonium sulphide must be used.

The sulphides of gold, platinum, iridium, and
molybdenum, and sélénium, are also soluble in
alkaline sulphites.

Arsenic from antimony and tin. The solu¬
tion of the three metals in an alkaline sulphide
is diluted, mixed with a large excess of sul¬
phurous acid solution, and boiled until ail
sulphur dioxide is expelled and the liquid is
reduced to two-thirds its original volume. Arsenic
sulphide is dissolved ; tin and antimony sul¬
phide are insoluble. Wash the insoluble por¬
tion with hot water, or, if tin sulphide is présent,
with a strong solution of sodium chloride and.
finally with a solution of ammonium acetate,
but the latter must not rnix with the filtrate.

Tin from antimony and arsenic. AU tin
must be in the stannic condition. The solution
qf the three metals is mixed with oxalic acid in
the proportion of at least 20 grams of acid to
each gram of tin présent, the solution being so
concentrated that the acid will erystallise out on

Vol. I.—T

cooling. The liquid is heated to boiling, treated
with a current of hydrogen sulphide for twenty
minutes, and filtered. Antimony and arsenic are
precipitated ; tin remains in solution. The fil¬
trate is mixed with yellow ammonium sulphide
until the precipitate which first forms is re-
dissolved, acidified with acetic acid, allowed to
stand in a warm place for some time, filtered,
and the precipitated stannic sulphide wàshed
with a solution of ammonium nitrate and con-

verted into oxide by ignition. F. W. Clarke, to
whom this method is due, states that the trace
of tin carried down by the antimony and arsenic
sulphides is negligible. In accurate work the
precipitate is redissolved in an alkaline sulphide,
mixed with excess of oxalic acid, and again
heated to boiling and treated with hydrogen sul¬
phide to obtain the last traces of tin. According
to Fresenius, this second opération should never
be omitted. Carnot (C. R. 103, 25b) lias pro-
posed a very similar method, in which sodium
thiosulphate is used in place of hydrogen sul¬
phide.

Arsenic from other metals. If the solution
is mixed with ferrous chloride and distilled, the
arsenic volatilises completely as chloride, which
ean be collected in the distillate (E. Fischer).
This method is especially useful when the arsenic
is présent in small quantity ; if présent in large
quantity, prolonged distillation is required.

Gold from ail other metals by réduction of an
acid solution by oxalic acid or sulphurous acid.

Sélénium from metals by réduction with sul¬
phurous acid in hydrochloric acid solution.

Mercury, copper, cadmium, bismuth, silver,
and lead from one another. The dilute solution
is mixed with sodium carbonate and potassium
cyanide in excess and heated gently for some
time. Lead and bismuth carbonates are pre¬
cipitated. The solution is acidified with nitric
acid and heated until ail cuprous cyanide re¬
dissolves. Silver cyanide is precipitated. The
filtrate is neutralised with sodium carbonate,
mixed with excess of potassium cyanide, and
treated with hydrogen sulphide. Mercury and
cadmium are precipitated; copper remains in
solution.

Bismuth from ail metals of the second group
except antimony and ail the remaining metals
exceptiron. Nearly neutralise with potash, soda,
or ammonia, add ammonium chloride if the
metals are not présent as chlorides, and a large
quantity of water. Allow to stand for some time
and ascertain if précipitation is complété by
adding more water to a portion of the clear
liquid. Dry at 100° and weigh as bismuth
oxychloride, BiOCl, or, better, reduce with potas¬
sium cyanide and weigh as métal.

Mercury from copper, bismuth, cadmium,
and silver. Treat the thoroughly washed pre¬
cipitate of the mixed sulphides with boiling
dilute nitric acid ; mercuric sulphide is insolu¬
ble, the other sulphides dissolve.

Copper from other metals as cuprous thio-
cyanate (v. Détermination of Metals and Acid
Radicles, p. 123).

Copper from cadmium. The mixed sul¬
phides are thoroughly washed and boiled with
dilute sulphuric acid (1:5). Cupric sulphide is
insoluble, but cadmium sulphide dissolves com¬
pletely.
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Geoup III.—The metals of this group are
separated from those of the sucoeeding groups
by précipitation with ammonia in presence of
ammonium chloride (v. General Methods of
Estimation).

Iron, aluminium, chromium, uranium, béryl¬
lium and cerium, from zinc, manganèse, nickel,
cobalt. The solution, which must contain iron
and uranium as ferrie and uranic salts, is
nearly neutralised, mixed with exeess of finely
divided and recently precipitated barium car¬
bonate, and allowed to remain in a closed vessel
at the ordinary température for some hours
with oceasional agitation. In presence of nickel
and cobalt, ammonium chloride should be added
to prevent précipitation of traces of these metals.
Filter and wash with cold water. The precipitate
contains ferrie, ehromie, aluminium, béryllium,
ceric or uranic hydroxides, mixed with barium
carbonate ; the filtrate contains the other metals
together with some barium. In both cases the
barium can be removed by means of sulphuric acid.

Iron and aluminium from zinc, manganèse,
nickel, cobalt, uranium, and metals of the suc-
ceeding groups. The solution, which must con¬
tain iron as a ferrie sait, is nearly neutralised by
sodium or ammonium carbonate. In presence
of iron the liquid becomes deep red, but no
precipitate must be formed. Sodium, or, better,
ammonium acetate, is added in sufficient but
not excessive quantity, and the liquid is boiled
until the precipitate becomes granular and
settles rapidly, Prolonged boiling makes the
precipitate slimy. The liquid is filtered whilst
hot, and the precipitate is washed with hot
water ; if the liquid is allowed to cool the pre¬
cipitate is partially redissolved. The precipi¬
tate is converted into ferrie and aluminium
oxides by ignition ; the other metals are in the
filtrate. It is advisable, and in presence of
nickel essential, to redissolve the precipitate
and repeat the process. This method is not
available for the séparation of chromium.

The same resuit can be obtained with
ammonium formate or succinate.

Aluminium and chromium from iron, zinc,
manganèse, nickel, and cobalt. Mix the solution
with a moderate quantity of pure normal potas¬
sium tartrate, then with pure potash or soda
until the precipitate redissolves, add ammonium
sulphide in slight excess and allow to stand.
Wash the precipitate with water containing
ammonium sulphide. Aluminium and chro¬
mium are in the filtrate, the other metals in the
precipitate. If iron and chromium are absent,
it is sufficient to add the alkaline tartrate,
excess of ammonia, ammonium chloride and
ammonium sulphide.

Iron from chromium and aluminium. The
three metals are weighed together as oxides.
The precipitate is then finely powdered, an
aliquot portion is placed in a porcelain boat and
heated to redness in a current of hydrogen until
no further réduction takes place, allowed to
cool eompletely in the hydrogen and again
weighed. The loss of weight represents the
oxygen in the ferrie oxide, and from this the
quantity of iron is readily calculated. This
method is especially valuable for small quan¬
tifies of iron. The boat is inclosed in a well-
corked tube while weighing.

Chromium is readily separated from many
metals, e.g. aluminium, by conversion into
chromate, which is not precipitated by alkalis.
This can be done in one of the following
ways. (a) Evaporate nearly to dryness, add
strong nitric acid, heat, and add crystals of
potassium chlorate from time to time until the
chromium is eompletely oxidised. (6) Nearly
neutralise with sodium carbonate, add sodium
acetate in excess, pass a current of chlorine into
the liquid or add bromine, and heat. The chro¬
mium is rapidly oxidised to chromate, especially
if sodium carbonate is added from time to time
to keep the liquid nearly neutral. (c) Make the
solution alkaline with potash or soda, saturate
with chlorine and then heat to expel excess of
gas, and décomposé hypochlorites by heating
with ammonia.

Aluminium from chromium. After chro¬
mium has been converted into chromic acid, the
aluminium may be precipitated as hydroxide
or as phosphate (v. Détermination of Metals).
The filtrate is acidified, heated to boiling, and
sodium thiosulphate added until the chromium
is eompletely reduced ; it can then be estimated
as phosphate in the same way as aluminium.

Uranium is separated from the other metals
of this group by the solubility of its hydroxide,
acid uranates, and sulphide, in ammonium car¬
bonate.

Béryllium is separated by means of barium
carbonate, and also by the solubility of its car¬
bonate in ammonium carbonate, from which it is
precipitated on boiling.

Béryllium from aluminium. The solution,
which should not measure more than 200 c.c., is
mixed with excess of potassium hydroxide puri-
fied by means of aleohol, and heated to boiling
in a platinum dish for about twenty minutes.
It is then diluted with hot water, and the pre¬
cipitated béryllium oxide is filtered off and
washed with hot water. If the original solution
is too dilute, some alumina is also precipitated -
on boiling (Zimmermann, Fr. 1888, 61).

Cerium is separated from other metals by
saturating the solution with sodium sulphate by
addihg the sait in fine powder. A crystalline
double sulphate of cerium and sodium separates
and is washed with a saturated solution of
sodium sulphate.

Group IV.—Metals of this group are sepa¬
rated from those of the sueceeding groups by
means of ammonium sulphide (General Methods
of Estimation, I.).

Nickel and cobalt from zinc and manganèse.
The neutral solution is heated to boiling and
precipitated with a boiling solution of sodium
sulphide. The precipitate, which is dense and
granular, is well washed and treated with cold
dilute hydrochlorie acid. Zinc and manganèse
dissolve, but nickel and cobalt sulphides pre¬
cipitated under these conditions do not dissolve.

Nickel from cobalt. The solution, which
should contain but little free acid, is mixed with
excess of pure potassium cyanide free from
cyanate (the ordinary cyanide is fused with char-
coal, dissolved inwater, filtered, and evaporated in
a silver dish), heated to boiling-and mixed with a
solution of mercuric oxide in mereuric cyanide.
The precipitate, when washed, dried, and ignited,
leaves a residue of nickel oxide, NiO, wliich is-
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weighed. Cobalt is usually determined by dif¬
férence ; but if direct estimation is required, the
filtrate from tbe nickel is evaporated to dryness,
heated for some time witk strong sulphuric acid,
and the cobalt estimated in tbe solution.

Zinc, cobalt, and nickel from manganèse (and
uranium). The solution is nearly neutralised,
mixed with excess of sodium acetate and a small
quantity of acetic acid, heated to boiling, and a
brisk current of hydrogen sulphide passed into
the boiling liquid for half an hour. Manganèse
(and uranium) remain in solution, and the for¬
mer oan be precipitated by sodium carbonate.
The precipitate contains nickel, cobalt, and
zinc. It is dissolved in hydrochloric acid and
potassium chlorate, excess of acid expelled, pure
potassium cyanide added in excess, and then
sodium sulphide so long as white zinc sulphide
is precipitated. Nickel and cobalt remain in
solution.

Zinc from nickel and cobalt. Add excess of
pure potassium cyanide and precipitate the zinc
with sodium sulphide as in the preceding method.

Gkoup V.—The metals of this group are
separated from those of the following group
by précipitation with ammonium carbonate (v.
General Methods of Estimation). The liquid
is first made alkaline with ammonia and after-
wards heated to boiling to ensure complété pré¬
cipitation.

Barium from calcium and strontium. The
dilute neutral or feebly acid solution is mixed
with excess of freshly prepared hydrofluosilicie
acid and one-third its volume of alcohol of 95
per cent., allowed to stand twelve hours, col-
lected on a weighed filter, washed with a mix¬
ture of equal parts of water and alcohol, and
dried at 100°. Calcium and strontium are not

precipitated.
Barium and strontium from calcium. The

solution is mixed with a concentrated solution
of ammonium sulphate, using 50 parts of the
latter sait for one part of the mixed salts,
heated to boiling with addition of a small quan¬
tity of ammonia, and the precipitate washed with
water containing ammonium sulphate. The
filtrate contains the calcium, which can be pre¬
cipitated by ammonium oxalate.

Calcium from strontium. Convert the
metals into nitrates, evaporate to dryness, and
extract with a mixture of equal volumes of
alcohol and ether, which dissolves calcium
nitrate but not strontium nitrate.

Calcium from magnésium. The calcium is
precipitated by ammonium oxalate (v. Détermi¬
nation of Metals), adding sufBcient of this sait
to convert botb metals into oxalates, since
calcium oxalate is appreeiably soluble in a solu¬
tion of magnésium cbloride. In very accurate
séparations the precipitate should be filtered off,
redissolved in hydrochloric acid, and reprecipi-
tated by adding excess of ammonia and a small
quantity of ammonium oxalate.

Geoup VI.—Magnésium from alkalis. The
magnésium is precipitated with ammonium
phosphate in the usual way, the filtrate evapo¬
rated to dryness, heated to expel ammonium
salts, the residue evaporated two or three times
with strong nitric acid to remove hydrochloric
acid and the phosphoric acid removed by stannio
oxide (v. Phosphoric acid from metals).

Alkalis from magnésium, (a) The solution
is made distinctly alkaline with pure mille of lime
(calcium hydroxide suspended in water) and
boiled for some time, oare being taken that it re¬
mains alkaline. The liquid is filtered, made
alkaline with ammonia, and the calcium pre¬
cipitated by adding ammonium carbonate and
a small quantity of ammonium oxalate. The
filtrate is acidified with hydrochloric aoid and
evaporated in a weighed platinum dish, heated to
expel ammonium salts, and the alkaline chlorides
weighed. They should dissolve completely in
water and should give no precipitate when
mixed with ammonium carbonate and allowed to
stand for some time. If any calcium is présent
it must be removed by repeating the treatment
with ammonium carbonate and oxalate.

(b) The solution, which must contain only
potassium, sodium, and magnésium, is mixed
with excess of oxalio aoid, evaporated to dryness,
and the oxalio acid expelled byheating carefully
over a lamp until white fumes cease to come off.
The residue is treated with water, when potas¬
sium and sodium dissolve as carbonates, whilst
magnésium oxide remains undissolved.

Alkalis from silicates. The finely powdered
silicate (1 gram) is mixed intimately with an
equal weight of ammonium chloride and eight
parts of dense granular calcium carbonate, and
heated to redness for half an hour. The pro-
duct is boiled with water in a platinum or silver
dish for two hours, care being taken to make up
the loss by evaporation, and the liquid is filtered
and the residue well washed with hot water. The
filtrate, which contains calcium and the alkalis,
is treated in the manner just described. In this
method of décomposition, which is due to J.
Lawrence Smith, the silicate is decomposed by
the calcium oxide which is dissolved by the fused
calcium chloride formed by the action of the
ammonium chloride on the calcium carbonate.

Potassium from sodium. The metals are
converted into chlorides, which are evaporated
to dryness and weighed together after drying at
150°. The salts are dissolved in water, mixed
with platinio chloride in suffieient quantity to
convert both into platinochlorides, and evapo¬
rated nearly but not quite to dryness. The
residue is then treated with alcohol, which dis¬
solves the sodium but not the potassium sait
(v. Potassium). If the mixture is evaporated to
complété dryness and heated so that the sodium
platinochloride becomes anhydrous, it dissolves
with difficulty in alcohol. Under some condi¬
tions reversion takes place and sodium chloride
separates in white crystals insoluble in alcohol.
In this case the alcohol is very carefully evapo¬
rated and the residue again treated with platinio
chloride.

In order to separate small quantities of po¬
tassium from large quantities of sodium, advan-
tage may be taken of the faet that potassium
chloride is more soluble than sodium chloride
in strong hydrochloric aoid (Fr. 1880,156). The
dry mixed chlorides are thoroughly moistened
with concentrated hydrochloric aoid, 2 c.c. of
the aoid is then added, and the sait thoroughly
orushed and stirred with a glass rod. After
standing for a few minutes the aoid is poured
off into a small dish. Ten répétitions of this
treatment, using 2 c.c. of acid each time, will
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suffice to remove ail potassium, whilst tlie greater
part of tlie sodium chloride is not dissolved.
The aeid solution is evaporated to dryness and
tlie potassium determined as platinoehloride
(C. J. 39, 506). By adopting this plan much
less platinic chloride is required; and tlie sépara¬
tion is much more accurate.

Ammonium sâlts can be removed from a

solution in two ways—(1) by evaporating to dry¬
ness and earefully heating over a lamp until ail
fumes cease to come off. (2) By concentrating
the solution and heating for some time with
excess of strong nitrio aeid. When évolution of
oxidesof nitrogen ceases, theliquidis evaporated
to complété dryness and the nitrates converted
into ehlorides by repeated treatment with hydro-
chloric aeid if necessary.

Aeid Eadicles.
Bromine from chlorine. The two elements

are preeipitated by exeess of silver nitrate and
weighed together. The filter ash is removed,
the precipitate cautiously heated to fusion, and
a portion poured into a weighed poreelain boat.
The boat is again weighed, heated to fusion in
a current of dry chlorine in a glass tube until
ail bromine is expelled, and the silver chloride
formed is weighed. It is advisable to heat in
chlorine for a further period of ten minutes and
weigh again. The loss of weight multiplied by
4-223 gives the amount of silver bromide in the
weight of precipitate treated with chlorine, from
which the quantity in the whole precipitate is
readily calculated (v. Indirect Methods of Dé¬
termination).

This method gives accurate results if the
proportion of bromine is not too small. When
a small quantity of bromine is mixed with a
large quantity of chlorine, the former may be
eoncentrated by taking advantage of the fact
that if a limited quantity of silver nitrate is
added the precipitate will contain ail the bromine,
but only a portion of the chlorine. In one
portion of the substance the two elements are
determined together by complété précipitation.
Another portion in somewhat dilute solution is
mixed with a quantity of silver nitrate insuffi-
cient for complété précipitation and allowed to
stand in the cold for some time with repeated
agitation. The precipitate is collected, washed,
and weighed, and the proportion of bromine
determined in the manner already described.
The quantity of silver nitrate which sliould be
used dépends upon the relative proportions of
chlorine and bromine. If one part of bromine
is présent for every 1,000 parts of chlorine, one-
fifth or one-sixth of the silver necessary for com¬
plété précipitation should be used ; if one part
to 10,000, only one-tentli ; if one part to 100,000,
only one-sixtieth (Fehling).

Iodine from chlorine in exactly the same
way as bromine from chlorine. The loss of
weight on treating with chlorine, multiplied by
2-569, gives the weight of silver iodide in the
portion of precipitate taken.

Iodine from chlorine or bromine. The
solution is slightly acidified with hydrochloric
aeid, mixed with palladious chloride until pré¬
cipitation is complété, and allowed to stand
in a warm place for twenty-four or forty-eight
hours. The precipitate of palladious iodide
Pdl2 is collected on a weighed filter, washed with

warm water, and dried at 100°, or is reduced by
heating in hydrogen and the métal weighed.

Iodine can also be liberated by nitrous aeid
and estimated volumetrically (v. Volumetria
Methods).

Bromine, chlorine, and iodine from om
another. The three elements are preeipitated
and weighed together in one part of the solution.
In another part the iodine is separated as pal¬
ladious iodide by palladious chloride, or better,
nitrate; the excess of palladium is removed by
hydrogen sulphide and excess of the latter by
ferrie sulphate ; and the chlorine and bromine
in the filtrate are preeipitated completely or frac-
tionally and the bromine determined in the
manner previously described. The chlorine is
estimated by différence.

Several indirect methods of estimating these
three elements in a mixture have been pro-
posed. They are based on the methods given,
together with the fact that the radicles may be
preeipitated exactly by a standard solution of
silver nitrate and the precipitate weighed, the
proportion of silver and haloids in the precipi¬
tate being thus determined (v. Fresenius,
Quantitative Analysis, sect. 5).

Oxalic aeid from phosphoric aeid. The solu¬
tion is neutralised if necessary, then acidified
with acetic aeid and the oxalic aeid preeipitated
as calcium oxalate.

Phosphoric aeid from metals. (a) The nitric
aeid solution, as free as possible from hydro¬
chloric aeid, and free from silicic and arsenic
acids, is mixed with excess of a solution of am¬
monium molybdate in nitric aeid, boiled for a
few minutes, and filtered after standing for a
short time. The precipitate is washed with
dilute nitric aeid, dissolved in ammonia, and the
phosphoric aeid preeipitated by magnesia
mixture. This method is more especially ap¬
plicable when the quantity of phosphoric aeid
is relatively small. To préparé ammonium
molybdate solution, 25 grams of the sait is dis¬
solved in 100 c.e. of dilute ammonia and the solu¬
tion poured gradually with constant and vigor-
ous agitation into 500 c.c. of a mixture of 3 vols,
strong nitric aeid and 1 vol. water. The liquid
is heated at 50° for some time and the clear
solution drawn off.

(6) By stannic oxide. The nitric aeid solu¬
tion is eoncentrated, mixed with fuming nitric
aeid boiling at 86°, heated gently, and granulated
tin added gradually in quantity not less than
four times the amount of phosphoric aeid pré¬
sent. The stannic oxide produced forms an in¬
soluble eompound with the phosphoric aeid.
This is filtered off, washed with hot water, dis¬
solved in potash, the solution saturated with
hydrogen sulphide, acidified with acetic aeid,
and the stannic sulphide filtered off. This
filtrate is eoncentrated, any stannic sulphide
which separates is removed, and the phosphoric
aeid is estimated in the usual way (Reynoso).
The original filtrate from the stannic oxide eon-
tains the metals previously combined with the
phosphoric aeid.

(c) The nearly neutral solution is mixed
with silver nitrate and digested for some time
with excess of silver carbonate. The phos¬
phoric aeid separates as silver phosphate, the
metals remain in solution with the excess of
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silver nitrate. The silver is removed by hydro-
chloric aoid.

(d) When the phosphoric acid is combined
with metals which form phosphates insoluble in
water but soluble in aeetic acid, the solution
is nearly neutralised, mixed with sodium or
ammonium acetate, and a slight excess of ferrie
ebloride eontaining a known weight of iron
added. The liquid is heated to boiling, the
mixture of ferrie phosphate and basie aeetate
washed with hot water, dried, and heated in a

platinum crucible until the weight is constant.
,ïhe weight of the preeipitate minus the known
weight of the ferrie oxide gives the phosphoric
anhydride P.,05. The preeipitate may be mois-
tened with nitric aeid before the final ignition.

Silicic acid from titanic acid. The siliea
and titanium dioxide are weighed together, the
mixture fused with a somewhat large quantity
of potassium hydrogen sulphate, and the cooled
mass extracted with water. Siliea is left un-

dissolved, titanie oxide dissolves, and ean be
precipitated from the filtrate by ebullition (v.
Titanium).

Sulphides. If the sulphides are decomposed
by hydroehlorie aeid the hydrogen sulphide is
absorbed in hydroehlorie acid eontaining bro-
mine (v. Détermination of Metals). Insoluble
sulphides are decomposed by gently heating
with aqua regia or with hydroehlorie acid and
bromine, and the sulphuric acid estimated in
the solution. This latter inethod gives the total
sulphur.

Sulpliuric acid from ail other acids except
hydrofluosilicic by précipitation with barium
chloride in presenee of hydroehlorie acid.

Sulphuric acid from hydrofluosilicic acid.
The solution is mixed with excess of potassium
chloride and an equal volume of strong alcohol,
filtered through a weighed filter, and the preei¬
pitate of potassium silicofluoride (K2SiF6), washed
with a mixture of equal volumes of alcohol and
water, and dried at 100°. The sulphuric acid in
the filtrate is estimated in the usual way after
expulsion of the alcohol.

Titanic acid from silicic acid (v. Silicic acid
from titanic acid).

Electeolytic Estimation of Metals.
It is well known that when an electric cur-

rent is passed through solutions of metallic
salts, the latter are decomposed with libération
of the métal at the kathode or négative élec¬
trode, and the acid radicle at the anode or
positive electrode. In some cases the métal is
not obtained in the free state owing to its action
on the solvent, in a few others it separates at
the positive pôle in the form of peroxide. In
order that the décomposition may be available
for quantitative estimations it must not be com-
plicated by secondary reactions ; the métal must
be deposited in a pure condition and must be so
compact and so firmly adhèrent to the electrode
that it can be washed, dried, and weighed with-
out loss. When these conditions are fu'lfilled,
estimations by eleetrolysis are simple, accurate,
and require but little attention. Many déter¬
minations can be made simultaneously, and in
several cases small quantities of metals can be
separated and estimated with a degree of ac-
curacy not readily attainable by other methods.

Most of the methods of electroiytic estima¬
tion are due to A. Classen (Quantitative
-chemische Analyse durch Electrolyse, 2nd ed.
Berlin, 1886, translated by W. Herriek, New York,
1887). The accuracy of an electroiytic sépara¬
tion dependsmainlyon thestrength of the current
and the form in which the métal is présent.
Chlorides are unsuitable because of the action
of the liberated chlorine on the positive elec¬
trode, nitrates are available in a few cases ;
sulphates are more generally available, but the
soluble double salts formed by the union of the
oxalates of the heavy metals with ammonium
or potassium oxalate are found to have spécial
advantages. With a suitable strength of current
the metals are deposited in a very dense and
pure condition, and only carbonic anhydride is
liberated at the anode.

Batteries and Résistances.—Only those bat¬
teries are suitable which will give a fairly con¬
stant current for several hours. For feeble cur-

rents Daniell or Meidinger cells answer very well ;
for strong eurrents Grove's or Bunsen cells must
be used. The newer forms of bichromate battery
in which the zinc is inclosed in a porous cell are
also suitable. A Clamond or Noë thermoelectric
battery may be employed, but they soon deterio-
rate, and even at the best yield only very weak
eurrents. A continuous current dynamo of the
Siemens-Halske or any similar type is very con-
venient when large numbers of déterminations
have to be made.

In order to regulate the current it is neces-
sary to be able to introduce or remove from the
circuit résistances of definite magnitude. An
ordinary rhéostat or a résistance box answers
every purpose, but if it is exposed to the air of
the laboratory it is advisable to make the con¬
nections by means of mercury contained in small
cups, and not by ordinary métal plugs, which
readily corrode. Classen uses a glass tube 22
cm. long and 8'5 cm. diameter, filled with a
cold saturated solution of zinc sulphate. One
end of the cylinder is closed by a zinc plate
connected with the wire from the battery, the
other end is closed by a cork through which
passes a zinc rod to which is altached a circulai'
zinc plate of the same diameter as the tube. Tlie
rod is connected with the other wire of the circuit,
and the résistance is increased by separating the
zinc plates and reduced by bringing them close

Fis. 10.

together. Classen has recently described (B.
21, 360) a rhéostat by means of which several
eurrents of différent intensities may be obtained
from one battery. It consists essentially of a
rectangular wooden board with a row of brass
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pegs and binding screws down one side and a
similar row on tbe opposite side. The résistance
is obtained by means of German-silver wire-
gauze, a strip of which is attached to one of the
corner binding-screws and is then carried, back-
wards and forwards across the board, zigzag
fashion, passing round a peg first on one side
and then on the other, and ending at a binding
screw which is connected with the positive pôle
of the battery. There is also a row of 8 or 10
binding screws connected by a thick wire with
the positive pôle only. In rnaking a détermina¬
tion one of the electrodes is connected with one

of these positive binding screws and the other
with any one of the binding screws attached to
the pegs round which the wire gauze passes.
The résistance dépends of course on the length
of gauze through which the current lias to pass.
A somewhat similar arrangement for use with
a dynamo is deseribed in Classen's book, p. 27.

Measurement of the current.—The strength
of the current is expressed in ampères, an am¬
père being the current obtained with an electro-
motive force of one volt and a résistance of one

ohm. One ampère corresponds with the libé¬
ration of 10-436 c.c. of oxygen and hydrogen per
minute from acidulated water, or with the de-
composition of 19-69 milligrams of copper or
67-1 milligram of silver per minute.

A voltamcter consists essentially of a pair of
platinum plates immersed in acidulated water

and connected one with each
pôle of a battery, the gases
evolved being collected in a
graduated vessel. A convenient
form of the instrument consists
of a short wide cylindrical bulb
terminating at the top in a tube
of uniform bore graduated in
0-1 c.c. and provided with a
stopcock and funnel, whilst the
bottom is drawn out and con¬

nected by caoutchouc tubing
with a tube of the same dia-
meter as the graduated tube,
which serves as a level tube.
The electrodes are in the bulb,
the Connectingwires being fused
through the glass. The appara-
tus, which closely resembles the
nitrometer, is filled with acidu¬

lated water, and when the volume of the libe-
rated gas is read ofi the levcl tube is adjusted so
that the liquid is at the same level in both tubes
(Classen, B. 21, 364).

The current may also be measured by means
of the tangent galvanometer, which consists of
a magnetic needle suspended horizontally at the
centre of a vertical circulai- coil of copper wire
or sheet copper through which the current passes.
The strength of the current is proportional to
the tangent of the angle of the defieetion of the
needle. The galvanometer is calibrated by in-
closing it in the same circuit with a voltameter,
and observing the angle of defieetion corre-
sponding with a given volume of gas per minute.
If Y is the volume of gas per minute, eorrected
to standard conditions, A the corresponding angle
of defieetion, and B the réduction factor for
the galvanometer, B = ^ , and if a current

tanA

Fia. 11.

giving one c.c. of mixed oxygen and hydrogen
per minute is taken as a spécial unit of current,
then for any other angle of defieetion A the
strength of the current I is given by the expres¬
sion, I = B tan A.

Miller's ampère-meter, which gives the
strength of the current directly in ampères and
fractions of an ampère, is a compact and con¬
venient instrument for measurements of this kind

(v. Stewart and Gee's Practical Physics, Part II.).
Apparatus and manipulation.—The anode

consists of a well-polished (not hammered) plati¬
num, dish about 9 cm. diameter and 4 cm. deep,
with a capaeity of about 220 c.c.
It should weigh from 35 to 40 grams.
The anode is a dise of thick sheet
platinum 4-5 cm. diameter, to the
centre of which is fastened a thick
vertical platinum wire. The dish
may be covered with a cover-glass
through which a hole has been bored
for the passage of the anode. The
stand consists of a stout glass rod
fixed in a heavy base and carrying
a brass ring to the boss of which is
attached a binding screw. The ring
supports the dish and has three con¬
tact points of platinum riveted to it. Fig. 12.
The anode is attached to a binding
screw at the end of a brass rod which is carried
by the same stand, the boss of the rod being pro¬
vided with another binding screw for making
contact with the battery. Malapert (Fr. 1887,
56) has deseribed a form of stand which is very
convenient when several déterminations have to
be conducted simultaneously.

The Luckow or Mansfeld kathode con¬

sists of a cylinder or eone of sheet platinum,
open at the top and bottom, and riveted to a

Fia. 13.

stout platinum wire. The anode is a fiât spiral
of thick platinum wire, from the centre of which
the wire rises vertically. The electrodes are
supported in a tall beaker, of not much greater
diameter than the kathode, by means of a stand
similar to that just deseribed, the fiât spiral being
below the cone or cylinder, whilst the vertical
wire from the spiral passes up through its centre.

If the quantity of liquid is small, a platinum
crucible may serve as the kathode, the anode
consisting of a smaller crucible with the bottom
removed and a few lenticular openings in the
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sides to facililate tlie circulation of the liquid.
The anode is suspended inside the kathode by
means of a platinum wire, care being taken that
they do not touch.

In many cases the déposition of the métal
may be greatly accelerated by heating the liquid,
but the température should never exceed 80°.
Before stopping the current it must be aseer-
tained that précipitation is complété by with-
drawing a small quantity of the liquid by means
of a capillary tube and testing with some déli¬
cate and characteristic reagent, e.g. potassium
ferrocyanide for copper, hydrogen sulphide
for lead. The liquid is then poured off and the
métal washed, first with water, then with alcohol,
and finally with ether, and dried at 100°. When-
ever déposition takes place in an acid solution,
the liquid must be removed and the métal
washed whilst the current is passing, in order
to prevent re-solution of a small quantity of the
métal. This is readily effected by draining off
the contents of the dish by means of a siphon,
whilst water is run in from a beaker by means
of a precisely similar siphon, so that the dish
remains full of liquid whilst the washing is pro-
ceeding. Beakers with a latéral tubulus near the
top are very convenient (Malapert).

Reagents.—Ammonium and potassium oxa-
lates not unfrequently contain lead and iron,
which are removed by mixing the hot saturated
solutions with a slight excess of ammonium
sulphide, boiling and filtering. The excess of
ammonium sulphide is decomposed by a current
of air, the liquid again filtered, and the sait
recrystallised.

Oxalic acid contains the same impurities,
and is purified by repeated recrystallisation.

Ammonium sulphate is purified in the same
wav as the oxalate.

Sodium sulphide must be free from hy-
droxide or polysulphides. It is prepared by
saturating sodium hydroxide solution with
hydrogen sulphide, and filtering with as little
exposure to air as possible. The filtrate is
rapidly evaporated until crystals begin to sepa-
rate, and is then poured whilst hot into small
flasks or bottle3 with well-fitting glass stoppers,
which should be made perfectly air-tight by
means of paraffin.

Alcohol and ether used for washing the
métal must be nearly absolute, free from any
trace of acidity, and must leave no residue on
evaporation. They should be allowed to stand
over quicklime for at least 24 hours, and then be
distilled on a water-bath.

Estimations.
The volume of the solution should be 150-200

c.c. and it should contain not more than 0-5 to
0É6 gram of métal. The quantity of ammonium
or potassium oxalate required is from 3 to 5
grams in ordinary cases. The strength of the
current is expressed in c.c. of electrolytic gas
per minute according to Classen's data.

Aluminium is precipitated in the form of
hydroxide by the carbonate formed from the
oxalate during electrolysis, but précipitation
does not talce place so long as a considérable
quantity of the oxalate remains undecomposed.
Uranium behaves in a similar manner, but the
precipitate redissolves in excess of ammonium

carbonate. Béryllium likewise remains in solu¬
tion if the liquid is not heated. Chromium is
converted into ammonium chromate.

Antimony is not satisfactorily precipitated
from the oxalate or tartrate, but can be accu-

rately deposited from a solution of the sulphide
in ammonium hydrosulphide free from ammonia
or polysulphides. The best results are obtained
by adding 10 c.c. of a saturated solution of
sodium monosulphide to 100-150 c.c, of solution
which should not contain more than 0-16 gram
of antimony ; current 1-5-2-0 c.c. of gas per
minute. Polysulphides hinder or even prevent
précipitation, and must be removed by cautiously
adding hydrogen peroxide and heating the liquid
until it just becomes colourless.

Arsenic cannot be separated quantitatively.
Béryllium ». Aluminium.
Bismuth from a solution of the double am¬

monium oxalate ; current about 0-1 c.c. of gas
per minute. Some peroxide separates on the
anode, but afterwards redissolves. The quantity
of bismuth should be small and the kathode
should have a large surface, since the métal is
not very firmly adhèrent. Bismuth may also be
precipitated from a slightly acid solution of the
sulphate, a stronger current being used.

Cadmium from a hot solution of the double
oxalate (preferably potassium), loss by evapora¬
tion being repeatedly made up by addition of
water ; current 0-2 c.c. of gas per minute. Also
from a solution of the nitrate or sulphate con-
taining about 3 grams of sodium acetate per
100 c.c. and a few drops of aeetic acid ; current
about 0-6 c.c. of gas per minute. Also from a
solution containing excess of potassium cyanide,
with the current from 3 Bunsen cells.

Chromium ». Aluminium.
Cobalt from a hot solution of the double am¬

monium oxalate ; current, 8 to 10 c.c. of gas per
minute. Also, in absence of chlorides, from a
cold solution containing, in 200 c.c., 40 to 50 c.c.
of ammonia and 5-6 grams ammonium sulphate ;
current about 5 c.c. of gas per minute.

Copper from a solution of the double ammo¬
nium oxalate, which should be nearly saturated
with the ammonium sait and is heated ta
40°-50°C. The liquid must be kept acid, espe-
cially towards the end of the opération, by addi¬
tion of oxalic acid. If much copper is présent
the free acid should not be added until most of
the métal is precipitated, in order to avoid sépara¬
tion of the insoluble oxalate. With a current
giving 3-4 c.c. of gas per minute, précipitation is
complété in two or three hours (B. 1888, 2899).

Also from a moderately dilute ammoniacal
solution containing 2-3 per cent, of ammonium
or potassium nitrate (Riidorff, B. 1888, 3050).

Also from an acid solution of the sulphate
or nitrate. The latter should be free from
chlorides and should contain in 200 c.c. about
20 c.c. of nitrie acid of sp.gr. 1-21 ; current 3 to
4 c.c. of gas per minute.

Gold from the double potassium cyanide (».
Silver). The kathode should be covered with a
layer of silver to protect it from the aqua regia
which must beused afterwards todissolve the gold.

Iron from a hot solution of the double
oxalate, which must contain no nitrates and no
free acid. The best results are obtained with a

mixture of ammonium oxalate (3 parts) andpotas-
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Eium oxalate (1 part) ; eurrent 10 to 12 c.c. of gas
per minute, inereased to 15-20 c.c. towards the
end of the opération.

Iridium v. Platinum.
Lead as peroxide on the anode from a solu¬

tion of the nitrate, which in absence of other
metals should contain 10 per cent, of free nitric
acid, but in presence of other metals a smaller
quantity of acid is sufficient; eurrent, a few
tenths of a cubic cm. of gas per minute.
The peroxide is washed with water whilst the
eurrent is passing, and is dried at 110°. The
anode should have as large a surface as possible,
and if the quantity of lead is considérable it is
advisable to use the dish as the anode.

Manganèse as peroxide on the anode, which
should have as large a surface as possible;
eurrent 9 to 12 c.c. of gas per minute. Potas¬
sium oxalate must be used, since in presence of
the ammonium sait précipitation is not complété:
The peroxide is converted into Mn304 by ignition
either on the anode, or if necessary after filtra-
tion. The manganèse is also precipitated as
peroxide from a solution containing free sul-
phurie or nitric acid. The former must be used
in presence of metals which would be preci¬
pitated by the ammonia resulting from the
réduction of the nitric acid.

Mercury from a solution containing free nitric
acid ; eurrent 0*2 -0'5 c.c. of gas per minute.
The métal is washed, and dried over sulphuric
acid. Smith and Kerr (A. C. J. 8, 207) use a
eurrent giving 4 c.c. of gas per minute, déposition
being complété in 30-45 minutes. Insoluble
mercury compounds are suspended in dilute
nitric acid or in a 10 per cent, solution of sodium
chloride and electrolysed.

Nickel from the double oxalate in the same

wây as iron, or from the ammoniacal solution in
the same way as cobalt.

Palladium in the same way as platinum.
Platinum from a gently heated solution, con¬

taining ammonium or potassium oxalate, or free
hydrochloric or sulphuric acid in small quantity ;
eurrent, one Bunsen cell. Iridium is not de-
posited under these conditions, a stronger eur¬
rent being required.

Silver from a solution in excess of potassium
cyanide ; eurrent l'5 to 2 c.c. of gas per minute.
Also from a solution containing one-tenth its
volume of nitric acid of sp.gr. 1-2 ; eurrent 2-0
to 2'5 c.c. of gas per.minute.

Thallium v. G. Neumann, B. 21, 356.
Tin from a hot solution of the double am¬

monium (but not potassium) oxalate, which may
contain a small quantity of free acid ; eurrent
9 to 10 c.c, of gas per minute. If much tin
is présent ammonium hydrogen oxalate should
be used in place of the normal sait. Also from
a solution of the sulphide in ammonium (but
not sodium or potassium) sulphide under the
same conditions as antimony; eurrent 9-10 c.c.
of gas per minute. Any film of sulphur which
forms on the surface of the métal may be re-
moved without loss of the latter by washing
with alcohol and rubbing gently with the finger
moistened with alcohol. Sodium sulphide may
be converted into the ammonium sait by heating
the liquid with 25 grams of ammonium sulphate,
boiling for about 15 minutes, and after cooling
adding water to dissolve the sodium sulphate.

Tin may also be separated from a solution of
the chloride containing a small quantity of the
free acid.

Uranium v. Aluminium.
Zinc from the double ammonium oxalate;

eurrent 8 to 10 c.c. of gas per minute. The
métal seems to alloy with the platinum and
injures the surface of the latter. It is there-
fore désirable to coat the kathode with a layer
of copper or silver before using it. Also
from a solution of the double cyanide, prepared
by adding sodium hydroxide till a precipitate
forms and then potassium cyanide till the preci¬
pitate dissolves ; eurrent, 4 Bunsen cells. The
liquid in this case becomès very hot and should
be cooled by a water-jacket. Zinc can also be
separated from a solution cf the sulphate, which
is mixed with sodium acetate and aeidified with
citric acid ; eurrent 4 to 5 c.c. of gas per minute.

Séparations.
The séparation of metals by electrolysis is

based upon the fact that a certain minimum
intensity of eurrent is required to precipitate a
given métal, and a eurrent which is sufficient ta
precipitate some metals, such as platinum or
copper, will not precipitate others, such as iron
and nickel. Moreover, some metals are preci¬
pitated from acid solutions, whilst others are
not. The détails already given will enable.
methods of séparation to be devised. The fol-
lowing are amongst those most generally useful.

Antimony from arsenic. The arsenic is
completely oxidised to arsenic acid by aqua
regia, the excess of acid expelled, the liquid
mixedwith 50 c.c. of sodium sulphide Solution of.
sp.gr. 1-22 and a solution of 1 gram of sodium
hydroxide, diluted to 200 c.c., and treated as in
the séparation of antimony and tin.

Antimony and tin. The mixed sulphides
are dissolved in 60 c.c. of a solution of sodium
sulphide of sp.gr. 1-22, mixed with a coneen-
trated solution of 1 gram of sodium hydroxide,
and allowed to cool completely ; eurrent T5 to
2-0 c.c. of gas per minute. After 12 hours re-
move the antimony, eonvert the sodium sulphide
into ammonium sulphide, and separate the tin
(v. also B. 1888, 2897).

Cadmium from zinc. By précipitation of the
cadmium from a warm solution containing a
large quantity of potassium oxalate, with a eur¬
rent giving not more than 0T5 c.c. of gas per
minute. After séparation of the cadmium, the
zinc is precipitated by a stronger eurrent. Cad¬
mium may also be precipitated from a solution
of the acetate or sulphate aeidified with acetic
acid, by a eurrent giving 0-5 to 0'6 c.c. of gas per
minute.

Copper from arsenic. The solution is evapo-
rated on the water-bath two or three times with
small quantities of a solution of bromine in
hydrochloric acid. The arsenic is completely
volatilised as bromide.

Copper from cadmium, bismuth, and other
metals which are not precipitated in nitric acid
solutions. By electrolysis of a solution contain¬
ing free nitric acid.

Copper from calcium, barium, £c. By
electrolysis of a solution containing free nitric
acid.
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Copper from iron, cobalt, nickel, de. By
précipitation of the copper from a solution
of the double oxalates by a very weak current,
and subséquent précipitation of the other metals
by a strong current.

Copper from lead, v. Lead.
Copper from silver, v. Silver.
Copper from tin. By treatment of the solu¬

tion with excess of sodium sulphide. The pre-
cipitated copper sulphide is dissolved in nitrie
acid ; the tin is precipitated from the solution of
the alkaline sulphide.

Iron from cobalt. The metals are preci¬
pitated and weighed together, then dissolved in
acid and the iron estimated by titration. If
permanganate is used the red colour of the
cobalt must be masked by adding a solution of
nickel in just sufficient quantity to ■ make the
liquid colourless.

Iron from manganèse. The liquid is mixed
\vitli a large excess of ammonium oxalate, heated,
and electrolysed by a current giving 10-12 c.e. of
gas per minute. Even with large quantifies of
manganèse only a very small quantity of the
peroxide separates on the anode. If a slight
film forms on the iron it is removed by washing
with aleohol and rubbing gently with the finger
moistened with aleohol. The manganèse in the
liquid is estimated by précipitation with an
oxidising agent.

Iron from nickel, v. Iron from cobalt.
Iron from sine. In the same way as iron from

cobalt. If the proportion of zinc is more than
one-tkird that of the iron, a known quantity of
iron in the form of ferrous ammonium sulphate
must be added to the solution.

Iron, cobalt, nickel, and zinc from man¬
ganèse, aluminium, chromium, de. By electro¬
lysis of a cold solution containing a large pro¬
portion of ammonium oxalate ; current 10 c.c. of
gas per minute. The precipitate is treated with
a solution of oxalic acid while the current is
passing and the electrolysis is continued for
some time. If manganèse and chromium are
présent together, the manganèse peroxide after-
wards precipitated always contains chromium,
it is therefore dissolved in hydrochloric acid and
repreeipitated by an alkali and an oxidising
agenr.

Lead from cadmium, iron, nickel, and ail
metals which are not deposited from a solution
containing free nitric acid. By séparation as
peroxide from an acid solution.

Lead from copper, silver, and metals which
are deposited from acid solutions. By séparation
of the lead as peroxide on the anode, and the
other métal on the kathode, from a solution con¬

taining free nitric acid. If the quantity of lead
is at ail considérable, it is advisable to use the
larger electrode as the anode.

Manganèse from calcium de. By précipi¬
tation as peroxide from a solution containing
free nitric acid.

Manganèse from nickel, in the same way as
from iron.

Mercury from bismuth, cadmium, and other
metals which are not precipitated from acid
solutions. By electrolysis of a solution contain¬
ing free nitric acid.

Mercury from iron, nickel, cobalt, de. By
precipitating the mercury with a weak current,

from 0'2-0-5 c.e. of gas per minute, and the other
metals afterwards by a strong current.

Mercury and silver. The two metals are
precipitated and weighed together, then heated
to volatilise the mercury, and the residual silver
weighed.

Silver from ail metals which form soluble
double oxalates. By precipitating as silver oxa¬
late with a large excess of a saturated solution of
ammonium oxalate, and washing the precipitate
with the same solution. The other metals are

estimated in the filtrate; the silver oxalate is
dissolved in potassium cyanide and electrolysed.

VoLUHETKIC MeTHODS.
In volumetric analysis the proportion of a

substance is ascertained, not by séparation and
weighing, but by determining the exact volume
of a reagent solution of definite strength required
to produce some particular reaction, such as
neutralisation, oxidation, or précipitation. The
termination of the reaction is indicated by some
end-reaction which is usually a production, de¬
struction, or change of colour, the formation of a
permanent precipitate or tlie cessation of the
formation of a precipitate. In determining the
strength of caustic soda, for example, it is
coloured blue with litmus, and a dilute solution
of sulphurie acid of definite strength is added
gradually until the blue colour of the litmus just
changes to red, thus indicating the point of neu¬
tralisation. The volume of acid requiredis noted ;
the weight of sulphurie acid which it contains,
and hence the weight of soda which it will neu¬
tralise, is known, and thus the proportion of soda
in the substance is determined.

In order that a reaction may serve as the
basis of a volumetric process, it must be rapid,
simple, and definite, and not complicated by
seeondary reactions. It should remain constant
through considérable variations in conditions,
and should not, for example, be materially
afi'ected by the degree of concentration of the
solution. A final reaction should be rapid,
perfectly décisive, and should not require a large
excess of the reagent for its production. In
many cases a third substance is employed to
indicate the completion of the reaction, and is
termed an indicator. It is an internai indicator
if it is added to the bulk of the liquid, an exter-
nal indicator if drops of the liquid are removed
and brought in contact with it.

The exécution of volumetric processes in¬
volves the possession of aecurately graduated
instruments of three kinds, viz. flasks, pipettes,
and burettes. The flasks should be fitted with
well-ground stoppers and should have some-
what long necks, the graduation being not higher
than the middle of the néck, in order that there
may be sufficient empty space for efficient agita¬
tion. Flasks holding respectively 1,000 c.c., 500
c.c., 250 c.c., and 100 c.c. are used. Each flask
should have two graduation marks, viz. the
containing mark, indicating the point to which
the flask must be filled in order that it may
then contain the particular volume of liquid, and
the delivery mark or point to which the flask
must be filled in order that it may deiiver the
given volume of liquid when emptïed by drain-
ing. A pipette is usually a cylindrical bulb
terminating at each end in a tube, the lower
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of which is drawn out to a jet, whilst the end
of the upper tube is slightly contracted so that
it may be readily olosed by the forefinger and
the flow of liquid regulated orstoppedaltogether.
Usually a pipette bas only a delivery mark, but
oecasionally they are graduated throughout their
whole length and tlien take the form of a some-
what wide tube contracted to a jet at the bottom
and terminating in a narrower tube at the top.
Pipettes of 100 c.c., 50 c.c., 25 c.e., 10 c.c., and 5
c.c. capacity are most generally useful. A burette
is a long tube of uniform bore, 12 to 15 mm. in
diameter, graduated in cubic centimètres and
tenths or fifths. A convenient capacity is 50 c.c.
The older forms of instrument devised by Gay
Lussac, Geissler, Binks, &c., are now little used,
the convenient form described by Mohr being
generally adopted. This is open at the top and
contracted at the lower end, to which a glass jet
is attached by means of a piece of narrow india-
rubber tubing. This tubing is nipped by a
spring pinchcock, -which is opened by the pres¬
sure of the fingers, the flow of liquid being thus
regulated. A better plan is to insert in the
indiarubber tubing a short piece of glass rod the
diameter of which is just sufficient to prevent
the flow of liquid when the tubing remains cir¬
culai'. If, however, the tubing is squeezed out
laterally by the pressure of the thumb and fore-

1 2

Fis. 14.

finger (fig. 14), a cliannelis made through which
the liquid can pass, and by increasing or reducing
the pressure, the flow of liquid can be regulated
to a nicety. Certain of the reagents act upon
indiarubber, and for these a burette with a glass
stopcock should be used. This form is, in fact,
the most convenient for ail purposes. The stop¬
cock may be prevented from sticking by a little
vaseline or paraffin, and from slipping out by a
small indiarubber ring passed over the tap and
round the burette tube. Sometimes the tube
carrying the stopcock is not in the same line
with the burette, but is bent at right angles.
This form is useful when titrating hot liquids,
since the l'isk of heating the burette and its
contents is reduced. After long use, especially
with potassium bichromate and certain other
solutions, the glass becomes repellent and the
solution collects in drops instead of flowing
down freely. This is remedied by rinsing out
the burette with a small quantity of very dïlute
hydrofluoric acid.

When a burette is in use, it is important that
it should be supported in a vertical position.
This can be done by means of a clamp attached
to a stand similar to a retort stand. Mohr re-

commends to slip over the top of the burette a
large perforated cork which fits so tightly that
it will safely carry the burette full of liquid, and
yet has so much freedom of motion that the
height of the burette can be readily adjusted.
The burette is passed through a hole in the
wooden arm of a tall stand similar to a funnel
stand and the burette is supported by the cork.
The hole in the wooden arm is eut through at

one side in order that the burette may be taken
out without removing the cork. This hole is
closed by a brass catch, when the burette is in
position. Several burettes may be supported by
the same arm. When several différent solutions
are being used eontinually, it is convenient to
have the sériés of burettes attached to a revolv-
ing stand so that eaeh may be brouglit round to
the front when required. Short test tubes in-
verted over the tops of the burettes serve to keep
out dust.

Standard solutions should be kept in well-
stopped bottles in a cool place protected from
bright light. When several déterminations of
the same kind have to be made, it is convenient
to keep the réservoir of standard solution at¬
tached to the burette to facilitate the filling of
the latter. A glass T piece is introduced be-
tween the graduated part of the burette and the
stopcock or pinchcock, and is attached by means
of an indiarubber tube to a tubulus at the bottom
of the bottle which contains the standard solution
and stands on a shelf above the burette. If this
bottle has no tubulus a glass tube bent twiee at
right angles, with one limb reaching to the bottom
of the bottle and the other connected with the
burette, is fitted into the neck of the bottle by
means of a cork and is kept always full so that
it acts as a siphon. There must of course be
an entrance for air as the liquid flows from the
bottle. The flow of liquid into the burette is regu¬
lated by a pinchcock on the indiarubber tube.
If the standard solution acts upon indiarubber,
ail these connections must be constructed of
glass tubing, Filling the burette from the
bottom avoids the formation of air bubbles, but
it can also be filled from the top if the tube
from the stock bottle is bent slightly so that the
liquid flows down the side of the burette.
When the standard solution alters if exposed
to air the surface of the liquid may be covered
with a layer of rectified paraffin of moderately
high boiling-point, or the neck of the bottle may
be provided with a cork carrying a tube contain-
ing potash, or potash and pyrogallol, through
which ail air entering the bottle has to pass. A
still better plan is to *'fill the upper part of the
stock bottle with carbonic anhydride, or, if the
nature of the solution permits, with coal gas,
and connect it by means of a cork and tube with
a self-acting carbonic anhydride apparatus or
the ordinary gas supply. When solution is
withdrawn, carbonic anhydride or coal-gas enters.
By means of T tubes one carbonic anhydride
apparatus or gas-tap may be made to serve
several stock bottles.

Graduation of tlie instruments.—Aceurate
graduation of the measuring vessels is of course
essential if correct results are to be obtained.
In ail cases the litre constitutes the startmg
point. Since, however, the volume of a given
weight of water dépends on the température,
and since, also, the volume of the glass varies,
though not greatly, with changes of température,
it is évident that the volume of a flask will only
be strictly correct at the particular température
at which the graduation was made. Mohr pro¬
poses the adoption of 17'5°C. as the standard
température for the graduation of instruments
and the préparation of standard solutions. It is,
however, better to graduate the vessels so that
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they liave strictly their nominal capaeity at the
température at which the graduation is rnade,
and then the variations from the true volume
mil only be those resulting from the expansion
o£ the glass, which is so small for the intervais
of température through which the laboratory is
likely to vary that it may be neglected. Which-

everplan is adopted it is essential that ail the
instruments be graduated on the same basis, so
that the ratios between them may be correct.

It is never advisable to trust the manufac¬
turera graduation, and the instruments should
ahvays be checked before being taken into use.
A quantity of distilled water is plaeed in the
balance room, and allowed to remain until the
température becomes constant. The litre flask
is made clean and dry, a narrorv slip of paper is
attache! vertically to the neck near the mark,
and the flask is place! on one pan of a balance
capable of turning with at least 0'05 grm., and
.counterpoised. Weights corresponding with the
weight of water which at the température indi-
cated by the thermometer will occupy 1,000 c.c.,
are then plaeed in the pan ; the flask is fillecl
nearly to the mark with water, and water is
gradually dropped in until the flask and weights
are in equilibrium. Care should be taken that
no large drops of water adhéré to the inside of
the neck of the flask ; they can be removed by
a roll of filter paper. A mark is now made on
the strip of paper at the point corresponding
with the lower surface of the meniscus, and the
détermination may be repeated. When weighing
large objects of this kind the correction for the
différence between the weight of the air displaced
by the object and that displaced by tlie weights
is too large to be negligible, and in the following
table, taken from Watts' Dictionaby of Chemis-
tkï, this correction is combined with the cor¬
rection for température :—
t° 12 3 4 5 6 7 8 9
x 1-25 1-20 1*15 1-J3 1-12 1-12 1-14 116 1-21

10 11 12 13 14 15 16 17 18
x 1-27 1-34 1-43 1-52 1*63 1-76 1*89 2-04 2-20
t° 19 20 21 22 23 24 25 26 27

x 2-37 2-55 2-74 2-95 3-17 3-39 3-63 3'88 4T3

x is the quantity to be subtracted from 1,000
to obtain the weight of 1,000 c.c. of water at the
température t. For example, at 18° the weight
ol 1,000 c.c. is 1000 — 2-20 = 997'8 grams.

The flask which has been graduated to contain
must now be graduated to deliver. The full flask
is carefully emptied, and allowed to drain for a
definite time—say twenty or thirty seconds—
again counterpoised with the water adhering to
the inside, and again filled with 1,000 c.c. of
water in the manner already described. The
second mark will of course be higher in the
neck than the first. The other flasks are gradu¬
ated in the same way, subtracting only ^x from
500 grams in the case of the 500 o.e. flask, \x
from 250 grams, and so on.

In order to graduate pipettes they are
suspende! from one arm of the balance by
means of a clip, so that they hang perpendicu-
lavly and pass through a hole in the bottom of
the balance case or of a specially construeted
table. A convenient form of clip consists of a
fraine made of stout brass wire, carrying two
vertical clips of sheet brass closed by sliding

collars. The upper end of the pipette is
passed through the lower clip and connecte! by
caoutchouc tubing with a glass stopcock fixed

in the upper clip. The other end of the stop¬
cock is provided with a piece of caoutchouc
tubing, to which a piece of thermometer tube
or a piece of wider glass tube can be attached.

The quantity of liquid which a pipette
will deliver dépends to some extent on the way
in which it is emptied. A small quantity of
liquid always remains in the tube, and this should
not be blown out. The best plan is to allow
the pipette to empty itself whilst held ver¬
tically, and then just touch the surface of the
liquid with the lower end of the pipette. This
is known as ' free flow and touch.'

A pipette is attached to the clip, and the
wider glass tube which serves as a mouthpiece
is attached to the stopcock, and the pipette is
filled with water to a short distance above the
mark and then emptied. It is now counter¬
poised on the balance with the adhering water
inside, the wide tube attached to the stopcock
being replaced by the thermometer tube, and
the weights corresponding with the particular
volume of water are plaeed in the pan. The
pipette is again filled to a short distance above
the mark ; the thermometer tube, which is
drawn out at one end, is replaced and the stop¬
cock is opened. The water drops very slowly
from the end of the pipette, and can be arrested
at the moment when the balance is in equili-
brium. The level of the liquid is marked on the
paper gummed to the pipette.

When the instruments have been checked in
this way the glass surrounding the marks is
evenly coated with melted wax, through which
the marks on the paper are easily seen, and the
coating is scratched through by means of a
needle. The mark is then covered with a small
piece of filter. paper, which is moistened with
hydrofluoric acid, eare being taken to remove
air bubbles, and allowed to remain for a few
minutes according to the strength of the acid.
The acid is then washed ofli and the wax re¬

moved, and the new mark is found to be etched
into the glass.

The burette is filled with distilled water at a

known température, and 10 c.e. is run into a
small weighed beaker, weighed, and this proeess
repeated for each 10 c.c. If the graduation is
not accurate a correction must be made—for
example, if 10 c.e. weighs only 9-95 grams when
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it should weigh 9-99, then each nominal cubio
9*95

centimètre is9-^j = 0-996 of a true cubic centi¬
mètre.

Standard solutions.—Tbese form the basis of
ail volumetric work, and great. care should be
exercised in their préparation. When a solution
is used only for the estimation of one substance
it may be conyenient to adjust its strength so
that each c.c. is équivalent to some simple and
definite quantity of the substance, say O'Ol gram,
but for général purposes the so-called normal
solutions should be employed. A normal solu¬
tion contains in 1,000 c.c. the equivalentin grams
of the active substance. A solution of one-tenth
this strength is termed a decinormal solution,
and one of a hundredth a centinormal solution.
A normal solution of hydrochloric acid contains
36-37 grams of real acid per litre, of sulphuric
acid, 49 grams. A decinormal solution of iodine
contains 12-65 grams of iodine per litre, and
each litre of a decinormal solution of potassium
permanganate contains 0-8 grams of active
oxygen.

Standard solutions are made by weighing
out a definite quantity of the pure substance, or,
if the reagent is not quite pure, by weighing out
an approximate quantity and titrating the re-
sulting solution against some pure compound.
In the first case exaatly the required quantity
may be weighed out, dissolved, and diluted to
the litre, or a slightly greater quantity may be
taken, accurately weighed, dissolved, and diluted
to the required volume. For example, if instead
of 16-96 grams of silver nitrate we weighed out
17*20 grams, then the volume of water required
to make a strictly decinormal solution would be
16-96 : 17-200 : : 1000 = 1014. When a solution
of approximate strength is made and titrated it
may be diluted to normal strength in the way
just indicated. If, for example, 1 c.c. of sodium
thiosulphate solution is found to be équivalent
to 0*0129 gram of iodine instead of 0-01265,
then -01265 : -01290 : : 1000 : 1019-8, or each
litre of the solution must be diluted with 19-8 c.c.

of water. Accurate adjustment in this manner
is difficult, and in most cases it is better to
détermine a factor by which the readings must
be multiplied in order to correct for the différence
between the real strength of the solution and
,n i j. j.i ,i actual strength £ ,

the normal strength : thus t—t—^-rr = factor.° normal strength

In the case quoted ,^§^ = 1-020, andhence 1 c.c.
of the thiosulphate solution is equal to 0-01265
x 1-020 grams iodine, or 0-003537 x 1-020 gram
of chlorine, or 0-0043 x 1-020 gram of manganèse
dioxide, or in général terms for a normal solu¬
tion, 1 c.c. = x factor. For a deci¬
normal solution the denominator is of course

10,000.
Measurenients.—In measuring out solutions

&c., the vessels must be perfectly dry, which is
inconvénient, or must be well drained and
then rinsed out with a small quantity of the
solution to be measured, which is allowed to
run away.

To read correctly the level of the liquid in a
burette or pipette requires certain précautions.
In the first place the instrument must be held in
a vertical position. Ordinary liquids form a

concave surface or meniseus, and the reading
should always be taken from the lowest point of
this curve, except in the case of very dark
coloured solutions, when the upper line of the
surface must be taken. The meniseus must be
properly illuminated, and the eye at the same
level, in order to avoid parallax. Mohr recoru-
mends the use of a piece of card, one half of the
surface of which is black and the other white.
This is attached to the burette by an indiarubber
ring, and is adjusted so that the horizontal edge
of the black half, which is lowest, is 2 to 3 mm.,
lut not more, below the meniseus. The lower
edge of the curve then appears black against the
white background. If the card is too low the
reading will be slightly too high. Illumination
may also be obtained by holding a piece of
white paper at an angle of about 45° a short
distance below and behind the meniseus. A

simple method of avoiding parallax is to raise
the eye until the rear edge of the surface of the
liquid is visible, and then lower it until the rear
is just hidden by the front edge (fig. 16). The
eye is now on a level with the meniseus.

Since the various solutions expand when
their température rises, it is évident that in
addition to the errors incident to ail analytical
processes, we have the errors due to variations
in température. If, for instance, a standard
solution has been prepared at 10°, 1 c.c. at 18°
will contain less than the nominal amount of
reagent. The errors due to variations witbin
the ordinary range of température are so small
that they may usually be neglected, and they
ean be minimised by keeping tbe température of
the laboratory as constant as possible. The
co-efficients of expansion of certain standard
solutions have been determined by A. Schulze
(Fr. 21, 167).

Errors due to changes of température may be
eliminated by weighing the solutions instead of
measuring. Tbe liquid is contained in a light
glass bottle, with a long jet-like neck, and a
tubulus at the shoulder which can be closed by
the finger and the flow of liquid thus regulated.
The bottle is weighed, the solution poured
gradually from it until the réaction is com¬
plété, and the bottle again weighed. The dif¬
férence between the two weighings gives the
quantity of solution used. .

Volumetric methods may be broadly classi-
fied as I. Methods of Saturation ; II. Methods
of Oxidation and Eeduction ; III. Methods of
Précipitation.

I. Methods oe Saturation v. Acidimeit.y.
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II. Methods or Oxidation and Réduction.

Potassium permanganate.
Wlien a solution of potassium permanganate,

. acidifiecl with sulphuric acid, is brought in con¬
tact with some readily oxidisable substance, it dé¬
composés in aecordanee with the général équation

2KMn04 + 3H2S04
= K2S04 + 2MnS04 + 3H,0 + 05.

In the case of a solution o£ ferrous sulphate,
for example,

2KMn04 + 10FeSO4 + 8H„SO,
= KjSO, + 2MnS04 + 5Fe2(S04)3 + 8H20,

and with oxalic aeid
2KMn04 + 51L4C.,04 + 3H2S04

= K„S04 + 2MnS04 + 8H20 + 1ÛCO...
The utility of the permanganate dépends

upon its oxidising power, and the reaction is
complété when the liquid acquires a faint
permanent pink tinge, due to excess of per¬
manganate. Usually oxidation takes place
rapidly at the ordinary température, but solu¬
tions of oxalio acid must be heated to 60°_80°.
The presence of a considérable excess of free
sulphuric acid is essential. If this acid is
déficient the solution becomes turbid owing to
the séparation of manganèse oxide, the oxidation
is incomplète, and the détermination is spoilt.
In warm solutions hydroehloric acid is decom-
posed with libération of chlorine, but in cold
and dilute solutions this acid is without in¬

jurions efîect. It is, however, advantageous to
add a certain quantity of a solution of man¬
ganèse sulphate.

Permanganate solution is employed in four
ways—(a) directly; (b) indirectly in the.case of
oxidising compounds, which are allowed to act
on a definite quantity of a standard solution of
ferrous sulphate, the ferrous sait remaining
unoxidised being afterwards determined; (c)
indirectly in the case of reducing substances,
which are allowed to act on an excess of a ferrie
paît, the quantity of ferrous sait formed being
estimated, and (d) indirectly for the estimation
of metals by the détermination of the amount of
oxalic acid in insoluble oxalates.

Préparation and titration of the solution.—
The crystallised sait is dissolved in distilled
water in the proportion of 5 grams per litre.
This gives a solution of convenient strength,
which, however, is empirical and not deeinormal.
It is carefully titrated by means of metallic iron
or oxalic acid, and the factor with respect to the
oxygen or iron équivalent may be caleulated.

Titration by metallic iron.—About 1 gram of
perfectly rust-free iron wire, preferably of the
form known as ' flower ' wire,1 is accurately
weighed into a 250 c.c. flask and dissolved in
dilute sulphuric acid by the aid of heat. The
flask is fitted with a corlc which carries a tube
bent twice at right angles, the end of the tube
dipping into some hot recently boiled water in a
beaker or flask. The tube is not eontinuous,
but the two parts are joined by a pieee of caou¬
tchouc tubing which can be closed by a pinch-
cock. The air is expelled from the flask by
adding a small quantity of sodium carbonate,

1 Piano wire may be used, but it contains on an
average only 99-6 per cent, of iron, and hence tlie rveight
taken must be multiplied by 0*996 to obtain the true
weight of the iron.

and the hydrogen evolved during solution bubbles
through the hot water. When ail the iron is
dissolved the solution is boiled to expel the
hydrogen from the flask. It is then allowed to
cool, and as the steam condenses the hot water
is driven into the flask by the pressure of the
atmosphère. When it reaches the mark the
pinchcock is closed. The flask is now allowed
to become quite cold, and is filled up to the
mark and the contents thorouglily mixed by
agitation ; 50 c.c. is withdrawn, mixed with
dilute sulphuric aeid, and permanganate added
gradually from a burette until the liquid acquires
a faint permanent pink colour. This opération
is repeated. The number of cubic centimètres
required gives the value of the permanganate in
terms of iron, and from the relation 2FeO + O
= Fe203, or 2Fe = O, its oxygen value is readily
caleulated.

Titration by oxalic acid.—The aeid itself is
not easily obtained of perfectly definite composi¬
tion, and the ammonium sait (NH4)2C204,H.,0
(moi. wt. 142) should be used. About 1 gram
of the sait is dissolved in 250 c.c. of water, 50 c.c.
of this solution is withdrawn, mixed with dilute
sulphuric acid in somevvhat large quantity,
heated to 60°-S0°, and permanganate added
gradually until a permanent pink colouration is
obtained. The vessel is again placed on the
sand-bath and heated up to G0°-80°, and if the
pink colour remains oxidation is complété ; if it
disappears a further quantity of permanganate
is added until the colouration is permanent.
From the relation (NH4)2C204,H20 = O, the oxygen
value of the permanganate is readily caleulated.
If the solution is to be used mainly for the
estimation of iron the value in terms of this
métal is given by the relation

(NH4)2C204,H20 = 2Fe.
For général purposes it is convenient to ex¬

press the strength of the solution in terms of
available oxygen ; thus 1 c.c. = 0*0080 x factor.

Bismuth. The solution, free from hydro¬
ehloric acid, is mixed with a considérable excess
of oxalic acid, the precipitate filtered off, and
boiled repeatedly with hot water to convert it
into basic oxalate Bi2(C204)20, which is treated
in the same way as calcium oxalate ; O — Bi.

Cadmium. The neutral solution is mixed
with excess of oxalic acid and a large volume of
alcoliol. The crystalline cadmium oxalate is
washed with dilute alcohol, dried at 100°-110°
until ail alcohol is expelled, and then treated in
the same way as calcium oxalate (v. also Hydro¬
gen sulphide).

Calcium is precipitated from a hot slightly
alkaline solution by excess of ammonium oxa¬
late, and the precipitate is thoroughly washed
with bot water. It is then decomposed by treat-
ment with excess of hot dilute sulphuric acid,
the solution diluted to a definite volume, and
the oxalic acid estimated in an aliquot part by
means of permanganate ; 0 = H2C204 = Ca.

The calcium solution may be mixed with a
measured excess of a standard solution of am¬

monium oxalate; diluted to a definite volume,
and when the precipitate has settled, an aliquot
part of the clear liquid may be withdrawn and
the excess of oxalate determined, or the liquid
may be filtered and the excess of oxalate deter¬
mined in the filtrate.
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Ferrocyanides. The dilute solution of an
alkaline ferrocyanide is mixed with a considér¬
able quantity of sulphurio acid, and perman¬
ganate added gradually until tho pure yellow
solution acquires a distinct orange tinge. If
difficulty is experienced in seeing the end
reaction, a drop of the solution may be brought
in contact with a drop of a dilute ferrie chloride
solution on a white plate. So long as any ferro¬
oyanide is unaltered a blue precipitate is formed,
but when ail the ferrocyanide is oxidised only a
brownish colouration is obtained ; 0 = 2K4FeCyB.
Insoluble ferrocyanides are decomposed by po-
tash or soda solution, and the ferrocyanide
determined in the filtrate after acidification. A
solution of permanganate containing not more
than 1 gram of the sait per litre should be used,
and it should be standardised by means of pure
potassium ferrocyanide.

Ferricyanides in solution are made strongly
alkaline with potash or soda, heated to boiling,
and ferrous sulphate solution added gradually
until the precipitate just becomes black. The
ferrous hydroxide reduces the ferricyanide to fer¬
rocyanide. The liquid is filtered, the precipitate
thoroughly washed with hot water, and the ferro¬
cyanide estimated in the filtrate ; 0 = 2K3FeCyB.
Insoluble ferricyanides are first decomposed by
potash or soda.

Hydrogen sulphide. The solution is added to
an excess of an acidified solution of ferrie sul¬
phate free from any ferrous sait, and allowed to
remain for about an hour in a well-closed vessel.
The ferrie sulphate is reduced to the ferrous
sait. The liquid is diluted with cold but re-
cently boiled water until nearly colourless, and
titrated with permanganate ; 0 = H2S.

This method may be applied to the indirect
estimation of metals, such as cadmium or zinc,
the sulphides of which are soluble in an acid
solution of ferrie sulphate. The metals are pre-
cipitated as sulphides, and the well-washed pré¬
cipitâtes are dissolved in an excess of acidified
ferrie sulphate solution, and the amount of
ferrous sulphate formed is estimated 0 = H3S
= Zn=Cd. Alkaline sulphides are precipitated
in the form of zinc sulphide.

Iron in the form of ferrous salts is esti¬
mated as described in the method of deter-
mining the strength of the permanganate, and
this method is available for the détermination
of ferrous salts in presence of ferrie salts. To
estimate the total iron the ferrie salts are

reduced by means of zinc or some other reducing
agent (v. Ikon).

Lead is precipitated as oxalate by oxalic acid
(not ammonium oxalate) in the absence, as far
as possible, of alkaline salts, and especially of
ammonium salts, and the lead oxalate is treated
as in the case of calcium ; 0 = Pb.

Manganèse in the form of manganèse di-
oxide is estimated by dissolving in a measured
excess of a strongly acid solution of ferrous
sulphate and determining the proportion of the
sait left unoxidised, or by dissolving it in an
acid solution of a known quantity of oxalic acid
or sodium oxalate, and determining the residual
oxalic acid ; 0 = Mn02.

Pattinson (C. J. 1879, 365) précipitâtes the
manganèse as dioxide in presence of a ferrie sait
by adding calcium carbonate after treatment

with bleaching powder solution or bromine,
and dissolves the precipitated dioxide in excess
of a strongly acid standard solution of ferrous
sulphate, which is retitrated with perman¬
ganate or bichromate. If the amount of iron
présent in the original solution is equal to that
of the manganèse, the latter is entirely con-
verted into the dioxide, the formation of lower
oxides being prevented. Zinc sulphate bas a
similar eiïect (Kessler).

Oxalic acid, free or in combination, is esti¬
mated in the manner adopted for determining
the strength of the permanganate ; 0 = H2C2Or.

Zinc is estimated as oxalate in the same way
as cadmium (v. Cadmium), or by précipitation as
sulphide (v. Hydrogen sulphide).

Potassiicm bichromate.
This reagent may be employed in place of

permanganate for the estimation of iron, and
lias the advantage that it can be used in pre¬
sence of hydrochloric acid with equally good
results. An excess of free acid is essential.
The reaction in the case of ferrous chloride is as

foliows :—

K„Cr207 + 6FeCL, + 14HC1
= 2KC1 + Cr,ClB + 7H20 + SFe,Cl„.

A decinormal solution is obtained by dis¬
solving 4-907 grams of the dry recrystallised
sait in 1,000 c.c. of water. The solution may be
standardised against metallic iron in the same
way as permanganate. The green colour of the
chromic sait, however, prevents the excess of
bichromate from being seen, and hence an ex-
ternal indicator is necessary. Drops of a dilute
solution of potassium ferricyanide, free from
ferrocyanide, are placed on a white plate, and
drops of the iron solution are removed from
time to time with a glass rod and brought in con¬
tact with a drop of the ferricyanide. So long
as any ferrous sait is unoxidised a blue precipi¬
tate is formed, Lut when ail the iron is in the
ferrie state only a brown colouration is obtainedi
The approach of the end is indicated by the
decrease in the intënsity of the blue colour, and
a little time should be allowed for the action of
the bichromate towards the close of the reaction.
The ferricyanide solution should be put on the
plate just before it is wanted, and only a few
drops at a time, since when exposed to air and
light it is partly converted into ferrocyanide.

Potassium bichromate can not only be used
for the estimation of iron, but also for indirect
détermination in which an oxidising agent acts
upon a known quantity of a ferrous sait or a
reducing agent acts upon an excess of a ferrie
sait.

Chromic acid and chromâtes can be esti¬
mated by adding a known quantity to a measured
excess of an acid solution of ferrous sulphate of'
definite strength, the excess of ferrous sulphate-
being determined by standard bichromate ;

■ 03 = 2Cr03.
lodine and sodium thiosulphate solutions.
These two solutions, of decinormal strength,.

are used in eonjunction with one another. When
sodium thiosulphate is brought in contact with
free iodine this reaction takes place :

2Na2S„03 +1. = Na2S ,Oa + 2NaI.
The termination of the reaction is indicated by
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tire disappearance of tlie yellow colour, or a
small quantity of starch paste may be added to
the solution. So long as any free iodine is pré¬
sent the liquid is dark blue, but as soon as ail
the iodine is conyerted into sodium iodide it
becomes colourless. A solution of sodium thio-
sulpbate can be used, not only for the estimation
of free iodine, but also of any substance that
directly or indirectly libérâtes a défini te quantity
of iodine from potassium iodide. Iodine solution
is employed mainly as an oxidising agent.

Sodium thiosulphate solution, 24-8 grams of
the recrystallised sait Na2S203,5H20 per litre.
The solution remains unaltered for a long time
if kept in a cool place in the dark. Its strength
is readily determined by dissolving about 1 gram
of potassium bichromate in 250 c.c. of water,
and adding 25 c.c. of this solution to 200 c.c. of
rater containing about 2 grams of potassium
iodide and 5 c.c. of strong hydrochloric acid.
Iodineisliberatedin accordancewith the équation

K.Cr.,07 + 6KI + 14HC1
= 31,"+ 8KC1 + Cr2Cls + 7H,0.

Sodium thiosulphate is added to the liquid until
most of the iodine has disappeared. A small
quantity of starch paste is put in, and the addi¬
tion of the thiosulphate is continued until the
blue colour is just discharged. The iodine value
of the thiosulphate is calculated from the weight
of bichromate taken. If a decinormal solution
of bichromate is at hand it may of course be
used.

Iodine solution. 12-65 grams of dry resub-
limed iodine is agitated with 250 c.c. of water
and 20 grams of potassium iodide free from
iodate until the iodine is completely dis-
solved, and the solution is diluted to 1,000 c.c.
If necessary it may be standardised by means of
the thiosulphate solution which has itself been
standardised in the way described.

Starch paste is made by rubbing pure starch
into a cream with water, pouring this cream into
about 150 parts of boiling water, and boiling for
a short time.

Arsenious acid in contact with iodine solu¬
tion is converted into arsenic acid. Thus

As,03 + 21, + 2HX) = As205 + 4HI.
Sodium hydrogen carbonate, free from normal
carbonate, is added to neutralise the hydriodic
acid, and the solution is titrated with standard
iodine, using starch as an indicator, until the
blue colouris persistent for at least three minutes.
A reddish tint is apparent before the reaction is
finished, and the final blue colouration dis-
appears after standing for some time. I,=As.

Arsenic acid is determined by first estimating
any arsenious oxide in one portion of the solu¬
tion, then heating another portion with sul-
phurous acid to reduce the arsenic acid to
arsenious acid, boiling to expel ail sulphurous
anhydride, and titrating with iodine when cold.
The increase in the quantity of iodine required
gives the amount of arsenic acid.

Antimony in tartar emetic and antimonious
compounds generally is estimated in a precisely
similar manner. I2 = Sb.

Hydrogen sulphide. When iodine isbrought
in contact with a solution of hydrogen sulphide
the following reaction takes place : H2S + I,
= 2HI + S. In concentrated solutions, however,
the reaction becomes complicated and the liquid

titrated must not contain more than 0-04 per
cent, of the gas. A measured quantity of the
solution is mixed with starch paste and the iodine
solution added until a permanent blue coloura¬
tion is produced. A measured quantity of iodine
solution, 5 to 10 c.c. in excess of the volume in-
dicated by this preliminary experiment, is plaeed
in a beaker, largely diluted with water, the same
volume of hydrogen sulphide solution run in as
was taken in the first casé, and the excess of
iodine determined by means of thiosulphate.
This plan removes errors due to exposure to air
&e., and a slightly higher quantity of iodine
solution will be required than in the preliminary
experiment.

Hydrocyanic acid and cyanides. The solu¬
tion is made slightly alkaline, if necessary, with
soda or potash, then mixed with excess of water
saturated with carbonic anhydride, and titrated
with iodine solution, the termination of the re¬
action being indicated either by the pale yellow
colour of the liquid or by starch. The reaction
is KCy +1. = Kl + Cyl, i.e. I2 = Cy.

Sulphurous acid and sulphites. Iodine so¬
lution oxidises sulphurous acid and sulphites to
sulphuric acid and sulphates thus—

S02+ L + 2H„0 = H2SO., + 2HI.
In the case of the free acid, however, the re¬
action becomes complicated, especially in con¬
centrated solutions, and a condition of equili-
brium is established between the above reaction
and SO, + 4HI = S + 2H20 + 41 (Volhard, A.
242, 93). The error due to this cause is avoided
by adding the sulphurous acid solution gradually
to the iodine, but it is not advisable that the
solution should contain more than 1 p.c. of the
gas. A measured excess of iodine solution is
plaeed in a beaker or flask, the sulphurous acid
solution added, and the excess of iodine de¬
termined by means of sodium thiosulphate.
Solid sulphites are weighed out, dissolved in
excess of standard iodine solution, and the re-
maining iodine estimated by thiosulphate (v.
Giles and Schearer, S. C. I. 3, 197 and 4, 303).

Thiosulphates are estimated directly by titra-
tion with iodine.

Tin in solution in the form of a stannous
sait is mixed with excess of sodium potassium
tartrate and excess of sodium hydrogen car¬
bonate, and titrated with standard iodine, using
starch as an indicator ; I, = Sn.

Estimations by thiosulphate.
Broroine and chlorine in the free state are

estimated by adding a measured volume of the
solution to an excess of a solution of potassium
iodide and titrating with thiosulphate. I = Cl
= Br.

Peroxides, chromâtes, chlorates, iodates.and
ail substances which liberate a definite quantity of
chlorine when treated with hydrochloric acid, cari
be estimated by sodium thiosulphate, the chlor¬
ine being absorbed in potassium iodide solution,
and the liberated iodine determined by titration.
The substance, together with strong hydrochloric
acid, is plaeed in a small flask, the delivery tube
from which passes into a retort or bulb U -tube
containing an excess of a solution of potassium
iodide. The contents of the flask are boiled
rapidly for at least ten minutes, and the liberated
iodine is titrated by thiosulphate. This titration

IRIS - LILLIAD - Université Lille 1



144 ANALYSES.

should be done at once, since hydroehlorie aeid
distils over, and if the acidified solution of
potassium iodide is exposed to the air a further
quantity of iodine is slowly liberated. Manga¬
nèse ores, chromâtes, bichromates, and chlorates

Fia. 17.

may be treated in this way. Iodates and brom-
ates are best digested with potassium iodide
and hydroehlorie acid in a bottle with an accu-
rately fitting stopper which is tightly tied down.

III. Methods of Peecipitation.

Silvcr nitrate. This is the principal reagent
in this class. A deeinormal solution is obtained
by dissol'ving 16'96 grams of the pure, dry, re-
crystallised silver nitrate in 1,000 c.c. of water.

Potassium chromate is used as an indicator
in the form of a saturated solution. This is
mixed with silver nitrate until a small quantity
of a red precipitate is formed, and after the
liquid has been thoroughly agitated with this
precipitate it is filtered. Any chloride présent
is thus removed.

When a solution of silver nitrate is added to
a solution of a chloride, bromide, or iodide,
which has been mixed with a small quantity of
potassium chromate, the silver combines with the
haloid, and any chromate that may be formed
is at once decomposed. As soon, however, as
the whole of the haloid has been precipitated,
silver chromate is formed, and its presence im¬
parts to the liquid a reddish tint which indicates
the termination of the reaction.

Chlorides, bromides, iodides. The solution
if alkaline is neutralised with nitric acid, if acid
it is neutralised by adding precipitated calcium
carbonate free from chlorides. Two or three
drops of potassium chromate are added, and
silver solution is'run in from the burette until
the pale yellow liquid suddenly acquires a red¬
dish tint. The approach of this point is indi-
cated by the increase in the time required for the
disappearance of the silver chromate. The
change is more readily seen in a yellow light,
and is especially distinct in the monochromatic
light from a sodium flame, the silver chromate
appearing almost black. It is found that 0'1 c.c.
of the deeinormal silver solution is required to
produce sufficient silver chromate to give an end
reaction when the volume of the liquid is 100
to 150 c.c., and this is subtracted from the burette
reading before calculating the amount of ehlor-
ine &a. Silver chromate is much more soluble
in solutions of ammonium nitrate and certain
other salts than in water, and hence in presence
of these salts considerably more silver solution
is required to produce the end reaction (Car-
penter): AgjS[03 = Cl = Br = I.

Hydrocyanic acid and cyanides. When
silver nitrate is added to potassium cyanide a
soluble double cyanide is formed

2KCy + AgN03 = AgKCy, + KN03.
If, however, more silver nitrate is added, the
double cyanide is converted into simple silver
cyanide, which is precipitated. The formation
of a permanent precipitate indicates the termi-
nation of the first stage of the reaction. In the
presence of chlorides no permanent precipitate
appears until the cyanide has ail been converted
into the double cyanide.

Hydrocyanic acid is measured in a pipette
to the upper part of which is attached a tube
containing solid potash, and is run into sufficient
soda or potash solution to neutralise it and yield
a slightly alkaline solution, which is then diluted
considerably. Alkaline cyanides are dissolvedin
the usual way. If chlorides are absent it is advis-
able to add a small quantity of sodium chloride.
Silver nitrate is then added gradually to the
solution, with constant agitation, until a slight
permanent precipitate is formed. This is best
seen against a sheet of black paper. The volume
of silver solution used is équivalent to half the
cyanide existing in the solution—that is to say,
Ag = 2Cy.

Volhard's Metliod.
A silver solution is used in conjunction with

a solution of an alkaline thiocyanate, ferrie sul-
phate being employed as an indicator. When
solutions of a silver sait and a thiocyanate are
mixed in presence of a ferrie sait, so long as
silver is in excess silver thiocyanate is precipi¬
tated, and any ferrie thiocyanate which may
form is at once decomposed. As soon, however,
as the thiocyanate is in slight excess the liquid
acquires a permanent faint-brown tint owing to
the formation of ferrie thiocyanate. This method
may be applied to the estimation of silver, and
also, by adopting the method of reverse titration,
to the estimation of substances which are com-

pletely precipitated by silver nitrate. It has
the great advantage of being applicable to acid
solutions (A. 190, 47).

Silver nitrate solution. The ordinary deei¬
normal solution is employed.

Thiocyanate solution. 8 grains of purified
ammonium thiocyanate, or the corresponding
quantity of the potassium sait, is dissolved in
1,000 cc. of water, and after titration the solution
is diluted until it exactly corresponds with the
silver solution.

Ferrie sulphate solution is prepared by oxi-
dising ferrous sulphate with nitric acid, boiling
till ail oxides of nitrogen are expelled, and
diluting until the solution contains about 10 p.c.
of the sait. A saturated solution of ferrie alum
may also be used.

Titration.—10 or 20 c.c. of the standard silver
solution is diluted to about 200 c.c., mixed with
5 c.c. of the iron solution, and sufficient pure
nitric acid to remove any colouration produced
by the iron sait alone. The thiocyanate solution
is then added gradually from a burette, with
constant agitation until the liquid acquires a
permanent pale brown colouration. The titra¬
tion of other solutions is done in the same way.
The liquid must be cold, and it is advisable that
the volume should not differ greatly from that
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Uken when standardising. Not less than 5 e.c.
of iron solution should be présent in 200 c.c.,
and nitric acid free from nitrogen oxides must
be added in suffioient quantity to remove any
colouration due to the iron.

Silver is determined by direct titration in
presence o£ a moderate quantity of free nitric
acid. Mercury and palladium must be absent,
bot otber inetals usually associated with silver
bave no injurious effect. If, however, the pro¬
portion of copper présent exceeds 70 p.c. it must
be reduced by adding a known quantity of silver.

Chlorides, Bromides, and Iodides. Tlie so¬

lution is acidified with nitric acid, mixed with a
measured excess of standard silver solution, and
the excess of silver determined by means of the
thiocyanate solution. Silver ehloride is décom¬
posé! by alkaline thiocyanates, and hence it is
advisable to filter off the precipitate before
titrating ; but this is not necessary in the case
of bromides or iodides.

CoLORIMETRIC MeTHODS.
These methods are espeeially valuable for

the estimation of very small quantifies of sub¬
stances, and are capable of giving very aceurate
results. The depth of tint produced by some
characteristic colour reagent in a given volume
of the solution is eompared with the tint pro¬
duced by the same reagent in an equal volume
of a solution containing a known quantity of
the substance to be determined. The tint in
the comparison tube can be varied by varying the
proportion of the substance whick it contains,
and when the tints are equal the quantities of
the substance in each tube are also equal. The
quantity in one tube is known, and hence that
in the other is determined. It is important that
the comparison be made under comparable con¬
ditions with respect to degree of acidity or
alkalinity, proportion of the reagent and the
like. It is also important that the depth of tint
should not be materially affected by the presence
of other saline substances in the solution under
examination.

The following substances may be determined
by these methods

Lead, with hydrogen sulphide.
Copper, with hydrogen sulphide or potassium

ferrocyanide (Carnelley, C. N. 32, 308).
Iron, with potassium ferrocyanide (Carnelley,

C. N. 30, 257).
Iron, with potassium thiocyanate (Thomson,

C. J. 1885, 493).
Ammonia, by Nessler's solution (v. Water).
Iodine, in solution in carbon bisulphide, or

with starch.
The principle may likewise be applied to the

comparison of dye-stuffs, provided that the solu¬
tions are sufficiently diluted (v. Coloriheter).

Indirect Methods oe Détermination.
In some cases the séparation of two sub¬

stances is either impossible or inconvénient, but
we can calculate their relative proportions if we
are able to obtain as many independent relations
as there are substances to be determined. If,
for example, we have a mixture of sodium and
potassium in the form of chlorides, and we
détermine the weight of that mixture and the
weight of chlorine which it contains, the rela-

VOL. I.—T

tive proportions of sodium and potassium can
be calculated. Let A be the weight of the mixed
chlorides, and B the weight of chlorine which
theyeontain; then A — B = C, the joint weight
of the sodium and potassium. Let œ = the
amount of potassium, and y the amount of
sodium actually présent ; then

x + y = G
Cl

, Cl „

K Na
and from these two équations x and y are readily
calculated. The symbols of the elements are

Clused with a quantitative significanee. ^ is the
amount of chlorine which combines with 1

Cl
part of potassium, -^x is the amount of chlor¬
ine combined with x parts of potassium, and
similarly in the case of sodium. The général
form of the équation is the same for every case
of two metals combined with one acid radicle,
or two acid radicles combined with one métal.

Take as an example of a différent kind, the
estimation of bromine by passing chlorine over
a weighed mixture of silver bromide and ehloride.
The loss of weight due to the displacement of
Br (79-75) by Cl (35-37) is proportional to the
amount of bromine présent. Let tv represent
the loss of weight, then Br-Cl = io. Now
Cl

= 35457 and hence Br-|^Br = w, or Br =Br 79-75 79'75
1-797îo. The loss of weight multiplie! by 1-797
gives the quantity of bromine présent.

Indirect methods only give useful results
when the atomie or molecular weights of the
two substances differ considerably, and when
the quantities présent are approximately equal.
The results are affected to a considérable extent
by comparatively small expérimental errors.

Analysis oe Carbon Compounds.
The majority of carbon compounds contain

carbon, hydrogen, and oxygen, or carbon, hydro¬
gen, oxygen, and nitrogen; a smaller number
contain one or more of the haloid elements, or

sulphur; a still smaller number phosphorus,
apsenic, or silicon. There are also the metallic
salts of the various acids, and other metallic deri-
vatives.

Qualitative Examination.
Carbon is converted into carbon dioxide

when the substance is heated with cupric oxide.
Hydrogen. The substance is heated to a

température below that at which décomposition
begins, until ail water existing as sueh is ex-
pelled, and is then heated with finely divided
and recently ignited cupric oxide ; the hydrogen
is evolved as water.

Nitrogen, Many carbon compounds contain¬
ing nitrogen evolve this element in the form of
ammonia when heated with caustic soda or soda-
lime, but this test is not applicable to nitro-,
nitroso-, azo-, and diazo- derivatives.

Many nitro-, nitroso-, and diazo- derivatives
evolve oxides of nitrogen, with or without ex¬
plosion, when heated.

Nitrogen in ail classes of carbon compounds,
with the exception of the diazo- compounds,
may be detected by heating the substance with
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metallic sodium, together with some sodium
carbonate i£ the substance is explosive. The
nitrogen is converted into sodium cyanide, and
the cooled mass is extracted with water and the

eyanogen detected by the Prussian blue or thio-
cyanate test. Nitrogenous carbon compounds
containing sulphur yield, when heated with
sodium, a thiocyanate, and the Prussian-blue
test cannot be used. The thiocyanate may,
however, be converted into cyanide by adding
finely divided iron with the sodium.

Halogens are detected by heating the sub¬
stance with pure lime or pure soda-lime, extract-
ing with water, slightly acidifying with nitric
acid and testing with silver nitrate. Highly
nitrogenous compounds, when heated with lime,
are apt to yield calcium cyanide ; hence the sup-
posed precipitate of silver haloid should always
be tested for cyanide, unless nitrogen is known to
be absent. With soda-lime no cyanide is formed.

Sulphur and phosphorus in non-volatile
substances are detected by fusing with soda or
potash mixed with about one-fifth its weight of
potassium nitrate, and testing the product for
sulphuric or phosphoric acid. Volatile or non-
volatile substances may be oxidised by heating
in a sealed tube at 150° to 300°, according to
circumstances, with fuming nitric acid of sp.gr.
l'S. Sulphur and phosphorus are oxidised to
sulphuric and phosphoric acid respectively.

Quantitative Déterminations.
A. Carbon and hydrogen in absence of nitro¬

gen, halogens, &c.
The simplest and most convenient method for

général purposes is to burn the compound in a
glass tube in a current of oxygen, assisted by
eupric oxide ; the carbon is converted into car-
bon dioxide, which is absorbed by potash ; the
hydrogen is converted into water which is ab¬
sorbed by calcium ehloride.

Erlenmeyer's modification of Von Babo's
furnace is generally employed. The heat is
supplied by a row of 20 to 25 Bunsen burners,
each of which is provided with a tap and a per-
forated collar for regulating the supply of air.
The fiâmes strike the under side of a semicircular
fire-clay or sheet-iron trough or gutter in which
the combustion tube rests on a layer of magnesia
or asbestos. Inclined at an angle over this
gutter on either side is a row of fire-clay tiles
by which the flame is reverberated upon the
upper part of the glass tube, which is thus
heated ail round. Each tile can be pulled back
and rested against an iron rail which runs down
each side of the furnace, and thus any part of
the tube can be readily examined, and more-
over the tiles can be made to assist in regulating
the température.

In Hofmann's furnace (A. 107,39) the tube
is heated by two double rows of perforated
cylindrical fire-clay burners placed over ordinary
fish-tail burners. The tube rests upon the top of
a central row of much shorter burners. The
burners are inclosed by fiât vertical tiles and
fiât tiles are laid horizontally on the top.

In the Glaser (A. Suppl. 7, 213) furnace
the heat is provided by a row of Bunsen
burners. The tube is supported by a sériés of
semicircular perforated iron plates, placed close

together. The fiâmes strike the bottom ol tbese
plates and then passthroughthe perforations and
strike against the fire-clay covers, by which they
are reverberated on the tube, so that the latter is
heated from the top and sides as well as from
the bottom. The tube is usually wrapped round
with wire gauze. This furnace will give higher
températures than the Erlenmeyer furnace, but
consumes more gas.

The combustion tube should consist of in-
fusible potash or Bohemian glass 1*5 to 2 min.
thick, with an internai diameter of 12-15 mm,
It should be of such a length that it projects
about 2 cm. from each end of the gutter. Pièces
of copper wire gauze about 2 cm. broad, heated in
a flame to remove grease, are rolled up into plugs
which fit moderately tightly in the tube, and one
of these plugs is pushed into the tube to a
distance of about 25 cm. from one end. The
tube is then filled with freshly ignited granular
cupric oxide to within 5 or G cm. of the other end,
and a second plug is inserted. The granules of
cupric oxide should be fairly regular in size, and
1*5 to 2 mm. cube. Another plug about 10 cm.
long is made by rolling a piece of copper gauze
round a stout copper wire 12 cm. long, and bend-
ing the projecting end of the latter into a loop
by means of which it can be withdrawn from the
tube. This plug is placed in the other end of the
tube behind the boat. The end of the tube
nearest to the copper oxide is fitted with a dry
caoutchouc cork perforated to receive the tube
of the absorption apparatus; the other end is
closed by a similar cork which carries a piece of
tubing of very narrow bore, which is connected
with the apparatus for drying the oxygen.

The substance to be analysed is contained in
a platinum boat about 70 mm. long and 8 mm.
deep, of such diameter that it slides easily in the
combustion tube. It may conveniently be in¬
closed in a small well-eorked tube whilst being
weighed.

The water is absorbed by granulated anhy-
drous calcium ehloride, which is treated with a
current of dry carbon dioxide and then with
a current of dry air to couvert any calcium oxide
présent into carbonate and thus prevent the

absorption of carbonic anhydride. The calcium
ehloride may be contained in a straight tube or a
U -tube. The former consists of a tube about
13 cm. long and 12-15 mm. diameter, terminating
in a bulb connected with a second smaller bulb
which terminâtes in a short tube of about 2 mm.

internai diameter fitting directly into the cork
in the front end of the combustion tube. The
smaller bulb is empty and serves to condense
the greater part of the water, but the larger
bulb and the wider tube are filled with calcium
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chloride kept in its position by plugs of cotton
wool.

If a U -tube is employed it should be provided
with a small side bulb for condensing the water,
the tube from this bulb fitting direotly into tbe
cork in the combustion tube, whilst the other
limb of the U -tube is closed by a caoutchouc
cork carrying a narrow tube bent at a right
angle and connected with the potash bulb. In
the absence of the side bulb, each limb of the
tube is closed by a caoutchouc cork carrying a
narrow tube bent at a right angle, one of these
tubes fitting directly into the cork of the com¬
bustion tube, and the other being connected with
the potash bulb. A small test tube, 2-3 cm.
long, placed in the upper part of the first
limb of the U-tube, collects the greater part
ol the water, and thus proteets the calcium
chloride.

A (J-tube containing pumice moistened with
strong sulphuric acid may also be used to collect
the water, but bulbs filled with the acid must
not be used, since it dissolves an appréciable
quantity of carbon dioxide. Whether calcium
chloride or sulphuric acid is used to absorb
the water, the same substance must be used to
dry the current of oxygen.

The carbon dioxide is absorbed in a strong
solution of potassium hydroxide made by dis-

1. ^ 2.

Fia. 19.

solving this substance in an equal quantity of
water. The solution is contained in 'potash
bulbs,' of which there are many forms. Geissler's
is the most convenient, since it will stand on its
own base (No. 1, fig. 19). Liebig's original form
(No. 2) is still used, but the more reeent form
devised by Winkler (No. 3) probably secures the
most efficient absorption, espeeially when the
current of gas is somewhat rapid. The Geissler
or Liebig bulbs must contain such a quantity of
potash solution that it washes up to a certain
extent in the last bulb, but yet is not sufficient
to fill the large first bulb in case, a vacuum is
produced by rapid absorption of the gas. In ad¬
dition to the potash bulbs, a (J-tube filled with
granulated soda-lime, with a layer of calcium chlo¬
ride 2 cm. deep in the upper part of each limb,
is used to absorb the last traces of the gas and
any small quantity of moisture that may be given
off from the potash solution. Two such soda-
lime tubes may be used in place of potash bulbs.

The tube containing the soda-lime is con¬
nected with a U -tube filled with calcium chloride,
to protect the absorption apparatus from mois¬
ture, and this is connected with a bell jar stand¬
ing in a trough filled with water. The water is
sucked up in the bell jar to a height of about
20 cm. above the level of the liquid in the
trough, and thus the combustion is conducted
under slightly reduced pressure, and the risk of
any outward leakage of the gases is removed.

A screw pinchcoek is placod on the caoutchouc
tube Connecting the bell jar with the absorption
apparatus.

The oxygen is dried and purified by passing
through a strong solution of potash and then
through two long U-tubes containing calcium
chloride. Instead of the (J-tubes we may
use a tall cylinder with the lower half filled
with soda-lime and the upper with calcium
chloride.

The opération.—The cube is placed in the
furnace and connected at one end with the dry-
ing apparatus and at the other with the calcium
chloride tube and bell jar, but not with the
absorption apparatus. It is gradually heated to
redness, a current of dry oxygen is passed
through for half-an-hour to remove ail moisture
and organic matter, and the tube is allowed to
cool. The solid or non-volatile liquid substance
is weighed into the platinum boat, which is
introdueed into the tube by removing the long
copper plug at the back, and the latter is then
replaeed. The front end of the tube is then
connected with the absorption apparatus and
the belt-jar, and the other end is connected
with the drying tubes and the oxygen réservoir.
If the apparatus is airtight the water in the
bell jar should remain at the same height,
aud no bubbles should pass through the ab¬
sorption apparatus so long as the oxygen tap
is turned off. The burners under the front

part of the tube are now lighted and the
température gradually raised until the tube is
at a dull red beat to within 12 cm. of the boat.
The tube in contact with the cork at the front
end should be so hot that it can only just be
touched by the finger, and this température
should be maintained throughout the opération
by regulating the first two burners, in order to
prevent condensation of moisture witliout de-
composing the cork. If any water should con¬
dense it may be volatilised by bringing one of
the hot tiles close over the tube. The last two
or three burners under the long copper plug at
the back are now lighted and the température
gradually raised to dull redness, whilst at the
same time the copper oxicle is heated to within
5-6 cm. of the boat, and a current of oxygen is
passed through the tube at the rate of a bubble
every two seconds. One of the burners under
the boat is then lighted and the boat very
gradually heated, combustion being regulated
so that the bubbles passing into the potash bulbs
can easily be counted. When the substance is
completely carbonised the température of the
boat is raised and the current of oxygen increased
to a bubble per second. Towards the close of
the opération the boat is heated to redness and
a somewhat more rapid current of gas is passed.
It is not necessary to heat the tube above red¬
ness and a higher température produces distor-
tion. When combustion is complété the current
of oxygen is continued for a short time to drive
out ail carbon dioxide and rèoxidise any reduced
copper. When the oxygen bubbles through
the potash bulbs at the same rate as through
the drying apparatus, the oxygen réservoir
is disconnected and a current of air is drawn
through the whole apparatus to expelthe oxygen.
At the same time the tube is gradually oooled
and is ready for a second opération. If the
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tube is carefully heated and cooled it may be
used for a very large number of analyses. The
absorption apparatus is diseonneeted and weighed.
Ail the weighings should be made without the
plugs of caoutchouc tubing and glass rod which
are used to protect the contents of the tubes and
bulbs from the air.

Volatile liquids are inclosed in a small thin
cylindrical glass bulb 3 cm. long, with a capillary
neek, readily made by drawing out a piece of
wider tubing. It is weighed, gently heated, and
the capillary tube immersed beneath the liquid.
As the tube cools a small quantity of the liquid
enters. This is heated to boiling, and when the
air is expelled the end of the tube is again
placed in the liquid, and when the vapour con¬
denses the bulb is completely filled. If the
liquid is very volatile the capillary end may be
sealed before weighing the tube, but usually this
is not necessary. The bulb is placed in the
boat with the capillary end open and direeted
towards the copper oxide. Combustion is eon-
ducted as already described, but mueh greater
care is required, espeeially if the liquid is very
volatile. The front part of the copper oxide
must be quite red-hot before the liquid begins
to volatilise, and it is advisable that the bulb
be empty before the copper oxide near the
boat is heated. With an iron gutter sufiicient
heat is conducted to vapourise volatile liquids,
but in other cases a very low flame may be
used or one of the hot tiles may be held over
the boat. In ail cases it is diflicult to prevent
diffusion of vapour into the back of the tube and
even into the drying. apparatus. The long
copper plug at the back increases the speed of
the eurrent by decreasing the diameter of the
passage, and the narrow diameter of the en-
trance tube assists in a similar manner, but in
ail cases of the analysis of a volatile substance
a slow eurrent of air should be passed almost
from the beginning. Later, oxygen should be
passed, but not too soon, otherwise an explosive
mixture may be formed. The open tube in fact
does not yield such satisfactory results with
volatile liquids as with other substances, and
in such cases combustion should be made by the
following method :—

B. Liebig's original method as modified by
Bunsen. Granular copper oxide and some of the
finely divided oxide are heated strongly, and while
still liotare placed in flasks with long neekswhieh
are then tightly corked. The combustion tube

is drawn out at one end in the manner shown
in the figure, and sealed at the point a. A layer
of granular copper oxide about 10 cm. long is
first introduced by placing the combustion tube
into the neck of the flask containing it, and

then 2-3 cm. of the finely divided oxide. The sub¬
stance (about 0'5gram) is now introduced from a
long narrow weighing tube which can be inserted
into the mouth of the combustion tube, and 5-G
cm. of the finely divided oxide is added and inti-
mately mixed with the substance by means of
a long copper wire the lower end of
which has two twists like a cork-
screw. The wire and sides of the
tube are rinsed with some of the
oxide, and the tube is filled with
the granular oxide to within 5-6 cm.
of the top, and a plug of copper
gauze inserted. Every care must be
taken to prevent absorption of mois-
ture by the copper oxide. The re-
mainder of the opération is con¬
ducted as described above, and when
combustion is complété the drawn-
out end of the tube is connected with
a drying apparatus, the tip broken olï
inside the caoutchouc tube, and a
eurrent of oxygen and afterwards of Eig. 21.
air passed through the apparatus.

In whichever way the combustion is made it
is found that the pereentage of hydrogen is
always about 0T-0T5 too high, a resuit at-

STa. 22.

tributed to the difficulty of perfectly drying the
copper oxide &c. It is frequently stated that an
open tube rarely gives correct results the first
time it is used ; but this is solely due to negleot
of the précaution of first heating in a eurrent of
oxygen (p. 147).

G. Combustion with lead chromate. Sub¬
stances such as graphite, resins, &c. which are
oxidised with great difficulty, should be bumt
with lead chromate or in extreme cases with
lead chromate containing 10 p.c. of potassium
bichromate. The chromate is precipitated by
adding potassium bichromate to a solution of
lead nitrate, washed, dried, fused, and then
granulated. It is heated immediately before
being used, and the tube is filled in the same
manner as with copper oxide in B. The efficiency
of the lead chromate dépends mainly on the fact
that at a high température it fuses. After being
used it is heated with nitric aeid in order to
remove the redueed oxides, and is washed, dried,
and re-fused.

Carbon and hydrogen in presence of nitro-
gen, halogens, &c. When nitrogen is présent
it is partly converted into nitrogen oxides, which
are absorbed by the potash. In order to avoid
this source of error, the front of the tube con-
tains plugs of copper wire gauze or a layer of
granulated metallic copper 12 to 15 cm. in lengtk
redueed in carbonic oxide (v. p. 15). The copper
is heated to redness throughout the opération,
and the nitrogen oxides are decomposed with
absorption of oxygen and libération of ni¬
trogen.

Perkin (C. J. 1880, 457) employs precipi¬
tated manganic oxide made into a paste with
a saturated solution of potassium chromate con¬
taining 10 p.c. of dichromate, dried and granu-
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lated. A layer of this mixture 15 cm. long is
placed in the front of the tube andheatedto 200-
250°C. AU nitrogen oxides are absorbed, but
if the mixture is keated too strongly they are
partially expelled. After eack analysis the man-
ganio oxide is heated more strongly whilst a
current of air is passed through the tube, and
the nitrogen oxides are more or less completely
driven off.

The halogens, when présent, form haloid
copper salts which are somewhat volatile and
are liable to be carried into the absorption
apparatus. In such cases the front layer of
copper may be replaced by silver foil or gauze,
which décomposés the nitrogen oxides and also
absorbs the halogens. Compounds of this kind
may also be burnt by means of lead chromate,
as in C., or a mixture of the substance with lead
chromate may be placed in a porcelain boat
and burnt in a current of oxygen in the usual
way

Sulphur forms sulphur dioxide, which is ab¬
sorbed by the potash. Compounds containing
this element may be burnt with lead chromate,
care being taken that the front of the tube is not
too hot ; or the front of the tube may contain a
somewhat longer layer of manganic oxide and
potassium chromate, the front half being kept at
200-250° to absorb nitrogen oxides whilst the
rear half is heated to dull redness and absorbs
the sulphur dioxide (Perkin, l.c.).

Nitrogen. This element is determined in
the form of ammonia (Will and Varrentrapp,
Buffle, Kjeldahl), or in the form of nitrogen gas,
which is eollected and measured, the weight
being calculated from the volume (Dumas, Max¬
well Simpson).

D. Will and Varrentrapp's method. The sub¬
stance is heated with soda-lime and the nitrogen
is evolved as ammonia, which is absorbed in
hydrochlorie acid and estimated by means of
platinum or by titration. This method is not
applicable to azo-, diazo-,nitro-, or nitroso- deri-
vatives, nor to certain albuminoid substances.

Soda-lime is prepared by slaking 2 parts of
good quicklime with a strong solution of 1 part
of sodium kydroxide free from nitrates or sul-
phates. The mixture is dried by heating in an
iron vessel, granulated, and preserved in well-
closed bottles. A mixture of equal parts of
calcium hydroxide and anhydrous sodium car¬
bonate may also be used.

A glass tube about 50 cm. long and 12 mm.
diameter, sealed at one end, is filled- to a depth
of about 5 cm. with a mixture of anhydrous
oxalic acid and granular soda-lime, and a short
plug of reeently ignitecl asbestos is inserted.
The substance is intimately mixed with sufficient
hnely powdered soda-lime to form a layer about
15 cm. long, and is quiokly introdueed into
the tube. The mortar is rinsed with a small
quantity of soda-lime, which is also put in the
tube, and the latter is then filled with granular
soda-lime to within 5 cm. from the end and a

loose asbestos plug inserted. The tube is tapped
to form a channel over the powdered soda-lime
for the eseape of the gases, and is placed in a
furnace, which may be considerably shorter than
that used in the estimation of hydrogen and
oxygen. The combustion tube is attached by
means of a perforated cork to an apparatus for

absorbing the ammonia. This may consist of
the bulbs originally devised by Will and Var¬
rentrapp, or of an ordinary bulb (J-tube.
Winkler has devised a combination of bulb
and flask which is especially convenient fox-
estimations by titration, since the liquid need
not be transferred. Ordinary dilute hydro¬
chlorie acid or a definite volume of standard
acid is placed in the bulb. The tube is gradu-
ally heated to redness, beginning at the end
near the (J-tube, and when décomposition is
complété the. oxalic acid at the back is heated
and the ammonia in the tube is driven out by
the current of carbonic oxide and carbonie
anhydride. The excess of acidis then determined
by standard alkali ; or the liquid is evaporated
with platinic chloride as in an ordinary estimation
of ammonia, and the precipitate is washed with
ethercontainingasmall quantityof alcohol, dried,
heated in a crucible till sompletely decomposed,
and the nitrogen calculated from the weight of
the residual platinum ; Pt = N,. The nitrogen
frequently foi-ms volatile bases other than am¬
monia, and henee the platinum precipitate
cannot be weighed as such. The ratio of platinum
to nitrogen is, however, the same in ail cases.
The precipitate is washed with ether because if
such bases are présent it may be soluble in
alcohol.

It is important that the front part of the tube
be heated sufficiently to seeure complété décom¬
position, but the température must not be too
higk, otherwise part of the ammonia itself is
decomposed and the results are too low. Sub¬
stances rich in nitrogen should be mixed with
some pure sugar in order to dilute the ammonia
and prevent too rapid absorption.

E. Buffle's method (C. J., 1881, 87). This is
a modification of the preceding method, with a
view to make it applicable to nitro- derivatives
and simiiar compounds, and to albmninoids.
The soda-lime is mixed with a powerful redueing
agent in the form of sodium thiosulphate, and
the substance itself is mixed with sulphur and
charcoal. The soda-lime is prepared by adding a
solution of 160 grams of caustic soda in an equal
weight of water, to 56 grams of finely-powdered
quicklime from marble, and drying the mix¬
ture.

The combustion tube is of iron, about 60 cm.

long and 15 mm. diameter. 21 grams of crystal-
lised sodium thiosulphate is mixed with 18
grams of soda-lime and 5 grams of this mixture
is placed in the tube. The substance, previously
mixed with an equal weight of a mixture of
finely-powdered sulphur and wood charcoal in
equal proportions, is mixed with 30 grams of the
soda-lime and thiosulphate and the mixture
placed in the tube, followed by the remainder of
the soda-lime and thiosulphate. 18 grams of
ordinary soda-lime is then introdueed, and
finally a plug of asbestos. The tube is placed in
the furnace and tapped to produce a channel for
the gases. The mixture fills the tube to within
about 20 cm. from the open end, which is con-
nected with the usual absorption apparatus. The
tube is gradually heated to redness, beginning at
about 10 cm. from the front end. The layer of
ordinary soda-lime in the front of the tube
absorbs hydrogen sulphide which would other¬
wise eseape.
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Arnold finds (B. 18, 806) that, except in
the case o£ diazo- compounds, tkis method is
generally applicable. Tlie results, lrowever, are
sometimes too low in conséquence of tlie forma¬
tion of channels in the tube, and lie proposes the
following modification : 0-5-0-3 grams of the
substance, according to its richness in nitrogen,
is mixed with a mixture of 2 parts anhydrous
sodium thiosulphate, 1 part soda-lime, and 1 part
sodium formate, in suflicieut quantity to form a
layer 12-15 cm. long. The tube is filled with a
layer of the réduction mixture 5 cm. long, then
■with the mixture containing the substance, then
a layer 15-20 cm. long of a mixture of 2 parts
soda-lime and 1 part each of sodium formate
and thiosulphate, and finally 5 to 10 cm. of
ordinary soda-lime. No channels need beformed,
since the heated mass is porous and allows the
passage of the gas. The température must not
be sufficient to cause partial fusion.

F. Dumas' method. In this process the
hydrogen and carbon are burnt by means of
eupric oxide and the liberated nitrogen collected
and measured. A glass tube 80 cm. long, 12 to
15 mm. diameter, sealed like a test tube at one
end, is filled to a length of 12-15 cm. with dry
sodium hydrogen carbonate, 4 cm. of .cupric
oxide is added, and then an intimate mixture of
the substance (0-3 to 0-6 gram) with cuprie
oxide, then the cupric oxide used to clean the
mortar, a layer of granular cupric oxide, and
finally a layer of reduced granulated copper or
copper-wire gauze not less than 15 cm. in length.
The tube is connected by means of a cork and
bent tube with an apparatus for eollecting the

nitrogen. The sodium
carbonate is first heated
until ail air is expelled and
the issuing gas is com-
pletely absorbed by potash
solution. The copper is
then heated to redness,
the beat being gradually
applied to the whole tube
as far as the carbonate.
When combustion has
ceased the carbonate is
again heated until ail the
nitrogen has been expelled.

The most convenient
form of apparatus for eol¬
lecting the nitrogen is that
devised by H. Schiff (Fr. 7,
430), or a similar form
described by Groves (C. J.
1880, 500). The former
consiste of a burette a fitted
with a heavy foot and
provided with a stopcock c
at the top. Clofe to the
bottom is a tubulus b in-
clined at an angle of about
45°, and»on the other side
is another tubulus a con¬

nected by means of a caoutchouc tube previously
soakedin paraffin with a globular réservoir b which
is attached to the burette by a clip, and the height
of which is readily adjusted. Mercury is poured
into the burette through the lower tubulus to a
height of 2 or 3 mm. above the lower opening,
and the réservoir is then filled with a solution of

fig. 23.

potash in its own weight of water, the lower
tubulus being closed with a cork. The stopcock
is opened and the réservoir raised untÛ the
burette is completely filled with the potash
solution. The stopcock is then closed and the
réservoir lowered to the bottom of the burette.
The tubulus may now be opened without the
mercury or potash solution being foreed out.
When the air has been expelled from the com¬
bustion tube the end of the delivery tube is
inserted through the tubulus and the nitrogen
collected. At the close of the opération the
température of the gas is allowed to become con¬
stant, the réservoir is raised so that the level of
the liquid is the same as in the burette, and the
volume of the nitrogen is read off together with
the température and the height of the barometer.
The weight of the nitrogen, P, is -then calculated
from the volume by means of the formula

p_V(B-/)0-001256
(1 +0-00366f)760'

where V is the observed volume, B the height
of the barometer, / the tension of aqueous
vapour at the température t, and 0-001256 the
weight of 1 c.c. of nitrogen at 0° and 760 mm.

A table giving the values of
(1 + ^gg760

for différent températures has been calculated
by J. T. Brown (Fr. 4, 450).

Gatterman (Fr. 24, 57) collects the nitrogen
in an apparatus similar to Schiff's, but not
graduated. A bent tube of small diameter com¬
pletely filled with water is attached to the jet of
the burette by means of caoutchouc tubing. By
closing the lower tubulus, raising the potash
réservoir and opening the stopcock, the gas is
driven over into a graduated tube standing over
water, and is measured. The error due to the
unknown vapour tension of the potash solution
is thus avoided, but the vapour tension of the
water at the particular température must of
course be taken into account. Other forms of
apparatus are described by Zulkowsky (A. 182,
296. Boscoe and Schorlemmer's Chemistry,
3, pt. 1, 74) and Schwarz (B. 13, 771).

G. Maxwell Simpson's modification ofDumas'
method (C. J. 6, 290; A. 95, 74). In order to avoid
the formation of carbonic oxide and nitrie oxide
the substance is burnt with a mixture of cuprie
oxide and mercuric oxide. Into a tube similar to
that used in Dumas' method is introduced about
12 grams of manganèse carbonate or granulated
magnesitemixed with 2 grams of precipitatedmer¬
curic oxide, followed by a plug ofasbestos. Another
gram of mercuric oxide is introduced and then an
intimate mixture of 0-5 gram of the substance
with 45 parts of a previously prepared and
thoroughly dry mixture of 4 parts ignited cupric
oxide and 5 parts precipitated mercuric oxide.
The mortar and the sides of the tube are rinsed
with a similar mixture and another asbestos
plug is introduced. A layer of granular cupric
oxide about 9 cm. in length and a layer of not
less than 20 cm. granulated copper, kept in
position by another asbestos plug, fill the re-
mainder of the tube. After the air has been
expelled by heating the manganèse carbonate or
magnesite, the tube is gradually heated to red¬
ness, beginning from the front. The metallic
copper not only décomposés nitrogen oxides but
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also absorbs tlie excess of oxygon. The gas is
collected as in Dumas' method, the magnesite
or manganèse carbonate providing the carbon
dioxide.

Various modifications of Dumas' process have
been proposed. Thudichum and Wanklyn use
a mixture 5 parts normal sodium carbonate and
13 parts fused potassium bichromate in place
of sodium hydrogen carbonate. Groves (Z.c.),
with a view to use the same tube repeatedly,
places the mixture of carbonate and bichromate
in a small tube connected with the combustion
tube by an indiarubber joint. The portion of the
cupric oxide mixed with the substance is sepa-
rated from the layer remaining always in the
tube by means of a tight plug of asbestos and
copper gauze, the latter keeping a free passage
for the gas.

The combustion tube may be open at both
ends, the rear being connected with an appara-
tus for generating carbon dioxide, but spécial
précautions must be taken to obtain this gas
free from air (v. Warington, 0. J. 1882, 346).

In both Dumas' method and Simpson's
modification the combustion tube may be drawn
out at the front end and connected with a

Sprengel mercury pump by glass tubing joined
by short pièces of caoutchouc tubing, the joints
being surrounded by short wide tubes filled
with water or glycerol. A bulb is blown on the

horizontal part of the glass tube at the end near
the combustion tube, and this bulb is kept cool
during the opération, and serves to condense the
water which is formed. The combustion tube is
made vacuous, and when no more air issues
from the end of the pump, the combustion is
conducted in the ordinary way, the gas which is
evolved being pumped out by the Sprengel pump
and collected in a suitable tube. No magnesite
need be used. The copper oxide keeps the ex-
hausted tube from eollapsing when heated.

In many cases, especially with nitro- deriva-
tives, tbe gas evolved is a mixture of nitrogen with
nitrio oxide, the latter being sometimes présent
in considérable quantity. It is advisable, there-
fore, to transfer the gas to a suitable apparatus
and estimate the nitrio oxide by absorption with
ferrous sulphate solution (v. Gas analysis).

Liquids in which nitrogen is to be determined
may be inclosed in bulbs which are dropped into
the combustion tubes as in the détermination of
hydrogen and cxygen.

The copper oxide used in nitrogen détermi¬
nations should be prepared by heating metallio
copper in air and never by ignition of the
nitrate, since in the latter case it is apt to eontain
basic nitrates which evolve nitrogen on heating.

The copper used in nitrogen déterminations
&c. should not be reduced in hydrogen, since it
is liable to occlude this gas. It may be reduced
in the mixture of carbon monoxide and carbon
dioxide obtained by heating oxalic acid with
strong sulphuric acid. Plugs of copper gauze
may also be reduced by heating them to redness
and dropping them into a test tube containing a
few drops of formic acid or methyl alcohol. The
reduced copper is carefully dried at 100°-110°.

When no carbonate is used and the gas is
simply pumped out of the tube and collected
over mercury, it consists of a mixture of car¬
bon dioxide and nitrogen. If the former is
estimated by absorption with potash, a détermi¬
nation of the carbon may be combined with that
of nitrogen.

Jannasch and Meyerhave described a method
for the simultaneous estimation of carbon, hy¬
drogen, and nitrogen (B. 19, 949 ; A. 233, 375 :
Dr. 26, 86).

H. Kjeldahl's method (Fr. 22, 366). The sub¬
stance is heated with concentrated sulpliuria
acid to a température approaching the boiling
point of the latter, and when décomposition is
complété, an excess of solid potassium perman¬
ganate is added. The nitrogen is thus converted
into ammonium sulphate, which is then distilled
with excess of alkali and the amraonia collected
and estimated. This method is economical, re-
quires no combustion furnace or spécial appara¬
tus, is rapid, and requires comparatively little
attention, so that a large number of détermina¬
tions can be carried on at the same time. The
substance need not be in a very fine state of
division, and the method is especially suitable
for liquid and pasty substances sueh as extracts.

0-3 to 10 gram of the substance, according
to its riehness in nitrogen, is placed in a round
hard glass fiask of about 100 c.c. capacity, with
a long neck, mixed with 10 c.c. of the strongest
sulphuric acid free from ammonium sulphate,
and heated gradually to the boiling-point of the
acid, without, however, aetually entering into
ebullition, the flask being inclined in order to
prevent loss by spurting. When the black
liquid has become light coloured but not neces-
sarily colourless, the lamp is removed and finely-
powdered potassium permanganate is added very
gradually until the liquid has a darlt-green or
bluish-green colour. It is then gently heated
for four or five minutes, allowed to cool, and
diluted with water. After again cooling, it is
transferred to a flask of 600-700 c.c. capacity;
mixed with an excess of soda solution of sp.gr.
1-3, free from ammonia, and connected with a
condenser, the tube of which is bent over so
that the flask is inclined and no liquid can be
spurted into the condenser. The liquid is then
boiled for about half an hour, and the ammonia
absorbed in standard acid and estimated by
titration as in an ordinary détermination of
ammonia (v. Acedimetky).

It is important that the sulphuric acid em-
ployed for these déterminations should be pro-
tected from ammonia, and the soda solution
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should be well boiled in order to expel any am-
monia which it may contain. The purity of the
reagents is best ascertained by making an ex-
periment with pure sugar. If a small quantity
of ammonia is présent the same quantity of the
reagents should be used in each experiment,
and a correction made for the ammonia which
they contain.

In order to prevent bumping during distilla¬
tion a small piece of zinc may be placed in the
flask, but it is essential that the soda should be
free from nitrites and nitrates, which would be re-
duced and yield ammonia.

The time required for the opération may be
considerably shortened by using sulphuric acid
containing sulphuric anhydride or phosphoric
anhydride.

The method as thus carried out is applicable
to ail substances which can be analysed by
Will and Yarrentrapp's process, and to many
others. It does not, howeyer, estimate the
whole of the nitrogen in nitro- and azo- deriva-
tives, nitrates, nitrites, &c. Yarious modifica¬
tions have been made with a view to shorten
the time required and to make the process more
generally applicable.

Heffter, Hollrung, and Morgen (Z. 8, 432)
treat 1-0 to 1*5 gram of substance with 20 c.c.
of a mixture of 4 vols, ordinary sulphuric acid
and 1 vol. of fuming acid, and 2 grams of phos-
phorus pentoxide. Kreusler (Er. 24, 453) uses
sulphuric acid containing 200 grams of phos-
phorus pentoxide per litre.

Wilfarth (C. C. [3] 16, 17 and 113) finds
that the oxidation of the organic matter takes
place much more rapidly in presence of certain
metallic oxides. Mercuric oxide is the most
efficient, but cupric oxide answers almost equally
well. The former produces ammonia deriva-
tives which are not readily decomposed by soda,
and hence the alkaline liquid must be mixed
with some potassium sulphide to décomposé the
mereury compounds. The mercuric sulphide
formed makes the liquid boil regularly without
the addition of zinc. Ulsch recommends the
use of ferrous sulphate instead of potassium
sulphide ; it may be added before the soda.

Warington (C. N. 52, 162) removes nitrites
and nitrates by boiling with ferrous sulphate
and hydrochloric acid.

With a view to secure the réduction of nitro-
derivatives &c., and thus make the process
generally applicable, Asboth (C. C. [3] 17, 161)
mixes 0'5 gram of the substance with 1 gram of
pure sugar in the case of readily oxidisable com¬
pounds, and with 2 grams of benzoic acid in
the case of nitrates and similar derivatives.
Most probably the benzoic acid first forms nitro-
derivatives, which are afterwards reduced. He
adds Bochelle sait with the caustic soda in order
to prevent précipitation of manganèse &c., and
thus avoids bumping during distillation. With
these modifications the method is applicable to
ail nitrogen compounds except those of the
pyridine and quinoline sériés. E. Arnold (ib.
p. 337) uses 0'5 gram anhydrous cupric sulphate
and 1 gram metallic mereury in place of the
oxides as recommended by Wilfarth, and heats
1 gram of the substance with these and 20 c.c.
of sulphuric acid containing 20-25 p.c. of phos-
phorus pentoxide.

C. Arnold (Ar. Ph. [3] 24, 785) confirma
Asboth's statementa, but finds that in addition to
pyridine and quinoline compounds, azo- deriva¬
tives and nitrites yield unsatisfactory résulta.
He heats 0-5 gram of substance with 0-5 gram
anhydrous cupric sulphate, 1 gram of me¬
tallic mereury, 2 grams phosphorus pentoxide,
1 gram of sugar, and in case of nitrates, &c.,
2 grams of benzoic acid, and 20 c.c. of sulphuric
acid.

Reitmair and Stutzer (Rep. Anal. Chem. 5,
232 ; Er. 25, 582) use about 0-7 gram of mer¬
curic oxide and 20 c.c. of sulphuric acid, with a
small fragment of paraffin in the case of sub¬
stances rieh in fat. They regard the use of
phosphorus pentoxide as unneeessary, and the
use of fuming sulphuric acid as undesirable on
account of its liability to contain nitrogen
oxides.

Jodblauer (C. 0. [3] 17, 433) uses phenol-
sulphonic acid in place of benzoic acid, and
reduces with zinc-dust. He thus obtains good
results even with nitrates. Reitmair and Stutzer
(Rep. Anal. Ch. 7, 4) find that the nitrate must
be somewhat finely divided. 0-5 to 1-0 gram of
the substance is mixed with 50 c.c. of sulphuric
acid containing 20 grams of phénol per litre,
allowed to stand for a short time with occasional
agitation, mixed with 2-3 grams of dry zinc
powder and 1 or 2 drops of metallic mereury,
and heated in the usual way. Conversion into
ammonium sulphate requires one and a half
hours.

When mereury or copper salts are présent
the addition of potassium permanganate is fre-
quently unneeessary. It is safer, however, not
to omit it.

The literature of nitrogen déterminations is
extremely voluminous. Summaries of the most
recent contributions will be found in Er. 23,
551 ; 24, 439 ; 25, 424 and 571 ; 26, 249 ; and
C. N. 57, 62, etsey. In addition to the references
already given, papers relating to Kjeldahl's pro¬
cess may be found in Fr. 24, 199, 388, and 393;
25, 149 and 155 ; 26, 92 ; 27, 222 and 398.

Chlorine, bromine, and iodine.
By lime. A tube about 40 cm. long and

7 mm. diameter, sealed at one end like a test
tube, is filled to a depth of 5 cm. with pure
granulated quicklime. The substance is weighed
into the tube and mixed with finely-powdered lime
by means of a copper wire twisted at the end
like a corkscrew. The wire and tube are rinsed
with lime, the tube is filled to within 5 cm. of
the open end with granulated lime, and a loose
plug of asbestos or glass wool is inserted. It is
then fitted with a cork carrying a narrow tube,
the end of which just dips under mereury in a
crueible or small beaker. The tube is gradually
heated to redness from the front. When cold
the contents of the tube are dissolved in water

slightly acidified with nitric acid, filtered, and
the halogen precipitated by silver nitrate.

In the case of iodine the substance is dis¬
solved in water, filtered, mixed with silver
nitrate, and finally acidified, in order to avoid
libération of iodine.

When the substance contains nitrogen, cyan-
ides may be formed; but this is avoided by
using pure soda-lime in place of lime. If the
lime contains sulphates, some sulphide is liable
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to be produced. On the préparation of pure
lime see Fr. 4, 51 and 15, 5.

Liquids are contained in small bulbs with
capillary openings, which are dropped into
tbe tube before filling up with lime. Tlie tube
must be very gradually lieated, and should be
longer than usual.

Carius's method (A. 116, 1 ; 136, 129 ; B.
3, 697). Tlie substance is oxidised by heating
with nitric acid in sealed tubes in presence of
silver nitrate. In many cases acid of sp.gr. 1*2
and a température of 120-200° will suffice ; but
substances which are more difficult to oxidise
require acid of sp.gr. 1-42, mixed in spécial
cases with some potassium bichromate, or the
fuming acid of sp.gr. 1-5 may be used. If
necessary the tubes may be heated as high as
300°. The quantity of acid used should not be
more than twice that theoretieally required for
complété oxidation, and the tube must not eon-
tain more than 4 grams of nitric acid for each
50 c.c. of its volume. If the opération is pro-
longed, it is désirable to reduce the pressure in
tbe tube by opening it from time to time by
heating the capillary end of the previously
cooled tube in a flame until it softens, when the
gas forces its way out.

The weighed substance is inclosed in a
narrow tube of thin glass of such length that
its mouth projects above the nitric acid in the
tube, and the acid does not corne in contact
with the substance until the tube is sealed.
The tubes used should be about 15 mm. in
diameter and 1-5-2 mm. thick in the glass.
After introduction of the substance they are
drawn out to a capillary tube with thick walls,
which is then sealed. After being heated any
attempt to open them with a file would be highly
dangerous. They should be wrapped in a cloth
and opened by softening the tip of the capillary
end in a flame, care being taken that the tube
is held in such a way that the liquid cannot be
foreed out.

The silver sait formed is separated and
treated in the usual way.

Sulphur and phosphorus.
Non-volatilesubstances. Pure potashisfused

in a silver dish with about one-sixth its weight
of potassium nitrate and a little water. When
cold the substance is weighed into the dish,
which is again heated, the substance being
mixed with the potash by means of a silver
spatula. When oxidation is complété the mass
is allowed to cool, and is then dissolved in water
acidified with hydrochloric acid, and the sul-
phuric or phosphoric acid estimated in the usual
way.

Carius's method is carried out exactly as in
tbe estimation of the halogens. Sulphur is
oxidised to sulphuric acid and phosphorus to
phosphoric acid. It is advisable to remove the
greater part of the nitric acid before precipita-
ting as barium sulphate or magnésium ammo¬
nium phosphate.

Another method applicable to volatile and
non-volatile substances is as foliows Into a

combustion tube 40 cm. long, sealed at one end,
is introduced 2-3 grams of pure mercuric oxide,
then a mixture of the substance with equal pro¬
portions of mercuric oxide and pure anhydrous
sodium carbonate, and the remainder of the

tube is filled with sodium carbonate mixed with
a small quantity of mercuric oxide. The open
end of the tube is closed by a cork carrying a
glass tube dipping under water, in which the
mercury is condensed. The tube is carefully
heated so that the front layer of sodium car¬
bonate is red hot before the substance begins to
volatilise. The substance is then rapidly heated
so that décomposition is complété in about
'fifteen minutes, and finally the mercuric oxide
at the rear end of the tube is heated until
oxygen gas issues from the end of the delivery-
tube (Eusseli, C. J. 1854, 212 ; J. Pr. 64, 230).
The contents of the cooled tube are dissolved
in water, a small quantity of bromine water
added to oxidise any sulphide, the solution acidi¬
fied with hydrochloric acid, boiled to expel
bromine, and the sulphuric acid or phosphoric
acid estimated in the usual way.

Many non-volatile substances may be oxidised
by heating with pure concentrated potash solu¬
tion, diluting with twice the volume of water,
and treating with a current of chlorine. After
complété oxidation the solution is acidified,
heated to expel chlorine, and the sulphuric or
phosphoric acid determined.

Oxygen. No satisfactory method has yet
been devised for the direct détermination of this
element, and it is usually estimated by différence
(v. v. Baumhauer, A. 90, 228 ; Fr. 5, 141 ;
Stromeyer, A. 117, 247 ; Mitscherlich, Fr. 6,
136 ; 7, 272 ; 13, 74, and 15, 371 ; Ladenburg,
A. 135, 1 ; Maumené, C. E. 55, 432 ; ancl
Crétin, Fr. 13, 1).

Calculation of results.—The quantity of hy-
drogen présent is obtained at once from the
relation H- weight of water, and that of the

9

carbon from the relation C =
Carbon dioxide

, and3-6364
the percentage composition is calculated in the
usual way.

In order to obtain the empirical formula the
percentage numbers are divided by the atomic
weights of the respective elements, and the
numbers thus obtained are the ratios of the
number of atoms of each element in the molé¬
cule. For example, in the case of theine—

Carbon .... 49-51
Hydrogen .... 5-22
Nitrogen .... 28-99
Oxygen .... 16-28

100-00

1^1=4-13; ~ = 5-22-,
28-99

_

14 2-07; ^-=T02.
These ratios are approximately 4:5:2:1, and

hence, apart from ail other considérations, the
simplest formula for thëine is C4H5N20.

Gas analysis.
The experiments of Gay-Lussac established

long ago the value, from a scientific point of
view, of the détermination of the volumetrie
composition of gases and the products formed
by their interaction ; but it is only within recent
limes that the methods of gas analysis have been
aqjplied to any great extent for technical pur-
poses. The value of such déterminations is now
generally recognised on account of the informa-
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tion which they give respecting the efficieney of j
combustion, the progress of opérations in which
gases are consumed or produeed, and the like.

With few exceptions the volumetric and not
the gravimétrie composition of the gas is
required, and the measurements are essentially
measurements of volumes. The gas to be ex-
amined is confined over mercury or water in a
suitable measuring apparatus, and its composi¬
tion is determined—(1) by treatment with ap-
propriate absorbing reagents and measurement of
the contraction produeed ; (2) by exploding with
oxygen or hydrogen and measuring the contrac¬
tion ; (3) by exploding with oxygen or hydrogen,
measuring the contraction, and then treating
with absorbing reagents, and measuring the
second contraction. Sulphur dioxide and some
other gases soluble in water are estimated by
titration, a definite volume of the gas being
drawn through a measured quantity of a standard
solution, the excess of which is afterwards de¬
termined.

The highly refined and aceurate methods of
gas analysis employed for purposes of research
are of little value for technical purposes on
account of the length of time required for their
exécution. Information respecting thesemethods
may be found in Bunsen's Gasometrische
Methoden, 2nd ed. 1877 ; Sutton's Volumetric
Analysis, 5th ed. 1887 ; Dittmar's Exercises in
Quantitative Analysis, 1887 ; and Watts' Dic-
tionary, v. also Thomas (C. J. 35, 213), and
Meyer and Seubert (C. J. 45, 581). In this
article only those methods will be deseribed
which are available for technical purposes.

Measurements.—The -volume which a given
mass of gas occupies dépends on the tempéra¬
ture, the pressure, and the proportion of mois-
ture which it contains. The température is as-
certained by means of a thermometer attached
to or suspended near to the measuring vessel.
Measurements are usually made under atmo-
spheric pressure, and this is determined by means
ôf a barometer placed in the room in which the
analysis is made. The siphon barometer is a

When the estimations are made rapidly, and
only approximate results are required, the cor¬
rections for température and pressure are omitted,
since it may be assumed that they remain con¬
stant during the analysis.

The following plan, deseribed by Winkler,
renders the use of the barometer and thermo¬
meter unnecessary, and makes the ealculation
much simpler. It is an adaptation of William-

! convenient form of instrument for the purpose,
and should stand on the table close to the gas
apparatus. In case the level of the mercury or
water in the measuring tube is higher than that
in the trough or the attached tube, the true pres¬
sure upon the gas is given by the height of the
barometer minus the différence between the
mercury level insicte and outside the tube. If
water is used, the height of the water column
divided by 13-6 gives the height of the corre-
sponding column of mercury with suffieient ac-
curacy. It is better to eliminate this correction
by adjusting the liquid so that it is at the same
level both inside and outside the tube, which is
easily done.

The gas must be either perfectly dry or
saturated with moisture. If an indefinite
quantity of water vapour is présent, accurate
measurements are impossible. It is more con¬
venient to measure the gas when moist, ani
hence if the gas is confined over mercury a few
drops of water are introduced when the tube is
filled with the mercury and this water is taken
up by the gas. TJnder these conditions the sur-
rounding pressure is balanced partly by the gas
and partly by the aqueous vapour which it con¬
tains, and in order to ascertain the pressure
which the gas itself is under, the tension of
aqueous vapour at the particular température
must be subtracted from the height of the
barometer. The formula for reducing the
volume of gas to the standard température and
pressure (0° and 760 mm.) is—

v V+273 x (B—/) „ Vx(B-f)
0 (273+0x700 01 v0 (1 + -OU3667) x7(j0

in which V is the actual reading, t the tempéra¬
ture, / the tension of aqueous vapour at the
température t, and B the height of the baro¬
meter. The réduction of the height of the
barometer to 0° is necessary for accurate ealcula¬
tion, but may usually be omitted. The following
table, abbreviated from Bunsen's Gasometrische
Methoden, gives the value of l + -00366f for the
ordinary range of température :—

son and Russell's method of always measuring
the volume of the gas at the same degree of
elastieity. A tube about 1 metre long, elosed
at one end and graduated to 120 ce. in tenths.
is moistened internally with a few drops of water,
and mercury is poured in in such quantity that
when the tube is inverted the mercury stands
somewhat higher than 100. The volume which
100 c.c. of air measured at standard température

t° Number Log t° Number Log t° Number Log

0° 1-00000 0-00000 11 1-04026 0-01714 21 1-07686 0-03216
1 1-00366 0-00159 12 1-04392 0-01867 22 1-08052 003363
2 1-00732 0-00317 13 1-04758 0-02019 23 1-08418 0-03510
3 1-01098 0-00474 14 1-05124 0-02170 24 1-08784 0-03656
4 1-01464 0-00631 15 1-05490 0-02321 25 1-09150 0-03802
5 1-01830 0-00788 16 1-05856 0-02471 26 1-09516 0-03948
6 1-02196 0-00943 17 1-06222 0-02621 27 1-09882 0-04093
7 1-02562 0-01099 18 1-06688 0-02771 28 1-10248 0-04237
8 1-02928 0-01253 19 1-06954 0-02921 29 1-10614 0-04381
9 1-03294 0-01407 20 1-07320 0-03068 30 1-10980 0-04524

10 1-03660 0-01561
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and pressure should oecupy under tlie conditions I
described is calculated from the expression—
„ (700-4-5)100x(273+t) (760-45)100x (l+'00366OV~

273 (B-/) 01' B-/
and air is carefully introduced into the tube un-
til, when the mercury is at the sarne level inside
and outside the tube, it stands exaetly at the
calculated volume. The tube now contains a

quantity of gas saturated with moisture, which,
under standard conditions, wouldoccupy 100 c.c.,
but its actual volume varies in the same ratio as

the volume of gas to be measured. The two
tubes are allowed to stand side by side, and
wlien the levels have been properly adjusted in
each case the volume of the gas to be measured
and the volume of the air in the comparison tube
are read off. The volume (under standard con¬
ditions) of the gas under examination is obtained
by the proportion—

V : V0 : : V/ : V0',
in which V is the actual volume of air in the
comparison-tube ; V0, its volume under standard
conditions, which is always 100 ; V,, the ob-
served volume of the gas to be measured ; and
V„', is volume under standard conditions.

During the opérations the température should
be kept as constant as possible, and the readings
should be taken rapidly, otherwise the proximity
of the body will cause variations in the tem¬
pérature of the gas. It is an advantage to
bave the measuring tube surrounded by a wider
tube which is filled with water. The most ae-

curate metliod is to take the readings through
a carefully levelled telescope (a eathetometer) at
a distance of five or six feet. This also avoids
parallax (v. p. 140). The measuring-tube must
be vertical, and when water is the confining
liquid, sufïïcient time must be given for the liquid
to run down the sides of the tube. Not unfre-
quently this requires several minutes.

Beagents.
Ail liquid resgents should be saturated with

the gases which they do not absorb chemicaliy.
It is désirable that the tensions of these gases
in the liquids should be approximately equal to
their tensions in the gases which are to be
analysed, in order to avoid exchanges between
the gas and the absorbing liquid. This is best
secured by going through the process two or
three times without making measurements
vhenever the pipettes have been freshly filled.
Liquids used for the analysis of, say, flue gases,
should not be used for gases of a différent cha-
racter, i.e. which contain the constituents in
very différent proportions.

Bromine water is used for absorbing olefines.
It should be well saturated with bromine and be
kept in the dark,

Guprous chloride is made by dissolving 50
grams of cupric oxide in hydrochloric acid, add-
ing 50 grams of copper, and boiling for some
time with as little exposure to air as possible.
The solution is then diluted to 1,000 c.c. with
hydrochloric acid of sp.gr. 1-12, and allowed to
■remain in contact with metallic copper in a closed
vessel until the solution becomes colourless.
This solution attacks mercury rapidly.

Guproso-ammoniwn chloride is obtained by
dissolving cuprous chloride in ammonia. It does
not attack mercury.

Hydrogen is obtained by f.he action of dilute
sulpkuric acid on pure zinc. The granulated
zinc may be placed in a small bottle fitted with
a capillary delivery tube which can be closed by
a tap or pinchcock. The bottle lias a tubulus at
the bottom, and is connected by a caoutchouc
tube with a similar bottle containing dilute sul-
phurie acid. The latter bottle is raised so that
the acid runs on the zinc, and the action is allowed
to proeeed until the air is completely expelled
from the first bottle. The tap is then closed,
and the acid is driven back into the second
bottle by the pressure of the hydrogen. It is
advisable to keep tbe second bottle at a sligktly
higher level than the first to avoid any chance
of air leaking in. One of Hempel's tubulated
absorption bulbs answers admirably (p. 159).
The zinc is attached to a eork, which is inserted
in the tubulus of the first bulb, and the acid is
introduced. "When ail air is expelled the capil¬
lary tube is closed, and the acid is driven up into
the second bulb, so that the pipette is always
eharged with hydrogen under pressure.

Oxygen is obtained in a pure state by heating
potassium chlorate without manganèse dioxide.
The powdered chlorate is contained in a glass
bulb, the neck of which is drawn out to form a
narrow delivery tube.

Phosphorus is employed in the form of narrow
sticks, which are made by melting it under warm
water and drawing it up into narrow glass tubes.
The upper ends of the tubes are closed by
the finger and they are plunged into cold
water, when the phosphorus solidifies. It may
also be used in a granular form, obtained by
shaking the phosphorus vigorously with warm
water in a well-closed flask until it solidifies.

Potash (or soda) for Orsat's apparatus is
dissolved in 3 parts of water and the solution
kept in well-stoppered bottles. Hempel uses a
solution of potash in two parts of water, which
will absorb forty times its volume of carbon
dioxide. It may, however, be used somewhat
more dilute, and is then less liable to attack the
glass.

Pyrogallol is kept in the solid state, and only
dissolved immediately before being used. Orsat
recommends a solution of 25 grams of pyrogallol
in a small quantity of hot water, mixed with
150 c.c. of a solution of 1 part of caustic soda in
3 parts of water. Hempel uses a mixture of
25 c.c. of a 20 p.c. solution of pyrogallol with
75 c.c. of potash solution of 33'3 p.c. This
quantity will absorb 200 c.c. of oxygen.

Sulphuric acid of sp.gr. 1-84 is used as a
drying agent and for the absorption of nitrogen
oxides. Acid of the same strength mixed with
so much sulphuric anhydride that it remains
liquid at the ordinary température but solidifies
if oooled, is used for absorbing ethvlene and
other hydroearbons.

Water, which is very largely used for con¬
fining the gases, should be well saturated with
air, but should not contain carbon dioxide. Dis-
tilled water is préférable, but any potable water
of good quality may be used.

Standard solutions used in the estimation of
gases by titration are known as normal gas solu¬
tions when they are of such strength that 1 c.c.
of the solution is équivalent to 1 c.c. of the gas
under standard conditions. A normal gas solu-
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tion of iodine for the estimation o£ sulphur
dioxide would contaiu 11-333 grams of iodine
per litre, and the thiosulphate solution used in
conjunction with it would be of équivalent
strength.

In many cases it is the weight of the absorbed
constituent per cubic metre or cubic foot of gas
that is required, and the ordinary standard solu¬
tions may be used.

Methods of estimation.
Ammonia, by titration.
Benzene, by absorption in fuming nitric acid

boiling at 86°, the nitrogen oxides being after-
wards removed by potash. Fuming nitric acid
also absorbs carbon dioxide and carbon mon-

oxide. Like the olefines, benzene is absorbed
by fuming sulphuric acid and by bromine water,
and in fact no absorption method is at présent
known by means of which benzene and the
olefines can be separated (B. 21, 3131).

Carbon dioxide, by absorption in potassium
or sodium hydroxide.

Carbon monoxide, by absorption in a saturated
solution of cuprous chloride in hydrochloric acid
or ammonia. It seems (B. 20, 2754) that these
solutions are liable to give oiï part of the dis-
solvedcarbon monoxide, especially after theyhave
been used repeatedly. The error is less with the
ammoniacal solution, and is reduced if the solu¬
tion remains in contact with the gas for some
time. The cuprous chloride solution should
ahvays be tolerably fresh, and should be saturated
with hydrogen, nitrogen and the other gases
which usually occur with carbonic oxide (B.
21, 898). If the amount.of carbon monoxide is
small it should be converted by combustion
(v. Hydrogen) into carbon dioxide, which is
afterwards absorbed by potash. If the amount
of carbon monoxide is large, the greater part
may be absorbed by cuprous chloride and the re-
mainder removed by combustion and absorption.

Hydrogen is converted into water by combus¬
tion with air or oxygen, and the volume of the
hydrogen is represented by two-thirds of the con¬
traction conséquent upon combustion. If the
gas is confined over mercury, an excess of pure
oxygen is introduced, the volume read off, and the
pressure on the gas reduced eonsiderably below
atmospherie pressure by lowering the mercury
in the level tube. Thelower end of the explosion
tube is closed, and combination is initiated by
passing .a spark from a coil between the platinum
wires which are fused into the tube. The pres¬
sure is restored to the normal, and when the gas
lias cooled the volume is again read oiï.

When the gas is confined over water it is
almost impossible to obtain satisfactory combus¬
tion, and it is much more convenient to pass the
combustible mixture over gently-heated spongy
palladium. This is prepared by dissolving about
two grams of palladium chloride in a small
quantity of water, adding a small quantity of
a saturated solution of sodium formate and
sodium carbonate until the reaction is alkaline.
About 1 gram of long and very soft asbestos
fibres is introduced, and the pasty mass is dried
at a gentle heat. In this way the asbestos is
obtained covered with very finely divided palla¬
dium. After being completely dried at 100° it is
carefully washed with water to remove soluble

salts and again dried. Some of the fibres are
moistened and twisted into a thread about a cm.

long, which is then introduced into the middle
of a stout capillary tube about 15 cm. long and
1 mm. internai diameter, and this tube is bent
at a right angle at each end or in any other way
convenient for its attachment to the measuring
apparatus containing the gas. One end of the
capillary is in communication with the graduated
tube, and the other with a bulb pipette, filled
completely with water, into which the gas is

Fis. 25.

passed. A small gas or spirit lamp flame is
arranged to heat that part of the capillary which
eontains the asbestos. When the other gases
have been estimated, the mixture of hydrogen
and nitrogen which remains is mixed with air
by lowering the level-vessel until the pressure is
sufïiciently reduced, and then putting the measur¬
ing tube in communication with the air. The
stopeock is then closed, the asbestos very gently
heated, and the gas passed slowly through the
capillary into the bulb and back again three or
four times. When combustion is complété, the
volume of the residual gas is measured.

Drehschmidt (B. 21,3245) prefers a platinum
tube 20 cm. long and 2 mm. thick, with a bore
0-7 mm. diameter. The bore is almost closed
by the insertion of a palladium wire extending
through the whole length of the tube. The tube
is attaehed to a burette and an absorption pipette
in the same manner as the glass tube, 5 to 6 cm.
is heated to redness by means of a gas flame,
and the gas is passed backwards and forwards
until there is no further altération of volume.
No explosions occur even with mixtures of
hydrogen and oxygen containing only a slight
excess of the latter.

Hydrochloric acid by titration.
Hydrogen sulphide by titration.
Hydrocarbons other than olefines are esti¬

mated by combustion, preferably with oxygen
over mercury under reduced pressure. Acetylene
and benzene may be burnt over palladium, but
require a somewhat high température. Methane
cannot be burnt in this way even in presence of
hydrogen. The combustion of this gas is etïected
by mixing it with a considérable quantity of air
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ond aspirating the mixture through a short tube
containing eupric oxide heated to redness in a
small combustion furnaee, the carbon dioxide
which is produced being absorbed in standard
baryta solution, which is afterwards titrated with
standard oxalic acid.

Drehschmidt finds (B. 21, 3249) that a mix¬
ture of methane and oxygen can readily be
bumt in a platinum tube, as above, if the latter
is heated to bright redness. The contraction
is observed, and the carbon dioxide formed is
removed and the volume again measured.

Nitric oxide is converted into peroxide by
admixture with oxygen, and the peroxide is
absorbed by potash, the excess of oxygen being
afterwards absorbed by potash and pyrogallol.
Nitric oxide may also be absorbed by a concen-
trated solution of ferrous sulphate, but this
înethod does not give such satisfactory results.

Nitrogen peroxide and nitrous anhydride by
titration; by absorption with sulphuric acid of
sp.gr. 1-84; or, in absence of carbon dioxide
and other absorbable gases, by absorption with
potash.

Olefines, by absorption with fuming sulphuric
acid, acid vapours being removed by potash ; or
by absorption in bromine water, bromine vapours
being afterwards removed by potash.

Oxygen, by absorption with alkaline pyro¬
gallol. If the oxygen is présent in greater pro¬
portion than 20 p.c. a small quantity of carbon
monoxide isevolvedfrom the pyrogallolduring ab¬
sorption, and hence the results are slightly too low.
After treatment with pyrogallol the gas may be
passed into the euprous chloride bulbs in order
to reinove any carbon monoxide that may
have been formed. Usually, however, this error
has no material influence on the results. Oxygen
may also be absorbed by phosphorus, and this
bas the advantage that the presence of carbon
dioxide is without influence on the resuit. The
température, however, must not be below 18°,
and the absorption is prevented by the presence
of ammonia, olefines and other hydrocarbona,
alcohol, &o.

Oxygen may also be estimated by combustion
with hydrogen, either explosively by the spark
oroverpalladium-asbestos. The hydrogen should
be evolved from commercial ' pure ' zinc and
pure dilute sulphuric acid, or in spécial cases
from magnésium and sulphuric acid. One-third
of the contraction conséquent upon combustion
gives the volume of the oxygen.

Sulphur dioxide, by titration.
In the ordinary gases from flues, generators,

&e., the constituents are estimated in the follow-
ing order : Carbon dioxide, olefines and benzene,
oxygen, carbon monoxide, hydrogen, methane,
nitrogen (as residue or by différence).

If acid vapours are présent together with one
or more of the above gases the order of absorp¬
tion &o. must be determined by circumstances.

Apparatus and manipulation.
Collecting samples. The gas to be analysed

is usually drawn from the fiue, chamber, &c., by
aspirating it through glass tubes, which may be
termed conducting tubes. When the tempéra¬
ture is high, porcelain tubes may be used; or if
the gas has no acid properties, iron tubes can be
employed. When samples are constantly taken

from the same fiue &c., it is convenient to have
a short piece of porcelain or iron pipe cemented
into the wall and closed at the outer end with a

plug, which is readily removed when the sample
is taken. In cases where the gases are originally
at a high température and possibly in a state of
partial dissociation, it is important to draw the
sample slowly through a somewhat long tube in
order that the gas may eool slowly, since rapid
eooling of the gases may leave them in a partially
dissooiated condition and thus lead to erroneous

results.
The sample may be conveniently colleeted in

the measuring apparatus itself ; but where this is
not possible, a eylindrical glass tube a, drawn
out at the upper end and connected with a stop-
cock and capillary tube, and drawn out at'the
lower end and connected by caoutchouc tubing
with a similar tube b, open at the top, makes a
convenient sampler. The collecting tube may
with advantage be provided
with a stopcock at the bottom. '
Mr. J.E. Stead uses bottles with
a tubulus at the bottom. The
vessel a is completely filled
with water or mercury by rais-
ing b to a higher level, and
the upper stopcock is closed.
The capillary tube is connected
with the conducting tube, and
the vessel b is lowered so that
when the stopcock is slowly
opened the gas is drawn into
a, and the water or mercury
collects in b. When a is filled
the stopcoeks are closed. The
gas is readily transferred from
a to the measuring vessel by
raising n and carefully opening
the stopcock.

In ail cases the air in the con¬

ducting tube must be expelled, and this is done by
placing a T tube between the end of the tube and
the collecting vessel. This T piece is connected
with an aspirator, and the tube is filled with the
gas before the stopcock of the collecting vessel is
opened. When the collecting vessel is provided
with a three-way cock, the aspirator may be con¬
nected directly with the latter. Various forma
of aspirator may be used. When the volume of
gas to be aspirated is small (e.g. in removing air

Fig. 26.

Fia. 27. Fig. 28.

from the conducting tube), a small globular
indiarubber aspirating pump is very convenient.
For larger quantities of gas, glass bottles with a
tubulus or stopcock at the bottom and a tube or
stopcock at the top, or similar vessels of sheet
zinc may be used. They are filled with water,
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the upper tube being eonnected with the tube
which passes into the flue, and the water is
allowed to flow from the tap at thebottom. The
volume of gas aspirated is determined by
measuring the volume o£ water which flows from
the aspirator, and correcting this volume for
température &a. in the usual way (v. Aspirator).

When aspiration is to be continued for a long
time, one of the various forms of water pump
may be used. The volume of air aspirated in a
given time with a given pressure of water may
be determined once for ail by direct measure-
ment, or a small gas meter may be placed be-
tween the pump and the vessel into which the
gas is passed.

If the gas has to be kept for some time before
analysis, or if it has to be transporte! from one
place to another, it may be collected in glass
tubes which have previously been drawn out at
eaeh end. As soon as the tubes are full the ends
are closed by stoppers of indiarubber tube and
glass rod, or are hermetically sealed by fusion.
If the quantity of gas is large, cylindrical zinc
vessels with conical ends closed by indiarubber
corks answer very well.

Estimations by titration. — A measured
quantity of the appropriate standard solution is
placed in a fiask or a Wouliï's bottle fitted with
two tubes, one of which dips into the liquid and
is eonnected with the tube placed in the flue
&c., whilst the other ends just below the cork
and is eonnected with an aspirator. After as¬
piration has been continued for a suffieient
length of time the excess of reagent is deter¬
mined by titration. The volume of gas aspirated
is determined by the volume of water which has
run from the aspirator or by means of a gauge
attached to the aspirator. This volume of water,
however, repfesents a volume of gas saturated
with moisture and at a température and pressure
which must be determined by means of a ther-
mometer attached to the aspirator and a baro-
meter in close proximity ; the volume under
standard conditions is calculated in the usual
way. In calculating the percentage composition
of the gas it must be borne in mind that the
original volume of the gas was the sum of the
volumes of the absorbed constituent and the
volume which has passed into the aspirator.

If is the volume of the absorbed gas and
V2 the volume which has passed into the aspira¬
tor, both under standard conditions, then
'y0* V =per cent, of Vl by volume.

1 2

This method may be applied in the estimation
of—

Ammonia, by absorption in sulphuric aeid
and titration with alkali.

Carbon dioxide (in small quantities), by ab¬
sorption in standard baryta solution and titra¬
tion with oxalic acid.

Chlorine, by absorption in a standard solu¬
tion of arsenious oxide in sodium carbonate,
and subséquent titration with iodine after
saturating with carbon dioxide.

When hydrochloric acid and chlorine occur
together, the latter is determined separately in
one quantity, and a second quantity is absorbed
in the solution of arsenious oxide in sodium
carbonate free from chlorine, and the total
chlorine is determined by titration with silver

nitrate, usirig Volhard's thioevanate method.
In calculating the percentage composition it is
important to remember that 1 vol. of chlorine
produces 2 vols, of hydrochloric aeid.

Hydrochloric acid, by absorption in sodium
carbonate and titration with silver nitrate, or,
in absence of carbon dioxide and other acids,
by absorption in standard potash or soda, and
subséquent titration with an acid.

Hydrogen sulphide, by absorption in standard
iodine and titration with thiosulphate ; or by
absorption in bromine water and gravimétrie
estimation as barium sulphate.

Hitrogen oxides, by absorption in acidified
permanganate solution of definite strength, the
gas being passed until the solution is just de-
colourised. This method gives the amount of
nitrogen oxides in terms of their reducing power.

Sulphur dioxide, by absorption in standard
iodine solution and titration with thiosulphate,
or by absorption in bromine water and gravi¬
métrie estimation as barium sulphate. This
latter plan may be adopted when the proportion
of sulphur dioxide is very small and a large
volume of gas must be aspirated.

Measu.ring and absorption apparatus.—Only
those forms which have corne into général use
and are of wide applicability will be described
here. Descriptions of the numerous other modi¬
fications will be found in Winkler's Chem.
Unters. der Industrie-Gase, Winkler and Lunge's
Technical Gas Analysis, and in Fr.

An extremely convenient device which is
applied to almost ail the forms of apparatus is
the three-way stopeoek. This has the usual

transverse bore, but the plug itself is elongated
in the form of a tube, the bore of which is con¬
tinued in a curved direction through the plug
and opens at the side in the same plane, but
in a direction at right angles to the transverse
bore. Dy means of this tap two tubes can be
made to communicate with one another, or either,
of them separately can be put in communication
with a third tube or with the air.

Orsat's apparatus.—The measuring tube or
burette consists of a cylindrical bulb terminating
at one end in a eapillary tube and at the other
in a narrow tube of uniform bore graduated in
tenths of a cubic centimètre. The total capacity
of the tube from the zéro to the eapillary is 100
c.c., and the lower end of the tube is eonnected
by caoutchouc tubing with a ' level-bottle,' the
height of which can readily be adjusted. The
burette is inclosed in a cylinder which i3 filled
with water at a constant température. The ea¬
pillary from the upper end of the measuring tube
is carried horizontally along a wooden support.
Other eapillary tubes provided with stopeocks are
fused into it at right angles and communicate
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by means of very short lengths of stout in¬
diarubber tubing with the absorption pipettes,
eacb of which consists of a pair of somewhat
large cylindrical bùlbs oommunicating at the
bottom by a curved tube. The bulbs nearest the

Fie. 30.

capillary tubes are fitted with short lengths of
glass tubing so tliat a large surface of the re-
agent may be exposed, and the other bulbs
receive the liquids when they are driven out
from the first bulbs by the gas. Any number
of bulbs ean, of course, be attaehed to the main
capillary, and at the end of it there is a three-
way tap communicating with the aspirating tube
or with the air.

The burette is filled with water by plaoing
the liquid in the level-bottle and raising the
latter, and the stopcocks are then closed. The
absorption bulbs are rather morethan half filled
with the liquid reagents and by opening the
stopcocks and plaeing the level-bottle below the
apparatus the liquids are drawn up so as to fill
completely the bulbs connected with the capil¬
laires. The stopcocks are then closed.

The burette is filled with water up to the
capillary tube by raising the level-bottle, and the
far end of the capillary tube is connected with
the tube along which the gas is to be conducted.
The lower end of the three-way tap is connected
with an indiarubber aspirator, and the air is
removed from the conducting tube by aspirating
the gas through it. The level-bottle is then
lowered, the tap is turned through 90°, and
the gas is drawn into the burette. When a
sufficient volume has entered, the tap is closed,
the levels inside and outside the burette are

adjusted by raising the level-bottle, and the
volume of the gas is read off as soon as the
température is constant. If it is desired to
operate upon exactly 100 c.c., the gas is drawn in
until the water is a little below the zéro, the tap
is closed and the level-bottle is raised so that the
gas is slightly compressed and the water rises
above the zéro (time having been given for the
liquid to run down from the sides of the burette),

and the indiarubber tube is closed by a pinch-
cock. The level-bottle is again lowered, and by
cautiously opening the pinchcock the water is
allowed to descend exactly to the zéro, and the
pinchcock is closed. The tap at the end of the
main capillary is opened for an instant so that
the excess of gas may escape and the 100 c.c.
remaining in the burette may be at atmospherio
pressure.

In order to bring the gas into any one of the
absorption bulbs, the level-bottle is raised and
the tap of the particular bulb is opened. The
gas passes into the bulb, and by alternately
raising and lowering the level-bottle the gas can
be passed backwards and forwards several times,
care being taken that the absorbing liquid does
not pass through the stopcock. The gas is
finally drawn off so that the absorbing liquid
just reaches the stopcock, the latter is closed,
and after readjusting the levels the volume of
gas is again read off. After making the neees-
sary corrections, the decrease in volume is of
course the volume of the gas which has been
absorbed. The order in which the absorbing
liquids should be applied has already been
given (p. 157).

Lunge has added to this apparatus a capil¬
lary tube with palladium asbestos, connected
with a bulb similar to the absorption bulbs but
containing water only.

SempeVs apparatus.—The measuring appa¬
ratus consists of a burette, and a plain tube
of the same length and diameter, which serves
as a level-tube. The burette holds 100 c.c.

from the zéro to the capillary, is graduated in
tenths of a c.c., and terminâtes at the top in a
capillary tube to which is fitted a short piece of
stout-walled caoutchouc tubing closed by a
pinchcock. Both the burette and the level-tube
are fixed at the bottom into heavy circular stands,
and each has a side tubulus near the bottom
over which is slipped the caoutchouc tube by
which they are connected. It is advisable to
make ail the joints secure with copper wire. In
order to make the measurements more accurate
the burette may be surrounded by a wider tube
filled with cold water (Winkler).

The pinchcock is opened and both tubes are
rather more than half filled with water. The
burette is completely filled with water by raising
the level-tube until the water runs out of the
indiarubber tube at the top, and the pinchcock
is then closed. By means of the indiarubber
tube the burette is attaehed to the conducting
tube, which has already been filled with the gas,
the level-tube is lowered, and the pinchcock
opened. When sufficient gas has been drawn in
the pinchcock is closed, the levels adjusted, and
the volume read off in the usual manner. If it
is desired to admit exactly 100 c.c., proceed in
the saine way as described under Orsat's ap¬
paratus.

The reagents are contained in absorption
pipettes. Simple absorption pipettes consist of
two bulbs which communieate at the bottom by
a bent tube, one bulb being at a higher level than
the other. The upper part of the lower bulb
terminâtes in a straight capillary tube, which ex-
tends to a Blightly greater height than the higher
bulb and serves to connect the pipette with the
burette. In the tubulated pipette the bottom of
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the lower bulb is provided with a tubulus, which
can be closed with a caoutchouc stopper, and
through which solid reagents such as phos-
phorus or zinc can be introduced. A composite
absorption pipette consists of two similar pairs
of bulbs, the second pair containing water or
some other liquid which protects the reagent
in the first from the action of the air. Compo¬
site pipettes are used with alkaline pyrogallol,
cuprous chloride solution, bromine water, and
similar reagents.

In making the absorptions the pipettes, which
are attached to wooden stands, are placed on a
table stand of such height that the top of the
capillary of the pipette is level with the top of
the capillary of the burette. The burette and
pipette are joined by means of short pièces of
caoutchouc tubing and a short piece of capillary
tube bent twice at right angles. The volume of
air contained in this capillary is so small that it
does not introduce any appréciable error. Care
is taken that the capillary of the absorption pi¬
pette is filled just up to the top with the reagent.
The connections being made, the level-tube,
which should be full of water, is placed on the
table stand and the pinchcock is opened. The
gas passes into the pipette, and by raising and
lowering the level-tube the whole of the gas can
be passed backwards and forwards two or three
tim'es ; or the gas may be allowed to remain in
contact with the liquid in the pipette. When
absorption is complété, the level-tube is lowered
until the reagent is drawn just up to the top of
the capillary of the pipette, the pinchcock is
closed, and a second reading is taken.

When combustions have to be made, the
capillary tube containing palladium asbestos is
inserted between the burette and a simple ab¬
sorption pipette containing water only.

When gases very soluble in water have to be
measured, a burette is used, provided at the top
with an ordinary stopeock and at the bottom
with a three-way stopeock, the volume between
them being exactly 100 c.c. The burette must
be perfectly dry before being filled, an end
which is most quickly effected by rinsing the
burette with water, then with alcohol, and finally
with ether, and passing a current of warm air
through it. The lower end of the burette is
connected with the conducting tube by means of
the three-way tap, the other end is connected
with an aspirator, and a current of the gas is
drawn through the burette until the air is com-
pletely expelled. The stopcoeks are then closed,
care being taken that the gas in the tube is at
atmospheric pressure. The absorptions &e. are
made in the same way as with the ordinary
burette.

EllioWs apparatus (C. N. 4-1, 289) consists
of a burette, b, terminating in a capillary tube
bent at right angles and fitted with a stopeock,
c, and an absorbing tube, a, of the same length
and diameter, terminating at the top in a three-
way capillary tube, the horizontal part of which
is connected with the capillary of the burette,
whilst the vertical part is fitted with a stopeock, p.
The end of this vertical part is carefully ground,
and over it fits a small cylindrical funnel, m, to
contain the absorbing reagent. The bottoms of
both the burette and the absorbing tube are
closed by caoutchouc stoppers and connected with

level-bottles, rc, l, by means of caoutchouc tubing,
a three-way glass stopeock being inserted
between the absorbing tube and its level-bottle.
The accuracy of the measurements is increased
by inclosing the measuring tube in a water.
jacket. In the original apparatus explosions

absorbing tube, but with platinum wires and
without the stopeock and funnel. Either the
measuring tube or the absorption tube may,
however, be provided with platinum wires, and
the two tubes may be connected by fusion in-
stead of by caoutchouc tubing.

The tubes may be used either with water or
with mercury, and are filled with liquid and
afterwards with gas in much the same way as
Hempel's burette, the gas being drawn into the
absorbing tube through the three-way tap at the
bottom and passed ,over into the measuring tube.
Absorbing reagents are placed in the cup over
the absorbing tube, and after the measured
volume of gas has been passed into the tube and
the burette stopeock closed, the level-bottle is
lowered and the reagent drawn into the tube by
cautiously turning the funnel stopeock, care
being taken that no air is drawn in at the same
time. When absorption is complété the gas is
transferred to the burette, and the reagent is
afterwards driven up into the funnel and the
tube rinsed out with water introduced through
the funnel and then driven back by raising the
level-bottle. A second reagent may be introduced
and a second absorption made.

Mr. J. E. Stead has devised a form of ap¬
paratus which is convenient for the analysis of
furnace gases, but is not applicable for général
purposes.

The nitrometer, originally devised by Lunge
(B. 11, 436) for the estimation of nitrogen
oxides in oil of vitriol, is capable of being applied
to gas analysis and a large number of other
déterminations. It consists (Fig. 32) of a burette,
fitted at the top with a three-way tap and a cup-
shaped funnel, and communicating at the bot¬
tom by means of caoutchouc tubing with a plain
tube of the same diameter, which serves as a
level-tube. When large quantities of gas have
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to be measui'ed, the upper part of the burette
is expanded into a bulb, and tliere is a similar
bulb on the level-tube (Fig. 33).

Fig. 32. Fig. 33.

This apparatus is used with mercury, and is
thus suitable for the analysis of gases soluble in
water. It can be used in the same way as
Hempel's burette, and for ail purposes to which
the latter is applicable. It may also be used
without absorption pipettes, the reagent being
introdueed by means of the cup in the ruanner
described under Elliott's apparatus, but since
the reagents cannot be removed without remov-
ing the gas, this latter method is only applicable
when the reagents do not interfère with each
other—e.g. for the absorption of carbon dioxide
by potash, followed by the absorption of oxygeu
by potash and pyrogallol.

The estimation of nitrogen oxides in solution
in sulphuric acid is conducted in the following
manner. The apparatus is filled with mercury,
bo that when the tap is open between the burette
and the cup, and the level tube is raised, the
mercury just passes through the tap and stands
at a height of about 2 inches in the level-tube.
The tap is then closed and 0-5 to 5 c.c. of the
Bulphuric acid, according to the quantity of
nitrogen oxides whieh it contains,1 is placed in
the cup, the level-tube is lowered, and the tap is
turned so that the acid is nearly ail drawn into
the burette without any air being admitted. The
cup is rinsed with two successive quantifies of
2 to 3 c.c. of pure acid, which is drawn into the
cup with the same précaution as before. The
tap being closed, the burette is taken out of the
clamp and agitated in such a manner that
the liquid is brought thoroughly in contact with
the first 10 cm. or so of the mercury, which is
broken up into bubbles. Nitric oxide is formed
and collects in the upper part of the tube. When
no more gas is given off, the levels are adjusted
and the volume read off after the froth h as sub-
sided. In adjusting the levels the différence
between the spécifie gravity of the acid and the
mercury is allowed for by taking 6-5 mm. of
acid = 1 mm. of mercury. Place a small quan¬
tity of acid in the cup and open the tap ; if tbe
acid is drawn in the pressure in the burette was

1 To avoid measuring out such small quantities as 0'5
c.c., the highly uitrated acid should be diluted with a
definite volume of pure coucentrated acid, and 5 c.c. of
this solutiou taken ior the estimation.

Vol. I,—T

too low, if gas escapes the pressure was too higli.
It is better to err on the side of too low pressure,
which is readily corrected by allowing acid to
run in from the eup and taking another reading.

In agitating, care should be taken that the
drop of acid which collects in the top of the
burette just below the tap does not escape con¬
tact with the mercury, otherwise the results will
be too low.

To préparé for another estimation, the level-
tube is raised and the tap is opened so that ail
the acid and some of the mercury is driven into
the cup, and the tap is then turned so that the
acid runs out at the side.

The nitrometer may be used for the valuation
of nitrites and nitrates, whieh are introdueed in
the form of a concentrated aqueous solution,
care being taken that the proportion of water to
acid does not exceed 2 parts of aqueous solution
to 3 parts of the strongest acid. It may also be
used for the estimation of nitrates and nitrites
in potable waters, and in fact for almost any
déterminations in which a definite volume of
gas is given off.- For example, the estimation of
carbonic acid ; of urea by hypobromite (the read¬
ing being increased by 9 p.c. to correct for solu-
bility of the gas and incomplète décomposition) ;
hydrogen peroxide by an acidified solution of
potassium permanganate, or vice versâ, tbe value
of a permanganate solution by means of hy¬
drogen peroxide, &c. (See Lunge, B. 11, 436;
C. S. I. 4, 447, and 5, 82 ; Fr. 25, 309 ; and the
translation of Winkler's Teehnical Gas Analysis
(1885) ; also Allen, S. G. I. 4, 178.)

Calibration of Instruments.—Ail the gas
burettes described may be calibrated in mueh the
same way as an ordinary burette (v. Volumctric
Methods), by filling with water or mercury,
and drawing off aliquot portions and weighing
them, the température of the liquid being noted
and the proper correction made for expansion. If
any error is found it must be used as a correction
in subséquent readings. C. H. B.

ANAMIRTA COCCULUS or A. PANICULATA
(botanical name of Gocculus indicus. Grains of
Paradise) v. Cocculus indicus.

ANANAS, OIL or ESSENCE OF. A solution
of ethyl butyrate in 8 to 10 times its weight of
alcohol. It possesses the odour of thepine-apple
(Ananassa sativa), and is employed in confec-
tionery and perfumery ; also to imitate the flavour
of rum (Hofmann, A. 81, 87).

ANANDONIS GREEN, Hydrated chromium
sesquioxide, v. Cheomium.

ANATA SE. A nearly pure oxide of titanium
Ti02, found most abundantly at Bourg d'Oisans
in Dauphiné ; and, together with Broolrite, in
North Wales.

ANCHIETA BARK. The root bark of An-
cliietea salutaris, one of the Violaceœ, a bushy
shrub growing at Rio de Janeiro. It contains
anchietine, a substance crystallising in straw-
coloured needles, having a nauseous taste. Used
for syphilis and quinsy (Peckolt, Ar. Ph. [2J
97, 271).

ANÎ)A-ASSIT, OIL OE. An oil obtained from
the seeds of Joannesia princeps, belonging to
the Euphorbiaceœ, growing in Brazil. It is clear,
slightly yellowish, odourless, with a taste at first
nauseating and then saccharine. It solidifies at
8°C., its sp.gr. at 18°C. is 0-9176 (Ph. [3] 12, 380).
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ANDAQUIES WAX. The wax o£ a peouliar
species of bee found near the Orinoco and
Amazon rivers, and used as a substitute for or-

dinary beeswax in the manufacture of candies
etc. Its density is 0917 ; it melts at 77°C. ; it
eontains 50 p.e. palm wax, 45 p.c. cerosine, and
5 p.c. of an oily fat of undetermined composi¬
tion (Lewy, A. Ch. [3] 13, 458) v. Wax.

ANDREWSITE. A minerai from Phœnix
Mine, Liskeard, of a dark-green colour. Hardness
= 4, sp.gr. 3'475.

Fe203 A1.,03 FeO CuO P.,03 H.,0 MnO CaO
«64 0-92 7-11 10-86 26"-09 8'79 060 0'09

Si02
0-49=99-59.

ANDROPOGON OILS. Rosé or Roshé Oil, Oil
of Rose Géranium, Ginger Grass Oil, or Turkish
Géranium Oil, is obtained from Andropogon
Nardus and other species, a grass growing in the
East Indies, Persia, and Arabia. It is a yellowish
thin liquid, having an agreeable aromaticodour;
it does not solidify readily. Treated with an
equal bulk of concentrated sulphuric acid it
acquires a strong fatty odour ; it turns dark-
yellow when exposed to the vapour of nitric per-
oxide (Ph. [3] 10, 24).

Citronellaoilis prepared from Andropogon
Scliœnanthus, it boils at 200° and has a sp.gr.
of 0-8741 at 20°.

Lemon grass oil is made from A. Nardus,
and Indian géranium oil from A. muricatus.

ANDROGRAPHIS PANICULATA or Karyat.
An Indian plant; is used as a tonie, and is
similar to quassia in its action.

ANETHUM GRAVE0LENS. The common

Dill, cultivated in England and the South of
Europe. Has a hot sweetish taste and is used in
medicine and for flavouring spirituous eordials.

ANGELICA. [Angélique, Fr. ; Angelika, Ger.)
The Angelica archangelica, an aromatic umbelli-
ferous plant, indigenous to the north of Europe.
A candy is made from its stems, stalks,and mid-
ribs. The essential oils of the roots and seeds
are used in the préparation of gin and of aro¬
matic bitters.

Angelica balsam is prepared by extracting
the roots with strong alcohol, evaporating, wash-
ing the residue with water, and extracting with
ether. It is of a black-brown colour and eon¬

tains angelica oil, angelica wax, and angelicin
ClsH30O (Buchner, A. 42, 226), a crystallisable
substance melting at 126°-5 C. (Brunner, N.R.P.
24, 641 ; C. J. 29, 939).

The essential oil of tlie root eontains
,8-terebangelene GI0H>8, b.p. 166°. [o]D=5°39',
sp.gr. 0-870 (Naudin, C. H. 93, 1446 ; 96, 1152 ;
J. 36, 1423; Bl. [2] 39, 114). Beilstein a.
Wiegand found in the oil four terpenes, having
the following boiling-points and spécifie gravities :

b. p. sp.gr.
a 158° 0-8609 at 16°-5
6 171-175 0-8504 at 16°-5
c 176° 0-8481 at 16"-5
d 250°

(B. 15, 1,741; C. J. 42, 1,300).
The essential oil of the seeds eontains methyl-

ethyl-acetic acid, hydroxymyristic acid and
terebangelene h.p. i72°-5, sp.gr. 0-833 at
0°C. faln.200 mm.+ 26°16' (Naudin, C. B. 93,
1140 C. J. 42, 410 ; Millier, B. 14, 2476 ; C. J.
42, 409).

ANGICO RESIN. A Brazilian gum obtained
from Acacia angico ; soluble in water and prooi
spirit. Used in chest complaints (Symes, Ph. 3,
13, 213).

ANGIESITE. Native lead sulphate, first
found at Dary's mine, Anglesea.

ANGOSTURA EARK or ANGTJS1ÏÏRA
BARK V. CCSPAKIA BAKK.

ANHYDRITE v. Calcium.
ANIL. The name of the American species

of the indigo plant, Indigofera anil.
Formerly also used as a synonym for indigo,

and latterly as a synonym for plienylimide.
ANILINE.

History.—First observed by Unverdorben in
1826 among the products of the destructive
distillation of indigo. Detected by Kunge in coal
tar in 1834, and by Fritzscbe in 1840 among
the products obtained by distilling indigo with
caustic alkalis. Prepared by Zinin in 1840, by
the réduction of Mitscherlich's nitrobenzene
with sulphuretted hydrogen. Unverdorben ealled
his produet krystallin ; Runge, kyanol ; Fritzsche,
anilin ; Zinin, benzidam.

In 1843 Hofmann showed that nitrobenzene
could be reduced by a métal such as zinc in the
presence of a dilute acid, and also that krystallin,
kyanol, anilin, and benzidam, were identical with
each other. Shortly afterwards Béchamp stated
that nitrobenzene could be reduced by ferrous
aeetate in the presence of water, but that the
oxalate, sulphate, &c., had no effect.

In the year 1856 Perkin's diseovery of mauve
gave rise to a commercial demand for aniline,
and the manufacture was commenced by Messrs.
Simpson & Maule.

Préparation.—Benzene, then onlyobtained in
small quantities and with much difficulty, as
the treatment of tar scarcely existed, was intro-
duced into glass balloons (known as ' boit heads ')
of 1 gallon capacity, and the calculated quantity
of nitric acid, mixed with about an equal volume
of oil of vitriol, was gradually added, the mixture
swung round and well agitated, and then allowed
to stand. It was usual to have about twenty
balloons in a row, and to add acid in turn until
the reaction was complété.

The nitrobenzene was separated, washed, and
reduced with iron borings and acetic acid, at first
in a copper still, later in an iron cylinder. The
aniline was freed from water, rectified, and was
then ready for use. The selling price was about a
guinea a pound.

Somewhat later cast-iron cylinders of considér¬
able size were used for the réduction, acetic acid
being still used and neutralised with soda or
lime at the end of the reaction, and the aniline
was in some factories distilled off over a naked
fire, in others steam was blown into the mixture,
and the aniline and water condensed and sepa¬
rated. Acetic acid continued to be used until
about 1866.

In that year Messrs. Simpson, Maule, & Nichol-
son removed their works to Hackney Wiek, where
the manufacture was carried out on a very large
scale, the apparatus, which has undergone little
change since, consisting 'of horizontal stills fur-
nished with powerful agitators, and the treatment
consisting in réduction mainly by the use of iron
and water, hydrochloric acid being employed to
start the reaction.
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The stills consist of a cast-iron T piece
5 feet in diameter and 6 feet long ; this is
bolted to a cast-iron bed-frame with the leg
of the T turned upwards, and the two ends
closed with circular plates furnished with
stuffing boxesthrough which a heavy steel spindle
passes. To the spindle curved cast-iron arms

Ip T—pcsl L pi ~~~~—■
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Desckiption of Horizontal Aniline Still.

A. Still body cast as a T in one piece. The ends closed by
plates bolted on to flanges.

A1, bpper portion bolted to the body top, closed by top
plate bolted on.

E. Head.
G. Apparatus for continuons introduction of swarf.
E. Wooden plug closing orifice through which the nitro-

benzene is introduced.
E E. Steel spindle to which agitators are keyed. It passes

through stuffing boxes cast on end plates.
E1. Counter shaft.
F. Driving wheel gearing into pinion on countershaft to

the rear.
G. Fast and loose pulleys on countershaft.
H. Ha H,. Advancing arms of agitators.
E. H, H,. Retreating arms of agitators.
KK. Main shaft carrying drums to drive C and G- by

means of belts.
L, Steam pipe.
L, La La L.. The four branches of steam pipe entering still

at bottom, two on each side.
M. Sludge valve and shoot.
N N. Cast-iron foundation frame.
0 0. Brackets cast on still body holding it down to frame.
P. One of the standards carrying pinmmer blocks for

countershaft.
Q. Sludge truck on tramway.

For the sake of elearness only three of the agitators
are shown, and for the same reason two bolts only are
shown to eaoh flange, top and end plate, to the glands and
stuffing boxes, the head, &e.

are keyed in a sériés arranged to form a
hélix. The arms are furnished at the ends with
cast-steel shoes or scrapers which are so ad-
justed as just to serape the inside of the still
body. The third arm of the T piece projects
upwards and is prolonged by a cyhnder of cast-
iron 4 feet deep, bolted on to a flange cast on the.
body. The top of the still is closed with a
circular iron plate, from the centre of which
a cast-iron head 24 inches in diameter, di-
minishing to 4 inches, serves to carry off the

steam and aniline vapour to the condenser.
Round the head are arranged a manhole and
two 4-inch circular apertures for introducing the
iron. In the latest form of still a T tube fitted
with a wide hopper and carrying a worm is
bolted on to one of the 4-inch openings. By
means of this arrangement the iron is brought
into the still in a continuons stream. Into the
bottom of tbe still four branches of a steam pipe
are fixed. In one end a 4- or 6-inch opening
closed with a bonnet and lever, or a large screw
valve, serves to discharge the residues into
iron trucks run underneath the orifice. To the
end of the spindle a cog-wheel gearing into a
spur-wheel is fixed by which the agitator is
rotated. In some cases a small engine is used
to drive the agitators directly.

The head delivers the vapours directly into a
4-inch tube communicating with a multitubular
condenser consisting of about 400 -|-inch brass
tubes each 6 feet long, surronnded by water
delivered at the lower end of the condenser
jacket which is 6 feet deep. The hot water fi.ows
off at the upper end in the usual manner.

The iron used for réduction is that teehnieally
called 'swarf; ' it consists of the scrapirigs of
soft castings. Before use it is passed through a
coarse sieve to remove pièces of iron, bolts,
nuts, &c., which have found their way into it,
and it is then ground under heavy granité edge
runnersuntilitwillpasseasily through a ' twenty
hole sieve ' (twenty holes to the inch linear =
400 to the square inch).

It is to be partioularly noted that hard cast
borings or turnings and wrought-ironborings and
turnings are quite unsuited for reducing purposes,
though in the more violent réaction conséquent
on the réduction of metadinitrobenzene, about
25 p.c. of coarse swarf may be mixed with the
ground swarf with advantage.

AU being ready a portion of the iron is intro¬
duced into the still through one of the 4-inch
openings, which is then closed with a wooden
ping (this serves as a rough safety valve),
together with some water. Steam is blown in,
the acid next run rapidly in from a carboy, and
the nitrobenzene which hasbeen weighedout into
a cast-iron tank allowed to steadily flow in.

The réaction beginsimmediately and acopious
distillate of water, aniline, and nitrobenzeneflows
from the condenser, andis continuously returned
to the stiU by an elevator. The worm apparatus
is now started and the main body of the ground
iron steadUy poureà into the still. The distil¬
late, examined from time totime by the foreman,
shows a steadily increasing solubility on addition
of muriatic acid and considérable dilution, and
at length after about six to eigbt hours no traces
of nitrobenzene remain. Care must be taken to
control tbe delivery of iron, as, if the réaction
becomes very violent, benzene and ammonia
may be produeed and serious loss inonrred.

The steam, which had been ehecked while the
action was vigorous, is now turned on, andadivert-
ing tube slipped overtheeondensernozzle directs
the distillate into a sunken tank, from which a
steam pump throws it into square wrought-iron
tanks with dished bottoms, supplied with draw-
off cocks in the bottoms and sides.

The Continental praotice differs slightly in
various détails from that above described, the
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stills in use being vertical cylinders with vertical
agitating arrangements. The charges of nitro-
benzene in use are smaller and the proportions
of iron and acid used are relatively larger.

The charge for the still just described is :
Ground swarf . . . 2,088 lbs.
Nitrobenzene . . . 2,350 „

Muriatic acid . . . 116 „

The usual Continental charge is :
Ground swarf . . 660 to 720 kilos.
Nitrobenzene . . . 600 „

Muriatic acid . . . 60 ,,

It was formerly the custom to make the con¬
tents of the still alkaline with soda or lime at
the end of the reaction. In this country that
method has long been abandoned, the acid in
the presence of so great an excess of iron not
retaining a trace of aniline, the still liquors
consisting only of a very dilute solution of
ferrous chloride, and the main bulk of the iron
escaping as ' blaclc stuff,' i.e. magnetic oxide
of iron Ee304 mixed with a little unaltered
métal.

The aniline and water remain at rest in the
settling tanks for twenty-four to forty-eight hours
or longer, when the lower layer of aniline is drawn
off and sent to the rectifying still. The water,
technicaliy known as ' liquors,' goes to the
boiler which serves to supply steam to the aniline
stills. Where more than one kind of aniline is
made it is therefore necessary to have separate
boilers for each for this purpose.

The solubility of water in aniline varies be-
tween 2 and 5 p.c. according to the température
of the liquors.

Aniline dissolves about 5 p.c. of water, nearly
the whole of which is expelled on rectification,
which is carried out in wrought or cast-iron pot
stills of various forms and sizes. The -water
cornes off with the first 10 to 15 p.c. of the dis-
tillate. A small quantity, however, remains
obstinately attached to the aniline, and can
only be removed by prolonged digestion over
powdered soda or potash.

Good commercial rectified aniline should not
contain more than i p.c. of water.

The process of réduction and rectification as
described applies to ail the various qualities of
' aniline oil ' now recognised. These are ' pure
aniline oil,' 'aniline for red,' and ' toluidine,'
which oecurs as a more or less crude ortho-
toluidine containing 25 p.c. to 35 p.c. of para-
toluidine. Modifications of the process are also
in use for the production of xylidine and alpha-
naphthylamine, and of the réduction portion
for the manufacture of metaphenylene- and
metatolylene-diamine from the respective dinitro-
compounds.

The demand for xylidine caused by the pro¬
duction of the azo-scarlets, in the manufacture
of which it was largely used, has had a very
great effect on the manufacture of anilines.
Formerly a considérable quantity of xylene was
left in the so-called ' 30/90 benzol ' from which
aniline for red was usually made, the rest of the
mixture consisting of toluene and benzene. Pure
toluene was not made, and pure benzene only to
a very limited extent. The so-called pure aniline
was also extremely impure owing to the very
defective purification of the benzene used
for it.

Now, however, the Savalle still has beeu
brought to a great perfection, and in conséquence
Denzene boiling 99'9 p.c. within half a degree is
easily obtainable, as are also pure toluene and
xylene. It is therefore customary with aniline
makers to make aniline from pure benzene and
also from what is now termed ' 25 p.c. benzene,'
the other 75 p.c. consisting of toluene only.
The crude aniline for red obtained from it con-

tains roughly 25 p.c. aniline, 20 to 25 paratolu-
idine and 45 to 50 orthotoluidine. From the
toluene crude toluidine is also made.

As it is now customary with ail makers of
magenta to use aniline of specified gravity, the
aniline maker adjusts his aniline for red by the
addition to it of pure aniline or crude toluidine
according as he wishes to raise or depress the
gravity.

The spécifie gravity of the aniline for red as
obtained at first being at 15°C., about 1-0060 to
1-0065 as compared with water at the same
température, and pure aniline having under the
same conditions a gravity of 1-0268 and toluidine
from 1-0010 to 0-9987, it is readily seen how a
simple calculation ind;cates the amount of pure
aniline to be added to bring the gravity to 1-0075,
or to any other of those in use in différent
factories. It is generally held that the rosaniline
base intended for the manufacture of blue is
better suited to that purpose when obtained from
high gravity aniline, whereas for the préparation
of magenta crystals, low gravity aniline is re-
commended by its greater cheapness.

Besides the above anilines, factories have
to deal with a variety of others oecurring as by-
products in the various manufactures. Thus
in the magenta process, when arsenic acid is
used, upwards of one-fourth of the aniline dis-
tils off from the melt still, together with a con¬
sidérable quantity of water or liquors. This
aniline is found on rectification to have a much
higher gravity (1-0150 to 1-0090), to be propor-
tionately richer in true aniline and orthotoluidine,
and practically free from paratoluidine. The
treatment of this varies greatly in différent fac¬
tories. Formerly it was used for producing very
red shades of blue, now it is very often returned
to the red melt still, as portion of a subséquent
charge, or else used up in the manufacture of
saffranine, or crude paratoluidine may be added
to it to restore it to a fit state for the magenta
manufacture.

In the manufacture cf magenta by the nitro¬
benzene process, mixtures of aniline with small
quantities of nitrobenzene are also recovered
and have to be similarly applied to useful
purposes.

The pure aniline used in phenylation of ros¬
aniline base is also in part recovered and recti¬
fied for subséquent use.

In like manner, the préparation of mono- and
di-methyl and mono- and di-ethyl aniline is ac-
companied with the recovery of various partially
methylated or ethylated anilines in small quan¬
tities ; these as a rule find their way into the red
melt.

Liquors in excess of what is required for the
aniline boilers may be deprived of most of their
aniline by a saturation with common sait and
séparation and rectification of the supernatant
aniline.IRIS - LILLIAD - Université Lille 1
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Valuation of Commercial Aniline Oïl.
Pure aniline, as it oecurs in commerce, con-

tains as impurities traces of insoluble hydro-
carbons and of orthotoluidine, sometimes traces
of sulphuretted hydrogen, and if careiessly made,
of nitrobenzene, benzene, and ammonia. Be-
sides these, which should be carefully tested
for, tbere is possibly a certain amount of amido-
thiophen which has no deleterious action for
most if not ail of the purposes for which aniline
is used, and which, moreover, for the présent at
least cannot readily be got rid of.

The method of testing usually adopted is to
détermine the boiling points of the sample. For
this purpose most chemists are in the habit of
taking 100 e.c., introducing it into a small boiling
ilask with side tube, and distilling it through a
short condenser into a graduated 100 c.c. cylin-
der. Keadings of the thermometer are taken as
eacli 10 c.c. of the cylinder fills, and the last
when 95 c.c. are filled. It is also usual to note the
température when the first drop has fallen from
the condenser. The thermometer readings should
be corrected for barometer and immersion of
mercurial column in the vapour of the liquid,
and of course for the errors peculiar to the
thermometer in use.

In the writer's opinion 100 c.c. is too small a
quantity for this test, and his own practice of
many-years has been to use 250 c.c., reading as
usual by tenths of the distillate over. The iirst
drop reading may also be negleeted, but on the
other hand it is exceedingly nseful to skilfully
drive the fiask to dryness and get the tempéra¬
ture as the last drop disappears from the bottom
of the flask. A few fragments of platinum wire,
fire-brick, or wrought iron, should be placed on
the bottom of the flask and great care used to
adjust the size of the flame and rate of boiling.
The fiask also should be held by the neck in a
good clip over the naked flame, gauze being apt
to cause currents of heated gas to flow up round
the neck of the flask and superheat the vapour.

The spécifie gravity of the sample may also
be taken, as is usual with aniline for red, although
this indication is not of great moment if the
boiling-points are good.

The following are three samples of pure
aniline from the writer's note-book
Per cent, over No. I. No. II. No. III.

10 184-7 184-6 184-6
20 184-7 184-8 184-6
30 184-7 184-8 184-7
40 184-7 184-8 184-7
50 184-8 184-8 184-8
60 184-9 184-8 184-8
70 185-0 184-8 184-9
80 185-1 184-8 184-9
90 185-1 184-8 185-0

186-7 Dry 186-8 Dry
Sp.gr. at 15° i
comp. with l 1-02710 1-02681 1-02690
water at 15° J

Pure aniline may be tested for insoluble
oils by dissolving 10 c.c. in an equal volume of
hydrochloric acid and diluting with water to
100 or 150 c.c. The best samples show a slight
opalescence under this treatment, and the smell
of the 'light stuff,' as the insoluble oils are
called, is always distinguishable. These accu-

rnulate in the recovered anilines from various
processes, as they are inert, while the bases are
consumed in the reactions they take part in.
The trace of toluidine only shows itself when
a considérable quantity of commercial pure
aniline is made into acetanilide. On re-

crystallising this and working up the mother
liquors, a small quantity of impure acetyl eom-
pound of low melting-point will always be found
in the most soluble portion or first mother
liquors.

Nitrobenzene shows itself with the insoluble
hydrocarbons. A very delicate test for it is to
shake the sample of aniline violently for a few
minutes and then to notice the colour of the
froth. The merest trace of nitrobenzene colours
it a very distinct yellow.

Aniline for Red. This, as originally made,
contained aniline, o- and p- toluidine, and xyli-
denes. The latter are now practically never
present. It is valued by its spécifie gravity,
which is, as before stated, adjusted to suit the
convenience of each user. It generally contains
rather more insoluble oil than does pure aniline,
and can be tested for it in the same way.

The value of the aniline for red for making the
magenta melt dépends on the presence of aniline
together with ortho- and para-toluidine, and in
good samples the proportions should not vary
greatly from the following : Aniline 35-42 p.c.,
o-toluidine 35-50 p.c., p-toluidine 14-24 p.c.
The estimation of the three bases is exceedingly
difficult, in fact no satisfaetory method yet
exists. Titration with oxalic acid in ethereal
solution of an oil, in which the proportion of
aniline has been approximately ascertained by
calculation from the gravity or by distillation
points, is one method, now however practically
obsolète. The oxalates of aniline and p-tolu-
idine were precipitated as insoluble salts, and
from the oxalic acid used their amount could
be calculated and the orthotoluidine found.

Merz and Weith (B. 2, 433) found that if the
mixed bases were converted into acetyl com-
pounds and these dissolved in four times their
weight of glacial acetic acid, and then the whole
dissolved in 80 times the weight of boiling
water, the whole of the p-acetoluide crystallised
out and left the acetanilide and o-acettoluide in
solution. P. Schoop (C. Z. 1885, 1,785 ; S. C. I.
5, 178) has founded upon this reaction an
elaborate method of calculating the composition.
His method is based on an estimation of the

p-toluidine by the Merz and Weith proeess,,
followed by a calculation of the amount of the
other two bases from the spécifie gravity of the
original sample. The results obtained are, how¬
ever, very unsatisfactory, and the proeess bas
been severely criticised by C. Haussermann (C.
Z. 1887, 1,223). The writer also found it to be
useless. No proeess at présent published is
capable of giving even moderately correct
results.

Toluidine liquid should boil at 197°-8°, show
a sp.gr. of about 1-000, and contain 30-40 p.c.
para-, the rest ortho-toluidine.

Orthotoluidine. The gravity of commercial
orthotoluidine should be about 1-0037 ; boiling
points about 197°-198° ; should not solidify on
cooling to —4°, though most samples contain
enough paratoluidine to begin to show a few

IRIS - LILLIAD - Université Lille 1



1G6 ANILINE.

crystals at this température. Lunge (Chem. Ind.
8,74) lias published a very elaborate and valuable
table of tlie gravities of mixtures of o- and p-
toluidine.

Paratoluidine. Melting-point of commercial
paratoluidine 43°-45°, boiling points between
196°-198°. Crystals should be white and dry.

R. J. F.
ANILINE BLACK. The production of a

very dark blue shade on eotton by immersing it
in a solution of a chlorate and hydrochloride of
aniline dates baek to the year 1860, when Wilm
described such a method. In the same year
Calvert, Lowe, and Clift took out a patent for
an identical reaction to be applied as a printing
method on cotton fabrics, but stated that the
colour produced was dark-green. They printed
a mixture of starch paste, potassium chlorate,
and aniline chloride on to the stuff, which was
then passed through a weak soap solution. The
dyeing substance was obtained as a separate
body by the action of ferrie chloride on aniline
nitrate and was investigated by E. Kopp.

The first true black was patented by John
Lightfoot in 1863. He directed that
50 parts of aniline
50 ,, „ muriatic acid
25 „ „ potassium chlorate
50 ,, „ cupric chloride solution, sp.gr. 1*440
25 „ „ sal ammoniac
12 ,, „ acetie acid
should be mixed with 1,000 parts of a starch paste
made by boiling 1 part of starch with from 7 to
9 parts of water.

This mixture was printed in the usual way
on cotton cloth, which was then ' aged ' by
being suspended in a chamber kept at a tem¬
pérature of about 86°F. (30°C.) for 48-72 hours.
The pattern had then become dark-green, and
the cloth was forthwith passed through an al-
kaline bath, when an intense biue-blaek was

immediately developed.
The colour was so cheap, good, and fast to

both light and scouring, that the process came
into immédiate use, and was subjected to much
investigation with the objeet of improving it
by obviating its powerfully corrosive action on
the eopper rollers and steel doctors of the print¬
ing machine, varying the shade, &c. ; and as
usual, it is needless to say, of evading the patent.

Thus Cordillot in 1863 substituted ammo¬

nium ferricyanide for the copper sait,1 but the
results were inferior to Lightfoot's. Lauth in
1864 substituted copper sulphide for the chlor¬
ide, and much diminished the corrosive action,
and C. Kôchlin replaced the hydrochlorie by
tartaric acid with a similar resuit.

Later, about 1868, Lightfoot, Pinkney, and
finally in 1876, Guyard, worked at the use of
ammonium vanadate in place of the copper
sait, the latter pointing out that 1 part of the
vanadium compound was capable of converting
1,000 parts of aniline chloride into black, whilst
later Witz showed that this remarkable reaction
would occur, if only a few days were allowed
and the température was that of an ordinary
summer, between 1 part of vanadium sait and

1 In tlais and other cases where no copper sait was used
the copper rollers no doubt provided enougli métal, though,
of, course witli disastrous effects to themselves.

200,000 parts of aniline chloride, 1 part of vana¬
dium being as efficient as 4,666 parts of copper.

The use of ammonium vanadate rapidly
spread, and large quantifies of minerais were
worked up in order to obtain the necessary
vanadic acid, the price of the ammonium sait
falling steadily until it reached a price of about
twenty shillings per pound. Of late years, how-
ever, there has been a return to the older copper
methods, the sulphocyanide being now in con¬
sidérable favour. This change was due to the
fact that ' vanadium ' blacks were found not to
stand washing as well as those produced by the
copper process, repeated treatment with soap
turning them from blue-blacks to green-blaeks,
which latter are not in favour, as they look rusty
and dull. Some printers also say that vanadium
black weakens, or, as it is called, ' tenders ' the
cloth, though some who have found this still
continue to use the process for very fine lines.

Every détail of the process has been varied in
every possible way, the number of receipts to be
found in print being in fact almost innumerable.

In addition to vanadium compounds, chro-
mium, tungsten, and cerium préparations have
been used on a considérable scale.

The consumption of aniline for this purpose is
very large. It is a well-ascertained fact that pure
aniline gives an extremelyblue black, while ortho-
and para-toluidine produce impure reddish or
brownish shades. The object of the printer is there-
fore to obtain aniline which shall exactly produce
the desired shade of black, chemically pure
aniline, now readily obtainable, giving too blue
a shade.

In order to obviate too great an acidity in
the mixture, it is also customary to employ an
' aniline sait ' (i.e. aniline hydrochloride) as free
as possible from free acid. In many works this is
attained by the simple expédient of using free
aniline as well as the sait, in a solution of which
latter the aniline is pretty freeiy soluble.

The requirements of the printer are in
général : 1. A well-crystallised eolourless aniline
sait, dry, and free from excess of acid and free.
from sand or grit ; 2. aniline nearly free from
toluidine, boiling (uncor.) 90 p.c. between 180°
and 185°, and of sp.gr. about 1*023.

Aniline black can be dyed on wool by suit-
able modifications of the process. For instance,
if a bath is prepared of

80 parts of aniline sait
40 „ „ potassium or sodium chlorate

5 „ „ muriatic acid
0*1 „ „ ammonium vanadate

1000 „ „ water
raised to boiling and the wool introduced well
wrung out or centrifugated, aged by hanging in
a warm room and then passed through a bath of
sodium or potassium bichromate, a good per¬
manent black is developed.

The black compound which is produced in the
fibre in allthese processes is known as nigrani-
line, and may be prepared by mixing solutions
of aniline sait, copper sulphate, potassium chlor¬
ate, and sal ammoniac, and gentle heating.
When freed from by-products by treatment
with suitable solvents, it appears as a dark green-
ish amorphous powder, insoluble in nearly ail
liquids but sulphuric acid, by careful treatment
with which it is converted into a sulphonic acid,
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which, however, is of no commercial value.
Heated with tin and hydrochloric acid it under-
goes réduction and splits up into paraphenylene-
diamine and diamidodiphenylamine, a mode of
décomposition which points to its relations to
the saffranine group of colours. (For an account
of other deep blues and greens which have of
late years been sometimes sold as ' black aniline,'
' soluble aniline black,' &c., v. the articles on Indu-
line, Niokosine, Naphthol Black.) R. J. F.

ANILINE BLUE. One of the earliest known
tests for the presence of aniline was the produc¬
tion of a transient blue colouration in the sus-

pected fluid, on the addition of solution of
bleaehing powder. This reaction was the origin
of one of the obsolète names of aniline, viz.
Icyanol, from Gr. Kvavos, a 1 blue substance ' or
the ' blue eornflower.'

The first aniline blue of commercial value
was, however, that described in a patent taken out
in January 1861, by C. Girard and G. de Laire,
for heating the acetate, sulphate, oxalate, hydro-
chloride, arsenate, &c. of rosaniline with aniline
for 5 or 6 hours. Violet-blue dyestuffs were
thus obtained, and were at the time introduced
into commerce by dissolving the whole melt in
alcohol; the redder shade of this colour was
known as 1 violet impérial,' and the bluer as
1 blue de Lyon.'

As a matter of faet, Messrs. Simpson, Maule,
& Nicholson had produced the violet or ' purple '
colour before Messrs. Girard & de Laire, but had
not pushed the reaction far enough to discover
the blue, and had not patented their process.
During the next few years the process was the
subjeet of a number of patents now only of
historical interest, and in conséquence of the
discovery that the salts of rosaniline with organic
acids were alone capable of undergoing phenyla-
tion in this manner, the methods of work
speedily settled down into two main processes.

One of these consisted in heating rosaniline
hydrochloride with aniline and fused sodium
acetate, whereby acetate of rosaniline was
formed with séparation of sodium chloride. The
heating was continued until the desired amount
of phenylation, as indicated by the blueness of
the melt, was attained. The melt was run out
into dilute hydrochloric acid and boiled, thrown
on a filter and washed, and after drying the colour
was ready for use. This treatment freed the
crude colour from aniline, unaltered rosaniline,
and some monophenylated rosaniline, together
with the sait. The colouring matter consisted
of tri- and di-phenyl rosaniline, together with
proportions of monophenylated rosaniline and
unaltered rosaniline, ail in the form of hydro-
chlorides, and varying in proportion according to
the blueness to which the original melt had been
carried, and the care with which the subséquent
purification was executed.

The other process, and the one which has
finally survived, consisted first in the prépara¬
tion of rosaniline base, eitherbydecomposingthe
arsenate, sulphate, or oxalate with milk of lime,
or the hydrochloride with soda. This was heated
with aniline and acetic acid, which, however, in
time was displaced by benzoic acid, and in
the latter form the process is now almost uni-
versally carried out.

The funotion of the acid in the reaction is

exceedingly obscure, and no satisfactory explana-
tion of it has ever been given. In the reaction
the acid plays no part, and it can be, as a
matter of fact, recovered unchanged from the
melt, yet rosaniline base alone cannot be phenyl-
ated in this manner, nor, as has already been
stated, can its salts with inorganic acids.

Again, a very small quantity of acetic acid
suffices to cause the phenylation to take place,
but there are limits beyond which it is unsafe to
reduce it, whilst in the case of benzoic acid the
quantity necessary for the reaction is far smaller,
but it has a limit correspondingly low, though
still well marked.

What takes place, praetically quantitatively,
in a well-condueted opération is the following :—

/CjH,NH.
cfcth4sh. + 3xnh2
i \c„h4nh
I I

Pararosaniline. Aromatic monamine.

/c6h4nhx
= c^-cehjnhx + 3nha

| \c6h,nx
Tri-X-pararosaniline. Ammonia.

In tlie above, x may represent phenyl, tolyl, $-
naphthyl, &o. Friswell in 1878 produced a tri-
phenyltriamido-rosaniline by acting on p-ros-
aniline base with phenylene-diamine.

A good proportion for work is the following :
Rosaniline base . . 50 parts
Aniline.... 300 ,,

Benzoic acid. . 3 „

The aniline is first introduced into an iron
still capable of holding twice the charge usually
worked, and provided with an agitator working
througli a stuffing-box in the top, a swan neek or
head communicating with a condenser, and a
tube provided with a valve for running out the
finished blue melt. A thermometer is inserted
in the usual way, and a test hole closed with a
wooden plug provided, and the still is set in an
oil bath, air bath, or, in some cases, even over a
naked fire.

The aniline is warmed and the base and
benzoic acid then introduced and the heating con¬
tinued. As soon as a température of 100-120°
is reached, the base parts with its constitutional
water, and at 130-140° the melt enters into
brisk effervescence and ammonia cornes off in
abundance. The heating is steadily pushed on
till 180° is reached, when the fire is checked and
the further treatment continued with great
caution, fréquent tests being drawn and examined
until the required shade is reached, when the
fire is drawn and the melt removed as speedily
as possible from the still, slightly cooled, and
run into its own volume of methylated spirit.
The whole is now quickly raised to boiling
when 25 parts by weight of commercial hydro¬
chloric acid is run in and the whole forced
through a filter into a crystallising tank of
copper where it is allowed to cool slowly for
three or four days. It has now become a more
or less fluid magma of minute crystals of the
triphenylated rosaniline hydrochloride ; these
are placed on suitably constructed filters and
washed with methylated spirit until free from
mother liauors.
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The mother liquors are rendered alkaline and
distilled, whereby the spirit and aniline are re-
covered for further use, wliilst a quantity of basic
blue of a red shade and containing the lower
phenylated rosanilines &c. is also obtained.

The crystallised substance is known as ' opal
blue ' and is insoluble in water but soluble in
aleohol, aniline, and mixtures of alcohol and
beuzene, with great ease. It is used to a mode-
rate extent for dyeing the very finest, or as they
are technically known, ' greenest ' shades of blue
on cotton on a soap and alumina mordant. The
cost of the spirit used to bring the colour into
solution, however, entirely prevents its use for
général purposes.

For these it is, however, employed in the
form of the sodium or ammonium salts of its
sulphonic acids, two forms of which, both dis-
covered by E. C. Nicholson, are in common
use.

Nicholson, allcali, or fast blue, consists
mainly of a monosulphonate having the général
formula XHS03 where X stands for any given
phenylated rosaniline minus an atom of hydro-
gen. It is prepared by the cautious solution of
the hydrochloride of the blue in four times its
weight of oil of vitriol with vigorous stirring
or meclianical agitation. The mixture may
ou complété solution be treated in two ways,
which consist either in the cautious addition of
fuming oil of vitriol of known percentage of S03,
or else of gentle heating. Whichever process
is applied, the necessary précautions are so
obvious as not to need description, and the
opération is finished when a test portion drawn
from the mass is found, after précipitation in
water and freeing by washing on a filter from
excess of sulphuric acid, to be soluble in a hot
solution of sodium carbonate.

When this point is reached, the whole of the
acid melt is preeipitated by projection in a thin
stream into water which is vigorously agitated.
The preeipitated sulphonic acid is then thrown
on to filters and thoroughly washed Until the
wash-waters no longer redden blue litmus paper.
The pure sulphonic acid is then dissolved in a
known quantity of sodium carbonate solution and
this evaporated to dryness. The sodium sait is
generally ground and appears in the market as a
dark-blue powder.

In this form it is mainly used for dyeing
woollen goods, and lias the peculiar property of
dyeing from an alkaline bath, the combination
of the colouring matter in the form of the sodium
sait with the goods being nearly colourless until
the sait is decomposed by immersing the washed
goods in dilute acid, or, as it is termed, ' de-
veloping ' them.

Soluble blues. These are higher sulphonic
acids or their salts, and may be generally repre-
sented as X(HS03)„, where n represents from
two to four. The method of préparation is
identical with that employed in the manufacture
of the Nicholson blues, but the process is pushed
further either by the employaient of more S03
or more heat. The acid treatment is stopped as
soon as a portion of the melt is soluble in hot
water. The blue acid is then preeipitated by the
èmployment of a limited quantity of water, and
freed by mechanical means from the main bulk
of the acid liquors. The pressed cake is then

dissolved in boiling water, and lime added in the
form of milk of lime until the liquid lias become
distinctly alkaline and lost its intense blue
colour. Séparation of the calcium sulphate and
recovery of the lime sait of the blue mechani-
cally retained by it by means of washing and
filter presses follow. The lime liquors or brown
liquors are concentrated, freed from the sulphate
of lime, preeipitated during concentration, and
then decomposed by the addition of sodium or
ammonium carbonate. Filtration follows as

before, and the liquors on evaporation leave the
sait of the blue as a more or less golden bronze
scale.

This manufacture is carried on on a very large
scale, the soluble blues having replaced alkaline
blues in the cheaper forms of woollen goods, and
being also used for cotton, silk, mixed fabrics of
ail kinds, leather, die.

Diphenylamine blue. A blue of very fine
shade produced by the oxidation of commercial
diphenylamine (containing paratolylphenyl-
amine) by means of various agents among
which carbon sesquichloride and oxalic acid
were the most important'. The diphenyl¬
amine and oxalic acid were fused together with
the addition of acetic acid, and the fused mass
maintained at a température of 1S0°-190° for
eight to ten hours ; formic and carbonie acids
and water escaped, and the melt was judged to
be finished when the blue ceased to increase in
quantity. By another and very successful mode
the diphenylamine and oxalic acid were fused
together until the water of crystallisation of the
acid had been driven off. The mass was then
cast into cakes about 1 inch thick, and these
broken into fragments, piled—in sucli a way that
free circulation of air could take place—in trays
which were in turn placed in a chamber which
could be maintained at about 110°C. while a con¬

sidérable current of air passed through it. Much
oxalic acid sublimed unchanged, and was re-
covered for further use.

The crude blue produced in either way was
freed from unaltered diphenylamine by washing
with a coal naphtha or with light petroleum.
Oxalic acid was removed by water and the blue,
after conversion into hydrochloride, was after-
wards sulphonated. Used mainly as a soluble
blue for very finest shades on silk.

It has been asserted that this blue consisted
of triphenylpararosaniline, but there are many
reasons for rejecting this view ; at any rate it
differs greatly from triphenylpararosaniline
prepared by the direct phenylation of para-
rosaniline.

Methyldiphenylamine blue. Prepared in a
similar manner to the last from methyldiphenyl¬
amine.

Methylene blue. In 1S76 Lauth discovered
that paraphenylenediamine heated with sulphur
became converted with évolution of SH2 into
a body which contained sulphur, and, on oxida¬
tion, produced a violet dyestufï. The samebody
could be obtained by saturating a solution of
paraphenylenediamine with SH2and then adding
ferrie chloride. The colour had no industrial
value, but the similar methylated body obtained
by treating dimethylparaphenylenediamine with
sulphuretted hydrogen and an oxidising agent
is manufacturée! on a considérable scale.
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Dimethylaniline is dissolved in hydrochlorie
àcid, and the oaloulated quantity of sodium
nitrite added to convert it into the corresponding
nitroso-dimethylaniline ; this is very carefully
reduced by means of zinc powder, and dimethyl
paraphenylenediamine is thus obtained ; sodium
sulphide is added, and an oxidising agent—
generaily ferrie chloride.

A blue and a red body are produced, the
former giving a zinc double sait which is easily
precipitated by sait brine ; the red remaining in
solution. A very large number of patents have
been taken out for variations in the mode of
préparation, some even proposing the réduction
of such bodies as the dimethylanilineazobenz-
ene sulphonates and the corresponding /3-naph-
thol colours in order to obtain paraphenylene¬
diamine with séparation and reeovery of
sulphanilic acid or B-naphthol sulphonic acid.

Methylene blue is usually sent into the
market as the double zinc chloride. It is found
in several shades : the purest are extremely
1 green,' but if at ail deeply dyed the shades are
dull and lifeless. It is also not fast to washing,
and does not stand exposure to light very well.

Victoria blue. Following on the important
discovery of the production of the methyl violets
by the action of phosgene COCl2 on dimethyl
aniline in the presence of anhydrous aluminium
chloride came the manufacture of a very fine
basic blue colour, introduced into commerce in
1884 under the above name.

To préparé this colour phosgene is mixed
with dimethylaniline and aluminium chloride,
and gently heated. Tetramethyldiamidobenzo-
phenone is formed immediately, and in almost
theoretical proportions. On heating this product
with aluminium chloride and phenyl a-naphthyl-
amine a second condensation ensues, and the

q H NMe. chloride of Victoria blue B,
c6H4NMe! °î which the colour base has

I \r,Vr Nafl "H the formula annexed,is pro-
* Ji 10 7 duced. Similar opérations

with the same ketone and
methylphenyl a-naphthylamine give Victoria
blue i R, while tetraethyldiamidobenzophenone
with phenyl a-naphthylamine gives Victoria
blue 2 B.

Many other similar bodies of a blue or violet
colour may and have been obtained by variations
of the bodies condensed. B. J. F.

ANILINE BROWN v. Azo- colotjeing maitees.

ANILINE SALT. The commercial name of
aniline hydrochloride CjHjNHJTCl.

It is prepared in large quantifies for the use
of calico printers, who employ it in the produc¬
tion of aniline black. The process consists in
mixing the calculated quantifies of pure aniline
and muriatic acid in stone tanks and allowing
the sait to crystallise, freeing it from mother
liquors in a centrifugal machine and drying.
The muriatic acid used should be of good quality,
fairly free from iron and absolutely free from
even traces of copper, or the sait will rapidly
blacken.

The mother liquors may be neutralised with
lime or soda, and the aniline recovered, or they
may be boiled down and used in making magenta
by the nitrobenzol process &e.

'Aniline sait' occurs in commerce in large
white nacreous and much contorted plates.

The great desiderata for the calico printer
are that the sait should be made from pure
aniline and should be dry and normal, eontain-
ing 93 parts aniline to 36-5 parts of hydro-
chloric acid ; it should be free from sand and
grit, which injure th e printing machines. B. J. F.

ANIMAL CHARCOAL. Noir d'os, Fr. ;
Knochenschwarz, Ger. This substance, also
known by the name of Bone Black, or,
technically as ' Char,' is formed by carbonising'
bones at a high température in vessels from11
which air is excluded. Animal charcoal pos-
sesses the property of absorbing organie colouring
matters from solutions brought in contact with
it ; thus a solution of brown sugar passed
through animal charcoal will be found to have
its colour more or less removed. This property
is also possessed, though to a far smaller degree,
by wood charcoal, as first noticed by Lôwitz
about the year 1800. In fact, from that date
to 1811, wood charcoal was much employed for
decolourising syrups, but it was then demon-
strated by Figuier that bone black was far more
effectuai and energetic in its action. In 1812
Charles Derosne introduced animal charcoal
into the manufacture of sugar, and in 1821
Bussy and Payen obtained a prize for a memoir
on the properties and mode of action of charcoal.
Although the effect of animal charcoal is mosi'
conspicuous in removing organie colouring mat¬
ters from solution, it is also capable of absorb¬
ing many other organie and also minerai sub¬
stances. It was proved by Graham that various
minerai substances were removed from solution
by animal charcoal ; thus, the lime is taken up
from lime-water and metallic salts are absorbed
from their solutions in water. According to
Chevallier, lead nitrate and acetate are com-
pletely removed by animal charcoal. Weppen
has shown that this action extends to a great
variety of metallic salts, including cupric, zinc,
chromic and ferrous sulphates, nickel, cobalt,
silver, mercurous and mercuric nitrates, tartar
emetic, stannous chloride, and ferrie acetate.

As the resuit of a number of experiments on
the absorption of différent salts by animal
charcoal, Bodenbender (Sugar Cane, vol. ii. p. 316)
has arrived at the following conclusions :—

1. The power which it possesses of absorb¬
ing salts is for the most part a physical pro¬
perty.

2. A given weight absorbs a larger proportion
of salts from a concentrated than from a diluted
solution ; on the other hand, the proportion
absorbed' from a constant quantity of salts is'
more considérable when this quantity is in a
dilute, than when itis in a concentrated solution.

3. The presence of sugar has only a slight
influence on the absorption of salts.

4. The salts of potassium are retained in
smaller proportion than tliose of sodium.

5. Among the salts experimented with, the
amount taken up is in the following order, be-
ginning with that least absorbed :—potassium
chloride, sodium chloride, potassium nitrate,
sodium nitrate, potassium acetate, sodium
acetate, potassium sulphate, sodium sulphate,
magnésium sulphate, potassium carbonate,
sodium carbonate, sodium phosphate.

6. A chemical action of the charcoal has
been observed with respect to some carbonates,
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oxalates, and other salts, being brought about by
the presence of calcium sulphate and phosphate
in the charcoal.

7. Charcoal saturated with one sait is capa¬
ble within certain limits of withdrawing another
sait from solution.

8. There is less absorption by charcoal of a
sait when in contact with it for a short time
than when the contact is prolonged. The différ¬
ence due to time of contact, however, ceases
when the contact has lasted some hours.

Yarious explanations hâve been offered to
account for the peculiar action of charcoal. It
was attributed by Bussy to the highly divided
state of the earbon eontained in it. Brom the
similarity of the action of charcoal upon diverse
bodies, and the général nature of its opération,
it wouid appear to be due to some physical or
mechanical cause. Charcoal seems indeed to
exert merely a surface action, withdrawing the
colour from the liquid passed through it, but
not in any way destroying the same, and Kohl-
rausch has shown by experiment, that by means
of a solution of ammonia it is possible to
praetically dissolve out ail the colour which has
been absorbed by charcoal through which mo¬
lasses has been previously passed.

It has been suggested that the action is due
to absorption of nitrogen and its conversion in
the pores of the charcoal into ammonia, but this
has been disproved by the faet that the charcoal
can be cooled in gases not containing nitrogen,
and that under these conditions it still retains
an equal decolourising power.

In connection with the action of animal
charcoal, it is stated by P. Degener and J. Lack
(German Patent, 31,358, 1884) that the freshly
ignited charcoal, moistened with as much water
as it can take up, and exposed to light and air,
produces, even in a few minutes, a perceptible
quantity of hydrogen peroxide, and is thus
rendered more active than the untreated ma-

terial.
They also state that exposure for forty-eight

hours in layers of 3 inches thick, the charcoal
being frequently sprinkled with water and turned
over, gives good results, and that if milk of lime
is sprinkled over bone black, ealcic peroxide is
produced, and in the same way other alkaline
earths and alkalis can be converted into per-
oxides.

It was first observed by Tilliot that more
organie matter is absorbed by charcoal from
solutions at a high température than in the cold,
this resuit being only partially due to the in-
creased circulation caused by heating.

Manufacture of Animal Charcoal.—The
bones employed sliould be carefully selected,
hard, and free from extraneous matter. Horse,
whale, and fish bones are not of a suitable
character, owing to their yielding a soft char.
Bones which have been exposed to atmospheric
action for a long time or which have been buried
in the ground cannot be suecessfully employed,
as, owing to the altération in their composition,
they yield a char déficient in carbon.

Before proceeding to carbonise the bones,
the fat is removed by boiling, or by means of a
suitable solvent, such as benzene. By the first-
named treatment from 4 to 5 p.c. of fat is ex-
tracted, and by the second from 6 to 8 p.c. In

the process of extracting fat from bones by
means of a solvent, diffieulties arise from the
presence of water, and P. Seltsam (Patent
10,208,1855) has proposed to overcome these by
using a solvent (such as a hydroearbon from
petroleum) having a higher boiling-point than
that of water, the température during extraction
being raised to above 100°C. He states that by
this means the water is expelled from the bones
and the extraction of fat is rendered more com¬

plété. Dr. Lorenz says that bones after treat¬
ment with benzene contain 1-2 to 2'5 p.c.
of fat, which can be extracted by a further
treatment with benzene, and 0'48 to 0'8 p.c.
of fat removable by ether, or in ail, 1-68 to 3'3
p.c., which is lost in the process. This mode of
extracting fat is employed in many factories on
the continent and in one or two in the United
Kingdom, but is objected to by those not using
it on the ground that the advantage gained in
the inereased amount of fat reeovered is more

than counterbalanced by the lowness of its
value owing to its bad quality and disagreeable
odour, and also because the char subsequently
made is depreciated in value by reason of its
containing less carbon.

The apparatus employed in making bone char¬
coal is similar to that used in a gasworks. The
bones are earbonised, after being roughly crushed,
in vertical or horizontal iron retorts of a round,
oval, or D section, the latter by preference. The
length of the horizontal retort is usually from
10 to 12 feet, the long diameter being 18 inches
and the short diameter of the oval retort 12
inches. There are usually five retorts in each
bed. The retorts are conneeted, in the same
way as gas retorts, with a hydraulic main, and
this again with condensers or scrubbers filled
with coke in which the bone oil separates and
from which the gases are exhausted, and then
forced through a sériés of washers containing
water to remove the ammonia, the residual gases,
which are employed for heating and lighting
purposes, finaîly passing into a gas-holder.
Charges of about 2i cwt. of bones are earbonised
in vertical, and 3j cwt. in horizontal retorts,
the opération taking about six to eight hours
with the former and eight to ten hours with tbe
latter. The ' bone oil colleeted in the condenser
amounts to from 3 to 5 p.c. on the bones ear¬
bonised, and the ammonia in the ammoniacal
liquor is equal to to 10 p.c. of ammonium
sulphate, into which it is converted in the usual
way. When the bones are completely earbonised
the charcoal is removed from the retorts and
cooled in strong sheet-iron canisters, which are
at once eovered with closely-fitting lids and luted
round the edges, either with charcoal paste or a
water lute. The char when quite cold is crushed,
generally in a Bogardus mill (on its way to
which any iron it may contain is removed by
passing over the pôles of an eleotro-magnet)
and then sifted into various sizes to suit the re-

quirements of the sugar refiner. It is usually
moistened before grinding to keep down the dust.
Good bones yield about 65 p.c. of char, but from
20 to 30 p.c. of this is dust, which fetches a
lower price than the larger grist.

The following analysis gives approximately
the composition of a good sample of bone char¬
coal :—
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Carbon 10-51
Calcium and magnésium phos¬

phates, calcium fluoride, &c. . 80-21
Calcium carbonate . . . 8-30
Calcium sulphate . . . 0-17
Ferrie oxide .... 0-12
Silica 0-34
Alkaline salts .... 0-35

100-00

Moisture originally présent . 8-00

Space occupied by one ton of dry bone char¬
coal, 48 cubic feet.

Sizes left on sieves of various degrees of
fineness:—

Above 10 holes to linear inch . 0
10 to 20 „ „ „ . 28
20 to 30 „ 32
30 to 40 „ „ „ . . 27
40 to 50 „ „ „ . 11

Below 50 „ „ „ or dust 2

100
The carbon always contains a certain pro¬

portion of nitrogen amounting to about one-
tenth of its weight ; there is also a minute
proportion of hydrogen présent. The nitrogen
continually becomes less and less, whilst the
bone charcoal is being used for sugar-refining.

When char is repeatedly reburned it becomes
less porous and shrinks in volume, so that a ton
oi char, which, when new, measures 48 to 54
cubic feet, may be reduced to as low as 28 cubic
leet after being reburned many times, or, in
other words, its apparent density may be nearly
doubled.

Dr. Wallace has, however, shown that the
real sp.gr. varies but little ; thus, a new char
occupying 50-6 cubic feet per ton, or having an
apparent sp.gr. of 0-71, had a real sp.gr. of
2-822, whilst a moderately old sample, occupying
35 cubic feet per ton, or having an apparent
sp.gr. of 1-03, had a real sp.gr. of 2-857, or only
a trille over that of the new.

Another proof that char loses its porosity to
a considérable extent by long-continued use and
reburning is afforded by the fact, pointed out by
Dr. Wallace, that dry new char will absorb from
80 to 100 p.c. of its weight of water, whereas
old char will only retain from 30 to 45 p.c.

Bone charcoal is sometimes used as a pigment,
and is prepared by first making it into a paste
with water, and then grinding it to a véry fine
powder, which is afterwards dried.

Ivory black consists of char in an exceed-
ingly fine state of division.

Bone charcoal is used for the purification of
water and also of oil, paraifin, glycérine, &c., and
tbe dust is employed in the manufacture of ivory
black and blacking. The chief use of bone
charcoal is, however, for deeolourising saccharine
solutions (v. Suoak).

New charcoal of good quality should, in the
dry state, contain not less than 9 nor more than
11-5 p.c. of carbon. The silica should not ex-
ceed 0-5 p.c., the oxide of iron 0-15 p.c., and the
calcium sulphate 0-2 p.e. New charcoal is
usually sold on a basis of 8 p.c. of moisture.
Tbe weight of a cubic foot should not exceed
52 lbs.

New charcoal should, when incinerated, leave
an ash of a uniform white or cream colour ; the
presence of grey or reddish particles indicates
that the sample has been mixed with old char¬
coal. New charcoal when brought in contact
with the tongue, adhères to it somewhat strongly.
The size of grain which it is désirable to have in
new charcoal dépends upon the use to which it
is to be applied. Large grain charcoal is pré¬
férable for strong liquors, such as the liquor
used for washing loaf sugar. Refmers, as a rule,
prefer small grain ; if, however, the grain be very
small it impedes the passage of liquor and also
gives considérable trouble in washing. When
bone black has by long use practically lost its
power of î-emoving colour, it is known as speut
char and is then used as a manure, either as
it is, or more generally after treatment with
sulphuric acid, so as to form superphosphate of
lime.

Revivification of char.—A description of
the kilns most generally in use for revivifying
char will be found in the article on sugar, but
of late years these have been to a considérable
extent replaced by the Buchanan and Viekess*

kiln. This revolving-pipe and self-discharging
kiln consitts of 22 cast-iron pipes, each about
1 foot in diameter, placed in » double row on
each side of a furnaoe. Each pipe is fitted with
an interior perforated pipe to convey away the
steam and other gases evolved. Hollow louvres
project over the holes, serving the double object of
alternating the position of the char and pre-
venting it from finding its way into the interior
pipe, at the same time allowing free egress for
the vapour. Attached to each carbonising pipe
are six cooling-pipes which are made to revolve
slowly with them. A self-discharging apparatus
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is plaoed at the bottom of each set of eooling
pipes, and automatieally removes measured
quantities of char at stated intervais. These
kilns are provided with a square main pipe at
the top of the carbonising pipes which is heated
by the waste gases coming from the interior
pipes and serves as a drier for the wet char
which is placed over it and, as it dries, runs
into the spaee between the internai and external
pipes. This Min présents advantages over the
ordinary kiln, the char being more evenly burned,
whilst the pipes, owing to their rotation, are ex-
posed equally to the action of the heat and,
therefore, preserve their shape. The use of super -
heated steam for the purpose of revivifying char
has been repeatedly suggested and bas been em-
ployed on the Continent. The process has the
advantage that by means of steam it is possible
to regulate the heat applied to any given extent,
and it also effects a saving in fuel. Each part
of the char gets equally heated and there is
no danger of its pores being eontracted by over-
burning.

Wm. Cormaek has patented the use of high
pressure and superheated steam and air at not
less than 650°E., by which means he claims to
be able to revivify char at a blaek heat instead
of a red heat.

Pampe suggests the régénération of char
by means of steam at .600° to 700°C. which
renders the char red-hot. He says that the
char must be as large as peas, in order that
the steam may thoroughly penetrate it.

In the United States the wet char, after
it has been used in the refining of sugar, is
taken (usually by bands) to the top of driers
which are placed on the char kilns between
the beds of pipes. The driers are usually of an
A section, and extend the whole length of the
bed, and they have a lropper at the top into
which the char is fed. The char passes
through a slit left for that purpose between the
sides of the lropper and the top of the drier, and
slides down each side on to the beds of the kilns,
the char on its passing down being loosely
held against the drier by means of an iron
louvre-arrangement, the laths of the louvre
being placed a short distance from the drier.
The flue-gases, after leaving the kiln, pass
through horizontal flues backwards and for-
wards the whole length of the drier, so that the
char is dried by means of the waste heat,
and considérable economy is effected in fuel.
The eooling - pipes at the lower end of the
char pipes are provided with an automatic
continuous or intermittent discharging ar¬
rangement. This mode of working, besides
effeoting a saving in labour, causes the char
to be better burned, and is advantageous in
other respects. In some cases the char
after coming from the cooling-pipes is passed
through a kind of upright multitubular boiler,
the warm char passing through the tubes,
which are surrounded with water. This plan
of operating avoids the necessity of eooling the
char by means of water in the eisterns and
économisés its heat, which would otherwise
be lost.

In addition to the ordinary mode of wash-
ing and revivifying char, as mentioned under
* sugar,' various suggestions have been made,

and the most important of these will now be
briefly described.

Very dilute hydrochloric acid is often em-
ployed for purifying char, especially char which
has been used in the manufacture of raw beet
sugar. The calcium chloride thus produeed
is washed out as far as possible by boiling water,
and the amount of calcium carbonate is thereby
reduced to a notable extent.

In beet sugar factories and in refineries, the
char is sometimes allowed to ferment : a little
of the ' sweet ' being left in it, the acids pro¬
dueed dissolve some of the calcium carbonate
and sulphide, forming soluble calcium salts
which are afterwards washed out.

Crossfield, JBarrow, and Cook took out a
patent (2,024, 1874) for the use of a solution of
superphosphate in Heu of hydrochloric acid.

Cook had previously patented (2,5 06, 1872)
the use of a solution of ammonium chloride
mixed with the char after the latter had been
washed. The char after this treatment on being
reburned gave oiï ammonium carbonate, and
calcium chloride remained in it, and was after¬
wards removed by washing.

It has also been suggested to pass the vapour
of ammonium chloride through the red-hot char
in the kiln pipes, the calcium chloride produeed
being subsequently washed out. Phillips pro-
posed. (Patent 2,049, 1870) the use of alcohol,
in conjunction with ammonia, and other alkalis,
to remove colouring matters &c. which had been
absorbed by char. The alcohol and ammonia
were recovered by distillation, and the char so
treated was again used without reburning. This
process was, we believe, tried on a large scale by
Finzel, but was not attended with satisfactory
results. Treatment with a solution of boric acid
was patented by Lugo and Gandolfo (No. 2,535,
1876).

The use of dry hydrochloric acid gas was
patented by Edward Beanes (No. 283, 1864), and
this, it was said, only attacked the calcium car¬
bonate, there being no loss of calcium phosphate,
whereas when an aqueous solution of the acid
is employed, a certain amount of phosphate is
always dissolved.

Beanes, Patrick, and many others have pro-
posed to remove the carbonate of lime by means
of carbonic acid in the presence of water.

Duncan and Stenhouse have patented the use
of dilute nitric acid for purifying char. This
process présents the advantage that any calcium
nitrate left in the char will be decomposed on
heating, and the residual lime can be readily
washed out.

The exhaustion of the air out of the char
previous to the introduction of dilute hydro¬
chloric or other acid has been frequeutly sug¬
gested, so as to equalise the action of the solvent
and prevent, as much as possible, the solution of
the calcium phosphate.

Washing by means of an upward current of
water was patented by Andrew Stewart (No. 2,488,
1879).

Espeut (Patent 3,589, 1874), De Castro, and
others have proposed to fill and empty char
eisterns by forcing a mixture of char with liquor
or water through a pipe into or out of the eis¬
terns. A difïiculty experienced in working this
way is caused by the char having a tendency to
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block up the pipes. When, however, the dis¬
tance is sliort, and a straight and separate pipo
can be employed, this mode of working is most
satisfactory.

After reburning, the char is usually conyeyed
to the char cisterns by means of trucks or bands ;
but Steel and Hastie in 1S68, and since then
G. Finzel, proposed to accomplish this reinoval
by means of a current of air. This plan was
used by Finzel for the whole of his dry chareoal,
but is not at présent employed. The objections
to using it are that the char is reduced to dust
by attrition, and the pores are filled with this
dust, the surface of the char at the same time
becoming glazed.

After the char has been removed from the
kilns, it is sometimes sifted to remove dust.
The dust may also be advantageously got rid of
by the use of Mumford and Moodie's separator,
in which a circulating current of air is employed
for this purpose. N. Bros.

ANIMAL OIL v. Bone on,.

ANIME and ANIMI v. Oi,eo-eesins.
ANIMIKITE. A minerai from Silver Islet

Mine, Lake Superior.
As Sb S Hg Ag Co Ni Ne Zn

0-35 11-18 1-49 0-99 77'58 2-10 1-90 1-68 0-36
Loss 1-68 = 99-31 sp.gr. 9-45 (Wurtz, J. 33,

1403).
ANISEED (Anis, Fr. Ger.). The fruit of the

Pimpinella Anisum, eultivated in Malta, Spain,
and Germany. Used for the préparation of
anise oil and cordials. Alcohol extracts 36-24
p.c. of this spice (Biechele, Ph. [3] 10, 878).

ANISE CAMPHOB v. Canphoes.
ANISE OIL. The essential oil of aniseed

obtained by distilling it with water. According
toLandolph (0. R. 81, 97 ; 82, 226), it contains
90 p.c. of anethol, boiling at 226°C. Anethol,
according to Perkin (C. J. 32, 668), is p-allyl-
anisol C^H^OMeJCH : CH.CH3 ; he obtained it
by heating p-methoxy-phenylcrotonic acid.

Anise oil is sometimes adulterated with fennel
oil ; this can be detected by heating the oil, when
the fennel odour becomes perceptible.

Star anise oil has a similar colour and taste,
but it does not solidify at 2°C.

ANISIDINE NH2.C0H,.OMe. Orthanisi-
dine. Obtained by the réduction of orthonitrani-
sol with tin and hydrochloric acid or iron and
hydrochloric acid (Meister, Lucius, and Briining,
Germ. pat. 7,217 of Dec. 3, 1878), is a colourless
oil which boils at 226-5° at 734 mm. pressure
(Miihlhâuser, A. 207, 239), at 216°, and has a
sp.gr. =1-108 at 26° (Brunck, Z. 1867, 205).
When diazotised and treated with /3-naphtholdi-
sulphonic acid (R-acid), it yields anisol-red (v.
Azo- coiouEiNG hattees). A mixture of orthan-
isidine (2 mois.) and paraphenylenediamine
(1 mol.) is converted, on oxidation with potas¬
sium bichromate, into a reddish colouring matter
formerly employed under the name safranisol
(Kalle & Co., Germ. pat. 24,229 of Oct. 27,1882 ;
expired March 1885).

Paranisidine, obtained from paranitranisol
by réduction with tin and hydrochloric acid, crys-
tallises in prisms which melt at 52° (Brunck,
le.), at55-5°-56-5° (Lossen, A. 175,324),andboil
at 24ô°-246° (Salkowski, B. 7, 1009).

ANISIDINE PONCEAU v. Azo- colouiiing

matiebs.

ANISOCHILUS CAENOSUS. An Indian
plant belonging to the Labiatœ containing a vola¬
tile oil. Used in quinsy (Cooley, 1).

ANISOL Anisoïl; methylphenyl ether
C6H5.O.CH3.

Préparation.—Anisol can be obtained by dis¬
tilling anisic acid or o-methoxybenzoic acid with
baryta, or by heating potassium phenate with
methyl iodide at 120° (Cahours, A. Ch. [3] 2,
274; 10, 353 ; 27, 439). It is prepared by pass-
ing a current of methyl chloride over dry
sodium phenate heated at 190-200° (Vincent,
Bl., 40, 106).

Properties.—It is a colourless ethereal liquid,
which boils at 155-155-5° at 762-3 mm. (Schiff,
A., 220, 105) and has a sp.gr. = 0-991 at 15°.

ANISOL EED v. Azo- coloueing mattees.

ANISOMELES MALABAEICA. A much es-

teemed Indian plant belonging to the Labiatœ ;
an infusion of the leaves is used in intermittent
fevers, and the essential oil is applied externally
in rheumatism (Cooley, 1).

ANKOOL, AKOLA, DHEBA EAEK. The
root bark of Alangium 'Lamarckii, one of the
Cornaceœ, used in leprosy and skin diseases
(Dymock, Ph. [3] 9, 1017).

ANNATTO, AENATTO, AENOTTO, or AN-
NOTTO. (Eocou or roucou, Fr. ; Orléans, Ger.)
A colouring matter derived from the fruit cap¬
sules of the Bixa Orellana, an evergreen plant
growing in the East and West Indies, and more
especially in South America, where it isprincipally
prepared. Two kinds are imported : Spanish
annatto made in Brazil, and the flag or French,
prepared mostly in Cayenne, which has rather a
putrid smell.

The fruit capsules contain a large number of
seeds embedded in a pulpy reddish-coloured
fruit flesh, similar to that surrounding the seeds
of the ripe tomato. Three methods are adopted
to obtain the colouring matters. The first is to
rub or wash off the colouring matter with water,
allow it to subside, and expose it to sponta-
neous evaporation till it acquires a pasty con-
sistence ; the second is to bruise the seeds, mix
them with water and allow them to ferment until
ail the colouring matter is removed from them ;
the third is to boil the seeds with water till a

thick paste is obtained, but the resulting
product is not so good as in the former pro¬
cesses.

The décoction of annatto in water has a strong
peculiar odour and a disagreeable taste. Itscolour
is yellowish-red, and it is slightly turbid. In
alkaline solution its orange-yellow is clearer and
more agreeable to the eye. If annatto is boiled
in water with an aliali, it dissolves much better
than if alone, and the liquid has an orange hue.
Acids precipitate the annatto as an orange-
coloured precipitate.

To préparé an annatto dye-bath the annatto
is eut up into small pièces and boiled for some
seconds in a copper with its own weight of pearl
ash, provided the shado required does not want
less alkali. The fabric may be dyed in this bath,
either by these ingrédients alone, or by adding
others to modify the colour.

The colour, however, is so fugitive that its
employment is restricted.

An annatto solution is also used to dye cheese
and butter.
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Lawson (P. J. [3] 16, 645) gives ten analyses
of varieras annattos, the amount of colouring
matter varying from 1 to 12 p.e. A sample of
a good annatto analysed by Wynter Elyth con-
tained colouring resin 28-8, ash 22-5, extractive
matter 24-5, water 24-2.

Annatto contains a yellow erystalline
colouring matter bixin C]sH2li02which on treat-
ment with altalis, in contact with the air,
absorbs oxygen and passes into bixeïn.

ANNEALING or NEALING (le recuit, Fr. ;
das Anlassen, Ger.). A process by which glass
is rendered less fragile ; and metals wliich have
become brittle, either in conséquence of fusion
or long-continued hammering, are again rendered
malléable. When a glass vessel is allowed to
cool immediately after being made, it will, if a
small splinter of flint or an angular fragment
of quartz is dropped gently into it, fly to pièces
with great violence, sometimes immediately,
sometimes after a few minutes. This extreme
fragility is prevented by annealing, or placing
the vessels in a hot oven, where they are allowed
to cool slowly, the process lasting several hours,
or even days.

Similar phenomena are exhibited in a higher
degree by glass-tears, or Prince Bupert's drops,
produced by letting drops of melted glass fall into
cold water. Their form resembles that of a pear,
rounded at one extremity and tapering to a very
slender tail at the other. If a part of the tail be
broken off the whole drop Aies to pièces with a
slight explosion ; and yet the tail of a drop may
be eut away by a glass-cutter's wheel, or the thick
end may be struck smartly with a hammer, with-
out inducing disintegration. When heated to
redness, and permitted to cool gradually, they
lose these peculiarities, and do not differ sen-
sibly from common glass. The peculiar brittle-
ness of unannealed glass is, by many manufae-
turers, referred to the following conditions. The
exterior surface of the glass cooling more quickly
than the layers of glass beneath, the two por¬
tions of glass are supposed to be in différent
states of tension ; as it is technically expressed,
a stretched skin of glass is formed ; and as this
film differs in the arrangement of its particles from
those parts which have cooled more slowly, there
is a constant tendency to fracture, the slightest
scratch upon this skin disturbing the entire
molecular arrangement. If any mass of glass or
of métal cools rapidly, there will be, according to
the thickness of the mass, a greater or less
différence between the arrangement of the con¬
stituent particles on the outer and inner portions.
The process of annealing secures an equal
arrangement throughout the mass.

When metals have been extended to a certain
degree under the hammer, they become brittle
and incapable of being further extended without
cracking. In this case the workman restores
their malleability, sometimes by annealing, or, in
other cases, by heating thern to redness and allow-
ing them to cool slowly. The rationale of this
process seems to be, that the hammering and ex¬
tension of the métal destroys the kind of arrange¬
ment which the particles of the métal had
previous to the hammering, and that the anneal¬
ing, by softening the métal, enables it to reeover
its original structure. U.

ANNOTTO v. Annatto.

ANONA MURICATA. A décoction of the
root is used as an antidote for fish-poisoning,
and the bark serves as an astringent. The
leaves are useful in softening abscesses, and from
the seeds a wine can be prepared which is said
to be bénéficiai in cases of diarrheea (C. Z., 10,
433; S. C. I., 5, 332).

ANTHEMOL v. Camphoks.
ANTHOKIRRIN. The yellow crystalline

matter of the flowers of the yellow toadflax
(Linaria vulgaris). Formerly used as a dyeing
material, but the colour is not permanent.

ANTHOKYAN. The expressed juice of the
sweet or purple violet (Viola odorata), gently
heated to 89°C., then skimmed, cooled, and fil-
tered. A little rectified spirit is then added,
and the following day the whole is again filtered.
Used to make syrup of violets, and to colour and
flavour liqueurs (Cooley, 1).

ANTHRACENE ChH10. Discovered by Dumas
and Laurent in the highest boiling portion of
coal-tar, and termed by them paranaphthalene
(A. 5, 10) ; further examined by Laurent,
who re-named it anthraeene (A. 34, 287) ;
first obtained pure and îts composition de-
termined by Fritzsche (A. 109, 249), and more
exaetly studied by Anderson (A. 122, 294 ; C. J.
15, 44).

Occurrence.—Anthraeene is one of the pro-
ducts of the destructive distillation of coal, and
is found in the tar ; the average yield of the
pure hydrocaibon is about 0-3 per cent, of the
tar obtained.

A new source of anthraeene has been an-

nounced (D. P. J. 246, 429) in the tar obtained
when the residue, left after the illuminating
oils have been distilled from Baku petroleum, is
allowed to fall on pumice in red-hot iron retorts.
1,000 kilos of naphtha residue under these con¬
ditions yield 500 c.m. of gas, used to heat the
retorts, and 300 kilos of tar, containing about
0-2 per cent, of pure anthraeene. The supply
of the naphtha-residue is, however, too limited
to render anthraeene from this source a serious
competitor with that from coal tar.

According to Elliott (Am. 6, 248), the tar
obtained in the manufacture of gas by the de¬
structive distillation of light petroleum naphtha
boiling below 150° contains 2-63-2-90 p.c. of
anthraeene. A remarkable production of an¬
thraeene during the distillation of the higher
boiling portions of crude phénol has been ob-
served by Kôhler (B. 18, 859).

Préparation (Auerbach, Das Anthracen und
seine Derivate ; Kopp, J. 1878, 1187 ; Perkin,
Journ. Soc. Arts, 27, 572).—Anthraeene is ob¬
tained from the ' green grease ' which forms the
last portion of the ' heavy oil' or ' dead oil ' of
the tar distiller ; this at first is a brown liquid
with a green fluorescence, but soon becomes
semi-solid on standing owing to the séparation
of solid substances. When no further sépara¬
tion occurs, the mass is subjected to filtration,
either in a centrifugal machine or a filter press,
first in the cold and finally at 40° (Gessert,
D. P. J. 196, 543), or is filtered through strong
linen bags, and afterwards submitted to hydraulic
pressure in a press so arranged that the plates can
be heated with steam and the cake hot-pressed.
A notable quantity of anthraeene remains dis-
solved in the expressed oil, and especially inIRIS - LILLIAD - Université Lille 1
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tlie portions separated when the température is
raised, and is recovered by redistilling and
working up the produet as just deseribod. The
liard yellowish-green eake obtained, eontaining
25-10 per cent, of pure anthracene, is ground to
a fine powder in mills and heated with coal tar
naphtlia (b.p. 80°-100°), or petroleum spirit
(b.p. 70°-100°), in large iron vessels provided
with stirrers. Petroleum spirit is to be pre-
ferred (Perkin) since it dissolves less anthra¬
cene, whilst the impurities are suffioiently
soluble in it to be removed if the quantity of
solvent employed is 2-3 times as great as that
of the anthracene to be purified. The residue
contains from 45-50 per cent, of the hydro-
carbon, but inasmuch as it is not readily reduced
to powder, and unless finely divided is only slowly
attacked by oxidising agents, it is sublimed by
passing steam, heated at 220°-240°, over the
melted produet, and eondensing the vapours in
a chamber by jets of water. The anthracene
thus obtained is in leafy masses, eontaining
from 50-60 per cent, of the hydrocarbon, the
chief impurities consisting of carbazole (10-12
p.c.), phenanthrene, pyrene, chrysene, and other
hydrocarbons, together with small quantities of
phénols of high boiling-point and of acridine;
it can readily be ground to a paste, and is now
suffioiently pure for conversion into anthra-
quinone by oxidation. If, however, dichloran-
thracene is required, further purification is ne-
cessary ; this can be effected by distillation with
caustic potash, whereby impurities such as
carbazole and bodies of a phenolic eharacter are
retained, and anthracene, together with phenan¬
threne, distils over with no greater loss than
occurs if the 60 p.c. produet is distilled alone ;
caustic soda cannot be substituted for the
potash, since it produces no purification of any
conséquence. Instead of distilling washed an¬
thracene (100 parts) with caustic potash, Perkin
employs a mixture of Montréal potash (30 parts),
which usually contains potassium hydroxide in
considérable quantities, and caustic lime (6 parts).
Unless lime is used the residue in the retorts
forms a hard cake, which can be removed only
with difficulty. Hydrogen is evolved during the
distillation. The distillate is freed from phen¬
anthrene by washing with coal-tar naphtha, and
the residue is a very pure anthracene. This
production of phenanthrene, even from anthra¬
cene which has been freed from this impurity by
extraction with solvents previous to distillation
with caustic potash, is noteworthy and points to
the probable existence of molecular compounds
of phenanthrene with other of the impurities of
the washed anthracene, which are destroyed
during the distillation with caustic potash. This
process of Perkin has been subjeeted to con¬
sidérable criticism. According to Auerbach, a
loss of anthracene to the extent of 10 p.c. occurs,
and this, added to the cost of fuel employed,
renders it the most costly method of purification
yet devised. The great advantage of the method,
however, is that it brings anthracenes of différent
origine to a similar condition of purity; even
pitch anthracene—obtained by the distillation of
gas-tar pitch in iron retorts with the aid of super-
heated steam, and generally unsuitable for puri¬
fication owing to the difficulty of removing higher
hydrocarbons associated with it—works per-

fectly well after it has been subjeeted to this
process.

An important modification in the method of
purifying crude anthracene, based on the far
greater solubility of the impurities in mixtures
of aniline,'pyridine, or quinoline bases, has been
patented by the Chemische Fabriks-Actiengesell-
schaft in Hamburg (G. P. 42,053 of April 15,
1887). The crude anthracene is dissolved at
100° in 1^-2 times its weight of a dehydrated
and reetified mixture of tar bases (pyridines)
separated from the light oil obtained in tar dis¬
tillation (compare G. P. 34,947 and 36,372), and
the solution, on cooling, yields a crystalline
séparation of anthracene almost free from carb¬
azole and its homologues. The patentées state
that a 33 p.c. anthracene dissolved in 1-75 times
its weight of pyridine bases yields on crystallisa-
tion an 82-5 p.c. anthracene, whilst when dis¬
solved in twice its weight of a mixture of equal
parts of pyridine bases and benzene, it yields an
80 p.c. anthracene, and in twice its weight of a
mixture of equal parts of benzene and aniline a
75 p.c. anthracene. The reeovery of the an¬
thracene contained in the mother liquors offers
no spécial difficulty.

Bemy and Erhart (G. P. 38,417 of Jan. 19,
1886) have proposed crystallisation from oleic
acid as a means of purification of crude anthra¬
cene. The difficulty of recovering the anthracene
contained in the mother liquors would seem,
however, to deprive this method of technical
importance.

Graham (C. N. 33, 99, 168) has devised a
method for recovering anthracene from the
filtered oils used in its purification.

A troublesome impurity in anthracene is a
peculiar paraffin, which has a high melting-
point, and is only sparingly soluble either in
light petroleum or coal-tar naphtha; it is dis¬
solved to a certain extent by these solvents when
hot, but on cooling is almost entirely deposited
again. A small quantity left in the anthracene
frequently impedes suoeeeding opérations, and,
owing to its stability, passes through most of
the processes without change.

Synthèses, from orthotolylketone, by heating
with zinc - dust (Belir and Van Dorp, B. 7,
17) ; from orthobenzylbromide by the action of
sodium (Jackson and White, B. 12, 1965) ; and
from a mixture of benzene, aeetylene tetra-
bromide, and aluminium chloride (Ansehutz,
A. 235, 156).

Properties.—Anthracene crystallises in glis-
tening white scales, which inelt at 213°, and
boil at a few degrees above 360° (Crafts, J. 1878,
67). When pure it shows a bluish-violet fluor¬
escence, but this is concealed if small quantities
of yellow impurities (Fritzsche's ehrysogen) are
présent. Yellow-coloured anthracene, on ex-
posure to sunlight, is bleaehed, and becomes
fluorescent, but under these conditions the hydro¬
carbon undergoes conversion into paranthracene
— a peculiar modification, which is much less
soluble than anthracene, is unattaéked by brom-
ine and nitric acid at 100°, and does not com¬
bine with picric acid ; it melts at 214°, and is
thereby converted into ordinary anthracene
(Fritzsche, J. pr. 101, 333 ; Graebe and Lieber-
mann, A. Supplb. 7, 264 ; Schmidt, J. pr. [2] 9,
248). The fluorescence of anthracene and cer-
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tain of its derivatives has been referred by Lie¬
bermann to a particular molecular grouping
(B. 13, 913). The solubility of anthracene in
100 parts of varions solvents lias been deter-
minedby Yersmann (J. 1874,4*23), Perkin (Journ.
Soc. Arts, 27, 598), and v. Becehi (B. 12, 1978),
with the following results :—

Parts of anthracene

Aleokol (absolute) at 16° dissolves 0-076 (B.).
b.p. „ 0-830 (B.).

„ sp.gr. = 0-800 at 15° „ 0-591 (Y.).
„ „ =0-825 „ „ 0-574 (V.).
„ „ =0-830 „ „ 0-491 (V.).

„ =0-835 „ „ 0-475 (Y.).
„ „ =0-840 „ „ 0-460 (V.).

„ =0-850 „ „ 0-423 (V. .

Ether „ 1-175 (Y.).
Chloroform . . „ „ 1-736 (V.).
Carbon bisulphide „ „ 1-478 (V.).
Aoetio acid . . „ „ 0-444 (V.).
Light petroleum . „ ,, 0-394 (Y.).

. b.p.70°-100°
at 15° dissolves 0-115 (P.).

Benzene . . „ „ 1-661 (V.).
„ b.p.80°-100° „ „ 0-976 (P.).

Tolnene . . at 16-5° „ 0-920 (B.).
„ . at b.p. „ 12-940 (B.).

When introdueed into an alcoholic solution
of pierio acid saturated at 30°-40°, anthracene
forms a picrate C14H]0, CSH.,(N02)30, crystallising
in glistening red needles winch melt at 138° ; it
is decomposed into its eonstituents by alcohol,
water, and dilute alkalis, even in the cold. On
oxidation with potassium dichromate or man¬
ganèse dioxide and sulphuric acid, anthracene
is converted into anthraquinone, whilst strong
nitric acid oxidises it to anthraquinone and
dinitroanthraquinone ; nitro- derivatives of an¬
thracene can, however, be prepared by the action
of stroDg nitric acid on the hydroearbon if care
is taken to décomposé any nitrous acid which
may be formed during the reaction (Perkin,
C. S. Proc. 1889, 13). Concentrated sulphuric
acid converts anthracene into two isomeric
disulphonic aeids, and these on oxidation yield
two anthraquinonedisulphonic acids, which are
isomeric with the two acids obtained by the
direct sulphonation of anthraquinone. Anthra¬
cene is readily attacked by chlorine and bromine,
and yields with each element a sériés of additive
and substitution derivatives ; additive compounds,
apparently, are the first products of the action,
and these either décomposé during the reaction
or can be decomposed by boiling with alcoholio
potash into the corresponding substitution de¬
rivatives, which also form additive compounds
by the further action of the halogens. Beducing
agents, such as sodium amalgam or phosphorus
and hydrogen iodide, convert anthracene into
the dihydride (Graebe and Liebermann, l.c. ;
Liebermann and Topf, A. 212, 5).

Estimation.—Luek (B. 6, 1347) ; Meister,
Lucius, and Brûning, D. P. J. 224, 559) ; Nicol
(O. J. 1876, 2, 553). The percentage of an¬
thracene in a sample of the commercial pro-
duet is determined by oxidising it to anthra¬
quinone with chromic acid, dissolving the pro-
duct in sulphuric acid, and precipitating with
water, since the associated impurities are either
destroyed during the oxidation or are converted
into sulphonic acids soluble in water. The

détails of the process are as follows : 1 gram
of anthracene is introdueed with 45 c.c. of
acetic acid into a flask conneeted with a reverse!
condenser, and heated to boiling ; a solution of
15 grams of chromic acid in 10 c.c. of acetic
acid and 10 c.c. of water is then added, drop by
drop, to the boiling solution during a period of
two hours ; and the product is boiled for two
hours longer, allowed to stand for twelve hours,
then poured into 400 c.c. of water, and, after
standing forthree hours longer, is filtered. The
anthraquinone on the filter is washed with
water, with hot dilute alkali, and then with bot
water ; afterwards it is placed in a small dish,
dried at 100°, and digested for ten minutes with
10 times its weight of fuming sulphuric acid at
100°. The solution of anthraquinone in sul¬
phuric acid is then allowed to remain for twelve
hours in amoist atmosphère, mixed with 200 c.c.
of water, and the precipitated anthraquinone
filtered off and washed first with water, then
with dilute alkali, and finally with water ; it is
then dried at 100° in a dish, weighed, ignited,
and the ash deducted from the first weighing.
Tbe différence gives the weight of anthraquinone
corresponding to the amount of anthracene
présent in the sample.

ANTHRACENE GREEN. Cœruleïn v. Au-
zaein and allied coloueing mattees.

ANTHRACENE RED v. Alizaein and allied

coloueing mattees.

ANTHRACENE VIOLET. Galleïnv. Alizam
and allied coloueing mattees.

ANTHRACITE v. Euel.
ANTHRACOXENE v. Resins.
ANTHRAFLAVIC ACID v. Alizaein and

allied coloueing mattees.

ANTHRAGALLOL v. Alizaein and allied

coloueing mattees.

ANTHRAPURPURIN Alizaein and allied

coloueing mattees.

ANTHRAQUINONE v. Alizaein and allied
coloueing mattees.

ANTHRAQUINONE RED v. Alizaein and
allied coloueing mattees.

ANTHRARUFIN, 1:4 Dioxyantliraquinone
v. Alizaein and allied coloueing natteks.

ANTHROL C,4H100 or CSH4(C2EL,)C6H30H
is obtained by fusing anthracene-sulphonic acid
with caustic soda. White crystalline substance,
insoluble in ammonia, soluble in caustic potash,
giving a yellow solution with green fluores¬
cence. Its alcoholic solution shows a violet
fluorescence. With oil of vitriol it gives a
yellow solution which beeomes blue on heating
(Liebermann a. Hôrmann, B. 12, 5S9 ; L. a.
Hagen, B. 15, 1427; L. a. Bollert, B. 15,220;
A. 212, 26, 49).

ANTIAR RESIN or UPAS ANTIAR. A
green resin which exudes from the upas tree
(Antiaris toxicaria, order Urticaceas). Light
petroleum and benzene extract from it a sub¬
stance analogous to caoutchouc, a fatty matter,
and two resinous substances ; alcohol extracls
from the residue a very poisonous glucoside,
antiariiï (De Vry a. Ludwig, J. pr. 103, 253).

ANTIARIN v. Glucosides.
ANTI-CHLOR. Linen and cotton fibre

and paper pulp are apt to retain some free
chlorine from the hypochlorite used in bleaehing,
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and as tliis causes tlie material to rot slowly, tlie
mauufacturers use certain reagents known as
' anti-chlors ' to remove the last traces of
clilorine. The first substances employed were
the neutral and acid sulphites of soda (sodium
sulphite and bisulphite) ; these were superseded
in 1853 by sodium hyposulphite, which is now
very largely employed. Calcium sulphide, made
by boiling milk of lime with sulphur ; stannous
chloride in hydrochloric acid with subséquent
treatment with sodium carbonate to neutralise
any free acid ; ammonia, and sodium nitrite
have also been recommended.

ANTICOEEOSIVE COMPOSITIONS AND
METHODS. The surfaces of the various rnetals
such as iron, zinc, brass, &c., which have to be
proteeted from corrosion, are treated in very
différent ways, thus brass is generally coated
with lacquer and zinc with tar, blaek varnish,
or common paint ; on the otlier hand, iron and
steel surfaces require a spécial treatment and it is
to this that attention will be given in this article.

There are three conditions to which these
surfaces are exposed. First, simple exposure to
the atmosphère ; second, exposure to cold, fresh,
or sait water; and third, exposure to hot sait
water.

Iron used under the first conditions can be
proteeted by three methods, each of ivhieh lias
its advantages. First, painting or varnishing.
Second, ' galvanising,' that is, eoating with zinc
byimmersing the iron after cleaning by treat¬
ment with acid and seouring in a bath of molten
zinc; and lastly, by the Bower-Barff process,
which consists in exposihg the iron at a dull red
heat to the action of steam, when a thin adhèrent
eoating of magnetic oxide of iron is formed over
the métal. This eoating seems to withstand
atmospherie influences very well indeed.

When required to withstand the action of
cold water, the iron may be prepared by the
process invented by the late Dr. E. Angus Smith,
and which is in almost universal use for water-
pipes, viz., eoating the surface of the iron with
hot tar ; but when we come to the protection of
iron from the action of cold sait water, the eoat¬
ing must be very frequently renewed or spécial
methods must be employed.

In the case of piers below water fréquent
recoating is impossible, and recourse must be had
to galvanic methods to preserve the métal from
corrosion. The simplest and most efficacious
way is to bring into contact with the iron a
piece of a more easily oxidisable métal like
zinc, so that the same liquid may act upon
both and generate a gentle galvanic current. As
long as the electro-positive métal lasts, the iron
is perfectly preserved.

A sériés of experiments conduoted with the
object of testing the préservation of iron by this
method seemed to show that when the zinc
becomes coated (as is the case in sea-water),
with oxychloride, its power of preservative
action ceases, but further experiments have de-
monstrated that this négative resuit was owing
to the zinc having only beeu in mechanical
touch with the iron, and not connected with it by
soldering. It appears that when zinc and iron
are bolted together the zinc becomes most
actively attacked near the point of contact, and as
the molecular volume of the oxychloride formed

Vol. I.—T

is greater than that of the zinc, the sait formed
acts as a wedge and forces the iron and zinc
asunder, thus breaking their electrical contact,
so that the protective action of the zinc soon
ceases. Soldering obviâtes this, and thorough
protective action is maintained till ail the zinc
is consumed.

In the case of hot sea-water, the method
above sketehed is the only real anticorrosive
process known to be successful. One further
précaution, however, requires to be taken. The
zinc requires to be rendered thoroughly mallé¬
able, beoause cast zinc rapidly crumbles away
in boiling sea-water. It seems that the oxy¬
chloride formed penetrates between the faces of
the crystals in the mass of the cast zinc and
acting like wedges splits the whole mass into
fragments.

In an apparatus called the ' Electrogen,' for
applying these principles to marine boilers, the
zinc is cast as a sphere on a copper conductor,
thus giving a considérable mass of métal so as
to last some months without renewal. The zinc
is then rendered malléable, and the conductor
is soldered to the boiler. The whole internai
shell of the boiler thus becomes the négative
plate of a battery, so that as long as the zinc
lasts no corrosion takes place. In cases where
the boiler bas a steel shell and malléable iron
tubes, the latter are often eorroded through in a
few weeks, as they act as a positive métal to the
steel, but when the ' electrogen ' is attached to
them the same tubes show no détérioration after
five years.

Batteries outside the boiler have been tried
in which the négative pôle is soldered to the out¬
side of the boiler and the positive pôle passed in-
sulated through a stuffing-box into the water in
the interior, but boiling sait water is too good a
conductor, and the current takes the shortest
circuit from the positive pôle to the boiler, and
ail more distant parts of the boiler corrode, as
though no battery were used. Only by making
the boiler one element in a galvanic couple can
complété protection be secured. J. B. H.

ANTI-FEBEIN. A trade name for a c e t a n i 1-
ide or phenylacetamide CBH5NHCO.OH3.
Discovered by Gerhardt in 1853, and investi-
gated as an antipyreiic by Kussmanl in 1886
(v. Acetanilide).

ANTI-FOULING COMPOSITIONS. The at-
tachment of marine organisms to the bottoms of
ships has always been a source of trouble and
expense to shipowners. When the growths be-
come luxuriant, not only is the speed of the
vessel very much diminished, but, in a sailing-
ship, much more lee-way is made. In ordinary
trading steamships having a speed of eleven
knots per hour it is quite common to have the
speed redueed to seven-and-a-half to eight knots
by the adhésion of seaweed and shell-fish. Con-
sidering that fuel is being consumed at the usual
rate, and that wages, interest on capital, déprécia¬
tion, and général expenses are running on, it will
be seen what a serious loss a foui ship entails.

In the case of wooden ships, not only do
they foui, but the wood is rapidly destroyed by
boring worms, so that it becomes necessary to pro-
tect the wood by sheathing the ship with copper.
This prevents in great part the adhésion of
either plants or shell-fish, but more especially
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178 ANTI-FOULING COMPOSITIONS.

the former. The writer has in his possession
oysters which grew on the copper of a ship at
anchor, and which had attained the diameter
of over two inehes and seemed quite healthy,
although the shell adhering to the eopper, as well
as the part of the mollusc touching that shell,
wpre very dark green. The dark green colour
was not caused by copper, as not a trace could
be found on analysis, but seemed to be due to
some physiological change in the substance of
the shell-fish itself.

That the anti-fouling effect is due, however,
to the solution of the copper is amply proved by
the experiments of Davy and others. Davy tried
to économisé the consumption of the copper on
the ship's bottoms by attaching a more positive
métal, such as zinc or iron, to the métal sheath-
ing, so that, by forming a galvanic couple, no
copper would dissolve so long as the zinc or
iron lasted, the copper being maintained in an
electro-negative state. This was followed by the
fouling of the ship, and Davy modified his plan
by attaching only a few small pièces of iron to
the copper, so that a certain amount of solution
would take place, sufficient to prevent fouling,
yet not sufficient to cause the rapid solution
of the copper which was the usual case. The
plan was not very successful, as it was most diffî-
cult to balance the destructive and preservative
actions—a difficulty which constitutes the great
obstacle towards obtaining uniformlygoodresults
in the anti-fouling compositions on iron ships at
the présent time. The introduction of Muntz's
métal gave a material which, while more in¬
soluble than copper, yet dissolved sufficiently to
prevent fouling, and which was at the same time
eheaper.

With the introduction of iron into ship-
building came an entirely new problem. Copper
was quite inadmissible, as it would cause the
rapid destruction of the iron wherever it became
accidentally exposed to the water.

The class of anti-fouling compositions at first
introduced for iron ships, and which are still
much used, were what may be ealled ' mecha-
nical ' anti-fouling compounds. First amongst
them cornes a mixture of white oxide of zinc
and tallow, which acts chiefly by failing to
give the barnacles or seaweed proper foothold.
When a ship which has been coated with such
a composition is periodically examined, it will
be seen that, after being in the water a short
time, minute barnacles and very short sea-grass
may grow upon it ; but whenever these become
of a size to offer an appréciable résistance to
motion through the water, they slide off the soft
grease to which they have attaehed themselves.
The ship is generally first coated with some
common oil paint, such as a mixture of white
and red lead in oil, and the mixture of ' zinc and
tallow ' laid on bot over it. The latter is gene¬
rally prepared by stirring white oxide of zinc
which has been ground in oil into melted tallow,
and colouring with some red pigment, generally
oxide of iron, till a warm pink colour is attained.
The ' zinc and tallow ' paint is still in much
favour for coating iron sailing-ships.

Many other ' meehanical ' anti-fouling com¬
positions have been invented and applied with
more or less suecess. For instance, ' rosin
grease ' (a compound made by treating the dis-

tillate of common rosin with milk of lime) is
thinned with coal-tar oil, and additional rosin
added, and, in some cases, creosote and colouring
matters, including Scheele's green. Such mix¬
tures form a thiek, dark-green grease, which is
applied hot, and is sometimes very efficacious.
Ail compositions based on rosin grease have this
great drawback, however, that after being in the
water several months they become transformed
from a grease to a light-coloured porous powder,
which allows of free ingress of the sea-water,
and, if the preparatory painting has not been
very good, very rapid corrosion takes place.

And here may be mentioned one of the most
difficult points in connection with the coating of
ships. The iron is invariably rough, often pitted
and honeycombed deeply, and the surface
covered with a fine slime of young sea-grass. In
our damp climate, especially in the six months
of winter, the bottom after being seraped remains
wet, and any paint applied goes on to a wet, and
often, a very dirty surface. Hence oil paints are
not very successful, except when used in summer,
or exceptionally warm dry weather, and even
spirit paints may have to be applied in circum-
stances so very adverse that they corne off and
leave the ship bare in a few months.

With modem steam vessels the use of any of
these meehanical anti-fouling agencies is en-
tirely out of the question, as the velocity of the
ship through the water causes it to rub ail the
greasy paint off. It became, therefore, necessavy
to devise some chemical anti-fouling substance
which would by its poisonous nature prevent the
adhésion of marine life to the ship. Copper, of
course, at once suggested itself, and compounds
of copper were freely tried, but seemed to give
the most divergent results. The reason is not
far to seek. The copper had to bo kept entirely
clear of the iron, because of the great danger of
corrosion by electrical action, and yet to be of any
use the copper must be allowed to dissolve. When
the copper, either as a compound, or as spongy
copper deposited on zinc, which is used in some
patents, is made up in a good varnish like copal
and applied to a ship, the resuit is that the
barnacles grow quite as luxuriantly as on wood,
because the copper is safely sealed up and cannot
be dissolved by the sea-water. The same resuit
may be seen by varnishing a portion of the
copper on the bottom of a ship, when végétation
and shellfish take root at once. The problem,
therefore, is to get the chemical anti-fouling
substance made up in such a médium as will not
seal it up, but allow of its graduai solution in
the sea-water so as to poison the marine growths.
With copper this is dangerous, as on solution it
is electrically deposited on any accessible
parts of the iron in the neighbourhood, thus
causing rapid corrosion.

There is no doubt that could a composition
be prepared which would contain sufficient car-
bolic acid to be slowly given out during a year,
and which would prevent its immédiate solution,
a very perfeet anti-fouling coating would be
obtained, as ail experiments have demonstrated
its efficaey. But as yet ail phénol mixtures
yield up their soluble constituents to the sea-
water in a few weeks, and the vessel fouis
rapidly after the supply of carbolic acid has
become exhausted.
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Many poisons, which, like arsenic, are very
efficacious against terrestrial life, are not at ail
successful as anti-fouling agents. We liave, as
an instance, the failure of arsenite of copper to
maintain a clean ship. But the most effective
antiseptic known, viz. mercuric chloride, is
founà also to be the most active anti-fouling
agent as yet diseovered. Being a readily soluble
sait it cannot be directly applied in a paint.
Some insoluble compound of mercury must be
introduced into the paint winch will yield
mercury chloride by contact with sea-water.
The substance which lends itself most readily to
this reaction is mercuric oxide, and this com¬
pound is preferred in most good anti-fouling
compositions.

The ditliculty in obtaining uniform success,
even with this agent, lies entirely in the nature
of the médium in which it is applied. As the
oiide is a basic body it combines with many of
the gums used in making varnishes, and forms
a substance too slightly soluble in sea-water to
be of much use in preventing marine growth.
Then, again, good varnishes must be avoided, as
they hermetically seal up the oxide, and so pre-
vent solution.

A simple shellac varnish in methylated
spirit, with a certain proportion of common
rosin and crude turpentine, or Stockholm tar,
added so as to render the varnish so soft that its
surface is slightly eroded by the action of the
sea-water, forms a very suitable médium for the
application of the mercuric oxide to the bottom
of a ship. Or, if spirit of turpentine be pre¬
ferred as a solvent, then a varnish of gum
dammar and pale resin forms a very suitable
médium. The writer bas made a long sériés of
experiments, extending from 1874 till the présent
time, and where mercuric oxide is used these
two types of varnishes bave given the best ré¬
sulta. During this sériés of experiments it was
found that if mercury in the metallic state was
diffused through a paint in a very fine state of
division, a much more trustworthy resuit could
be obtained, as the metallic mercury dissolved so
very slowly that a moderate quantity wonld last
with good anti-fouling effect for a period of
fifteen months. But the great difficulty lay in
getting the finely-divided mercury to remain
diffused through the liquid médium. It invariably
settled to the bottom of the vessel, and the
minute particles coalesced into large liquid
globules of no use in painting. The following
expédient was then hit upon. A mixture was made
up containing very finely divided metallic zinc
(obtained by distilling zinc into a chamber from
which oxygen has been expelled and allowing
the fumes to settle like flowers of sulphur) and
oxide of mercury, together with the requisite
pigments to form a coloured paint. This was
made up in a very soft varnish, prineipally com-
posed of resin and naphtha, and applied to the
ship. The metallic zinc exerted a very efficient
anti-corrosive action by rendering the iron néga¬
tive, but it played another part. As soon as the
mercuric oxide became soluble it eleetrolytically
coated each little particle of exposed zinc with
mercury, and as the zinc corroded away under
the action of sea-water, finely powdered metallic
mercury was left imbedded in the surface of the
paint. The soft nature of the varnish caused

the surface to be constantly renewed, so that
there was a regular supply of the anti-fouling
substance. This has been found to be the most
efficient anti-fouling composition as yet intro¬
duced, and has been approved of by the Admiraity
for use in the Navy.

The conditions under which ships are painted,
wet rough surfaces in winter and dry surfaces
in summer, render it difficult to ensure uniform
success with the same composition. In winter
it dries too slowly, in summer too quickly, the
former rendering it too soft when put in the
water, the latter too hard. To obtain perfeet
results recourse would need to be had to com¬

positions varied to suit the conditions, but of
course in commercial praetice this is almost im¬
possible. J. B. H.

ANTI-FOULING PAINTS. Pickering and
Saale bave patented (Eng. Pat. 10,457, 1884)
a composition composed of barium carbonate,
barium arsenite, powdered oyster shells, zinc
oxide, red lead, quadroxalate of potash, and
mercuric oxide or sugar of lead. These in¬
grédients are ground together in the dry state
and afterwards incorporated in a mixture of
shellac dissolved in methylated spirits, and
rosin, boiled linseed oil, turpentine, and spirits
of tar (S. C. I. 3, 644).

Layden and McLean (Eng. Pat. 4,796, 1884)
make a composition containing gold bronze
powder 1 part, gnm catechu 5 parts, teak varnish
7 parts, Schweinfurt or Vienna green 3 parts,
yeîlow rosin, 15 parts, benzolene 30 parts, Stock¬
holm tar 5 parts, black varnish 6 parts, Prus-
sian blue 3 parts, colouring matter 37 parts
(S. C. I. 4, 289).

Gisborne's composition (Eng. Pat. 312, 1885)
contains mercury 10 lbs., litharge 9 lbs., blende,
white or red lead or other like materials 14 lbs.
chalk 15 lbs., and boiled oil (S. C. X. 5, 102).

Denniston's patent (Eng. Pat. 4,415, 1885)
is for a mixture of 10 parts paraffin scale, 7 parts
white lead, or other paint, 6 parts bronze green,
1 part light green, 2 parts rosin, 2 parts of
arsenic, or cyanide or oxide of mercury.

Pointon (Eng. Pat. 13, 159, 1886) claims a
paint or mixture of ground glass, pulverised
slag or sand, linseed oil and crude turpentine in
spirits of turpentine (S. C. I. 5, 540).

These paints are prineipally to be used for
the bottoms of ships.

ANTI-INCEUSTATOES. This termis applied
to various substances and mixtures used to prevent
the déposition of scale in steam boilers. Nivet
(J. Fab. Suc. 1882 ; S. C. 1. 1, 438) shows that
the conditions to befulfilledbyan anti-inerustator
are (1) projections other than the roughness of
the sides of the boiler on which the insoluble
salts may crystallise mnst be offered ; (2) the
quantity used must not be so large as to mate-
rially inerease the solid constituents and so
raise the density of the water ; (3) it must not
be acid and (4) it must act both chemically and
mechanically.

A great variety of substances have been
patented as scale préventives, but Macadam
(S. C. 1.2,12) divides them into four divisions : (1)
saline, (2) fats and oils, (3) paraffine and paraffine
products, (4) other organic substances. The most
common ingrédient in the saline anti-incrus-
tators is soda asli or the purer soda crystals ;
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sulphites, he states, seem to work well in boilers
where sea-water is used ; barium chloride he
considers an undesirable constituent, as the
barium sulphate formed sinks to the bottom of
the boiler and adds to the scale. Tallows and
oils, too, are objectionable, as they undergo dé¬
composition, and the fatty acids attack the
fittings of the boilers. Paraffin oil, free from
paraflin scale, is very useful, but its action
is purely mechanical. Peat, moss, and potatoes
have also been found to act well. Substances
containing tannin are used in several scale
préventives, but as they are generally sold in a
dry state they should be well soaked in water
before being introduced into the boiler, other-
wise they are liable to be carried over by the
steam and give much annoyance by choking the
pipes and valves. They are objectionable also
in works where steam is to be blown into tanks
for heating purposes, as in flax or hemp boiling,
as the tannin carried over may cause stains. Zinc
seems to be a good anti-incrustator for sea-water.

Détails of the compositions of various anti-
incrustators may be found in S. 0. I. 1, 177,
219, 311, 338, 348, 4S7 ; 2, 12 ; 3, 101, 368,
434 ; 4, 105, 198, 484 ; 5, 94, 454 ; C. S. [2] 4G,
1,087 ; and W. J. 22, 839 ; 29, 1,030.

ANTIMONITE. Native antimony sulphide
v. Antimony.

ANTIMONY. Antimoine, Fr. ; Antimon, Ger.
Stibium. Symbol, Sb. At. wt. 119'6 (Berzelius,
Schneider, Cooke, Rose, Weber) ; 121-8 (Dumas,
Dexter, Kessler).

Occurrence.—Antimony occurs native in
small quantities, occasionally in rhombohedral
erystals, at Andreasberg in the Hartz, Przibram
in Bohemia, Sala in Sweden, Allemont in France,
in the United States, New South Wales, and
Quebec. It occurs in large masses in Sarawak,
Bornéo.

Combined with oxygen as the sesquioxide
Sb203, it occurs in antimony bloom, white anti¬
mony, or valentinite, and in scnarmontite, being
found in workable quantities in the Algerian
province of Constantine. In antimony ochre
or cervantite, and in stibiconite and volgerite it
occurs as antimonite of antimony Sb204.

Combined with sulphurit occurs as stibnite,
antimonite, or grey antimony ore Sb2S3. In
union with sulphur and oxygen together it
forms red antimony, antimony blende or lcer-
mesite Sb2032Sb2S3.

Some antimony sulphides have recently been
diseovered which eontain from 1-5 to 2-5 oz. of
gold to the ton, but notwithstanding many pro-
posed and patented processes, none is known by
which the gold can be extracted profitably on a
commercial scale.

With arsenic, antimony is found in allc-
montite or arsenical antimony. With silver
in discrasite.

With sulphur and metals, antimony forms a
number of sulphantimonites, among which may
be mentioned zinkenite,jamesonite, boulangerite,
and feather ore, containing antimony, sulphur,
and lead ; miargyrite, pyrargyrite, and stephan-
ite, containing silver; berthierite, containing
iron, and antimonial copper glance. Antimony
is found in certain ferruginous waters.

Antimony ores occur in workable quantities
in Mexico, California, North America, Canada,

Australia, Japan, Bornéo, Cape of Good Hope,
New Zealand, Asia Minor, Algiers, Italy, Spain,
Portugal, Corsica, and Sardinia. Deposits of
antimony sulphide have been diseovered in
Cornwall, Cumberland, and Scotland.

The veins in which antimony sulphide is
found are usually from 4 to 6 inches in width,
the ore being so mixed with gangue that it can
only be separated by the eostly processes of wash-
ing or hand-picking, or by liquation. It is occa¬
sionally found in ' pockets,' in which case it is
usually of great purity.

By far the most général ore of antimony is
the sulphide, but in some cases, as in Algeria,
the oxide is found in workable quantities, and in
other cases both oxide and sulphide occur to¬
gether.

Extraction.—Metallic antimony is generally
prepared from the native sulphide which occurs
in a gangue of gneiss, porphyry, or other of the
older rocks. From the gangue, the sulphide
may be separated by a process of liquation.
Poor ores cannot, however, be treated in this
manner as the liquated residues eontain from 10
to 25 p.c. of antimony.

The following method of liquation was
formerly used where fuel is plentiful, as at
Malbosc, in the Department of Ardèehe, Wolfs-
berg in the Hartz, and inHungary. The ore was
placedin small lumps in a number of conical
pots of 45 kilos, capacity, eaeh perforated below
and standing on a perforated plate over a sunken
receiver. The pots were surrounded by fuel
which continuée! to burn for 10 hours, the
melted sulphide collecting in the receivers.

At La Lincouln, Wolfsberg and Haute Loire
the pots were contained in a reverberatory fur-
nace. At Schmôllnitz, in Hungary, the melted
sulphide ran through channels into receivers
outside the furnace.

At Malbosc the pots are replaced by cylin-
drieal tubes, perforated below and standing on
similarly perforated plates above the receivers.
Eaeh cylinder has a capacity of 500 lbs. of ore,
four being heated in one furnace. Eaeh bas a
hole at the side, through which the residues are
removed, these holes being closed during the
heating. The receivers are of clay, or of iron
coated with clay.

Yery poor or waste ores are sometimes
liquated in the open hearth of a furnace without
the use of pots or cylinders. The hearth is in-
elined, and has in one place a dépression in
which the product is received. The hearth is
best made of one solid piece of soft weathered
granité, but this is frequently replaced by an
iron trough coated with well-pressed fireclay,
standing free in the furnace and resting upon
three iron wheels, which run on iron rails let into
the briekwork, or it may be made simply of fire-
brick.

Too great a heat should in ail cases ho
avoided, antimony sulphide being volatile at o
white heat. The liquated sulphide is known in
the trade as ' crude antimony,' and usually con-
tains from 71 to 72 p.c. of antimony.

For the réduction of the sulphide to métal
several processes have been adopted.

The sulphide may be mixed with half its
weight of charcoal to prevent caking, and roasted
at a gentle heat, the heat being graclually in-
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creased, but not to melting, whereby large quan-
tities of sulphurous acid, arsenious oxide, and
antimonious oxide are evolved, tbe two latter
being collected in flues. 20 p.c. of the antimony
js stated topass off in this opération, the greyish
or red mass which remains consisting of an¬
timony tetroxide containing about one-sixth of
its weigbt of the trioxide and some sulphide.
This residue, known as antimony ash, is mixed
with 0'5 part of cream of tartar, or 1 part
charcoal and 0p5 part of potash, or J part
charcoal saturated with. a concentrated solution
of sodium carbonate, and fused in a covered
cracible at a low red beat, and poured into a
hot mould. 100 parts of sulphide yield 44 parts
of antimony. The slag which rises above the
métal consists of alkaline carbonate mixed with
double sulphide of antimony and potassium or
sodium with charcoal, and is known as crocus

of antimony. The action of the charcoal in
this réduction consists in the removal of the
oxygen from the antimony oxide, produeing
metallic antimony, and in the réduction of a
part of the alkali. The alkaline métal thus set
free combines with the sulphur of a part of
the antimonious sulphide, freeing an équivalent
quantity of the antimony and forming a double
sulphide of antimony and potassium with a
further quantity of the sulphide.

The sulphide may alao be reduced by fusing
8 parts of sulphide with 6 parts of cream of
tartar in a crucible heated nearly to redness,
tben adding 2 or 3 parts of potassium nitrate
and fusing until perfectly liquid ; or 8 parts of
sulphide are mixed with G parts of cream of
tartar and 3 parts of nitre, and are thrown in
portions into a red-hot crucible and lieated until
perfectly fluid. By quietly fusing, with fréquent
stirring to prevent frothing, a mixture of 8 parts
sulphide, 1 part sodium carbonate, and 1 part
charcoal, 66 p.e. of métal is said to be obtained
from tbe sulphide.

The antimony may also be reduced from the
sulphide by fusion with iron scales or nails,
wbieb form a difficultly fusible iron sulphide.
With rich ores iron in combining proportion is
used. When these contain oxide as well as sul¬
phide, a mixture of scrap iron and carbon is
required. To poor ores a considérable quantity
of sodium carbonate must be added to render the
slag sufficiently fusible to permit séparation of
tbe métal. Liebig bas recommended the addi¬
tion of dry sodium sulphate to the mixture of
iron and carbon.

Antimony prepared by these processes may
confain sulphur, potassium, sodium, arsenic,lead,
iron(especially when reduced by iron), and copper.

Tbe annual consumption of antimony through-
out the world is probably under 3,000 tons.
Nearly the whole of this is smelted and re-
fined in England by a crucible process in which
iron is the reducing agent. The ores received
in England vary eonsiderably in richness.

On account of the great volatility of antimony
and conséquent waste in smelting no process has
yet been devised for profitably working antimony
ores containing less than 25 p.e. of antimony ; in
faet it is not found profitable to smelt ores con¬
taining much less than 50 p.c. ; a good rich
quality of ore (sulphide) contains from 65 p.c. to
68 p.c. of antimony.

Two forms of furnace are adopted. Where
gas or other coke is near and cheap, the 'pot
hole ' furnace is used. This consists of a long
row or nest of single ' pot holes ' heated with
coke, each crucible having its own pot hole or
furnace. Two sets are usually built back to
back, with a long flue running full length down
the centre. Two workmen take charge of 8 or
10 pot holes.

Where a good hot flaming coal is eheaply
attainable a form of flue furnace is preferred,
which may be built a little below ground or
raised above ground. The erucibles being placed
a little apart, the furnace is fired and the flame
is made to play in, and around, and bé-
tween the erucibles. When the furnace is built
below ground the erucibles are ' lifted ' by the
workmen from the top, but when raised above
ground they are removed with round tongs from
the side of the furnace.

The ore, of which the composition has been
determined by analysis, is subjected to three
opérations :—

Singling. About 40 lbs. of the sulphide in
pièces half the size of an egg is introdueed with
a quantity of the slag produced in ' doubling '
(v. infra) into a red-hot plumbago crucible.
Above this is placed a quantity of old iron and
tinplate, beaten into a conical form; with ore
containing 50 to 55 p.c. of antimony, 20 lbs. of
this would be used. When the charge bas melted,
the iron is pressed into the mass, reducing it,
setting free metallic antimony and forming a
slag of iron sulphide. The crucible is emptied,
and after cooling, the antimony is removed from
below the slag. The slag of iron which was
formerly a waste product is now used as a cheap
source of sulphuretted hydrogen for the préci¬
pitation of arsenic from sulphurie acid made
from Spanish pyrites.

Doubling. The buttons or ' singles ' from
the first melting are sorted so that those which
contain an excess of sulphur may be melted with
those containing an excess of iron ; 70 or 80 lbs.
of these, together with 2 lbs. of sait cake and a
small quantity of ' star métal ' slag, aremeltedin a
crucible for 1 to 1| hours and poured into a cast-
iron bowl with the formation of 1 bowl métal.'

Befining, frenching, or melting for ' star
métal.' About 60 or 70 lbs. of ' bowl métal,'
with a pound or two of American potashes, and
about 10 lbs. of the star métal slag broken
into small fragments, are placed in a red-hot
crucible and stirred with an iron rod, the work-
man judging from the slag adhering to the rod
when the refining is completed ; less than one
hour is usually required.

When refined, the métal is poured into
moulds, carefully covered with slag and left ùn-
disturbed to allow of the formation of the crystal-
line structure. The refined star métal still con¬

tains arsenic and sulphur.
The refining of the métal first run from the

ore is an opération requiring practical skill
and tecknical knowledge, as the buyer demands
a very high degree of purity in the métal.

Unliko many other metals, antimony carries
on its face its own character for purity. When
'
pure ' a beautiful fern leaf or ' star ' appears

upon its surface, and aceording to the length
and form of this ' star ' on the ingot its quality
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is determined. The presence o£ a relatively
small percentage of impurities in the métal will
prevent it from ' starring.' It is this peculiar
characteristic of pure antimony to crystallise on
the ingot in the fern leaf or star form when
cooling which originates the trade term of ' star
antimony ' for good quality of antimony.

The sulphide may also he reduced on the
hearth of the furnace already deseribed. The
partly roasted ore, which contains the sulphide
and oxides of antimony, is mixed and fused with
8 to 13 p.o. coal and 9 to 11 p.c. of soda, fre-
quently with the addition of iron, in which case
the slag produced is much less fusible and does
not entirely cover the bath of métal ; the anti¬
mony produced also contains much iron (D. P. J.
162, 449). Where carbonate of soda is used for
the fusion the mass froths considerably and
attacks the furnace hearth.

The following analyses show the composition
of crude antimony, I. and II. being métal made
with scrap iron, the arsenic and gold being due
to admixed pyrites ; III. and IV. métal from
roasted ore smelted in a blast furnace (D. P. J.
1883, 250, 123 ; E. Helmhacker, Eerg. u. Hiilt.
Zeit. 1883, 191).

I. II. III. IV.

Antimony . 94-5 84-0 97'2 95-0
Iron . . 3-0 10-0 2-5 4-0

Sulphur . 2-0 5-0 0-2 0'7o
Arsenic . 0'25 1-0 0T 0'25
Gold. . traces — — —

At the newly erected works at Bfraya, Hungary,
the ore principally worked is the sulphide, con-
taining about 50 p.c. antimony ; a small quantity
of the native oxide is also worked. The re-

sidues from the liquation of the ore contain
from 21 to 25 p.c. of antimony; they are roasted
on a bed of wood in a Triln for 6 or 7 weeks,
and then smelted in a blast furnace with 20 p.c.
coke or charcoal (v. Balling, Chem. Zeit. 9,
1,825 and 10, 1,198-1,199). By fusing on the
small scale in a wind furnace 5 kilos, liquation
residues containing about 14 p.c. antimony with
3 kilos, puddling slag, 2 kilos, soda and 25 kilos,
wood charcoal, C. A. Hering lias produced 0-56
kilos of clean metallic antimony (D. P. J. 230,
253-263).

Methods of treating antimony ores have also
been proposedbywhich the antimonyis converted
into the volatile chloride, as in Lyte's proeess of
roasting the ore with sait. The ore may also
be subjeeted to the action of hydrochloric acid
gas in a reverberatory or muffle furnace, the
volatilised chloride being condensed in a solution
of hydrochloric acid (D. P. J. 250, 79-88, and
123-133).

Purification.—Metallic antimony may be
freed from sulphur, arsenic, copper, and iron
(when not présent in too great quantity), but
not from lead, by fusing 16 parts of the coarsely
powdered métal with 1 part sulphide of antimony
(more being used when iron is présent in greater
excess) and 2 parts dry carbonate of soda, for one
hour. The métal produced is again fused with 1^
parts of carbonate for one hour, and fused a
third time with 1 part carbonate. 16 parts of im¬
pure antimony thus produce about 15 parts of
the pure métal.

in this proeess the objectionable metals (ex-
cept lead) in the antimony are converted into

sulphides and carried away into the slag, a part
of the arsenic being also transformed into arsenate
of soda. Care must be taken to prevent charcoal
from entering the crucible, as the arsenic would
then be reduced and would again render the
antimony impure (Liebig). The antimony also
contains sodium (Anthon. Eepert. 59, 240), which
may be removed by digestion of the coarsely pow¬
dered antimony in water and subséquent fusion.
Unless sufficient sulphide has been used to
remove the whole of the iron the antimony will
still contain arsenic (A. 29, 58 ; Handwort. 2te
Aufl. II. 45 ; also Buchner, Bepert. Il, 267).

Duflos states that iron and copper can be
removed by fusion with £ part of nitre (Br. Arch.
30, 277, and 38, 158). Berzelius removes
potassium, sodium, arsenic, and iron by fusion
with 5 to 1 part of antimonious oxide.

According to E. Helmhacker (Berg. u. Hiitt.
Zeit. 1883,191, and D. P. J. 250,123), the follow¬
ing proeess has been adopted for the purification
in Bohemia : A ' glass of antimony ' is prepared
by fusing a mixture of the crystalline antimony
oxide which collects on the hotter portions of
the flues with sulphide of antimony, until it forms
a glassy dark grey or brown mass ; this is mixed
with the carbonate for the purification of the
métal, and is oceasionally used alone where the
métal is but slightly impure.

The bed of the furnace is heated to a cherry
red and 600 to 700 kilos, of crude antimony plaoed
on it; a quantity of oxide and some arsenic
escape, and in from 30 to 60 minutes the métal
has run down. From 3 to 7 p.c. (according to
the purity of the métal) of carbonate of soda,
sometimes mixed with coal or coke, is then added.
The métal is thus covered and fumes less, small
jets of flame appearing oceasionally on its sur¬
face ; the température is raised, the métal re-
maining under the slag for from 1 to 3 hours
(determined by the workman), the slag then
becomes thick and is removed by drawing it
through the door with a long handled fiât
transverse iron.

Three p.c. of antimony sulphide and 1| p.c.
of oxide are then thrown on the surface oî the
métal, and when melted, 4J p.c. carbonate of
potash or of a mixture of carbonate of pot-
ash and soda, are added. By this means the
iron and last traces of sulphur are removed ; in
less than 15 minutes the refining is complété
and the critical opération of ladling is performed.
A cast-iron hemispherical ladle holding 15 to 20
kilos is riveted to a chain hanging from the
roof exactly in front of the working door, before
which the cast-iron moulds for receiving the
métal are arrange! on a stone table. The work¬
man dips his ladle obliquely, removing some
slag with the métal ; part of this is first poured
into the mould to prevent the métal from
aetually touching the mould, and the métal is
well covered with the slag and left at rest.
Unless this be done the ' starring ' will be im-
perfect, and, as this is considéré! a test of purity,
its value will be lowered in the market. The
slag may generally be used again. The oxide
which condenses in the flues is removed as

seldom as possible, being, as well as the furnace
work, very injurious to the operators.

The cost of refining 100 kilos, of regulus is
from 4 to 5 shillings.
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For pharmaeeutical purposes it is important
to préparé antimony quite free from arsenic.
This may be aeeoraplished by Wôhler's method.
A mixture of 4 parts powdered commercial anti¬
mony, 5 parts sodium nitrate, and 2 parts sodium
carbonate (to prevent the formation of in¬
soluble arsenate of antimony) is thrown into
a red-hot crucible. Combustion takes place
quietly, the mass is pressed together and more
strongly heated for half an hour, so as to become
pasty without fusion, being pressed down as it
rises from évolution of gas. While still liot
and soft it is removed, reduced to powder and
boiled with fréquent stirring in water, the finer
powder is poured off with the water, and the
residue again treated, the washings being mixed
with tkat first obtained. The water, wkich con-
tains the whole of the arsenic but no anti¬
mony (Meyer) is removed from the insoluble
portion by subsidence, décantation, and filtra-
tion. The residue of sodium antimonate should be
white, but the presence of lead imparts a yellow
colour. It is dried and fused with half its
weight of cream of tartar at a moderate heat,
cooled, broken into small lumps, and the potas¬
sium and sodium removed by digestion in water.
The powdered métal is then fused into a
button.

This method may be used quantitatively for
the séparation of antimony from arsenic. If the
sodium nitrate be replaced by potassium nitrate
a portion of the antimony will enter into solu¬
tion with the arsenic as potassium antimonate
(v. C. Meyer, A. 46, 236; C. C. 1,348, 828).
Arsenic may also be completely removed by
fusing the antimony in succession with lst,
potassium carbonate ; 2nd, potassium nitrate ;
3rd, antimonic oxide ; 4th, potassium carbonate
(Th. Martins, Kastn. Arch. 24, 253), or by fusing
three times with fresh portions of sodium or
potassium nitrate.

Duflos (Kastn. Arch. 19, 56) recommends a
process in which the arsenic is driven off as
fluoride by means of sulphuric acid and fluor-
spar. (See further Schw. 42, 501, also Buchner
and Herberger, Bepert. 38, 381, 256.)

Pure antimony may be obtained by heating
tartar emetic to low redness and digesting the
résultant mass in water to remove the potassium.
The powder thus obtained may then be dried
and fused into a button.

Tests for impurities in antimony.
Sulplmr. The powdered métal evolves sul-

phuretted hydrogen gas (which blackens lead
paper) on heating with strong hydrochloric acid.

Potassium or sodium. The métal is greyish
and loses its lustre on exposure to air ; it has an
alkaline taste and reaction, and evolves hydrogen
on immersion in water.

Arsenic. If deflagrated with J its weight
of sodium nitrate, boiled with water and filtered,
the arsenic enters into solution leaving the
antimony behind ; the solution is saturated with
sulphuretted hydrogen (if an orange precipitate,
consisting of antimony sulphide, falls this must
be filtered quickly, it is due to the presence of
a trace of antimony in the solution). The arsenic
is deposited as the lemon yellow sulphide on
Standing.

Lead and copper. The métal is powdered
and treated with dilute nitric acid, evaporated
nearly to dryness, taken up with water and
filtered ; the addition of sulphuric acid précipi¬
tâtes white lead sulphate, and the addition to
the filtrate of potassium ferrocyanide gives a
brown precipitate in presence of copper.

If sulphur as well as lead be présent in the
antimony the lead is converted at once into
sulphate by the action of nitric acid, the residue
on evaporation is digested with yellow ammonium
sulphide, which dissolves the antimonic oxide
and leaves black lead sulphide.

Iron. The powdered métal is ignited with
three parts nitre and washed with boiling water,
the residue is boiled with hot dilute hydrochloric
acid ; on the addition of potassium ferrocyanide
a blue precipitate is produced.

When antimony containing arsenic and iron
is heated on charcoal it gives a garlic odour and
becomes coated with oxide of iron ; it ceases to
burn on removal of the flame and yields a dull
surface and yellow oxide (Liebig). The pure
métal under such circumstances burns brilliantly
and becomes coated on cooling with white
crystals of the oxide.

Détection and estimation.—When fused on

charcoal with potassium cyanide or sodium car¬
bonate or a mixture of the two, antimonial com-

pounds produce a brittle white bead of metallic
antimony with white fumes and a white incrus¬
tation on the charcoal ; the bead leaves a white
residue on treatment with nitric acid, which is
soluble in cream of tartar or tartaric acid.
Sulphide of antimony melts readily in the candie
flame.

In valuing ores containing the sulphide the
ore is broken into pièces about to 1 ineh
diameter, and from 2,000 to 7,000 grains of the
lumps (avoiding dust), according to the probable
richness of the ore, are selected. A Hessian
crucible with a hole at the bottom covered with
a piece of charcoal, is placed within another
crucible of such size that the upper one enters
about one inch. The ore mixed with charcoal
of about equal quantity and size is placed in the
upper crucible, covered with a layer of charcoal
and luted down. Heat is then applied, the
lower crucible being below the furnace bars and
surrounded by asbes to keep it cool. The heat
should be maintained at a cherry red, but not
higher, for from 1 to l.J hours. On cooling, the
regulus is removed from the lower crucible and
weighed. It should be well fused, bluish grey,
and of bright fibrous erystalline fracture, the
residue in the upper crucible should be examined
to see if it is free from visible sulphide. As the
sulphide contains 71'76 p.c. of antimony, the
percentage of antimony in the ore may be rouglily
caleulated, but it is préférable to treat it by the
following process, which may be used for any
sulphide or very rich ore.

From 100 to 300 grains of the powdered
sulphide or ore is roasted at a low température
in a roasting dish (scorifier) with constant stirring,
especially at first, to complété the oxidation of
the whole ; otherwise, especially if the tempéra¬
ture be too high, some antimony vapour will
escape. The résultant oxide is quite non-volatile.
The whole of the grey or greyish-white product
is mixed with 300 to 500 grains sodium carbo-
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nate and 20 to 50 grains chareoal powder, placed
in a crucible and gradually heated to redness
(twenty to thirty minutes being allowed for this),
and when tranquil poured into a mould, and the
button of métal cleaned and weigbed. Instead
of carbonate and chareoal, tbe ore may be mixed
with 1 to 3 parts black flux and £ part borax,
covered -with a layer of sait, and treated as above.
Tbis metbod, with the omission of tbe roasting,
may be used for assaying tbe oxides of antimony.

To obtain the exact percentage of antimony
the ore or métal is dissolved in strong hydro-
chloric acid containing a small quantity of nitric
acid, and the solution diluted with water. If it
becomes turbid, hydrochloric or tartaric acid is
added, and the solution filtered, saturated with
sulphuretted hydrogen gas, boiled until the gas
ceases to be evolved, filtered, and the precipitate
dried. The precipitate, with the filter paper, is
placed in a basin and covered with a funnel, and
fuming nitric acid added, the funnel being
slightly raised. At first the action is violent ; on
subsiding, the mass is digested for about twenty
minutes, when the antimony will have been
oxidised to the antimonic anhydride and the
sulphur to sulphuric acid. If other than fuming
nitric acid be used, the sulphur is liable to form
small globules, which are diflicult to oxidise.
The white residue is evaporated nearly to dryness
and washed on a filter until free from acid, dried,
ignited strongly, and weighed as the tetroxide
Sb204) which contains 79-22 p.c. of antimony.

Properties of antimony.
Antimony is a brilliant, bluish-white, brittle

crystalline métal of spécifie gravity 0-716 to 6-86.
It melts at 450°C., and boils at a white heat,
burning in air, or slowly distilling in an atmo¬
sphère of hydrogen.

Its crystalline structure may be seen bymelt-
ing in a crucible, suffering a crust to form and
crystallisation to commence at the sides, and
pouring out the still liquid portion ; rllombo-
hedral crystals are thus obtained. Pure antimony
crystallises only with difficulty (Cooke and
Matthiessen).

Antimony expands on solidifying, and imparts
this property to its alloys. (Dufios states that
pure antimony does not expand on solidifying.)
It is a bad conductor of heat and electricity. At
the ordinary température it is not acted on by
the air, but oxidises quickly on melting, and
burns at a red heat, producing white fumes of
the trioxide. It is oxidised by nitric acid of
various strengths, dilute acid producing princi-
pally the trioxide, and the concentrated acid
producing the pentoxide (H. Eose, Analyt.
Chem. 1, 258). Dilute sulphuric and hydro¬
chloric aeids are without action on it, but the
strong acids produce the sulphate and chloride
respectively. When fused with borax or other
vitrifying material it imparts to them a yellow
colour.

Powdered antimony ignites when thrown into
chlorine or bromine vapour, and floats in liquid
globules on liquid bromine, being converted
into the chloride and bromide respectively ; it
also combines, but less energetically, with
iodine.

Antimony is precipitated as a fine powder by
the action of zinc on an acid solution of an

antimony sait. In this form it is sold as ' iron
black ' for producing an appearance of polisked
steel on papier mâché, plaster of Paris, and zinc
ornaments.

Brass can be covered with a fine lustrous
coating of antimony by dipping in a hot mixture
of 1 part tartar emetic, 1 part tartaric acid, 3 or
4 parts powdered antimony, 3 or 4 parts hydro¬
chloric acid, and 3 parts water.

It may be deposited eleetrolytically on brass
or copper by using a bath of the double chloride of
antimony and ammonia acidulated with hydro¬
chloric acid.

Antimony occurs in two modifications—(1)
The crystalline or ordinary form ; (2) Tbe
amorphous or explosive form. Both of these
can be obtained by electrolysis. The amorphous
form is best prepared by the action of a weak
constant eleetrie eurrent on a concentrated acid
solution of antimony trichloride, the strength of
eurrent bearing a constant relation to the surface
of déposition, not less than grain being de¬
posited per square inch per hour. Thus pro-
duced it is bright and steel-like in appearance,
with an amorphous fracture and spécifie gravity
5-78. When heated above 77°C., or struck or
scratehed, it rapidly changes into the crystalline
form, increasing in density, with the production
of great heat. Antimony trichloride is always
eontained in the métal to the extent of 4-8 to
7-9 p.c., and is given off when the form changes.
This may be held mechanically by the métal;
but Gore regards the explosive form as an un-
stable compound of varying proportions of
metallic antimony and a sait of antimony.
Bôttger states that occluded hydrogen is eon¬
tained in the métal (C. C. 1875, 674) ; butPfeifer
(A. 1882, 209, 162-1S4) has been unable to con-
firm this statement.

AUoys of antimony.
Antimony alloys with most of the heavy

metals and with the alkaline metals. It gene-
rally increases the fusibility, brittleness, and
hardness of the metals with which it is combined,
and imparts thevaluable propertyof expanding on
solidification, thus producing very fine impres¬
sions. The alloys of silver, gold, and lead with an¬
timony have a greater density than the mean of
the constituents, while those of iron, tin, and zinc
are of diminished density. The sharpest im¬
pressions are produced when any of these alloys
are cast at a low température (S. C. I. 1, 982).

With Lead antimony mixes readily in ail
proportions. By the addition of antimony to
red-hot lead, alloys which erystallise in rhom-
bohedra have been obtained by F. de Jussieu
(C. E. 38, 1321-1322). An alloy of equal
parts of lead and antimony is very brittle,
and rings when struck. Nasmyth has recom-
mended the addition of' 5 p.c. antimony to
lead for use instead of bronze in taking casts of
works of art (Athenœum, No. 1176, 511). Type
métal consists of lead and antimony, with the
addition, frequently, of tin or bismuth. Common
type contains 100 lead to from 17 to 20 anti¬
mony ; that used in Germany usually contains
15 p.c. antimony. For finer and especially
small type tin is added ; such type-metal may
contain fine lead (tea lead) 75, antimony 20,
block tin 5 ; or fine lead 70, antimony 25, block
tin 5 ; or lead 2, antimony 1, tin 1.
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Stéréotypé plates contain fine lead 112, an-
timony 18, bloek tin 3. Music plates hâve the
same composition.

Wetterstedt's patent ship sheathing consists
oî 100 lead to about 3 antimony, but does not
appear to have been used to any estent. The
alloy, containing varying proportions of anti¬
mony, is also used in lead pipes, for making
pumps and taps for raising acid in alkali works,
in the manufacture of cannon balls and shot,
and for the emery wheels and tools of the lapi-
dary.

Tin forms numerous useful alloys with anti¬
mony, especially with the addition of other
metals. Common Britannia métal consists
of tin 140, copper 3, antimony 9. Britannia métal
for castings : tin 210, copper 4, antimony 12 ; ditto
for lamps : tin 300, copper 4, antimony 15. The
best Britannia métal contains tin 90, antimony
10 ; lead and bismuth being carefully excluded.
Copper also is never added except for the pro¬
duction of colour. The exact proportion of an¬
timony used dépends on the quality of the tin,
and is ahvays ascertained experimentally. The
presence of arsenic in the antimony diminishes
the duetility of theproduct (v. Beitannia Métal).
Superior pewter is made by fusing together tin
12, copper 1, antimony 1.

Métal argentum contains tin 85'5, antimony
14-5.

Ashbury métal : tin 77'8, zinc 2-8, antimony
19*4. Ships' nails, tin 3, lead 2, antimony 1.

The alloys of tin and antimony are much
used for machine bearings, especially with the
addition of copper and occasionally lead. Those
containing copper are ùsed for railway axles,
rings and collars for machinery, the bearings for
screw propellers, &c., in preference to gun métal,
the friction being much diminished. For the
bearings of locomotive and other axles the
foilowing antifriction metals are used :—

Copper Anti- Tin Lead
mony

At Crewe works . . 5-3 10-5 84-2 —

For German locomotives. 5-0 10-0 85'0 —

Babbit's métal . . 1-5 13-0 45-5 40'0
Where the pressure on the bearing is very

great the métal used may contain copper 20, tin
4, antimony 0'5, lead 0'25.

Copper. The presence of 0T5 p.c. of anti¬
mony renders copper both cold and hot short.
With varying proportions of the two metals,
shades from pure copper-red to rose-red, erimson,
and violet may be obtained, the last when
equality is reached. Two definite compounds of
copper and antimony appear to exist, viz. SbCu2
a violet alloy known as ' Begulus of Venus,' and
SbCu, (Kamensky, P. M. [5] 17, 270; v. also
Bah, C. J. 1888,167).

Antimony is frequently added to heighten the
colour of brass. These alloys are barder and
finer in texture than copper or brass, and take a
better polish. Antimony is frequently added for
this reason to the material for concave mirrors.
It is also added occasionally to bell métal, as it is
believed to add to the intensity and clearness of
the sound. Many celehrated old bells contain
antimony, e.g. 'Old Tom' of lincoln which con¬
tains about 0 03 p.c.

Zinc. Antimony forms definite crystalline
compounds with zinc, which, however, differ

widely in composition while retaining the same
form ; they décomposé water rapidly at the boil-
ing température.

Il'on containing less than J p.c. of antimony
is both hot and cold short. A mixture of 7 parts
antimony and 3 parts iron heatecl to whiteness
with oharcoal forms a hard white alloy which
strikes sparks with steel.

Meltedgold absorbs thevapour of antimony,
but gives it up almost entirely on further heating.
Gold loses its malleability when of antimony
is présent. An alloy of 9 gold and 1 antimony
is white and very brittle, with an amorphous
porcelain - like fracture. S il ver antimonide
occurs as the minerai discrasite.

Compounds of Antimony.

The principal compounds of antimony are
formed by combination with oxygen, sulphur,
and chlorine ; some compounds contain two of
these négative elements, of which the oxychloride
or powder of Algaroth, and the oxysulphide or
glass of antimony are examples.

The most important of these are the tri-
chloride, trisulphide, and trioxide.

Antimony trisulphide Sb2S3.
Grude antimony, antimony ore, sesquisul-

phide of antimony ; Schwefelspiessglanz ; Grau-
Spiessglanzerz ; Stibium sulphuratum nigrum;
lupus metallorum.

This substance,•'as it occurs naturally, or after
liquation, is usually too impure to be employed
for other purposes than the préparation of the
métal.

The ordinary sulphide may be prepared by
the foilowing methods :—

(1) ïhirteen parts pure antimony are mixed
with 5 parts flowers of sulphur, and projected in
portions into a red-hot crucible ; when com-
pletely fused it is poured out and any free métal
detaehed.

(2) Sulphuretted hydrogen précipitâtes it as
an orange precipitate from a solution of an
antimony sait.

(3) Digest for two hours in a closed vessel
1 part crude antimony sulphide, 1 part pearl
ash, 1£ parts lime, and 15 parts water, and add
snlphurie acid; the alkaline sulpho-salt first
formed is decomposed by the acid with the pré¬
cipitation of the pure sulphide. Antimony sul¬
phide is soluble in alkaline sulphides and in
acid potassium sulphate. When finely powdered
and rubbed to a paste at 20° or 30°C. with strong
sodium sulphide solution a eoppery métairie
mass is produced, and the liquor on addition of
more sodium sulphide yields Schlippe's sait.

The sulphide is used to some extent in re-
fining gold from silver and copper, and in the
préparation of safety matches and percussion
pellets for cartridges, in pyrotechny and in
veterinary surgery.

Kermes minerai. Brown-red antimony sul¬
phide. Pulvis Carihusianorum. Sulph. stibia-
tum rubrum.

Kermes minerai usually consists of a mixture
of the trisulphide and trioxide containing alkali.
Berzelius and Bose state that some samples
examined by them consisted of a true double
sulphide of potash and antimony. ■
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Préparation.—Euchs asserts that if antimony
sulphide is heated and suddenly cooled in water
it yields an orange-red, less dense powder of
kermes. A. Ditte (C. E. 102, 212) does not con-
firm this statement.

(1) Four parts pure potassium carbonate and
11 parts pure antimony sulphide are heated to
fusion in a covered crucible, cooled, boiled with
water, and filtered. The solution on exposure
to the air deposits kermes, the residue from the
first boiling is keated with the mother liquor
from some previously deposited kermes, and
yields a further quantity ; this opération is re-
peated until an insoluble residue of trisulphide
and trioxide is left. Each successive deposit
of the kermes contains a larger amount of the
oxide.

(2) l'use together 2 antimony, 1 sulphur,
and 3 sodium carbonate ; or, 1 antimony
sulphide and 3 or 4 tartarie acid until fumes
cease to be evolved, and treat the product as
in (1).

(3) The slags from the réduction of antimony
ore with cream of tartar slowly precipitate
kermes when treated with water ; this is sold to
veterinary surgeons as ' kermes by the dry way.'
When antimony sulphide is boiled with potash
and precipitated with an acid the kermes pro-
dueed contains no oxide (Liebig). The kermes
produced by the action of dilute alkaline car¬
bonate on antimony sulphide also contains no
oxide (Rose). The oxide may be removed from
ordinary kermes by digestion with tartarie acid.
A solution containing so much alkali as to give
no precipitate on cooling gives, when treated
with carbonic acid gas, a highly sulphurated
kermes containing antimony pentasulphide.

Kermes is a brown-red, loosely cohérent
powder, with a brown streak, containing water
which is given off below ÎOCPC. It is lighter
than the ordinary sulphide. The kermes con¬
taining antimony oxide, when fused and solidi-
fied, is destitute of crystalline structure, while
that free from oxide produces a highly crystalline
solid.

Antimony pentasulphide Sb2S5. Golden sul¬
phide of antimony ; sulphur antimonii auratum.
Prepared by boiling the trisulphide with potash
and ground sulphur, filtering and precipitating
with acid. Eedwood recommends 4 parts black
antimony sulphide, 81ime, and 80 water, digested,
filtered, and precipitated with hydrochloric acid ;
or, 2 sulphide, 4 potassium carbonate, and 1
sulphur, to be fused, treated with 20 parts water,
filtered, and the solution precipitated with a large
excess of sulphuric acid.

On treating the mother liquor from kermes
minerai with an acid, the pentasulphide is pre¬
cipitated with évolution of sulphuretted hydro-
gen. The mother liquor from Schlippe's sait
also yields this substance on the addition of an
acid (R. Bartley, C. J. 1876, 1, 748). It generally
contains free sulphur.

Antimony pentasulphide combines with alka¬
line sulphides, forming sulphantimonates, which
as well as the sulphantimonites (which contain
less sulphur) are known as ' livers of antimony.'
Of these the sodium sulphantimonate, or
Schlippe's sait, is the most important.

A mixture of 11 parts finely powdered anti¬
mony trisulphide, 13 crystallised sodium car¬

bonate, 1 fîowers of sulphur, 5 recently slaked
lime, and 20 water is digested at the ordinary tem¬
pérature for twenty-four hours with fréquent stir-
ring, in a vessel which can be closed. It is then
strained and washed several times with water,
the solution and washings are evaporated in a
porcelain or clean iron dish until a sample yields
crystals on cooling; the solution is then cooled,
and the résultant crystals washed with cold
water and dried in the open air or in a desiccator
at the ordinary température. The sait is more
rapidly formed when the mixture is heated
(Liebig, Handwôrter. d. Chem., 2te Aufl. 2, 139).
Also 6m. 4, 3S4.

Oxysulphides of antimony are formed by the
combination of the sulphides and oxides or by
the partial oxidation of the sulphides.

Antimony crocus or saffron. Ruse together
3 parts of antimony trioxide and 1 part trisul¬
phide, or fuse the oxide with the calculated
quantity of sulphur.

The scoria from the fusion of the sulphide
with carbon and alkaline carbonate in the pré¬
paration of the métal is known as crocus of
antimony.

Crocus of antimony is a brownish yellow
body.

Glass ofantimony. Vitrum antimonii. When
antimony sulphide is fused until the necessary
amount of sulphide has been converted into
oxide, the whole forms a glassy mass of this
compound. The best method of préparation is
to roast the sulphide completely into oxide and
fuse the product with ^th part of sulphur. Its
colour varies with the proportion of sulphur
présent from yellowish red to hyacinth red. The
best quality is of a fine red colour and contains
8 antimonious oxide and 1 antimonious sul¬
phide.

Antimony cinnabar is an oxysulphide of a
fine vermilion colour, soft and velvety, and un-
alteredbyairorlight; it isused in the préparation
of oil and water colours, and in calico printing.
It is prepared by dissolving antimony oxide in
hydrochloric acid, and placing the solution in
a large wooden tub which is -|ths filled with cal¬
cium hyposulphite. The mixture is stirred and
heated with steam to 70°, the precipitate soon
subsides as a yellowish sediment which changes
to a bright orange red, and is thoroughly washed,
and dried below 50°C. N. Teck (C. C., 26, 1880)
prepared it from 4 parts tartar emetic, 3 tartario
acid, 18 water mixed at 60°C. with hyposulphite
of soda and heated to90° (Wagner) or 4 volumes
antimonious chloride of sp.gr. 1-19 mixed withj
10 vols, water and 10 vols, hyposulphite of 1-19;
sp.gr. and heated gradually to 55° (Mattieu
Plessy).

Antimony yellow (Mérimée's yellow). Aceord-
ing to the method of Mérimée a mixture of 3
parts bismuth, 24 parts antimony sulphide, and
64 parts nitre, is thrown little by little into
a heated crucible, fused, powdered, washed, and
dried. In this way bismuth antimonate is pro¬
duced. Of this 1 part is mixed with 8 parts
ammonium chloride and 128 parts litharge and
fused as before. The time occupied and the
température used cause considérable variations
in the colour. Mérimée's yellow is a fine per¬
manent colour of good body. It is only used
for the finest painting.
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Naples yellow is essentially an antimonate
of lead containing excess of lead oxide, but mix¬
tures of carbonate and chromate of lead are also
sold under the name. Many processes may be
used for its préparation. According to Brunner,
a mixture of 1 part tartar emetic, 2 parts lead
nitrate, and 4 parts sodium chloride is heated,
just to fusion, for two hours. The cooled mass
is placed in water and soon falls to pièces.
According to Guimet it may be produced by
heating a mixture of 1 part potassium antimo¬
nate and 2 parts red lead. It is a fine very
permanent orange or yellow pigment, nsed in
oil painting and, mixed usually with a lead glass,
for glass and poreelain staining.

Antimony trichloride (Butter of antimony).
Prepared by dissolving the sulphide in strong

hydrochloric aeid with a small quantity of nitrie
acid and evaporating to dryness.

To préparé the pure chloride, the acid solu¬
tion is evaporated until it just crystallises on
standing in a cool place ; it is then transferred
to a retort and distilled until a drop of the dis-
tillate solidifies on a cold surface, the receiver
is then changed and the further distillate is
pure.

It is a white, buttery, semivitreous, déliques¬
cent solid, becoming oily at 72°C. and boiling
at 20Û°C. It is used as a caustic in medicine,
for the préparation of tartar emetic, and as a
' bronzing solution ' for gun barrels &c. For
this purpose a saturated solution is mixed with
olive oil, rubbed over the warmed métal and ex-

posed to the air until the proper colour is pro¬
duced. When bronzed, the métal is polished
with a burnisher or with wax, or coated with a
varnish of 2 oz. shellac, 3 draehms dragon's
blood, dissolved in 2 quarts of methylated spirit.

Antimony oxyehloride. Basic chloride,
powder of Algaroth ; pulvis Algarotlii; S. An-
gelicus ; mercurius vitœ, &c.

Water is added to a solution of the trichlor¬
ide until it is distinctly turbid when it is filtered
(the precipitate carries down any traces of sul-
phuretted hydrogen which may be présent, and
whicb if left would soon turn the substance
yellow). Five to ten volumes of water are added
and the precipitate is washed with cold water
and filtered. Its composition varies with the
température at which it is produced and the
amount of water used, varying between SbOCl
and, where a very large amount of water has
been used, Sb203. It is a white powder and is
principally used for the préparation of pure
antimonious oxide and tartar emetic.

Antimonious oxide Sb203. Trioxide of anti¬
mony. If antimony is powdered and heated in a
shallow dish it eventually forms antimony
tetroxide Sb204; this, together with the un-
changed métal, is fused in a crucible, when
the tetroxide and antimony react, forming anti¬
monious oxide, the excess of antimony sinking
to the bottom of the crucible.

For pharmaceutical purposes the Dublin
Collège advises that 20 parts of finely powdered
antimony sulphide be gradually added to 100
parts hydrochloric acid containing 1 part nitric
acid, and heated, gently at first, and then more
strongly, until sulpliuretted hydrogen ceases to
be evolved. It is then boiled for one hour more,

enough water is added to produce a slight pre¬

cipitate, which removes the last traces of sul-
phuretted hydrogen, and filtered into a vessel
containing 1 gallon of water, precipitating the
oxyehloride, which is filtered and washed until it
ceases to have an acid reaction ; it has then be-
come converted into the trioxide.

It is a white fusible solid, slightly solubla
in water, volatile at a red heat. It becomes fur¬
ther oxidised to the tetroxide Sb204 on heating
in air, and is then non-volatile.

In presence of alkalis it absorbs oxygen;
for this reason it has been proposed to use it for
reducing nitrobenzene to aniline, and in the
préparation of aniline red.

It is used for the préparation of tartar emetic.
When ground with îinseed oil it is sometimes
used as a substitute for white lead, being less
injurious to the workmen and less acted upon by
sulphur gases ; it has, however, less ' body ' and
is more expensive.

Tartar emetic. Potassium antimony tar-
trate. Tartarus stibiatus. Brechweinstein ; spiess-
glanzweinstein. 2C,,H4K(Sb0)06,H20. Three
parts antimonious oxide and 4 cream of tartar
are made into a thin paste with water and di-
gested for about half an hour, keeping the water
at constant volume ; 8 parts of water are then
added, boiled, and filtered while hot. The oxy¬
ehloride or oxysulphide may be substituted for
the oxide, but not so satisfactorily.

Tartar emetic forms octahedral crystals
which give off a part of their water on exposure
to the air. They dissolve in 14-5 parts cold and
in 1-9 parts boiling water. They show an acid
reaction with litmus, and have a nauseous me-
tallic taste, 5-10 centigrams causing vomiting,
and larger quantities being very poisonous.

It is used in medicine and in the préparation
of pomades &c., and also largely as a mordant
in dyeing and calico printing. Mixtures of
tartar emetic for mordanting are sold containing
as much as 33 to 59 p.c. zinc sulphate at a
lower price, under the names tartar emetic
powder, tartar emetic substitute, antimony mor¬
dant, &c. It is known that zinc acetate may
partiy replace the tartar emetic with advantage,
but the sulphate appears to be a simple adul¬
térant (v. H. Smid, C. Z. 1882, 949).

Several other compounds of antimony have
been proposed instead of tartar emetic for mor¬
dants. E. Jacquet (D. P. J. 257, 168) advises
the use of a mixture of basic antimony oxalate
with twice its weight of ammonium oxalate.
Nôlting recommends the double oxalate of potasht
or of ammonia and antimony (D. P. J. 255 [3]|
122). It is stated that the latter compounds,
have long been used under other names.

The use of the fluoride (which is not pre-
cipitated with excess of water) and the double
fluorides of antimony and the alkalis has been
patented by S. M'Lean. C. Watson, jun., has
recently patented a process for using trichloride
with sufficient common sait to prevent the
précipitation of the oxyehloride (v. also G.
Watson, S. G. I., 1886, 5, 591 ; B. W. Gerland
S. C. I. 1884, 4, 643 ; and Kopp and Bruère,
S. C. I. 1888, 566). A double sait of antimony
fluoride and ammonium sulphate SbF3(NH4)2S04
known as ' antimony salts ' is also used in dye¬
ing, but as it attacks glass as well as métal, it
should be stored and worked in wooden vessels.
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A good bath is 100 litres water, 400 grains anti-
mony salts, 200 grams soda orystals at a tem¬
pérature of 50° (Frey. Bull. Soe. Md. Mulhouse,
1888, 301).

ANTIMONY OCHRE. A minerai found in
Servier Co., Arkansas. Hardness aliltle over 4.
sp.gr. 5-58. Contains 76-15 p.c. Sb, 19-85 O,
3-08 H..O, 0-92 SiO., (Santos, C. N. 36, 10).

ANTIMONY SÂLTS. A compound of anti-
mony fluoride with ammonium sulphate used as
a mordant (v. Antimony).

ANTIPYRINE. Plienyldimetliylpyrazolone.
This substance, a valuable fébrifuge and anal¬
gésie, was discovered by Knorr in 1884, and in-
vestigated therapeutically by Fehlen. Phenyl¬
hydrazine reacts with aceto-acetic ether aecord-
ing to the following équation

CaH5.NH.NH„ + CH,.CO.CH2.CO„G2H5■

/CH3
= C6HjNH.N :C—CH2.C02C2H3 + H20

with tlie formation of the phenylhydrazone of
acetoacetic ether.

On heating this compound to 100° one molé¬
cule of alcohol is liberated and a substance is
foimed containing a ring of five atoms, two
nitrogen and three carbon atoms :

-NH

/
S C

Il I
H3C.C-CH2

HA -N

A
N CO + C2HSOH.

H,C.C—CH„

The simplest base of which this body is a de-
rivative is known as pyrazole :

HN
A

N CH
Il II

HC—CH

and the body containing one carbonyl group is
pyrazolone :

HN
A

N CO
Il I

HC—CH2
hence the derivative above obtained is a phenyl-
methylpyrazolone. This substance is mixed
with equal parts of methyl iodide and metliyl
alcohol and heated to 100° when phenyldi-
methylpyrazolone is obtained. The dark mass is
deeolourised with sulphurous acid, after which the
alcohol is distilled off and the antipyrine pre-
cipitated as a heavy oil with sodic hydrate.
The solution is extraeted with ether in which it
is not very soluble and finally purified by crys-
tallisation from toluene.

The reaction probably takes place so that
the phenylmethylpyrazolone forms an addition
produet with one molécule of methyl iodide, and
afterwards a molecular rearrangement takes
place :

HaC6N TTr, „

_/\
I. N CO+CHJ H.,C- A

H3C—C—CH2
j>N CO

H.,C—C-CH,

II.

HA—N
TT P /\

3V>N CO1
II I

H,C—C—CH,

A
H2C—N CO,HI

I I
H,C—C=CH.

Antipyrine melts at 113° and crystallises in
small plates. It is a strong monovalent base,
but only the picrate and platinum double sait
crystallise easily (v. Pykazole).

ANTISEPTICS v. Disineectants.
AN TITHERMIN Phenylliydrazinclevulinic

acid CH3.C(N2H.CBH.-,)-CH2.CH2.C02His obtained
by dissolving phenylhydrazine in dilute acetic
acid, adding an aqueous solution of the équivalent
quantity of levulinic (acetopropionic) acid, and
crystallising the resulting yellow precipitate
from alcohol (Farbw. vonn. Meister, Lucius &
Briining in Hôchst a. M., Germ. Pat. 37,727).

It forms colourless, inodorous, and tasteless
scales, melts at 98°-99°, is sparingly soluble in
eold water, soluble in alcohol, ether, and dilute
acids. It has been employed as an antipyretic
(Nicot, C. C. 1887, 415) ; but, according to Stark
(Chem. and Drug. 32, 651), its use in medieine is
now almost abandoned. Inasmuch as it is de-
composed by alkalis, its physiological activity is
probably due to phenylhydrazine (Gehe & Co.,
C. C. 1888, 49).

ANTIRRHINIC ACID v. Digitalis.
ANTWERP BROWN v. Pigmekts.
ANVULA v. Amlaki.
AOOD-I-BALSAM Balsam of Mccca v. Oleo-

KESINS.

APATITE (ànar4a, to deceive). Anamepro-
posed by Werner, in 1786, for the native erys-
tallised calcium phosphate of Saxony, in con¬
séquence of the deceptive appearances which the
minerai often présents, and since extended to ail
minerais of like chemical composition. Apatite
crystallises in forms belonging to the hexagonal
System, frequently in short, six-sided prisms,
each terminated either by a pyramid of as many
faces or by a simple flat plane. The horizontal
edges at the ends of the crystal are often vari-
ously modified, and the latéral faces of the prism
frequently exliibit vertical striœ. Cleavage is
generally not well marked. The minerai varies
in colour from white to violet and brown ; but
the streak is always white. As a rule the lustre
is glassy, but inclined to be resinous. Some
varieties of apatite are transparent, others are
(Juite opaque. Its spécifie gravity varies from
2-92 to 3-25 ; it is harder than glass, but not so
hard as felspar. Ail apatites consist mainly of
calcium phosphate associated to a greater or less
extent with either calcium chloride or fluoride,
or with both. Their général composition may be
thusformulated :—[3(Ca.,P20R) + Ca(Cl2,F2)] ; the
chlorine, however, may be altogether absent, the
minerai then becoming a Fluorapatite or
Francolite. The amount of phosphoric an¬
hydride in apatite varies from 40 to 45 p.c. The
minerai fuses with diffieulty before the blowpipe.
Many varieties are phosphorescent when heated,
and become electric by heat and friction. Apatite
is found in veins at St. Michael's Mount, and
in several Cornish tin-mines ; as Francolite in
crystalline masses at Huel Franco and Fowey
Consols, in Comwall. Important deposits exist
at Oedegarten, Bamle, Norway; at Logrossan,
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Estremadura, Spain ; antl at Stafiel, near Lim-
burg, on the Lahn and elsewhere in Nassau.
In Canada eiglit varieties of apatite occur.in large
qunntities, containing from 74'29 to S9'68 p.c. of
caloic phosphate (Hoffmann, C. J. [2] 40, 525),
one bed being five m. thick (Hutton, C. N. 21,
150). In the United States there are also a large
number of localities yielding apatite ; at Hurd-
stone, New Jersey, masses weigliing 200 lbs. have
been mined. The apatites found in the depart-
ments of Lot and Tarn-et-Garonne contain
iodine. When apatite is treated with sulphurio
acid it is converted into superphosphate of lime,
and in this soluble form is highly valued as a
manure. It is also used as a snbstituté for bone-
ash in the manufacture of certain kinds of soft
porcelain.

Ditte lias made apatite by fusing calcic phos¬
phate with sodium chloride (G. B. 94, 1,592 ;
J. 35,10), v. Calcium.

APHTHITE. An alloy containing 800 parts
of copper, 25 of platinum, 10 of tungsten, and
170 of gold (Zeits. f. d. C. Grossgew. 4, 313).

APIGENIN v. Glucosides.
APIIN v. Glucosides.
APIOS TUBEROSA or GLYCINE APIOS.

A leguminous plant from North America, the
roots of which have been proposed as a substitute
for the potato, and the young seeds for peas.
Payen (C. R. 28,189) gives the following analysis
of the root :—Nitrogenous inatters 4-5, fatty
matters 0-8, starch, sugar, &a. .33-55, cellulose
&c. T3, inorganic 2-25, water 57-8.

APLOTAXIS AURICULATA v. Costus.
APORETIN v. Rhubaeb.
APOTURMERIC ACID v. Turmeeic.
APPLE. The fruit of the apple tree. A ré¬

cent analysis of apples by Bertram (B. C. 7, 59)
gave:—Water 32-12, albuminoids 1-00,fibre5-59,
extractive free from nitrogen 58-97, ash 1-96,
glucose 39-71, cane sugar 3-90, starch 5-22, free
acid 2-68, pectinous substances 4-54, remainder
2-92. Other analyses of apples are given in
Watts' Dictionary (first édition), vol. ii. 715.

Truelle (Bl. [2) 27, 398; C. J. [2] 32, 514)
was unable to find any relation between the
proportion of sugar contained in apples and
their acidity.

Zinc bas been found in dried American apple
chips (S. C. I. 5, 498), v. Cider.

APPLES, ESSENCE OF. Iso-amyl iso-
valerate, dissolved in ordinary alcohol. Used
in perfumery.

APPLETREE. (Pyrua malus, L. ; Pomme,
Tr. ; Apfel, Ger.) The wood is much used in
turnery, and that of the crab tree is used by
millwrights for the teeth of mortice wheels.
The bark contains a tannin identical rvith that
contained in horse-chestnut bark.

APOMORPHINE v. Vegeio-Alkaloids.
AP0 PHYLLITE v. Calcium.
APRIC0T OIL. (Chooli-ki-tel; BadamKohee.)

Expressed from the kernels of Prunus Ar-
mniaca. It is of a pale yellow colour, smelling
of prussic acid ; bas a bland taste ; sp.gr. at
00°=0-9204; its freezing point is below that of
almond oil. With nitric acid it gives a coffee-
brown colour; a light brown with sulphuric
acid, and, with the elaïdin test, a light yellow
hard mass, solidification taking place in about
two hours.

Used in cooking, as a burning oil, and a3
a cosmetic (Maben. Ph. [3] 16, 798).

APRICOT, ESSENCE OF. A mixture of iso-
amyl butyrate and iso-amyl alcohol.

AQUA FORTIS v. Nitric acid.

AQUA REGIA. Nitromuriatic acid ; Konigs-
wasscr. A name given by Basil Yalentine to
a mixture of nitric and hydrochloric acids,
originally prepared by dissolving sal ammoniac
in strong nitric acid, and used by the alchemists
as a solvent for gold, sulphur, &c. Usually made
by mixing 1 vol. of nitric acid with 4 vols, of hy¬
drochloric acid. The mixture is at first eolour-
less, but gradually—espeeially on heating —

aequires a deep orange yellow colour, due to the
formation of nitrosyl chloride and free ehlorine :
HN03 + 3HC1 = NOC1 + CL, + 2H„0. The solvent
action of aqua regia appears to be mainly due to
the free ehlorine.,

AQUA VIT1E. A name used by Aviceuna to
dénoté common alcohol as obtained by distilling a
liquid whieh has undergone vinous fermentation.

ARABIC, GUM, v. Gums.
ARABINOSE C5H10O5 [(Kiliani, B. 20, 339

and 1233, and 21, 3C06) ; (Griess and Harrow,
B. 20, 3111 ; and Brown and Morris, C. J. 51,
619)] C6H,„06 (Scheibler, B. 1, 58 and 108 ; 6,
612 ; and 5.7, 1729). A substance crystallising
in well-defined rhombic prisms, obtained by the
action of sulphuric acid on beet gum, cherry-
tree gum, gum arabic, and allied gums.

Préparation.—A solution of gum arabic, or
allied gum (dextrorotatory, and yielding little
mueic acid by the action of nitric acid, by prefer-
ence), containing 30 to 40 grams of the gum and
2 to 3 c.c. sulphuric acid in 100 e.c., is boiled for
seven to twelve minutes, cooled, the acid neu-
tralised with calcium or barium hydroxide or
carbonate and alcohol, sp.gr. -83, added as long
as a precipitate is produeed. This precipitate
soon settles, leaving the aleoholic solution clear.
On distilling off the alcohol and evaporating to a
syrup, arabinose crystallises out. The substance
is obtained in well-defined rhombic prisms with
monoclinic termination by reerystallising from
water. With some gums the digestion of the
acid solution can be continued for two honrs
with increased yield of arabinose, and without
impairing the purity of the product. The
erystals are anhydrous ; they melt at 160°.

Arabinose is optically active,
[o]D = +104-4 - +105-4° (Scheibler) ;

[o]D +104-7° to +108 (O'S.),
the activity increasing with the strength of the
solution in which it is observed. The activity
of freshly-prepared solutions is 1-5 to 1-6 times
greater than the permanent activity—i.e. the
activity in solutions after boiling or long standing
in the eold (O'Sullivan, C. J. 45,51). It exhibits
the power of bi-rotation (Griess and Harrow).

It reduces alkaline solutions of the heavy
metals ; if the amount of copper oxide reduced
from Fehling's solution by a given weight of
dextrose be taken as 100, the réduction produeed
by the same weight of arabinose is 110 to 112.

Treated with bromine in excess, arabinose is
converted into araboic acid, C5Hln06, which, on
separating from solution, crystallises as a lacton
C5I1S05. The calcium sait crystallises as

(C5HBOs)2Ca + 5H20
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(Bauer, J. 1. pr. Chem. [2] 34, 47) ; Kiliani,
B. 19, 3030).

Oxidised with nitrio acid, it yields oxalio
acid ; in the early stages of the réaction, another
aeid, like saceharie acid, is also présent. When
1 part arabinose is digested with 2 parts nitric
acid, sp.gr. 1-2, in a water-bath at 35° for six
hours, araboio aeid is produced. This acid is the
saine as that obtained by the action of bromine.
If 2§ parts nitric acid are employed, and, after
digestion at 35°, the solution is evaporated on
a water-bath until the évolution of gas ceases,
trihydroxyglutaric acid, CjHjO,, is produced.
The potassium sait of this acid is CjH^OjK,
(Eiliani, B. 21, 300G).

Sodium amalgam (nascent hydrogen) converts
arabinose into arbitol (Scheibler, B. 18, 1321),
which, according to Kiliani (B. 20, 1233), is
normal pentoxypentan

CH2OH(CHOH)3CH2OH.
It would probably be more correct to say that
this body is amongst the products of the action
of nascent hydrogen on arabinose.

Allowed to stand for some time in a solution
containing 60 to 70 p.c. hydrocyanic acid, a
crystalline powder falls out which contains
C5H10O5HCN ; this, on digestion with hydro-
chloric acid, yields the amide

C6HnOe.HN,
and finally the acid, arabinose carbonic, CaH,„0„
which separates from the solution as a crystal-
lisable lacton C0H]9O8. This substance, on
treatment with hydriodie acid, yields the lac-
ton of hydroxycaproic and normal caproic
acid.

Arabinose forms crystallisable compounds
with the aromatic diamines and diamido- acids.
With o-amido-benzol it gives

0«H4H>C'H«0'!
with -y-diamido-benzoic acid,

/COOH
«sJSxm

(Griess and Harrow, Z.c.). A solution of 1 part
arabinose, 2 parts hydrochlorate of phenyl-
hydrazin, and 3 parts sodium acetate in 20
parts water, when heated for some time on a
water-bath, yields a precipitatephenyl-arabinose-
azone C„H20lS(4O3 ; its fusing point is 157° to
158°.

These facts have led to the conclusion that
arabinose is a CjH^O^, and that its consti¬
tution is

CHjOH
(CHOH)3
COH;

or, according to the view of Tollens,
/CH„

OHCHOH)2
\CHOH.

Continued heating with dilute acids décomposés
it, lœvulinic acid not being one of the products ;
other acids are présent (Tollens). It is doubtful
whether the body is fermentable with ordinary
beer yeast. On these latter grounds it is con-
sidered not to be a glucose. O'S. and H.

ARACHIDIC ACID v. Batty Acids.

ARALIA BARK or FALSE PRICKEY ASH
BARK, the bark of Aralia spinosa, contains
a volatile oil, an amorphous bitter substance,
(tannin), a grey acrid resin, and a glucoside to
which the name aralëin has been given (Lilly,
Ph. [3] 13, 805). By boiling aralëin with dilute
hydrochlorie acid, araliretin is obtained
(Holden, Ph. [3] 11, 210 ; C. J. 40, 105).

ARAROBA POWDER. Goa Powder ; Chrys¬
arobin. A powder varying in colour from
a pale primrose yellow to bronze and purple,
which collects, possibly as the resuit of oxidation
of the resin, in the cavities of the stems and
branches of the Andira araroba (order, Legu-
minosœ) (Aguiar), a tree inhabiting the forests
of Bahia in Brazil (Aguiar, Ph. [3] 10, 42 ; cf.
Greenish, ibid. [3] 10, 814).

Crude Araroba was analysed by Attfield in
1875 (Ph. [3] 5, 721) and found to contain
moisture 1 p.c., glucoside, bitter constituent and
arabin 7 p.c., yellow crystalline substance ex-
tracted with benzol, supposed to be chrysophanic
acid, 80-84 p.c., resins 2 p.c., woody fibre 5-5
p.c. On incinération 0-5 p.c. of ash was obtained.
The yellow crystalline eompound which consti-
tutes the chief part of Goa powder and to which
'its activity is probably due, was subsequently
examined by Liebermann and Seidler (B. 11,
1603 ; A. 212, 29). It was shown to be clirys-
arobin C30H2aO., independent of, but closely
related to chrysophanic acid. It is purified by
reerystallisation from glacial acetic acid, m.p.
170-178°; heated with zinc-dust it yields methyl-
anthracene. Chrysarobin is readily converted
into chrysophanic acid by the oxidising action
of the air. This is most expeditiously effected
by.leading a current of air through Goa powder
dissolved in solution of potash

QiobL(j07 + 202 = 2G,-H10O1 + 3H20.
Liebermann and Seidler describe a tetraacetyl
derivative G^UjA^O, which melts at 228-230°.

Chrysarobin dissolves in sulphurie aeid with
a yellow to orange colour, and with strong potash
it gives a yellow solution with dark-green fluor¬
escence, becoming red on exposure to air. A
minute quantity (1 milligram) of chrysarobin
sprinkled on a drop of fuming nitric acid gives
a red solution which, when spread in a thin layer
and treated with ammonia, strikes a violet
colour (Pharm. Germ.).

Though sometimes administered internally
as a purgative, araroba powder is used in medi-
cine ahnost exelusively as an external remedy
in the form of ointment, in the treatment of
certain skin diseases. A. S.

ARASINA GURGI. An impure gambogei
from Camara, obtained probably from a species'
of Garcinia (Dymock, Ph. [3] 7, 451).

ARBOL-A-BREA RESIN. Is obtained from
Canarium album, a tree belonging to the Bur-
seracese, growing in the Philippines. The re-
sidue is greyisli-yellow, soft, glutinous, and has
a strong agreeable odour. It contains 61-29 parts
of resin very soluble in alcohol ; 25-00 parts of
resin sparingly soluble in alcohol ; 6-25 essential
oil ; 0-52 free acid ; 0-52 bitter extractive matter ;
6-42 woody and earthy impurities (Bonastre,
J. Ph. 10,129). Baup has isolated four crystalline
substances, Amyrin, Breïdin, Breïn, and
Bryoïdine (A. Ch. [3] 31, 108).

ARBUTIN v. Glucosides.
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AECHIL or OECHIL. (Orscille, Fr. ; Orseille,
Ger. ; Oricello, It.) Appears in commerce in three
forms : (1) as a pasty matter called arcliil ; (2) as
a mass oï a drier character, named persis ; and
(3) as a reddish powder called cudbear. It is ob¬
tained from various lichens of the genus JRoccella,
growing on the rockv coasts of the Azores, the
Canary and Cape de Verd Isles, also of the Cape
of Good Hope, Madeira, Corsica, Sardinia, &e.,
and from Ochrolechia tartarea, growing in
Sweden and Norway. None of these lichens
contains the colouring matters ready formed, but
they contain certain colourless acids, erythric,
lecanoric acids, &c., which are susceptible of
transformation into a colourless neutral body,
orcinol C,Hs021 and this, when acted upon by
the air and ammonia, changes into a purple sub¬
stance called orceïn, CjHjNOs, which is the
colouring principle of archil. Archil also con¬
tains two other colouring matters of unknown
composition termed azoerythrin and ery-
throleïnic acid. To préparé archil, the lichens
are ground up with water to a uniform pulp,
stale urine or ammonium carbonate with a little
quicklime is added, and the whole is allowed to
ferment with fréquent stirring to promote the
access of air. In about a week a violet colour is
developed, which in a few days becomes brighter
and then constitutes ordinary archil. If sodium
or potassium carbonate be added to the lichens
as well as ammonia, a différent change takes
place, and a blue colouring matter known as
litmiis is obtained.

Archil, although a fugitive dye, is a very useful
ingrédient in dyeing, as it gives a brilliant lustre
to the goods. The colour is made more per¬
manent by using a solution of tin with it, but
the archil loses its natural colour and assumes

one approaching more or less to scarlet, ac-
cording to the quantity of solution of tin em-
ployed.

Prepared archil very readily parts with its
colour to water and to alcohol ; it is the sub¬
stance principally made use of for colouring the
spirit in thermometers. As exposure to the air
destroys its colour upon cloth, so does the ex¬
clusion of the air produce a like effect in these
hermetieally sealed tubes. Abbé Nollet in 1742
observed that the colourless spirit, upon break-
ing the tube, soon résumés its colour, and this
for a number of times successively.

Archil, applied to marble, stains it a beauti-
ful violet or purplish-blue colour which is far
more durable than the colour it communicates
to other bodies.

Orcinol has been made by Nevile (E. P.
4,389,1881 ; B. 15, 2976 ; S. C. I. 1, 228, 2, 167)
from metadinitrotoluene ; by Vogt a. Hen-
ninger in 1872 from a-chlortoluenesulphonic
acid; and by Cornélius a. Peehmann (B. 19,
1446 ; S. C. I. 5, 481) from acetone dicarboxylic
acid.

Archil is often adulterated with coal-tar
colours and with extracts of logwood, redwood,
d-c. Several methods for the détection of such
adultérations have been proposed. Thus, to detect
magenta, Eertess (D. P. J. 256, 281) tests by boil-
ing with a large excess of water and filtering,
and adding benzaldehyde, a tin sait, and hydro-
chloric acid to the filtrate, which is then well
shaken and allowed to stand, when, if magenta

is présent, the lower layers assume a red colour.
Fairley (S. C. I. 5, 286) tests for magenta by
extraeting the paste with strong aqueous am¬
monia until ail the natural colour is removed,
when, on adding alcohol to the residue, the anil¬
ine dye appears of its proper colour.

Azo- colours are also not unfrequently added
to archil. The modes of detecting these and
other colouring matters which may be added
have been examined by F. Breint (Mitth. d.
Techn. Gewerbemuseums in Wien ; S. C. I.
1888, 345). An adultération of archil colouring
matters withlogwood orBrazilwoodmay be shown
by a dye trial with mordanted cotton. Cotton
yarn or cloth mordanted with iron or alumina
salts answers the purpose best. The cotton
stuff is dyed for half an hour in the hot solution
of the suspected sample, which before has been
boiled and suitably diluted ; it is then washed
in a warm solution of soap. Pure archil or cud¬
bear produees scarcely any colour on mordanted
cotton (an extremely faint pink only), whilst a-
sample containing an extract of logwood or red¬
wood dyes the cotton readily, extract of logwood
dyeing cotton mordanted with iron salts bluish-
grey or black, if mordanted with alumina salts,
bluish-violet. By the redwood, cotton mordanted
with iron salts is dyed a blackish-brown, if
mordanted with alumina salts, red. (Comp.
Crossley, J. Soc. Dyers and Colourists, 1885, 23 ;
Knecht, ibid. 1887, 23 ; Liebmann and Stude
S. C. I. 1886, 287 ; Bawson, Journ. Soc. Dyers
and Colourists, 1888, 68.)

Archil is also used to impart to white wines
the colour of sparkling wines, but its presence
can be detected by precipitating with lead acetate
and extraeting with amyl alcohol, when a red
colour indicates the presence of archil or ma¬
genta. The addition of a little hydrochloric
acid changes the colour to yellow if magenta
be présent, but does not alter it if archil has
been employed (Hass. Fr. 20, 369 ; S. C. I. 1,
119).

By heating two molécules of orcinol and one
molecule of benzoic acid with sulphuric acid
at 130°-135° for four hours, Zulkowsky (M. 5,
221 ; S. C. I. 3, 441) obtained a substance giving
in alcoholic solution a beautiful gold-yellow
colour.

Boussel (C. C. 19, 368; S. C. I. 3, 516)
uses roccettin, prepared by diazotising naphthyl-
amine sulphonie acid and combining it with
B-naphthol, as a substitute for archil, but it
has not yet been fixed upon vegetable fibre (v.
Azo-colouring matters).

Orcin may be quickly estimated in a sample
by adding a known quantity of bromine in ex¬
cess, with which it combines forming insoluble
tribromorcin, and then determining the excess
of bromine (Keyman, Z. 8, 790 ; C. J. [2] 13,
1293).

AECHIL BEOWIT v. Azo- colouring matters.
AECHIL EED v. Azo- colouring matters.

AECHIL SUBSTITUTE v. Azo- colouring
matters.

AEECA. A genus of palms containing the
important species Areca Catechu (betel nut or
areca nut), the fruit of which is used as a
masticatory in the East Indies. It contains an
inferior catechu, tannie and gallic acids, am¬
monium acetate, fats, oils, gum, nitrogenous
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substances, and a dye (areca red). The charcoal
of the nut is used as a tootk powder, and the
ground nut is employed as a remedy for tape-
worm. According to Ure one tree will produce
from 200 to 800 nuts according to its âge, situa¬
tion and culture. The tax on the areca nut

produce in India during the year 1885-6 was
335,000 rupees (Chem. and Drug. 29, 850).

AREOMETER v. Hydrometer.
ARGAL v. Argol.
ARGAN OIE. An oil obtained from the

kernels of Argania Sideroxylon (order, Sapo-
taceœ), growing in Morocco. The kernels are
first roasted, ground to powder and mixed
with water, when the oil separates (Ph. [3]
10, 127).

ARGENTAN. Aluminium bronze, v. Alu¬
minium.

ARGENTINE. Finely divided spoDgy tin,
made by reducing a weak solution of tin sait
(120 grammes in 60 litres of water) by zinc. The
tin is collected in a sieve, washed with water,
and dried at a gentle heat. Used for tin plating
and also for printing upon fabrics and paper
(Deut. Ind. Zeit. 23, 255 ; S. C. I. 1, 504).

ARGOL or ARGAL. (Tartre brut, Fr. ; Wein-
stein, Ger.) Crude bitartrate of potash, known as
red argol (Cremore di Vinaccia), or whiteargol
(Gremore di St. Artimo), according to whether it
is deposited from the red or the white grape.
The value of the argol made in South Italy is
estimated by Kaemmer (C. Z. 9, 949, 1012 ;
S. C. I. 4, 494) at 15,000,000 marks (v. Tartaric
acid).

ARGYRODITE v. Germanium.
ARGYRO-PYRITES. A silver ore containing

29-75 p.c. Ag; 36-28 Fe; 32-81 S.; sp.gr. = 4-06
-4-12. Strealc deep-black (Weisbach, J. M. 1877,
906 ; C. J. [2] 34, 381).

ARIBINE v. Vegeto-alkaloids.
ARICINE v. Vegeto-alkaloids.
ARMENIAN BOLE v. Pigments.
ARNATTO v. Annatto.
ARNOTTO v. Annatto.
ARNICA v. Resins.
AROMATIC VINEGAR v. Acetic acid.

AROXENE v. Vanadium.
ARRACK. (Arack, Fr.; Arak, Ger.) Aspiri-

tuous liquor imported from the East Indies.
The finer qualifies are distilled from the fer-
mented juice (toddy, palm wine) of the cocoa-
nut ; the other kinds from rice or sugar fer-
mented with cocoanut juice, and they are made
more intoxicating by the addition of poppy-
heads, hemp leaves, juice of stramonium, &o.
(Cooley, 1).

ARRAGONITE v. Calcium.
ARROPE. Sherry boiled to a syrup, used for

colouring other wines.
ARROWROOT. (Racine fléchière, Fr.; Pfeil-

icurzelmehl, Ger.)
This term is applied generically to indicate a

starch or fecula; thus Portland arrowroot is
obtained from Arum maculatum-, East India
arrowroot, from Curcuma angustifolia-, Brazi-
lian, from Manihot utilissima-, Tahiti arrowroot,
from Taccapinnatifida; English arrowroot, from
the potato.

True arrowroot, however, is the starch of the
Maranta arundinacea, now eultivated in the
East and West Indies, Natal, and Australia.

In Ure's Dictionary, a full description of the
process of preparing arrowroot on the Hopewell
estate, St. Vincent, West Indies, is given, and
in the J. S. A. 30, 1013, and Pharm. J. Trans.
[3] 13, 224, the détails of its manufacture in
Queensland are described; the essential part
of the process being that the roots are re-
duced to a pulp with water, the fibrous matter
separated, and the starch allowed to settle in
large tanks.

A plot of ground 221- x 32 feet planted with
Maranta arwidinacea in the Shevaroy Hills,
India, produced 430 lbs. of corms yielding 65 lbs.
of arrowroot.

Drawings of the microscopic structure of
arrowroot are to be found in Allen's Organic
Analysis 1, 339, and Ph. [3] 6, 204.

Cavassa starch has been found as an adul¬
térant.

An analysis of arrowroot biscuits by Stutzer
(Russ. Zeitschr. Pharm. 21, 724 ; J. 21, 724) gave
albuminoids 6-71, fats 12-21, carbohydrates
73-67, water 6-53, ash 0-88, phosphoric acid
0-236.

ARSENARGENTITE. An ore containing
81-37 p.c. of silver and 18-43 of arsenic (Hannay,
Min. Mag. 1877, 849 ; C. J. [2] 34, 15).

ARSENIC. (Arsenic, Fr. ; Arsenic, Arsen,
Ger.) Schwerbenkobalt, Fliegengift, Napfchen-
kobalt. Arsenicum. Regulus Arsenici.

Symbol, As ; at. wt. 74-9 (Berzelius, Pelouze,
Kessler, Dumas).

Occurrence.—Arsenic, in small quantities, is
one of the most widely distributed elements;
it is found in minerai and other waters, and in
coal smoke, in most pyretie minerais, and in a
large number of ores.

In England it occurs principally with tin ore,
and on the Continent in mispickel. Arsenic
occurs native (usually associated with iron,
cobalt, nickel, antimony, and silver), in crystal-
line rocks and in the older schists, generally in
reniform and stalactitic masses, often mammil-
lated ; it also occurs occasionally in rhombo-
hedral crystals. At Zimeoff in Siberia, large
masses are found ; it occurs in the silver mines
of Freiberg, Annaberg, Marienberg, and Schnee-
berg in Saxony ; at Joachimsthal in Bohemia,
Andreasberg in the Hartz, Kapnik in Transyl-
vania, Orawitza in the Banat, Kongsberg in
Norway, St. Marie-aux-Mines in Alsace, in
Bornéo, and in the United States.

As arsenide it occurs eombined with iron in
two forms FeAs2 and j?e2As5 ; with nickel as
Kupfernickel NiAs and NiAs- ; with cobalt as
tin white cobalt, CoAs,. With antimony it
occurs as arsenical antimony at Przibram in
Bohemia; with blende antimony and spathic
iron at Allemont, at Schladming in Styria and
Andreasberg in the Hartz.

Arsenic is generally présent in native sulphur.
Combined with sulphur it occurs as realgar or
ruby sulphur As2S2 in Hungary, Saxony, Switzer-
land and China ; and as orpiment As2S2 in Hun¬
gary and the Hartz.

With sulphur and iron it occurs as mispickel,
arsenical pyrites, or white mundic FeS-FeAs- ;
with sulphur and cobalt in cobalt glance CoS2
CoAs,; in nickel glance NiS2 NiAs-, and in a
number of other ores, being obtained as a secon-
dary product in the roasting of tin and copper

IRIS - LILLIAD - Université Lille 1



ARSENIC. 193

ores, copper nickel, arsenical fahl ores, smaltine,
cobalt and nickel glance, &c.

With oxygen, arsenic oecurs as arsenolite or
arsenite As406, usually as a crust on other arseni¬
cal minerais,being formed by theirdécomposition.
With oxygen and cobalt, it forms cobalt bloom or
amnate of cobalt ; it also occurs as arsenates of
iroii, copper, and lead.

Préparation.—Metallie arsenic is used only
to a small extent in commerce. It is usually
pvepared from native arsenic, arsenical iron or
mispickel, the latter being the only minerai
used to any extent in England. The minerai
used is heated in earthenware retorts or tubes
laid horizontally in a long furnace. Great eare
is required in manufacturing the retorts; a
mixture of 1 part fresh clay and 2 parts bricks
or old retorts powdered, is made into the proper
form, coated with a mixture of blood, loam,
forge-scales and alum to produce the glaze, and
bumed. They are very strong and heat-resist-
ing, and quite impervious to the vapour of
arsenic. A pieee of thin iron sheet is rolled and
inserted into the mouth of the retort and an

earthen receiver luted on. On distilling, most
ol the arsenic condenses in the iron as a nearly
ivhite, coherent, internally crystalline mass, and
is detached on cooling by unrolling the iron.
If required, the arsenic is purified by redistilla¬
tion.

At Altenberg in Silesia, arsenious oxide is
heated with charcoal in an earthen crucible
covered with an inverted crucible or conical iron
cap. This method is more economical and pro¬
ductive than the one above described, but the
métal is grey and pulvérulent, and always con-
tains arsenious acid.

It may also be prepared by heating the
sulphides with charcoal and sodium carbonate
or potassium cyanide.

Properties.—Arsenic is a very brittle steel
grey metalline mass of sp.gr. 5-62 to 5-9G, of
brilliant lustre, crystallising in rhombohedra,
isomorphous with metallie antimony. It is a
good conductor of electricity, and is odourless
md tasteless.

It is volatile at températures above 100°, and
is rapidly vaporised at a dull red heat. At the
ordinary pressure it volatilises without previous
fusion, the vapour being yellow and of a garlic
smell, but when heated uncler pressure it melts
at 500°C. (Landolt). Joubert states that above
200°C. its vapour is phosphorescent (C. E. 78,
1853).

When the vapour is condensed at a tempéra¬
ture but little below the volatilising point, i.e.
wben condensed in an atmosphère of arsenic, a
nearly white compact mass of strongly metallie
lustre is produeed which scarcely oxidises in the
air even when heated to 8Û°C. When it is de-
posited on a colder surface or in an atmosphère
otber tban arsenic, it forms less dense, dark-grey
crystals which readily oxidise in the air even in
the cold, and especially on heating.

Ludwig (Ar. Ph. [2] 97, 23) bas obtained
arsenic (?) with a perfectly bright surface resem-
bling freshly granulated zinc, and of the low
density 5-395, by distilling in a tube with a small
quantity of iodine.

When heated in air it absorbs oxygen, burn-
ing with a bluish flame and forming arsenious

Vol. l.—t

oxide. In pure water it is unaltered, but when
exposed to air it forms a grey powder supposed
by some to be a suboxide, but probably a mix¬
ture of metallie arsenic and arsenious oxide ;
this powder is sold as ' fly-powder.' When pow¬
dered and thrown into chlorine it ignites, forming
the trichloride ; with the aid of heat it combines
with bromine, iodine, and sulphur. Hydro-
chloric acid has but little action on arsenic,
but it is rapidly dissolved by nitrie acid. aqua
regia or by a mixture of hydrochloric acid and
potassium chlorate.

When deflagrated with nitre it forms potas¬
sium arsenate.

Bettendorf (A. 144, 110) has obtained a
spéculai-, amorphous, vitreous arsenic of sp.gr.
4-69-4-716 by subliming arsenic in a stream of
hydrogen and condensing it at 210°-220°C.
At 360°C. it is converted into the crystalline
form with the évolution of considérable heat,
and when heated suddenly it hisses and gives olï
vapour whilst transforming.

Arsenic is a constituent of many alloys ; it
is used for bronzing brass and for the manufac¬
ture of opal glass, and it is burned in oxygen
gas as a signal light for trigonometrical surveys.

(For the distribution of arsenic in commer¬
cial products v. Arsenious oxide.)

Détection.—Arsenicalcompounds.whenheated
on charcoal, give off the characteristic garlic
odour and white fumes of the oxide, with a white
incrustation on the charcoal some distance from
the assay. Metallie arsenic, and many arsenical
minerais, such as mispickel, when heated in a
tube closed at one end form a blaekish, shining
metallie ring on the cooler portion of the tube ;
if heated in a tube open at both ends the arsenic
is oxidised and condenses in a ring of white
octahedral crystals, their shape being plainly
visible under a lens. On cutting off the closed
end of the tube containing the metallie mirror
and heating, it is also converted into the wliite
ring higher up the tube. The white crystals
dissolve in boiling water, and the solution shows
the nsual tests for arsenic. Antimony under
like circumstances would produce a white ring,
which, however, is not crystalline, and is not
soluble in water. Oxides of arsenic require
to be mixed with charcoal before they pro¬
duce the black mirror. Sulphides require the
addition of alkaline carbonate or potassium
cyanide, or they may be heated with baryta alone
(Brame).

White arsenic when heated with about 3
parts of sodium aeetate, gives the offensive odour
of kakodyl.

In solution the reactions of the two sériés of
compounds, the arsenious and the arsenic, differ
considerahly ; generally spealiing, arsenic com¬
pounds may be converted into the arsenious
form by heating with sulphurous acid or with
a sulphite.

Beinsch's test. If a piece of clean metallie
copper is immersed in a solution of arsenious
acid or an arsenious compound aeidulated witli
pure hydrochloric acid, it is coated with a grey
film, which is probably an arsenide of copper.
The action proceeds better at the boiling tem¬
pérature. The acid must be first tested in the
same m armer to insure the absence of arsenic,
which is always présent in the commercial acid.
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The métal is washed, dried gently and heated
in a tube, when the arsenic becomes oxidised
and forms a crystallina ring on the colder part
of the tube. A film due to antimony, as men-
tioned before, would not produce a crystalline
ring.

This method is used in testing for and re-
moving arsenic from hydroehloric acid, and in
toxieology ; by it 1 part of arsenic can be de-
tected in 250,000 parts of solution.

When hydrogen is generated in a liquid con-
taining an arsenious cornpound, the arsenic com¬
bines with it and passes oiï as the gaseous
hydride ; many very delicate tests are based on
this reaction.

(1) Fleitmann's test. The solution is mixed
witli excess of caustic potash, a piece of pure
zinc, or of magnésium, or aluminium foil in-
serted, and the solution heated. A piece of filter
paper moistened with silver nitrate is held over
the mouth of the tube. In presence of arsenic,
arseniuretted hydrogen is produced and reduces
the silver on the paper forming a greyish or
purplish colour. Antimony is not evolved in
this test. Fleitmann's test is therefore a ready
means of finding arsenic in presence of anti¬
mony ; it is not, however, so delicate asReinseh's
or Marsh's method.

(2) Marsh's test. This or Reinsch's test is
usually used in toxicology. The solution is
acidulated with pure hydroehloric acid and in-
troduced into an apparatus in which hydrogen is
generated bymeans ofpure sulphuric acid andzinc.
Arsenic hydride is formed and is passed through
a narrow glass tube, which is heated at one spot
by a lamp ; the arseniuretted hydrogen as it
passes over the heated portion is decomposed
with the précipitation of arsenic as a black ring.
In testing for very small quantifies of arsenic,
the action should be eontinued for about an hour.
A blank experiment should always be performed
in the same manner to insure the purity of the
zinc and acid. On the presence of arsenic in
glass as a source of error in the détection of
arsenic, v. W. Fresenius, Fr. 22, 397 ; B. 17,
2938. Instead of heating the tube the gas may
be ignited at the mouth of the tube, and the
flame caused to impinge on a cold surface of
porcelain, or preferably of platinum foil. The
arsenic film may be distinguished from that pro¬
duced by antimony as follows :—(1) The arsenic
film is quickly evaporated, wliile that of anti¬
mony only slowly disappears. Helling (Das
Microscop in der Toxicologie) recommends that
small spots be heated and the vapour re-
ceived on a slip of glass, when, under the mi¬
croscope, the octahedral crystals due to arsenic
are visible.

(2) The arsenic film quickly dissolves in a
solution of sodium hypochlorite ; the antimony
film is very slowly soluble.

(3) The antimony film dissolves quickly in
yellow ammonium sulphide, leaving an orange-
yellow residue on evaporation ; the arsenic film
dissolves very slowly.

Magnésium may also be employed in place of
zinc, and E. Davy and Al. Jandrousch use an
amalgam of 1 part sodium in 8 parts mercury,
with or without acid.

The presence of nitrates or nitric acid inter¬

fères with this test, and the acids used should
be dilute.

Bloxam (C. J. 13,14) deseribes an electrolytic
method which is very delicate; j-jjj, grain of
arsenic may be detected in a large volume of
liquid. It has not been largely used, but it
possesses advantages over other methods. (1)
only one substance is used which might contain
arsenic ; (2) the other bodies in solution remain
behind either precipitated on the platinum pôle
or in solution, without admixture with inter-
fering substances, and may be examined; (3)
the film produced contains no antimony.

The bottom is eut from a two-ounce narrow-

mouthed bottle and replaced by vegetable parch-
ment, tightly stretched with a piece of platinum
wire (any organic ligature would soon be de-
stroyed). Through the cork is passed a fùnnel
tube, a delivery tube connected by indiarubber
tubing to the réduction tube, and a platinum
wire terminating in a négative pôle of platinum.
The bottle is placed in a glass vessel of slightly
greater diameter and an ounce of pure sulphuric
acid (1 part acid to 4 parts water) poured into
the outer and inner vessels, so that the level
shall be equal in each. The positive platinum
pôle is placed in the outer vessel. A current
from six Grove's cells is passed through the
solutions, and when the vessel is filled with
hydrogen the réduction tube is heated for about
30 minutes while the gas passes through. If no
ring appears the acid is free from arsenic, and
the solution to be tested is passed through the
funnel tube followed by a drachm of alcohol to
prevent frothing. The action should be eon¬
tinued for 30 minutes before the absence of
arsenic is considered proved.

The addition of a little sulphuretted hydro¬
gen solution to the mixture prevents the possi-
bility of antimony being présent in the mirror.
When the liquid to be examined is mixed with
a large quantity of organic matter, as is fre-
quently the case, it should be boiled with dilute
hydroehloric acid (1. to 6) till the organic
matter is disintegrated, when the liquid is
strained through muslin. Or potassium chlor¬
ate may be added in small portions until the
organic matter is oxidised. Great care must be
used in aseertaining that the acid and even the
potassium chlorate are free from arsenic. The
organic matter may also be separated by Gra-
ham's diffusion method.

If ammonia is added to a solution of
copper sulphate till a slight precipitate remains,
the mixture produces a green precipitate of
Seheele's green with an arsenious cornpound.
Silver nitrate treated with ammonia in the same

manner gives a canary-yellow precipitate with
arsenious compounds.

Estimation.—Arsenic is usually estimated
as (1) magnésium pyro-arsenate, or (2) as arsenic
sulphide.

(1) For this method it is necessary that the
substance should be présent as an arsenic corn¬
pound. The conversion from the arsenious
to the arsenic condition may be effected by
heating with nitric acid (v. estimation as sulph¬
ide) or with hydroehloric acid and potassium
chlorate.

The acid solution, which should occupy only
a small bulk, is mixed with ' magnesia mix-
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tare' and rendered strongly alkaline with am-
monia. After standing for 24 hours the solution
is filtered, the last portions of the preoipitate,
whick consists of ammonium magnésium arsen-
ate, being washed entirely on to the filter paper
witli a little of the filtrate (the volume of this
filtrate should be noted rougkly). The preoi¬
pitate is then washed with a mixture of 1 part
strong ammonia and 3 parts water, until only a
slight opalescence is produoed on the addition
of nitric acid and silver nitrate to a few
drops of the washings. It is then dried, de-
taohed as muoh as possible from the filter paper,
and transferred to a weighed porcelain crueible,
moistened with nitric acid, dried and ignited, at
first gently, and finally to bright redness. The
paper is moistened with nitric acid, dried and
ignited on the lid, and the crueible and its
contents weighed. The ignited residue consists
of magnésium pyro-arsenate MgjAs.,0,, and con-
tains 48-29 p.c. of arsenic.

On account of the solubility of the ammonium
magnésium arsenate, an addition should be
made to the weight obtained of 0-001 gram for
each 16 c.c. of filtrate obtained, not counting the
washings.

(2) The arsenic for this metliod should be
in the arsenious form. If arsenic compounds
are présent, they are preferably reduced by pass-
ing a eurrent of sulphurous acid through the
liquid, the excess of that gas being driven off by
subséquent heating. Sulphuretted hydrogen is
then passée! through the liquid until thoroughly
saturated, the liquid left to stand for some time,
the excess of sulphuretted hydrogen driven
off by heating, and the precipitated arsenious
sulpkide containing sulphur filtered off. The
sulphide is dissolved in ammonia, filtered if
necessary, and the arsenic estimated in the solu¬
tion by one of the three following methods :—

(a) The solution is evaporated to dryness in
a porcelain dish, then covered with an inverted
funnel, and fuming nitric acid added. After the
first violent action has ceased, the liquid is
heated on a water-bath until the whole of the
sulphur has disappeared and only a small bulk
of liquid remains ; ' magnesia mixture ' is then
added, followed by excess of ammonia, and the
process followed as already described.

(b) The ammoniacal solution is evaporated
to dryness in a porcelain dish, and heated on a
sand-bath to drive off the whole of the free
sulphur and carbonise any organic matter
(which is frequently présent in toxicologieal
analysis) without volatilising any of the arseni¬
ous sulphide. The residue is again dissolved in
ammonia, filtered if necessary, evaporated to
dryness and gently heated in a weighed porce¬
lain dish, and weighed as arsenious sulphide
As2S3 (Mohr, Chem. Toxicologie, 56).

(c) The arsenic in the solution may be
estimated by means of standard iodine solution
(Champion and Pellet, Bl. [2] 26, 541).

Séparation from otlier metals. — Certain
beavy metals, if présent, would be precipitated
with the arsenious sulphide by means of sul¬
phuretted hydrogen. From the sulpkides of
lead, bismuth, &e., the arsenious sulphide ean
be dissolved by digestion in ammonium sul¬
phide. The solution would also contain anti-
mony and tin, if présent. The séparation of

arsenic from these two metals may be performed
as follows :—

From antimony. The mixed sulphides are
oxidised with aqiia regia, as already described,
and tartaric acid solution added, followed by ex¬
cess of ammonium chloride and ammonia. The
latter should produce no opalescence. If a pre¬
oipitate is produoed a further quantity of tartarie
acid or ammonium chloride must be added.
The solution is then precipitated by ' magnesia
mixture,' and the estimation made as before de¬
scribed.

From tin. A solution of oxalio aeid is
added to the solution in the proportion of 20
grams of oxalie aeid for eaeh gram of tin sup-
posed to be présent. The solution should be
sufficiently strong for the acid to crystallise out
on cooling. The liquid is heated to boiling and
sulphuretted hydrogen passed through for 20
minutes. The liquid is allowed to stand for
about 30 minutes, and the arsenious sulphide
filtered off. It is quite free from tin.

For the estimation of arsenic in ores, Parnell
reeommends the following method :—A weighed
quantity of the finely powdered ore is heated to
about 200°C. in a slow eurrent of chlorine gas,
the volatilised arsenious chloride being absorbed
in a solution of chlorine water. After evapora-
tion of the excess of chlorine, the arsenic may
be estimated by any ordinary method. Anti¬
mony, if présent in the ore, would also volatilise
with the arsenic.

Alloys of arsenic.
Arsenic combines with most metals, in many

eases in atomic proportions, the alloys being
thenknown asarsenides. Manynatural arsenides
oceur as minerais.

The alloys may be prepared (1) by fusing
the metals under a layer of borax, or in an atmo¬
sphère of some inert gas ; (2) by redueing the
arsenite or arsenate of the métal with potassium
cyanide ; and (3) in some eases—as with gokl,
silver, and eopper—by placing arsenic in a solu¬
tion of a metallie sait. W. Spring (B. 16, 324),
has obtained erystalline alloys of arsenic with
other metals by repeatedly eompressing a
mixture of the constituents at 6,500 atmo¬
sphères.

When heated out of contact with air, arseni¬
cal alloys usually lose a portion of their arsenic ;
heated in air the arsenic is oxidised, a portion
volatilising, and the remainder forming an ar¬
senite or arsenate of the métal. "When heated
with nitre, arsenates are produced. (For a list
of alloys of arsenic in atomic proportions, pro-
bably existing as arsenides, v. A. Deschamps,
C. R. 686, 1022 and 1065.) Some ancient
eopper spear heads from Cyprus contained
1-348 p.c. arsenic, and a bronze figure of
the Ptolemaio period from Egypt contained
1-479 p.c.

The presenee of arsenic generally renders
an alloy more brittle, more fusible, and brighter.
In Pattinson's process it tends to render the
erystals smaller and thus lengthens the time
required for draining. Its alloys with iron, zinc,
and tin are brittle ; with gold and silver, brittle,
grey ; and with lead and antimony, hard, brittle,
and very fusible. The addition of from 3 to 6
parts arsenic to 1,000 lead (with oecasionally a
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little copper) causes the small shot in falling
clown the tower to form spheres, instead of
elongating, as they have otherwise a tendency
to do. The arsenic is frequently added in the
proper proportions in the form of an alloy of
lead and arsenic known as ' temper ; ' this is
prepared by fusing together arsenious oxide and
lead. By heating a mixture of lead and arsenic
to whiteness, Berthier oblained an alloy of
the formula Pb4As, any excess of arsenic be-
yond that corresponding to this formula being
volatilised at that température. With copper
it forms white, malléable, dense, and fusible
alloys. White copper contains about 10 p.c.
arsenic. Arsenic is also used in spéculum métal

and is frequently présent in common Britannia
métal.

With potassium and sodium arsenic forms
alloys which evolve arseniuretted hydrogen when
placed in water. With platinum it forms a
fusible alloy, and was formerly used to facilitate
the working of that métal.

Arsenic trihydride. Arsenetted or arseni¬
uretted liydrogen. Arsine. AsH;i. This gas is
formed whenever hydrogen is liberated in a
solution containing arsenious aeid or an arsenite,
as when zinc is introduced into an acid solution
of the substance. It is a colourless, neutral,
disagreeably smelling gas, slightly soluble in
water, and highly poisonous, even when much

diluted. At a red beat it décomposés into arsenic
and hydrogen.

It is evolved in the bronzing of brass with
arsenic, in tinning sheet iron and frequently in
the desilverisation of lead with zinc and subsé¬
quent heating of the argentiferous zinc with
acid. It is also occasionally présent in the air
of rooms of which the wall-paper is coloured
with arsenical pigments (v. Schweinfurth green).
It is a very powerful reducing agent, preeipita-
ting silver, gold, and other metals from their
solutions. Methods for the quantitative estima¬
tion of arsenic are based on this property.

A solid hydride of arsenic appears to exist.
Arsenious oxide. Arsenious acid. White

arsenic. Flowers of arsenic ; commonly knovm
as ' arsenic.'' As406.

Préparation.—In Cornwall, Devon, and at
Swansea, arsenious oxide is principally prepared
by roasting mispickel, which occurs mixed with
iron and copper pyrites, tin ore, wolfram, blende,
galena, &c. These ores, if présent in sufficient
quantity, are separated as far as possible before
roasting ; tinstone by washing the finely pow-
dered ore, and the other minerais by liand.
Arsenious oxide is also largely prepared by
roasting arsenical silver at Andreasberg, and
from arsenical ores of nickel and cobalt.

In ores from which arsenic is produced as a
principal product, the arsenical pyrites generally
occurs to the amount of about 12 p.c.

The ores are usually roasted in a reverbe-
ratory furnace. In a common form, the furnace
bed is flat, 12 to 15 ft. long and 7 to 9 ft. wide
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in tlie middle ; the areli is about 2 ft. above tbe
bed, and sinks gradually towards tbe fiue, at
which end tbere is an iron door, tbrough which
the ore is raked (fig. 1).

Frorn 8 to 15 cwt. of the stamped dried ore
is introduced through a hopper over tbe centre
of the firebridge and spread over the furnace
bed. The heat is raised to dull redness and the
ore is frequently stirred to ensure thorougb oxi-

dation of the arsenic and sulphur. In about 10
hours these have been expelled as oxides, and
the arsenious oxide together with some of the
sulphur collects in the flues. The spent ore
is removed through an aperture in the bed
■which is closed with an iron door during calci-
nation.

Two such furnaces are sometimes built side
by side, separated by a wall, and with their flues

Fia. 2.

uniting. The furnace beds slope gently towards
anarrow fireplace. In the first instance the ore
is introduced through a number of doors on
cach side of tbe furnace. As the ore is worked-
downwards its place is constantly supphed by.
fresh ore through an opening in the roof.

Brunton's Calciner is much used in Corn-
wall. It is practically a reverberatory furnace
with a revolving bed. The bed is of fire-
brick resting on a cast-iron table, and is higher
at the centre than at the periphery. It is

usually 8 or 10 ft. in diameter ; it revolves three
or four times in an hour by steam or water
power, about half horse power being required.
There are two furnaces on opposite sides of the
bed (fig. 2).

The dried and finely stamped ore is intro¬
duced through a hopper over the centre of the
bed. Above the bed are fixed radially three cast-
iron frames in which are fastened a number of

equidistant iron scrapers shaped like the coulter
of à plougk and placed obliquely, so that, as the
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Oxland and Hocking's Patent Calciner
(English Pat. 1868, 2,950) is largely used, espe-
cially for ' rank ' ores (figs. 8 and 4). It consista
of a wrought-iron eylinder, which, if 32 ft. in
length, is lined with sufïicient firebriok to leava
4 ft. clcar internai diameter. Four longitudinal
ribs of firebriok occur witliin the furnace, leaving
suificient spaoe at the upper end for the con¬
tinuons supply of the ore. The eylinder is
generally mounted in an inelined position,
usually the slope being j to 1 inch per foot, and
is turned by means of a turbine or water-wheel
once in 8 or 10 minutes upon friotion-wbeels.

The dried, finely powdered ore is introduced
through an arohimedean screw, or from a hopper
at the upper end, and in the révolution of the
tube becomes lifted to a certain height by the
ribs of firebrick, and falls in a fine stream
through the hot blast. In a few révolutions the
ore is completely oxidised, the arsenic burning
off first, and finally reaches the lower end of the
tube wliere it falls through a chamber beneath.
A calciner of the above size will roast 6 or 7
tons of ore in 24 hours. In this furnace the
amount of air required is minimised, thus ren-
dering the condensation less difficult. The
amount of fuel used is also small (v. further,
Henderson, Proc. Boy. Inst. Mechl. Engineers,
1873).

A modification of this furnace has recently
been patented by E. and C. Oxland (Eng. Pat.
1885, No. 7,285). It is so arranged that the
produets shall pass into the condensing cham¬
bers unmixed with other gases. At the lower
end of the rotating tube is a cast-iron prolonga¬
tion, heated externally by a grate and a system
of flues surrounding it. At the end of the pro
longation is a door for removing the calcined
produets and a regulator for admitting the re¬
quired amount of air.

At the Devon Great Consols, both Brunton's
calciner and Oxland and Hocking's calciner are
used.

Boasting in muffle furnaces.—-This process
is used at Altenberg (figs. 5, 6, and 7) and at
Eeichenstein in Silesia (figs. 8 and 9), wherc
wood is cheap.

The ore, reduced to a moderate size and
known as schleich, is introduced through an
opening in the top in charges of about 10 cwts.
and spread 2 or 3 inches thick on the floor of
the muffle. It is first heated to redness, and
then more gently, with the muffle door open, to
oxidise the mass thoroughly before sublimation.
The opération is eompleted in 11 or 12 hours.

Condensation of the oxide.—The vapours
passing oi'f in the roasting are carried through
chambers so arranged that the gases come in
contact with a very large condensing surface
passing through a sériés of chambers before
escaping into the air. At the Devon Great
Consols and other large works, the chambers
are made of thin brickwork covered with iron
plates to assist the cooling of the gaseous oxide.
The ores, before caleination, are dried over iron
plates on the condensers.

These chambers are eleared at intervais,
some every fortnight, those at Silesia once in
two months. Two sets of chambers are fre-
quently used, so that one set rnay be working
while the other is being eleared.

bed revolves they turn the ore over and outwards
tewards the periphery of the bed. It is thus

thoroughly roasted and, on reaehing the edge,
falls into a chambcr beneath.
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The oxide produeed by ail processes except
tliat of the muffle is known as ' arsenical soot '
and is impure, containing carbon and sulphur
compounds ; when so mixed it is of a dark-grey
colour and requires to be resublimed.

The condensing chambers connected witli
the muffles in Silesia—are in a lofty building
called the ' poison tower ' (Giftthiirmc). The
gases traverse, by a sinuous course, a sériés of
chambers, depositing the finest product in the
lower ones, that in the upper chambers contain¬
ing sulphur. The chambers are cleared about
every two months, and contain about 25 tons
of white arsenic ('poison flour ' or Giftmelil).
Being comparatively pure, it does not usually
require refining, but may be at once converted
into arsenical glass. The workmen engaged in

clearing the chambers are clothed in leathern
garments with glazed apertures for the eyes,
and wear wet cloths over their mouths and
noses to absorb the irritating fumes. It is
stated at Salzburg that only ' arsenic eaters '
can perform this work continuously.

Èefiningor resublimation.—For this purpose
a reverberatory furnace is used, whick is usually
much shorter than that in which the calcination
is performed. The arsenical soot is charged
from the top and paddled down through doors
at the side, more being added as it sublimes.
The fuel used is smokeless, usually a mixture
of anthracite and coke.

The sublimate is collected in chambers simi-
lar to those already deseribed. It is wliite,
glistening, and minutely crystalline. It is ground

Fia. 5-—Vertical Section of ' Poison Tower.' Fia. 6.—Ground Plan of Furnace.

Transverse Section. Longitudinal Section.
Fig. 7.—Subliming Furnace.

between millstones, and is thence fed into kegs
from a hopper through a leathern hose which
iastens to the top of the cask and prevents any
escape of the powder.

Arsenic glass, or vitreous white arsenic, is
prepared by volatilisation of the powder under
slight pressure. For this purpose, at Swansea,
a cast-iron pan is used 2 ft. in diameter and
surmounted by a bell 2 ft. G in. high. The
pan is heated to a cherry red and about y cwt.
of refined white arsenic introduced through an
opening in the top of the bell, which is then
closed with a plug. In about 2 hours the whole
bas evaporated and condensed on the bell as a
transparent glass ; more white arsenic is then
introduced and condensed, until after about 24

hours the glass has reached a thickness of about,
1 inch. The later charges, owing to the con¬
densing surface being botter, require about
twiee as long to condense as the first.

At Silesia the subliming pots are deeper
and of greater capacity ; tliey are surmounted
by iron drums and conical caps, which condense
the ' glass ' and open into condensing chambers.
The température is carefully regulated. The
arsenic glass produeed amounts to about 92 p.c.
of the ' fiowers ' used.

White arsenic is obtained in immense quan¬
tités in the calcination of tin ores in CornwaD
and Devon. During the ten years 1877-1888, of
a total quantity of 63,308 tons of white arsenic,
of the value 430,2321., produeed in the United
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Kingdom, 28,751 tons of refined white arsenic
powder were extracted by the Devon Great
Consols Company at Tavistock.

Fia. 8.

Analyses of arsenic powder and arsenic glass.
(1) Powder from Altenburg, from the con¬

denser of a tin roasting fumaee, near the fur-
nace end (Lampadius).

(2) Do. from further end of condenser
(Lampadius).

(3) Do. from Oberschlema (Lampadius).
(4) Arsenic glass from Andreasberg (Streng).

(1) (2) (3) (4)
Arsenious oxide . 90-1 95-85 94-31 98-2
Arsenious sulphide 2-05 0'32 1-03 —
Bismuth . . — — 0-25 —

Sulphur. . . 0-73 0-71 0-50 —

Ore dust . . 5-51 2-05 3-05 —

Fume . . . 1-04 0-74 0-16 —

Antimonious oxide. — — — 1-G8
Properties and uses of arsenious oxide.—

White arsenic occurs in the amorphous or glassy
form, and in two crystalline modifications :—
(1) the octahedral or common form, and (2) in tri-
raetric prisms, oecasionally found m sublimâtes ;
this form is eonverted into the octahedral variety
when heated or boiled in water.

The amorphous form is transparent when
first prepared, but becomes opaque when exposed

to the air, especially when damp, dirninishing
slightly in spécifie gravity and forming tbe
crystalline oxide. The action commences at
the outside, so that even after a considérable
time a piece is frequently found with a trans¬
parent nucleus. The vitreous form may be kept
in a sealed glass tube unchanged for years.

The vitreous form, according to Buchner, is
soluble in 108 parts of cold water, while tbe
opaque form requires 355 parts ; the solubility of
an ordinary piece is therefore doubtful, depend-
ing on the amount of change it Iras undergone.
It is very soluble in glycérine, and is stated by
Jackson to form glyceryl arsenite (C. N. 49, 258).

On making a strong solution of the vitreous
form in dilute hydroehloric acid by dissolving
3 parts in a mixture of 12 hydroehloric acid
and 4 water, and slowly cooling, it is deposited
in the octahedral form, each crystal as it falls
producing a flash of light (H. Bose). If these
crystals be redissolved or if the opaque form
be used, no light is produced on crystallising,
that phenomenon appearing to dépend on the
change of the amorphous into the crystalline
form at the moment of crystallisation.

At about 193° arsenious oxide softens and
sublimes without fusion; it fuses under pres¬
sure : its vapour is colourless and odourless.
It is acid to test papers, but does not appear to
form true arsenious acid on solution in water.

Arsenious oxide is a powerful fébrifuge, being
sometimes eflîcacious when quinine has failed.
It is highly poisonous, 2 or 3 grains being a
very dangerous dose. When used habitually,
however, comparatively large quantities may be
taken with impunity. The inhabitants of Styria
eat it under the name of ' hydrach ' to inorease
their endurance. Many authentic cases are re-
corded of 6 grains and upwards being taken
without ill effeet. Arsenic eaters are stated to
be fresh complexioned, with a tendency to stout-
ness, to be long lived, but to die suddenly. Tbe
workmen engaged in the manufacture of dyes
where arsenic acid is used have been observed
to have this tendency to stoutness (v. Boscoe,
Mem. of Lit. Phil. Soc. Manchester, 1860).
Arsenic is frequently the cause of poisoning.
In the years 1876 to 1880, in 1,581 cases of
poisoning, 67 deaths were traced to arsenic, which
would correspond to about 175 cases, or about
12 p.c. of the whole. In cases of death from
poisoning, the greater part of the arsenic ap-
pears to be contained in the liver and intestines ;
of the bones, those of the pelvis and neighboui-
ing vertebrae appear to contain most.

In manufactures, arsenious oxide is used for
the réduction of indigo blue, and for reducing
nitrobenzene to aniline ; in glass-making to re-
move the colour produced by the lower oxides of
iron ; in enamelling ; in calico-printing ; as a con¬
stituent of white fire in pyrotechny ; for tbe
prévention of boiler incrustations (40 parts
white arsenic to 9 carbonate of soda) ; in the
manufacture of arsenic acid ; and of fly and rat
poisons ; and in the manufacture of a large
number of pigments, arsenic being found in
green, blue, pink, white, brown, and other colours.
As a preservative it is thrown into the holds of
ships to prevent vegetable décomposition ; as a
wash for walls in India to prevent insect ravages ;
to prevent smut in wheat ; and with carbonate of

FlG. 9. BEICIIENSTEIN FUENACES.
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soda as a wash for sheep ; and in arsenical soap,
for preserving skins.

Arsenious oxide is employed in the fixation of
aniline colours, especially of aniline blue. It is
used principally for preparing steam colours,
either as a solution in glycérine containing 4 lbs.
of the oxide to 1 gallon of glycérine, under the
naine ' arsenic and glycérine standard,' or as
sodium arsenite, dissolved in sodium carbonate
or borate.

In medicine it is used as Fowler's solution,
which contains 4 grains of the oxide (in the
form of sodium arsenite) in eaeh ounce of fluid.
In India it has been used as a cure for hydro-
phobia and serpent poisoning. In veterinary
surgery it is largely used as a tonic, to eradicate
worms, and for improving the eoats of horses.

It oceurs, either as an impurity or as an
adultérant in a large number of commercial
products. Besides the ordinary commercial
compounds in which arsenic is expected to be
présent, it has been found in caustic soda,
potassium chlorate, commercial glucose (Clouët
and Bitter) and in wine free from artificial
colouring matter (traced to sulphurie acid used
in purifying the casks). Dr. Tidy found about
38 p.c. of arsenious oxide in some ' violet powder '
which had caused the death of at least two
children (Lancet, Aug. 21, 1878).

For a statement of the amount of arsenic in
the varieties of pyrites, and of its distribution
in the préparation of sulphurie acid and alkali,
i). H. Smith, P. M. [4] 44, 370 ; C. N. 26, 176 ;
andC. Hjelt, D.P. J. 226, 174-181.

Fresenius finds that the arsenic in many
chemical glasses is removed by alkaline, but not
by acid liquids ; the bearing of this on judicial
investigations is important.

The commercial article is frequently adul-
terated with gypsum, chalk, &c. ; these may
easily be detected by heating a little on a knife,
when they will remain after the oxide has
volatilised.

Sodium arsenite. Acid sodium arsenite.
Na20.2As203.2H20

is prepared by dissolving arsenious oxide in a
solution of caustic soda or sodium carbonate,
and evaporating the solution. The neutral sait,
Na20.As203, is formed by boiling this compound
for some time with ■ sodium carbonate, and
washing the residual sait with alcohol (Pasteur).

Potassium arsenite is prepared in a similar
manner.

Sodium arsenite is used as a substitute for.
dung in dyeing, but is not so reliable as the
arsenate. It enters into the composition of ail
préparations in which arsenious oxide is dissolved
with sodium carbonate.

An arsenite of chromium and iron is used as

a green pigment in wall papers.
Scheele's Green. Arsenite of copper. Hydro-

euprie arsenite. CuHAs03.
Aecording to Scheele's method, 11 oz. ar¬

senious oxide are gradually added to a solution
of 2 lbs. potassium carbonate in 10 lbs. boiling
water ; this is filtered and poured into a solu¬
tion of 2 lbs. copper sulphate in 30 lbs. water,
so long as a grass-green precipitate falls. The
precipitate is thrown upon a filter cloth, washed
with warm water, and dried gently with the pro¬
duction of about 1-ij lbs. of the pigment.

Scheele's green is a pulvérulent, fine light-
green colour, formerly largely used in calico-
printing and for wall papers. It is, however,
much less used at the preseut time. It dissolves
entirely in excess of alkali and in acids.

Schweinfurth green. Impérial green. Erne-
raldgreen. Mitis green. Aceto-arsenate of copper
(when mixed with gypsum or heavy spar known
also as Mountain or Neuwieder green).

3Cu0As203.Cu.(C2H302)2.
Five parts of verdigris (basic copper aeetate)
are made into a thin paste with water and added
to a boiling solution of rather more than 4 parts
arsenious oxide in 50 parts water ; the solution
is kept boiling during the mixture. If a yellow-
green precipitate falls a little acetic acid is added,
and the solution boiled a few minutes longer ; the
precipitate becomes crystalline and soon acquires
the characteristic green colour.

A very fine produet is prepared by the follow-
ing method:—Boiling, concentrated solutions of
arsenious oxide and copper aeetate are mixed in
such proportions that equal weights of the two
substances are présent when a bulky olive-green
precipitate falls ; an equal bulk of cold water
is then added and the mixture placed in a
flask which it fills to the neek, thus preventing
any pellicle which may form on the surface from
falling through the liquid and causing a préma¬
turé crystallisation. The colour under these
circumstances takes two or three days to perfect,
the beauty of the produet being much increased
by slow formation. The workmen engaged in
the préparation of this pigment do not appear to
be injured by it. In contact with organic matter
it is, however, liable to change. Bischoff (Fr.
23, 117) states that micro-organisms and fungi
act on compounds of arsenic, producing arseni-
uretted hydrogen, and Fleck, Sonnenschein, and
others have conclusively shown that this gas is
frequently présent in the air of rooms with
arsenical wall-paper. By the action of damp
and mould on paper coloured with this pigment
a peculiar odour is frequently produeed which
appears to be due to the formation of propionic
acid.

Arsenic oxide. Arsenic acid, Arsenicpent-
oxide, Acide arsênigue, Arsensdure, Acidum
arsenicum. As,03.

Produeed when arsenious oxide is acted upon
by an oxidising agent.

On the large scale 4 parts white arsenic are
gradually added to 3 parts nitric acid of not less
than l'35 sp.gr. in a vat capable of holding
from 65 to 70 kilos of white arsenic. Great
heat is produeed and the evolved fumes are
passed over coke moistened with water, whereby
about two-thirds of the nitric acid is re-

covered. In 24 hours a syrupyliquid is formed,
containing a small quantity of arsenious oxide,
which may be oxidised with a little more nitric
acid.

Kestner performs the oxidation in large glass
flasks, the nitrous fumes being passed through
lead pipes and condensed in leaden chambers.

Arsenic oxide has also been prepared by
suspending arsenious oxide in water, passing a
current of chlorine through the liquid and
evaporating the solution thus produeed.

It is a déliquescent solid fusing at a dull red
heat, of acid metallic taste and acid reaction.
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It dissolves in 6 parts oold and in 2 parts bot
water. A cold, strong solution blisters the skin.
Arsenic oxide and its salts are less poisonous
than the corresponding arsenious compounds.
It is largely used as an oxidising agent in the
préparation of rosaniline or fuchsine.1 It
is also substituted for tartaric acid in calieo-
printing. Weiler has reeently patented a pro-
cess for the séparation of aniline and paTato-
luidine by means of arsenic oxide (Eng. Patent,
1883, 3,113).

Sodium arsenate. Hydric disodic arsenate;
' Dung sait.' Na,HAs04.

This sait is produced as a by-product where
arsenious acid has been used in the réduction of
indigo blue or in the préparation of aniline.

It is prepared by saturating arsenious oxide
with crude soda ash, drying, and deflagrating
witb sodium nitrate in a reverberatory furnace.

Arsenate of soda is largely used in calico
printing as a substitute for dung, its feebly
alkaline properties rendering it useful for that
purpose.

Arsenate of iron is an amorphous green
powder containing 33'G p.c. arsenic.

Arsenic sulphides. Arsenic forms three
well-defined sulphides, As,S2, As,S3, and As2S3,
the two former occurring naturally. A large
number of other sulphides of indefinite com¬
position also exist.

Bealgar. Disulphide of arsenic. Ruby sul¬
phur. Rothes rauschgelb. Rothes Schwefel.
Sulphurê rouge. Orpin rouge. Risigallo.
Sandaraca. As2S2.

Prepared by fusing together arsenic and
sulphur or orpiment in the proper proportions.
On the large scale it is obtained by distilling a
mixture of arsenical ores, such as arsenical and
iron pyrites, with sulphur or with the sulphide
of arsenic precipitated in the purification of
sulphuric acid.

The mixture should contain about 15 p.c.
arsenic and 26 to 28 p.c. sulphur ; it is placed in
flaslc-shaped earthenware retorts, holding about
60 lbs. when two-thirds full, which are connected
with similar receivers. The retorts are gradually
heated to redness and kept so for 8 to 12
liours. The crude realgar should be compact,
dark, and rich in arsenic ; if sulphur be in
exeess it is friable and light red. It is re-melted
rapidly in cast-iron pans with the requisite
amount of sulphur or arsenic, or with realgar of
poorer quality. The mass is cleared of slag

1 Accordingto 0. "WinklerfC. 0.1S76, 651)tliefollowing
process has been successfully adopted for the recovery of
arsenic from the mother liquors obtained in the conversion
of aniline into fuchsine. The liquor, which contains the
arsenic as sodium arsenate, is neutralised with soda, and
the colouring matter which separates is removed. Excess
of soda is then added and the strongly alkaline iiquid is
evaporated until a skin forms on the surface, andis added,
with constant stirriug, to a mixture of 30 kilos, powdered
limestone and 25 kilos, coal dust or coke for each 100 kilos,
of the saturated solution of sodium arsenate.

A reverberatory furnace is used, having an upper and a
lower sole, the lower one being heated to a moderate red¬
ness. The upper sole, having a température of about 100°, is
charged with 500 kilos, of the mixture, which when dry is
allowed to fait upon the lower sole, the air being then
almost excluded from the furnace. The fumes of metallic
arsenic may be condensed as such, or may be burned as
theylcave the furnace, the arsenious oxide being condensed
in the Usual way.

From the residues the sodium carbonate may be re-
obtained by lixiviation, wliile the limestone may be used
several times.

and heated until quite fiuid, and until a small
quantity siiows the proper appearance on cooling.
It is then poured into conical sheet-iron moulds.

Greater care is necessary in the préparation
of realgar than of orpiment, and an assay is
frequently made to ascertain the exact propor¬
tions required before the final melting.

It is hard and brittle, generally opaque, with
vitreous conchoidal fracture, orange or hyacinth
red in mass and orange red in powder. Its
spécifie gravity is 3-4 to 3'G, and its usual com¬
position is arsenic 75, sulphur 25. It volatilises
easily before the blowpipe with a smell of garlic
andburning sulphur, is insoluble in water orhy-
drochloric acid, but soluble in alkaline sulphides.

Realgar is a constituent of blue fire and of
' White Bengal fire,' which is used as a signal
light, and consists of realgar 2, sulphur 7,
potassium nitrate 24.

The finest variety, especially that which
occurs native, is used as a pigment by artists.

Orpiment. Operment. Gelbes Rauschgelb.
Risigallum. Auripigmentum (of which its usual
name is a corruption). Yellow Sulpliide of
Arsenic. As2S;l.

This sulphide is formed as a yellow pre-
cipitate when sulphuretted hydrogen is passed
through a solution of arsenious acid in hydro-
chloric acid.

Schultze (J. Pr. 25, 431) considers that
another form of the trisulphide exists which is
soluble in water.

On the large scale it is prepared by sublimïng
sulphur with arsenious oxide, 2 parts of arsenious
oxide and 1 part sulphur being a common pro¬
portion ; the colour of the product is lighter when
less sulphur is used.

According to R. "Wagner a very fine colour
may be produced as follows:—2 parts finely
ground barium sulphate are calcined with 1 part
powdered charcoal or other carbonaeeous matter,
and the product is pulverised, mixed with 1 part
ground orpiment, boiled in water and filtered.
The solution, containing a sulpharsenite of
barium, is precipitated by the addition of sul¬
phuric acid. By the addition of a suitable
amount of barium chloride before précipitation
the pigment may bo correspondingly lightened in
colour.

Orpiment is insoluble in water but very
soluble in alkaline sulphides. It was formerly
.much used as a pigment under the name of
Iiing's Tellow but now is largely replaced by
chrome yellow. The lighter varieties contain
as much as 80 to 90 p.c. of arsenious oxide,
and are consequently very poisonous. The
darker varieties contain from 1 p.c. to 15 p.c. of
the oxide and from 02 to 3 p.c. non-volatile
matter. It is used in pyrotechny, and the finer
kind, especially the minerai, is made into pig¬
ment for artists.

It was formerly used as a deoxidising agent
in the réduction of indigo blue, and in am¬
moniacal solution in silk dyeing. A mixture of
9 orpiment and 1 quicklime made into a paste
with water is used under the name of ' Rusma '

forremoving hair from skins, but is now generally
replaced by the solution of sulphide of lime pre¬
pared from the spent lime of gasworks.

Arsenic pentasulphide As,S5. The exist¬
ence of this sulphide in the free state has, until
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recently, been somewliat doubtful. Berzelius in
1826 statedtbat it was formed when sulphuretted
hydrogen is passed through a moderately con-
centrated solution o£ arsenic acid, but the preci-
pitate was generally considered to be a mixture
of the trisulphide and sulphur. Bunsen in 1878
showed that it was produced on passing a rapid
current of sulphuretted hydrogen through a liot
hydrocbloric acid solution of an alkaline arsenate,
and his results were confirmed by McCay in
1887. Still more recently, Brauner and Tomiëek
(C. J. 1888, 147) have made a quantitative in¬
vestigation of the question, and have also con¬
firmed Bunsen's statement. They find that
from a solution of alkaline arsenate containing
excess of hydrochloric acid, sulphuretted hydro¬
gen précipitâtes the pure pentasulphide both
in hot and eold solution, but much more rapidly
in the former.

Arsenic pentasulphide is totally insoluble in
water, alcohol, and bisulphide of earbon. The
dry substance, on rubbing in a mortar, beeomes
strongly electrical.

Arsenic chloride. Butter of arsenic. Caustic
oil of arsenic AsC13 is produced by the action
of chlorine on arsenic ; by dislilling arsenic
with mercurie chloride ; and by distilling arseni-
ous oxide with strong hydrochloric acid. It is
a colourless, oily liquid, of sp.gr. 2-205 £°, boiling
at 180°-2 (Thorpe).

Tire chloride and iodide are used to a sliglit
extent in medicine.

Arsenic forms a large number of organic com-
pounds with various organic radicles. Of these
kakodyl or arsenic methide may be mentioned.
It lias a very charaeteristic disagreeable odour,
and is produced when arsenious oxide is heated
with sodium acetate.

(For other eompounds of Arsenic v. Watts'
dlctionaby of Chemistby.)

ARTOCARPUS BARK. The ihner bark (bast)
of the bread-fruit tree (A. incisa) is used by the
South Sea Islanders for making ropes and cloth-
ing. According to Moeller (D. P. J. 231, 463),
this fibre would probably be a very useful one.
It can be obtained in large quantities.

ARUM MACULATUM. The common arum,
'wake robin,' or 'lords and ladies,' ' cows and
calves,' formerly known as ' abron ' janus,
'ramp,' 'starch wort,' contains a stareh which
was made into a kind of arrowroot in the Isle
of Portland, and was the active ingrédient of
' Portland powder,' a so-called spécifie for gout.
Occasionally sold in Paris as a cosmetic, under
the name of poudre de Cypre.

A. campanulatum, is used in India as a vege-
table, and also in medicine, as are other of the
Arums. Many of the Aroideœ act as poisons,
their toxic action being due apparently to the
irritation induced by the raphides contained in
the cells (Pedler and Warden, Journ. Asiatic
Soc. of Bengal, 57, 2, 106).

ASAFŒTIDA v. Gtnsi eesins.

ASARUM CANADENSE, OIL OP. Wild
ginger oil. Is used by perfumers and soap-
makers. It yields on fractioning a bodyisomerie
with oil of turpentine, a substance having the
composition of Bornéo camphor, and an oil of an
intense blue colour (Ph. [3] 11, 430).

Asarum europeeum or Asarabacca contains
asarone C20H2BO5, asarite, and a yellow

asarum oil. The leaves and root are used as an

emetic and as a counter-irritant. It is the basis
of many cephalic snuffs (Cooley).

ASBESTOS from &afle<rTos, unconsumable.
(Asbeste, Fr. ; Asbest, Ger.) When the fibres of
certain varieties of amphibole are so slender
as to be flexible, the substance is ealled asbestos,
or amianthus. Asbestos isfoundinPiedmont,
Savoy, Salzburg, the Tyrol, Dauphiné, Hungary,
Silesia, in the United States, Canada, in the
Umsinga division, South Africa ; at St. Kevern.
in Comwall, at Balta, Shetland, and at Shiness,
Sutherlandshire. A large deposit of asbestos
has been found at Gundagai, New South
Wales, and is now being mined. Asbestos is
manufacture! into fabrics for curtains, fireproof
elothing, and for filtering acids ; into ropes,
sheets, and rings, for closing flanges, for packing
small cylinders, and other purposes. It is also
used in the manufacture of fireproof paint.
White (C. N. 44, 65) suggests the use of asbestos
stoppers for combustion tubes. The purest and
most flexible asbestos is that known as Bostonite,
found in Canada. Por its manufacture and use

as a paint see S. C. I. 1, 355 ; 2, 351 ; into
tissues, &c., see S. C. I. 1, 311, 450 ; 3, 517 ;
4, 284, 530. Analyses of asbestos will be found
in the J. 33,1,463 ; 36, 1, 892.

Common asbestos occurs in fibres of a dull
greenish colour, and of a somewhat pearly lustre.
It is common in the serpentine formation at the
Lizard Point in Cornwall.

Mountain Leather or Mountain Pa¬
per is found at Wanlock Ilead. Its fibres are
not parallel like ordinary asbestos, but interwoven.

Elastic Asbestos or Mountain Cork
floats on water, and in appearance and feel is
not unlike common cork.

Mountain Wood or Ligniform Asbes¬
tos is usually found massive and of a brown
colour, having much the appearance of wood.

ASDUANA v. Beidelia base.

ASEPTOL. Trade name for o-phenol sul-
phurous acid C6H4(OH)S02H. It is a thick
reddish fiuid, of 1-45 sp.gr., having a faint odour
like phénol. It is an antiseptic, but does not
possess the poisonous action peculiar to phénol,
and is therefore recommended for surgical and
ophthalmic opérations (C. C. 1884, 720; S. C. I.
3, 530).

ASFRAX or TRAYAMANA. An Indian
drug, consisting of the flowers, flowerstalks, and
immature fruit of a speciesof Delphinmm. Used
in Bombay as a medicine, and as a yellow dye
for silk (Dymock, Ph. [3], 8, 161).

ASH in its widest sense may betaken to mean
the inorganic matter contained in animal or
vegetable substances. Usually it is understood
to dénoté the minerai matter left on the burning
or incinération of such substances. It consists
usually of the carbonates, sulphates, sulphides,
silicates, and phosphates of potassium, sodium,
calcium, magnésium, manganèse, and iron. Alu¬
minium, zinc, and copper, and also fluorine,
bromine, and iodine, together with minute quan¬
tities of other elements, are not unfrequently met
with. The inorganic matter obtained by com¬
bustion of the animal or vegetable matter fre-
quently differs both in amount and in proximate
composition from that originally présent in the
unburnt substance. At the high température of
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burning some of the minerai constituents may
be volatilised, or be mechanically carried
away by the gases which may be evolved, and
changes in the proximate nature may be induced
either by the heat itself, or by the action of the
heated carbonaceous substances. Thus chlorides
are apt to be lost by volatilisation, or a portion
of the hydrochloric acid may be expelled by
silica or phosphorie acid, or by the action of
organic acids. Nitrates and salts containing
organic acids are converted into carbonates, sul-
phates are reduced to sulphides, and the cyan-
ides and cyanates are formed by the action
of alkaline carbonates upon nitrôgenous organic
matter. Hence, in many cases, the analysis of
an ash very incompletely represents the mode of
arrangement of the various inorganic consti¬
tuents in the'unburnt substance.

Analyses of ashes have, however, afforded im¬
portant information concerning the nature and
distribution of minerai matter in organised
bodies, and they have enabled us to détermine
what are the essential inorganic constituents of
plant and animal food. The plant obtains these
constituents by the action of the roots upon the
soil, partly by a sort of digestive action on the
insoluble substances and partly by the rise of
solutions of the salts in the capillary vessels.
Minerai matters, such as potash and phosphorie
acid, are employed in the formation of new tissue ;

calcium salts and silica are deposited as an in¬
crustation on tissues already made, whilst the
soluble salts still remaining in the sap, and
which would otherwise gradually accumulate, are
eliminated either by the action of rain or by dif¬
fusion back into the soil through the agency of
the roots. Although plants appear to exercise a
certain sélective action on the minerai matter of
a soil, retaining, for example, potash whilst ex-
cluding soda, they manifest a very considérable
power of adaptation, and accordinglv plants of
the same kind when grown on différent soils may
exhibit very wide variations both in the amount
and nature of the minerai matter they contain.
The nature of the ash of certain kinds of plants
is, however, very eharacteristie. Thus, the ash
of the cereals aud the equisetums contains rela-
tively large quantities of silica, whilst that of the
lycopods is remarkable for the amount of alu-
mina—otherwise but sparingly met with in the
vegetable kingdom — which it contains. The
various algas, and many plants growing on the
sea-shore, especially of the genus Salsola, con¬
tain large quantities of soda, and certain of these
were formerly used as sources of supply of sodium
carbonate.

The following table, compiled from Wolfi's
Aschen Analysen, will serve to show the nature
of the ash of a number of important animal
products :—

Ash in
100 pts. 100 parts of ash contain-

dry subst.

K,0 Na20 CftO HgO FeaO, PaOs
8-8

S03 SiOa Cl
Blood (human) .... — 26-6 24-1 0-9 0-5 8-2 7-1 — 30-7

(ox) 3-77 7-6 45-0 l-I 0-6 9-4 5-3 3-1 0-8 34-4
Milk (human) .... 0-491 33-8 9-1 16-7 2-2 0-2 22-7 1-0 — 18-4

„ (cow) ....
Flesh (mammals)

0-72' 24-1 6-1 23-2 2-0 0-4 28-0 1-3 — 13-5
4-32 7-0 10-1 2-4 3-2 0-4 41-2 1-0 0-7 4-7

„ (fowls) .... — 30-9 18-7 3-3 4-2 — 36-4 — — 8-1
„ (fish) ....

— 21-8 14-9 15-2 3-9 — 34-5 — — 11-4
Hen's egg (without shell) . 3-48 17-4 22-9 10-9 1-1 0-4 37-6 0-3 0-3 9-0

„ „ (white) 4-61 31-4 31-6 2-8 2-8 0-6 4-4 2-1 1-1 28-8
» », (yplk). 2-91 9-3 5-9 13-0 2-1 1-7 65'5 — 0-9 1-9

In fresh substance.

ASPEROLITE. A copper silicate from Ta-
gilsk, containing 31-94 Si02, 40-81 CuO and
27'25 OH„. Sp.gr. 2-306 (Hermann, J. pr. 97, 352).

ASPHALT. Compact bitumen, Mineralpitch,
Jews' pitch, Bitumen of Judœa. (Judenpech,
Erdpech, Bergpech, Ger. ; Goudron minéral, Fr.)
A name given to the solid varieties of bitumen.
In its purest form asplialt présents the appearance
of a black or brownish-black solid substance, pos-
sessing a bright conehoidal fracture. It melts
at 100°, burning with a brilliant flame and
emitting a bituminous odour. Sp.gr. 1-0 to 1-68.
Asphalt is insoluble in alcohol and water, so¬
luble in about five times its weight of naphtha,
and in benzol. It is dissolved by alkalis and
alkaline carbonates.

.By dry distillation a yellow oil, Asphalt
oil, is obtained. It consists of hydrocarbons
mixed with a small quantity of oxidised matter.
It begins to boil at 90°, but the boiling-point
gradually rises to 250°. The portion boiling
below 200° has the sp.gr. 0-817 at 15° ; that
above 200° has a sp.gr. of 0-868 at 15°. Both

portions gave by analysis about 87-5 p.e. carbon,
11-6 p.c. hydrogen, and 0-9 oxygen, which is
nearly the composition of oil of amber (Vëlckel,
A. 88, 139). Nitric acid converts it into a resin,
having the odour of musk and the taste of bitter
almonds.

Boussingault obtained from the asphalt of
Beehelbrunn a pale yellow oil, Petrolene, having
a faint taste and bituminous odour of sp.gr. 0-891
at 21°C., and boiling at 2S0°C.

By heating asphalt to 250° for 48 hours the
volatile oils are driven oiï ; a black solid sub¬
stance, A sphaltene, is obtained. It becomes soft
and elastic about 300°C.

The purest asphalt is found on the shores of
the Dead Sea and in the pitçh lakes of Trinidad
and Mexico. Bocks more or less impregnated
with bitumen, to which the name earthy or
crude asphalt is given, are found at the Poldice
mines, Cornwall, near Matlock, Derbyskire,
at Haughmond Hill, Shropshire, at the Hot-
wells, near Bristol, in the limestone near
Glasgow, the freestone near Edinburgh, and
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generally throughout the Orkneys. Large
deposits ooeur also at Seysse], Dépt. de l'Ain,
at Bechelbrunn and Lobsann, Lower Ehine, at
Bastennes and Dax, in the Pépt. des Landes,
in the Val de Travers, Neuchatel and other
places.

Asphalt is separated from the minerais with
irliich it is assoeiated either by melting the
mass, allowing the earthy matters to subside
and removing the bitnmen, or by boiling with
water, which causes the bitumen to run out in
the melted state ; or by the action of hydrochloric
acid, which dissolves the calcium carbonate
and leaves the asphalt; or with oil of turpen-
tine, which dissolves out the bitumen. Murrie
(S. C. I. 3, 182) describes the methods used
in Italy for the extraction of bitumen from erude
asphalt.

The Val cfe Travers asphalt contains about
20 p.c. of bitumen, and it only requires the addi¬
tion of 6 to 8 p.c. of minerai or coal tar to con¬
verti it into a plastic, worlcable mastic of good
quality for pavements and hydraulic vvorks.

The modem method of laying down asphalt
pavement is to first préparé a foundation of con¬
crète, the surface of which is carefully flattened.
On this even surface, when thoroughly dry, the
melted asphalt is spread with a wooden trowel,
and the surface is finally smoothed over. The
liquid Val de Travers, Limmer's, and Barnett's
asphalts used for this purpose are ail mixed
with grit or sand, and so présent rougher sur¬
faces than those pavings which eonsist of
asphalt alone. Brande (Ger. Pat. 4,993, 1878)
mises ground slag with the asphalt instead of
sand.

Another method of paving is to break up the
bitnminous ore, and heat the fragments till
they crumble to powder. A layer of this hot
powder, from 16 to 20 inches thick, is laid on
the dry concrète and compressed by stamping
with hot irons.

Artificial asplialt, or gas-tar asphalt, is a
mixture of chalk, sand, or limestone with the
thick, pitclry residue obtained by evaporating
the more volatile portions of gas-tar. The
minerai substance must be heated to expel
moisture and adhering air, and then added
to the strongly-heated piteh.

In addition to the use of asphalt for pave¬
ments, water-tight tanks, and coatings for iron
tuhes used for conveying gas or water &c., it is
used in photography, in photo-lithograpliy and
photo-engraving, owing to the asphalt becom-
ing insoluble in turpentine after exposure to
light. In the latter case copper plates are
covered with a thin coating of pure asphaltum,
or bitumen of Judœa, dissolved in benzole or
ckloroform. When dry, the plate is exposed
behind a film to bright sunlight for half an
hour, and then developed by first softening the
soluble portion of the asphaltum with olive oil,
to whicli subsequently a little turpentine is
added. As soon as the lines arebarethe turpen¬
tine and oil must be washed away by the action
of water.

Methods for preparing asphalt for paving
aud other purposes are deseribed by Dagusan
(Ger. Pat. 4,999, 1878 ; D. P. J. 232, 547) ; Kalil-
betzer (Ger. Pat. 5,646, 1878) ; Zadig a. Neuberg
(Ger. Pat. 5,678, 1878 ; D. P. J. 233, 490) ; Clark

(Eng. Pat. 8,036, 1884; S. C. I. 5, 1S3) ; Kett-
mann (Eng. Pat. 12, 425, 1884; S. C. I. 4,
675); Eiehter (Siefenseid Zeit. 23, 272; S. C. 1.
2, 474).

Native asphalt ean be distinguished- from
artificial asphalt by extracting with carbon di-
sulphide, filtering, evaporating to dryness, and
heating the residue till it can be ground to a
fine powder ; 0T gram is treated with 5 c.c. of
fuming sulpliuric acid for 24 hours, and is then
mixed, with continuons stirring, with 10 cc. of
water. If pitch or coal tar be présent, the solu¬
tion will be of a dark brown or blaekish tint ; if
not, the solution will be of a light yellow colour
(v. Pitch).

ASPHODEL. The bulbs of Asphodèle de, Sar-
daigne, of Asphodelus racemosus, and other
species of the same genus, are said to contaih a
fermentable substance from which alcohol may
be prepared. By drying and coarsely grinding
the bulb Landerer obtained a powder which,
mixed with water, formed a strong glue. Badoil
and Lienders obtain tannin from the pulp left
after the extraction of the alcohol.

ASPIDIN v. Fimx-mas.
ASPIDOSAMINE and ASPIDOSPEKMINE

v. Vegeto-alicaloids.
ASPIKATOKS. Aspirators are used to draw

air or other gases through any apparatus con¬
nectée! with them, and were prohably first em¬
ployai by Brunner in bis analyses of air, 1830-
1840. When a vessel is emptied of liquid, air
must enter to take its place, and the common
aspirator, in its various forms, is a vessel with
two openings, the lower to serve as outlet for
the water or liquid, and the upper as inlet for
the air or gas to be aspirated. With suitable
fittings a syphon may be used instead of the
lower opening, or the apparatus may be modi-
fied into a bell-jar standing over a basin or large
jar, the air being drawn in through the neck of
the bell-jar. This is Mohr's aspirator, which is
sometimes poised like a gasholder to facilitate
filling and emptying of the bell-jar.

From their introduction, aspirators were used
not only to draw in gases through apparatus and
reagents employed, at a regulated rate, but also
to measure the gases so manipulated by simply
measuring or weighing the liquid run out of the
aspirator. For approximate readings aspirators
of glass may be graduated, and those of métal
may be provided with gauge glasses.

Numerous forms of the simple aspirator have
been invented by Brunner, Eegnault, Mohr, and

Fia. 1. Fia. 2.

others. Fig. 1 is perhaps the forrn in most fré¬
quent use, and is generally of glass, plain or
graduated. Fig. 2 is a very convenient form,
deseribed by Clemens Winkler (Industrie-Gase,
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1877, 39-11) constructed of zinc plate and
supported on a wooden tripod. The second tap
below, on the side tube, is useful in filling the
aspirator with water. Fig. 3 is the form often
used in testing the gases from chemical works.
It is simply a cubical or rectangular box made
of sheet lead, with a graduated gauge glass, and
can be opened at a to fill it witli water.

T
FlG. 3. Fig. 4.

Double aspirators. In short opérations the
simple aspirator requires no refilling nor spécial
attention after the taps are adjusted. To obviate
the inconvenience of stopping to change or refill
that would be necessary in longer opérations,
Brunner, Boisgiraud, Dancer, Muencke, and
others have contrived double aspirators so con-
nected that each vessel is alternately above and
below, and one or other always ready for use.
The aspirating bottles may be mounted on a
common axis as in Dancer's swivel aspirator,
fig. 4 (C. N. 1864, 10, 295). These swivel aspi¬
rators are very convenient, but the différence
of water-level in the two bottles is not under the
eontrol of the operator and varies between the
height of one bottle and a very small minimum.

Figs. 5 and 6 show an arrangement devised
by the author, which has certain advantages.
The bottles a and b are connected as shown,
being raised and lowered alternately. The four-

FIG. 5. Fig. 6.

way tap o (shown larger in fig. 6) has its index
i turned towards the upper bottle in aspirating
and towards the lower bottle in blowing. It is
made from a good gas tap by boring up the
centre of the plug at F, leading out the hole at
g. A small piece of métal h is then fitted and
soldered diagonally where the holes cross, a
piece of tubing k soldered on to the socket of
the tap, and an index i above the plug.

Paraffin wax is used to adjust the bottles for
exact measurement, and to obtain a fine adjust-
ment below at d, as well as above, by a mark on
the neck of the bottle. The proper quantity of
melted wax is run through a wide tube into the
warm bottle slightly tilted. A passage from the
tubulure to d at the side of the bottle is secured
by pushing an indiarubber tube through the
tubulure and fixing it in the proper position be-
fbre the wax is run in, and after the wax is quite
solid this tube is drawn out. The passage should
be curved, so that on emptying the bottle of
water the water runs out to the mark at d. The
bottles are then adjusted by weighing their con¬
tent of water between the marks and adding or
removing paraffin, till at the standard tempéra¬
ture and pressure they liold the exact quantity
of water corresponding to the volume required.
In successive weighings of bottles so adjusted
the différences should not exceed ÛT gram.

Constant or autoinatic aspirators. Instru¬
ments of this class have been invented by Guth-
rie (P. M. [4] 15, 64) and by Bonny (Winkler's
Technical Gas Analysis, trans. by Lunge, 17).
In each of them a pipe from the water supply
leads a constant stream of water into a vessel,
which, when full, is emptied by a syphon, wliose
tube is of larger size than the supply pipe. The
arrangement thus acts on the principle of the
intermittent syphon, and the vessel is filled and
emptied at regular intervais. In Bonny's instru¬
ment these are registered bya simple mechanism,
and the total volume passed is known on mea-
suring the volume passed in one opération.

The Sprengel and injector pumps may be
used as constant aspirators (v. Filteh pumps).
By means of a colleeting box attached below the
pumps to allow the gas and water to escape at
différent levels, the gas may be measured by
passing it through a small gas-meter (Davis,
S.C. I. 211).

J. Grossman (Winkler's Industrie - Gase,
218) has invented a small mercurial aspirator,
on tlie principle of the Geissler pump, with two
réservoirs, which are alternately raised and
lowered. It is fitted with registering apparatus.

In testing air and gases from confined places,
works, &c., Angus Smith, Davis, and others,
have used small pear-shaped aspirators of india¬
rubber. These are emptied by simply squeezing
in the hand. The air escapes by a valve, of
which the simplest is a small slit in the rubber
connecting-tube, opening outwards like a Bun-
sen's valve. The rubber recovering its form
draws a certain volume of gas through the test¬
ing apparatus, and it is easy to ascertain ap-
proximately the total volume of gas correspond¬
ing to any given number of times the aspirator
has been filled. Another larger aspirator of this
class is of bellows form, liko a concertina, the
folding part being of indiarubber. This aspirator
is frequently used for filling by displacement jars
or bottles with gas to be tested. The common
single-barrel air-pump or apparatus, on the same
principle, is also applied in this manner as an
aspirator. T. F.

ASSAYINCr, in its widestsense, is the art of
ascertaining the proportion of one or more
specified constituents in a substance ; the term
is most generally used in regard to the déter¬
mination of metals, whether the material under
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examination be au ore or metallurgical product
or an alloy. As a rule the opérations performed
are directed.to the détermination oî only a single
métal in the sample, constituting a copper, gold,
silver, &c., assay, but oecasionally, as for example
wlien silver and gold are assooiated in the same
substance, it becomes necessary to détermine the
proportion of both by what is known as a
' parting ' assay.

It would be impossible within the limits of
a single article to give any useful account of the
entire art of the assayer, eovering as it does so
extensive a field, and the reader who desires
detailed information must be referred to spécial
works, sueh as Mitchell's Manual of Assaying,
Balling's Manuel Pratique de l'Art de l'Essayeur,
or Bruno ICerl's Metallurgisehe Probirkunst.

It will be well to give some brief account of
such implements and apparatus as are required
for the ordinary work of the assayer, but not, or
only on rare occasions, by the analytical chemist.

The ordinary chemical balance can of course
be made to serve for much of the work of an

assayer, but it is needlessly large and corre-
spondingly slow in action. Moreover, for bullion
assaying, and in other cases where the amount
to be weighed is either very minute or very
valuable, a more sensitive balance is essential.
Assay balances are thus very light, and should
not be loaded with more than one or two grains
in each pan. The best are adjusted to turn one
scale division with as little as ^th milligram.
At the présent day short beams, about 6 inches
in length, are much in vogue, and excellent
instruments are made for the use of assayers
travelling abroad, which are both portable and
accurate.

As a substitute for the balance, Dr. Black
suggested a simple appliance which it may be
useful to deseribe ; and it bas been found possible
to dispense altogether with a delicate balance
where a small bead represents the final resuit of
the assay, and it is known to consist of only one
métal, gold for example, by accurately measuring
the diameter of the button, and comparing it
with a scale previously prepared experimentally.
Such a method lias been even applied to beads
of microscopie dimensions by placing them on
the stage of a microscope and measuring by
means of a micrometer eyepiece.

Black's extemporised balance consista of a
light piece of pine, 12 inches long and 0-3 inches
wide at the middle, tapering both in breadth and
thickness towards either end. This is supported
at its centre on a thin needle fixed transversely
on the upper face and resting on narrow brass
planes, and it is divided accurately into 10 equal
parts on either side of the centre. By placing
the piece to be weighed on one side and adjusting
the position of one or more of three weights
(1 grain, 01 grain, and O'Ol grain) on the other
side, the weight, not exceeding about 11 grains,
ean be very approximately ascertained.1

One or more ordinary balances should be
provided for use in weighing samples and other
rough work, but these do not call for spécial
remark.

A few words should, however, be said about
tbe weights, which frequently differ from the

1 Faraday's Chemical Manipulation, 64.

oommon gram or grain sériés used in chemical
analysis. Much tedious calculation is avoided
by so marking the weights that their face-value
shall give at once the resuit of the assay. A few
examples will at once make this method évident.
If the unit weight taken for an assay of gold be
marked 1000 and a number of subsidiary weights
be provided bearing their several values in ternis
of this unit, it will only be necessary to weigh
the resulting pure gold with these subsidiary
weights in order to obtain the millesimal pro¬
portion of precious métal in an alloy without
resorting to calculation. Again, in assaying silver
by précipitation as chloride (v. page 212), since
18'817 grains of pure silver are contained in 25
grains of chloride, it follows that if 18-817
grains of an alloy be always taken for assay, and
the resulting chloride be weighed out with a sériés
of weights with a unit of 25 grains, which is
marked 1000, the subsidiary weights of this
sériés will indicate the resuit of the assay with¬
out calculation. These examples will suffice
to show how a sériés can be arranged for any
spécial purpose, as, for example, a given weight
being taken as an ore sample, to ascertain the
number of ounces, pennyweights, and grains per
ton of ore.

The furnaces employed in assaying are of
two kinds, mufle and wind furnaces.

Tlie mule is a small oven of refractory fire-
clay, open at the front and usually having an
arehed top ; at the back are small openings for
inducing a draught througk the muffle (when in
positioninthe furnace). Acommonform is shown

Pis. 1.

in fig. 1. The size varies according to the amount
of work usually done at one time, but those used
at the Royal Mint, and measuring 37 cm. in
length and 19 cm. in breadth outside at the base,
may be considered full-sized. The furnace itself
is made of wrought iron lined with firebrick, or
entirely of firebrick, and is provided with
openings for regulatiug draught, charging with
fuel, removing fire bars, &c., when necessary,
and the muffle is set to slope from back to front
so that ail objeets on the floor may be clearly
visible. The fuel may be charcoal, coke, or an¬
thracite ; many forms of mufïïe furnace also exist
in which the heating is effected by gas. A
sectional view of a full-sized muffle furnace, as
used for gold assaying in the Royal Mint, is
shown in fig. 2. Draught is regulated by tbe
damper and by several sliding doors, as well
as by a hinged door, through which also fuel
is introduced. The mouth of the muffle is
closed by the plumbago block, and by a sliding
plate.

The wind melting furnace required for assay
opérations does not demand spécial description,
as it differs in no essential respect from that
ordinarily used by the metallurgist.
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It must suffice to pass the several small im-
plements and appliances required in rapid review,
and the accompanying figures mil render de-

INTERNAL

WIDTH QF

ruRNACE

15 4"

Fia. 2.

tailed description the less necessary. The cru-
cibles generally used are either Cornish, French,
orplumbago (a, fig. 3), or, in the assay of galena,

Fia. 3.

wrought iron, and the sizes used vary to suit
spécial requirements. Roasting dishes made of
fireclay (a, fig. 4) are for the calcination of

Fia. 4.

ores ; scorifiers, c, used in the process of scorifi-
cation (v. p. 209) ; cupels of various shapes and
sizes, d, are made of compressed bone-ash, and

are required for the assay of the preeious metals
(v. page 210).

An assay laboratory is also provided with
various forms of tongs, scoops, ingot-moulds, and
furnace implements, such as are shown in figs.
3 and 5.

It will not be necessary to enumerate the re¬
agents required. Their number is not great, and
they may be classified under the several lieads :
Fluxes, Oxidising and Reducing Agents, Sul-
phurising and Desulphurising Agents, and
Solvents.

The above summary has spécial reference to
the requirements of a laboratory for the making
of assays by the dry method. Into the several
methods of assaying by electrolysis and in the
wet way, with one exception in the case of silver,
it will not be possible to enter within the limits
of this article ; they will be found fully described
in the several works above referred to.

In what follows it is proposed to describe in
some détail the methods usually adopted for the
assay of gold and silver, as being the most
delicate work in whieh the assayer can be en-
gaged, and as the assay of the preeious metals
often involves a knowledge of the assay of lead,
it may be convenient to give some account of
the methods ordinarily adopted for ita détermi¬
nation.

Assay of lead. Numerous methods have
been suggested from time to time for the assay
of lead both in the wet and dry way, but that
involving fusion in contact with iron is generally
practised, and is, at the same time, both easier
and more reliable than other methods. It will
therefore alone be described.

This process, available for the assay of ail
sulphides of lead, dépends on the desulphurising
action of iron at an elevated température. The
iron may be applied by performing the opération
in a wrought-iron crucible or dish, or by intro-
ducing a piece of hoop iron or nails into the
mixture contained in an eartbenware crucible.
The first of these, the iron crucible, is generally
preferred as giving results most closely in accord
with the actual content of the sample operated
upon.

The following assay-charges are recommended
by Fercy, No. I. being specially for rich ores,
comparatively free from vein-stuff, while No. II.
is applicable for either rich or poorer ores :—

I. II.
Grains. Grains.

Ore 500 500
Carbonate of soda . . . 500 350
Borax ........ — 150
Argol (bitartrate of potash) 50 50

The ore, after being reduced to powder in an
iron mortar, is dried at a moderate température,
passed through a sieve of from 40 to 60 holes
per linear inch, and the required sample weighed
out and mixed with about three-fourths of the
flux indicated above, the remainder being placed
just behind it in the charging scoop ; the
borax, however, when used, is not mixed with
the other constituents, but placed at the back of
tlie scoop for charging, and behind the unmixed
flux. Thus arranged the charge is introduced
into the iron crucible, previously heated to dull
redness, when it is at once re-introduced into
the furnace. The température having been
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gradually raised to full redness and any metallio
globules &o. adhering to the walls of the
crucible thrown into the molten mass, and ail
signs ot effervescence having disappeared, thè
crucible is removed from the furnace in from 10
to 15 minutes after its introduction. After par¬
tial cooling the entire contents are poured into
a hemispherical ingot mould, care being taken
that no particles are left behind in the crucible.
It only remains to detach the lead button from
adhering slag by tapping on an anvil ; clean with
a brusk and hot water or with dilute sulphuric
acid, and weigh. Any sulphate or carbonate of
lead présent in the ore will be reduced by the
argol added, but if the ore be a phosphate or
carbonate, a modified assay-charge is adopted
and earthenware cruoibles are always employed.
Percy gives the following as suitable, Nos. III.
and IV. for a phosphate, and V. for a carbonate.

III. IT. V.
Grains. Grains. Grains.

Ore 300 300 500
Carbonate of soda 400 350 500
Charcoal powder .20 — —•

Argol — 100 100
Borax .... 30 30 30

Assay of gold and silver. These two metals
are so constantly associated in nature and in the
arts, and the principal stages in their assay hy
the dry way so elosely resemble one another, that
no inconvenience need resuit from treating of
the assay of both together. Indeed, such an ar¬
rangement will render it possible to give a more
conneoted account of the entire process.

In the case of ores, metallurgical products,
'sweep ' containing gold and silver, &c., a pre-
liminary opération is necessary in order to free
the precious metals from associated vein-stuff,
carbonaceous matter, &o., previous to the assay
opération proper, but otherwise the dry assay of
the precious metals by cupellation is the same
for ores &c. as for bullion and other alloys con¬
taining gold and silver.

This preliminary treatment has for its object
the collecting of ail the precious métal présent
in the sample in a button of lead, a resuit which
may be arrived at by either scorification or by
jmion, often called the pot method. In cases
where carbonaceous matter is présent, as in the
assay of ' sweep ' or residues obtained from
factories where the precious metals are manipu-
lated, it is necessary to resort to a previous
roasiing or combustion. The following system
is found convenient in the Boyal Mint for
making assays on ' sweep ' containing a large
proportion of graphite, the resuit of grinding up
pots in which bullion has been melted, &c.

From the sample as received 2,400 grains are
weighed, dried, and reweighed; the différence
between these two weighings giving the moisture.
Calling the second weight found W and the
différence or weight of moisture M, we then bave

W = (2400— M) grains.
The dried sample is ground in an iron

mortar, passed tlirough a sieve of 60 holes to the
linear inch, and the metallic residue collected
and cupelled separately. Calling the weight
which passes through the sieve W,, it is évident
that ^ will be the proportion obtained from 600
grains of the initial sample.

Vol. I.-T

This weight, is now roasted in a roasting
dish (a, fig. 4), by heating to a red beat in an
open mufïie, whereby ail combustible matter is
removed. It is again weighed on cooling, and
its weight, W2, divided into three equal por¬
tions for scorification. Eachof these portions,

will thus correspond to 200 grains of the

original sample.
For each scorification charge are taken 800

grains granulated lead and 50 to 100 grains borax
(this somewhat increased portion as compared
with that prescribed below being due to the in-
tractability of the graphite) ; half the lead
having been mixed with the above weight,
and the borax, is placed in the scorifier (c, fig. 4),
and covered with the remaining lead. The three
scorifications are then proceeded with as ex-
plained below.

In preparing an ordinary sample for scorifi¬
cation, if an ore or other metallurgical product
previously roasted, it is first weighed as received
and after drying, and then reduced to powder and
passed through a sieve having 80 holes to the
linear inch, any metallic particles or ' metallies '
left behind on the sieve being carefully collected
and assayed separately. Percy recommends that
the following proportions be taken for the charge :

Sifted ore . . 50 grains.
Granulated lead 500 to 1,000 grains.
Borax ... 5 grains.

The ore being mixed with about half the lead
in a scorifier, the remaining lead spread evenly
over it, and the borax on the top, the scorifier
is left in a mufïie, with the door closed at first
and then slightly opened, and heated above the
température required for cupellation (v. page 210).
On the conclusion of the opération, after about
three-quarters of an hour's steady fusion, 3 or 4
grains of anthracite powder wrapped in paper are
added in order to olear the mass of litharge of any
particles of silver that may be entangled in it (by
redueing a small quantity of the oxide to the
metallic state), and the scorification willbe com¬
plété as soon as quiescence is restored. The
scorifier is at once removed and its contents

poured into the mould (b, fig. 3). On cooling
the slag is detaehed from the button of lead by
a hammer, and this button is cupelled in the
manner subsequently explained, to extract the
precious métal it contains.

When the pot method is resorted to for col¬
lecting the silver, it is necessary to vary the pro¬
portions of the ingrédients taken according to
the composition of the ore operated upon. For
ordinary qualities, containing only a smail pro¬
portion of other metals, the following are reeom-
mended :—

Ore (according torichness) 100 to 500 grains.
Bed lead 500 „

Charcoal powder. . . . 20 to 25 „

Carbonate of soda (about) 250 „

Borax .... „ 250 „

The last two may require varying, an increase in
one being accompanied by a corresponding de-
crease in tbe other.

After mixing the above (except a little of the
borax) the charge is introduced into a crucible
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by means o£ the scoop (c,fig. 3), and the remain -

ing borax placed on the top. The température
of the crucible is gradually raised, and in about
a quarter of an hour it is removed from the fur-
nace and its contents poured into a mould, as
explained under ' scorification ' ; the subséquent
opérations are the same as there specifîed.

The method of assay of gold and silver by
cupellation being the same, whether it be an
alloy or a lead button, obtained by either of the
above methods, it will be convenient to proceed
at once to explain the several stages through
which a bullion assay passes, as thereby répé¬
tition will be avoided and it will be obvious how
much of the treatment described applies to the
argentiferous or auriferous lead button.

Cupellation assay of gold and silver. If a
current of air be allowed to pass over a bath of
molten lead containing varions other metals, the
lead will be converted into its oxide—litharge —
and this litharge will hold the oxides of such
oxidisable metals as are présent in solution. If,
further, the containing vessel be porous, this
solution will be absorbed as it is formed and,
when the whole of the lead has been thus ab¬
sorbed, there will only remain on the surface of
the vessel such metals as are not oxidisable.
Cupellation is the method by which this fact is
taken advantage of for the removal of precious
or unoxidisable metals from others with which
they may be assoeiated.

In order to extract the gold or silver (or both
together) from the lead buttons obtained as
already explained by the pot and scorification
methods, they are placed in ' cupels ' (d, fig. 4)
of convenient size, previously raised to a red
heat in the muffle. The température is main-
tained and the draught regulated so as to gradu¬
ally oxidise the lead in the manner above de¬
scribed ; on the completion of this process, which
is immediately preceded by the rapid passage
of brilliant iridescent eolours over the surface of
the button, the furnace is closed to allow the
button to set, and, whenremoved from the furnace,
it only remains to detach adhering bone-ash by a
brush and weigh. In cases in which gold exists
in presence of silver the opération is, however,
not yet complété, and the further treatment will
dépend on whether it is required to détermine
the silver présent or not. In the first case a
'double parting,' and in the second a 'single
parting ' assay must be made in the manner
explained below.

Assay of gold bullion and alloys. A piece
of the métal to be examined is accurately ad-
justed to correspond in weight with a standard
weight or ' assay pound.' This varies with
différent assayers from 5 grains to about 16, but
^ gram (or 7'716 grains) may be taken as a
convenient unit. To this is added a piece of
silver (free from gold) equal in weight to about
21 times the gold estimated to be présent in the
alloy (which if not already known can be aseer-
tained by a preliminary rough assay or by the
touchstone, page 211) and the whole is wrapped
in sheet lead, the weight of which dépends
mainly on the amount of copper to be removed,
and varies from 8 to 32 times the weight of
métal taken for assay. A number of these paekets
as they are formed are placed in numbered
compartments in a divided tray which correspond

to the positions occupied by the cupels, already
raised to a bright red heat in the muflie. Each
packet having been transferred by a pair of long-
nosed tongs (fig. 5) to its cupel, the muffle mouth

Fig. 5.

is nearly closed and the heat maintained. In
from 10 to 20 minutes the iridescent band

already referred to will be observed passing over
the surface, and a few minutes later the muffle
should be closed to allow the buttons to set,
although some practised assayers prefer to save
time by removing them while still molten. Tke
buttons may now be considered to contain only
gold, with about 21 times its weight of silver,
the lead having eliminated the copper and
other oxidisable metals. The silver consists
mainly of that added in making up the lead
paekets, but also includes such silver as may bave
been présent in the gold. Indeed it is mainly this
possibility of silver being présent that renders
it necessary to add the silver at ail, for the gold
would protect any small proportions of silver
from the action of the nitric acid into which
the assays are subsequently introduced, and so
prevent its complété removal. The buttons (a,
fig. 6) after being brushed to detach adhering
bone-ash, are flatted, 6 (to about the size of a
sixpence when a ^-gram pound is taken), an-
nealed and rolled in a small hand flatting mill
to the thickness of a visiting card, c. After this
' fillet ' has again been annealed, it is coiled into
the form d (when it is known as a ' cornet '),
between the thumb and first finger, in which form
it is ready for treatment with nitric acid. If
gold assays are only occasionally done, ' parting
flasks,'6, fig.4,sufficeforthis opération, butwhere
large numbers are frequently made, the platinum
boiling apparatus described below is strongly
recommended ; but in this case the assayer must
have sufficient knowledge of the gold operated
upon to be sure that none of the assays will
break up in boiling, as such an accident would
render ail the others unreliable.

The first-named method ' is conducted as

follows. The cornet is introduced into about
2 ounces of nitric acid (sp.gr. 1-2), previously
raised to the boiling-point, and the boiling is
continued for 10 minutes ; the flask is nearly
filled with hot distilled water, the liquid decanted,
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and 2 ounces of stronger acid (sp.gr. 1-3) added
and boiled for an additional 15 minutes. The
fiask having been filled twice with hot distillée!
rater and decanted, is filled a tliird time and
inverted, after placing a small porous cruciblè
or ' annealing pot,' e, fig. 4, over its mouth. The
pure gold thus falls gently into tkis pot, the
fiask being slowly raised allows water to fill it,
and the fiask itself can then be moved off hori-
zontally while held vertical without disturbing

c

Fia. 6.

any fine partioles in the pot. Xt only now remains
to decant the liquid, dry and heat the pot to a
dull redness, when the gold will eohere, e, fig. 6,
and change in colour from red to the ordinary
yellow tint, in which condition it is weighed.

The accompanying illustration (fig. 7) shows
a pair of platinum boilers, as used in the Boyal
Hint. Each is 20 cm. in diameter and about
14 cm. deep, these dimensions depending on the
size of the platinum tray to be introduced and

Fia. 7.

the amount of acid required. The tray a is
perforated and contains 144 platinum cups or
thimbles, also perforated, to allow of free circu¬
lation of the acid. A smaller tray, 6, eontaining
36 cups, is also shown, for use when a small
number only of assays require to be boiled, and
it is used in conjunetion with pans of corre-
sponding size. The platinum hook, c, is for
introducing or removing the tray. Heat is
applied below by large Bunsen burners, and the
hoods, d, d, rest in water troughs, as do also the
condensing tubes, c, e. A portion of the acid
vapour is condensed in a jar placed below the
platinum Connecting piece, /, while the remain-
der, passing up the earthenware tube, g, is re-
ceived and condensed in a vessel contained in h,
which is filled with water, and eollected at j,
any uncondensed fumes passing into the chimney

through a long vertical glass tube that rests in
the opening k. Acids of the same strength as
are used with flasks may be used in such
pans, but the boiling should be more pro-
longed, and care is neeessary that sufficient is
présent to ensure its not boiling to dryness. It
is usual to wash the tray in hot distilled water
before introducing it into the second pan. After
removal from this latter the tray is washed and
raised to a dull red heat in the muffle. On
cooling the assays are ready for weighing, and
it is usual to make two or more assays on chemi-
eally pure gold at the same time, and to apply
the mean ' surcharge ' or différence between their
initial and final weighings as a correction to ail
the assays made at the time.

Double parting assay. The above is the
method adopted for the détermination of gold, but
if it is required to ascertain also the amount of
silver présent, a slight modification becomes
neeessary. The sample is wrapped up as before,
in lead foil, but no silver is added. The result-
ing button, having been brushed and weighed,
is now again wrapped in lead with the neees¬
sary silver, and an ordinary parting assay made.
The gold présent is given by the weight of the
cornet, and that of the silver by subtraeting the
weight of cornet from that of the button first
obtained.

To détermine small quantifies of gold con¬
tained in silver, dissolve a weighed quantity in
nitric acid (sp.gr. 1-2), collect, ignite, and weigh
the resulting powder of gold.

Assay by the touchstone. This aneient
method consists in comparing the colour of the
streak produced by a sample of gold of unknown
composition on a black surface with those from
a sériés of known compositions, after ail have
been treated alike with nitric acid. Any abrad-
ing surface on which the acid is without action
can be employed for this purpose.

Assay of silver by the wet method. When
the proportion of silver présent in an alloy is
quite unknown, the cupellation method.of assay
already described is always adopted, but if the
composition is known within certain narrow
limits, as for example, when refined ingots or
coin are in question, the volumetric method
of Gay-Lussac has many advantages and is
mueh employed. It dépends on the fact that
since silver is eompletely precipitated as chloride
from its solution in nitric acid by the addition
of liydrochloric acid or common sait, the quantity
of pure silver présent in solution can be ascer-
tained by observing the bulk of a normal solution
of either of these that is required for its com¬
plété précipitation. As an illustration of the
method of procédure, let it be required to ascer¬
tain precisely the proportion of silver présent in
an alloy whose composition is known approxi-
mately to be 900 (that is, 900 parts in 1,000).
Now take such a weight of the métal as to
ensure there being rather more than 1 gram
présent in it. If W be the weight eontaining
exactly 1 gram, of course W = -ipjp = 1-111
gram alloy. The quantity required for assay
will thus be, say, 1-115 gram, and this is dissolved
in about 4 oz. of nitric acid (sp.gr. 1-2) with the
aid of heat. A measured quantity of normal
sait solution is now introduced from a pipette,
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the form of which varies ; that devised by Stas
and eontaining 100 e.cm. is very convenient, and
a pair, as used in the Iîoyal Mint, adjusted
to equal capacity, are shown in fig. 8. The
liquid is first introduced into the pipette d
through an indiarubber tube as shown at a,
leading from a 20-gallon réservoir at an élé¬
vation of abont 4 ft. ; any solution that escapes
at the upper end is reeeived in the platinum

spoon-shaped tube 6, the under side of wliich is
shown by the detaehed tube b\ and by it led to
the bottle c. Whenthe pipette is full, the upper
end is closed by the finger, the tube rernoved,
and a bottle eontaining silver in solution placed
underneath. The métal is immediately precipi-
tated as a white chloride, whieh may be eaused
to agglomerate by a few minutes1 shaking, either
by hand or in a specially arranged shaking tray.
If the normal solution is of the exact strength
(and any déviation ean be aseertained by making
an assay eoncurrently on ehemically pure silver),
1 gram of silver will have gone to form this
chloride,. and any exeess will be retained in
solution in the supernatant liquid ; it only re¬
mains, therefore, to détermine its amount. This
is done by adding first 1 c.cm. of a décimal sait
solution (eaeh ccm. of which will therefore
precipitate 0-001 gram silver) and again shaking,
after adding further c.cms. or not, as is judged
necessary from an examination of the ' cloud '
or superfieial layer of chloride produced by that
first added. This opération is continued untii
it is found that no further precipitate can be
produced ; the amount of silver présent is then
readily determined from the total amount of
sodium chloride required for its précipitation.
The observation of these delicate précipitâtes is
mueh facilitated by standing the bottles on a
dead black shelf in the window, with a ledge at
the back of such a height that the light passes
only through the upper portion of the liquid
contained in them.

Assay of silver by weigliing tlic resulting
chloride. This method, ordinarily used at the
Indian Mints, consists in taking a constant
weight of the alloy (18-817 grains, v. p. 207)
which is dissolved in nitric acid of sp.gr. 1-2 and
diluted with water. An excess of hydrochlorie
acid is added to insure the précipitation of ail
silver présent. After being two or three times

washed with distilled water and allowed to rest,
the silver chloride is transferred to a cup, dried
at a température not exceeding 170°C. and
weighed while warm, the weights used giving
the percentage of silver présent in the alloy,
without calculation, as explained at page 207.

W. C. E. A.
ASSAY OF FUEL v. Fuel.
ASTATKI. A Russian term, signifying ' dregs,'

applied to the residue left in the distillation of
Baku petroleum after the volatilisation of the
kerosene, and now largely used as fuel in the
Caspian région (v. Peïeoleuh).

ASTERIA v. Coiîundum.
ASTRALINE. Russian petroleum oil, used

for burning (v. Petroleum).
ASTRALITE. A glass resembling aventurine,

but eontaining crystals of a cupreous eompound
which by reflected light exhibit a dichroic iri-
descence of dark red and greenish blue. Made
by fusing and allowing to cool slowly a mixture
of 80 pts. silica, 120 lead oxide, 72 sodium car¬
bonate, 18 borax, with either 24 pts. scale oxide
of oopper, and 1 pt. scale oxide of iron, or with
5 pts. lime, 26 copper oxide, and 2 iron oxide.

ATACAMITE. A native copper oxychloride,
originally found in the desert of Atacama, Peru.
It occurs in the mines of Schwartzenberg, Saxony ;
abundantly atAlgodenBay ; Bolivia; at Wallaroo,
Yorke Peninsula, and at Burra Burra in Australia.
It dissolves easily and completely in aoids and
ammonia.

Analyses :
Cu Cl CuO OH, SiO,

13-73 15-38 55-01 13-51 Insol. (from Wal¬
laroo Cloud, C. N. 34, 254).

CuCl, CuO OH, SiO,
13-218 64-709 14-491 7-599 (Liversidge, C.J.

[3] 40, 991),
(v. COPPER.)

ATHAR or ATTAR. Indian naine for vola¬
tile oil of roses (v. Attar of roses).

ATLAS DYNAMITE v. Explosives.
ATLAS POWDER v. Explosives.
ATLAS SCARLET v. Azo- coloueing hattebs.

ATMOSPHERE. The gaseous envelope sur-
rounding any liquid or solid body ; more parti-
cularly the gaseous envelope which surrounds
the earth, and which is commonly known as air.
The thickness of this aerial envelope is iiot
known even approximately, but it is quite certain
that it exceeds 45 miles measured from the
earth's surface, which vas the limit assigned to
it by Wollaston. Seeohi calculated that air
exists even at a height of 200 kilométrés above
the earth's surface. Tlie mass of the atmo¬

sphère forms, lilte the earth itself, an oblate
spheroid, the polar axis of which is muclr shorter
than the equatorial axis, the ratio of the two
axes being, according to Laplace, as 2 to 3.

The pressure of the atmosphère at any parti-
cular spot may be measured in terms of the height
of a column of mercury which it is capable
of sustaining. It follows, from the law oi
Boyle, that the density of the air rapidly dimi-
nishes witli the height. For air of constant tem¬
pérature, its density, or, what cornes to the same
tking, tire height of the mercurial column,
should diminish in géométrie progression whilst
the distance from the earth increases in arith-
metic progression. The pressure, even at the
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same place, is continually varying, from a variety
of causes, and hence the height of the barometur,
as the mercurial eolumn was first termed by
Boyle, is practieally never absolutely constant.
The averago height at any one spot at the sea-
level is mainly dépendent upon the great rnove-
ments of air whioh resuit from the effect of
the earth's motion upon the gaseous envelope,
combined with variations in the density of the
aerial mass due to solar action.

According to Eegnault, 1 litre of dry air, free
from carbonie acid and ammonia, measured at 0°C.
and 076 m. pressure, at Paris (lat. 48° 50'), and
at a height of 60 m. above the sea-level, weighs
1-293187 grams. Lasch found tliat 1 litre of pure
air at standard température and pressure weighs
at Berlin (lat. 52° 36') 1-293635 grams.

The Bureau Internat, des Poids et Mesures
adopts for the weight of 1 litre of dry air, con-
tainmg-04 p.c. carbonie acid, at the normal tem¬
pérature f, and under the normal barometric
pressure of 1 mm.,

p.._ 1-293052 1'
1 +-00367 760'

on the assumption that -00367 is the expansion
coefficient of air at constant pressure for a nor¬
mal degree. Por purposes of ordinary chemical
calculation it may be assumed with suffieient
aceuracy that 1 gram of air measures at standard
température and pressure 773 co.

The total weight of the atmosphère is about
11 trillions of lbs., or about 5 trillion kilos., and
the relative amounts of the chief constituents
may be assumed to be—

Trillions kgm.
Nitrogen . . . 4-041200
Oxygen.... 1-218040
Carbonie acid . . -003156

5-262396

Herscbel calculated that, allowing for tbe
space occupied by the land above the sea, the
mass of the atmosphère is about Iao1ooU part of
that of the earth.

Theunitofpressure adopted by engineers
and others, and styled an atmosphère, is an
amount equal to the average pressure of the
atmosphère at the sea's level. In British mea-
sure au atmosphère is the pressure équivalent to
29-905 inches of mereury at 32°P. at Loudon,
and is about 14-73 lbs. on the sq. inch. In
the metrie System it is the pressure of 760 mm.
(29-922 inches) at 0°C. at Paris, and is equal to
1-033 kilos, on a sq. centimètre. Plence the
English ' atmosphère ' is 0-99968 that of the
metric System.

The spécifie heat of air at constant pressure
is 0-2374 (itegnault). Its coefficient of thermal
expansion between — 30° and 200° is -003665 for
1°C.

Under a pressure of 200 atmosphères, and at
the low température produeed by the evaporation
of liquid nitrous oxide, air may be liquefied.

Comparatively little of the sun's heat is
absorbed in its direct passage through the air.
According to Tyndall, a eolumn of air 1 metre
long absorbs 0-088 p.c. of the heat which passes
through it. According to Violle, and also Lecher
and Pernter, the amount is not greater than
0-0070 p.c. This absorption is mainly due to

aqueous vapour, and, in a lower degree, to car¬
bonie acid and suspended organic matter. The
air mainly gets its heat by radiation from the
earth, and henoe, as a rule, it is hottestnear the
ground. The law of the décrément in tempéra¬
ture corresponding to height is not known ; it is
usually stated to be about 1° for every 195
métrés, but the rate is liable to very great varia¬
tions.

Air is not perfectly transparent. Its particles
refleet and scatter light in suffieient quantity to
obscure the light from the stars. The blue colour
of the sky is due to the fact tliat the most re-
frangible rays are most widely scattered. In the
higher régions of the atmosphère, where the
amount of reflected light becomes less and less,
owing to the inereased density of the air, the sky
appears to grow gradually darker. Brewster first
proved that the blue light from the sky, as weli
as the white light from the olouds, was due to
reflected light by the fact that it was polarised.

Suspended matter, dust, smoke, aqueous
vapour in a state of partial précipitation, &c.,
greatly diminish the transparency of air. Wild
gives the following numbers as representing the
transparency coefficient of 1 metre of air :
Dry air (free from dust) . . . 0-99718
Air of a room (dry, but containing dust) 0-99520
Air free from dust, but saturated with

aqueous vapour .... 0-99328
The refractive indices of dry air at standard

température and pressure for the Fraunhofer
lines A, B, C, D, E, E, G-, H, are, according to
Eetteler (P. 124-401),

mA = 1-00029286
îiB = 1-00029345
mC = 1-00029383
mD = 1-00029470

as follows :

«E = 1-00029584
wF = 1-00029685
«G = 1-00029873
«11 = 1-00030026

The émission spectrum of air has been mapped
by Huggins (T. 154, 139) and Angstrôm (P. 94,
141), and the spectrum of lightning by Kundt
(P. 135, 315), who has shown that forked light¬
ning gives a line spectrum, whereas sheet
lightning gives a band spectrum. The absorption
spectrum of air was first mapped by Brewster
aud Gladstone, and has been further examined
by Janssen and Cornu. Chappuis (C. R. 91,988)
has also studied this spectrum and cornes to the
conclusion that the blue colour of the sky is
due to ozone ; v. also Hartley (C. N. 42, 208).

Air, owing to the oxygen it contains, is a
magnetic substance. The diurnal variation in
magnetic declination has been ascribed to the
varying magnetic potential of the oxygen due to
altérations in température.

Air is a mixture of nitrogen, oxygen, aqueous
vapour, carbon dioxide, with minute quantities
of ozone, hydrogen peroxide, ammonia, nitrous
and nitrie acids, hydrocarbons, &c. That the
air is not a chemical eompound of its eomponent
gases is proved by the facts : (1) that these gases
are not présent in any constant ratio ; (2) that
air can be made by simply mixing its consti¬
tuents in the proportion indicated by the analysis
of air, without contraction or any thermal dis-
tairbance resulting ; (3) that on treating air with
water and expeliing the dissolved air by boiling,
the proportion of the oxygen to the nitrogen is
found to be inereased, and in amount correspond¬
ing with the law of partial pressures ; (4) that
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the constituents of the air can be mechanically
separated by processes of diffusion ; and (5) that
the refractive power of the air is equal to the
mean of the refractive powers of its constituents,
whereas in compound gases the refractive power
is either greater or less than the refractive power
of the elements in a state of mixture.

The amount of oxygen in air may be aseer-
tained by measuring the diminution in volume
which a lmown bulk expériences when in contact
with some substance capable of absorbing or
combining with oxygen gas. Among the sub¬
stances which may be conveniently used for this
purpose are—

1. Phosphorus. A fragment of phosphorus
on the end of a platinum or copper wire is
exposed to a measured volume of air standing
over water or mercury until no further decrease
of volume is observed (Berthollet). Lindemann
(Fr. 1879, 18, 158) employs thin sticks of phos¬
phorus for the same purpose in the Orsat appa-
ratus (v. Gas analtsis). At température below
7° the oxidation of the phosphorus ceases.

2. Pyrogallol in alkaline solution. Chev-
reul, in 1820, first suggested the use of this
reagent. The absorption is apt to be accom-
panied by the formation of notable quantities of
carbon monoxide if the amount of oxygen is
large or the alkaline solution very concentrated.
According to Hempel (B. 20, 1865), the best
proportions are 5 gr. pyrogallol dissolved in
15 c.c. water mixed with 120 gr. caustic potash
dissolved in 80 cm. of water. Practically, no
carbon monoxide is formed with this solution.
The absorption is very rapid (Hempel, B. 18,
267 and 1,800).

3. Metallic Copper. A spiral of copper wire
is heated to redness in dry air free from
carbonic acid and of known tension until the
whole of the oxygen has combined with the
métal to form cupric oxide. The tension of the
residual gas is then determined, whereby the
amount of nitrogen is ascertained, and hence
the amount of oxygen. An apparatus on this
prineiple was suggested by Jolly (W. N. S. 6,538) ;
it is seen in fig. 1.

The glass vessel a, of about 100 c.c. capa-
city, is exhausted by the mercurial pump, and is
replenished with the air under investigation.
This is then cooled to 0° by surrounding a
with the metallic cylindêr b, which is filled
with melting ic6. The tension of the confined
air is measured by the height of mercury in the
glass tubes g and d, which are connected together
by caoutchouc tubing. The tube g is movable
in the clamp /, the position of d being fixed with
reference to a. By turning the three-way stop-
cock- b, a and d may be alone brought into
connection, or both may be made to connect
with the outer atmosphère. The cock is now

. so turned that a and d are alone in connection ;
the tube g is now raised until the level of
the mercury in d just touches the point m,
when the tension of the air is read off on the
graduated scale behind g. The copper spiral in
a is next heated to redness by an electric current,
whereby the heated métal rapidly combines with
the oxygen. The cylinder b is once more placed
round a, the residual nitrogen cooled down to 0°
by means of melting ice. and its tension mea¬
sured by adjusting the level of the mercury to m,

and reading off the height of the mercury in g.
If, for example, the pressure before abstracting
the oxygen was 702-56 min., and after the ab¬
straction was 555-70 min., then 1 volume of the

Fig. 1.

air would be reduced to
555-70

= -79096 vol.,
702-56

or expressed centesimally, the composition of
the air would be

Nitrogen .... 79-096
Oxygen .... 20-904

100-000

Kreusler has shown that unless the air be care-

fully dried before being heated with the copper
spiral the proportion of oxygen will be apparently
too low.

Dumas and Boussingault (A. Ch. [3] 3,257),
as far back as 1841, made use of the fact
that heated metallic copper combines with
oxygen in order to détermine the gravimétrie
composition of air. Air deprived of moisture
and carbonic acid was passed through a weighed
tube containing metallic copper heated to red¬
ness whereby ail the oxygen was absorbed, the
nitrogen being collected in a vacuous glass globe
also previously weighed. At the conclusion of
the experiment the tube containing the metallic
copper was again weighed; the increase in its
weight gave the amount of absorbed oxygen to¬
gether with the weight of the nitrogen which it
also contained. The nitrogen was then removed
by the air pump and the tube again weighed;
the différence between the first and third weigh-
ing of the tube containing the copper gave the
weight of absorbed oxygen and the weight of
nitrogen was obtained by adding the différence
between the second and third weighing of the

| tube to the increase in the weight of the glass
globe. As the mean of a large number of ex-

I periments made by this method, the percentaga
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composition by weight of air free from water
and carbonic aoid was found to be :

Oxygen .... 23-00
Nitrogen .... 77-00

100-00
4. Explosion witli liydrogen. A measured

volume of air is mixed with a known volume of
hydrogen in exeess and the mixture is exploded
ty the eleetric spark, when the oxygen combines
with the hydrogen in the proportion of 1 vol.
of the former to 2 of the latter to form water.
One-third of the contraction resulting from the
explosion represents therefore the amount of
oxygen in the air under examination. This
method, first suggested by Yolta, was perfected
by Bunsen. Modifications of the method have
been made by Begnault and Beiset, Williamson
and Bussell, Erankland and Ward, and others.
These methods are extremely accurate, and
have afforded us ail the exact knowledge we
have respecting the variations in the amount of
oxygen in atmospheric air. Thus Bunsen in a
sériés of analyses made in the winter of 1846
fonnd that the percentage amount varied from
20-97 to 20-84. Begnault made a large number
of analyses of air collected from ail parts of the
world. In 100 analyses of air collected in Paris
the minimum amount of oxygen was 20-913, the
maximum 20-999. Air collected in various parts
of Europe, from above the Atlantic Océan, from
the summits of the Andes and from the South
Polar Sea, contained an amount of oxygen varying
from 20-86 to 21 p.c. Many hundreds of analyses
were made by Angus Smith of air collected in
various towns in England and Scotland, and also
of air collected in the country. The oxygen in
London air varied from 20-857 to 20-95, less
oxygen as a rule being found in the air of streets
than in that of the parks and open spaces. A
sériés of 30 analyses of Glasgow air showed
variations from 20-887 in the closer parts to
20-929 in the more open spaces. Even wider
extremes were found by Leeds in the air of New
York, viz., from 20-821 to 21-029 p.c. According
to E. W. Morley the diminished proportion of
oxygen may be caused by the down-rush of
air from the higher régions of the atmo¬
sphère which probably contain a less relative
amount of oxygen. Begnault's experiments
afford some evidence for the belief that the air
of the tropics contains slightly less oxygen than
that in northern latitudes (v. also Jolly, W.
N. F. 61, 520). A similar conclusion has been
drawn by Hempel (B. 20,1864) from the analysis
of a large number of analyses of air collected
simultaneously at Tromsô, Dresden, and Paris.
The mean results were :

Oxygen
Tromsô 20-92
Dresden 20-90
Paris 20-89

From the results of 203 analyses of air col¬
lected at five différent spots and analysed by
three independent methods, it follows that the
most probable mean percentage amount of oxygen
was 20-93. The maximum 21-00 was observed
at Tromsô en April 22, 188G, the minimum
20-86 at Paris on April 26, 1886 (Hempel, B.
20,1864 ; Kreusler, B. 20, 991).

Ozone is always présent in minute quantity
in normal air. Air over marshes contains little

or no ozone. No ozone can be detected in the
air of large towns or in inhabited houses. At¬
mospheric ozone is probably formed by the action
of electricity on air and on the water contained
in it, and by the evaporation of water. No
accurate quantitative method is known for tho
estimation of ozone ; ail the information we at
présent possess has been obtained by the use of
so-called ozone-papers. Of these the best known
is Schônbein's, which is based on the fact that
ozone libérâtes iodine frompotassium iodideand
thereby renders starch blue. To préparé them
unsized paper is immersed in a solution of 15
parts starch and 1 part potassium iodide in 200
parts of water and dried in the dark. To make
a détermination of ozone the paper is freely ex-
posed to the air for some hours and moistened
with water, and the depth of tint produced com-
pared with a standard scale of colour. The
method has no pretensions to scientific aecuracy.
Houzeau (A. Ch. 4, 27, 5) détermines the relative
amount of ozone by exposing red litmus paper
previously dipped in 1 p.c. sol. of potassium
iodide and dried, to the action of the air. The
ozone libérâtes iodine and the free alliali turns
the paper blue. Thallium salts are turned brown
by the action of ozone, andhence papers soaked
in solution of these salts have been used for the
récognition of ozone. Paper soaked in a very
dilute solution of neutral gold chloride is turned
a deep violet colour by ozone (Bôttger, C. C.
1880, 719).

Attempts have been made to estimate ozone
by aspirating large volumes of air through
dilute solutions of hydriodic acid and determining
the amount of tho liberated iodine by iodometric
analysis. Also by leading the air through a
mixed solution of potassium arsonite and potas¬
sium iodide whereby the liberated iodine converts
the arsenite to arsenate. The liquid through
which the air had passed was then mixed with
a few drops of ammonium carbonate solution and
starch paste, and a standard solution of iodine
(1: 1,000) added until the blue colour was per¬
manent. A precisely similar experiment was
made on equal amounts of distilled water, iodine,
arsenite &a. used, and from the différence in the
amount of iodine solution needed the amount of
oxidised arsenite and hence the quantity of ozone
was determined.

It appears that the amount of ozone varies
with the seasons : it is greatest in spring, be-
comes gradually less during summer and autumn,
and is least in winter. Ozone is more frequently
observed on rainy days than in fine weather :
thunderstorms, gales, and hurricanes are fre¬
quently accompanied by relatively strong mani¬
festations of it.

It is highly probable that many so-called
ozone manifestations are due to hydrogen per-
oxide, the existence of which in the air was
first demonstrated by Meissner in 1863. Unfor-
tunately there is no ready mode of discriminating
between ozone and hydrogen peroxide. It is pro¬
bable that the amount of hydrogen peroxide in the
air is as a rule greater than that of ozone. Schône
found from observations made at Moscow that it
was invariably présent in rain, dew, and snow,
and was less in winter than in summer ; and
more in southerly winds than in those from the
north. The amounts in ail ' cases were, how-
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ever, very minute, the maximum being 1*4 c.e.,
and the mean 0-38 e.c. hydrogen peroxide vapour
in 1,000 ce. air.

The quantity of aqueous vapour in the
air varies with the température : thus 1 cm. of
air when saturated with water contains
At-10° 2-284 grams AtH-200 17-157 grams

0° 4-871 „ 25° 22-843 „

+ 5° 6-795 „ 30° 30-095 „

10° 9-362 „ 35° 39-252 „

15° 12-746 „

The most accurate method of determining
the amount of aqueous vapour in the air consists
in aspirating a given volume of the air through
weighed tubes filled with some hygroscopic sub¬
stance, such as calcium chloride or phosphoric
oxide or pumice soaked in oil of vitriol and re-
weighing the tubes, when the increase of weight
gives the quantity of moisture présent.

Usually, however, the humidity of the air is
estimated by means of hygrometers, the best-
known form of which is the psychrometer or
wet and dry bulb thermometer of August. The
absolute humidity of the air is the weight of
aqueous vapour contained in 1 cm. The rela¬
tive humidity dénotés the relation between the
weight actually présent and that which could
be theoretieally présent if the air were saturated ;
it is usually expressed in per cent, of the maxi¬
mum humidity. The air is seldom absolutely
saturated with aqueous vapour, although in our
moist climate saturation is occasionally very
nearly attained. With us the most humid month
is January, and the driest is May.

The presence of carbonic acid in the at¬
mosphère was first indicated by Macbride in
1764. The quantity in normal air is about -03
p.c. ; in that of large townsit is slightly greater.
Angus Smith gives the following summary of
results obtained in London in 1864 and 1869
(Air and Rain, 53-58) :

Over River Thames . 8 expts. -0343 p.c.
InthePark .... 5 „ -0301 ,,

In the streets ... 10 „ -0380 „

Metropolitan Railway—(mean of 6
expts. on air taken from Nov. 12
toNov.15). Oxygen = 20-70 p.c. 0-1452

Any circumstance which interfères with the
ready diffusion of the products of respiration
and the combustion of fuel will of course tend
to increase the relative amount of carbonic
acid in the air of a town : hence during fogs
the amount may be as great as 0-1 p.c.

The amount of carbonic acid in the air of
the country at night is usually greater than in
the day, as the following comparison shows :

Air in, tlie daytime.

Observer Year Place
No. of
expts.

Amount

Pr. Schulze . .

T. Reiset . .

G. F. Armstrong
Miintz & Aubin
A. Levy . .

1861-71
1873-80

1879
1881

1877-83

Rostock . .

Ecorchebœuf
Grasmere .

Yincennes .

Montsouris.

1034
104

27
35

2500

•0292 p.c.
•0290 „

•0296 „

•0284 „

•0299 „

3700 •0299Mean

Air in the mght-time.
T. Reiset . . .

G. P. Armstrong
1873-80

1879
Ecorchebœuf
Grasmere .

72
29

•0304 p.c.
•0330 „

101 *0317Mean

These différences are maïnly due to the ex¬
halation of carbonic acid from plants at night,
and, to a smaller extent, to the absence of any
décomposition of the gas by the action of sun¬
light. Over the sea this diurnal variation is not
perceived, as the following results indieate :

Carbonic acid in sea-air.

Observer Place Year Time No.of
expts.

Amount.

T. E. Thorpe Irish Ckannel
and Atlantic
Océan

1865-0 Day .

Night

24

20

•0301 p.c.

•0299 „

44 •0300

Comparatively few observations of the amount
of carbonic acid in other parts of the earth than
Europe have been made. The following may be
cit ed :

Carbonic acid in the air of tropical countries.
T. E. Thorpe .

MUntz & Aubin
S. America
S. & Central >

America }

1S66

1882

31

40

*0328 p.c.

•0278 „

71 •0303

The pressure exerted by the carbonic acid in
air is so small that its amount is not perceptibly
diminished by rain. The amount also is not
sensibly altered in the higher régions of the
atmosphère.

Of the several methods which have been pro-
posêd for the estimation of atmospheric carbonio
acid the most generally convenient is that .of
Pettenkofer. It consists in exposing a known
volume (say 50 c.c.) of dilute baryta water of
known strength to a measured quantity of air
(4 to 6 litres) contained in a well-closed flask. In
about 5 or 6 hours the absorption of the car¬
bonic acid will be complété, provided that the
sides of the flask have been moistened from time
to time by the baryta solution. The baryta
solution is then decanted and allowed to stand
in a small stoppered bottle until the barium car¬
bonate has settled, when aliquot portions (say
20 c.c.) of the clear solution are withdrawn and
the amount of the baryta still in solution deter-
mined by titration with a standard solution of
sulphuric or hydrochloric acid, of which 1 c.c. = 1
mgm. CO-, phénol thaleïn being used as indicator
(v. Acidihetiiy). The différence in the volume
of acid needed for the neutralisation of the ba¬
ryta before and after exposure to the confined
volume of air gives the number of milligrams of
carbonic acid contained in the air. Bloehmann
(A. 237, 72) has described a modification of
the apparatus which allows of the titration being
effected without exposure to the air of the labo-
ratory.

Eor other methods v. Haldane and Pembrey,
P. 1889 ; Cl. Winkler, Chem. Unter. der Indus-
triegase, Ereiberg 1877 ; Reiset, C. S. 90, 1,144 ;
Miintz and Aubin, C. R. 92, 247.

Eor Angus Smith's minimetric method, t'.
Air and Rain (compare Lunge, D. P. J.
231, 331).

On the influence of the sea upon the amount
of atmospheric carbonic acid, v. Levy (A.
Ch. [3] 34, 5); Thorpe, C. J. 1867; Schloes-
ing, C. R. 93, 1,410 ; Lawes, P. M. (5) 11, 20G.
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Minute quanti ties of a m m o n i a and n i t r o u s
ami ni trie acids are also présent in the air.
Although many of the published observations
are probably inaecurate owing to the imper¬
fection of the methods employed, it appears to
be proved that the amount of ammonia, winch
exists mainly as carbonate, is subject to very
great variations. By aspirating from 10 to 20
litres of air through Nessler's solution (an alka-
line solution of potassium-mercury iodide) and
comparing the depth of colour with that pro-
dueed by a standard solution of an ammonium
sait, H. T. Brown (P. 18, 286) found that the
air of Burton-on-Trent during September, Octo-
ber, and November, 1869, taken 2 métrés from
the ground, contained from -4059 to -8732 parts
(NHJ-COj in 100,000 parts of air, whereas that of
the country taken during December and February
contained from '5102 to -6085 parts. The direc¬
tion of the wind had apparently no influence on
the amount ; heavy rain seemed to diminish it,
but the air was restored to its normal condition
in a few hours. Truchot found from 0-93 to
2-79 mgm. per cubic metre in the air of Auvergne,
the minimum being found in elear weather and
the maximum during fogs (C. B. 77, 1,059).
Miintz and Aubin from observations on rain
■water found that the upper strata of air contain
muck less ammonia than air near the ground.
Levy (C. B. 91, 94) found that the rain water
and snow of Paris contain in mean 1-17 mgm.
of ammoniacal nitrogen per litre of water. The
amount of ammonia in this meteorie water is
least in winter and greatest during the warmer
periods of the year. Lawes and Gilbert found
that 1,000,000 pts. of rain water collected in the
country contained from 0-927 to 1-142 pts. of
ammonia. Bain water collected in towns always
contains large quantities of ammonia. Thus
Angus Smith found that rain water collected in
the sparsely populated districts in Scotland con¬
tained 0-53 pts. per million, whereas the rain
water of London contained 3-45, that of Liver-
pool 5-38, that of Manchester 6-47, and that of
Glasgow 9-1 per million. The increased amount
iu the towns is doubtless due to the influence of
animal life and to the constant presence in
greater proportion than in the country of readily
decomposable nitrogenous organie matter in the
air.

The quantities of nitrous and nitric acids in
the air are even smaller than that of ammonia.
Angus Smith (Air and Bain, 287) has given
the following results showing the amount con¬
tained in a million pts. of rain water :

Scotland, inland country places 0-305
Ireland „ „ „ 0-370
Scotland, country places . 0-424

„ towns . . . 1-164
England, inland country places 0-749

„ towns . . . 0-863

Occasionally, and more espeeially in the air of
towns, minute quantities of hydrocarbons,
sulphuretted hydrogen, oarbonio oxide,
sulphurous acid, common sait, alkaline
sulphates are met with. Boraoic acid and
s al ammoniac have been observed in air in
the neighbourhood of active volcanos.

Organie matter in greater or less quantity
is always présent in the . air. Much of this is

nitrogenous and apparently readily susceptible
to putréfaction, giving rise to products which are
alternately transformed into ammonia, nitrous
and nitrio acids. This form of organie matter
reduces silver nitrate and potassium perman¬
ganate solutions. A portion of the organio
matter consists of micro-organisms which
are rapidly deposited in the absence of strong
aerial currents. Hesse quantitatively estimâtes
the relative proportions of micro-organisms con¬
tained in air by aspirating a given volume of
the air through glass tubes coated intemally
with gelatine peptone which is then kept at a
température of about 25° for some days, when
the various monad bacilli and microeocci which
are arrested and which are capable of growing
in the gelatine-peptone are recognised by the
colonies which they form. By means of this
method Dr. Percy F. Frankland has ruade a
number of estimations of the micro-organisms
contained in the air of towns and in the country
and in inhabited buildings. By simultaneously
exposing small circulai- glass dishes partially
filled with the nutrient gelatine to the action
of the air, a rough estimate was obtained not
only of the number of micro-organisms in a
given volume of the air, but also of the number
which fell during a given time on a defmite hori¬
zontal area. As the mean of a sériés of obser¬
vations made on the roof of the South Kensing-
ton Muséum between January and June, 1886,
it was found that there were 35 organisms in 10
litres of air, wkilst 279 was the average number
which fell on 1 sq. ft. in 1 minute. Similar ex-
periments made near Beigate and in the vicinity
of Norwich showed an average of 14 organisms
in 10 litres of air, while 79 fell per sq. ft. per
minute. Experiments made in Eensington
Gardens, Hyde Park, and on Primrose Hill gave
an average of 24 organisms in 10 litres, and a
déposition of 85 per sq. ft. per minute. At
St. Paul's Cathedral 56 organisms were found
at the base, 29 in the Stone Gallery and 11 in
the Golden Gallery in 10 litres of air. At
Norwich Cathedral 18 at the base, 9 at a height
of 180 ft. and 7 at 300 ft. In inhabited buildings
great variations were observed; as a rule the
number of micro-organisms was less than was
found in the open air when the air of the room
was undisturbed, but rose rapidly when the air
was set in motion by draughts or by the pre¬
sence of many people (P. F. Frankland, Pr. 40,
509).

Experiments made at the Montsouris Obser-
vatory have shown that far fewer organisms are
présent in the air during winter than during
spring and summer. The number also seems to
be greatly increased after rain. Whilst in the
warm months the number of spores in 1 litre of
air was 28, after heavy rain it rose to 95 and
120.

Atmospheric dust is made up of both inor-
ganic and organie matter. Tissandier found that
1 cm. of the air of Paris contained on the average
7'5mgms. of dust ; after a period of dry weather
(8 days) 23-0 mgms., and after heavy rain only
6-0 mgms. It consisted of from 27 to 34 p.c.
volatile matter and from 66 to 75 p.c. minerai
matter, viz. sulphates and chlorides of the al-
kalis and alkaline earths, oxides of iron, earthy
carbonates and phosphates, &c.

IRIS - LILLIAD - Université Lille 1



ATOMIC WEIGHTS AND SYMBOLS OE TIIE ELEMENTS.218

ATOMIC WEIGHTS AND SYMBOLS OF
THE ELEMENTS

Aluminium.... Al 27-04

Antimony (Stibium) .
Sb 119-6

Arsenic .... As 74-9
Barium .... Ba 136-86

Béryllium Be 9-08
Bismuth .... Bi 207-5
Boron .... B 10-9
Bromine .... Br 79-76
Cadmium .... Cd 111-7
Cœsium .... Cs 132-7
Calcium .... Ca 39-91
Carbon .... C 11-97
Cerium .... Ce 141-2
Chlorine .... Cl 35-37
Chromium .... Cr 52-45
Cobalt Co 58-6
Copper (Cuprum) Cu 63-18
Decipium .... Dp ?
Didymium .... D 145-0
Erbium .... E 166
Fluorine F 19-06
Germanium ?
Gold (Aurum) Au 196-8
Hydrogen . H 1-00
Indium .... In 113-4
Iodine .... I 126-54
Iridium .... Ir 192-5
Iron (Ferrum) Fe 55-88
Lanthanum.... La 138-5
Lead (Plumbum). Pb 206-39
Lithium .... Li 7-01
Magnésium .. .. Mg 23-94
Manganèse .... Mn 54-8
Mercury (Hydrargyrum) Hg 199-8
Molybdenum Mo 95-9
Mosandrium Ms ?
Nickel .... Ni 58-6
Niobium .... Nb 93-7
Nitrogen .... N 14-01
Norwegium.... Ng ?
Osmium . Os 195
Oxygen .... 0 15-96
Palladium .... Pd 106-2
Phosphorus P 30-96
Platinum .... Pt 194-3
Potassium (Kalium) . K 39-03
Rhodium .... Rh 104-1
Rubidium .... Rb 85-2
Ruthénium.... Ru 103-5
Samarium (Y/3 ?) Sa 1
Scandium .... Se 43-97
Sélénium .... Se 78-87
Silicon .... Si 28-3
Silver (Argentum) Ag 107-66
Sodium (Natrium) Na 22-995
Strontium .... Sr 87-3
Sulphur .... S 31-98
Tantalum .... Ta 182
Tellurium .... Te 126-3
Terbium .... Tb 1
Thallium .... T1 203-7
Thorium .... Th 231-96
Thulium .... Tm ?
Tin (Stannum) . Sn 117-35
Titanium .... Ti 48-0
Tungsten (Wolfram) . W 183-6
Uranium .... U 239-8
Vanadium .... V 51-1

Atomic Weights and Symbols—continuel.

Ya and T/3 .
# 9

Yttrium .... Y 89-G
Zinc Zn 64-88
Zirconium .... Zr 90-4

ATOPITE. A minerai containing 72-61 p.c.
Sb205, 17-85 CaO, 2-79 FeO, 11-53 MnO, 0-86
IÇO, and 4-40 Na.O (Nordenskïold, J. 31, 1,275).

ATRAMENTHM STONE.. (Atramentumstein,
Ger.) A produet of the partial oxidation o£ iron
pyrites, consisting of a mixture of ferrous and
ferrie sulphates with free ferrie oxide. Used in
the manufacture of ink.

ATROPINE v. Vegeto-adkadoids.
ATTAR, OTTAR or OTTO of ROSES, is the

volatile oil obtained by distilling roses, or, in
some districts, by simple macération of those
flowers. It is a mixture of a fluid nitrogenous
essential oil, and a crystallisable, non-nitro-
genous stearoptene, which latter is most abun-
dant in samples from colder régions, which con-
sequently congeal more readily.

Attar of roses is made in Hindostan, Persia,
and the Balkans ; from which last-named dis¬
trict the largest part of the European supply is
derived.

The trade in the article is nearly ail eentral-
ised at Kezanlik. The method of producing it
is as follows :—10 kilos of dry roses of the
strongly scented Muscat variety are placed in a
still of peculiar shape together with 70 kilos of
water, and the distillate colleeted by a simple
condenser; this gives about 20 kilos of rose-
water, which is redistilled and the drops of otto
of roses floating upon the surface of the produet
are colleeted. Pure Turkish (Roumelian and
Bulgarian) otto of roses congeals at 14°C.
Italian otto of roses congeals at 16-5°C. A
sample of otto of roses produced from English-
grown roses at Mitcham melted at 21°C.

Small quantifies are produced in the south
of France and the Italian borders. In 1887 an

attempt was made to produce it in Germany,
when about 25 acres were laid out for the culti-
vation of roses near Leipzig, and yielded in the
first year 2 kilos of oil and 3,000 kilos of rose-
water. 1,000 kilos, of rose-leaves is required to
yield 1 kilo, of oil. It was said that the Ger-
man oil had a superior perfume to that imported
from Kezanlik, which costs about 700 marks per
kilo.

Attar of roses is frequently adulterated with|
theotto of Géranium rosa,rosewood (ConvolvuluS
scoparius) and sandalwood oils.

AURAMINE Imidotetramethyldiparamido-
diphenylmethane C17H2,N3,HC1 + H20 or
NMe2.C0Hj.C(NH).C6H,.NMe2, HC1 + H20.

_

Auramine, the first member of a sériés of
yellow, orange-yellow or brown dyes, is the
hydrochloride of a colourless base obtained by
the action of ammonia on tetramethyldiamido-
benzophenone, and cornes into the market either
in the nearly pure form as Auramine O, or mixed
with dextrin as Auramine I. and II. (Graebe,
B. 20, 3264). Fehrmann (B. 20, 2847) pro-
posed to restrict the name auramine to the
colourless base, but such a change would inevit-
ably lead to confusion, and Graebe (l.c.) has
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consequcntly adopted the name auramine-base
for the base itself, using the term auramine in
its usual signification.

Préparation.—-(1) When tetramethyldiamido-
benzophenone, dissolved in some indiffèrent
solvent, sueh as chloroform, carbon bisulphide,
hydrocarbons, &c., is treated with half its weight
of phosphorus trichloride or oxychloride, a
solution of the chlorinated compound is obtained
(B. A. S. F., Germ. Pat. 27,789, Dec. 18, 1883),
which on treatment in the cold with a considér¬
able excess of concentrated ammonia at once

becomes yellow, and after some time deposits
auramine in a crystalline form. After filtration
the auramine is freed from unattacked ketone
by solution in dilute acetic acid, and then pre-
cipitated by the addition of soda or common
sait and zinc chloride.

(2) Auramine can be prepared more econo-
mically by heating tetramethyldiamidobenzo-
phenone with suitable ammonium salts, such
as the chloride, acetate, tartrate, thiocyanate,
lté., in the presence of zinc chloride. For
tliis purpose an intimate mixture of equal
weights of tetramethyldiamidobenzophenone,
ammonium chloride and zinc chloride is intro-
duced into an enamelled pot heated at 200° in
either an air or an oil bath, and vigorously
stirred from time to time. The mass gradually
melts, becoming deep yellow in colour, and the
reaction, which requires 4 to 5 hours for its
completion at a température of 150-160°, is
ended when a test speeimen of the melt dissolves
almost completely in water. The melt is allowed
to cool, and, after powdering, is treated with
slightly acidified cold water, to remove as mueh
as possible of the excess of ammonium and zinc
chlorides, and then exhausted with water at 60-
70° to extract the auramine from any unattacked
ketone. Auramine is finally precipitated from
this solution by addition of common sait, and
further purified by recrystallisation from warm
water (B. A. S. F., Germ. Pat. 29,060, March
11,1884). Acetamide may be employed instead
of ammonium salts (B. A. S. F., Germ. Pat.
38,433, June 3, 1886), or the dye may be ob¬
tained by heating aDiline hydrochloride with
zinc chloride and carbamide, phenylcarbamide,
diphenylcarbamide or carbanil (Ewer and Pick,
Germ. Pat. 31,936, May 9, 1884), but these
alternative methods have no practieal import¬
ance.

Properties.—Auramine crystallises from water
in yellow scalts, which seem to consist of six-
sided tables, and from alcohol in golden-yellow
scales, melts at 267° (Graebe), carbonises at
265-280° without previous fusion (Fehrmann),
and is sparingly soluble in cold, but readily
soluble in hot water ; the température of the
aqueous solution, however, must not exceed 60-
70°, otherwise décomposition ensues with the
formation of ammonia and tetramethyldiamido¬
benzophenone. On treatment with minerai acids
the aqueous solution undergoes a similar décom¬
position either slowly in the cold or very rapidly
on heating. Speetroscopically, auramine be-
haves like most yellow dyes ; a hot concentrated
aqueous solution, however, shows two bands,
one in the red and one in the green, which
become broader on dilution and finally coalesce,
forming a bright broad band extending from the

middle of the red to the commencement of the
green (Graebe). On treatment in the côld with
ammonia, auramine (erystallised from alcohol)
is converted into the colourless base CKH2lN3,
which melts at 136° and is charaeterisecl by
yielding with acids intensely yellow, and for the
most part crystalline salts, which dissolve in
water and alcohol without fluorescence. Alka-
line reducing agents, such as sodium amalgam,
slowly decolourise the alcoholic solution of
auramine forming leulcauramine C„H23N3, a
colourless crystalline réduction compound melt-
ing at 135°, which dissolves in acetic acid with
an intense blue colour owing to its décompo¬
sition into ammonia and tetramethyldiamido-
benzhydrol.

Auramine dyes wool and silk direct, pro-
ducing colours which are pure yellow and fairly
fast to light and soap. Cotton, for which the
dye is chiefly used, requires to be first mordanted
with tannin and tartar emetic, and on this
account auramine is useful for producing com¬
pound shades with other basic colouring matters,
such as saffranine, benzaldehyde-green, &c.,
which are fixed by the same mordant. For
further information v. Kôchlin, W. J. 1884,
1139.

Auramines. In addition to auramine, sub-
stituted auramines have also been prepared.
Mctaxylylauramine, for example, can be obtained
by heating an intimate mixture of 10 kilos, of
tetramethyldiamidobenzophenone and 23 kilos,
of metaxylidine hydrochloride for about 4 hours
at 200° in an enamelled vessel provided with
a mechanical stirrer. Fusion takes place slowly
and the mass becomes reddish yellow in colour,
assuming finally a greenish metallic lustre
towards the close of the reaction, which is com¬
plété when a test speeimen of the melt is almost
entirely soluble in water. The cooled mass is
extracted with hot water and the dye precipi¬
tated in the form of orange yellow floeks by
addition of sodium nitrate to the filtered solu¬
tion.

The hydroehlorides of other bases can be
employed instead of metaxylidine hydrochloride,
and dyes are obtained which are readily fixed by
silk and wool, and also by cotton after mor-
danting with tannin. The shades produced
on cotton are, however, distinctly reddish or
brownish-yellow compared with the pure yellow
produced by auramine itself ; for example, the
auramines from orthotoluidine, metaxylidine
and cumidine hydroehlorides dye cotton golden-
yellow ; those from aniline and paratoluidine
dye orange-red, that from metaphenylenedi-
amine dyes orange-brown, and those from a- and
/3-naphthylamine dye brownish-yellow shades
(B. A. S. F., Germ. Pat. 29,060 ; Fehrmann, B.
20, 2852).

ATJEANTIA (Kaisergelb) is the name given
commercially to the ammonium sait of hexa-
nitrodiphenylamine.

Hexanitrodiphenylaviine NH[C6H2(N02)3]2 is
obtained by treating diphenylamine or me-
thyldiphenylamine with nitric acid, and after
the first vigorous action has subsided, heating
to complété the reaction. The producc is then
extracted with water to remove any resin or
picric acid assoeiated with it, and finally erys¬
tallised from acetic acid.
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It crystallises in bright yellow prisms, melts
at 238° with décomposition but can be sub-
limed in yellow needles by careful heating, and
is almost insoluble in water, more soluble in
alcohol, and easily soluble in ether. It readily
yields salts, and the ammonium sait (aurantia)
crystallises in lustrous brown-red needles, al-
thougli commercially it is obtained as a brick-
red powder which dissolves in water and dyes
silk and wool a beautiful orange colour (Gnehm,
B. 7, 1399 ; 9, 1245 ; cf. Townsend, B. 7, 1249;
Mertens, B. 11, 845). Aurantia is now used
chiefly as a dye for leatker (W. J. 1S77, 1002).
Like hexanitrodiphenylamine it is very ex¬
plosive, but any danger may be avoided by
moistening it with glycérine (W. J. 1876, 996).
According to Gnehm (B. 9, 1246", 1557) and
Bayer & Co. (W. J. 1877, 879), aurantia pro-
duees skin éruptions ; Martius, liowever, eon-
tends that this effeet is due to idiosyncrasy and
quotesthe opinions of Salkowski and Ziureck in
support of his statement (B. 9, 1247), and the
question appears to have received a solution in
this sense in Germany, since the ministerial
order of November 8, 1877, prohibiting its
manufacture, was cancelled in June 1880 (W. J.
1880, 785).

ATJRANTINE v. Abietene.
AUREOSIN. An orange colouring matter of

unknown constitution obtained by the action of
hypochlorous acid on fluoresceïn. Discovered
by Willm, Bouchardat and Girard, in 1876. By
the action of nitric acid yields Bubeosin, a
yellowish-brown powder soluble in alcohol and
in caustic soda with a green fluorescence. Both
dyes are no longer made.

AURINE and R0S0LIC ACID.

Sistory.—Rosolic acid was first discovered
and its tinctorial properties described by Bunge
(P. 31, 65), who obtained it from coal-tar oil by
dissolving the residue from the distillation of
phénol in alcohol, adding milk of lime, filtering
off the brown precipitate of calcium brunolate
and precipitating the red solution of calcium
rosolate with acetie acid. Later, Tschelnitz
(J. pr. 71, 416) and Mûller (C. S. Q. J. 11, 1)
found that the yield was greater if the product
after addition of the lime was heated in the air
for some time, whilst Smith (J. 1857, 448)
and Jourdin (J. 1861, 943) showed that crude
phénol was converted into rosolic acid by heat¬
ing with soda and manganèse dioxide or mercuric
oxide. Kolbe and Schmitt (A. 119, 169) and,
simultaneously, Persoz (Pr. Pat. 54,910, July
21, 1861) obtained it by heating phénol and
oxalic acid with sulphuric acid, and this method
was adopted for preparing the acid on the large
scale by Wurtz (Schmidt, X). P. J., 166, 318) who
termed it (yellow) coralline (known commercially
as anrine in Bngland), and by Guinon, Marnas
and Bonnet (D. P. J. 167, 390), who converted
it into pœonine or red coralline by digestion
with aqueous ammonia at 150°. The reaction
was further investigated by Fresenius (J. pr.
[2] 5, 184), by Prud'homme (Bl. [2] 19, 359),
and by Comaille (C. R. 77, 678), the last of
whom found that the proportion of oxalic acid
used was too large. By diazotising rosaniline
Caro and Wanklyn (C. N. 14, 37 ; Pr. 15, 210)
obtained rosolic acid C20H]6O3 which, however,
was not identical with the product from phénol.

Caro (P. M. [4] 32, 126), moreover, showed that
the formation of rosolic acid from phénol is
dépendent on the presence of cresol or of some
simple (methane) derivative of the fatty sériés
of organic eompounds (compare Guareschi, B.
5, 1055 ; Zulkowsky, A. 194, 122). The nature
and composition of the products obtained in
Kolbe and Sehmitt's reaction were not, however,
accurately known until 1878, when the re-
searches of Dale and Schorlemmer (A. 166,
279; 196, 75), Caro and Graebe (A. 179, 184;
B. 11, 1116, 1348), E. and O. Pischer (B. 11,
473) and Zulkowsky (A. 194, 122; 202, 179)
conclusively proved that the action of oxidising
agents on a mixture of phénol and cresol, or of
oxalic acid on phénol results in the formation of
a mixture of red colouring matters (coralline)
containing two well-characterised substances
termed aurine C19H1403 and methylaurine
C2l)H1603. Aurine is the lower homologue of
Caro and Wanklyn's rosolic acid, and is some-
times known as pararosolic acid since it can bo
obtained by diazotising pararosaniline (E. and 0.
Pischer, A. 194, 268).

Coralline. This name is applied to the red
colouring matter obtained by heating phénol
and oxahc acid with sulphuric acid (v. Aurine)
and, according to Zulkowsky (l.c.), is a mix¬
ture of pseudorosolie acid or corallinephthalin
(70 p.c.), to which it owes its resinous con-
sistency, with aurine and methylaurine. Me-
thods for the isolation of these bodies are given
under aurine (g. v.)

Properties.—It is a brittle resinous sub¬
stance with a green metallic lustre, and yields a
red powder. It is employed as a dye for silk
and wool, and is also used for printing on cotton,
silk, and wool (compare W. J. 1872, 707).
Por dyeing silk or wool, Schrôder (D. P. J.
204, 397) dissolves coralline in alcohol, adds
some soda ley, pours the solution into much
water and renders it feebly acid with tartaric
acid. In printing with coralline, it is neces-
sary to adopt means to neutralise any acids
with which it may come in contact duriug
the process, otherwise a yellow instead of a
turkey-red colour is the resuit. Kielmeyer re-
commends magnesia for this purpose in wool
and cotton printing, and gives the following pro¬
portions :—80 grams of coralline, ^ litre of
glycérine, J litre of boiling water, and 140 grams
of magnesia (made into a milk with y litre of
water) are mixed with f litre of gum water (500
grams to the litre), and printed, steamed, and
washed in the usual way (W. J. 1872, 709).

The following substances have been found
to constitute coralline : —

(1) Aurine (pararosolic acicl) C19H1403 or

(OH.C6H4)2.C<^Qli"®'J))> (compare, however, Arm-
strong, C. S. Proc., No. 49, p. 30)f Aurine occurs
in coralline, and is probably formed accord¬
ing to the équation

3CcH,0 + H,C204 = C19H1403 + H2C02 + 2H„0
(D. and S., A. 196, 79 ; compare, however,
Zulkowsky, A. 202, 184 ; É. and O. Fischer, B.
11, 201 ; Gukassianz, B. 11, 1179 ; Z., B. 11,
1431 ; Neneki and Schmid, J. pr. [2] 25, 273) ;
Z., M. 5, 108 ; Staub and Smith, B. 17, 1740).

Préparation.—Zulkowsky (A. 194, 123 ; 202,
185) gives the following method for the pre-
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paration of coralline and tlie isolation of its
constituents. A mixture of phénol (10 parts)
and sulphuric acid of 66°B. (5 parts) is heated
ivith anhydrous oxalieacid (6-7parts) at 120-130°
until the mass becomes viscid and the évolution
of gas small. About 24 hours is usually re-
quired for this stage of the process, and the
yield of coralline varies between 00 and 70 p.c.
The product whilst still hot is poured into so
much water that further addition of water does
not produce a precipitate. In this way the
greater part of the coralline is separated from
the unattacked phénol andphenolsulphonic acid
ivhicli, together with sulphuric acid and a small
quantity of coralline, remain in solution and can
be made to yield a further quantity of the
colouring matter by removing the sulphuric acid
with lime, evaporating the filtrate and again
heating with oxalic acid. To free it from ad-
hering phénol, the precipitated coralline is re-
peatedly boiled with water (heated by means of
steam). It is then powdered, dissolved in warm
dilute soda ley, and the solution, when cold,
saturated with sulphur dioxide, which de-
colourises it and produces a white, fiocculent
precipitate; water is then added so long as a
white precipitate forms, and after standing for
five to six clays to complété the séparation, the
whole is filtered from the precipitated resinous
corallinephthalin (pseudorosolic acid) which
forms about 70 p.c. of coralline. To separate
aurine the filtrate is heated to 70-80°, and an
excess of hydrochloric acid added, which préci¬
pitâtes the crystallisable rosolic acids in the
form of double compounds with sulphurous
acid as a red mass. This is filtered off, washed,
heated at 100° to remove ail sulphur dioxide,
dissolved in 60 p.c. alcohol in the proportion of
1 kilo, of the product to 6-5 liilos. of alcohol, and
the solution allowed to erystallise until red
streaks appear on its surface ; the crystalline
séparation, consisting ehiefly of methylaurine
and constituting about 21-5 p.c. of the portion
soluble in alcohol, is then filtered off through
a platinum cone without the use of filter-paper,
and washed with 50 p.c. alcohol. On saturating
the mother liquor with sulphur dioxide and
allowing it to stand until red streaks appear on
the surface, a second fraction is obtained amount-
ing to 22-5 p.c., which consists of aurine in the
form of a double compound with sulphurous acid,
and loses ail sulphur dioxide on heating. The
mother liquor is then freed from alcohol by
evaporation on a water-bath, the residue dissolved
in soda ley, and the solution saturated with sul¬
phur dioxide in order to separate the leukorosolic
acid (12-5 p.c.), which, mixed with some resin,
forms a bright-red crystalline powder. Hydro¬
chloric acid is then added to the filtrate, whereby
a further quantity of methylaurine (3'4 p.c.)
separates accompanied with much resin which
is removed by dissolving the precipitate, after it
bas been heated to remove sulphur dioxide, in
absolute alcohol and saturating the solution with
gaseous ammonia; after some days steel blue
needles of methylaurine-ammonia erystallise out.
The various crystalline précipitâtes are then
purified by repeated crystallisation from 60 p.c.
alcohol. It should be noted that in these papers
reference is made to a fourth compound, ' oxi-
dised aurine ' as a constituent of coralline ; later

investigation has, however, shown that the so-
called oxidised aurine is nothing more than
impure aurine sulphate (Zulkowsky, M. 3, 465).

To obtain aurine from the commercial pro¬
duct, Dale and Schorlemmer (A. 166, 2S0) treat
a concentrated alcoholic solution of coralline
with gaseous ammonia until crystals of the
compound of aurine with ammonia cease to
form ; the precipitate is then heated with hydro¬
chloric acid or acetio acid to remove ammonia
and the product repeatedly crystallised from
alcohol. A sècond method, in which the com¬
mercial product is washed with cold alcohol
and the residue repeatedly crystallised from
alcohol, has also been described (D. and S., A.
196, 77).

Properties.—Aurine crystallises in garnet red
rhombic forms, which appear rose-red by trans-
mitted, and show a slty-blue lustre by reflected
light. It does not melt at 220°, and is insoluble
in water, but soluble in alcohol and acetic acid
to yellow-red, and in alkalis and ammonia to
carminé solutions. Aurine combines with sul¬
phur dioxide, forming the compound

H2S03 + (019H1403)2 4H20,
which crystallises in red cubes and cnbic octa-
hedra, showing a green metallie lustre (D. and
S., A. 166, 184; Z., A. 202, 200); it also
combines with alkaline bisulphites (D. and S.).
Acetic anhydride converts it into the acetyl-
derivative, CI0H]4O3,C4HeO3, and bromine reacts
with it in acetic acid solution to form tetra-
bromaurine, C)9H10Br4O3, which yields violet so¬
lutions with alkalis, and in acid solution is a
dark-violet dye for silk and wool (D. and S., A.
196, 81 ; compare Z., M. 3, 465 ; Ackermann, B.
17,1624). When an alcoholic solution of aurine
is saturated. with ammonia, aurine-ammonia
C19H,403,(NH3)3 is obtained ; this crystallises in
dark-red needles, and rapidly loses ammonia on
exposure to air. If, however, aurine is heated
with aqueous or alcoholic ammonia at 180-200°
for 20 hours it yields paraleukaniline (D. and
S., A. 196, 75); and similar treatment with
methylamine and aniline results in the forma¬
tion of trimethyl- and triphenyl-rosaniline re-
spectively. Reducing agents, and zinc-dust with
acetic acid in particular, couvert it into para-
leukaurine CH(CsH4.OH)3, which crystallises
from alcohol in colourless lustrous needles, does
not melt at 130°, yields a triacetyl-derivative
melting at 138-139°, and on oxidation with
permanganate or ferricyanide of potassium does
not yield aurine, but an undetermined red pro¬
duct (D. and S., Z. ; G. and C.).

The following homologues of aurine hâve
been prepared by Nencki (J. pr. [2] 25, 275) :
cresolaurine, C22H20O3; resaurine, C19H1406;
and orcinolaurine, C^HjgOj.

(2) Methylaurine C20H16O3 (for isolation v.
Aurine) crystallises in small brick-red crystals
with a green metallie lustre, and does not melt
at 200°. Bromine in acetic acid converts it
into brassy crystals of the composition

C20H,3r4O33,HBr + 2H20,
which on boiling witli water yield tetrabromo-
methylaurme ; this dissolves in alcohol with a
violet-red, and in alkalis with a magenta colour.
On réduction with zinc-dust and acetic acid,
methylaurine yields the leuko- base C20H81O3,
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erystallising in colourless rhombic needles (Z.,
l.c.; M. 3,471).

(3) Fseudorosolic acid (corallinephlhalin or
phenolcoralline) G20Hl6O4 is, togetlier with other
amorphous substances, the chief constituent
of coralline. In colour it is red, with a green
metallic lustre, and on oxidation with potassium
permanganate yields corallinephthaleïn (Z.).

(4) In addition to the foregoing, phenyl
ortho-oxalate C]4H1406 sublimes during the pré¬
paration of aurine, and is found on the lids of
the aurine pots in the form of colourless needles,
melting at 128°. It plays no part, however, in
the formation of aurine, but is produced by the
action of phénol vapour on anhydrous oxalic
acid (Claparède and Smith, O.S. 1883, 358;
Staub and Smith, B. 17,1740).

Peeonine (red coralline or aurine P..) is pre-
pared by heating 2 parts of (yellow) coralline
and 1 part of aqueous ammonia (sp.gr. = 0'91)
in an autoclave at 125-140°, until a test shows
the desired shade ; the product is then poured
into water acidified with sulphuric acid.

Pœonine is a dark-red amorphous mass,
with a green metallic lustre, and is a mixed pro¬
duct containing among other bodies some para-
rosaniline. It is insoluble in water, but soluble
in alcohol and alkalis yielding purple-red solu¬
tions ; acids do not affect the colour of its solu¬
tions. With wool and silk it gives shades
intermediate between those of magenta and
cochineal, and in dyeing a bath prepared aecord-
ing to Schrôder's directions for coralline is em-
ployed. For printing, 10 parts of pœonine are
dissolved in 40 parts of alcohol, and the solution
thickened with 225 parts of caseïn solution
(100 grams caseïn, 300 grams water, and 20
grams ammonium chloride).

Azuline or Azurine. Ablue colouring matter
obtained by heating yellow coralline with aniline
(D. and S., A. 166, 294; Guinon, Marnas and
Bonnet, l.c.).

Rosolic Aoin (rosaurine) C„0H46O3 or

OH;cAiciR)>c<o—>is formed by diaz°-
tising rosaniline (Caro and Wanklyn, C. N.
14, 37).

Préparation.—500 grams of rosaniline, or the
corresponding quantity of a rosaniline sait, are
dissolved in 1,) litre of concentrated hydrochloric
acid diluted with H litre of water, and the
tiltered brownish-yellow solution diluted with 150
litres of water and treated with a dilute solution
of sodium nitrite until the rosaniline bas almost
but not quite disappeared. The whole is then
lieated gradually to boiling, and filtered after
the évolution of nitrogen has ceased. On cool-
ing, rosolic acid separates in lustrous brownish-
green crystals, and is purified by dissolving in
soda ley, saturating the solution with sulphur
dioxide, filtering and precipitating the eom-
pound by addition of a minerai àcid to the
nearly colourless filtrate. Purification from in-
organic salts is best effected by solution in alco¬
hol and précipitation with water (Graebe and
Caro, A. 179, 192).

Properties.—Rosolic acid crystallises from
dilute alcohol in ruby-red crystals, or in greenish
scales with a metallic lustre, does not melt at
270°, and is insoluble in benzene and carbon
bisulphide, very sparingly soluble in water,

soluble in ether and acetic acid, and readily
soluble in alcohol. In alkalis it dissolves with a

red colour, which in very thin layers is bluish-
red, and in thiek layers is yellowish-red. It is a
feeble acid, and yields an unstable ammonium
sait, crystallising in steel-blue needles. Bromine
in acetic acid solution eonverts it into tetrabromo-
rosolic acid C20H12Br4O3, which crystallises in
lustrous green scales, dissolves in alkalis with a
violet colour, and with reducing agents yields
the leuko- compound. When heated with
acetic anhydride at 150-200° it forms, among
other compounds, triacetylleukorosolic acid (m.p.
= 148-149); leuliorosolic acid C,0H]sO3 itself
being obtained by reducing rosolic acid either
with sodium amalgam or with zinc-dust and
soda ley (G. and C.).

Closely related to aurine is benzaurine or

phenolbenzëin C40H14O2or qh^II ^ ^
obtained by gently heating 1 mol. of benzotri-
chloride with 2 mois, of anhydrous phénol, re-
moving excess of phénol by steam distillation,
extracting the residue with sodium bisulphite,
and precipitating the filtrate with hydro¬
chloric acid (Doebner, B. 12, 1462 ; compare
Homolka, B. 18,988). It crystallises in brick-red
crystals, melts at about 100°, is insoluble in water,
but soluble in alcohol, ether, and acetic acid.
Alkalis dissolve it, yielding violet solutions.
The acetyl- derivative melts at 119°. On réduc¬
tion with zinc and hydrochloric acid, benzaurin
is converted into dihydroxytriphenylmethane
GNI; s(12 ■

Resorcinolbenzeïn C3SH30O„ (Doebner, B. 13,
610 ; A. 217, 234 ; Actiengesellschaft fur Anilin-
fabrikation in Berlin, Germ. pat. 4322, Feb. 26,
1878) is obtained by heating 1 mol. of benzotri-
chloride and 2 mol. of resorcinol at 180-190°.
It crystallises in large violet-red prisms, ap-
pearing yellow by transmitted light, is insoluble
in water, ether, and benzene, has a yellowish-
green fluorescence in dilute alcoholic solution,
and yields a bromo- derivative which is sparingly
soluble in ail ordinary solvents, and dyes wool
and silk in shades similar to those produced by
eosin. W. P. IV.

AURUM MUSIVUM or MOSAICUM. Mosaic
gold. Made by triturating an amalgam of 2
parts tin and 1 of mercury with 1 part sal
ammoniac and 1 of sulphur, and subsequently
subliming. It is used as a bronzing powder for
plaster figures.

AUSTRALENE v. Turpentine.
AUSTRIAN CINNAEAR. Basic lead chroî

mata (v. Chromioh).
AUTOCLAVE. An apparatus constructed on

the principle of Papin's digester, for heating
liquids at températures above their boiling
points. In the manufacture of eoal-tar colours
large autoclaves of copper, or, more frequently,
of cast or wrought iron, occasionally enamelled
within, and capable of withstanding very kigh
pressure, are employed. They are fitted with a
pressure-gauge and safety valve, and tubes for
the insertion of thermometers, and are usually
closed by a serew or flanged cover, working
against a leaden washer, and are heated either
in oil or in a bath of molten lead. As they
have frequently to sustain pressures of from 20
to 30 atmos., they are tested before use by
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Fie. 2. Rio. 3.

without removing thé cover, when the apparatus
is in use. The three-way valve A is adjusted

hydraulic pressure. Oecasionally they are pro-
vided with agitators working through stuffing
boxes, in order to ensure thorough mixing of
the contents when heated.

Fia. 1.

Fig. 4 shows amethodof withdrawing portions
of the contents of an autoclave, or adding liquid

Fig. 4.

80 as to prevent passage through the pipe e. In
order to withdraw a sample the three-way eoek
B is made to communicate with b and d, and

the valve A turned with a jerk so as to connect
e with h; the sample is then withdrawn at d.
To completely remove the charge the valve a is
left open for some time. In working without
pressure the air-cock o is opened, and com¬
munication established between 6 and c and ar
and b ; 6 and c are then filled with liquor iden-
tical in constitution with that contained in the
apparatus obtained from a previous opération.
The contents of the vessel are then removed by
restoring the communication between e and b
and b and d. To introduce liquor into the ap¬
paratus without removing the cover, the air-cock
c is opened, and the funnel a' made to com¬
municate with the pipe e by regulating the
valve a.

AUTUNITE or URANITE. A minerai found
at Autun, containing 14-00 p.c. P205, 59-00
M20.„ 5-8 CaO, 21-2 OH„ (Pisani, C. R. 52, 817).

ÀVA or KAVA-KAVA. The root of Piper
methysticum, growing in the islands of the
Pacific. It is taken as an intoxicant by the
natives, and is used as a drug on the Continent.
It is often adulterated with matico and annatto

(Ph. [3], 7, 149).
AVENTURINE. A variety of quartz found

at Capa de Crata, Spain, spangled through-
out with minute yellow seales of mica, is known
as aventurine quartz. An aventurine felspar
or sunstone is found at Tvedestrand, Norway.
It is used for ornaments.

Artificial aventurine, or glass, or gold flux,
was manufactured for a long period at the glass-
works of Murano, near Venice. It may be pre-
pared by adding to 100 parts of a not too re-
fractory glass, 8 to 10 parts of a mixture of
equal parts of ferrous and cuprous oxides, and
aîlowing the mixture to cool very slowly so as to
facilitate the formation of crystals.

Aventurine glaze for porcelain, invented by
Wohler (A. 70, 57), isprepared by finely grinding
31 parts Halle kaolin, 43 quartz sand, 14 gypsum,
and 12 porcelain fragments ; mailing the whole
into a paste with 300 parts water, and adding
successively 19 parts potassium dichromate. 47
lead acetate, 100 ferrous sulphate, and suffi-
cient ammonia to preeipitate the whole of the
iron. After the soluble potash and ammonium
salts have been washed out the glazing is ready
for use.

AVIGNON GRAINS. Theseeds of Bhamnus
infectorius, employed in dyeing for the produc¬
tion of yellow colours v. Bliamnin, art. Xan-
thorhamnin.

AVOCADO-PEAR, OIL 0F. An oil obtained
from the oleaginous fruit of the Persea gratissima.
Hofmann stated that for the purposes of the
soapmaker this oil would be as valuable as
palm oil.

AWAL or TURWAR. An Indian drug, the
bark of Cassia auriculata (Dymoek, Ph. [3] 7,
977).

AWLA v. Aitlaxi.
AZADIRACHTA, MARG0SA, or NIM. The

bark of the nim tree (Azadirachta indica) is
commonly used in India as a tonie and fébrifuge.
It contains a bitter resin. An oil, used in medi-
cine and for burning, is expressed from the seeds,
which on saponification yielded 35 p.c. of fatty
acid melting at 30°, and 65 p.c. melting at 44°C.

AZARINE v. Azo- colouking maitees.
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AZINES AND COIOURING MATTERS DE-
EXVED EEOM THE M. The name azines has
been given to substances built up on tke type

*"<!>"
R" being a bivalent radiele belonging to either
the fatty or aromatic sériés, and containing two
free valencies on two connected carbon atoms.

Consequently every azine contains the group

=c/
-N.

=C.\

\c=

•/c=
N'

and it is from this group that the large number
of azines dérivé their striking and characteristic
properties.

Several azines have been knowu for many
years, without, however, their constitution being
understood. Hinsberg (B. 18, 319), who dis-
eovered a général metliod for preparing sucli
compounds, called them quinoxalines, and be-
lieved their constitution to contaiu the moleeular
group

\c^N\c^
I I

X*, /X

which was sliown by Witt to be higlily impro¬
bable (B. 19, 915; 0. J. 188G, 913). The terru
azine was first used by Merz (B. 19, 725), who
also first used the formula containing connected
nitrogen atoms. Several new and général methods
for the production of compounds of this elass
were diseovered by Merz (l.c.) and by Witt
(B. 19, 917 ; 20, 571). The latter also proved
(B. 19, 447) that the characteristic azine group

K<I>"
possesses ckromophorie properties, and that con¬
sequently every azine is a chromogene whose
amido- and oxy- derivatives are, of necessity,
colouring matters. The amido- derivatives of
azines were first prepared by Witt, who gave
them the generic name of eurhodines (B. 19,
441; 21, 2420), whilst the name of eurhodols
was assigne! to the corresponding hydroxy-
derivatives. Later on it was skown byBernthsen
(B. 19, 2690) and Nietzki (B. 19, 3017) that the
old and well-known saffranine group of colouring
matters, whose similarity to the eurhodines had
already been mentioned by Witt (B. 19,441), was
closely allied to them and similarly constituted.
The correct constitutional formula of pheno-
saffranine was established by Witt (B. 19, 2791).
The saffranines stand in a relation to the eurho¬
dines similar to that existing between aminés
and ammonium bases : they are the amido-
derivatives of the azonium bases, substances of
the typical constitution

r'X?\R"
X

R' S

in which R' stands for any monovalent organic

radiele and X for any acid group, such as, for
instance, Cl, NOa, &c. These azonium bases,
which at first were hypothetical, have since been
prepared by the same author (Witt, B. 20, 1183).
Their oxy- derivatives have been prepared by
Nietzki and Otto (B. 21, 1736), and received the
name of saffranols.

Of ail these substances the saffranines are

the most important. A considérable number of
them are prepared on a large scale and used as
dyes. The eurhodines are less valuable, although
a few of them have fohnd practical application,
whilst the saffranols, eurhodols, and the azines
and azonium bases themselves are only of theo-
retical interest.

Azines. These bases have been obtained by
the following methods :

1. By heating a-nitronaphthalin with pow-
dered quicklime, Laurent (Gm. 7, 24) obtained a
substance which he called naphtlicise. The same
compound was prepared by Doer (B. 3, 291) and
by IClobukowski (B. 10,573) who employed zinc-
dust instead of quicklime. This compound was
proved to be dinaphthazine by Witt (B. 19, 2791).

2. The same substance was prepared by
Schichuzky (J. R. G, 2464) by distilling a-naph-
thylamine over heated lead oxide.

3. Diphenazine (azophenylene) was first ob¬
tained by Claus (A. 168, 1) by the dry distilla¬
tion of orthoazobenzoic acid in the shape of its
calcium or potassium salts.

4. A général method for the production of
azines was indicated by Hinsberg (B. 17, 319;
18, 122S) who showed that whenever orthodi-

CO
ketones (compounds containing the group | ) re-

CO
acted on orthodiamines, two molécules of water
were given off and an azine (quinoxaline) was
the resuit. The first chemist who applied this
reaction was Aguiar (Trans. Portuguese Ac'ad.
Sci. 2, 313 ; B. 7, 312) who, however, did not
recognise its meehanism. This reaction may be
interpreted by the typical formula
R R

I R.
CO C—NH„

+ Il
C—NH„

I
R

\cX
■N.

CO
I

R
r/%

\c/
R

•N'

+ 2H20.

This method is so simple and works in most
cases so well, that it has been recommended by
Hinsberg (A. 237, 343, 371) as an easy and, in
fact, as the best method of identifying either an
orthodiamine or an orthodiketone. Very small
quantities of the ingrédients are as a rule suffi-
cient to obtain the characteristic azine, which
may be easily identified by its melting-point and
sulphurie acid reaction.

5. A similar method, indicated by Merz (B.
19, 725), is of less général application, as it may
only be applied to the production of purely
aromatic azines. It consists in the reaction of
orthodihydroxyl- derivatives of aromatic hydro-
carbons upon aromatic orthodiamines. In this
reaction the hydro- derivatives of the azines are
formed, which, however, are easily transforme!
by the oxygen of the air into the azines them¬
selves :
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✓ \ /\/noh , / y
,nh„

yoh
+ 0

Pyrocatechol
•nh2

Orthophenylene
diaraine

3h..0 +

/\n/
Diphenazîne.

6. Azines may also be prepared by heating
o-diketones with ammonia or ammonium acetate.
This method bas been applied to the production
of diphenanthrazine from phenanthraquinone by
Japp a. Wilson (C. J. 1886, 826) and of dinaph-
thazine from (8-naphthaquinone by Japp and
Burton (C. J. 1887, 98).

7. Japp and Wilson showed (Le.) that ben-
zoïn—an a-hydroxyketone—when heated with
ammonia or ammonium acetate, yielded tetra-
phenylazine :

CA

co c/
i + 2nh3 = il
ch(oh) c

ca c6h3
L/N\l

,G
+ 4H..O + a.

ca.
\N/|

cbh, c„h.

This reaction was afterwards extended by L.
Wolff, who showed (B. 21, 123) that compounds
containing the grojip

-CO

I
- CHBr,(Cl),(OH)

are converted by ammonia into azines.
8. A reaction related to the foregoing is that

in which the compounds described by V. Meyer
as1 ketines ' or ' aldines ' (azines) are formed by
the réduction of the monohydroximes of a-dicar-
boxyl-compounds in alkaline solution. Thus
benzil-monohydroxime, when dissolved in caustic
soda and treated with sodium amalgam, gives
tetraphenylazine (tetraphenylaldinc in V. Meyer's
nomenclature) :

CA
I
CO

I
c(n.oh)

|
oa

+ 3h„ =

CA

c

c.h,

4H.0

|\n/|
CA CA

(Braun and V. Meyer, B. 21,1296). If, however,
the réduction of such a monohydroxime is car-
ried out in acid solution, the hydrochloride of an
unstable base—probably an o-amido-ketone—is
obtained, whieh, when liberated from its salts,
readily parts with hydrogen (probably by oxida-
tion) and water, yielding an azine :

- co

I
- ch.nh,

/N
-c

II
- c

\

c -

Il -
c -

/

2h..o + h,

(Braun and V. Meyer, B. 21, 1947).
Vol. 1.—T

oh

/\/
»

0-Naphthol

9. Another mode of formation of the azines
consists in the joint oxidation of certain phénols
with aromatic orthodiamines. This method was

applied to the production of tolunaphthazin by
Witt (B. 19, 917).

rVv».
ch/^/^NA

Ortliotoluylene diamine

3h20.
s/

Tolunaplitliazine

10. A very peculiar mode of formation of
these substances was discovered by Witt (B. 20,
571), who showed that the azo- derivatives of
secondary /3-naphthylamines are decomposed by
being heated with strong acids into the corre-
sponding azine and amido- compound, thus :

CA
I

N
II
N

CA
nh2

Aniline

/\
n-
r

/
■nh

c„h.

Naphthoplienazine.

ca
Phenylazophenyl-
p-Naphthylamin

11. Finally a pyrogenic formation of an azine
may be mentioned, which has been published by
Bernthsen (B. 19, 3256), although only traces of
phenazine were found. It consists in distilling
aniline through red-hot tubes, when, according
to the author small quantities of phenazine may
be isolated from the tar which is the ehief pro-
duet of the reaction.

Ail azines have certain peculiar properties in
eommon. As a rule they are solid, well-crystal-
lised compounds of a pale yellow or orange
colour, possessing a high melting-point and boil-
ing at very high températures without the
slightest décomposition. They sublime at tem¬
pératures below their boiling-point, and their
vapour condenses into voluminous flakes of a
crystalline structure.

Ail the azines are bases which form salts
with minerai but not with organic acids. These
salts, which are generally of a deep red or orange
colour, are easily decomposed by water, the free
azine being liberated. Ail azines dissolve, with
characteristic intense colourations, in concen-
trated sulphuric acid. These colourations are
no doubt due to the formation of diacid salts
which are stable only in the presence of an
exeess of concentrated sulphuric acid. If, there-
fore, water be added to the coloured solution of
an azine in sulphuric acid, an instantaneous
change is the resuit : the yellow or orange
mono-acid sait is formed, and on further addition
of water the free azine itself separates in flakes.
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These. striking .colour reactions are liighly cha-
racteristic and, therefore, furnish the best means
of identifying the azines.

Notwithstanding these intense eolourations
the azines are not colouring naatters, they only
become such by tbe introduction of an amido- or
a hydroxy- group into the molécule. The azines
are ehromogenes, and in this respect strictly
analogous to anthraquinone and aeridine, to
which they bear a strong resemblance in con¬
stitution :

Anthraquinone
H
n

The following is an enumeration of the more
important aromatic azines from which well-
known colouring matters are derived :

/\/N\-
Diphenazine CJ2H8N2 = |

(Claus, A. 1G8, 1 ; Bernthsen, B. 19, 3256 ; Bis,
B. 19, 2206) has been obtained by the methods
3, 5, and 11. It forms pale yellow needles, of
the m.p. 170-171°, soluble in alcohol and most
other solvents. It distils without décomposition.
It dissolves in strong acids, forming unstable
salts of a red colour.

Toluphenazine

has been prepared by Merz (B. 19, 725) by the
action of pyrocatechol on orthotoluylenediamine.
It is very similar to diphenazine. Its m.p. is
117°, its b.p. 350°.

Naphthophenazine

C16H10N2 = ca.
\ '

lias been prepared by Witt (B. 20, 671). The
best mode of obtaining it is by the décomposi¬
tion, by acid, of the azo- compounds derived from
phenyl-/3-naphthylamine, but it has also been
prepared by the action of /3-naphthaquinone on
orthophenylenediamine and by simultaneous
oxidation of the latter and j8-naphthol. It forms
yellow needles, melting at 112-5°, distilling at a
high température without décomposition, and

dissolving in sulphuric acid with a reddish-browa
colouration. On dilution, two sulphates crystal-
lise from this solution. It is supposed that th»
formation of two sériés of monacid salts of this
base is due to either of the two nitrogen atoms
becoming pentavalent and saturated with the
acid.

Tolunaphthazines C17H12N2. Three substances
of this formula are known, the isomerism of
which has been discussed by Witt (B. 20, 577).
One of these, melting at 179-8° has been prepared
by the simultaneous oxidation (B. 19, 917) of
orthotoluylenediamine and i3-naphthol. Its con¬
stitution is expressed by the formula

|Nn

\/
It dissolves in sulphuric acid with a violet colour¬
ation. The other is formed by the décomposi¬
tion by acids of the azo- derivatives of para-
tolyl-3-naphthylamine (B. 20, 577). Its consti¬
tution is represented by the formula

CH„

Its melting-point is 169°, its sulphuric acid
reaction similar to that of naphthaphenazine..
The third tolunaphthazine, discovered by Hins-
berg (A. 237, 343a, 371), has been proved to
consist of a moleeular combination of the two
preceding ones ; its melting-point is 139-42°.

Several other.tolunaphthazines are theoreti-
cally possible. They have not, however, hitherto
been prepared.

Dinaphthazines C20H12N2. Several isomerides
of this formula are possible, only one of which.
has been prepared hitherto by various methods
already mentioned. This substance, which was
originally discovered by Laurent (6m. 7, 24),
and deseribed under the name of naphthase, bas.
the constitutional formula

It forms long glistening needles of pale orange-,
colour, melting at 275°, and dissolving in sul¬
phuric acid with an intense violet colouration.

Phenophenanthrazine C20H]2N2 (isomeric with
dinaphthazine). Of the large number of azines-
prepared from phenanthraquinone and aromatic
orthodiamines, only this and the two following
may be mentioned as typical. It may be obtained
by acting on orthophenylenediamine with either
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phenanthraquinone in an aeetic aeid solution
(Hinsberg, A. 237, 340) or with phenanthra¬
quinone sodium bisulphite in an aqueous solu¬
tion. It erystallises in pale yellow needles,
melting at 217°, and dissolves in sulphuric acid
with a beautiful red eolouration. Its constitu¬
tion is

A similar substance may be obtained from ortho¬
toluylenediamine. It melts at 212-213°.

Phenanthronaphthazine C2.|HhN2 is easily
obtained (Lawson, B. 18, 2426) from ortho-
naphthylenediamine and phenanthraquinone.
It gives a violet eolouration with sulphuric acid.
Melting-point 273°. The sulphonic acid deriva-
tives of this substance, C24H13N2.SO,H, are ob¬
tained (Witt, B. 19, 1719" ; 21," 34èô seq.) by
acting with an aqueous solution of phenanthra¬
quinone sodium bisulphite upon the solutions of
the various naphthylenediamine sulphonic acids
in sodium acetate solution, acidulated with
acetic acid. These sodium salts are soluble in
pure water ; small quantities of alkaline salts
are sufficient to precipitate them from these
solutions.

Diphenyltoluazine C21H16N2 may be men-
tioned as a type of the many azines obtained by
the action of benzil on aromatic aminés. It

separates out (Hinsberg, A. 237, 340) in silvery
leaflets from an alcoholic solution of benzil
mixed with a solution of orthotoluylenediamine.
It melts at 111°, and dissolves with a erimson
shade in sulphuric acid. Its constitution is
expressed by the formula

The corresponding derivative of orthonaph-
thylenediamine has been prepared by Lawson
(B. 18, 2426).

Chrysotoluazine C2,,H16N2 and Chrysonaphth-
azine C28H,BN2 have been prepared by Lieber-
mann and Witt (B. 20,2442) from ehrysoquinone
and the corresponding orthodiamines. The same
authors obtained azine derivatives from the
quinone of picene.

Toluindazine C^HuNj, the azine derivative
of isatine, has been prepared by Hinsberg (A. 237,
344) from orthotoluylenediamine and isatine, by
melting together the ingrédients and crystallising
the product obtained from a mixture of alcohol
and acetic acid. It forms yellow needles, melt¬
ing at 290°, and dissolving in acids with a
brownish-red eolouration. Its constitution is
eipressed by the formula

H

A large number of other less important azines
have been prepared in experiments made with a
view to showing that certain compounds obtained
by the authors were either orthodiketones or
orthodiamines.

Colouring matters derived from azines (eu-
rhodines and eurhodols).

It has already been said that by the introduc¬
tion of an auxochromic group, NH2 or OH, into
the molecule of an azine, thelatter is transformed
into a colouring matter. The amido- derivatives
of azines contaimng either one or several amido -

groups are embraced by the generic name of
eurhodines, whilst the name of eurhodols has
been given to the phenolic (OH) derivatives of
the azines. The following is an enumeration of
the various methods by whieh eurhodines and
eurhodols have been obtained.

A. Eurhodines.
1. By heating together any orthamido-azo-

compound and the hydrochloride of certain
aromatic monamines, such as, for instance,
a-naphthylamine or a-amidoquinoline, preferably
in aphenol solution, monamido-azines (the eurho¬
dines proper) are obtained. It was by this pro-
cess that the first eurhodine was discovered by
Witt in 1883 (B. 18, 1119 ; 19, 441) by heating
orthamidoazotoluene with naphthylamine hydro¬
chloride. In this reaction an orthodiamine is
formed by the réduction of the amido-azo- com-
pound, which combines with the a-naphthyl¬
amine, hydrogen being eliminated and absorbed
by the amido-azo- compound still présent.

C7H10N2+O10H8N = 6H + C17H13N3.
Ortbotoluylene- a-Naphthyl- Typical

diamiue aminé eurhodine

2. Another method of much greater applica-
bility consists in reacting with a-diketones upon
aromatic triamines, which contain two amido-
groups in the ortho- position. Two molécules of
water are eliminated for every molecule of
eurhodine formed. Thus, for instance, a eurho¬
dine was obtained from triamidobenzene and
phenanthraquinone (Witt, B. 19, 445) ;

/\
NH2

NH,

NH2

0 = 0
I

0 = 0

X)
A

/V
H..N-

rrv.
\AiAQ

+ 2H20.

3. Another method of considérable applica-
bility consists in heating together nitrosamines
(Witt, B. 21, 719) or quinonedichlorimides
(Nietzki a. Otto, B. 21, 1598) with aromatic
aminés in which the paraposition to the amido-
group is occupied by some radicle. Thus, for
instance, a eurhodine is formed by heating to¬
gether nitrosodimethylaniline hydrochloride and
^-naphthylamine, in an acetic acid solution,

Q 2
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HC1

N(CH3)2

NO
Nitrosodimethylaniline

hydrochloride
HC1

(CH3)2NN

H„N.

/3-Naplithylamine

HC1
(CH3)2N

l
+ 3H.,0 +-

Dimethylamidonaphtliaphen-
azine hydrochloride

nh2
Dlmethylparaphenyl-

enediamine mono-

hydrochloride

and an analogous, though somewhat différent
réaction takes place if the nitrosodimethylaniline
be substituted by dichloroquinonimide.

H,N.
1£x6

o
CtX

Dichloroquinonimide

HoN^^
- 2IIC1.

Amidonaphthaplienazine

4. Eurhodines proper may also be obtained
by the réduction (with ammonium sulphide) of
nitro-azines. Thus, for instance, nitropheno-
plienanthrazine may be reduced into the eurho-
dine amidophenophenanthrazine (Heim, B. 21,
2306).

5. Diamidoazines are formed by the spon-
taneous décomposition of certain indamines, if
their solutions be boiled for a certain time.
Thus toluylene blue, the indamine produced by
the action of nitrosodimethylaniline hydro¬
chloride upon metatoluylenediamine, is decom-
posed if its solution be boiled for some time,
dimethyldiamidotoluphenazine (toluylene-red)
being the principal product of this reaction
(Witt, B. 12, 931) :

■HCHJ -pp,

jsCH3"tUjl
cbh4

N-

fNH
. s ) NH,Ich3

Toluylene-blue.

C,,H,

pCIIjppi
I OH,^

C6H4
I +

NH
I [NH2C0hJ nh„

ICH3"
Leucotoluylene-blue.

ch3
CH.

i/T
\/\

NH,

CH3
Toluylene-red

(dimethyldiamido-
toluphenazine).

6. Di- and polyamido-azines may also be pre-
pared by the oxidation of orthodiamines and of
polyamines containing two amido- groups in the
ortho- position. Thus 0. Fischer and E. Hepp
proved (B. 22, 355) that the red substance winch
is formed by the oxidation of orthophenylenedi-
amine and which has been observed by many
investigators (Griess, B. 5, 202 ; Salkowski, A.
173, 58 ; Budolph, B. 12, 2211 ; Wiesinger, A.
224,353), is nothing else than diamidoplienazine.
And Nietzki and Miiller obtained (B. 22, 447) by
oxidising tetramidobenzene with a current of air
tetramidophenazine.

B. Eukhodols.
These may likewise be prepared by various

methods.
1. The sulphonie aeids of azines, fused with

potash, readily yield the corresponding oxyazines
or eurhodols (Witt, B. 19, 2791). For instance:

C24HlsN2S03Na + 2NaOH
Sodicnapiitbophenantlarazinesulptionate.

= C21H13N.ONa + Na2S03
Phenanthionaplithoeurhodol.

2. Several eurhodines (amido-azines) yield
the corresponding eurhodol on being heated
under pressure with strong acids, a hydrolysis
taking place under the circumstances (Witt, B.
19, 444) :

CjjHJJNJ.NHJ + H,0 = NH3 + CJ7H„N2OH
Typical eurhodine. Eurhodol.

3. Diazo-azines, on being boiled with water,
yield the corresponding eurhodols ; on being
boiled with alcohol they yield the alkylic ethers
of these eurhodols (Witt, B. 19, 444) :

C,7HnN2.N : N.C1 + H20
Diazoeurhodine chloride.

= HC1 + N2+C17H„N20H.
Eurhodol.

C,.HnN„.N : N.C1 + C2H5OH
= HC1 tNjt CI7HnN„OC2H5.

Ethyleurhodol.
The following is an enumeration of those of

the eurhodines and eurhodols which hâve been
more closely investigated, the properties of
which are typical for the whole class of colour-
ing-matters.

Typical eurhodine, C17H13N3 (Witt, B. 19,445).
The mode of formation of this sdbstance has
already been given (Section A, 1). It is best
prepared by heating equal molécules of orth-
amidoazotoluene, of the melting-point 118'5, and
a-naphthylamine hydrochloride, dissolyed in
phénol to 130°C., until the colour of the mix¬
ture, which is at first of an emerald green, has
changed into a brilliant scarlet. The mixture is
now treated with a large quantity of toluene,
when the hydrochloride of the new dyestuff is
precipitated in a crystalline state. By recrystal-
lisation from water acidulated with hydrochloric
acid it may be obtained in a pure state. From
the pure hydrochloride the free eurhodine base
is precipitated by alkalis or ammonia in the
shape of a yellow powder, which may ho recrys-
tallised from aniline. Thus prepared, it forms
glistening yellow prisms and needles of a dark-
brown colour. It dissolves in ether with a yellow
colour and a magnificent green fluorescence,
which is characteristic for ail the members of
this group of dyestuffs. Eurhodine forms three
sériés of salts, of which, however, only
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nith one molecule of acid are fairly stable,
whilst tbose containing more acid are décom¬
posé! by the addition of water. It is to the
formation of these various salts that the peculiar
change of colour is due which is observed on
ndding water to a solution of eurhodine in con-
centrated sulphurie acid. This solution is of a
cherry-red colour. On adding a small quantity
of water the colour changes to a fine emerald
green, whilst still more water produces the scarlet
shade of the normal sulphate. This change of
colour, which is observed with ail the eurho-
dines, links thein to their parent-substances, the
ozines, which exhibit similar curious phenomena.

The normal salts of eurhodine are well crys-
tallised and of a bronzed copper colour when
solid. In solution they exhibit a bright
scarlet tint which they communieate to the fibre.
These normal salts are, however, partially de-
composed by an excess of water, the free eurho¬
dine base being regenerated. The same takes
place if fibres dyed red with eurhodine be washed.
The scarlet shade is gradually replaced by the
yellow sbade of the free eurhodine base. For
this reason eurhodine has not found an applica¬
tion in the industry of artificial dyestufïs.

Amidonaphthophenazine C,„HnN3 has been
obtained by Nietzki and Otto (B. 21, 1598) from
d-naphthylamine and dicliloroquinonimicle. It
ciystallises in dark-yellow needles. Its salts are
of a crimson colour. Its solution in sulphurie
acid changes by the addition of water from red-
dish brown tbrough green into red. It forms a
diazo- compound which, when boiled with alco-
hol, yields the ordinary naphthophenazine, of
the melting-point 142°-5. The following com¬
pound is its dimethyl derivative :

Dimethylamidonaphthophenazine C1BH15N3
(Witt, B. 21, 719). This eurhodine, the forma¬
tion of which has been described under Section
A, 3, may easily be prepared in quantity by
heating together 20 parts nitrosodimethylamline
hyrlrochloride and 10 parts /3-naphtliylamine
with 50 glacial acetic acid ; the reaction sets in
below 100°C., and is apt to become violent.
The melt turns a fine violet colour. It is dis¬
solve! iu water acidulated with hydrochloric
acid, and the fiitered solution is precipitated by
the'addition of sodic acetate. The crude eurho¬
dine which is thus precipitated may be purified
bydissolving it in alcohol acidulated with hydro¬
chloric acid. From this solution the normal
eurhodine hydrochloride crystallises in bronze-
coloured needles. From these ammonia libérâtes
the free eurhodine base in the shape of a scarlet
erystalline powder. It may be recrystallised
from boiling xylene ; it is thus obtained in mag¬
nifient crystals resembling magnesium-platino-
cyanide, melting at 205°C.

The change of colour of a sulphurie acid
solution of this eurhodine is not very marked,
going from violet through black and green into
violet. The ethereal solution of the free base
exhibits the brilliant fluorescence characteristic
of ail eurhodines.

Amidophenophenanthrazine C20H13N3. This
eurhodine was prepared by Witt (B 19, 445) and
by Heim (B. 21, 2306) by the methods given
under Section A, 2 and 4. It crystallises from
toluene in short, thick, yellow prisms, melting
at 270=,

Dimethyldiamidotoluphenazine, Toluylene
red C15H16N4. The formation of this compound
by the spontaneous décomposition of toluylene-
blue has been described under Section A, 5.
This azine forms, in a pure state, orange crystals,
which contain 4 mol. of water of crystallisation;
at 150° this is given off and the anhydrous base
remains as a dark-red powder. The hydrated
base is soluble in ether with a pink colour and a
beautiful orange fluorescence. The solution in
concentrated sulphurie acid is green ; on being
diluted with water it changes through sky-blue
into red. The normal (monacid) salts are
perfectly stable and soluble in water with a
pink colour. This solution dyes unmordanted
or mordanted cotton and other fibres a pink
which in darker shades deepens into a coppery
red.

The production of this dyestuff has been
patente! (Otto N. Witt, G. P. 15,272, date! Nov.
6, 1880). The commercial product, which con-
tains a certain amount of impurities, is sold
under the name of ' neutral red.' It is chiefly
used in calico-printing, and gives very fast and
useful shades.

A similar product is prepared from the in-
damine which is forme! by reacting with nitroso-
dimethylamine hydrochloride upon metaphenyl-
enediamine. It is embraeed by the same patent
and sold under the name of ' neutral violet.'

Typical eurbodol C1;HnN2OH (Witt, B. 19,
444). This substance, the formation of which
takes place according to the équation given under
Section B, 2, forms small leaflets of a yellow or
red colour which dissolve in concentrated sul¬
phurie acid with a red colouration, and are re-
precipitated from this solution by the addition
of water. Caustic soda solution dissolves it with
an orange shade. Thus it is shown that this
eurhodol (like ail compounds of the same class)
exhibits both acid and basic properties, the
latter being due to the azine group contained in
their molecule.

Eurhodol C24H14N2OH. a-Hydroxynaphtha-
phenanthrazine has been obtained (Witt, B. 19,
2791) by the metliod described under Section
B, 1, by the fusion of naphthaphenanthrazine-
cc-sulphonie acid with caustic potash. Its solu¬
tion in sulphurie acid is of a fine and intense
indigo-blue ; it changes very suddenly into red
on the addition of water, the sulphate being
precipitated. This substance is a fine yellow
colouring matter which may be fixe! on cotton
with alum-mordant, like alizarine. Owing, how¬
ever, to its costliness it has not been brought
into commerce. A. large number of isomerides
may be prepared by starting from the numerous
sulpho- derivatives of orthonaphthylenediamine,
transforming them into azinesuiphonates by
condensation with phenanthraquinone and into
eurhodols by subséquent fusion with caustic
alkalis.

Azonium bases and saffranires. Theazonium
bases are a class of compounds of which our
knowledge is very restricted, only one représen¬
tative of the class being at présent known, and
that rather imperfeetly. They are, however, of
importance, as it is now established beyond
doubt that they are the parent substances of
the very important class of dyestuffs known as
saiïranines. Altliough the first artificial dye-
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stuff, mauvïne, was a true saffranine, and al-
though this group of compounds has been
frequently under investigation, a correct view of
their constitution liad not been obtained until
quite recently. According to the theory now
universally adopted, ail saffranines are amido-
derivatives of azonium bases, to which they
stand in the same relation as the azines to the
eurhodines, Hydroxy- derivatives of azonium
bases have also been prepared and described
under the name of saffranols. They are, how-
ever, of no importance as colouring matters.

The azonium bases themselves, which, as has
been said, are with one exception hypothetical,
stand in the same relation to the azines as the
ammonium bases to the aminés. They are
azines in which one of the nitrogen atoms has
become pentavalent by being saturated with
three organie radicles and one acid radicle, the
connection with the second nitrogen atom being
still preserved by the fifth valency of the penta¬
valent nitrogen atom. Thus the characteristic
constitution of the azonium bases may be ex-
pressed by the général formula

Nlrr

Bn< | Neh

/V
in wliich B1 and II11 represent mono- and bivalent
organie radicles and X1 a monovalent acid
radicle. The azonium bases are, as far as we
know, compounds which possess strong basic
properties, and which, in the teriacity with
which they retain their acid radicle, strongly
resemble the ammonium bases. It is probable
tliat the free azonium bases contain, like the|
ammonium bases, the hydroxyl group in the
position X1 of the above général formula.

The azonium bases are strongly coloured
substances, but their dyeing properties are only
developed and brought to perfection by the in¬
troduction of amido- groups into their molecule.
As the azonium bases theoretically possible are
very numerous, and each of them is capable of
producing very numerous isomeric mono- and
polyamido- derivatives, the number of possible
saffranines is exceedingly large, and the number
of those which have already been prepared is
insignificant in comparison with that fore-
shadowed by theory.

Of the saffranines which have liitherto been
prepared, only a few are monamido- derivatives
of azonium bases. A few more are of doubtful
or unknown constitution. The majority are
asymmetric diamido- derivatives of azonium
bases, containing one amido- group in one of
the diatomie organie radicles (B11) whilst the
other is attached to the monatomic radicle (B1).

The true constitution of phenosaffranine
and its congeners has been recognised by Witt,
who, after pointing out the analogy between the
eurhodines and saffranines (B. 18, 1119) and
clearing up the constitution of the former (B. 19,
116), proved thelatter to be asymmetric diamido-
azonium bases (B. 19, 3121). Bernthsen's view,

. who liad, basing himself likewise on Witt's
eurhodine researclies, proposed (B. 19, 2690)
somewhat earlier a symmetrical formula for the

saffranines, was subsequently proved to be
erroneous.

A. Azonium bases. Of these only one re¬
présentative has been liitherto prepared. It was
obtained by Witt (B. 20, 1183) by the reaction
of phenanthraquinone on phenylorthonaphthyl.
enediamine. By heating these ingrédients in
an acetic acid solution an intermediate product
is obtained, which on treatment with a minerai
acid is transformed into the sait of the azonium
base.

i Ci
•N/

/\
/\ no3

If nitric acid is used the nitrate is deposited
in very fine crystals. It is sparingly soluble in
water, readily soluble in spirit with a fine
orange-red colouration. The hydrochloride dis¬
solves in sulphuric acid with a violet tint,
which changes into red on dilution with water.

B. Saffranines. The various colouring-
matters belQnging to this group have mostly
been prepared by various synthetical methods,
which may be classed in the following manner :

1. Réduction of the nitro- derivatives of azo¬

nium bases. By reacting with mononitro-
phenanthraquinone and dinitrophenanthra-
quinone on phenylorthonaphthylenediainine,
nitro- and dinitro- derivatives of the above azo¬

nium base are obtained, which on réduction
with ammonium sulphide yield reddish Violet
colouring matters belonging to the saffranine
group (Witt, unpublished observations).

2. By the action of dichloroquinonimides
upon secondary aromatic aminés, in which the
paraposition to the amido- group is occupied,
monamido-azonium bases are fortned (Nietzki
and Otto, B. 21, 1598). The reaction for in¬
stance between dichloroquinonimide and (8-naph-
thylphenylamine may be reprèsented by tha
équation :

Cl N-

C1N-

Dichloroquinonimide

\ff

/3-Xaphthylphenylamiae

H,N

= nci +

New dyestuff.

3. In a similar manner nitrosodimethyl-
aniline (or any other nitrosamine) reacts with
/3-naphthylphenylamine (Witt, B. 21, 719).IRIS - LILLIAD - Université Lille 1
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hc1

n(ch3),

+ 3

./
!

. NO
îîitrosodimethylaniline

hydrochloride

(CH^N

C1\ \A
5 - 2 NN I

/3-Naplithylphenylamine

•n

O-W

hc1.n(ch3)2

+ 3h20 +

NH.

New dyestuff. Dimetliylparaphenyl-
enediamine mono-

liydrochloride.

4. The saftranines proper (asymmetric di-
amidazonium bases) are formed by the joint
oxidation o£ one molécule of diamine and twô
molécules o£ an aromatic monamine. In this
reaction fugitive indamines are formed as inter-
mediate products; the process thus becomes
strictly analogous to the formation of toluylene-
red and its congeners.

This is the process which is generally used
in the manufacture of saftranines, and it vill
therefore be thoroughly explained.

By the joint oxidation of an aromatic para-
diamine with one moleeule of an aromatic
monamine, an indamine is invariably formed
(v. Indamines). If these indamir.es be oxidised
in the presençe ôf ànother moleeule of an
aromatic monamine,a saffranine is formed :

First Stage.

f. ' Aniline
Nil,

Paraphenyl-
*

enediamine

nh,

| * + 02 — n— +2h20.

Second Stage.
nh2

I
.A
i • i

Y>?
+ 20 = 2HjO + N/ |

cl/|

nh2
Phenosaffrànine.

Of course any other paradiamine may be
substituted for paraphenylenediamine, and any
other monamine for aniline. As, however, the
formation of an indamine only takes place if the
paraposition to the amido- group be still free,
it results, that at least one of the two molécules
of monamines must fulfil this condition. Thus
the formation of a saffranine from paraphenylene¬
diamine takes place on oxidation of one moleeule
of the diamine with

(1) Two molécules of aniline.
(2) Two molécules of orthotoluidine.
(3) One of aniline and one of orthotoluidine.
(4) One of aniline and one of paratoluidine.
(5) One of orthotoluidine and one of para¬

toluidine, but it does not take place with one
moleeule of paraphenylenediamine and two of
paratoluidine (Witt, S. C. I. 1882, 256).

On the other hand, the other of the two molé¬
cules of monamines must have a free ortho- posi¬
tion in order to be capable of entering the
reaction. Thus the indamine of the above for¬
mula forms safïranines with ail the primary
aromatic monamines of the benzene sériés, with
tne exception of one xylidine and of mesidine,
of the respective formulas

ch.

NH2 •

AcS and

nh, -

cil/NCH,

nh,

because these two have no free ortho- position to
be used for the formation of the azonium
group (Nietzki, B. 19, 3017 and 3136).

It is also necessary that this second moleeule
of monamine be a primary base, whilst the one
necessary for the formation of the indamine may
be either primary, secondary,or tertiary,provided
alwàyS that it possess a free para- position.

5. It is évident that the générai process de-
scribed under 4 may be modified ; thus, for in¬
stance, the diparamido-derivatives of secondary
bases (being the leuco- compounds of indamines)
may be oxidised together with one moleeule of a
primary aromatic monamine, when a saffraniné
is the resuit.

nh,
.nh,

nh +

nh.hc1

+ 30 = 3H,0 +

Aniline
hydrochloride

nh,
Diparamido-
diphenylamine

nh,
Saffranine.

6. Another modification (Witt, B. 10, 873)
consists in heating amidoazo- compounds with
the hydrochlorides of aromatic monamines.
This is the oldest process for the manufacture
of saffranines. The mechanism of this reaction
is simple. Part of amidoazo- compound being
reduced, a mixture of a paradiamine and a
primary monamine in molecular proportions is
formed, which with the monamine added in the
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shape of hydrochloride, is transformed into
saffranine by the dehydrogenating action of the
remaining part of tbe amidoazo- compound. It
is évident that the yield must be small in this
process of manufacture, and such is actually
the case.

7. Certain compounds belonging to the saf¬
franine group (mauveïne &c.) are formed by the
oxidation of heavy aniline alone ; on continued
oxidation mauveïne is converted into true saffra¬
nine (Perlrin, P. K. 35, 717).

The following is an account of the more
important and more thoroughly investigated
saffranines.

A. Monamido- Dekivatives of Azonicïi Bases.
1. Red dyestuff CgjH,,N,.Cl. Obtained by

the action of dichloroquinonimide on phenyl-
/3-naphthylamine was prepared by Nietzki and
Otto (B. 21, 1598) by heating the ingrédients in
molecular proportion in alcoholic solution on
the water-bath. The nitrate forms green needles
or prisms which are soluble in water with a
magenta-red colour. The hydrochloride dis¬
solves in sulphuric acid with a red colouration,
which on dilution changes through green into
red.

2. Violet colouring matter CaH20N3Cl. Pre¬
pared by Witt (B. 21, 719) by actingwith 3mole-
cules of nitrosodimethylaniline hydrochloride
in an acetic acid solution on 2 molécules of
phenyl-/8-naphthylamine. This is the dimethyl-
derivative of tbe preceding substance. The
hydrochloride forms large black needles soluble
in water, with a line violet colour. The free
base, C2,H.i(,N3.OH is liberated from the salts by
caustic alkalis only. It is insoluble in water,
soluble in alcohol, with a red colour and a fine
orange fluorescence.

3. Violet colouring matter C25H.,2N3C1. Pre¬
pared by Witt (B. 21, 719) from paratolyl-
/3-naphthylamine in exactly the same manner as
the preceding substance, of which this is the
next homologue. Violet, soft needles, resem-
bling in their colour and reactions the phenyl
derivative.

The above substances have been patented
(Otto N. Witt, G. P. 19,221, dated Feb. 18,1882).

B. Diamido- Dekivatives of Azonium Bases.
1. Phenosaffranine C18HI5N4C1. Discovered

by Witt (exhibited in Paris in 1878 and men-
tioned in the catalogue of Messrs. Williams,
Thomas & Dower), elosely investigated by
Nietzki (B. 16, 404) and by Bindschedler (B. 13,
207 ; 16, 865).

It was with this compound that the mode of
formation of the saffranines and their chemical
properties were definitely ascertained, chiefly by
K. Nietzki, whose brilliant researches on this
Bubject did much to clear up the chemistry of
this group.

Phenosaffranine is prepared by the joint
oxidation of paraphenylenediamine and aniline.
The mechanism of this process has already been
discussed. A dilute aqueous solution of the
normal hydroehlorides of these bases is used, and
their oxidation is accomplished by adding potas¬
sium or sodium bichromate or manganèse dioxide
in the necessary proportion to the hot solution.
The blue colour of the indamine which appears

at first is immediately replaced by the red colour
of the saffranine formed. A certain quantity of
insoluble dark by-products is always formed,
but by careful work the yield of pure saffranine
may be raised to 70 per cent, of the theory.
When the oxidation is finished, soda solution or
milk of lime is added in order to precipitate the
impurities, and the liquid is filtered. By adding
a small amount of nitric acid and some sodium
nitrate to the filtered solution, the nitrate of tbe
saffranine crystallises out ; or the chloride may
be prepared by adding eommon sait to the solu¬
tion after acidulating it with hydrochlorie acid.
By repeated recrystallisation from water or
alcohol, the phenosaffranine is obtained in a
state of purity, in the form of magnificent green
needles. The sulphate forms blue needles. The
platinum sait (C18H,3N4.Cl).,PtCl4 forms insoluble
shining leaflets. Phenosaffranine forms a
diacetyl- derivative on boiling with acetic an¬
hydride in the presence of dry sodium acetate.
It forms two diazo- derivatives, of which the first

C,8H13N3C1
\si : N.C1

is rather stable and soluble in water, with a blue
colouration. The other diazo- compound

yN : N.C1
C|sH„N2C1
^N : N.C1

is very unstable and of a green colour.
Phenosaffranine dyes wool, silk, and cotton a

magnificent pink. Its aqueous solutions are red
and show no fluorescence, whilst alcoholic solu¬
tions show a marked greenish-yellow fluorescence.
Phenosaffranine dissolves in concentrated sul¬
phuric acid with a green colouration which
changes through blue into red on dilution, thus
indicating the actual existence of the three sériés
of salts foreshadowed by theory.

The alkyl- derivatives of phenosaffranine are
interesting colouring matters, some of which
have found an industrial application. They
have not been prepared by introducing alkyl-
groups into ready-formed saffranine, but rather
by direct synthesis from suitabla raw materials.
Each of them exists in two isomeric modifica¬
tions, according to the amido- group into which
the alkyl- group has been introduced. The two
amido- groups of phenosaffranine being asym-
metric, and therefore not équivalent to one
another, must of necessity produce différent pro-
ducts by their being alkylated.

a-Dimethylsaffranine C2nH19N4Cl is produced
by the simultaneous oxidation of one molecule
of dimethylparaphenylenediamine with two
molécules of aniline.

It is a dyestuff of a magenta-red shade. Its
nitrate crystallises in green needles (Bindsched¬
ler, l.c.). '

jS-Dimethylsaffranine is obtained by oxi-
dising a mixture of one molecule of paraphenyl¬
enediamine with one molecule of aniline and
one molecule of dimethylaniline. Its shade is
similar to that of the preceding one ; its nitrate
forms brown leaflets (Nietzki, B. 19, 3017 and
3136).

The two diethyl saffranines are obtained in
a similar manner. Their chlorides form green
needles which dissolve in water with a violet
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shade (Nietzki, B. 16, 464). These substances,
and especially the a- derivatives, are manufae-
tured under the name of fuchsia.

Tetramethylsaffranine (Bindschedler, loc. cit.)
and tetra-ethylsaffranine (Nietzki, loc. cit.) may
be prepared by the joint oxidation of one molé¬
cule dimethyl- (or diethyl-) paraphenylenediamine
with one molécule of aniline and one molecule
of dimethyl- or diethylaniline. These substances
have been sold under the name of amethyst.
Their shade is a magnificent violet, with a fine
crimson fluorescence. Unfortunately they are
very fugitive.

2. Tolusaffranines (Hofmann and Geyger, B.
5,526) C21H,,N4.C1. A mixture of the isomerides
of this formula is the saffranine of commerce.

It is prepared by the oxidation of a mixture of
paratoluylenediamine with the two toluidines.
This mixture is obtained by treating three molé¬
cules of the orthotoluidine of commerce (which
contains from 6 to 10 p.c. of paratoluidine) with
two molécules of hydrochloric acid and one
molecule of sodic nitrite dissolved in as little
water as possible. A thick heavy oil is the resuit,
which is merely a solution of amido-azotoluene
in the excess of toluidine présent. By dissolving
this oil in hydrochloric acid, and reducing it with
either zinc-dust or iron borings, the amido-azo-
compound is split up into paratoluylenediamine
and orthotoluidine ; consequently the aqueous
liquid produced contains the bases in the neces-
sary proportions for the production of saffranine.
The rest of the treatment is exactly similar to
the one described for pheno-saffranine. The
saffranine is precipitated from the liquid by the
addition of sait. By redissolving it in water,
boiling with a small quantity of potassium
bichromate, treating it afresh with milk of lime,
and reprecipitating the filtered liquid with
clean sait, the saffranine is purified so as
to give the brightest shades on dyeing. Saf¬
franine prepared with a toluidine rich in para¬
toluidine is very insoluble in cold water, and
therefore generally disliked by the dyer. The
presence of aniline has not the same disagree-
able effeet : some manufacturers therefore use

the first runnings of the magenta process, which
consist of aniline and orthotoluidine, and con-
tain no paratoluidine, as a suitable raw product
for the manufacture of saffranine. The saf¬
franine of commerce forms a brown powder
which dissolves readily in hot water. It dyes a
bluish pink on textile fibres, and was chiefly
used for dyeing cotton. The introduction of the
so-called substantive azo- colours, derived from
benzidine and its congeners, has much dimin-
isked the use of saffranine.

3. Girofle. A dimethylphenoxylosaffranine
lias been produced by heating nitrosodimethyl-
aDiline hydroehloride with xylidine, and sold
under the above name as a violet colouring
matter of a pleasing shade.

4. Saffranisol C1SH13(0CH3)2N4.C1 is a sub¬
stance which has been obtained by Nietzki by
the joint oxidation of one molecule of para¬
phenylenediamine with two molécules of ortho-
anisidine. It dyes a very beautiful yellowish-
pink with a yellow fluorescence. This product
has been patented (Kalle & Co., G. P. 24,229,
dated Oct. 27, 1882), but owing to the high price
of its production it has been unable to compete

with the eosine colours, which are perhaps still
more brilliant in shade.

5. Magdala red C30H21N4C1. This old and
very beautiful colouring matter is the saffranine
of the naphthalene sériés. It was discovered by
Sehiendl and first investigated by Hofmann
(B. 2, 374), who, however, owing to the great
difficulties of its analysis, assigned to it the
erroneous formula C30H2IN3.HC1. After a re¬
vision of the analytical data by Julius (B. 19,
1365) its true composition was established.
This substance cannot be prepared by the
usual oxidation process from paranaphthylene-
diamine and naphthylamine because para-
naphthylenediamine is at once transformed into
a-naphthaquinone even by the gentlest oxi-
dising agents. Magdala red has therefore to be
prepared by the old process of heating a-amido-
azonaphthalene with a-naphthylamine acetate.
The chief product of this reaction is rhodindine,
the induline of the naphthalene sériés (v. Indu-
lines) ; but a small proportion (6-8 p.c.) of
Magdala red is formed at the same time. This
is extracted from the melt by a repeated treat¬
ment with boiling water, in which it is, although
sparingly, soluble. On cooling, this solution
deposits the dyestuff in the shape of gelatinous
flakes. It is purified by repeated crystallisations
from water. When pure, it forms a dark crys-
talline powder which dissolves in alcohol with a
pink colour and a magnificent orange fluores¬
cence. It is used for dyeing light pinks on silk,
but is now rapidly being replaced by rhodamine
(v. Triphenylmethane coloukino matiees). If
ready-formed paranaphthylenediamine be added
to the magenta-melt, the proportion of Magdala
red formed is considerably increased (Otto N.
Witt, G. P. 40,868, dated Dec. 30, 1886). It is
thus shown that Magdala red is, after ail, only a
product of the joint oxidation of paranaphthyl-
enediamine and a-naphthylamine.

The salts of Magdala-red form in a perfectly
pure state, if recrystallised from spirit, green
needles with a metallic lustre. The eliloride,
sulphate, picrate, and platinum double chloride
have been prepared and analysed. These salts
dissolve in concentrated sulphuric acid with a
blue-black colour which changes into red ,on
dilution.

Mixed Magdala reds have been prepared
either by heating amido-azonaphthalene with
aromatic monamines of the benzene sériés (M.
T. Lecco, B. 7, 1290), or by heating amidoazo-
compounds of the benzene sériés with para¬
naphthylenediamine hydroehloride and aniline,
toluidine, or even phénol (Otto N. Witt, G. P.
40,868). These dyestuffs resemble Magdala red
in their properties.

6. Indazine is the commercial name of a

saffranine dye, which is obtained by heating
the symmetrical diphenylmetaphenylenediamine
(prepared by heating resorcine with aniline hydro¬
ehloride in the presence of zinc chloride) with
nitrosodimethylaniline hydroehloride. Its con¬
stitution may be inferred from its analogy with
the violet dyestuff prepared from nitrosodi¬
methylaniline and /3-naphthylphenylamine. It
is a serviceable blue, of considérable intensity
but little brilliancy of shade.

7. Basle blue C32H29N4C1 is a similar blue
dyestuff prepared (T. Ânnaheim, B. 20, 1371 ;
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Durand and Huguenin, G. P. 40,886, dated Sept.
23, 1886) by the reaction of nitrosodimethyl-
aniline hydrochloride on the paratolylnaphthyl-
•enediamine which is formed by heating Ebert
and Merz's dihydroxynaphthalene with para*
toluidine hydrochloride. Itformsabrowncrystal-
line powder, soluble in water, with a bluish-
violet shade. In concentrated sulphuric acid it
dissolves with a greenish-brown shade, which
changes through green into violet on dilution.

Saefranine Dyes of Unknown Constitution.
Mauveïne C2,H25N.,C1. This substance, the

oldest of ail the artificial colouring inatters, is
■still manufacture! in a small way, and sold under
the name of rosolane. It was discovered and ex*

•amined by W. H. Perkin (P. R. 35,717), who also
described the mode of its production. It is pre-
.pared by oxidising heavy aniline with potassium
.bichromate, and extraeting the mauveïne formed
with water or spirit from the black insoluble
mass which is the chief product of the reaction.
Mauveïne is generally sold in the shape of a violet
paste. It is insoluble in cold, sparingly soluble
in hot water, easily soluble, witb a fine purple
shade, in spirit. Concentrated sulphuric acid
dissolves it witb an olive-green colouration,
rwhich changes through green and blue into pur¬
ple. Mauveïne holds still its own against the
■cheaper new violets on account of its great fast-
•nessto light and other influences. It is used for
ahacling the white in bleached silks.

Mauveïne yields on oxidation a pink dyestuff
which is supposed to be identical with ordinary
phenosaffranine. In our opinion this statement
irequires confirmation. 0. N. W.

azo-anthrol colours. Anthrol, the
phénol of anthràcene, can easily be prepared on
a large scale by the method of Liebermann and
-Bollert (B-15, 226) (v. Anthroe). Liebermann
bas used itin the préparation of anumberof azo?
colours,. sine'e it is of interest to.know the in¬
fluence which phénol, naphthol,. onanthrol when
used in the préparation of azo- colours lias
mpon their shade and their stability. The
colours were prepared in ther usual way, viz., by
mixing the : solutions of the diazo- bases or their
sulplionic acids with alkaline solutions of anthrol,
the reactions taking place in exactly the same
manner as when naphthol is usedï The sul-
phonic acids of the colouring matters, which are
jeither obtained by using the sulphonic acids of
the bases for the préparation of the colours, oï
by sulphonating the insoluble colouring matters
which are produced when the bases themselves
are used, dye silk and wool direct, imparting to
them shades similartothose obtained by naphthol
colours. They vary from blood-red to a deep
jeddish-browh. Of course other anthracene de-
rivatives—for instance, dioxyanthracene—yield
eimilar azo- colours (S. C. I. 1, 181).

azobenzene C]2H10N2. A product of the
partial réduction of nitrobenzene, obtained by
Mitscherlich (A. 12, 311) by boiling an alcoholic
solution of nitrobenzene with potash and distil*
ling the product.

Préparation. —Azobenzene is obtained by
acting with sodium-amalgam (4 to 5 p.c. of
sodium) on nitrobenzene dissolved in ether conT
taining water (Werigo, A. 135, 176 ; Alexejeff,
j. 1864, .525 ;, Raseneck, B. 5, .367); the pro¬

duct, according to Alexejeff lJ. 1867, 503) is
azobenzene or azoxybenzene, according as the
sodium amalgam or nitrobenzene is in excess.
On the large scale azobenzene is prepared by the
réduction, of nitrobenzene in alcoholic solution
with zinc-dust and aqueous soda. In this re¬
action the réduction tends to go further, and
some hydrazobenzene is also obtained ; this,
however, is readily oxidised to azobenzene if
nitrous fumes are passed into the alcoholic solu¬
tion of the product (Alexejeff, J. 1867, 503).
Azobenzene can also be prepared by distilling
azoxybenzene (1 part) with iron filings (3 parts)
(Schmidt and Schultz, B. 12, 484), and by heat¬
ing nitrobenzene on a water-bath with the
calculated quantity (2 mois.) of stannous chloride
dissolved in. excess of aqueous soda (Witt, B.
18, 2912).

Properties.—Azobenzene crystallises in large
yellowish-red crystals belonging to the rhombic
System (Alexejeff, G.. S. 42, 965), melts at 68",
boils at 293°, and is readily soluble in alcohol
and ether, insoluble in water. Erom benzene it
crystallises with benzePe of crystallisation in
rhombic prisms, which lose benzene on exposure
to the air. Weak redueing agents, such as am¬
monium sulphide or zinc-dust in alkaline solu¬
tion, convert azobenzene into hydrazobenzene
(Alexejeff, A. 207, 327), but benzidine is cbtained
when stronger redueing agents such as sulphurous
acid or hydrogen iodide are emplcyed, cr the
alcoholic solution is treated in the cold with
stannous chloride and a little sulphuric acid
{Schultz, B. 17, 464 ; Mentha and Heumann, B.
19, 2970). When heated with ammonium
hydrogen sulphite and alcohol under pressure
it is convevted into benzidinesulphamic acid
(Spiegel, B. 18, 14S1). Azobenzene yields a
mixture of monov.di-, and tri-nitrazohenzenes
when treated with fuming nitric acid (Gerhardt
and Laurent, A. 75, 73 ; Janovsky and Eib,
B. 18, 1133 ; 19, 2157 ; Janovsky, M. 7, 124),
whilst ordinary sulphuric acid dissolves it with-
out altération, although the fuming acid at 130°
converts it into azobenzenemonosulphonie acid
(Griess, A. 154, 208 ; Janovsky, M. 2, 219). The
bromine derivatives of azobenzene have heen
examined by Werigo (A. 165, 189) and Janovsky

Azobenzene red. v. Azo- colouring
matters.

az0-black cr naphthol black v. Azo-
colouring matters. • ,

azo-blue v. Azo- colouring matters.

azo-coccin v. Azo- colouring matters.

azo- colouring matters.

History. —• The colouring matters. of this
elass contain one or more azo- groups—N:N—
linking together aromatic radieles. The typical
parent substance from which tliese compounds
may be çegarded as being derived is azobenzene,
CaH5.N:N.CaH5, which lias been lcnown since
the year 1834 (Mitscherlich, A. 12, 311). The
basic and acid derivatives of azobenzene are ail
colouring matters, the amido- derivative, amido-
azobenzene, having been the first of these com¬
pounds which was prepared and introdueed into
commerce on anything approaching a large scale
by the firm. of Simpson, Maule, and Nicholsonin
1863. This substance was prepared by the
action of nitrous gas upon aniline dissolved in
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alcoliol, and was known in the market bv the
name of1 aniline yellow,' the true constitution
of the eolour being at the time unknown. The
introduction of the first azo- colour into com¬

merce is thus due to the firm above mentioned,
altliough the production of the colour itself
appears to have been previously observed by
Mène (C. R. 52, 311), Luthringer (Brevet
d'invention, Aug. 30, 1861), and Griess (A.
1862, 121, p. 262, note). The first researches
tipon the diazo- compounds (as distinguished
from azo- compounds) were published in 1858
by Griess (A. C. 106, 123), who in 1862 dis-
covered a compound produced by the action of
nitrous acid upon aniline, to whieh he gave
the name of ' diazoamidobenzol ' (A. C. 121,
257). The latler was, however, a true diazo-
compound, and on comparing it with the
* aniline yellow ' of commerce it was found
that the two substances were isonieric, a dis-
covery which led to the establishment of the
true formula of amidoazobenzene by Martius
and Griess in 1866 (Z. N.F. 2, 132). In this
same year a brown dye was sent into the
market by the firm of Boberts, Dale, & Co., of
Manchester, and this colouring matter (known as
Manchester Brown, Vesuvine, Phenylene Brown,
or, more generally, Bismarck Brown) was inves-
tigated by Caro and Griess, and identified as
an azo- compound (triamidoazobenzene) in 1867
(Z. N.F. 3, 278). This compound still occu-
pies an important place in the tinctorial in¬
dustries, whilst the earlier known amidoazo¬
benzene (aniline yellow) has been completely
abandoned on account of its fugitive character.
In 1876 a beautifully crystalline orange colour¬
ing matter made its appearance as a commercial
product under the name of ' chrysoïdine,' its
composition and constitution having been estab-
lished by Hofmann (B. 1877, 213), who showed
that it was diamidoazobenzene, being thus re-
lated on the one hand to amidoazobenzene and on

the other hand to triamidoazobenzene. This
colouring matter was discovered almost simul-
taneously by Caro and Witt, independently, in
1876, but was first introduced: into commerce by
the latter, the manufacture having been carried
out by the firm of Williams, Thomas, and Dower,
of Brentford and Fulham. The tliree azo-

colours which thus prepared the way for the
furtlier extension of this important branch of
manufacture are ail amidated, and therefore
basic derivatives of azobenzene, having the
formulas :

CeH5.N2.CsH4.NH2
Amidoazobenzene (aniline yellow)

C8H5.N2.C8H3(NH2),
Diamidoazobenzene (chrysoïdine)

NH2.C8Hj.N2.CsH3(NH2).,
Triamidoazobenzene (Bismarck brown).

The manufacture of chrysoïdine was the
first industrial application of Griess's discovery
of the diazo- compounds, the colouring matter in
question being prepared by the action of a diàzo-
salt (diazobenzene chloride) upon metaphenyl-
cnediamine, and this manufacture was soon
followed by the appearance of acid azo- com¬
pounds prepared by the action of diazosulphoniç
licids upon phénols. The typicâl parent sub¬
stance of the acid azo- colours may be regarded

as oxyazobenzene, CcH5.N2.C6H4.OH, which was
first prepared by Griess iu 1866 (A. C. 137,
84). The général method by which the azo-
colours are now prepared is an application of
the reaction between diazo- salts and phénols
in alkaline solution, first made known by Kekulé
and Hidegh (B. 1870, 233), the first colouring
matters of this class having been introduced
by Witt under the name of ' Tropœolines ' (C. J.
1879, 179), and simultaneously by Poirrier, of
St. Denis, under the désignation of 1 Orange '
of various brands. Since the first appearance of
the aeid azo- colours immense numbers of
these compounds have been sent into com¬
merce under various désignations, the first
patent having been taken out by Griess in
1878 (B. 1879, 12 and 143), and being quickly
followed by others, whieh will be referred to in
due order. Of the acid azo- colours described in
the earlier spécifications, the most successful
from an industrial point of view were those
manufactured by the 'Badische Anilin- und
goda-Fabrik' (B. 1879, 1364), and by Meister,
Lucius, and Brûning, of Hûchst (B. 1879, ,144).

The next step of importance in the industrial
history of the azo- colours was the introductiqn
of secondary azo- compounds, containing two azor
groups. Thetypical compound of this class is oxy-
azo-azobenzene, C8H3.N2.C6H1.N2.C6Hi.OH, dis¬
covered in 1877 by Caro and Schraube (B. 1877,
p.2230). In 1879 appeared the ' Biebrieh scarlet '
of Nietzki (B. 1880, pp, 800, 1838), which was
introduced by the firm of Kalle & Co,, of Bie¬
brieh. The manufacture of this scarlet de-
pended upon a discovery of Grassler (B. 1879,
p. 396 ; Germ. pat. 4,186, May 12, 1878, and
subséquent patents; also Kriigener, B.: 1882,
p. 94 ; Germ. pat. 16,482, Nov. 14, 1879), that
amidoazobenzene could, by the action of fuming
sulphuric acid, be converted into a mixture of
sulphonic acids capable of being diazotised. In
1881 the manufacture of a new /3-naphthol-a-sul-
phonic acid was patented by the firm of Bayer
& Co. (B. 1882, pp. 1351, 3104), from which
acid were prepared a number of new secondary
azo-colours, these now being met with under the
name of ' Croeeïn Scarlets.' Of late years a
new sériés of secondary azo- compounds, derived
from benzidine and its homologues, has been
discovered, and these colouring matters are now
extensively used, especially for co-tton-dyeing.
Amongst the earliest of these benzidine colours
manufactured on à large scale was ' Congo red,'
obtained by the action of a tetrazo- sait of this
base upon a-naphthylamine sulphonic acid (P.
Bôttiger, Germ. pat. No. 28,753; B. 1884, p.
453).

Manufacture.— The général method of pre-
paring the azo- colours on a large scale dépends
upon the reaction between a cfiazo- sait, usually
the chloride, and a phénol or phenolsulphonic
acid in presence of an alkali, as typified by the
following example :—

C6H5.N2.C1 + C6H5.ONa
Diazabenzene- Sodium

chloride Phenute

= C6H5.N2.C8Hj.OH + NaCl.
Benzeneazophenol

Amidosulphqnic acids or, amidocarboxylic
acids when diazotised react in a similar manner ;
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CA<SO> + C^-°Na
Diazosulphanilic

acid
Sodium
Phenate

~cgh,<!<^c6h1.oh.
Sulpliobenzeneazophenol (sodium sait)

In praotice the diazo- sait is not isolated in
the first place, but is always employed in a state
of aqueous solution, the aminé to be diazotised
being first dissolved in dilute acid and then
mixed with the calculated quantity of sodium
nitrite dissolved in water 1 :

C6H5.NH2 + NaN02 + 2HC1
Aniline
= C6H5.N.,.C1 + NaCl + 2H20.

Diazobenzene-
chloride

As diazo- salts are unstable in presence of
warm water the solutions are always well cooled
during the proeess of diazotising, the cooling
being effected in large opérations by floating
lumps of ice in the solution. When the whole
of the nitrite has been added and the diazotising
opération is complété, the solution of the diazo-
salt is run into the solution (also cooled) con-
taining the calculated quantity of phénol or sul-
phonic acid, &c., dissolved in alkali, the amount
of the latter being so adjusted as to keep the
mixed solutions slightly alkaline at the end of
the reaction. In most cases the eolouring-
matter separates out at once, or after standing
for some hours ; in other cases the complété
précipitation of the azo- compound is promoted
by the addition of common sait, and, in some
few instances, the solution requires acidifying
in order to precipitate the colour. The rate at
which an aminé becomes diazotised dépends
upon the state of dilution of the solution as well
as the nature of the aminé. It may be taken as
a général rule that the simple aminés, such as
aniline and its homologues, the naphthylamines,
&o., diazotise more rapidly than the more com-
plex amido- derivatives, such as amidoazo-
benzene and its homologues. Benzidine and its
homologues form tetrazo- salts when acted upon
by nitrous acid :

%h;S+™o*+4Hci
Benzidine

_ Ç6H4.N2.C1 nvr i |t- p~ C(iH4.N2.Cl+ ^abl + 4±tjU-
Tetrazo-diphenyl-

dichloride
These tetrazo- salts also combine with two

molécules of a phénol, aminé or sulphonic acid,
and it has been observed that the combination
takes place in two stages, intermediate products
containing one free diazo- group being first
formed (Lange, B. 1886, p. 1697). The prac-
tical application of this discovery will be seen
on referring to the mixed secondary azo- com-
pounds of this class, which are described in the
detailed list of azo- colouring matters.2

General properties.—The tinctorial value of
the azo- colours dépends upon the presence of

1 Some of the diazosul phonic acids, such as diazonaph-
thionic acid, are insolub'e in water, and are therefore em¬
ployed in a state of suspension.

3 According to a recent patent oxyazo- compounds can
be produced by heating diazoamido- compounds with
phénols according to tlie général reaction :

X.N2.NH.X+Y.0H=X.N„.(Y—H ).0H +X.NH3( Fischer
and Michaelis, Gerin. pat. 40,890, Noy. 11, 1886 ; B. 1887,
ni. p. 754).

acid or basic radicles in the three parent corn-
loounds :

C6H5.N2.C6H5 CdH3.N2.C10H; C^BL.ÎL.C,.!!,
Azobenzene Benzeneâzo- Azonaphthalene

naphthalene
These compounds are insoluble in water and

devoid of dyeing properties. The basic deriva¬
tives of azobenzene previously mentioned are
soluble in dilute acids and show a regular grada¬
tion of tint, amidoazobenzene being yellow,
diamidoazobenzene orange, and triamidoazo-
benzene reddish brown. These amidated azo-

benzenes are ail dye-stuffs having considérable
affinity for animal fibre, such as silk or wool.
The hydroxy- derivatives of the parent com¬
pounds are generally soluble in alkalis and are
strong colouring matters, but are not readily ap¬
plicable in this form. The tinctorial value of both
amidated and hydroxy- derivatives is increased
when these are converted into sulphonic acids
by the presence of one or more HS03 groups in
one or both radicles. The sulphonation may
be effected by first forming the azo- compound
and then heating the latter with sulphuric acid
of appropriate strength, or, preferably, the
amidosulphonic acid is diazotised and then
combined with the phénol, aminé or sulphonic
acid in accordance with the général method of
manufacture already described. The alkaline
salts of such sulphonic acids are ail soluble in
water and are decomposed by stronger acids
with the libération of the sulphonic acid, which
then combines readily with the fibre presented
to it. A regular gradation of shade is shown by
homologous sériés, thus :

C6H3.N2.C]„H4.H0/3.(HS03)2... Benzeneazo-8-
naphtholdisulphonic acid. Orange.

C7H?.N2.C10H4.HO/3(HSO3), . . . Tolueneazo-d-
naphtholdisulphonic acid. Reddish orange.

C,H„.N2.C10H,.HO)3(HSOs)2 Xyleneazo-d-
naphtholdisulphonic acid. Scarlet.

C9H11.N2.C,„H4.H0/3(HS03)2 Cumeneazo-d-
naphtholdisulphonic acid. Bluish scarlet.

The shade of colour is influenced also by
isomerism. Thus the unsymmetrieal diamido¬
azobenzene C8HS.N2.C8H3(NH2)2 is much redder
than the symmetrical modification

NH2.CdH,.N2.CdHrNH2.
The various isomeric naphtholsulphonic acids
also give différent shades of colour, and as a rule
the azo- colours derived from a-naphtholsul-
phonic acids are bluer and more soluble than
those obtained from the /3-naphtholsulphonic
acids. The tinctorial power of the azo- colours
appears to increaseup to a certain limit with tbe
complexity of the molecule, the secondary azo-
eolours derived from amidoazobenzene being
more intense colouring matters than the simpler
compounds containing only one N„ group. The
azo- colours, both acid and basic, ail dye silk and
wool readily, but cannot be made to take easily
upon cotton without the use of mordants. Some
affinity for vegetable fibre is shown, however, by
the secondary azo- colours of the Biebrich scarlet
type (croceïns) and more especially by the
secondary azo- compounds derived from benz¬
idine and its homologues, these colouring mat¬
ters having a distinct affinity for cotton, which
makes them of spécial value, since they can be
dyed directly on to cotton from a soap batb
without the use of a mordant. The mode of ap-
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plication of these dyes to the various classes o£
fabrics belongs to the subject of dyeing.

The azo- colours dissolve with characteristïc
colours in strong sulphuric acid, so that this re¬
agent can be used as a rough test for these com-
pounds. Thus the sirnpler primary compounds
containing only benzene nuclei dissolve as a rule
with an orange or red colour; seeondary azo-
compounds containing HS03 groups in the
benzene nucleus only, dissolve with a green
colour (Biebrich scarlet,

HSO3.C6H4.N2.C6Hs(HSO3).N„.C10Ha.OH3) ;
when the HS03 group is in the naphthalene
nucleus the colour given by strong sulphuric
acid is violet :—Ponceau SS,

CaH,.N2.C6H4.N2.C10H4(HSOs)2.OHj8,
and when HS03 is présent in both benzene and
naphthalene nuclei they dissolve with a blue
colour (croceïn scarlets,

HSO3.CsH4.N2.CsH4.N2.C10H,.HSO3a.HO/3).
It must be understood. however, that the colour
given by sulphuric acid is only of use in a rough
preliminary examination, as the rules given
above are interfered with by the circumstanee
that several of the primary azo- colours also
dissolve with a violet or blue colour, e.g. Bor¬
deaux G, fast red, &c.

By the action of reducing agents, such as tin
and hydrochloric acid, the azo- colours are re-
duced, and always in such a manner that the
nitrogen atoms of the N2-groups become severed
and hydrogenised. This is shown by the follow-
ing examples :—

C8H3.N2.C6H4.NH2 + 2Hj
Amido-azobenzene

= C6HrNH2+C6H4(NH2)2Aniline Paraplienylene-diamine.
OeH5.N2.C6H3(NH2)2 + 2H2

Diamido-azobenzene
= OjHJ.NHJ + C6H3(NH2)3

Aniline Triamidobenzene.

HSO3.C6H4.N2.C10H6OH(|8) +2ïï2
Sulphobenzeneazo-/3-napbthol

= HS08.CaH4.NH2 + Cl0H6.NH2(a)HO(,8)
Sulphanilic acid a-Amido-/3-naphtbol.

HS03.CoH4.Na.0oH4.N2.C10H6.HS03(al.0H(/3)+4Ha=
Croceïn scarlet

HS03.C6H4.NH3+CaH4(NHa)a+CloH5.NE2.HSO3(a).H0C/3)
Sulphanilic Paraphenyl- Amido-/3-naphthol-a-

acid ene diamine sulphonic acid.

Ç6.H4.N2.C10H5.NH2(a).HSO3(a)
CB.H4.N2.C,0HS.NH2(O).HSOJ(O) + 4±1*

Congo red.

4S + 2C10H5.NH2(a) ,NH2(£) .HS03(a)
2 Diamidonaplithalenesulphonic acid.

Benzidine.

Identification of azo- colours.—A process for
identifying the azo- colours derived from the
sulpho-acids of the naphthols and naphthyl-
amines has been described by 0. N. Witt
(B. 1888, p. 3468). The method is based on the
complété réduction of the colouring matter in
accordance with the above principle. One gram
of the substance is dissolved in 10-20 parts of
hot water according to its solubility and to the
solution are added 6 c.o. of a solution contain¬
ing 2 grams of stannous chloride (crystals) in
pure hydrochloric acid of 1*19 sp.gr. (40 grams
tin sait in 100 c.c. acid). When the réduction is
complété the resulting amido-naphthol or di-
amidonaphthalene sulphonic acid can be identi-
lied by its properties. For the détection of azo-
oolours in the fibre see a paper by Lepetit (Zeit.

f. angew. Chem., Aug. 1S88, Journ. Soc. Dyers
and Colourists, vol. 4. p. 133).

Soluble compounds formed by Azo- Colourswitli
acid sulphites.—Oxyazo- compounds which are
insoluble in water bave the property of forming
easily decomposable, soluble, crystalline com¬
pounds when heated for some time in alcoholic
or aqueous solution with potassium or sodium
bisulphite. The compounds thus formed are
yellowish in colour, soluble in water, and de-
composed by steaming or by alkali, so that the
colouring matter can by this means be de-
posited in the fibre. These water-soluble com¬
pounds bave the général formula (Spiegel, Ber.
1885, p. 1479) :

X—N—N-Y
! I

H NaSOs
The following compounds of this class bave

been sent into commerce :—

Azarine (Meister, Lucius, andBriining).—Di-
amidodioxybenzosulphone, S02(C8H3.H0.NH2)2,
is diazotised and the tetrazo- sait combined witli
/3-naphthol in the usual way. The azo- colour,
which is insoluble in water, is then converted
into the bisulphite compound :

so ^C8H3.HO.N2.C10H8.OHf52^C6H3.HO.N2.C10H6.OHj8
Seeondary azo-compound.

c;n /C6Ha.HO.NH.N(NaS03).C10H6.OH/3
-\C6H3.HO.NH.N(NaS03).C10H6.OHj8

Azarine.

Narceïne (Durand and Huguenin). The bi¬
sulphite compound of sulphobenzeneazo-/3-
naphthol having the formula :

HSO3.NH.N(NaSO3).CIOH6.OH0.
The property of forming soluble compounds

with bisulphites was first discovered by Prud'¬
homme. The following patents refer to the
technical application of this discovery :—Farb-
werke vorm. Meister, Lucius und Briining, Germ.
pat. 29,067, December 16, 1883 (B. 1884, p. 452);
Eng. pat. 5,767, December 17, 1883 ; Farbenfab-
riken vorm. F. Bayer & Co., Germ. pat. 30,080,
April 19, 1884 (B. 1885, p. 11) ; Eng. pat.
2206, Feb. 17, 1885 ; Farb. vorm. Meister,
Lucius und Briining, Germ. pat. 30,598, June 1,
1884 (B. 1885, p. 89) ; Dreyfus, Eng. pat. 9,280,
June 26, 1888, S. C. I. 1889, p. 117. This last
patent relates to the formation of a bi-sulphite
compound from Primuline.

Séparation of Azo- Colours by fractionalpré¬
cipitation.— The isomeric naphtholsulphonic
aeids, which are so largely used in the manufac¬
ture of azo- colours, not only form compounds of
différent shades of colour with the same diazo-
salt, as has already been stated above, but they
differ also in the facility with which they enter
into combination with such diazo- salts. Advan-
tage is taken of this property to effect the sepa/-
ration of the différent isomerides without pre-
viously separating the isomeric naphtholsulpho¬
nic acids. As an example of this method may
be mentioned the use of diazotised benzidine
(tetrazodiphenyl chloride). Thus when jS-naph-
thol is sulphonated at 50-G0°G., a mixture of
three monosulphonic aeids is produced of which
only one (/3-naphthol-a-sulphonic acid) is of use
for the manufacture of Croceïn Scarlet. The
other two modifications, of which one is Sehaffer's
acid, are therefore removed by adding the neces-
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sary quantity of diazotised benzidine to the alka-
line solution of the mixed aoids, when Sehaffer's
acid and the other modification are first pre-
cipitated as claret-red secondary azo- colours, and
the a-acid is left in solution in a state of purity.
The latter can then be used for the préparation of
croceïn scarlet (Farbenfab. vorm. F. Bayer & Co.,
Germ.pat. 80,007, Mareh 1,1884 ; B. 1885, p. 89;
Eng. pat. 8,495, May 31, 1884, S. 0. I. 1885, p.
452).

Direct formation of Azo- Colours in the fibre.
Owing to the ' facility with which diazo- salts
react witli phénols in alkaline solution, it lias
been found possible to produee azo- colours di-
rectly in the fibre of the goods which have to be
dyed by immersing alternately or simultaneously
in a solution of naphthol and the diazo- sait,
and then developing by alkali. This process is
especially applicable to cotton-dyeing (T. and R.
Holliday, Eng. pat. 2,757, July 6,1880). Asimilar
resuit is arrived at by using the nitrite which is
necessary for diazotising in the form of an am¬
monium sait, so that onheating the impregnated
fabric this sait is decomposed in the presence of
the phénol and aminé, and thus gives rise to the
formation of the azo- colour (P. Grassler, Germ.
pat. 14,950, November 28, 1880; Ber. 1881,
p. 2079). Azo- compounds of rosaniline can be
similarly introduced into fabrics by first immer¬
sing in a solution of diazotised rosaniline, and
then into an alkaline solution of B-naphthol
(Dawson, Eng. pat. 1,280, March 16, 1882). A
colouring matter has reeently been introduced
by Broolce, Simpson, and Spiller, Limited, under
the name of ' Primuline,' which can be diazotised
in the fabric and tben the latter, on immersion
in a bath containing the phénol (naphthol orïes-
orcinol) dissolved in alkali, develops the colour
in the fibre. The same principles are applied
in processes described inthefollowingpatents: —

C. Holliday, Eng. pat. 2,946, June 21, 1882 ;
T. Holliday, Eng. pat. 2,5S0, February 25, 1885,
and 13,790, November 12, 1885. Farbenfab.
vorm. F. Bayer & Co., Germ. pat. 43,433, August
30, 1887 ; B. 1888, p. 557.

In the succeeding portion of this article it is
proposed to give an account of the most impor¬
tant azo- colours which have been introduced
into commerce. Each colour will be treated of
under its commercial name ; its chemical for¬
mula given, and the mode of préparation and
général properties briefly described.

I. Basic Azo- Compounds.
Aniline Yellow ; Amidoazobenzene,

CtHs.H..CiH).NH„.
, CE M"This compound, discovered by Mène in 1861

(J. 1861, p. 416), and introduced into com¬
merce by Simpson, Maule, and Nicholson in
1863, is interesting as being the first azo- colour
made on a manufacturing scale. It was formerly
prepared by passing nitrous acid gas into an
alcoholie solution of aniline. As a colouring
matter it is now of no importance, but is largely
used as the starting:point in the manufacture of
other azo- colours and of indulines. In practice
this compound cannot be prepared directly by
the action of one molecule of nitrous acid upon
two molécules of aniline, since diazoamidobenz-
ene is always the first product of this reaction :—

2C„H..NH...HC1 + NaNO.,
= C0H3.N2.NH.C6H3 + NaCl + HCl + 2H..O.

The diazo- compound is slowly converted into
the isomeric aniline yellow on being allowed to
stand for some time in contact with aniline
and an aniline sait

C(iH3.N2.NH.CeH3 = CliH5.N2.C6H4.NH2.
On a large scale the diazoamidobenzene is first
prepared and then dissolved in excess of aniline
and a little aniline hydrochloride (2 parts diazo-
compound, 1 part aniline sait, and 4 parts
aniline) ; the mixture, after standing for a day
or two at about 30°-40°C. contains nothing but
amidoazobenzene, and the excess of aniline is re-
moved by basifying with caustic soda and steam
distilling. By carefully adjusting the propor¬
tions, and keeping the mixture well cooled during
the addition of the nitrite, the diazo- compound
can be formed directly in the presence of the
excess of aniline, and need not be isolated at
first. The old aniline yellow was the oxalate of
the base. The free base crystallises in yellow
rhombic prisms. M. p. 120°. B. p. above 300°.
The hydrochloride crystallises in steel-blue
needles. Base slightly soluble in hot water,
readily soluble in alcohol. Yellow solution
coloured red by hydrochloric acid.

Literature.—Mène, 1861 (see above) ; Dale
and Caro, Eng. pat. No. 3,307, 1863 ; Martius
und Griess, 1866, Z. 2, 132 ; ICekulé, 1866, ibid.,
2, 689 ; Grassler, D. P. J. 232, 192 ; Witt and
Thomas, C. J. 1883, p. 112 ; Friswell and Green,
C. J. 1885, p. 917; and 1886, p. 746; Stiidel
and Bauer, B. 1886, p. 1953.

Butter Yellow ; Dimethylamidoazobenzene,
C6H5.N2.CeH4.N(CH3)2.

Prepared by the action of diazobenzene ehloride
on dimethylaniline. Substance forms yellow
leaflets of m. p. 115° ; soluble in dilute hydro¬
chloric acid with a red colour ; precipitated by
alkali. Soluble in strong sulphuric acid with a
yellow colour becoming red on dilution.

Literature.—Griess, B. 1877, p. 528.
Chrysoïdine ; Diamidoazobenzene,

C6H3.N2.C6H3.NH..NH„.
[l] [2] W'

This colouring matter is prepared by mixing
a solution of diazobenzene ehloride with a

solution of metaphenylene-diamine. In prac¬
tice a known weight of aniline is dissolved
in dilute hydrochloric acid and diazotised, the
solution being diluted so as to contain 1 per
cent, of diazo- sait. The necessary amount of
the diamine is obtained by redueing the corre-
sponding quantity of metadinitrobenzene ' so as
to obtain a 10 per cent, solution of the diamine.
The colour when formed is separated by means
of common sait or else directly crystallised as
hydrochloride. The free base forms yellow
needles ; m.p. 117'5°C. Slightly soluble in
water, readily in alcohol ; solutions orange.
The commercial product is the hydrochloride,
C12H12N4,HC1, which forms beautiful blackish-
green prisms with a metallic lustre. The strong
solution of the sait solidifies on rapid cooling to
a red jelly. Dissolves in strong sulphuric acid
with a brownish-yellow colour. Used in cornbi-

1 In some factories it is customary to use impure dini-
trobenzene, i.e. containing a certain amount of dinitro-
toluene, so that the product contains some toluvlene chry¬
soïdine formed from the metatoluylene-diamine.
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nation with saffranine to produce- a soarlet 011
moi'danted cotton.

Literature.—Hofmann,B. 1877,p. 213; Witt,
ibid., pp. 350 and 654 ; Griess, ibid., p. 389.

Azophosphines ; Nitroehrysoïdines. — These
colours are prepared by the action of diazotised
metanitraniline and its homologues upon meta-
phenylene-diamine and its homologues. Thus
the simplest compound of this class would hâve
the formula NO.,.C6HJ.N,.GfiH3.NH2.NH2.

[31 [1] [2] [4]
Literature.—A. Leonhardt & Co., Germ. pat.

37,021, B. 188G, vol. iii-, p. 803, S. C. I. 1886,
p. 523.

Bismarck Brown ; Phenylene Brown ; Man¬
chester Brown ; Vesuvine.—Triamidoazobenz-
ene, NBL,.G8H1.N.>.0,Hs.NH.„NH.,. Prepared by

[3] [1] [2] [4]"
the action of nitrous acid upon metaphenyl-
ene-diamine, the reaction occurring in two
stages :—

C0H, (NH„)2 + HN0., + HC1 =

NH2.CeH4JST2,Cl + 2H.,0
NH,.C6H,.N2.Cl-t- C„H, (NH2)2 =
NH2.06H4.N2.C8Hs (NH2)2 + HC1.

These two reactions occur simultaneously in
practice, the colour being made on a large seale
by reducing a known weight of dinitrobenzene
with finely divided iron and a little hydrochloric
acid and then boiling with water and milk of
lime. The iron salts are decomposed by this
treatment, and the clear solution on filtration
or on being allowed to subside contains the
metapheuylene-diamine. The necessary quantity
of sodium nitrite and dilute hydrochloric acid
are added to the cold solution, and the colour,
which forms immediately, salted out and col-
lected on filters. The commercial product eon-
sists of the hydrochloride, C12HISN5.2HC1, more
or less mixed with sait, and containing a certain
quantity of insoluble matter which is formed as
a secondary product during the réaction. The
insoluble residue is a resinous substance, pos-
sibly containing the secondary azo- compound

The free base forms

yellowish-brown leaflets ; m.p. 137° ; sparingly
soluble in water, more readily in alcohol. So¬
lutions of salts yellowish-brown, becoming redder
on addition of hydrochloric acid ; precipitated
by alkalis. Solid colour dissolves in strong sul-
phuric acid with a dark-brown colour, becoming
orange on dilution with water.

Literature.—Caro and Griess, 1867 ; Z. N. F.
3, p. 278.

II. Acid Azo- Compounds.
A. Sulphonic Acids of Amidoazo- Compounds.

Acid Yellow ; Fast Yellow ; sometimes with
the brand G (gelb) to distinguish it from its
homologue. This colouring matter is a mixture
of the sodium salts of mono- and disulphonic
acids of amidoazobenzene,

HSO3.CbH4.N„.C0H,.NH2 and
HS03.C6H.,.N2.Ô6H3.HS03.NH2.

Prepared by the action of fuming sulphuric acid
upon aniline yellow (3-5 parts acid to one of
amidoazobenzene). Solution not precipitated
by alkali ; colour dissolves in strong sulphuric
acid with a brownish yellow colour becoming
redder on dilution. Solution gives a precipitate

with barium chloride, but not with calcium
chloride. The corresponding colouring matter
from amidoazotoluene is somewhat more orange
in shade, and is known as Acid Yellow B or
Fast Yellow E.

Literature. — Grassler, Germ. pat. 4,186,
B. 1879, p. 396; Germ. pat. 7,094, B. 1879, p.
2107; and Germ. pat. 9,384, B. 1880, p. 942;
Nietzki, B. 1880, p. 1838 ; Griess, B. 1882, p.
2188 ; Eger, B. 1889, p. 847.

Methyl Orange; Helianthin; Orange III.;
Gold Orange ; Mandarin Orange.—Parasulpho-
benzene-azodimethylaniline,

HS03.C6Hj.N2.C6H4.N(CH3)2.
[4] [1] [4]

Prepared by the action of diazotised sulphanilic
acid1 upon dirnethylaniline, the commercial
product being the ammonium or sodium sait of
the sulphonic acid thus produced. Solution of
colouring matter orange and not precipitated by
alkali ; dilute acids produce a crystalline pre¬
cipitate, the crystals having a violet reflexion
(the free sulphonic acid). The substance dis¬
solves in strong sulphuric acid with a yellow
colour becoming red on dilution.

Literature.—Griess, B. 1877, p. 528.
Tropœoline 00 ; Orange No. IV. ; Diphenyl-

amine Yellow ; Gold Orange ; Acid Yellow D, or
Fast Yellow.—Parasulphobenzene-azodiphenyl-
amine, HSO3.C0H4.N2.CsH4.NH.CcH5. Produced

[4] [i]
m

by the action of diazotised sulphanilic acid upon
diphenylamine ; the market product is the
potassium or sodium sait. The diphenylamine
is reduced to powder and suspended in the
solution containing the diazosulphonic acid, the
whole being kept agitated for some hours till
the reaction is complété. The colouring matter
is not very readily soluble in water ; the solution
is yellow and when strong deposits crystals on
cooling. Alkalis produce no precipitate, calcium
or barium chloride gives an insoluble precipitate
(Ba or Ca sait). Substance dissolves in strong
sulphuric acid with a violet colour, becoming
redder and giving a greyish precipitate of the
free sulphonic acid on dilution. The aqueous
solution of the substance is coloured red by
dilute acids.

When nitrated this colour furnishes a mono-

nitro- derivative together with a mixture of
mono-, di-, and tri- nitrodiphenylamine ; the re-
sultingproduet is a yellowcolouring matter which
has been introduced into commerce under the
names of Citronine B or 2B, Azo Yellow, Azo-
flavine S or 2, Jaune Indien, Indian Yellow,
New Yellow, &c. It is not to be confounded
with the ' Citronine ' of Brooke, Simpson, and
Spiller (Meldola, C. N. 1878, vol. 37, p. 56 ;
Witt, C. J. 1878, p. 210).

A colouring matter homologous with the
preceding and prepared by the action of diazo¬
tised xylidinemonosulphonic acid on diphenyl.
aminé was formerly in the market under the
name of Luieolin.

Literature.—Boussin and Poirriér, Eng. pat.
4,491, Nov. 6,1878, Witt, B. 1879, p. 262.

1 For detailed information on the manufacture of sul¬
phanilic acid and its homologues see a paper by Aluhl-
hiiuser, D. P. J. Vol. 264, pp. 181 and 238.
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Metanil Yellow; Orange MN.—Metasulpho-
benzene-azodiphenylamine,

HS03.C3H4.N2.CsH4.NH.C6H3.
[3] [1] * < '

w
Prepared in the same manner as the preceding
from metadiazobenzenesulphonie acid1 and
diphenylamine ; market produet the sodium
sait. Aqueous solution orange, giving no pre-
cipitate with alkalis, beeoming red and pre-
cipitating with dilute acids, and giving a diffi-
cultly soluble precipitate with barium or calcium
chloride. Dissolves in strong sulphuric acid
with a dull violet colour, beeoming magenta red
on dilution.

Introduced by the firm o£ E. Oehler, Offen-
bach on the Maine, Germany, 1882.

Metanil Yellow S is produced by sulpho-
nating the preceding colouring matter.

Metanil Orange I. and II. are prepared by
the action of diazotised meta-amidobenzenesul-
phonic acid on a. and B-naphthol respectively
(Griess, B. 1878, p. 2197).

Orange N ; Jaune N ; Curcumeïn.—Sulpho-
toluene-azo-diphenylamine,

HS03.C,H6.No.CsH1.NH.CaH5.
[l] ,

M
This colouring matter is homologous with the
two preceding which it resembles in its général
properties.

Literature.—Boussin and Poirrier, Eng. pat.
4,491, Nov. 6, 1878.

Brilliant Yellow (Bad. An. u. Sod. Eab.) ;
Acid Yellow 00. Similar to the preceding;
prepared from the sulphonic acid of commer¬
cial mixed (ortho- and para-) toluidines.

Naphthionic Red ; Archil Substitnte.—Nitro-
benzene-azo-a-naphthylamine-a- sulphonic acid,

NO2.C6H4.N2.C10H3.NH2.HSO3. Prepared by the
[2 & 4] [1]

_ M" M
action of diazotised nitraniline upon naphthionic
acid - in alkaiine solution. The nitraniline is
prepared by the nitration of aeetanilide and
subséquent hydrolysis so that it consists of a
mixture of ortho- and para- nitraniline. Com¬
mercial produet a paste; solution precipitated
by acids and alkalis. Strong sulphuric acid
dissolves colour with a magenta red beeoming
brownish and precipitating on dilution.

Literahire.—Boussin and Poirrier, S. C. I.,
1879, p. 292.

B. Carboxylic Acids of Amidoazo- Compounds.
Jaune Solide; FastYellow (for soap).—Carb-

oxybenzene-azodiphenylamine,
COOH.C6H4.N = N.C6H4.N.HC6H3

[3] [1] [1] — '
[4]

Prepared by the action of metadiazobenzoic acid
upon diphenylamine. Used as a yellow colour¬
ing matter fast to soap. A brown paste, diffi-
cultly soluble in water. Solution becomes red-
dish-violet with acids. Dissolves with a violet
colour in strong sulphuric acid beeoming red on
dilution.

1 Meta-amidobenzenesulphonio acid is prepared by
sulphonating nitrobeuzene and reducing the metanitro-
benzenesulphonic acid thus formed.

a Naphthionic acid is manufactured on a large scale by
heating a-naphthylamine with 3-4 parts of strong sulphuric
acid (oil of vitriol) or by heating dry naphthylamine sul-
phate to 180°-200°0.

Literature.—Soe. Anon. d. Mat. Color., Eng,
pat. 4621, Sept. 1883 ; S. C. I. 1881, p. 319

C. Oxyazo- Compounds.
Soudan Brown.—a-Oxyazonaphthalene,

Cu)H7.N2.C10H6■OH. Prepared by the action of
M [a]

diazotised a-naphthylamine upon a-naphthol in
alkaiine solution.

Literature.—BadischeAnilin- u. Soda-Fabrik,
Germ. pat. 5,411, B. 1879, p. 1364.

Soudan Cl.—Metadioxyazobenzene,
C6H3.N„.C6H3.OH.OH.

[4] [3] [1]
Prepared by the action of diazobenzene chloride
upon resorcinol in alkaiine solution. Solution
of colouring matter yellow, giving a brown pre¬
cipitate with acids. Dissolves in strong sul¬
phuric acid with a yellowish brown colour. In¬
troduced into commerce by the ' Aetiengesell-
schaft f. Anilinfabrikation.'

Literature.—Baeyer and Jager, B. 1875, p.
151 ; Typke, ibid. 1877, p. 1576 ; Wallach, ibid.
1882, p. 24.

Benzene and Xylene-azoA-naphthol,
CsH3.N2.CI0H6.OH(/3) and O8H9.N2.ClcH0.OH(S),
have been introduced under the names of
Soudan I. and II.

Carminnaphtha ; B-naphthalene-azo-B-naph-
thol. Prepared by the action of diazotised /3-naph-
thylamine on /3-naphthol in alkaiine solution.
Insoluble in water : soluble in strong sulphuric
acid with a magenta-red colour giving a reddish-
brown precipitate on dilution. Manufactured
by Durand and Huguenin, Basle.

D. Sulphonic Acids of Oxyazo- Compouuds.
1. Monosulphonio Acids.

TropEPoline Y.—Parasulphobenzene-azophe-
nol, HS03.C6H1.N„.C6H1.0H. Prepared by the

[41 .[1] [4]
action of diazotised sulphanilic acid upon phénol
dissolved in alkaiine solution. The commercial
produet was the acid sodium sait ; the colouring
matter is no longer met with in commerce,
Solution yellow, not precipitated by alkalis;
precipitated by barium chloride. Solution in
strong sulphuric acid brownish-yellow.

Literature.—Tschirvinsky, B. 1873, p. 560;
Griess, ibid. 1878, p. 2192 ; Witt, ibid. 1879, p.
259, and C. J. 1879, p. 184.

Tropaeoline 0 or R; Resorcin Yellow; Chry-
soïn; Chrysoline; Cbryséolin ; Golden Yellow.—
Parasulphobenzene-azoresorcinol,

HS03.C6H4.N = N.C6H3.OH.OH.
[4] [1] [1] [2] [4]

Produced by the action of diazotised sulphanilic
acid upon resorcinol in alkaiine solution, the
commercial produet being the acid sodium sait.
Solution of colouring matter orange ; substance
dissolves in strong sulphuric acid with a yellow
colour.

Literature.—Griess, B. 1878, p. 2195 ; Witt,
C. J. 1879, p. 183.

Orange I. ; Tropaeoline 000, Mo. 1 ; a-Naph-
tbol Orange. — Parasulphobenzene-azo-a-naph-
thol, HS03.CBH4.N = N.C10HS.OH. Formed bv

[4] [1] [a] [a]
the action of diazotised sulphanilic acid upon
a-naphthol in alkaiine solution. The com¬
mercial produet is the sodium sait. Solution
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orange, not precipitated by alkali ; the red
calcium sait precipitated by calcium chloride.
Dissolves in strong sulphuric acid with a violet
colour, becoming orange on dilution. No longer
met with in commerce.

Literature.—Witt, C. J. 1879, p. 184 ; Lieber-
manri, B. 1881, p. 1796, and A. Ch. 1882, p. 61 ;
Miihlhiiuser, D. P. J. vol. 264, p. 181. Xntroduced
in 1876 or 1877 by Eoussin and Poirrier, of St.
Denis, and about the same time by Williams,
Thomas, and Dower of Brentford.

Orange II. ; Tropœoline 000, No. 2 ; Man¬
darin G ; 0-Naphthol Orange. — Parasulpho-
benzene-azo-G-naphthol,

HS03.06H4.N = N.C,0Hg.OH.
G] ci M m

Prepared in the same manner as the last from
/3- instead of a- naphthol. Solution orange, be¬
coming red on addition of caustic soda. Solu¬
tion in strong sulphuric acid red, becoming
orange on dilution. Commercial compound, the
sodium sait.

Literature.—Witt, C. J. 1879, p. 184 ; Muhï-
hïuser, D. P.J., vol. 264, p. 181. The industrial
kistory is the same as that of the last colouring
matter.

Orange E; Mandarin GE.—Sulphotoluene-
azo-0-naphthol, ESO3.CJH6.N2.C10H6.OH(G). Ho-
mologous with the preceding, the diazotised
sulphonie acid of commercial toluidine being
used instead of sulphanilic acid. Commercial
product the sodium sait.

Orange 2 E.—Sulphoxylene-azo-S-naphthol,
HSO3.C,H8.N2.Ç10Ha.OH(G). — Prepared in the
same manner as the preceding from the sulphonie
acid of commercial xylidine and (3-naphthol.
The commercial product is the sodium sait.
Aqueous solution gives a reddish-brown precipi-
tate with dilute acids. Dissolves with a red
colour in strong sulphuric acid giving a brown
precipitate on dilution.

Literature. — The manufacture of the two
last colouring matters is described in the paper
by Miihlhauser already referred to.

Tropœoline 0000. —Benzeneazo-a-naphthol-
sulphonic acid, C6H5.N2.Ci0N5.HSO3.OH(a).
This colouring matter is no longer manufae-
tured ; it was formerly prepared by the action
of diazobenzene chloride upon a-naphtholmono-
sulphonic acid in alkaline solution. An isomeric
compound is in the market under the name of
Cochineal Scarlet G, prepared from a-naphthol-
monosulphonic acid C. The first colouring
matter dissolves in strong sulphuric acid with a
magenta red and the cochineal scarlet with an
orange-red colour giving a brownish precipitate
od dilution.

Literature.—Witt, 0. J. 1879, p. 184 ; also
Hofmann, B. 1877, p. 13S0. • Yerein Chem.
Fab., Germ. pat. 26,012, 1883 ; S. C. I. 1884, p.
29. Also Gaess, Monit. Sci. 1884, p. 335.

Cochineal Scarlet 2 E. —Homologous with
the preceding. Prepared by the action of diazo¬
tised toluidine on a-naphtholmonosulphonie acid
C. Aqueous solution reddish orange. Elaky
precipitate with acids. Dissolves in strong sul¬
phuric acid with a red colour giving red flaky
precipitate on dilution. Introduced with Cochi¬
neal Scarlet G by the Schôllkopf Aniline and
Chemical Co., Buffalo, TJ.S.A.

Vol. L—T

Literature.—Gaess, as in preceding, and
Eng. pat. 15,781, Dec. 22, 1885 (Schôll. An. Co.,
S. C. I. 1886, p. 164).

Cochineal Scarlet 4B.—Homologous with pre¬
ceding; prepared from diazotised xylidine and
the same a-naphtholsulphonic acid. Properties
similar to those of the last compound.

Literature.—Same as under preceding.
Ponceau 4 GB. — Benzeneazo-B-naphthol-

sulphonic acid, CeH5.N2.C10H5.HSOs.OH(/3). Pre¬
pared by the action of diazobenzene chloride
upon B-naphtholmonosulphonic acid (Schaffer's
acid) 1 in alkaline solution.

Literature.—Griess, B. 1878, p. 2197.
Croceïn Orange.—Isomeric with the pre¬

ceding. Probably has the formula :

C6Ha.N2.C10H5.HSO3.OH.
M M M

Prepared as above from Bayer's B-naphthol-c-
sulphonic acid.2 Commercial product the sodium
sait.

Orange GT.—Tolueneazo-B-naphtholsulpho-
nic acid, C7H7.N2.C10H5.HSO3.OH(/3). Homo¬
logous with the last; prepared by diazotising
commercial toluidine and combining with
Schaffer's B-naphtholmonosulphonic acid in
alkaline solution. Orange aqueous solution gives
an oily precipitate with acids. Dissolves in
strong sulphuric acid with a magenta red giving
an oily deposit on dilution. The corresponding
colour from paratoluidine is Scarlet GT. Intro¬
duced (as sodium sait) by E. Bayer & Co., of
Elberfeld.

Scarlet GE.—Homologous with the last ; pre¬
pared from diazotised xylidine and Schaffer's
acid. Dissolves in strong sulphuric acid with a
red colour becoming brown and precipitating on
dilution.

Literature.—Levinstein, B. 1880, p. 586.
Azococcin 2 E, sometimes Xylidine Scarlet.

—Xyleneazo-a-naphtholsulphonic acid,
(CH3)2.CsH3.N2.C,0H5.HSO3.OH(a).

Prepared by the action of diazoxylene chloride
(commercial xylidine diazotised) upon a-naph-
tholmonosulphonie acid in alkaline solution,
the commercial product being the sodium sait.
The acid is prepared by sulphonating a-naph-
thol at a low température. Aqueous solution
not precipitated by alkalis ; when hot and
concentrated deposits bronzy crystals on cooling.
Dissolves in strong sulphuric acid with a reddish
violet colour becoming brown and precipitating
free acid on dilution.

1 This acid is the chief product when )3-naphthol is
heated with not less than two parts of strong sulphuric
acid to about 90° until completely sulphonated. At a
lower température (50-60°) this and the isomeric (Bayer's)
acid are formed in about equal quantity. With more acid
and a higher température or longer time disulphonic acids
are produced. (Scliaffer, J. pr. 1869, p. 449 ; P. Bayer 4s
Co., Germ. pat. 18.027, March 18, 1881.)

a This acid is prepared by the action of sulphuric acid
upon j3-naphthol at a moderate température in admixture
with Schiifl'er's acid as above described. One part of
finely powdered j3-naphthol is gradually mixed with two
parts of strong sulphuric acid (66°B.) and the mixture
altowed to rise to 50°-60°C. but not beyond. For détails
of séparation see following patents F. Bayer & Co., Germ.
pat. No. 20,397, January 18. 1882; ibid. No. 26,673, June
22, 1883 ; ibid. No. 20,231, May 10, 1883, and No. 30,077,
March 1, 1884, in addition to the original patent, No.
18,027, March 18, 1881, referred to in the above note.
Another process for preparing this acid at a lower tem¬
pérature (20°C.) is described by A. Leonhardt & Co., and
Dr. R. Schulz in Germ. pat. No. 33,857, July 4, 1884.

E
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Literature.— Verein Ch. Fab. Mannheim.
Germ. pat. 26,012, February 27, 1883; S. C. I.
1884, p. 29.

Fast Brown N ; Acid Brown; Naphthylamine
Brown. — Sulphonaphtlialene -azo-a - naphthol,
HSO3.C10H8.N = N.C,;H6.0H. Prepared by the

W M M [a]
action of diazotised a-naphthylamine-a-sulpho-
nic acid (naphthionic acid) upon a-naphthol
in alkaline solution ; commercial product the
sodium sait. Colouring matter gives a reddish-
brown solution, not changed by acids or alkalis.
Dissolves in strong sulphuric acid with a reddish-
violet colour.

Literature.—Badische Anilin- und Soda-
Fabrik, Germ. pat. 5,411, March 12, 1878; B.
1879, p. 1364.

Fast Brown 3 B.—Sulphonaphthalene-/8-azo-
a-naphthol, HSO3.C10Hs.N = N.C10Hli.OH. Pre-

[0] 1/3] [a] [a]
pared by the action of diazotised /3-naphthyl-
aminesulphonic acid upon a-naphthol in alkaline
solution. The naphthylaminesulphonic acid is
prepared by heating the ammonium sait of
Sehaffer's Ë-naphtholmonosulphonic acid to a
high température (180°) with ammonia :
C10H6.HSO3.OH + NH3 = C]0Hs.HSO3.NH2 + 0H2.

Aqueous solution brownish-red becoming
violet with dilute acids and red with alkalis.
Solution in strong sulphuric acid blue, giving
reddish-violet precipitate on dilution.

Literature.—Brônner, Germ. pat. 22,547,
July 5, 1882, S. C. I. 1883, p. 536.

Brilliant Double Scarlet G (Aetiengesell.) ;
Orange Eed I. Prepared from the foregoing
/3-naphthylamine sulphonic acid and /3-napkthol.
Aqueous solution gives brown precipitate with
dilute acids. Dissolves in strong sulphuric acid
with a red colour giving a brown precipitate on
dilution. Literature as under preceding colour.

Fast Eed ; Fast Eed A ; Eoceellin ; Raura-
cienne; Eubidine; Orseilline No. 3.1—Sulpho-
naphthalene-azo- 0-naphthol,
HSO3.C10H6.N : N.CJ0Hg.OH. Prepared by the

[a] [a] [a] [0]
action of diazotised naphthionic acid upon
E-naphthol in alkaline solution. Commercial
product the sodium sait. Substance dissolves in
hot water with a reddish-brown colour ; concen-
trated solution when rapidly cooled solidifying
to a brown gelatinous mass. Solu'ble in strong
sulphuric acid with a violet colour, becoming
brown and giving a precipitate of the free acid
on dilution.

Literature.—Badische Anilin- und Soda-
Fabrik, Germ. pat. 5,411, March 12, 1878 ; B.
1879, p. 1364 ; Griess, B. 1878, p. 2199.

Fast Eed B.—Sulphonitronaphthalene-azo-
0-naphthol, HSO3.NO2.C1„H3.Nz.C,0H„.OH(/3).
Produced by the action of nitroamidonaphthaî-
enesulphonic acid (diazotised) upon 0-naphthol
in alkaline solution. Introduced by the Badische
Anilin- und Soda-Fabrik as the sodium sait.
Colour more violet in shade than the preceding.

Acid Ponoeau (Durand and Huguenin).
Sulpho-B-naphthaleneazo-8-naphthol.

(HSO3).C10HB.N = N.C10He.OH.
[?] [0] [a] [0]

Prepared by sulphonating /3-naphthylamine,
diazotising the mixed isomeric sulpho-acids

1 A mixture of tbis with /3-napkthol orange was for-
merly sold under the name of ' Rouge Français.'

and combining with 8-naplithol in alkaline
solution. Aqueous solution gives a brown pre¬
cipitate with dilute acids. Dissolves in strong
sulphuric acid with a red colour becoming brown
and precipitating on dilution.

Ponceau3 G; Scarlet3 G Sulphoanisoïl-azo-
jS-naphthol, HS03.0CH3.C8H3.N = N,CMHG.0H.

M -■ [0]
Produced by the action of diazotised amido-
anisoïl-sulphonic acid upon B-naphthol in alkaline
solution. Commercial product the sodium sait.
The anisidinesulphonic acid is prepared by sul¬
phonating anisidine or by nitrating and reducing
anisoïlsulphonic acid.

Literature.—Badische Anilin- und Soda-
Fabrik, Germ. pat. 12,451, January 3, 1879.
B. 1881, p. 552 ; and S. C. I. 1881, p. 121.

2. Disdlphonic Acids.

Orange G; Orange Yellow.—Benzeneazo-
8-naphtholdisulphonic acid,

C6H5.N2.C,0H1(HS03)2.OH(fl).
Produced by the action of diazobenzene chlor-
ide upon /3-naphtholdisulplionic acid (G sait)1
in alkaline solution. Commercial product the
sodium sait. Solution not preeipitated by alkali ;
a crystalline calcium sait formed on adding cal¬
cium chloride (orange leaflets). Dissolves in
strong sulphuric acid with an orange colour,
undergoing no change on dilution.

Literature.—Meister, Lucius, and Briining,
Germ. pat. 3,229, April 24,1878; B. 1879, p. 144.

Ponceau 2 G (Meister, Lucius, and Briining).
Isomeric with the preceding. Prepared by
the action of diazobenzene chloride upon
3-naphtholdisulphonie acid (R sait). Properties
similar to those of the preceding compound;
colour slightly redder in shade.

Literature as above.
P onceau GT.—Tolueneazo-B-naphtholdisul-

phonic acid. Homologous with preceding ; pre¬
pared by the action of diazotised toluidine on
the G sait. The isomeric compound from the
B sait is Ponceau ET.

Literature, see preceding compound.
Ponceau R (Bad. An. u. Sod. Fab.) ; Ponceau

2E (Meister, Luc., and Bru. and Aetiengesell.),
Scarlet G ; Xylidine Eed.—Xy leneazo-8-naphthol-
disulphonio acid, CaH9.N„.G,0H4(HSO3)2.OH(6).
Produced by the action of diazotised commercial
xylidine (para- and metaxylidine) upon 0-naph-
tholdisulphonic acid (B sait). Properties similar
to those of Orange G. Colour a distinct scarlet ;
aqueous solution not preeipitated by alkali ; an
amorphous precipitate by calcium or barium
chloride. Soluble with a red colour in strong
sulphuric acid, becoming brown and precipitating
on dilution.

1 When 0-naphthol is heatcd with three times its
weiglit of strong sulphuric acid to 100°-110° for twelve
hours a mixture of two isomeric disulphonio acids is pro¬
duced, the one giving a sodium sait (G- sait) which
furnishes yellower shades of azo- colours than the other
(It sait). For détails concerning the manufacture and
séparation of these acids see the following patents
Meister, Lucius, and Briining, Germ. pat. 3,229, April 24,
1878 ; Leipziger, Anilinfabrik, Germ. pat. 33,916, April 19,
1881 ; S. G. I. 1885, p. 339. Other patents relating to
naphtholdisulphonic acids are L. Gans and M. Hoff¬
mann, Eng. pat. 816, January 5, 1884 ; S. C. 1. 1884, p. 567,
and 1885, p. 742 ; Earbfabrik vorm. Bronner, Germ. pat.
26,938, July 21,1883 ; H. Baum, Germ. pat. 4,199, Septcmber
13, 1883, Monit. Scien. 1883, p. 1121 ; L. Gans & Co.
Germ. pat. 35,019, January 15, 1884. See also Griess, B.
1880, p. 1956.
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Literature, see above. The isomeric com-
pound from the G sait is yellower in shade, and
is known as Ponceau G.

Ponceau 3 R ; Cnmidine Red (Meister, Luc.
and Bru.).— Cumeneazo-R-naphtholdisulphonic
acid, C,H,1.N2.C10H4(HSOs)!,.OH(j8). Produced by
the action of diazocumene chloride (from it-cumi-
dine)1 upon the R sait. Properties as above ;
colour of a redder shade than the last.

Literature, see above.
Ponceau 3 R (Meister, Luc., andBrii.).—Ethyl-

dimethylbenzeneazo - /3 - naphtholdisulphonic
acid, C2H5.(CH3)2.C6H2.N2.C,0H4(HSO3)2.OH(j8).
Prepared by the action of diazotised ethyl-
îylidine 2 upon the il sait.

Literature, see above.
Wool Scarlet R.—Xyleneazo-a-naphtholdi-

snlphonic acid,
CaH„.N2.C,0H,(HSO3)2.OH(a).

Prepared by the action of diazotised xylidine
upon the disulphonic acid in the usual manner.
Commercial product the sodium sait; reddish
solution becomes violet on addition of acid.
Sulphurio acid solution red, unaltered on dilu¬
tion. Introduced by the Schôllkopf Aniline Co.,
Buffalo, U.S.A. Eng. pat. 15,775, Dec. 22, 1885 ;
S. C. I. 1886, p. 164.

Buffalo Rubin.—The corresponding colour
from diazotised a-naphthylamine and the same
o-naphtholdisulphonic acid. Référencés as in
preceding. Another colouring matter of the
same formula and probably isomeric has been
introduced by the Farbw. vorm. P. Bayer & Co.
It is known as Naphthorubin, and is prepared by
the action of diazotised a-naphthylamine on the
a-naphtholdisulphonic acid prepared according
to the patent of Giircke and Rudolf (Eng. pat.
15,716, Dec. 21, 1885).

Orange No. 3 (not Helianthin).—Metanitro-
benzeneazo-8-naphtholdisulphonic acid,

NO2.C8H4.N2.C10H1.(HSO3)2.OH.
, G! CE m,

Prepared by the action of diazotised meta-
nitraniline upon R sait ; commercial product the
sodium sait. Orange aqueous solution gives an
orange precipitate with acids. Dissolves in
strong sulphuric acid with an orange yellow
colour giving a precipitate on dilution which
dissolves in more water. Colouring matter but
seldom met with now. Introduced by Roussin
and Poirrier. Germ. pat. 6,715, Nov. 19, 1878;
D. P. J. 1879, p. 423.

Bordeaux G ; Claret G.—a-Naphthaleneazo-
/8-naphtholdisulphonic acid,

C10Hj.N2.C,0H|.(HSO3)2.OH.
: [«] [|8]
Prepared by combining a-diazonaphthalene
chloride with sodium R-naphtholdisulphonate,
G sait. Commercial product the sodium sait.
Solution gives a fiocculent precipitate with
barium or calcium chloride. Substance dis¬
solves in strong sulphuric acid with an indigo-
blue. colour.

Literature.—Meister, Lucius, and Briining,
Germ.pat. 3,229, April 24, 1878. B. 1879, p. 144.

1 This cumidine is manufactured by heating xylidine
kydrocliloride and methyl alcokol to 280°-300° in auto¬
claves. Actiengesell. f. Anilinfab., Germ. pat. 22,265,
July 1, 1882.

a Prepared like cumidine, by heating xylidine hydro-
chloride and ethyl alcohol to a kigli température in
autoclaves.

Bordeaux R or B ; Claret Red. — Isomeric
with the last, the R sait being used instead of
the G sait. Colour somewhat bluer in shade
but otherwise similar in its properties to the
preceding.

Literature as in the last.
Crystal Ponceau 6 R; New Coccin R.—

a-Napbthaleneazo-8-naphtholdisulphonic acid
(•y-modification).' Produced by the action of
diazotised a-naphthylamine upon j3-naphthol-
y-disulphonic acid in alkaline solution. Com¬
mercial product the sodium sait. Introduced
by Casella & Co.

Anisole Red; Anisidine Ponceau.—Anisoïl-
azo-R-naphtholdisulphonic acid,

CH3.O.C6H4.N2.C10H4.(HSO3)2.OH.
'

• * [2] (ÉO
[1]

Prepared by the action of diazotised anisidine
upon B-naphtholdisulphonic acid (R sait) in
alkaline solution. Commercial product the
sodium sait ; colouring matter now not often
met with. Anisole red appears at one time to
have bgen prepared from a monosulphonic acid
of 8-naphthol. Substance gives a red solution
with strong sulphuric acid. An isomeric anisole
red was formerly made from diazotised anisidine-
sulphonic acid and /3-naphtholmonosulphonic
acid (Schâffer's).

Literature.— Griess, Eng. pat. 4,726, Nov.
20, 1878 ; Meister, Lucius, and Briining, Germ.
pat. 7,217, Dec. 3, 1878; B. 1879, p. 2108;
Badische Anilin- und Soda-Eabrik, Germ. pat.
12,451, Jan. 3, 1879, B. 1881, p. 552. S. C. I.
1881, p. 121.

Phenetole Red ; Coccinin.—
C2H5.O.C6N4.N2.C10H4.(HS03)2.OH(8).

'

Homologous with the last ; prepared from
amido-phenetoïl instead of anisidine. Substance
dissolves in strong sulphuric acid with a red
colour.

Literature as in the preceding. No longer
in the market.

Coccinin B.—

CH3.O.C7H6.N2.C10H4.(HSO3)2.OH(8).
Prepared by diazotising the amido- derivative of
methyl-anisoïl (amidocresol-methyl-ether), and
combining with the R sait of B-naphtholdisul-
phonio acid in presence of alkali. Commercial
product the sodium sait ; solution not preeipi-
tated by alkali ; a brown precipitate with barium
chloride and a red precipitate gradually formed
on addition of calcium chloride. Soluble in
strong sulphuric acid with a magenta-red colour
becoming more orange on dilution.

Literature.—Meister, Lucius, and Briining,
Germ. pat. 7,217, Dec. 3,1S78 ; B. 1879, p. 2108.

Cresol Red.—The higher homologue of the
last compound ; prepared from the ethyl-ether
of amido-cresol. Introduced by the Badische Co.

Azorubin S (Actiengesell.) ; Fast Red C
(Badische Co.) ; Carmoisin (Bayer). Sulpho-
a-naphthaleneazo-a-naphtholsulphonic acid,

hso3.c10h6.n2.c10h5.ïïso3.oh.
[a] [a] [a]

1 This acid is obtained by sulphonating Bayer's mono¬
sulphonic acid under certain spécial conditions, or by the
diazo- reaction from p-naphthylaminedisuîphonic acid. See
Eng. pat. 816, Jan. 5,1884, by Léo Gans and M. Hoffmann,
S. C. I. 1884, p. 567, and 1885, p. 742. Also Germ. pat.
35,019, Jan. 15, 1884, Frankfurter Ajiilinfarbenfabrik, Gana
& Co.

B 2
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Prepared by the action of diazotised naphthionic
acid upon a-naphtholmonosulplionic acid (Nev.
and Win.) in presence of alkali ; commercial
product the sodium sait. Solution gives a red
crystalline precipitate with calcium chloride ;
substance dissolves in strong sulpburic acid with
a bluish-violet colour becoming red on dilution.

Literalure.—Verein Chem. Fab., Germ. pat.
26,012, Feb. 27, 1883, S. G. I. 1S84, p. 29.

Fast Red E (Badische Co.).—Sulpho-a-
naphthaleneazo-0-naphtholsulphonic acid,

HSO3.C,0H0.N„.C10H5.HSO3.OH.
. M, , M [/33Isomeric with the preceding; prepared from

diazotised naphthionic acid and Schâffer's
/3-naphtholmonosulphonic acid. Aqueous solu¬
tion claret red ; not precipitated by acids, dis¬
solves in strong sulphuric acid with a violet
colour becoming red on dilution.

Literalure.—Badische Co., Germ. pat. 5,411,
March 12, 1878 (v. list of patents).

Croceïn Scarlet 3 BX (Bayer).—Isomeric with
the last ; prepared from diazotised naphthionic
acid and Bayer's 0-naphthol-a-sulphonic acid.
Commercial product the sodium sait ; hot solu¬
tion (concentrated) gives a crystalline magnésium
sait on adding magnésium sulphate and allow-
ing to cool; solution in strong sulphuric acid
reddish violet becoming yellowish red on dilu¬
tion.

Literature.—Farb. vorm. F. Bayer & Co.,
Germ. pat. 20,402, March 30, 1882 (v. list of
patents).

Doubie Scarlet Extra S ; Brilliant Scarlet
Extra (Actiengesell.).—Isomeric with the last ;
prepared from diazotised /3-naphthylaminesul-
phonio acid (Brônner's), and a-naphtholsulphonic
acid :—HSO3.C10H6.N = N.C10H5.HSO3.OH.

M [03 [a] M
Aqueous solution gives yellowish brown pre¬

cipitate with dilute acids. Dissolves in strong
sulphuric acid with a red colour becoming
yellower on dilution.

Literature. — Farb. vorm. Brônner, Germ.
pat. 22,547, July 5, 1882, S. C. I. 1883, p. 536.

Pyrotin (Dahl & Co.). Isomeric with the
preceding. Prepared from 0-naphthylamine-
monosulphonic acid (Dahl's) and a-naphthol-
a-monosulphonic acid. Aqueous solution yel¬
lowish red becoming bluer with acid. Dissolves
with a magenta red in strong sulphuric acid,
remaining red on dilution.

Literature.—Dahl & Co., Germ. pat. 29,084,
March 2, 1884 (v. list of patents).

3. Teisulphonic Acids.

Atlas Scarlet No. 3 (Brooke, Simpson, and
Spiller). Sulphoxyleneazo-3-naphtholdisulpho-
nic acid, HSO3.C8Hs.N3.CloH1.(HSO?)2.OH(0).
Commercial product formerly the sodium sait ;
the substance is no longer manufactured. Pre¬
pared by the action of diazotised xylidinesulpho-
nic acid upon /3-naphtholdisulphonic acid in
presence of alkali.

Literature.—Meldola, Eng. pat. 1S64, May
10, 1879 ; B. 1880, p. 992 ; C. N., vol. 42, p. 60.

New Coccin (Actiengesell.) ; Brilliant Pon-
ceau (Casella) ; Cochineal Red A (Bad. Co.).—■
Sulpho-a-naphthaleneazo-B-naphtholdisulphonic
acid, HSO3.C10Ho.N,.C10H4.(HSO3)2.OH. The

M M [01

commercial product is the sodium sait, and
is prepared by the action of diazotised naph¬
thionic acid upon /3-naphtholdisulphonic acid
(G sait) in the usual way. Aqueous solution red,
not precipitated by acids. Dissolves in strong
sulphuric acid with a red colour becoming yel¬
lowish red on dilution.

Literatu,re. — Badische Anilin- und Soda-
Fabrik, Germ. pat. 5,411, March 12, 1878, B.
1879, p. 1364. Meister, Lucius, and Briining,
Germ. pat. 3,229, April 24, 1878, B. 1879, p. 144.

Fast Red D (Badische Co.) ; Bordeaux S
(Actiengesell.); Amaranth (Meister, Luc. and
Bru.).—Isomeric with the preceding ; being pre¬
pared from diazotised naphthionic acid and R
sait. Literature as in the preceding.

Ponceau 4 R (Casella).—Isomeric with the
preceding ; prepared from diazotised naph¬
thionic acid and 0-naphthol-7-disulphonic acid
(see note to Crystal Ponceau 6 B, p. 243).

Ponceau 6 R (Meister, Lucius, and Brûning) ;
Prepared by the action of diazotised naphthionic
acid on /3-naphtholtrisulphonic acid :—

HSO3.C,0H6.N2.C,0H3.(HSO3)3.OH(/3).
Aqueous solution red ; unchanged by dilute

acids. Strong sulphuric acid gives a violet solu¬
tion becoming red on dilution.

Literature.—Meister, Lucius, and Briining,
Germ. pat. 22,038, May 26, 18S2 (v. list of
Patents).

4. Teteasulphonic Acids.

Ponceau 6 R (Meister, Lucius, and Brûning) ;
Amaranth (Casella). Sulpho-a-naphthaleneazo-
0-naphtholtrisulphonic acid,1

HSO3.C10H6.N2.C10H3.(HSO3)3.OH.
[a] [a] [0]

Commercial product (sodium sait) prepared by
the action of diazotised naphthionic acid upon
0-naphtholtrisulphonic acid in presence of al¬
kali.

Literature.—Meister, Lucius, and Brûning,
Germ. pat. 22,038, May 27, 1882 ; S. O. I. 1883,
p. 243.

5. Azothio- Cohpotjnds.

Thiorubin,
g/[p].CIH6.N2.CloHJ(HSO3)2.OH(0)b<\[p].C7H0.NH2

Thio-p-toluidine is diazotised and combined with
/3-naphtholdisulphonie acid (R sait). Aqueous
solution magenta red giving yellowish-brown
precipitate with minerai acids. Sulphuric acid
solution red giving yellowish-brown precipitate
on dilution.

Literature.—Merz and Weith, B. 1871, 393 ;
Dahl & Co., Germ. pat. 34,299, June 25, 1885,
and 35,790, Nov. 7, 1885 (u. list of patents under
these dates).

Primuline, (p)CH3.C6H3<^> C.C6H4.NHj.
Prepared by heating 2 mois, of p-toluidine with
4 atomic proportions of sulphur till the évolution
of hydrogen sulphide ceases. The commercial
product is prepared by sulphonating the thio-
base so as to form amidobenzenyl- p- m- amido-
thiocresolmonosulphonio acid. The latter is a

1 This acid is prepared by the extreme sulphonation oi
0-naphthol by means of fuming sulpburic acid. For de*
tails see the above patent of Meister, Lucius, and Briining ;
also Eng. pat. 706, February 9, 1883, by Ivan Levinstein ;
B. 1884, p. 189.
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yellow dye capable of taking on to cotton, and
by tbe action of nitrous acid can be diazotised
in tbe fibre. The diazo- compound can then be
made to combine with phénols by passing the
fabric through a solution of the phénol in alkali,
thus forming ' ingrain ' colours of great fastness
in the fibre (v. p. 238 of this article). The azo-
colours from the unsnlphonated thio-base have
the général formula—

C7H6<^C.06H.1.N2.Ph
where Ph represents the phenolic residue.

Literature.—A. G. Green, S. C. 1.1888, 179 ;
Proc. C. S. 1889,46, and 0. J. Trans. 1889, p. 227 ;
Jacobson, B. 1889, 330; Gattermann, B. 1889,
422 ; Pfitzinger and Gattermann, B. 1889, 1063.

E. Secondary Azo- Compounds.1
Soudan III. — C8H5.N2.CfH4.N2.C10H6.OH(,8).

Prepared by the action of diazotised amidoazo¬
benzene on /S-naphthol. Insoluble in water ;
dissolves in strong sulphuric acid with a green
colour, beeoming blue, and finally red and pre-
cipitating on dilution.

Literature.—Nietzki, B. 18S0, p. 1838.
Fast Scarlet (Badische Co.) ; Double Scarlet.
HS03.C6H4.N = N.C6H4.N = N.C10H6.OH.

M [11 M [B Cal M
Prepared by the action of diazotised amidoazo-
benzenesulphonic acid2 upon j8-naphthol dis-
solved in alkali.

Literature.—Caro and Schraube, B. 1877, p.
2230 and 1880, p. 803.

Biebrich Scarlet ; Ponceau 3 E or 3 EB ;
Azobenzene Red ; New Red; Impérial Scarlet.—
A mixture of the preceding colour and the
disulphonic acid
HS03.C8H4.N = N.C6H.,(HS03).N = N.C10H6.OH.

W [1] M
. [2] [1] [al [/3]

Prepared from diazotised Acid Yellow (which
see) and S-naphthol dissolved in eaustic soda.
Commercial product, the sodium sait ; solution
not precipitated by alkali ; a brown fiocculent
precipitate by dilute acids. Dissolves in strong
sulphuric acid with a green colour beeoming
first blue and finally brown and preeipitating on
dilution.

Literature.—See under Acid Yellow, and the
following : Nietzki, B. 1880, p. 800 and 1838 ;
W. v. Miller, ibid. p. 542 ; Kriigener, Germ. pat.
16,482, Nov. 14, 1879 ; B. 1882, p. 94.

Ponceau 2 R.—■
C6H5.N2.CbH4.N2.C10H5.HSO3.OH(S).

Two isomers in the market prepared by the action
of diazotised amidoazobenzene on Schâfier's or

Bayer's S-naphtholsulphonic acid. (See Yignan
and Boasson, Ber. 1880, p. 1060.)

Ponceau S S Extra (Actiengesell.)
C„HyN = N.C6H4.N = N.C10H4(HSO3)2.OH.

W [l] [Al
Prepared by the action of diazotised amidoazo¬
benzene upon S-naphtholdisulphonie acid (R
sait) in alkaline solution ; commercial product,

1 Itwill be suffleienb to gire the chemical formulas of
these secondary azo- compounds without givlng their
uames in full.

a Prepared by the action of diazosulphanilic acid on
aniline. Griess, B. 1876, p. 630, and 1882, p. 2183. This
method does not appear to be of any technical value, as
theyieldis too smali (Griess). The direct sulphonation
of amidoazobenzene, aecording to the original patent of
Griissler (No. 4186, May 12, 1878), gives a mixture of the
mono- and di- sulphonic acids of amidoazobenzene (see
under Acid Yellow).

the sodium sait. Dissolves in strong sulphuric
acid with a violet colour, beeoming redder on
dilution. (Kriigener's pat., under Biebrich
Scarlet.)

Cloth Red G.—
C:H7.N2.C:H„.N2.C,0H5.HSOs.OH(B).

Produeed by the action of diazotised amido-
azotoluene on /3-naphthosulphonic acid (Schàf-
fer's). Dissolves in water with a red-brown
colour giving a similarly coloured precipitate on
addition of acid. Dissolves with a blue colour
in strong sulphuric acid giving a brownish-red
precipitate on dilution.

Literature.—Oehler (Kriigener), Germ. pat.
16,482, Nov. 14,1879, and Farb. vorm. F. Bayer
& Co., Eng. pat. 5,003, 1879.

Cloth Red B.—

G7H7.N2.C7H6.N2.C10H,.(HSO3)2.OH(/3).
Prepared by the action of diazotised arnido-
azotoluene upon j3-naphtholdisulphonic acid (R.
sait). Aqueous solution red beeoming brownish
on addition of hydroehlorie acid. Dissolves in
strong sulphuric acid with a blue colour giving
a brownish-red precipitate on dilution.

Literature as under preceding colour.
Archil Red A.

C8Hs.N2.CbH8.N2.CJ0H4.(HSO3)2.OH(R).
Prepared by the action of diazotised amidoazo-
xylene on ,3-naphtholdisulphonie acid (R sait)
in presence of alkali. Introduced (1880) by the
Badische Co. Soluble in water with a Bor-
deaux-red colour ; reddish-brown fiocculent preci¬
pitate on adding dilute acid. Solution in strong
sulphuric acid dark blue giving reddish-brown
precipitate on dilution.

Literature.—Schuncke, Am. pat. 246,221,
1880. Meister, Lucius, and Briining, Germ. pat.
22,010, Sept. 2, 1882, S. C. I. 1883, p. 243.

Croce'in Scarlet 3 B (Bayer) ; Ponceau 4 RB
(Actiengesell.).

HS03.C6H4.N = N.C8H4.N = N.C1(,H8.HS03.OH.
M [l] [4] [l] [a] M

Produeed by the action of diazotised amidoazo-
benzenesulphonic acid on /3-naphthol-a-sulphonie
acid (Bayer's) ; commercial product, the sodium
sait. Solution not precipitated by alkali ; a red
precipitate produeed by barium chloride beeom¬
ing dark violet and crystalline on boiling. Dis-.
solves in strong sulphuric acid with a deep-blue
colour, beeoming violet and then red on dilution.

Literature.—Farb. vorm. F. Bayer & Co.,
Germ. pat. 18,027, March 18,1881, S. C. I. 1882,
p. 224, and Germ. pat. 30,077, March 1, 1884,
B. 1885, p. 89.

Croceïn Scarlet 7 B (Bayer) ; Ponceau 6 RB
(Actiengesell.).

HS08.C7H6.N2.C7H8.N,.C,„H5.HS03.0H(/3).
Prepared by the action of diazotised amidoazo-
toluenesulphonie acid on B-naphtholsulphonic
acid (Bayer's) in presence of alkali. Resembles
the preceding in général properties ; gives a
crystalline magnésium sait on adding magné¬
sium sulphate to hot concentrated solution and
allowing to cool. Dissolves with a blue colour in
strong sulphuric acid, beeoming red on dilution.

Literature as under preceding.
Orseillin 2 B (Bayer).—Prepared by the

action of diazotised amidoazotoluenesulphonic
aeid on a-naphtholsulphonie aeid (Nev. and
Win.). Dissolves with a blue colour in strong
sulphuric acid, beeoming red on dilution.
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Literature.—Verein. chem. Fab., Germ. pat.
26,012, Feb. 27, 1883 (v. list of patents).

Bordeaux G (Bayer).—Prepared by the action
of diazotised amidoazotoluenemonosulplionic on
/3-naphtholmonosulphonic acid (Schaffer's) :

hso3.oih0.n2.c;h5.n2.g10h5.hso?[b].oh[|3].
Bordeaux B (Bayer).—Diazotised amido-

azoxylenedisulpbonic acid is combined with
(6-napbthol :

HSO3.C3Hb.n2.CsHs.HSO3.N2.C10H6.OH[,8].
Scarlet 5 K ; Ponceau 5 B.—•
csh..n = n.cshj.n = n.c10h3(hso3)3.oh.

M Cl] M
Prepared by the action of diazotised amidoazo-
benzene on 0-naphtholtrisulphonic acid in alka-
line solution ; commercial product the sodium
sait.

Literature.—Farb. vorm. Meister, Lucius, and
Briining, Germ. pat. 22,038, May 27, 1882 ;
S. C. I. 1883, p. 243.

Azococcin 7B.—

C„H5.n = N.C6H4.N = N.C10Hs.HSO3.OH.
[4] [1] M [a]

Prepared by the action of diazotised amidoazo-
benzene on a-naphtholmonosulphonic acid (Nev.
and Win.) in alkaline solution. Dissolves in
strong sulphuric acid with a violet colour,
giving a brownish-red precipitate on dilution.
Introduced by the ' Verein Chem. Fab.,' Germ.
pat. 26,012, February 27, 1883; S. C. I. 1884,
p. 29.

Croceïn B.—The disulphonic acid correspond-
ing to the preceding : produced by the action of
diazotised amidoazobenzene on a-naphtholdi-
sulphonic acid in the usual way (Schollkopf
An. Co., Eng. pat. 15,775, Dec. 22,1885 ; S. C. I.
1886, p. 164).

The homologue from diazotised amidoazo-
toluene is known as Croceïn 3 B of the same

firm.
Azorubin 2 S (Aetiengesell.).—

HS03.C6H4.N = N.C„H4.N = N.C10H5.HSO3.OH.
[4] CD [4] [1] [a] [a]

Produced by the action of diazotised amidoazo-
benzenesulplionic acid on a-naphtholmonosul¬
phonic acid (Nev. and Win.) in alkaline solution.
Dissolves in strong sulphuric acid with a green
colour becoming blue and iinally brownish-yel-
low on dilution. Beference as under Azococcin.

Brilliant Croceïn M.—CdH..N = N.C.H ,.N
[4] [i]

= N.C10H4 (HS03)2.0H. Prepared by the action of
M

diazotised amidoazobenzene on /3-naphthol--y-di-
sulphonie acid. Dissolves in strong sulphuric
acid with a reddish violet becoming first bluer
and then red on dilution. Manufactured by
L. Casella & Co. (See note to Crystal Ponceau
6 E, p. 243.)

Ponceau S Extra (Aetiengesell.).—
HS03.C„H4.N =N.C6H3.HS03.N

[4] [l] [4] [X]
= N.C10H4.(HSO3)2.OH.

[/3]
Prepared by the action of diazotised amidoazo-
benzenedisulphonie acid on /3-naphtholdisul-
phonic acid (E sait) in the usual way. Commercial
product the sodium sait ; dissolves in strong sul¬
phuric acid with a blue colour, becoming redder
on dilution.

Literature.—W. v. Miller, B. 1880, pp. 542
and 803 ; Nietzki, ibid. pp. 980 and 1838.

Archil Brown.—
hs03.c8h4.n = n.c6h3.hs03.n = n.c10hs.nh„

[4] [1] [4] [1] [a] [a]*
Prepared by the action of diazotised amidoazo-
benzenedisulphonic acid on a-naphthylamine.

Acid Brown E (Aetiengesell.).—
hso3.c10h6.n = n.c6h2.nh„.nh,.n = n.cbhs.

W M [i] [2]" [4] [5]
Prepared by the action of diazotised naphthionic
acid on chrysoïdine. Aqueous solution brown
giving brown precipitate with acids. Dissolves
in strong sulphuric acid with a dirty olive brown
becoming first reddish and then brown and pre-
cipitating on dilution. Introduced by the 1 Ac-
tiengesellschaft f. Anilinfab.,' Germ. pat. 22,714,
November 8, 1882 ; S. C. I. 1884, p. 28.

Acid Brown G (Aetiengesell.).—
CbH3.N - N.CcH2.NH„.NH2.N = N.C6H4.HSOs,

[l] [2] [4] [5] [I] [4]
Prepared by the action of diazobenzene chloride
on chrysoïdinesulphonic acid. The latter is
prepared by the action of diazotised sulphanilic
acid on metaphenylenediamine. The substance
dissolves in strong sulphuric acid with a red-
brown colour becoming yellowish on dilution.

Literature as in preceding.
Eesorcin Brown.—

hs03.cbh4.n = n.cbh,.ho.ho.n = n.cgh,.
[1] [4] [1] [2] [4] [5]

Diazoxylene chloride is combined with Eesorcin
Yellow (p. 240). Commercial product the
sodium sait : aqueous solution gives a brown
precipitate with acids. Dissolves in strong sul¬
phuric acid with a brown colour. (Aetiengesell.
Germ. pat. 18,861, Aug. 9, 1881, Die Chem. Ind.
1882, p. 291.)

Blue Black B (Badische Co.) ; Azo Black
(Meister, Lucius, and Briining).—The sulphonic
acid of B-naphthylamine (Badische acid, Germ.
pat. 20,760, 1881) is diazotised and combined
with a-naphthylamine and the product diazotised
and combined with B-naphtholdisulphonic acid
(E sait). The product has the composition:—

hso3.c,0pi16.n = n.c10hfi.n = n.c10h6.oh,
[?] 1/3] [a] [a] [a]

_ [0] _

Aqueous solution gives a bluish precipitate with
acids and caustic soda. Solution in strong sul¬
phuric acid bluish-green becoming blue, and
finally precipitating on dilution.

Literature. An. u. Sod. Fab. as above
(v. list of patents).

Wool Black.—
hs03.cbh4.n = n.cdh3(hs03)n

[4] [1] [4] [X]
= n.c6h4.ch3.nh.c,„h7.

[2] [4] [i] m
Prepared by the action of diazotised amidoazo-
naphthalenedisulphonic acid on paratolyl-fl-
naphthylamine.1 Aqueous solution gives a violet
precipitate with acids. Dissolves with a blue
colour in strong sulphuric acid giving a brown
precipitate on dilution, and decomposing on
boiling with the formation of Acid Yellow and
tolunaphthazine. (Aetiengesell. f. Anilinfab.,
Germ. pat. 38425, Mareh 31, 1886. Eng. pat.
9754, July 28, 1886 ; s. C. i. 1887, p. 523.)

Azo- Black or Naphthol Black introduced
by the firm of L. Casella & Co., is prepared by

1 Prepared by heating /3-naphthol with paratoluidine
and dry calcium chloride :

C,„H,.OH+C,H^NHa.HCl = C,0H,.NH.O,H,+OHa+HC1
(E. Friedlander, Ber. 1883, p. 2078).
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tlio action of diazotised amidoazonaphthalene-
disulphonic acid on /3-naphtholdisulphonic acid

' (R sait). Aqueous solution dark violet, becom-
ing dark blue with acid or alkali ; barium and
calcium chloride give a precipitate. Dissolves
in strong sulphuric acid with a dark green
colour, becoming blue on dilution. (Eng. pat.
9,214, July 31, 1885; S. C. I. 1886, p. 427.)

Fast Brown G (Actiengesell.).—
(HSOJ.C,H1.N2)2.C10H3.OH(a).

Prepared by the action of diazotised sulpbanilic
acid (2 mois ) on a-naphthol (1 mol.). Aqueous
solution red-brown ; violet precipitate with dilute
acid. Strong sulphuric acid solution violet, be¬
coming yellowish-brown on dilution.

Fast Brown (Meister, Lucius, and Briining).
Homologous with the preceding. Prepared by
tlie action of two molécules of diazotised xy-
lidinemonosulphonic acid on one molecule of
a-naplithol. Aqueous solution brown ; violet
precipitate with dilute acids. Soluble in strong
sulphuric acid with a violet colour, becoming red
on dilution.

Violet Black.—

C h /[l].N2.C,0H,HSO:1(a).OH(a)
_ ^±t^L4]N2.(a)C,0H6.NH2(a).

Paranittacetanilide is reduced by mild reducing
agents (iron and acetic acid) and the amido-
acetanilide diazotised and combined with 1 mol.
of tt-naphtholomonosulphonic acid (Nev. and
Win.). The acetyl- group is then removed by
heating with acid or alkali, the amido- compound
again diazotised and combined with 1 mol. of
a-naphthylamine. Aqueous solution brownish-
red giving violet precipitate with minerai acids
and reddish-violet colouration with acetic acid
or with caustic soda. Elue solution in strong
sulphuric acid giving violet precipitate on dilu¬
tion.

Literature.—Nietzki, B. 1884, pp. 343 and
1350. Also Bad. An. und Sod. Fab., Germ. pat.
42,814, April 19, 1887 (v. list under Feb. 22,
1887).

F. Secondary azo- compounds derived from
benzidine and its homologues, anisidine and
its homologues, &c.
Benzidine or paradiamidodiphenyl is prepared

from azobenzene 1 by réduction in the presence
of acids, the hydrazobenzene, CfiH3NH.NH.CsH5,
wkich is formed as an intermediate product,
bêing converted by molecular transposition into
benzidine :

HN.C6H5_C0H1.NH„(p)
HN.G6H5 — G6HrNH,(p)

At the same time a small quantity of the
isomeric compound diphenyline is formed ;

Ç6H,.NH2(O)
C6H4.NH,(p).

By the réduction (in presence of acid) of azo-
toluene, azoxylene, &c., the homologues of benz¬
idine are produced. The amido- groups in these
bases are capable of being diazotised and the
tetrazo- salts thus formed combine first with one

and then with a second molecule of a phénol,
■aminé, phenolsulphonie acid, or amidosulphonic
acid, so that mixed products can by this means

1 Azobenzene is bestprepared byreducingnitrobenzene
in atcoholic solution with zinc-dust and caustic soda
iAieiejeff, Z. 3868, N.F. vol. 4, p. 491).

be obtained as sliown by the following typical
example:— I

T ÇjHJ.NHJ o-KTo-M-fi +4HG1 =

O^.NH2 + ,iJNaJNUî + 4tl-1
Ç6H4.N.,.C1 ovopi , 47-T n
CBH4.N2.C1 •4-4JNaGl + 4ii..iu.

TT Ç«H4.N2.C1 + ch nNa-
C„H4.N2.C1 a -

Ç6H4.N2.CaH4.OH ,

CeH4.N2.Cl +
TTT Ç8H4.N2.C6H4.OH Ç jj1U-

C6H4.N2.C1 + o,0±l7-.ONa =

C5H>2.c;oHI.OH + NaG1-
The literature relating to benzidine will be

found in the following papers :—Zinin, J. pr.
1845, vol. 36, p. 93 ; Hofmann, J. f. 1863, p. 424 ;
Schultz, A. 1874, vol. 174, p. 227. A paper on
the colouring matters of this group with dyed
patlerns by G. Hurst will be found in the ' Journ,
of the Soc. of Dyers and Colourists,' Feb. 25,
1888, p. 14. A paper on the azo- colours from
isomeric tolidines and diamidodixyls by Nôlting
and Strieker will be found in B. 1888, p. 3138.

The chief azo- colours of this group which
are met with in commerce are the following :—

Congo Eed.—
Ç6H4.N2(0).C,oH5.HSOs(a).NH2(a)
C8H4.N2(B).C,0H5.HSO3(a).NH2(a).

Prepared by the action of diazotised benzidine
(oné molecular proportion) on naphthionie acid
(two molécules). The tetrazodiphenyldichloride
is added to the well-eooled solution of sodium
naphthionate, and then sodium acetate added ; the
reaction requires several hours for its completion,
owing to the formation of the intermediate product
already referred to.1 The commercial product is
the sodium sait ; the red aqueous solution be-
comes blue on addition of dilute acids ; substance
dissolves in strong sulphuric acid with a slaty
blue, giving a bluish precipitate on dilution.

Literature.—P. Bôttiger, Germ. pat. 28,753,
February 27, 1884, B. 1884, p. 453 ; Eng. pat.
4,415, March 5, 1884 ; Witt, B. 1886, p. 1719.

Chrysamin ; Flavophenin.—
C6H4.N2[1]C6H3.HO[4].COOH[5]
CdH4.N2[l]C8H2.HO[4].COOH[5].

Prepared by the action of diazotised benzidine
(one molecule) on two molécules of salicylie
acid in alkaline solution. Commercial product
the sodium sait ; used for dyeing cotton goods
yellow directly from a soap bath. Aqueous
solution orange, becoming redder on addition of
caustic soda ; orange floccuient precipitate, with
dilute sulphuric acid. Soluble in strong sul¬
phuric acid, with a magenta-red colopr becoming
orange and precipitating on dilution. Intro-
duced by the ' Parbenfabriken vorm. F. Bayer &
Co.'; Germ. pat. 31658, June 14, 1884; S. C. I.
1885, p. 400. The homologue from tetrazoditolyl
is Chrysamin B.

Bordeaux, Extra.—
ÇsH4.N2.C10H5.HSO3[/3].OH[/3]
CjH4.N2.C10Hj.HSO3[B].OH[B].

Prepared from tetrazoditolyl and two molécules
of j3-naphtholmonosulphonic acid (fromBadische

1 Martius, B. 1886, p. 1755 ; Lange, ibid. p. 1697.
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amido-acid). Aqueous solution gives violet pre-
cipitate with acids (excepting acetic). Violet
solution in strong sulphuric acid precipitating
on dilution.

Literature.—Earb. vorm. E. Bayer & Co.,
Germ. pat. 30,077, March 1, 18S4 (v. list of
patents under March 18, 1881).

Benzopurpurin B.—
Ç7H6.N2.CI0H5.NH2(£!).HSO3(/3)
C7H6.N2.C,0H5.NH2(8).HSO3(fî).

Prepared by the action of diazotised tolidine
(one molecule) on /3-naphthylaminesulphonic
acid (two molécules) in presence of alkali. The
B-naphthylaminesulphonic acid is the so-called
8-modification obtained (mixed with the a and
7- isomerides) by heating 8-naphthylamine with
3 parts of sulphuric acid (96 to 97 p.c. of
H2S0J to 100-105°C. for 6 hours (Badische
Co., Germ.pat.20,760,Novemberl7,1881; Dahl&
Co., Germ.pat. 29,084, March 2,1884,and 32,276,
November 14, 1884), or by heating Schàffer's
/3-naphtholsulphonic acid with ammonia (Brôn-
ner, Germ. pat. 22,547, July 5, 1882—see this
article under ' East Brown 3 B '). Aqueous solu¬
tion, orange red ; unchanged by caustic soda ;
a brownish-red precipitate by dilute sulphuric
acid. Dissolves in strong sulphuric acid with
a blue colour, giving a brown precipitate on
dilution. Benzopurpurin B is made by the
Farb. vorm. E. Bayer & Co. ; Eng. pat. 3,803,
March 14, 1885 ; also Bayer and Duisberg, Ber.
1887, p. 1428. (See also list of patents under
March 17, 1885.)

Benzopurpurin 4 B.—
ÇjH6.N2(8).C10H5.NH2(a).HSO3(a)
C,H6.N2(S).C1„H5.NH2(a).HS03(a).

Prepared by the action of diazotised tolidine
(one molecule) on naphthionic acid (two molé¬
cules). Homologous with Congo red and
isomeric with the last. Aqueous solution orange
red, giving a red precipitate with excess of caustic
potash ; blue precipitate with hydrochloric acid ;
dissolves in strong sulphuric acid with a pure
blue colour. Introduced by the Earb. vorm. E.
Bayer & Co. ; référencés as in the preceding.1

Benzopurpurin 6 B.—Prepared as above from
tetrazoditolyl and Laurent's naphthylamine-
monosulphonic acid. The latter is prepared by
sulpbonating a-nitronaphthalene with fuming
sulphuric acid and reducing the nitrosulphonic
acid. Colouring matter very similar in properties
to the preceding. Référencés as above.

Deltapurpurin G.—
Ç6H4.N2(a).C10H5.NH2(8).HSO3(/3)
C6H4.N2(a).CloH5.NH2(B).HSO3(0).

Isomeric with Congo red : prepared by the
action of diazotised benzidine on /3-naphthyl-
amine-8-sulphonic acid, the latter being prepared
by heating /3-naphthylamine sulphate with 5-6
parts of strong sulphuric acid (66° B.) to 150° for
1£ hour. The a- and y- monosulphonic acids of
B-naphthylamine are also said to be transformed
into the 8- modification by this treatment.
Colouring matter no longer in the market. (Farb.
vorm. Bayer & Co.,Eng.pat.5846, April 29,1886 ;
also Bayer and Duisberg, Ber. 1887, p. 1426.)

1 According to Kneclit ( Journ. Soc. Dyersand Colourists,
1886, p. 112) Benzopurpurin 4 B is produced by the action
of diazotised diamidodiphenetoïl on /3-naphthyIamhle-/3-
inonosulplionic acid.

Deltapurpurin 5 B.—
Ç7H„.N2(a).C10H5.NH2(/S).HSO308)
C7He.N2(a).C10H5.NH2(8).HSO3(8).

Prepared from tetrazoditolyl and 1 mol. of the
8-acid + l mol. of the Brônner acid. Owing to
the 8-acid being a mixture of isomerides the
colouring matter contains also Benzopurpurin B
and Deltapurpurin 7 B (see below). Aqueous
solution orange giving a brown colouration with
acetic acid, and a brown precipitate with hydro¬
chloric acid. Red precipitate with caustic soda.
Solution in strong sulphuric acid blue giving a
brown precipitate on dilution. (Bayer & Co. ;
Germ. pat. 42,021, April 14, 1S8G. Also Bayer
and Duisberg, B. 1887, p. 1426, and Schultz,
ibid. p. 3158.)

Diamine Red 3 B.—Isomeric with the pre¬
ceding. Prepared from diazotised tolidine and
/3-naphthylamine-E-sulphonic acid. The latter
is prepared by fusing the sodium sait of a-naph-
thalenedisulplionic acid (Ebert and Merz, B.
1876, p. 612), with four times its weight of 50'
per cent, caustic soda at 200°C. until dioxy-
naphthalene begins to be formed. 0-naphtkol-
E-sulphonic acid is formed, and this on being
heated with ammonia in an autoclave furnishes
the corresponding amido- acid. The colouring
matter is precipitated from its aqueous solution
by acetic acid, and forms an insoluble calcium
sait. Red precipitate with caustic soda. Solution
in strong sulphuric acid blue giving brown pre¬
cipitate on dilution. (L. Casella & Co., Eng.
pat. 12,908, Oct. 9, 1886 ; S. C. I. 1887, p. 725.
Also Weinberg, B. 1887, p. 2906.)

Deltapurpurin 7 B.—Probably identical with
the preceding, being prepared from the purified
8-acid and tetrazoditolyl. References as under
Deltapurpurin 5 B.

Roseazurin G.—

C,H6.N2.C,0H5.NH2(B).HSO3
C;H6.N2.C10H5.NH.C2H5(B).HSO3.

Prepared by the action of tetrazoditolyl on one
molecule of /3-naphthylaminemonosuIphonic acid
and then on one molecule of the S-methyl-deriva-
tive of the same sulphonic acid. Aqueous solu¬
tion red giving violet precipitate with minerai
acids. Not precipitated by acetic acid. Blue
solution in strong sulphuric acid giving violet
precipitate on dilution. The corresponding
colour from one molecule of tetrazoditolyl and
two molécules of mëthyl-8-naphthylaminemono-
sulphonic acid is Roseazurin B. (Earb. vorm. F.
Bayer & Co., Eng. pat. 17,083, December 30,
1S86; S. C.I. 1888, p. 31.)

A colouring matter prepared by the action of
one molecule of tetrazodianisoïlontwo molécules
of B-naphthylaminemonosulphonic acid (Brôn-
ner's) was formerly in the market under the-
name of Roseazukin.

Azo-Blue.—

C7Hs.N2.C10H5.HO(a).HSO3(tt)
C7H6.N2.C10H5.HO(a).HSO3(a).

Prepared by the action of diazotised tolidine
on a-naphtholmonosulphonic acid. Commercial
product the sodium sait. Aqueous solution of
colouring-matter violet, becoming crimson on
addition of caustic soda ; restored to violet by
dilute sulphuric acid. Dissolves in strong sul¬
phuric acid with a pure blue colour giving violet
precipitate on dilution. (Farb. vorm. E. Bayer
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& Co., Germ. pat. 35,341, August 1,1885 ; S. C. I.
188li, p. 427.)

Benzoazurin G.—-

C6H3(OCH3).N„.C10H5.HO(a)HSO3(a)
G6H3(OCH3).N„.C10H5.HO(a)HSO3(n).

Prepared by the action of diazotised diamido-
dianisoïl on ct-napktholmonosulphonic acid. The
dianisoïl derivative is prepared by reducing
orthonitroanisoïl in alcoholie solution with zinc-
dust and caustic soda so as to form an azo-

dianisoïl which gives the desired compound on
réduction in presence of acid, just in the same
manner as nitrobenzene gives azobenzene,
hydrazobenzene, and benzidine. Aqueous solu¬
tion bluish-violet, becoming red on addition of
caustic potash; dark-violet precipitate with dilute
hydrochloric acid. Dissolves in strong sulphuric
acid with a blue colour giving violet precipitate
on dilution (Farb. vorm. F. Bayer & Co., Eng.
pat. 14,424, November 24, 1885, S. C. I. 1886,
p. 428). The homologue from diazotised di-
amidodiphenetoïl is Benzoazurin B.

Azo- Violet.—•

C6H3(OCH3).N2.C10H3.HS03(a).NH,(«)
C8H3(OCH3).N2.C10H5.HS03(a).OH"(a).

Diazotised anisidine (one mol.) is combined with
one mol. of naphthionio acid, and then with one
mol. of a-naphthol-a-sulphonic acid (Nev. and
Win.). Aqneous solution reddish-violet, giving
blue precipitate with minerai acids and bluish-
violet colouration with acetic acid. Solution
tumed

_ magenta by caustic soda. Dissolves
with a blue colour in strong sulphuric acid,
giving a blue precipitate on dilution (Farb. vorm.
F. Bayer & Co., Germ. pat. 40,247, Feb. 9, 1886 ;
ï. List of Patents).

Héliotrope.—
C6H3(OC.,H5).R2.C10H6.NHCH3(j3)HSOs
C6H3(OCX)N2.C1OH5.NHCH3(0)HSO3.

Prepared by the action of diazotised diamido-
dianisoïl on methyl-B-naphthylaminemonosul-
phonic acid. Aqueous solution red, giving violet
precipitate with minerai acids and reddish-violet
colouration, with acetic acid. Dissolves with a
blue colour in strong sulphuric acid, giving
violet precipitate on dilution (Farb. vorm. F.
Bayer & Co., Germ. pat. 43,204, June 8, 1887 ;
v. List of Patents under December 30, 1886).

Azo-orseillin.—-

Ç6H1.N2.C10H5.HO(a).HSO3(a)
C6H4.N2.C10H5.HO(a).HSOs(a).

Prepared by the action of diazotised benzidine
on ct-naphtholsulphonic acid. Commercial pro-
duct the sodium sait : a paste dissolving in
strong sulphuric acid with a blue colour, becom¬
ing violet on dilution (Verein. chem. Fab., Germ.
pat.26,012, February 27,1883 ; v. List of Patents).

Benzidine Blue.—

Ç6H4.N2.O,0H4(HSO3)2.OH(B)
C6H.,.N2.C,0H4(HSO3)2.OH(B).

Prepared from diazotised benzidine and B-naph-
tholdisulphonic acid (R sait). Not met with in
commerce at présent time (Schultz, B. 1884,
p. 461).

Congo Yellow ; Yellow Paste.—
Ç6H4.N2[l].C8H4.OH[4]
C8H4.N2.C8H3.NH2[4"|.HS03[1]. .

Prepared by acting with diazotised benzidine on
one molecule of phénol and then combining tlie

resulting product with one molecule of sulph-
anilic acid. Dissolves in strong sulphuric acid
with a reddish-yellow colour (Actiengesell. f.
Anilinfab., Germ. pat. 39,096, August 29, 1S85 ;
also Eng. pat. 15,296, December 12,1885 ; S. C. I.
1886, p. 595).

Congo G E.—
C6H1.N2[l].CaH3.NH„[2J.HS03[4]
CeHJ.N2[0].CloH5.NH2[a].HSO3[a].

Prepared by the action of diazotised benzidine
on meta-amidobenzenesulphonic acid (one mole¬
cule), and then on one. molecule of naphthionio
acid. Aqueous solution brownish-red, giving
blue precipitate with hydrochloric and violet
colouration with acetic acid. Solution in strong
sulphuric acid blue, giving blue precipitate on
dilution (Actiengesell. Germ. pat. 40,954, Janu-
ary 28, 1886; v. List of Patents).

Congo Corinth.—
Ç6H4.N2.C10H5.NH2[a].HSO3M
C6H4.N2.C,0H5.HOM.HS03[o].

Prepared as abovefrom tetrazodiphenyl, a-napk-
thylaminesulpkonic acid and a-naphtholsul-
phonic acid. Aqueous solution red ; violet pre¬
cipitate with hydrochloric acid and colouration
with acetic acid. Solution in strong sulphuric
acid blue, giving violet precipitate on dilution
(Actiengesell. Germ. pat. 39,096, August 29,1885 ;
v. List of Patents under December 12, 1885).

Brilliant Congo G.—
ÇsH4.N2.C,0H4.NH2(B).(HSO3)2
C6H4.N2.C,0H5.NH2(B) HS03(B).

From diazotised benzidine, B-naphthylaminedi-
sulphonic acid and B-naphthylaminemonosul-
pbonic acid (Brônner's). Aqueous solution
gives a brownish-vioiet precipitate with hydro¬
chloric acid. Solution in strong sulphuric acid
blue, giving violet precipitate on dilution (Actien¬
gesell. Germ. pat. 41,095, March 30, 1887 ; v.
List of Patents).

Congo Corinth B.—
Ç7H6.N2.C10H5.NH2(a).HSO3(a)
C;H6.N2.C]0H5.HO(ct).HSO3(a).

From diazotised tolidine, naphthionio acid and
a-naphtholsulphonic acid. Aqueous solution
magenta red, giving violet precipitate with
minerai acids. Blue solution in strong sul¬
phuric acid ; violet precipitate on dilution (Ac¬
tiengesell. Germ. pat. 39,096, August 29, 1885 ;
v. List of Patents under December 12, 1885).

Congo 4 E.—
C7Hs.N„[1].C6H3.HO [2].HO [41
C7H6.N2.C10H5.NH2(a).HSO3(a).

From diazotised tolidine, resorcinol and naph¬
thionio acid. Aqueous solution brownish-red»
violet precipitate with minerai acids, brown pre¬
cipitate with acetic acid. Solution in strong
sulphuric acid blue giving violet precipitate on
dilution (Actiengesell. Germ. pat. 39,096, Aug.
29, 1885 ; v. List under Dec. 12, 1885).

Brilliant Congo E.—
Ç7H6.N2.C10H4.NH2(S).(HSO3)2
C7H6.N2.C10H5.NH2(B).HSO3(B).

From diazotised tolidine, B-naphthylaminedi-
sulphonic acid and B-naphthylaminemonosul-
phonic acid (Brônner's). Aqueous solution
brownish-red, giving a similarly coloured pre¬
cipitate with minerai acids. Solution becomes
bluer with acetic acid. Orange precipitate with
caustic soda. Blue solution in strong sulphuric
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acid, giving dark-brown preeipitate on dilution
(Aetiengesell. Germ. pat. 41,095, March 30,1887 ;
v. List of Patents).

Roseazurin 2 B,

g0 /CéHs.N2(o).C10Hj.HS03(^).NHj(3)
2^C3H3.N2(a).C,0H5.HSO3(|3).NH2(fl)'

Benzidinesulphone (1 mol.) is diazotised and
combined with 2 mois, of £-naphthylaminemono-
sulphonic acid (Brônner's). Aqueous solution
magenta red giving a brownish-red preeipitate
with acids and a bine preeipitate with caustic
soda. Sulphuric acid solution reddish-violet,
giving a brownish-red preeipitate on dilution
(Farb. vorm. F. Bayer & Co. v. List under Jan.
20, 1885).

Benzidine Red,
CfiH3.HS03.N2(fl) ,G10HvHSOa(o) ,NH2(o)
C6H3.HSO3.N2(B).C10H5.HSO.,(a).NH2(a)-

Prepared by diazotising the disulphonie acid of
benzidine and combining the tetrazo- compound
with 2 mois, of naphthionie acid. Aqueous so¬
lution magenta red giving blue preeipitate with
minerai aeids, and violet preeipitate with acetio
aoid. Caustio soda gives a red preeipitate with
concentrated solution. Blue solution in strong
sulphuric aeid giving blue preeipitate on dilution.
Colour no longer in market (Farb. vorm. F. Bayer
& Co. v. List of Patents under Dec. 5, 1883, and
Jan. 9, 1884).

Sulphanil Yellow,
C6H4.N2.NH[1].C6H1.HS03[4]
CbH ,.N2.NH[1] .CliH,l.HS03[4] '

A diazoamido- compound produced by the action
of diazotised benzidine (1 mol.) on 2 mois, of
sulphanilic acid. Colour no longer in the market
(v. List of Patents under Nov. 20, 1884).

G. AZO- COMPOUNDS DERIVED FR0M
STILBENE.

Hessian Purple P.—This colouring matter is
one of a group of seeondary azo- compounds
prepared by the action of, diazotised diamido-
stilbenedisulphonic aeid on phénols, aminés,
sulphonic and oarboxylie acids. The compound
in question has the formula :

CH.CsH3(HSO3).N2.C10H5.NH2(a).HSO3(a)
GH.C6H3(HS03).N2.C1?H5.NH2(a).HS03(a).
The diamidostilbenedisulphonic aoid is pre¬

pared by heating the sulphonic aeid of parani-
trotoluene with caustie alkali and then reducing
the dinitrostilbenedisulphonic aoid thus pro¬
duced.1 The colouring matter is produced by
diazotising the diamidosulphonic acid (1 mol.)
and combining the tetrazo- compound with
naphthionie acid (2 mois.). Aqueous solution
orange, becoming blue with aeids, and violet with
alkali. Red solution in strong sulphuric acid,
giving reddish-violet preeipitate on dilution.

Literature.—A. Leonhardt & Co., Germ. pat.
38,735, January 29, 1886 ; B. 1887, p. 183 ; v.
List of Patents under January 29 and December
14, 1886.

Hessian Yellow.—
CH.CsH3(HS03) .N„(l)C6H3.HO(4).COOH(5)
CH.CaH3(HS03).N2(l)C6H3H0(4).C00H(5).

1 For an aocount of the azo- colours from orthodiamido-
«tilbene see paper by C. A. Bischofli, B. 1888, p. 2078.

Prepared like the last from diazotised diamido-
stilbenedisulphonie acid and salieylic acid. Aque¬
ous solution oehreous, giving blaekish preeipi¬
tate with minerai acids. Solution reddened by
caustie soda. Reddish-violet solution in strong
sulphuric aeid, giving blaekish preeipitate on
dilution. Referenees as in preeeding.

Hessian Purple N.—
ÇH.C0H3(HSO3).N2(a).C10H6.NH2(£)
CH.C6H,(HSO3).N2(a).C,0H6.NH2(/8).

From diamidostilbenedisulphonic aeid diazotised
and /3-naphthylamine. Aqueous solution red,
giving bluish-blaek preeipitate with minerai
aeids, and violet-black preeipitate with acetie
acid. Red colouration or preeipitate with caustic
soda. Blue solution in strong sulphuric acid,
giving bluish-blaek preeipitate on dilution.
Referenees as in preeeding.

Hessian Purple B,
CH.C6H3(HSO3).N2.CloH3.HSO3(0).NH,(£)
CH.C6H3(HS03) .N2.C10H3.HS O3(j8) .NHJ(B).

Prepared by the action of tetrazostilbenedisul-
phonie aoid (1 mol.) on 2 mois, of /3-naphthyl-
aminemonosulphonio aeid (Brônner's). Aqueous
solution red giving brownish-black preeipitate
with minerai aeids. Reddish-violet preeipitate
with caustic soda. Violet solution in strong
sulphuric aeid giving brown preeipitate on dilu¬
tion. Referenees as in preeeding.

Hessian Purple D. Isomerie with the pre¬
eeding. Prepared from the above tetrazodisul-
phonic aeid and Dahl's /3-naphthylaminemono-
sulphonic aeid (v. List of Patents under Mareh 2,
1884). Aqueous solution orange giving brown
preeipitate with minerai acids, and becoming
redder with caustie soda. Violet solution in
strong sulphuric acid becoming brown on di¬
lution. Referenees as in preeeding.

Brilliant Yellow.—

CH.CeH3(HS03).N2[l].C6H3.0H[4]
CH.GaH3(HS03).N2[l].C6H4.0H[4].

From the same diazotised disulphonie acid and
phénol. Aqueous solution orange, giving violet
preeipitate with minerai aeids. Dissolves with
a reddish-violet in strong sulphuric aeid, giving
a violet preeipitate on dilution. Referenees as
in preeeding.

Chrysophenin.—
CH.C6H3(HS03).N2[l].C8Ht.OC2H5[4]
GH.C6H3(HS03).N2[1].CsH|.OCÏH5[4].

Prepared by ethylating the preeeding colouring
matter. Aqueous solution orange, giving brown
preeipitate with minerai aeids. Dissolves with
a reddish-violet colour in strong sulphuric acid,
giving bine preeipitate on dilution. Referenees1
as in preeeding.

Hessian violet.—

CH.C8H3(HSO3).N2(a).C10H8.NH2(a)
CH.C6H3(HSO3).N2(a).C]0H6.OH(j8).

Prepared by combining 1 mol. of diazotised
diamidostilbene disulphonie aeid with 1 mol. and
a-naphthylamine, and then with 1 mol. of /8-
naphthol. Aqueous solution reddish-violet, be¬
coming bluer with aeetio acid, and giving a blue
preeipitate with minerai acids. Solution in
strong sulphuric acid blue, giving a violet preei¬
pitate on dilution. Reference as in preeeding.
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PATENTS RELATING TO AZO-COLOURING MATTERS.

Date

1878.
March 12

March 12

April 24.

May 12 .

Nov. G .

Nov. 19 .

Nov. 20 .

Dec. 3

1879.
Jan. 3.

Feb. 13 .

Feb. 15 .

May 10 .

Sept. 28.

Nov. 14 .

Dec. 3 .

1880.
March 18.

June 7 .

Dec. 10 .

Compound diazotised

Amido-, Bromamido-, Chlor-
amido-,andIodamido -phé¬
nol and homologues and
their sulphonic acids.
Amidosalicylic acid and
its sulphonic acid.

a-Naphthylamine and its
sulphonic acid(naphthionic
acid)

Xylidine and homologues ;
the naphthylamines, &c.

Sulphonic acids of amido-
azo-benzene and homo¬
logues.

Ortho- and paratoluidine sul¬
phonic acids.

Nitraniline and homologues,
nitronaphthylamine.

Amidatedphenol-ethers such
as apiidoanisoïl and homo¬
logues, amido-naphthol-
ethers, &o.

Amido-phenols and their
ethers, amido-naphthols.

Amidated phénol and naph-
thol ethers and their sul¬
phonic acids.

Sulphanilic acid .

Aniline and homologues

Sulphanilic acid and homo¬
logues, naphthylamine
sulphonic acid.

Sulphonic acids of amidoazo-
benzene. Sulphonation by
sulphuric anhydride and
chlorosulphuric acid.

Amidoazobenzene and
homologues and their sul¬
phonic acids.

Sulphonic acids of amido¬
azobenzene.

a-Naphthylaminedisulphonic
acid.

8-Naphthylamine and sul¬
phonic acids.

a- or ^-naphthylamine sul¬
phonic acids.

Phénol, Aminé, or Sulphonic
acid

naphthylamine.

Phénol and its homo¬
logues, resorcinol, or-
cinol, the naphthols
and sulphonic acids,
dioxynaphthalene and
sulphonic acid.

a and j3-naphthol and
their sulphonic acids.

/3 - Naphtholdisulphonic
acids.

[Used as an acid yellow.]

The naphthols, phenol-
sulphonic acid, diphe-
nylamine, phenylene
diamine, dinaphthyl-
amine, &c.

Phénol and sulphonic
acid, thenaphthols and
sulphonic acids, resor¬
cinol, diphenylamine
and naphthionic acid.

Phénols and sulphonic
acids.

I - Naphtholdisulphonic
acids.

Naphthols and sulphonic
acids.

Aniline .

a - and (8- naphtholsul-
phonic acids.

Di- and tri- sulphonic
acids of naphthols.

[Used as an acid yellow.]

Phénols, naphthols,
dioxynaphthalene and
sulphonic acids.

Resorcinol, orcinol, and
their sulphonic acids.

Phénols and their ethers
and sulphonic acids.
Aminés and their sul¬
phonic acids.

/3-Naphthol and sul¬
phonic acids.

Methyl, phenyl, tolyl,
xylyl and naphthyl-
a- or /3-naphthylamine.

Sulphonic acid of sali-
cylic acid.

Patentée and reference

J. P. Griess, Germ. pat. 3224,
B. 1879, p. 143.

Badische Anilin- und Soda- Fa-
brik, Germ. pat. 5411, B.
1879, p. 1364.

Meister, Lucius, andBriining,
Germ. pat. 3229, B. 1879, p.
144.

F. Griissler, Germ. pat. 4186,
B. 1879, p. 396.

Roussin and Poirrier, Eng.
pat. 4491.

Roussin and Poirrier, Germ.
pat. 6715, D. P. J. 1879, p.
423.

J. P. Griess, Eng. pat. 4726.

Meister, Lucius, and Brûning,
Germ. pat. 7217, B. 1879,
p. 2108; addition to pat.
3229 above.

Badische Anilin-und Soda- Fa-
brik, Germ. pat. 12451, B.
1881, p. 552.

F. Grâssler, Germ. pat. 7094,
B. 1879, p. 2107 ; addition
to pat. 4186 above.

I. Levinstein, Eng. pat. 623,
B. 1880, 586.

R. Meldola, Eng. pat. 1864,
B. 1880, 692 ; C. N., vol. 42,
p. 60.

F. Grâssler, Germ. pat. 9384,
B. 1880, 942; addition to
pat. 4186 above.

R. Kriigener, Germ. pat. 16482,
B. 1882, p. 94.

F. Grâssler, Germ. pat. 16483,
B. 1882, p. 95.

E. 1er Meer & Co., Germ. pat.
10797 ; G. Schultz's ' Chemie
des Steinkohlentheers,' lst
ed. p. 242.

Badische Anilin- und Soda-
Fabrik, Germ. pat. 7007 ; G.
Schultz's ' Chem. des Stein¬
kohlentheers,' lst ed. p. 241.

Ch. Fabrik auf Actien vorm. E.
Schering, Germ. pat. 15117,
B. 1881, p. 2434.
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Patents relating to Azo- Colouring Matters—continued.

Date Compound diazotised
Phénol, Aminé, or Sulphonic

acid Patentée and reference

1831.
Jan. 22.

Feb. 18 .

Mardi 18

Aug. 9 .

Nov. 17

1882.
Jan. 18.

Jan. 24 .

Feb. 25 .

March 21

March 25

March 30

April 12 .

April 14 .

May 26 .

July 5 .

Aug. 21 .

Amidated methyl and ethyl
ethers of aromatic acids
(benzoic and cinnamic).

Amidated methyl and di-
methylnaphthalene.

Sulphanilic and naphthionic
acids, acid yellow and aro¬
matic bases.

Aniline and homologues, the
naphthylamines, amido-
azobenzene and sulphonic
acids.

Two similar or dissimilar
aminés or sulphonic acids.

Amidoazobenzenesulphonic
acid.

Same as Germ. pat. No.
18027, March 18, 1881.

Naphthionic acid.

Aminés and their sulphonic
acids generally.

Amidoazobenzenesulphonic
acids.

Aniline or sulphanilic acid

Naphthionic acid.

Naphthionic acid diazotised
and combined with two
molécules of naphthyl-
amine-sulphonic acid and
then again diazotised (sic).

Sulphonic acids of aminés
or amidoazo- compounds
(e.g. naphthionic acid).

Yarious aminés and sul¬
phonic acids, such as naph¬
thionic acid, amidoazo-
benzene and sulphonic
acids.

j3-Naphthylamine monosul-
phonic acids from Sehaf-
fer's /9-naphtholmonosul-
phonie acid.

Solid cumidino „ .

j3 - Naphtholdisulphonic
acids.

0-Naphthol and sul¬
phonic acids.

Methyl and dimethyl-
/3-naphthol and sul¬
phonic acids.

fi-Naphthol - a-sulpho-
nic acid.

Eesorcinol and homo¬
logues.

j3-Naphthol - monosul-
phonic acid from j8-
naphthylamine.

fî-Naphthol - a-sulpho-
nic acid prepared by
means of sulphuric
acid containing anhy¬
dride or chloro-sul-
phuric acid.

Naphthionic acid .

Anthrol and dioxyan-
thracene and their sul¬

phonic acids.

a- or J3-Naphthylamine .

Diphenylamine [colour
subsequently further
sulphonated].

fî-Naphthol- a-sulphonie
acid.

i8-Naphthol or other
phénols.

a- or jS-Naphthylamine .

i - Naphtholtrisulphonic
acid.

Phénols, oxyphenols,
naphthols and their
ethers, and sulphonic
acids.

Phénols, naphthols and
sulphonic acids.

I

Farbwerke vorm. Meister, Lu-
cius und Briining, Germ. pat.
15250, B. 1881, p. 2434;
S. C. I. 1882, p. 24.

Actiengesell. f. Anilin- fabri¬
cation, Germ. pat. 25649.
B. 1881, p. 2604.

Farbenfabriken vorm. F. Bayer
& Co., Germ. pat. 18027, B.
1882, p. 1351 ; S. C. I. 1882,
p. 224 ; addition, No. 30077,
March 1,1884, B. 1885, p. 89.

Actiengesell. f. Anilinfabri-
kation, Germ. pat. 18861 ;
S. C. I. 1882, p. 404.

Badische Anilin- und Soda-
Fabrik, Germ. pat. 20760,
B. 1883, p. 448; S. O. I.
1883, p. 275.

Farbenfabriken vorm. F. Bayer
& Co., Germ. pat. 20399,
B. 1882, p. 3104 ; addition
to No. 18027, March 18,
1881.

Farb. vorm. F. Bayer & Co.
Germ. pat. 1235, S. C. I.
1882, p. 226.

C. Liebermann, Germ. pat.
1668 ; S. C. I. 1882, p. 226,
and Germ. pat. 21178 (Ac¬
tiengesell.). Ibid. 1883, p. 274.

Farbenfabriken vorm. F. Bayer
& Co., Germ. pat. 20000, B.
1882, p. 3104 ; S. C. I. 1882,
p. 226.

Dahl & Co., Germ. pat. 21903,
S. C. I. 1883, p. 243.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 20402, B. 1882, p.
3104 ; S. C. I. 1883, p. 243.

O. Bredt, Eng. pat. 1730, B.
1883, p. 1121.

C. Bumpff, Eng. pat. 1773,
B. 1883, p. 1121 (see Germ.
pat. 20000, March 21) ; S. C.I.
1883, p. 172.

Farb. vorm. Meister, Lueius und
Briining, Germ. pat. 22038,
S. C. 1.1883, p. 243.

Farb. vorm. Brônner, Germ.
pat. 22547, B. 1883, p. 1517,
S. C. I. 1883, p. 536.

Actiengesell. f. Anilinfab.,
Germ. pat. 22265 (July),
Eng. pat. 3997, S. C. I. 1883,
pp. 242, 243.
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Patents kelating to Azo- Colouring Matters—continued.
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Date

Sept. 2

Sept. 9

Nov. 8

Nov. 30

1883.
Jan. 23.

Feb. 9

Feb. 24

Feb. 27

May 5

July 16

July 17

July 31

Sept. 28

Nov. 24

Dec. 5

Dec. 13

Compound diazotised

Amidoazoxylene .

Aminés.

Aniline and homologues and
sulphonic acids, amido-
acids, amidoazobenzene,&c.

Aminés and sulphonic acids.

/3-Naphthylamine mono- and
polysulphonio acids from
corresponding /3-naphthol
acids.

Aminés and amidoazo- com-

pounds.
Amidonaphthalene disul-

phonic acids prepared by
nitrating and reducing
a- and 0-disulphonic acids
of naphthalene.

Aminés ....

Aminés ....

Aniline and homologues,
amidoazobenzene, the
naphthylamines, benzidine.

Aminés, &c.

Aminés, &a. . .

Aminés, &c. . . .

Aminés, &c.

Fluorylamine and acenaph-
thylamine.

The amidobenzoic acids and
other amidoearboxylic
acids.

Aniline and homologues, the
naphthylamines, amido¬
azobenzene, &c.

Di-, tri-, and tetrasulphonic
acids of benzidine ; mono-
and disulphonic acids of
benzidinesulphone.

Di- and trisulphonic acid of
the amidoazo- compound
produeed by the action of
diazoazobenzene and its
homologues upon a- or
3-naphthylamine monosul-
phonic acid and subsé¬
quent sulphonation.

Phénol, Aminé, or Sulphonic
acid

/3 - Naphtholdisulphonie
acids (R and G sait).

Aromatic oxy-acids and
sulphonic acid of
(8-oxynaphthoic acid.

Chrysoïdines and their
sulphonic and carb-
oxylic acids.

Phénols, aminés, and
sulphonic acids [colour
subsequently bromi-
nated].

Aminés and phénols

/3-Naphtholmono- and
trisulphonic acids.

Phénols and aminés

Amidonaphthalene di¬
sulphonic acids.

Naphtholdisulphonic
acids from the above
amido- acids.

New a-naphtholmono-
sulphonic acids.

a -Naphtholmonosulpho-
nic acid (?)

a-Naphtholmonosulpho-
nic acid from œ-naph-
thol acetate.

B - Naphtholdisulphonie
acid from Schaiïer's
monosulphonic acid.

Fluorol, acenaphthol,
and their sulphonic
acids.

Phénols and sulphonic
acids.

Diphenylamine or benz-
ylaniline.

Sulphonic acids of
a-naphthol.

Aminés and phénols and
their sulphonic acids.

Phénols, naphthols and
their sulphonic acids.

Patentée and reference

Farb. vorm. Meister, Lucius und
Briining, Germ. pat. 22010.
Addition to No. 16482, Nov.
14,1879; S. G. X. 1883,p. 243.

W. Harmsen,Germ. pat. 22707,
B. 1883, p. 1518; S. C. I.
1883, p. 536.

Actiengesell. f. Anilinfab.,
Germ. pat. 22714, B. 1883,
p. 1519 ; S. C. I. 1884, p. 28.

Soc. Anon. d. Mat. Color., Eng.
pat. 5696; S. C. I. 1883, p.
411 ; Germ. pat. 26642, Dec.
14, B. 1884, p. 188.

L. Landshoff, Germ. pat.
28378. Addition to No. 22547,
July 5,1882, B. 1884, p. 267.

I. Levinstein, Eng. pat. 706,
B. 1884, p. 189.

Louis Freund, Germ. pat.
27346, B. 1884, p. 266, and
S. C. I. 1884, p. 166. [See
also Eng. pat. No. 2104, April
25, 1883, by Dittler & Co.,
S. C. I. 1884, p. 243.]

Verein chem. Fab., Germ. pat.
26012, B. 1884, p. 60, and
S. C. I. 1884, p. 29.

Dahl & Co., Eng. pat. 2296,
S. C. 1.1884, p. 29.

H. Baum, Eng. pat. 3498 (pro-
vis. protec. only), S. C. I.
1884, p. 243.

H. Baum, Eng. pat. 3523 (pro-
vis. protec. only), S. C. X.
1884, p. 244.

B. Holliday and W. R. Hodg-
kinson, Eng. pat. 3730 ; S. C. I.
1884, p. 319. Also Eng. pat.
3971, Aug. 16, 1S83 ; S. G. I.
1884, p. 244.

Soc. Anon. d. Mat. Color.,
Eng. pat. 4621 ; S. C. I.
18S4, p. 319 ; B. 1S85, p. 10.

L. Yignon & Co., Eng. pat.
5515 (provis. protec. only),
S. C. I. 1884, p. 442; B.
1884, p. 453.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 25954 ; B. 1884,
p. 366.

L. Paul, Germ. pat. 28S20,
B. 1884, p. 545.
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Patents eelating to Azo- Coloueing Mattees— continued.

Date

1884.
Jan. 5.

Jan. 9 .

Jan. 9 .

Feb. 19 .

Feb. 27 .

Feb. 27 .

March 2.

May 1 .

May 1 .

June 9 .

June10 .

June 14 .

June 28 .

July 1 .

Oct. 7 .

Nov. 20 .

1885.
Jan. 20.

March 14

March 17

Compound diazotised

Aniline and homologues, ni-
tranilines, naphthylamines,
amido-azo- compounds, &c.

/3-Naphthylamine - disulpho-
nic acid.

Benzidine-disulphonic acid .

Benzidine-tri- and tetrasul-
phonic acids and benz-
idinesulphone-mono- and
disulphonic acids.

Tolidine-disulphonic acid
and bromine derivative.

Benzidine and homologues .

Aminés and sulphonic acids.

New /3-naphthylamine-mono-
sulphonic acid.

Naphthionic acid.

Aminés and sulphonic acids.

Aminés and sulphonic acids.

Diamido - oxysulphobenzide
and homologues.

Sulphanilic and naphthionic
acids.

Benzidine and homologues.

Sulphonic acid of benzene-
azoamidoxylene.

Tolidine and diamidodixylyl.

Paraphenylene-diamine.

Sulphonic acids of aniline
and homologues.

Mono- and disulphonic acids
of benzidinesulphone.

Tolidine and diamido-dixylyl.

Tolidine. ,

Plienol, Aminé, or Sulphonic
acid

i8-Naphthol-7 -disulpho¬
nic acid.

Aminés and phénols and
sulphonic acids.

Naphthylamines, mc-
thylaniline, methyl-
naphthylamine, and
sulphonic acids.

Aminés, phénols and
sulphonic acids.

Phénols.

Naphthylamines and
sulphonic acids.

a - Naphtholdisulphonic
acid.

a- and jS-naphtholsul-
phonic acids.

B-Naphtholmonosulpho-
nic acid from new

/3-naphthylamine - sul¬
phonic acid.

0 - Naphtholdisulphonic
acids separated by frac-
tional salting out of
acid sodium salts.

/3- Naphtholmonosulpho-
nic acids separated as
above.

Phénols and sulphonic
acids.

Phénols ; in presence of
acetic acid instead of
alkali.

Salicylicacid and iso-
merides.

0-Naphthol-a-sulphonic
acid.

Salicylic acid.

Metaphenylene-diamine.

Benzidine and homo¬
logues.

Aminés, phénols and
sulphonic acids.

Naphthylamines and
sulphonic acids.

Mono- and disulphonic
acids of the naphthyl¬
amines.

Patentée and reference

Léo Gans and Meinhard'Hoff¬
mann, Eng. pat. 816 ; S. C. I.
1884, p. 567,andamendment,
ibid. 1885, p. 742.

J. P. Griess, Eng. pat. 1074 ;
S. 0. 1.1885, p. '52 ; B. 1885,
p. 88.

J. P. Griess, Eng. pat. 1099 ;
S. C. I. 1885, p. 52 ; B. 1885,
p. 88.

Verein chem. Fab., Germ. pat.
29957, B. 1885, p. 10; S.C.I.
1885, p. 452.

P. Bôttiger, Germ. pat. 28753,
B. 1884, p. 453; S. G. I. 1885,
p. 278 ; also Germ. pat. 39096,
Aug. 29,1885, and 43125, July
29, 1887, B. 1888, p. 324.

L. Vignon & Co., Germ. pat.
32291, B. 1885, p. 675; S. C.I.
1885, p. 452.

Dahl & Co., Germ. pat. 29084,
B. 1885, p. 9. [See also
Germ. pat. 30640, May 20,
1884, B. 1885, p. 167 and
32276, Nov. 24, 1884 ; also
Eng. pat. 7713, May 14,18S4;
S. C. I. 1885, p. 53.]

Leipziger Anilinfabrik, Eng.
pat. 7097, S. C. I. 1885, p.
339 ; B. 1886, p. 75.

Leipziger Anilinfabrik, Eng.
pat. 7098, S. C. I. 1885, p.
339.

Farb. vorm. Meister, Lucius
und Brûning, Eng. pat. 8744,
S. C. I. 1885, p. 400.

B. Krugener and the Farb.
vorm. Brônner, Eng. pat.
8806, S. C. I. 1885, p. 400.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 31658, B. 18S5,
p. 394 ; S. C. I. 1885, p. 400.

Farb. vorm. F. Bayer & Co.,
Eng. pat. 9518 ; S. C. I.
1885, p. 453.

Farb. vorm. F. Bayer & Co. Eng.
pat. 9606, S. C. I.18S5,p.491.

P. Monnet & Co., Germ. pat.
32502, B. 1885, p. 676.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 32958, B. 1885,
p. 686.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 33088, B. 1885,
p. 723.

Farb. vorm. F. Bayer & Co., Eng.
pat. 3803, S. C. 1.1886, p. 96.

Aetiengesell. f. Anilinfab.,
Germ. pat. 35615 ; addition
to No. 28753, February 27,
1884, B. 1886, p, 473.
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Julie 25 .

July 31.

August 1.

August 5.

Aug. 27 .

Oet. 18 .

Nov. 7 .

Nov. 21 .

Dec. 12 .

Dec. 21 .

Dec. 22 .

Dec. 22 .

1886.
Jan. 28.

Jan. 29 .

Feb. 9

Feb. 15

Feb. 17

Compound diazotised

Thio-paratoluidine (Merz and
Weith's)

Amidoazo- a - naphthalenedi-
sulphonic acid (from a-
naphthylamine diazodi-
sulphonic acid and a-napk-
thylamine).

Tolidine

Metanitraniline and homo¬
logues, metanitroamido-
benzoic acid, &c.

Paranitraniline . .

Aminés and sulphonic acids.

Thio - paratoluidine (m.p.
175°).

Diamidodianisoïl and homo¬
logues.

Benzidine and homologues

Aminés and sulphonic acids.

Aminés and sulphonic acids.

Aminés and sulphonic acids.

Benzidine and homologues .

Diamidostilbenedisulphonie
acid from paranitrotoluene-
sulphonic acid.

Diamidodiphenol-ethers

Benzidine and homologues.

Benzidinemonosulphonic
acid.

Phénol, Aminé, or Sulphonic
acid

Naphthol and naphthyl-
aminesulphonic acids.

Aminés, phénols, and
sulphonic acids.

The naphthols and their
sulphonic acids.

Metaphenylenediaminé
and homologues.

/3 -Naphthylam'nemono-
sulphonic acid corre-
sponding to Schaffer's
/3 - napktholsulplionic
acid.

Sulphurised naphthols.

Phénols, aminés, and
sulphonic acids.

Phénols, aminés, and
sulphonic acids.

Two dissimilar aminés,
phénols, or sulphonic
acids.

Naphtholdisulphonic
acids from naphthal-
enetrisulphonic acids.

Naphtholdisulphonic
acid from nitronaph-
thalenesulphonic acid.

Naphtholmonosulphonic
acid from nitronaph-
thalenesulphonic acid.

One mol. of a phénol or
amidosulphonic acid
and then a second mol.
of a dissimilar aminé,
phénol, sulphonic, or
carboxylic acid.

Aminés, phénols, sul¬
phonic, and carboxylic
acids.

Two dissimilar aminés,
phénols, sulphonic or
carboxylic acids.

Two dissimilar phénols,
aminés, sulphonic or
carboxylic acids.

Two similar or dis¬
similar aminés, phé¬
nols, sulphonic or car¬
boxylic acids.

Patentée and reference

Dahl & Co., Germ. pat. 34299, B.
1886, p. 74, S. C. 1.1886, p. 90.

M. Hoffmann and A. Weinberg,
Eng. pat. 9214, S. C. 1.1880,
p. 427. [See also Germ. pat.
39029, July 3,1885, of L. Ca-
sella & Co., B. 1887, p. 273.]

Farb. vorm. F. Bayer & Co.,
Germ. pat. 35341, B. 1886, p.
422, S. C. I. 1886, p. 427.

A. Leonliardt & Co., Germ. pat.
37021, B. 1886, p. 803; S.C.I.
1886, p. 523.

Farb. vorm. Brônner, Germ.
pat. 36757 ; addition to No.
22547, July 5,1882; B. 1886,
p. 638 ; S. C. I. 1886, p. 523.

Dahl & Co., Germ. pat. 35788,
B. 1886, p. 639.

Dahl & Co., Germ. pat. 35790,
B. 1886, p. 639.

Farb. vorm. F. Bayer & Co., Eng.
pat. 14424, S. C. 1.1886, p.
428; Germ. pat. 38802, Nov.
19, 1885, B. 1887, p. 272.

Actiengesell. f. Anilinfab.,
Eng. pat. 15296, S. C. I.
1886, p. 595 ; Germ. pat.
39096, August 29, 1885, B.
1877, p. 273.

C.Rudolph andO.Gurcke,Eng.
pat. 15716, S. C. I. 1886, p.
662; Germ. pat. 38281, Sep-
tember 2, 1885, B. 1887, p.
125.

Schôllkopf Aniline and Ch.
Co., Eng. pat. 15775, S. C. I.
1886, p. 164 ; Germ. pat.
40571, Dec. 23, 1885, and
addition 42304, Jan. 28,1886,
B. 1887, p. 203.

Schôllkopf Aniline and Ch.
Co., Eng. pat. 15781, S. C. I.
1886, p. 164.

Actiengesell. f. Anilinfab.,
Germ. pat. 40954, B. 1888,
p. 71.

A. Leonhardt & Co., Germ. pat.
38735, B. 1887, p. 183, Eng.
pat. 4387, March 29.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 40247, B. 1887,
p. 614. Addition to Pat.
38802, Nov. 19, 1885 (Eng.
pat. Nov. 24, 1885).

C. A. Martius, Eng. pat. 2213,
5. C. 1.1887, p. 138. [See also
Eng. pat.15296,Dec.12,1885.]

Farb. vorm. F. Bayer & Co.,
Germ. pat. 38664, B. 1S87,
p. 271, Eng. pat. 3198, March
6, 1887, S. C. I. 1887, p. 285.
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Date

Maveh 1G

March 31

April 14 .

April 29.

May 22

May 28 .

May 31

June 6

June 18.

Aug. 25

Oct. 5

Oct. 5

Oct. !

Oct. 9

Compound diazotised

Benzidinemonosulphonic
acid.

Amidoazobenzenedisulphonic
acid.

Azo- compounds produced by
the action of diazotised
amidosulphonic acids of
benzene and homologues
and benzidine and homo¬
logues ono-naphthylamine.

/3-Naphthylamine - S - mono -

sulphonic acid.
Aminés and sulphonic acids.

Paradiamines of stilbene and
fluorene.

Benzidine and homologues .

Diamido- derivatives of di-
phenol-ethers.

Diamidodiphenylketone, its
hydrol and their sulphonic
acids.

Thiobenzidine and thio-
tolidine.

Azo- compounds produced by
combiningm- andp-sulpha-
nilic acid and homologues
with a-naphthylamine.

New a-naphthylaminedisul-
phonic acid.

Metadiamidodiphenyldicar-
bonic acid and ethers.

Aminés and their sulphonic
acids.

Aminés, amidoazo- com¬
pounds, benzidine, anisi-
dine, &e., and their sul¬
phonic acids.

Phénol, Aminé, or Sulphonic
acid

Phénols, aminés, &e.

Paratolyl -/3-naphthyl
aminé.

Naphthols and their sul¬
phonic acids.

Phénols, aminés, and
their sulphonic acids.

/3 - Naphthylamine - 5 -

monosulphonic acid.

Patentée and reference

T. Carnelley, Eng. pat. 3890,
S. C. 1.1887, p. 138.

Actiengesell. f. Anilinfab.,
Germ. pat. 38425, B. 1887,
p. 155, Eng. pat. (Sehad)
9754, July 28, 1886 ; S. C. I.
1887, p. 523.

L. Casella & Co., Germ. pat.
40977, B. 1888, p. 71. Addi¬
tion to pat. 39029, July 3,
1885.

Earb. vorm. E. Bayer & Co.,
Eng. pat. 5846, S. C. 1. 1887,
p. 436 ; Germ. pat. 39925,
April 15, 1886, B. 1887, p.
613 and 42021, April 15,1886,

B. 1888, p. 120. Additional Germ. pats. 41505, Dec. 17,
1886, B. 1888, p. 75; 42272, Jan. 1, 1887, B. 1888,
p. 112 ; 42273, Jan. 23, 1887, B. 1888, p. 113.

Two similar or dis-
similar aminés, phé¬
nols, sulphonic, or
earboxylic acids.

Meta-diamines and their
sulphonic acids.

Two similar or dis-
similar aminés, phé¬
nols, sulphonic, or
earboxylic acids.

Phénols, aminés, and
sulphonic acids.

Monosulphonic acids of
a- and /3-naphthyl-
amine.

Metaphenylene diamine
and homologues, res-
orcinol.

Naphthols and their
sulphonic acids ; the
naphthylamines.

Aminés, phénols and
sulphonic acids.

Dioxynaplith alenesul-
phonic acid from naph-
thalenetrisulphonic
acid.

/3-Naphthol-P-sulphonic
acid from Ebert &
Merz's a-naphthalene-
disulphonie acid.

Actiengesell. f. Anilinfab.,
Germ. pat. 39756, Eng. pat.
(Martius) 7284, May 31 ;
S. C. I. 1887, p. 437. Addi¬
tional Germ. pat. 43142,
March 22 ; and 43197, April
20, B. 1888, p. 324.

Oehler, Germ. pat. 40905, B.
1887, p. 754, Eng. pat. 4492,
March 25,1887, S. C. 1.1888,
p. 120.

C. A. Martius, Eng. pat. 7283,
S. C. I. 1887, p. 139.

H. Wichelhaus, Germ. pat.
39958,''B. 1887, p. 613.

Dahl & Co., Germ. pat. 38795,
B. 1887, p. 272.

A. Poirrier, &c., Germ. pat.
42992, B. 1888, p. 270.

Dahl & Co., Germ. pat. 42440,
B. 1888, p. 204 ; also Germ.
pat. 41957, Sept. 4, 1886; B.
1888, p. 119.

L. Paul, Germ. pat. 41819, B.
1888, p. 120. Additional
Germ. pats. 44089, Eeb. 26,
1887; B. 1888, p. 766, and
44161, June 24, 1887; B.
1888, p. 767.

Actiengesell. f. Anilinfab.,
Germ. pat. 42270, B. 1888,
p. 156 ; also Germ. pat.
42261, B. 1888, p. 157.

L. Casella & Co., Eng. pat.
12908, S. C. I. 1887, p. 725 ;
Germ. pat. 42112, Sept. 22,
1886 ; B. 1888, p. 117 ; addi¬
tional pat. 45221, June 4,
1887 ; B. 1888, p. 877.
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Compound diazotised

0-Naphthylamine-F- sulpho-
nic acid from the naphthol-
F-sulphonic acid.

Aminés and their sulphonie
acids.

Oct. 19 . Benzidineorthodisulphonie
acid.

Oct. 27 . Orthosulphonie and ortho-
carboxylic acids of benz-
idine.

Nov. 9 . a-Naphthylene-diamine

Nov. 11 . Diazoamido- compounds

Dec. 2 . Symmetrieal paradiamido-
azobenzene.

Dec. 7 . Amido-compounds generally

Dec. 14 . Diamidostilbenedisulphonic
acid.

Dec. 30 . Benzidine and homologues,
diamidoanisoïl, diamido-
stilbene and fluorene, &c.

18S7. Amidoazobenzene, p- nitra-
Feb. 1. niline, amidonaphthalene,

azobenzenesulphonic acids.

Feb. 22 . Paradiamidodiphenylamine .

Feb. 22 . Paraphenylene-diamine

Feb. 26 . Amidoazo- compounds from
tetrazodiphenyl and ditolyl
and two mois, of aniline
or homologues.

March 5. Benzidine and homologues .

Harch 8. Diamidodibenzeneazodi-
phenyi and homologues.

March 15 Aminés and their sulphonie
acids.

March 21 Benzidine and homologues .

Vol. I.-T

Phénol, Aminé, or Sulphonie
acid

Aminés, phénols, and
sulphonie acids.

/3 - Naphthylamine - F -

sulphonie acid.
Two similar or dissimilar

aminés, phénols, orsuh
phonio aeids.

Phénols, aminés, and
sulphonie acids.

Naphthol and naphthyl¬
amine sulphonie acids,
salicylic acid, &c.

heated with phénols

Naphthol and naphthyl¬
amine sulphonie acids.

Naphtholtrisulphonic
and dioxynaphthalene-
disnlphonic acids from
naphthalenetetra-
sulphonic acid.

Two similar or dissimilar
aminés, phénols, sul¬
phonie or carboxylic
acids.

Patentée and reference

Actiengesell. f. Anilinfab.,
Germ. pat. 43100, B. 1888,
p. 323.

Actiengesell. f. Anilinfab.
Eng. pat. 13780, S. C. I.
1887, p. 138.

Badische Anilin- u. Soda-Fab.,
Germ. pat. 39954, B. 1887,
p. 614, S. G. I. 1887, p. 726.

Fischer & Michaelis, Germ. pat.
40890, B. 1887, p. 754.

Actiengesell. f. Anilinfab., Germ.
pat. 40740, B. 1887, p. 668.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 40893, B. 1887,
p. 754.

A. Leonhardt & Co., Germ.
pat. 40575, Ber. 1887, p. 668;
Eng. pat. (amended) 4387,
March 29, 1886; S. C. I.
1888, p. 319. Additional

Germ. pat. 42466, Nov. 16,1886 ; B. 1888, p. 269 ; Eng.
pat. 3994, March 16, 1887 ; S. C. I. 1888, p. 319.

Alkyl- derivatives of the
naphthylamines and
their sulphonie acids.

Alkyl- derivatives of 0-
naphthylaminesulpho -
nie acids.

Two similar or dissimilar
naphthol or naphthyl-
aminesulphonic acids.

Naphtholsulphonic acids

Naphthols, naphthyl¬
amines, and their sul-
pho- acids.

Amidoazobenzenesul-
phonic acids, and
homologues. Produet
afterwards decomposed
by salts of naphthyl-
aminesulphonie acids.

Kesorcinol, orcinol, and
naphthionic acid.

0 - Naphtholdisulphonic
acid from 0-naphthol-
F-monosulphonic acid.

Mono- and disulphonic
aoids of dioxynaph-
thalene.

Farb. vorm. F. Bayer & Co.,
Eng. pat. 17083, S.C.I. 1888,
p. 31 ; Germ. pats. 41761,
Dec. 21, 1886 ; B.1888, p. 72 ;
43169, March 24, 1887; B.
1888, p. 382; 43204, June 8,
1887 ; B. 1888, p. 383.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 41510, B. 1888,
p. 71. Additional pat. 42771,
Dec. 28,1887, B. 1888, p. 269.

Dahl & Co., Germ. pat. 40745,
B. 1887, p. 668.

Badische Anilin- u. Soda-Fab.,
Germ. pat. 42011, B. 1888,
p.268. Additional pat.42814,
April 19,1887, B. 1888, p. 268.

Leipziger Anilinfab., Germ.
pat. 44881 ; B. 1888, p. 876.

Actiengesell. f. Anilinfab.,
Germ. pat. 41362, B. 1888,
p. 70. Addition to No. 28753
(Bôttiger), Feb. 27, 1884.

E. Kegel, Germ. pat. 42227, B.
1888, p. 156.

L. Casella & Co., Germ. pat.
44079 ; B. 1888, p. 767.

W. Majert, Eng. pat. 4243,
S. C. I. 1888, p. 320.
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March 22

March 30

April 20.

April 22.

April 23.

April 23.

April 23.

May G .

May 21

May 28

June 1

June 8

June 9

June 11

June 15

Compound diazotised

Diamidostilbene

Benzidine and homologues .

Diamidostilbene . .

Amidosulphonie acids of
mixed tertiary aromatic
aminés.

Benzidine and tolidine

Benzidine and tolidine.

Aromatic aminés .

Ethers of ro-amido-phenyl-
lutidinedicarbonic aeid.

Diazoamidosulphonic acids
from benzidine and homo¬
logues.

Benzidine and homologues .

Paradiamidoazobenzene

TJnsymmetrical substituted
diphenyl bases.

Aminés, &c. .

Naphthionic acid.

Aminés generally.

Metadicarbonic acid of benz¬
idine.

Amidoazobenzidines from di¬
azotised benzidine, homo¬
logues and derivatives and
two similar or dissimilar
aminés.

Ethers of diamido-diphenol.

Phénol, Aminé, or Sulphonic
acid Patentée and reference

a - Naphtholdisulphonic
acid of Germ. pat.
40571, Dec. 23, 1885
(Schôllkopf).

One mol. 0-naphthyl-
aminedisulphonic acid
B and one mol. of an-

other aminé, phénol,
or sulphonic acid.

One mol. a-naphtholdi-
sulphonic acid of pat.
4057 (1885) Schôll. and
a second mol. of a dis¬
similar phénol or sul¬
phonic acid.

Phénols, aminés, and
sulphonic acids.

One mol. a-naphtholdi-
sulphonic acid and one
mol. of an aminé, phé¬
nol, or sulphonic acid.

One mol. salicylie acid,
and then a second mol.
of a phénol, aminé, or
sulpho- acid.

Ethers of w-amido-
phenyllutidinedicar-
bonic acid.

Phénols, aminés and
sulpho- acids.

Naphthionic acid, &c.

Actiengesell. f. Anilinfab.,
Germ. pat. 43142, B. 1888, p.
324. lst addition to 39756,
May 22, 1886.

Actiengesell. f. Anilinfab.,
Germ. pat. 41095, B. 1888,
p. 70. Addition to No. 28753
(Bôttiger), Peb. 27, 1884.

Actiengesell. f. Anilinfab.,
Germ. pat. 43197, B. 1888, p.
324. 2nd addition to 39756,
May 22, 1886.

A. Kern, Eng. pat. 5896, S. C.I.
1888, p. 498.

Actiengesell. f. Anilinfab.,
Germ. pat. 43493, B. 1S88,
p. 491. lst addition to pat.
40954, Jan. 28, 1886.

Earb. vorm. F. Bayer & Co.,
Germ. pat. 44797, lst addi¬
tion to No. 31658, June 14,
1884 ; B. 1888, p. 813.

Farb. vorm. Meister, Lucius
and Bru., Germ. pat. 42295 ;
B. 1888, p. 204.

Actiengesell. f. Anilinfab.,
Eng. pat. 6687, S. C.I. 1888,
p. 430.

One mol. of naphthyl-
aminedisulphonie acid, of a-naphtholdisulphonie acid,
or of. salicylie acid and another mol. of an aminé,
phénol, or sulphonic acid.

Aminés, phénols, and
sulphonic acids.

'B. Geigy, Germ. pat. 42006,
B. 1888, p. 74.

Two similar or dissimilar
phénols, aminés, sul¬
phonic or carboxylic
acids.

Newmonosulphonic acid
of a-naphthol.

Naphthionic acid.

/3-Naphthol - S -disulpho-
nic acid.

Two similar or dissimilar
aminés, phénols, or
sulphonic acids.

Two similarordissimilar
aminés, phénols, or
sulphonic acids.

Two mois, a-naphthol-
monosulphonic acid
(Armstrong's), or one
mol. of this acid and
then a second mol. of
a différent phénol,
aminé, or sulpho- aeid.

Liebmann & Studer, Eng.' pat.
7812 ; S. C. I. 1888, p. 43.

Wichelhaus & ICrohn, Germ.
pat. 42382, B. 1888, p. 203.

L. Casella & Co., Eng. pat.
8265, S. C. I. 1888, p.
431.

L. Paul, Eng. pat. 8296 ; S. C. I.
1888, p. 432.

L. Paul, Eng. pat. 8437 ; S. C. I.
1888, p. 432.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 44650, 2nd addi¬
tion to No. 38802, Nov. 19,
1885; B. 1888, p. 818.

I
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Date

June 24

June 29

June 30 .

June 30 .

July 2 ,

July 4 ,

July 29 .

Aug. 18 ,

Sept. 1

Sept. 3 ,

Sept. 12

Sept. 19 .

Sept. 19 ,

Sept. 22

Sept. 25

Sept. 27.

Oct. 12

Oct. 23

Oct. 24

Oct. 28

Nov 1

Compound diazotised

Diamidodibenzeneazoditolyl.

Amidoazo- compounds from
diazotised amidosulphonic
aeids of benzene and homo¬
logues and a-naphthyl-
amine.

Aminés and sulphonic acids.

Metanitranline or wj-tolu-
idine reduoed in alkaline
solution.

Diamidobenzil from di-nitro-
benzoin.

Paranitraniline

Benzidine and tolidine

Aminés and sulphonic acids.

Benzidine, tolidine, diamido-
dianisoïl, diamidodiphene-
toïl, diamidostilbene and
sulphonic acids.

Nitrotoluidine m.p. 78° and
nitroxylidine m.p. 123°
reduced in alkaline solution.

Diamido- derivatives of phe-
nyloxytolyl-ethers andtheir
homologues.

Nitranilines and homologues.

Aniline and homologues, the
naphthylamines and their
sulphonic acids.

j8-naphthylamine -E - sulpho¬
nic acid.

Nitranilines and homologues,
nitronaphthylamines, &c.

Sulpho-acids of alkyloxy-
diamido-diphenyl bases.

Diamido-diphenol ethers and
homologues.

Aromatic amido- compounds.

Alkyl-ethers of oxybenzidine
and analogous bases.

Orthodiamidodiphenic acid .

Diamidotriphenylmethane .

Phénol, Aminé, or Sulphonic
acid

Besorcinol and naph-
thionic acid.

Metadiamines or resor-

cinol.

New n-naphthylamine-
monosulphonie acid.

Phénols, aminés, sul¬
phonic, or carboxylic
acids.

Aminés, phénols, sul¬
phonic, or carboxylic
acids.

a-Naphthylaminedisul-
phonic acid.

One mol. a-amidonaph-
thalene- 8-disulphonic
acid (Schôll.) and a
second mol. of an

aminé, phénol, &o.
a - Naphtholdisulphonic

acid.

Naphthylamines and
sulphonic acids. Pro¬
ducts alkylated.

Phénols, aminés, sul¬
phonic and carboxylic
acids.

Two mois, of an aminé,
phénol, sulphonic, or
carboxylic acid.

a - Naphthylaminemono-
sulphonic acid (Witt's).

Extract of fustic or ma-

hogany.

Aminés and phénols

a-naphthylaminemono-
sulpho- acid (Witt's).

Aminés, phénols, sulpho-
and carboxylic acids.

Two similarordissimilar
phénols, aminés, or
sulpho- acids.

New dioxynaphthalene .

Two similarordissimilar
aminés, phénols, sul¬
phonic or carboxylic
acids.

Aminés, phénols, and
their sulphonic acids

0 - Naphtholdisulphonic
acid (R sait).

Patentée and reference

LeipzigerAnilinfab., Germ. pat.
43486; B. 1888, p. 081. Ad¬
dition to No. 42227 (ICegel),
March 8, 1887.

Soc. Anon. d. Mat. Col., Eng.
pat. 9257, S. C. 1.1888, p. 432.

Ewer & Pick, Germ. pat. 42874
B. 1888, p. 325.

Soc. Anon. d. Mat. Col., Eng
pat. 9315, S. C. I. 1888, p
499 ; also Germ. pat. 44045
July 27,1887, B. 1888, p. 766

Soc. Anon. d. Mat. Col., Eng
pat. 9414 ; S. C. I. 1888, p
432. Germ. pat. 44269, Aug
28,1887, B. 1888, p. 816.

B. Geigy, Eng. pat. 9468
5.C.1.1888, p. 433.

Actiengesell. f. Anilinfab.
Germ. pat. 43125, B. 1888, p
324. Addition to 28753,Eeb,
27, 1884.

A. Leonhardt & Co., Eng. pat.
11318, S. C. I. 1888, p. 672.

Actiengesell. f. Anilinfab., Eng.
pat. 11880, S. C. I. 1S88, p.
563.

Soc. Anon. d. Mat. Col., Eng.
pat. 11976 ; S. C. I. 1888, p.
563 ; Germ. pat. 44554, Sept.
6, 1887, B. 1888, p. 817.

Soc. Anon. d. Mat. Col., Eng.
pat. 12355, S. C. I. 1888, p.
563.

Soc. Anon. d. Mat, Col., Eng.
pat. 12692, S. C. 1.1S88, p. 564.

C. S. Bedford, Eng. pat. 12667,
S. C. 1.1888, p. 619.

L. Casella & Co., Germ. pat.
43740, B. 1888, p. 557.

Soc. Anon. d. Mat. Col., Germ.
pat. 45787, addition to 6715
Nov. 19, 1878; B. 1889, p.
40.

L. Casella & Co., Germ. pat.
44209 ; B. 1888, p.814.

L. Casella & Co., Germ. pat.
46134 ; B. 1889, p. 82.

Ewer and Pick, Germ. pat.
45229; B. 1888,'p. 916.

A. Weinberg, Eng. pat. 14464,
S. C. I. 1888.

Badisehe Anilin- u. Soda-Eab.,
Germ. pat. 43524 ; B. 1888,
p. 492.

Leipziger Anilinfab., Germ.
pat. 43644, B. 1888, p. 555.

s 2
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Patents reratino to Azo- Colocring Matters—continued.

Nov. 1

Nov. 4

Nov. 7

»

Nov. 10

Nov. 10

Nov. 11

Nov. 11

Nov. 18

Nov. 18

Nov. 30

Nov. 30

Dec. 9

Dec. 19

Dec. 21

Dec. 21

Dec. 24

Dec. 30

1888.
Jan. 10.

Compound diazotised

Sulpho- acids of alkyl-oxy-
diamidodiphenyl bases.

aa - Naphthylene - diamine
(m.p. 188°-190°).

Benzidine and tolidine.

Paradiamines generally

Amidosulpho- acids of ben-
zene and homologues,
sulpho- acids of amido-
azobenzene and homo¬
logues, of benzidine and
homologues, diamidostil-
bene, &c.

Bismarck brown and toluyl-
ene hrown.

Benzidine and tolidine.

Dinitraniline (Gottlieb's)

New naphthylene-diamines .

Amidoazo- compounds from
tetrazo-salts of jj-diamines
and their sulphonic or car¬
boxylic acids with a-naph-
thylamine.

Paradiamines and sulphonic
acids, naphthionic acid, &c.

Diamidobenzil

Naphthionic acid &c. (2
mois.)

Metanitraniline and homo¬
logues, nitronaphthyl-
amines, orthonitraniline-
sulphoacid, &c.

Diamido-diphenol ethers

Primary aromatic aminés .

Dinitraniline (Gottlieb's

Mono- and disulpho- acids of
benzidine and tolidine.

Phénol, Aminé, or Sulphonic
acid

Aminés,phénols, sulpho-
and carboxylic acids .

Aminés, phénols, sulpho-
and carboxylic acids .

Two mois, of the sulpho¬
nic acid of ethyl-ani-
line or diphenylamine ;
or one mol. of these
and a second mol. of
différent aminé, phé¬
nol, or sulphonic acid.

Chrysoïdines and their
sulpho- acids.

Bismarck brown .

Metaphenylene and m-
toluylene diamines.

Phénol and orthocresol.

Mono- and disulphonic
acids of £-naphthvl-
amine.

Aminés, phénols and
their sulpho- acids.

Aminés, phénols, sul¬
phonic or carboxylic
acids

Chrysoïdine and Bis¬
marck brown.

Two dissimilar aminés,
phénols, or sulpho-
acids.

One mol. benzidine, toli¬
dine, diamidostilbene
&c.

Salicylic and a-oxy-
naphthoic acid.

Two mois, a-naphthol-
monosulpho- acid
(Sch.) or one mol. of
this acid and a second
mol. of a différent
phénol, aminé, or sul¬
pho- acid.

Bismarck brown ; pro-
duct afterwards sul-
phonated.

Sulpho- acids of the
naphthylamines.

Aminés, phénols, and
their sulpho- acids.

Patentée and reference

h. Casella & Co., Germ. pat.
44770, addition to 44209
above; B. 1888, p. 814.

Ewer and Pick, Germ. pat.
45549 ; B. 1888, p.922.

G. C. Zimmer, Eng. pat. 15154,
S. G. I. 1888.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 44954 ; B. 1888,
p. 876.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 46804 ; B. 1889,
p. 176.

II. Kupferberg, Germ. pat.
46375 ; B. 1889, p. 176.

P. Forel, Eng. pat. 15459,
S. C. I. 1888, p. 320.

O. N. Witt, Germ. pat. 44171 ;
B. 1888, p. 813.

Ewer and Pick, Germ. pat.
45788, addition to 45549
above ; B. 1889, p. 42.

Farb. vorm. F. Bayer & Co.,
Eng. pat. 16484, S. C. 1.1888,
p. 619.

Farb.vorm. F. Bayer & Co., Eng.
pat. 16493, S. C. 1.1888, p. 619.

PoirrierandRosenstiehl, Germ.
pat. 45789, addition to 44269,
Aug. 28,1887 ; B. 1889, p. 41.

Worms, Eng. pat. 17466; S.
C. I. 1888, p. 839.

Nietzki, Eng. pat. 17583;
S. C. I. 1888, p. 839, Germ.
pat. 44170, Nov. 16, 1887;
B. 1888, p. 812.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 44775 ; B. 1888,
p. 872, 3rd addition to 38802,
Nov. 19, 1885.

Farb. vorm. F. Bayer & Co,
Germ. pat. 47066, B. 1889, p
313. lst addition to 4GS04
Nov. 10, 1887.

Aetiengesell. f. Anilinfab., Eng
pat. 17952; S. C. I. 1888
p. 839.

Farb. vorm. F. Bayer & Co.
Germ. pat. 44779, B. 1888
p. 873.
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Patents relating to Azo- Colouring Matters—continued.

261

Date

Jan. 24 .

Jan. 28 .

Feb. 2 .

Feb. 9 .

Feb. 10 .

Feb. 25 .

March 1.

March 16

March 18

March 26

March 29

March 29

April 8 .

April 11.

April 20.

April 20.

Compound diazotised

Benzidine and tolidine.

One mol. benzidine, tolidine,
diamidodiphenol etliers,
&c.

Phenylenediamine (? para) .

Tolidinesulphone and its
mono- and disulpho- acid.

Amidoazonaphthalenes and
their mono- and disulpho-
acids.

Para- and metanitraniline,
m- nitro- p- toluidine (m.p.
77°).

Benzidine and tolidine

Aromatic amido- compounds

Diamidotolane <,

Benzidine and homologues,
diamidostilbene, &c.

Diamidostilbene .

Benzidine and tolidine.

Tolidine

Benzidine and homologues
and their sulpho- acids.

Benzidine, tolidine, diamido¬
stilbene, diamidophenol
ethers and sulpho- aeids.

Aromatic monamines,
amidoazo- compounds and
their sulpho- acids.

Phénol, Aminé, 01* Sulphonic
acid

Meta-oxytoluic acid

Two mois. j3-naphthol-
5-monosulpho- acid or
of o-naphthol- di- sul¬
pho- acid (Seh.). Or
1 mol. S- or Seh.- acid
and a second mol. of
a- or /3- naphthol or
their sulpho- acids.

Phénols, amidosulpho-
or carboxy- acids.

Aminés, phénols, and
their sulpho- acids.

Bismarck brown .

Cresotinic and a-oxy-
naphthoic acid.

One mol. a-naphtholdi-
sulpho-acid (Sch.) and
a second mol. of an-

other aminé, phénol,
or sulpho- acid.

New a-naphtholdisul-
pho- acid.

Two similar or dissimilar
aminés, phénols, or
sulpho- acids.

a-naphtholdisulpho-acid
of Germ. pat. 45776,
above.

Two mois, of the a-naph-
tholdisulphonic acid of
pat. 45776 of March 16,
or one mol. of this and
a second mol. of a dis¬
similar sulphonic acid.

Two mois, of thea-naph-
tholdisulphonic acid of
pat. 45776 of March 16,
or one mol. of this and
a second mol. of dis¬
similar aminé, phénol,
or sulphonic acid.

a-Amidonaphthalene- e-
disulphonic acid.

Dioxytoluene and homo¬
logues, substitution
products and sulpho-
acids.

a-naphtholdisulpho-acid
of Eng. pat. 4625,
above.

New a-naphtholdisul-
pho- acid, above.

Patentée and reference

Farb. vorm. F. Bayer & Co.,
Germ. pat. 44906, 2nd add.
to 31658, June 14, 1884, B.
1888, p. 814.

Farb. vorm. F. Bayer & Co.,
Eng. pat. 1346, S. C. 1.1889,
p. 41.

R. Williams, Eng. pat. 1593,
S. C. I. 1889, p. 279.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 44784 ; add. to
33088, Jan. 20,1885, B. 1888,
p. 874.

Farb. vorm. F. Bayer & Co.,
Germ. pat. 47067, B. 1889, p.
313. 2nd addition to 46804,
Nov. 10, 1887.

Nietzki, Germ. pat. 46203 ;
add. to 44170, Nov. 16, 1887,
B. 1889, p. 117.

Actiengesell. f. Anilinfab.,
Germ. pat. 45342 ; 2nd add.
to 40954, Jan. 28, 1886, B.
1888, p. 919.

Actiengesell. f. Anilinfab.,
Germ. pat. 45776, B. 1888,
p. 917.

Kalle & Co., Germ. pat. 45371,
B. 1888, p. 922.

Actiengesell. f. Anilinfab.,
Eng. pat. 4625, S. C. I. 1889,
p. 280.

Actiengesell. f. Anilinfab.,
Germ. pat. 46971, B. 1889, p.
310. 4th addition to 39756,
May 22, 1886-

Actiengesell. f. Anilinfab.,
Germ. pat. 47068, B. 1889, p.
312. 3rd addition to 40954,
Jan. 28, 1886.

Actiengesell. f. Anilinfab.,
Germ. pat. 46953, B. 1889, p.
311. 6th addition to 28753,
Feb. 27, 1884.

R. Williams, Eng. pat. 5404,
S. C. I. 1889, p. 280.

Actiengesell. f. Anilinfab.,
Eng. pat. 5909, S. C. 1.1889,
p. 280.

Actiengesell. f. Anilinfab.,
Eng. pat. 5910, S. C. 1.1889,
p. 281.
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,

Patents relating to Azo- Colouring Matters—contmued.

Date

April 28

May 5

June 1

June 23 .

July 3 .

Aug. 23 .

Aug. 31 .

Sept. 14.

Oct. 30 ,

Compound diazotised Phénol, Aminé, or Sulphonio
acid Patentée and reference

Sulpho- acids of mono- and
dithio- p- toluidine.

One mol. of benzidine and
homologues.

Compounds formed by eom-
bining diazotised amido-
phenols and their sulpho-
aeids with a-naphtbyl-
amine.

Sulphanilie acid, &c. .

Azo- colours derived frorn
Resorcinol converted into
nitroso- derivatives.

Diamidocarbazol.

Amidoazo- compounds con-
densed by means of phos-
gene.

Diamidos'tilbene .

Benzidine and homologues
{1 mol.)

Phénols and their sul¬
pho- acids.

One mol. of dioxytolu-
ene and a second mol.
of a dissimilar dioxy-
compound.

(3-naphtholmonosulpho-
aeid (Sehâfïer's), /3-
naphtholdi - sulpho -

acid (B. sait), a-naph-
tholmonosulpho - acid
(Nev. & Win.).

Tetrazo-compound from
benzidine, salicylic
acid and resorcinol.

ïwo similar or dissimilar
aminés, phénols,, sul-
phonic or carboxylic
acids.

One mol. /3-naphthyl-
aminedisulphonic acid
B., and one mol. of a-
or 0- naphthylamine,
or their mono-sul-
phonic acids.

Two mois, of an amido-
sulphonic acid after-
wards substituted by
two mois, of an aminé
or phénol.

Parb. yorm. P. Bayer & Co.,
Eng. pat. 6319, S. C. I. 1888,
p. 620.

B. Williams, Eng. pat. 6743,
S. C. X. 1889, p. 281.

Oehler, Germ. pat. 45994, B.
1889, p. 82.

Actiengesell. f. Anilinfab.,
Germ. pat. 46328, B. 1889,
p. 117 ; also add. 46501, B.
1889, p. 178.

St. v. Kostanecki, Germ. pat.
46479, B. 1889, p. 215.

Badische An. & Soda-Fab.,
Germ. pat. 46438, B. 1889, p.
177.

Badische An. & Soda-Fab.,
Germ. pat. 46737, B. 1889,
p. 179.

Actiengesell. f. Anilinfab.,
Germ. pat. 47026, B. 1889, p.
310. 3rd addition to 39756,
May 22, 1886. .

B. Williams, Eng. pat. 15654,
S. C. I. 1889, p. 281.

B. M.

AZODIPHENYL BLUE v. Indulin.
AZO-ERYTHRIN v. Archil.
AZOFLAVIN v. Azo- colouring matters.

AZOLITMIN. A substance assumed by liane
to exist in litmus (A. 39, 25).

AZOORSEILLIN v. Azo- coloceing matters.

AZOPHEMN v. Indulin.
AZOPHOSPHINES v. Azo- colouring mat¬

ters.

AZO-RED v. Azo- colouring matters.
AZORUBIN v. Azo- coloceing matters.
AZO-VIOLEX v. Azo- coloceing matters.

AZOTE. AnamegiventonitrogenbyLavoisier,
and hence commonly used in French literature
to designate that element.

AZOTOMETER. A term applied by W. Iinop
to an apparatus designed to measure the nitrogen
evolved by the action of sodium hypoclilorite or
hypobromite on ammonium salts and certain
organic substances.

AZOTINE. An explosive made in Austria-
Hungary (S. C. I. 4, 366).

AZOXYBENZENE 0,,H,„N.,0. A product of
the partial réduction of nitrobenzene with alco-

holic potash (Zinin, J. pr. 36, ■ 93 ; Schmidt
and Schultz, A. 207, 325 ; B. 12, 484), or with
sodium amalgam containing 3'8 p.c. of sodium
(Alexejeff, J. 1864, 525 ; Moltschanowskjr,
C. J. 42, 965 ; B. 15, 1575).

Préparation.—Azoxybenzene is best prepared
by dissolving 1 part of sodium in 25 parts of
methyl alcohol, adding 3 parts of nitrobenzene
and heating for 5 to 6 hours on a water-bath in
a flask provided with a reversed condenser. The
methyl alcohol is then distilled off and the residue
treated with water, which dissolves the sodium
formate formed in the reaction, and leaves the
azoxybenzene as a yellow oil ; this soon solidi¬
fies, and is obtained pure by one crystallisation
from alcohol (Klinger, B. 15, 866 ; Molt-
schanowsky, l.c. and B. 16, 81 ; Klinger, B. 16,
941, footnote).

Azoxybenzene or its homologues can be ob¬
tained by heating nitrobenzene or the corre-
sponding nitro- compound with an equal weight
of zinc-dust and of an aqueous solution of cal¬
cium ehloride boiling at 130° ; aqueous solutions
of other salts may be employed, and the reaction
ensues at the boiling-point of the aqueous solu-
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tion (v. Dechend, Gerra. pat. 43,230, Eebruary
9,1887).

Propcrties. — Azoxybenzene orystallises in
pale yellow rhombic needles, melts at 36°, and
is soluble in alcohol and ether, insoluble in water.
When heated with non-volatile substances, such
as iron filings, it décomposés into aniline and
azobenzene. Weak reducing agents, sucli as
sodium amalgam in alcoholic solution, convert it
into hydrazobenzene (Alexejeff, J. 1867, 503) ;
but more powerful agents, such as zinc chloride
in acid solution, reduce it chiefly to aniline, a
small quantity of hydrazobenzene and bases
derived from it by molecular changes being also
iormed. (Schrnidt and Schultz). Azobenzene
yields two isomeric nitroazoxybenzenes when
heated with concentrated nitric acid (Zinin, A.
114, 217), and when heated with concentrated
sulphurie acid to a moderate température is con-
verted into the isomeric hydroxyazobenzene
(Wallach and Kiepenheuer, B. 14, 2617).

In addition to azoxybenzene other azoxy-
compounds have been prepared by reducing the
corresponding nitro- derivatives either with
sodium amalgam in methyl alcohol solution or
with zinc-dust and soda (cf. Limpricht, B. 18,
1405; Klinger and Pitschke, B. 18, 2553;
Janovsky and Beimann, B. 22, 41 ; v. Dechend,
le.). The azoxy- compounds derived from meta-
nitraniline,thenitrotoluidines melting at 78° and
107°, and the nitroxylidine melting at 123°

yield, when diazotised and combined with
phénols, aminés or their sulphonic acids, a class
of yellow, orange or red azo-dyes, which can be
employed for cotton and wool (Poirrier and
Kosenstiehl, Germ. pat. 44,045, July 27, 1887 ;
44,554, September 6, 1887).

AZOXY- COLOURING MATTERS. The only
member of this group of dyes of any importance
is the sodium sait of azoxystilbene-disulphonic
acid CuHsN20(SO:,Na)j obtained by boiling
£>-nitrotoluene-sulphonic acid with caustic soda.
Known in commerce as ' sun yellow ' or ' maize.'
Brown powder, soluble in water with brown-
yellow colour ; violet solution with sulphurie
acid (Schultz a. Bender, B. 19, 3234).

AZULIN. Blue colouring matter, contained
in certain essential oils ; e.g. chamomile, mille-
folium, and wormwood.

AZULINE v. Aurine.
AZULINE YELLOW. A colouring matter,

obtained by nitrating azuline or azuline-sul-
phonic acid (Machenhauer, G. P. 29,064, April
8, 1884 ; expired June 1885).

AZURE v. Pigments.
AZURIN C35H33N403. Obtained by heating

salicylic aldehyde with o-tolylenediamine.
Colourless tables, giving blue fluorescent solu¬
tions (Ladenburg, B. 11, 596).

AZ URINE v. Aurine.
AZURITE v: Lazulite and Copper.
AZYLIN v. Azo- colouring matters.

BABBIT'S METAL. An alloy of 25 parts tin,
2 parts antimony, and 0'5 part copper, used as
an anti-attrition métal v. Antimony.

BABLAH or WEB-NEB. Commercial names

•for fruits of several species of acacia ; used in the
East, in combination with alumina and iron mor¬
dants, to produce various shades of drab and
fawn colour in calico printing. East Indian
bablah is obtained from Acacia Bambolah ;

Sénégal and Egyptian bablah from Acacia Nilo-
tica. The aqueous extracts contain a red colour¬
ing matter together with considérable quantifies
•of gallic and tannic acids.

BABUL BARK. The bark from Acacia ara¬

bica, the babul tree of Bengal. Used in India as
a tanning material.

BABUL GUM. An rnferior kind of gum
■arabic from Acacia arabica. Known also as
' Bengal gum ' or ' Gond babul.'

BABAM KOHSE v. Apeicot oïl.

BAEL FRUIT. The dried half-ripe fruit of
JEqlc Marmelos, from Malabar and Coromandel ;
is used in diarrhœa and dysentery, and the
fresh pulp is sometimes employed as a laxative.

BAKING POWDERS. Are chiefly used as
substitutes for yeast. A common form is pre¬
pared by mixing 4 lb. of tartaric acid with J lb.
each of bicarbonate of soda and potato farina.

Delfonte's is made from £ lb. tartaric acid,
| lb. alum, f lb. bicarbonate of soda, 1 lb. of
farina, and 3 oz. of sesquicarbonate of am-
monia (Cooley's Encyclopœdia, 1, 373).

Goodall's powder is a mixture of 2 parts of
rice flour with 1 part of a mixture of tartaric
acid and sodium bicarbonate.

Davis (Eng. pat. 1,249, 1879) préparés a
powder from acid ammonium phosphate and
bicarbonate.

Weitz (B. C. 1880, 389) employs phosphoric
acid 5T grams, sodium carbonate 8-7 grams,
and flour to make up to 1,000 grams.

Horsford (Eng. pat. 2,875, 1880) uses dried
phosphoric acid and bicarbonate.

Avery (Am. pat. 235,615, 1880) claims the
use of a mixture of acid calcium lactate and
alkaline carbonates and bicarbonates.

M'Donald (Eng. pat. 306, 1884) substitutes
acid sulphate of potash or soda for the tartaric acid
or cream of tartar generally employed, the pro¬
portions suggested being 1 to 2 oz. of flour, 1 oz.
of acid carbonate, and 1 to lj oz. of acid sulphate
of potash or soda.

BAKUIN, Russian minerai machine oils ;
recommended for lubricating heavy machinery
on account of their high viscosity and great
power of resisting cold (Seifensied. Zeit. 31,
366 ; 32, 378 ; S. C. I. 3, 181).

BAKUOL. A name given by Mendeléef to
an illuminating oil, prepared from the crude
oils of Baku by mixing ordinary kerosene of
sp.gr. 0-82 to 0-83 and flasbing-point 20° to
30°, with the so-called intermediate oil, which
lias a sp.gr. of 0'86 to 0'88 at 15°, and is not in¬
flammable at 100°. The mixture has a sp.gr. of
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0-84 to 0'85, and flashes at températures varying
from 50° to 70°. From 100 parts crude naphtha
20 to 30 parts of kerosene and 10 to 20 parts of
intermediate oil can be obtained.

The following table gives the sp.gr., flashing-
point, and luminiferous value of four bakuols
examined by Himow :

Speci-
men of

oil

Sp.gr.
at

17*°5C.

Flash in g
point at
760 mm.

Candle-
power

Consumption per
hour in Bussian lbs.

For the
l'amp

Per
candie-
power

No.
1 0*8280 36-00. 7-40 0-0588 o-ooso
2 0-8310 37-5 10-40 0-0633 0-0060
3 08360 39-5 9-84 0-0633 0-0064
4 0-8310 49-5 8-30 0-0075 0-0081

(Lit. : Mendeléef, Zeitschr. Technik, 1886, No.
109 ; C. Z. 1883, 231 ; Himow, C.Z. 10, 1,459 ;
S. C. I. 2, 238; 5, 661; 6, 135) v. Petroleum,
russian.

BAKTJRIN. A lubrieating oil, prepared by
mixing 100 parts of crude Baku oil with 25 parts
of castor oil and 60 to 70 parts of sulplmric acid
of 66° B. After standing the mixture is stirred
two or three times with water, the water run off,
and the oil treated with soda or potash (Mûller,
G. P. 35,141, 6 Sept. 1885 ; D. P. J. 260, 240).

BALANCE. A generic term, designating a
variety of machines for ascertaining the weight of
a bodyintermsof the weight, atthetimeand place,
of a standard mass (gram, ounce, pound, &c.),and
thus determining its mass. By means of a
balance and a set of ' weights,' we ascertain that
a body has P times the weight of the unit piece
of the set, and conclude that its mass'is P times
the mass of this piece likewise, whatever the
chemical nature of the body may be. In justifi¬
cation of this inference we might refer to New-
ton's pendulum experiments, or to the often
proved chemical axiom that the weight of any
body or set of bodies is independent of the
state of combination of its elements. But from
the standpoint of the chemist. it is sufficient to
know that, supposing even each element had its
own factor for eonverting ' weight ' into mass, it
would still follow that the weight of a body,
however complex, is equal to the sum of the
weights of what in any sense we may eall its
' components,' and that the ratio of the weight
Wj of a body of fixed elementary composition to
the weight W2 of another body of even a dif¬
férent fixed composition is as constant, although
perhaps not equal to the ratio of the masses M, :
Mj. Of ail balances the equal-armed lever
balance, often called ' the balance' par. excel¬
lence, is by far the most important.

The balance exists in a variety of forms,
which, however, ail seek to realise the same idéal
machine. An absolutelv rigid beam, so sus-
pended that whilst it can rotate freely about a
certain axis (which goes across it somewhere
above its centre of gravity, and of which every
point holds a fixed position in reference to the
stand) it is not capable of any other motion.
From two points, a and 6, which lie in the same
plane as the axis of rotation—one near the left,
the other near the right end of the beam—the
pans are suspended by means of absolutely

flexible linear strings. a and 6 are equidistant
from the axis of rotation. So far ail balances
are alike. In now passing to the aetual inslru.
ment, we shall confine ourselves in the main to
the class of balances known as précision
balances.

Of the difficulties involved in the construc¬
tion of sueh balances, that of producing a suffi-
ciently light and yet practically inflexible beam
seems to have rested most heavily on the minds
of the earlier makers ; but there can be no
doubt that many of their efforts in this direction,
which occasionally resulted in what we should
now call fantastieal beam-forms (hollow ellip-
soids, monstrous skeleton-forms, &c.), must be
traced back to their inability to reach a sufficient
degree of précision in the géométrie adjustment
of the three pivots, and to their charging against.
the flexibility of the beam what was really owing
to these defects in the adjustment. As these
difficulties were overcome, beams assumed less
fantastic forms. Sacré of Brussels, we believe,
never uses any but plain rod-shaped beams (only
perforated in the middle to insert the bearing
of the central knife). Most balance makers,
however, prefer the form of a largely-perforated
rhombus or isosceles triangle (eut out, virtually,
of a plate of métal), and thus attain ail that is
needful without offending the eye by unduly
stretching the middle section, and without using
anything more intrinsically rigid than ham-
mered brass or some kind of bronze. In reference
to ordinary chemical balances (for charges up to
say 100 grams), it would be no great exag-
geration to say that any reasonably-made beam
is sufficiently rigid ; only in the case of balances
intended for very high charges, such as 5-10
kilogrammes, is it at ail worth while to employ
refinedly-designed beam-forms, or to look out for
a material of exceptionally high rigidity. For
these particular balances hard steel would be
the best material ; but, unfortunately, steel
beams are apt to beeome magnetic. With small
assay-balances intended for charges up to, say,
5 grammes, on the other hand, the question of
rigidity is practically out of court, and the use
of an exceptionally light material—such as alu¬
minium, or, better, that alloy of 95 parts of
aluminium and 5 of silver (which Sartorius of
Gôttingen uses for small balances generally) is
indicated.1 In ail balances the axis of rotation
is realised in a straight knife-edge ground to a
prism of hard material, which is firmly fixed to
the beam, traversing it erosswise and resting on
a hard bearing. In ordinary balances the middle
knife is simply driven through the beam, and
only its two ends are supported in cylindrical,
or, what is better, roof-shaped bearings, which
form secures to the edge a sufficient fixity of
position, forward and back-sliding being pre-
vented by cutting off the ends of the knife
obliquely, so that the edge terminâtes in two
points, and closing the bearing at each end by
a steel plate so that the knife has just room be-
tween without jamming. In suspended balances
the central bearing is fixed at the lower end of a
light framework, terminating above in a hinged-
on ring for suspending the instrument from a
fixed hook or the thumb of the operator.

1 For a fuller discussion of this subject v. the
writer's Memoir (Bib. 6, p. 322).
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In ail précision balances the central bearing
is attached to a fixed pillar, and is plane ; in tbe
best balances tbe bearing is made of one piece,
and the central knife-edge rests upon it in its
entire length. A plane bearing necessarily in-
volves an arrestment so constructed that, besides
doing its primary duty, it assigns to eaeh point
ot tbe central knife-edge a fixed position on its
bearing. In former times hard steel was used
exclusively for both knives and bearings ; sub-
sequently agate bearings came to be combined
with steel knives. Bobinson of London was

tbe first to make both knives and bearings of
agate. The agate knife adds nothing to the pré¬
cision of a newly-made balance, but it ahvays
remains clean, while a steel knife, in a chemical
laboratory more especially, is apt to rust. Steel
knife-edges are generally ground to an angle of
60° (or 90° for very heavy charges). In agate
knives, as made by Oertling, only the body of
the agate prism is ground to 60°, while the edge
is formed by two narrow facets, inclined to each
otber at a far more obtuse angle. Such an ob¬
tuse edge stands many years' constant use with-
out wearing out. Quite lately an American
maker has introduced the artificially made
osmium-iridium, which is used for the tipping of
stylograph pens, as a matériel for both knives
and bearings.

For the réalisation of the two point-pivots a
and b, a great many combinations have been in-
vented. A now obsolète construction of Weber's

(Bib. 2) adapts itself very closely to our idéal
conception. He provides the beam at its two ends
with knife-edges turned sideways and suspends
the pans by means of threads of unspun silk
which are fixed somewhere in the back of the
beam and hang over the edge. The axis of ro¬
tation is realised similarly. In ordinary balances,
as a rule, a vertical slit is eut into each end of
the beam, and this is traversed by a short pris-
matic knife, the edge of which is a circulai' arc
of small radius which stands perpendicular to
the line a b. From each such knife the pan is
suspended by means of an 8 or 2-shaped steel
hook. This construction, if well executed, may
afïord high précision, but the suspender-hook
is apt to rub against the sides of the slit in the
beam. Hence, wherever the hook-and-eye ar¬
rangement is adopted for précision balances, it is
modified in this sense, that the knife-edge forms
a circle of relatively large radius which lies en-
tirely outside the body of the beam. This System,
compared with those considered in the sequel,
offers the advantage of easy adjustment. It used
to be very popular with balance-makers, and
many excellent instruments have been produced
with it especially by Deleuil of Paris. For small
assay-balances it is indeed probably as good as
any other that could be named ; for balances in-
tended for higher charges it does not possess
sufficient durability, although, as the writer is
able to say from his own experience, if well
made, it lasts better than is generally supposed.
In modem balances it is rarely seen ; in these,
as a rule, the pans are suspended from long
straight knife-edges, similar to the central one,
by means of broad bearings which, of course,
must be arranged so that they neither twist nor
slide. A very efficient and easily-made arrange-
men t is to give the bearing the form of a roof

eut and of one side of a prismatic block of steel
or agate, and to fix it to the upper end of a
stirrup-shaped or "J-shaped holder which ter¬
minâtes below in an eye, from which the pan
is suspended by a suitable hook. The eye stands
at right angles to the knife-edge ; its working
point, when the instrument is in use, lies vertically
below the centre of the respective end-edge, and.
the effect is the same as if the whole of the load
were concentrated in that one centre-point, al¬
though the pressure of the bearing on the knife
is equally distributed over the whole of its working
length. This hook-and-eye arrangement is abso-
lutely indispensable if the pans are suspended
by stiff stirrups, because, if these were rigidly
connected with their bearings, the virtual point
of application of the load would shift forwards
and backwards on the edge, and the least want
of parallelism between it and the axis of rota¬
tion would cause the balance to give inconstant
readings.

These roof-shaped bearings, until some 10 or
15 years ago, were used almost exclusively by ail
German makers, although an undoubtedly su-
perior System had been introduced successfully
by Bobinson of London many years before. In
it the pans are suspended by plane bearings
which a suitable extension of the arrestment
keeps in their right positions. Bobinson's ba¬
lances were justly farnous in Great Britain—afew
of them are still working to this day—yet, after
Bobinson's death, Oertling was almost the only
balance-maker who followed him in this re¬

spect. The général plea against the system
was that fiât end-bearings were liable to twist ;
and some, after having adopted Bobinson's plan,
' improved ' upon it by cutting out a central
portion of each end-knife, so that it worked only
with its two ends ; proving thereby that they
did not understand their business, because a
really plane bearing, as a matter of fact, does
not twist on a really straight knife-edge, even if
the pan oscillâtes strongly. The principal ad¬
vantage of the Bobinson system is that it enables
one to do what the roof-shaped bearing pro-
hibits, namely, to satisfy himself that the knives
and bearings are geometrically'perfect. But here,
as in ail analogous cases, we must not forget that
the excellence of an instrument—supposing it to
be based on a reasonable system—dépends far
more on the skill of the maker than on the
theoretical perfection of the design.

From the bare réalisation of the idéal
machine; we now pass to the accessories which
a balance needs in order to become a convenient
instrument, and we will consider these in the
order of their importance.

The arrestment is a mechanical contrivanee
to enable the beam to be arrested at any point of
its angular motion, and to bring it to permanent
rest in its ' normal ' position, in which the plane
of three axes stands horizontal. If the three
pivots are self-adjusting, there is, strictly speaking,
no need of an arrestment ; still for the rapid
exécution of précisé weighings it is almost in¬
dispensable.

If the central bearing forms part of a suspended
frame, an arrestment is easily devised in tho
ways illustrated by figures 1 and 2. Fig. 1 ex-
plains itself ; in fig. 2 the balance is hinged on
to the bent-down end of a fiât bar which slides
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up and down in guides fixed to the pillai' between
two beds of rollers 2 x 2 in the guides on the
front side of the bar, and one whieh is pressed
against its back by a spring. At its lower end
the bar has a small wheel whieh rests on the

Fis. 1.

shorter end of the hinged lever by means of
whieh the balance is raised or lowered. A small
vertical adjusting screw below the shorter end
of the lever defines the lowest position of the bar
at whieh the pans just toueh the table without
slackening the chains. In either case it is an
improvement to suspend a heavy bloek of métal
at the lower end of the frame, to compel it to
hang plumb, and to hinder it from oscillating.
The spécifié advantage of suspended balances ià
that they need no horizontal table or levelling
screws at the board on whieh they may be erected.
But pillar-balances are on the whole more con-
venient. In the case of these (supposing plane
bearings to be absent) a good System is to fix

Fig. 2.

the central bearing to the top of a rod whieh
slides up and down within the pillar — properly
guided to prevent shaking and rotatory motion—
and, with its lower end, rests on an eccentric
concealed in the sole and governed by a lever- or
disc-shaped handle. The eccentric must be so
adjusted that when it is at one of its extreme
positions, the pans just touch the board and no
more, while, when it is in its other extreme
position, the beam is at its maximum angle of
free play. In the excellent Tarirwaagen of

Messrs. Becker's Sons, (Rotterdam, this System of
arrestment is realised to perfection.

The System need only be slightly modified to
adapt itself to the case of a plane central bearing,
but we prefer to at once pass to the case of three
plane bearings, and in doing so cannot do better
than describe a balance (for charges up to 5
kilos.) whieh Mr. Oertling made for us some years
ago. As shown by fig. 3, the instrument rests

on three pillars standing on a hollow square
block of iron whieh conceals the eccentric.
Firmly fixed to the top ends of the pillars is a
substantial brass frame whieh terminâtes at its
two ends in V-shaPed supports for the end-
bearings. These latter are agate plates cemented
each to the horizontal bar of a kind of stirrup,
the bar terminating on each side in a eylindrical
steel pin whieh, when the balance is at rest, lies
in the corresponding V of the frame. The central
pillar conceals a movable steel rod, provided at
its lower end with a wheel whieh rests on the
eccentric. Its upper end carries a substantial
brass block whieh divides into two short piers
above, whilst it expands below into a horizontal
plate, pierced by a circular perforation near each
end. These perforations fit exactly around two
eylindrical steel pins, r, r, fixed to the top plate
of the pillars, so that the rod, when moving up or
down, cannot turn or shake in the slightest degree.
The space between the two piers is bridged over
by the central bearing, a plane agate plate fixed to
a prismatie piece of brass, whieh is dovetailed
into the tops of the piers, so that, while perfeetly
steady when in its place, it can without much,
effort be slid out or in (fig. i). It is inserted!
while the beam is being held in its intended
position and passes through a large perforation
in the beam into whieh the middle knife projects.
The beam terminâtes at its left end in one, atits
l'ight end in two, horizontal steel pins whose
shoulders are continuons but rapidly expanding
surfaces of rotation, and these pins fit, the
single one into a notch, the couple into a fork,
forming part of the fixed arrestment-frame. In
the arrested balance each bearing is almost in
contact with its knife ; if the eccentric be now

turned, the central bearing rises and lifts the
whole, beams and end-bearings, to a greater or
less height, and ultimately into that maximum
height at whieh the eccentric stands still without
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being held in its position. If the eceentric be now
turned the other way, botli the beam and the end-
bearings fall back, ultimately, into theirprescribed
positions of rest, even if they should hâve twisted,
which, however, they nevor do in the instrument
under description. For a balance intended for
quick work, and more especially for one used
occasionally for tho weighing out of predeter-
mined quantifies of solids or liquids, this System

Fig. 4.

of arrestment is the best that we know of, be-
ciiuse it enables the instrument to be handled
pretty much like an ordinary pair of scales ; only,
io be able to do so to the best advantage, and
without spoiling the terminal pivots, the pans

; must be suspended by flexible short-linked chains
whose length is so adjusted that the pans just

, touch the table when tlie balance is fully arrested.
Stirrup-shaped pan-suspenders (as represented
in the figure) are more convenient than chains
in many respects, but, for the purpose under

• considération, they do not work with plane end-
. bearings. The ratchet-wheel visible in the figure
was intended to enable the eccentric to be arrested
at intermediate positions (in taring with garnets
and similar opérations) but was found not to
work satisfactorily ; it is simpler and better to
bave a block of wood so adjusted that when put
under the handle it just raiscs the beam suf-

ficiently to enable one to see which side goes
down.

lnstead of fixing the arrestment-frame to the

III. Section tlirough pillar and middle knife ;
IV. Horizontal projection.

Fia. 5.

pillar and making the central bearing movable,
we may of course do the reverse, and this latter
system, indeed, is generally preferred for pré¬
cision balances of a higher order.
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Tlie kindness of Messrs. C. Staudinger's
Nachfolger, of Giessen, Germany, enables us to
give a detailed description and drawing of the
kind of movable frame-arrestment whieh they
are in the habit of applying to their best instru¬
ments.

As shown by fig. 5 (I. to IV.) the pillar is
hollow and accommodâtes a round bronze rod r.

This rod itself, however, conceals a co-axial round
rod l of nickelled steel. The bronze rod r, at
its lower end, is guided by perforated blocks, e, e,
fig. I., while at its upper end it terminâtes in a
thinner cylinder surrounded by a gently acting
spiral spring n. The head of the pillar is per¬
forated and guides the attenuated end of f in
its up-and-down motion. The inner (steel) rod,
l, is guided similarly within the bronze rod f
and has a spring i, fig. II., about its lower
end to assist its natural tendency to sink. The
two rods F and l earry two indcpendent arrest-
ment-bars ; l the bar t2 for the end-bearings, f
the bar t, for the beam.

A square pillar k (figs. III. and IV.), which
rises from a prolongation of the head of the stand
pillar s, by passing through perforations in the
two bars t, and t2, prevents any motion of these
about the axis of their rods. As shown by
fig. IV., an adjusting screw, passing through the
bar, and a flat spring t on one side of the square
perforation of the bar (t, or t2) enforce steadi-
ness of motion.

The upright pins g g (I.), which are tipped
with shaip agate cônes, arrest the end-bearings
by rising into corresponding conical hollows in
the latter. (Fig. 5, though taken from an Oertling

balance, will give an idea of the way in which
these pins work.) The two slanting lines 0 0
(fig. I.) are meant to indicate two supports,
which pass through slots in the pillar s and the
bronze rod f, and are fixed to the inner rod l,
to lend additional rigidity and steadiness of
motion to the end-bearings arrestment.

The arrestment of the beam is eiïected by two
adjustable piers z rising from the bar t, of the
bronze rod. The tops of these piers earry roof-
shaped agate bearings, in which the arrested
beam lies with its lower (bevelled) edge. This
would be sufficient to keep the beam from turn-
ing. To hinder it from moving progressively,
there is a horizontal frame l (figs. III. and IV.)
united with bar t, by two little pillars g g, and
carrying two agate bearings, a roof-shaped one
at the hind end and a plane one at the front end
of the middle (agate) knife. The roof-shaped
bearing receives that end of the middle knife
as the roof-shaped bearing of an ordinary
balance would (so that by it, and the two beam-
supports, three points of the arrested beam are
fixed in prescribed positions) ; the plane bearing
in front only supports the knife as it rises up to
it on arresting. This plane bearing is adjustable

by means of a screw, so that the arrested central
knife-edge can be made rigorously parallel to
the fixed central bearing of the working in¬
strument.

There are three eccentrics, ail attached to
the same axis and governed by the same handle
(fig. II.) one, a, for the bronze rod f, a second, e,
for the inner steel rod l, and a third c for a pan-
arrestment, whose mode of acting will readily be
seen by a glance at fig. I. When the handle
stands so that line p (fig. I.) is vertical, the
beam is arrested ; after this point has been passed,
the beam-supports remain at the same altitude,
but, on turning the handle further, bar t2 is
raised to lift the terminal bearings as soon as
line g stands vertical. The last third of the
motion of the handle arrests the pans.

The principal feature in Messrs. Staudinger's
Nachfolger's arrestment obviously is the relative
independence of the beam-arrestment and of the
end-bearings arrestment of one another. In most
other movable frame Systems there is only one
frame for both, and things are arranged so
that the middle edge is held fast after the end-
bearings have been lifted by a hair's breadth,
and that the upward motion cornes to an end as
soon as the middle knife is just visibly above its
bearing. A refinement upon this construction is
to merely elïect the three contacts, and then, by
means of a spécial eccentric, to let the middle
bearing drop through a distance of OT or 0-2 mm.

Whilst ail the several points of a rigid though
movable arrestment-bar move up and down in
vertical straight lines, the end-edges of the vibra-
ting beam describe circuler arcs. Hence when-
ever the bar is raised against the slanting beam,
the end-bearings tend to slide over their knives
and to spoil them. To preclude the possibility
of this, Becker & Sons, in their finest balances,
make the bar for the end-bearings arrestment of
two halves which are hinged on to the pillar in
or very near the axis of rotation. Sartorius
adopted this system and brought it into a slightly
différent form, regarding which we refer to Bibl.
4, where it is illustrated by a drawing.

In a balance which has only plane bearings,
no kind of arrestment, of course, will give satis¬
faction,unless its several parts, and also the pillar
and the sole, are sufficiently substantial to en-
sure absolute constancy of configuration and
absolute steadiness of motion even after long-
continued use. The old masters used to pay
great attention to this important point, but it is
sadly neglected by the majority of their présent
successors.

In a balance of which the end-pivots are self-
adjusting, the movable arrestment frame as¬
sumes a very simple form. Ail that is needed is
a small frame bearing V-shaped notches for ar¬
resting the middle knife in a prescribed position,
and fixed to a horizontal bar with two project-
ing pins, in order, at the same time, to support
the beam in a horizontal position. As these
pins have no other function, the bar may be very
light, and the whole system need not have that
absolute steadiness of motion which is indispen¬
sable in the case of plane end-bearings.

The needle and scale serve to define the
angular position of the beam. In ail modem
précision balances the needle points downwards,
and is meant to embody a straight line passing
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through the axis of rotation and standing per-
pendicular on the line Connecting the two point
pivots a and b. The scale is attached to the
pillar ; its zéro, i£ the stand is properly levelled,
lies vertieally below the axis of rotation. To
enable the stand he levelled, there must be
either a plumb line or two spirit levels fixed to
the pillar, and so adjusted tliat when they point
to their zéros, the line Connecting the zéro of
the scale with its projection on the middle
edge is vertical. The scale should be so gra-
duated that the needle-line, if produced, would
eut, not the circle described bythe needle'srefer-
ence point, but the horizontal tangent to this
circle, into pièces of equal length (v. infra). In
most practical cases, however, this cornes to the
same as saying ' into pièces of equal angular

.
value.' In balances provided with a fixed arrest-
ment frame the scale should be made to move up
and down with the beam, so that its position in
reference to the needle remains constant. In
most balances the end-point of the needle is
just clear of the upper circulai" edge of the scale,
but it is better to make its lowest portion almost
linear, and let this projeet over the scale and
almost touch it.

The rider.—Small weights are diffieult to
handle and easily lost. To avoid this incon-
venience, Berzelius conceived the happy idea of
dividing the right side of the beam, or rather the
horizontal lever arm corresponding to it, into ten
equal parts, and substituting one rider weighing
ten centigrams for ail the centigram and milli-
gram pièces of the set of weights. Obviously the
rider, when suspended at the first, second, <fcc.
mark from the centre, acts like 1, 2, &c. centi¬
grams placed in the pan, and it is equally obvious
that every ienth of a division on the beam cor¬
responds to one milligram of additional weight.
This System was universally adopted and is still
in use, only with this qualification, that we now
apply it to the counting of the milligrams by
means of a rider weighing ten milligrams. The
reason for the change is obvious. In most ba¬
lances the points 0 and 10 of the rider-scale are
inaccessible. Messrs. Becker's Sons avoid this
inconvenience by dividing the arm into twelve
parts, and supplying a rider weighing twelve
milligrams. Other makers, for instance Messrs.
Verbeek & Peckholdt, of Dresden, make the top
bar of their beams exactly horizontal, and, besides
keeping it clear of impediments, make it projeet
beyond the terminal edges. One of the advantages
of this System is that, in the case of a short beam,
it enables us to double the degrees of the rider
scale, by dividing each arm into only five (integer)
parts, numbering these from the left knife on-
wards and using a rider weighing five milligrams.
Only, if we do so, the rider suspended at the zéro
must be counted part and parcel of the instru¬
ment. Bunge provides a spécial rider-bar so
contrived that the path of the rider lies in the
plane of the three axes. This, tlieoretically, is
the most perfect arrangement.

A rider arrangement, to be complété, must be
supplemented by a mechanical contrivance en-
abling one to shift the rider while the balance
case is closed, and to do so with greater rapidity,
ease, and eertainty than would be afforded by a
forceps, supposing the case to be open. Bider-
guides fulfilling this latter condition are scarce ;

even with the best the rider drops down occa-
sionally, and has to be searched for.

To avoid this source of annoyance Hempel
does away with the rider and substitutes for it a
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vane with a limb graduated into milligrams (v.
infra).

Tlie gravity bob—a small button or dise of
métal so attached to a wire standing vertieally
on the top of the beam exactly above the axis of
rotation that it can be screwed up and down
along the whole range of the wire. It enables
one to raise or lower the centre of gravity of the
beam, and thus to establish any désirable degree
of sensibility.

A bob ihus constructed meets ail the require-
ments of the balance-maker, but for the ehemist
who uses the balance it is désirable to bave an

arrangement which enables him at a moment's
notice to establish any predetermined degree of
sensibility. Such an arrangement was invented
by the writer s'orne years ago (Bibl. 8 and 5). It
consists of a small bob fixed by mere friction to
the upper end of the needle, which at that part
has the form of a triangular prism, and is pro¬
vided with a graduation. The mode of standard-
ising the scale is explained below.

Some arrangement for establisliing perfect
eguïlibrium in the unloaded instrument is re-
quired. A small bob screwing along a horizontal
wire fixed to some convenient part of the beam
answers best. Less convenient is a ' vane,'
meaning a little movable horizontal lever at¬
tached to the lowest point of the wire, which
carries the ordinary gravity-bob, or to the
upper part of the needle. To understand the
working of the vane—and at the same time that
of Hempel's invention above referred to— substi-
tute for the vane an équivalent rigid line (fig. 7).
If the vane-line stands in the position 0 o—i.e.,
if it is parallel to the middle knife, it adds no
weight to either side, if turned through 90° into
position 0 (10), it virtually adds, let us say, 10
milligrams to the charge of the right pan.
Divide the line 0 (10) into ten equal parts, erect
an ordinate in each point, and you find the points
0, 1, 2, 3, &c„ of the cireular path of the end-
point of the vane, to which the vane-line must
point, if the virtual addition to the right pan is
to be equal to 0,1,2 10 milligrams. A glance
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at the figure shows one weak point in the vane
contrivance. There, is, however, no need of our

dividing the ciroular limb exactly in the way of
our figure. We may,for instance, place the zéro
at the —7 and the ten at the +7 of our figure,
divide the interval between the projections online
(10) (10) of +7 and —7 into ten equal parts,
and so adjust the mass of the vane and its dis¬
tribution that, by turning it from the new zéro
(at —7) to the new ' 10' (at +7), we virtually
add 10 milligrams to the right charge. The
degrees, corresponding eaeh to 1 milligram, then
becorue so nearly equal to one another that the
subdivision of each into ten parts of equal an-
gular value is permissible.

The Theoky of the Balance.

l'or a first approximation imagine a balance
whieh is ideally perfect, and assume it to be
charged with P grams from the left and with
P grams from the right point pivot. The
balance, when free to vibrate, can remain at rest
in only its normal position, and if brought out
of it will vibrate about it as a pendulum, be-
cause the two charges are équivalent statically
to one heavy particle weighing 2P, situated in
the central knife-edge. Now, put a small over-
weight A on, say, the right pan ; the position of
potential rest will s' ift, and the beam, to reaeh
it, must turn (do.vnwards on the right side)
through a certain angle a, which dépends only
on A and on the weight W of the empty beam,
which latter we may assume to be concentrated
in its centre of gravity c, the force 2P being
obviously out of considération. But the two
weights, A at b and W at c, are équivalent to a
point weighing W + A and lying on the straight
line c 6 at a point c', not far from o. The new
position of rest is gained as soon as c' lies ver-
tically below the axis of rotation, or, to put it
in other words, the right side of the beam goes
down until the leverage of A is so far reduced
and that of W has so far increased, that the two
momenta statica are equal to each other.

Imagine now the axis of rotation were shifted
vertically upwards through a small height h, but
remained parallel to itself. The imaginary point
weighing 2P now, as soon as the beam turns,
has a lever and helps the weight W ; the beam
will turn through a less angle a' to gain its new
position of rest, and, supposing 2P to increase,
a' becomes less as 2P increases.

Imagine now the axis of rotation to be
shifted downwards towards the centre of gravity.
The heavy point weigh'ing 2 P grams now helps
A, and the angle which separates the two posi¬
tions of rest will become greater than the origi¬
nal angle ; the greater 2P the greater will be
the actual angle a". But the two weights, W
concentrated in c, and 2P concentrated in the
centre of the line a b, taken jointly, are équi¬
valent to one point c' weighingW + 2P grams, and
situated on the straight line Connecting the two
points ; and supposing 2P to increase gradually
from nil onwards, c', in the second case, will
rise and rise, and at a certain value of 2P fall
into the axis of rotation. The balance then has
no definite position of rest ; and if c' rises still
higher, the balance upsets. However small an
overweight, A may be put on either side, the

beam would have to turn upside down to reach
its one (theoretical) position of stable equilibrium.

The balance-maker of course takes care so
to adjust his instrument that even if the sen-
sibility is at the highest value which the balance
is meant to afl'ord, and the two-sided charge
2 P at its maximum likewise, the centre cf
gravity of the wbole System lies on the safe side
of the axis of rotation.

Assuming this condition to be fulfilled, the
balance to be exactly equal armed and to be
charged with a pan weighing pa grams and a
load of p grams on each side, the angle a of .

déviation is governed by the équation

s + ^p}h, ■ ■ (1>
where Z stands for the arm-length, s for the
distance of the centre of gravity of the empty
beam from the axis of rotation, and h for the
distance of the axis of rotation from the plane
of the two end-edges, the axis being assumed to
lie above the plane. In the opposite case h must
be assumed to be négative, or the plus sign be-
fore the second term in the denominator be
replaced by a minus sign. But tga is the ratio
of the absolute length of scale (measured tan-
gentially, v. supra) corresponding to angle a to
the distance I of the tangent-zero from the axis
of rotation. Hence we have

n= — = A.'E' . (2)
•Ws + 2(Po+p)h { '

Where, supposing I to be measured in tangential
scale-degrees, n may be read as meaning the
number of degrees through which the needle
turns in conséquence of the addition of A. The
product condensed into ' E ' we will call the
' sensibility.'

The reciprocal of E, i.e. the number E"1
= ^-, is the weight-value of 1 degree of theE
scale—i.e. the particular A which makesra = l.
With a précision balance the milligram is a
convenient unit for A.

Por a balance provided with the writer's
auxiiiary bob, eq. (2) may conveniently be
brought into the form

A
- (Ws + 2Pfr) + %a +y)' 2( )

n ZI K '
Where 6 is the weight of the bob and y0±y the
distance of its centre of gravity from the axis of
rotation ya, being that distance which prevails
when the bob is at its highest (zéro) position.
In a well-made balance the influence of P on E
is small ; we may therefore assume the P of the
équation to be some average value, and, con-
tracting constants, say, the weight-value of one
degree is

E"' = A + By . . . (3)
where A and B are constants ; A obviously being
that value which E"1 assumes when y — 0. — B is
easily determined by one trial at y = to its
maximum, and the scale thus standardised.

The theory of the rider might be allowed to
take care of itself if it were a général practice
to place the rider's path exactly into the plane
of the three axes. But such is not the case ;
this path, as a rule, lies above the plane, and
each mark at its own altitude H. Let us there¬
fore assume that, after the balance had been
charged with P on each side, a rider weighing
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p had been suspended at a point of tîie beam
corresponding to the fraction kl of the arm-
length (at the (lOTc)"1 mark connting from the
centre). If the beam stand horizontal, and a
weight kp be placed in the opposite pan, the
beam will remain in equilibrium, because we
have l(pk) -p(kl) whatever H may be ; the rider
where it is and the charge kp (virtually) in the
left knife-edge are conjointly équivalent to a
lixed point weighing kp +p, and situated on the
f.traight line joining the left edge and the point
(10k) where the rider is. And this équivalence
liolds for the slanting beam as well, and is inde¬
pendent of P. But the sensibility of the beam
with the rider on is evidently greater than it
was with the rider off. Statically speaking,
the weight of the beam and the two charges P
and P are équivalent to a fixed point C0 weigh¬
ing W' = W + 2 P, and situated vertically below
the axis of rotation at a distance SOJ and this
particle, conjointly with the one embodied in
the rider, is équivalent to a point weighing
W + 2 P +p, and situated on the straight line
between CD and the point where the rider sits.
Beferring to a system of rectangular co-ordi-
nates whose X-axis passes through the centre
of the central edge and is parallel to AB, and
whose Y-axis passes through the same centre, we
have for the position of the résultant point the
équations

x(W+p) = lkp-, and y(W+p) = Ws0—pH

h! • w
We see that if H be constant—i.e. if the rider-
path be parallel to the plane of the three axes—
tga is proportional to the overweight kp virtu¬
ally added to the charge of the right pan ; but
it is as well to notice that the tga of our équa¬
tion is différent from the (tga)a which is brought
about if, instead of hanging the rider on the
(107c),h mark, we actually put kp units into the
right pan. Obviously

(tga)0 = — and less than tga . (5)
W s0

With a rider weighing only 10 milligrams,
and, say, a hectogram balance, the term pH
in the denominator cornes to very little, but
with a rider of ten times the weight it (as a rulé)
can no longer be neglected ; such a rider cannot
conveniently be used unless H is constant and
the rider must always hang at the balance (at
its zéro, over, say, the central knife when it is
not used as a weight), or else the sensibility
lias one value with the heavy rider on and
another with the rider off. Another requisite is
that notches eut into the beam be substituted
for mere marks, and that the rider have a sharp
edge to give suffieient constancy of position to
its point of application.

From what we have said so far, it would
appear that in a balance provided with a
gravity-bob we can give the sensibility any
value we may fancy. And so we can, but it
does not follow that we can command any
desired degree of précision. Because the three
edges and bearings are not what they ought to
be, and, as a little rellection shows, the effect
of their defects is the same as if, say, the
length of the right arm, instead of being at the

constant value l, oscillated irregularly between
l — \ and 1 + A, where A. is a very small length,
which increases when W and P increase, but is
independent of l. And this again is the same
as if * were nil, but the charge of, say, the
right side, instead of being at a constant value
P, varied irregularly from P — e to P + e. In
a given balance charged with a given P at each
side e is constant, but the corresponding angle
of déviation j3 varies when the sensibility varies.
Within this angle j3 the balance is, so to say, in
a state of indiffèrent equilibrium. By going a
little more deeply into the matter we easily
satisfy ourselves that, even allowing for the fact
that we cannot substitute a longer for a shorter
beam without increasing the beam-weight, e will
increase when l becomes less. In a balance
meant to afford a certain degree of précision,
we cannot allow the arm-length to fall below a
certain (very uncertain) value l0.

A glance at eq. (2) would show, if it were
not clear without'it, that, if the three axes lie in
exactly the same plane—i.e. if h = 0—the sen¬
sibility becomes independent of the charge,
which is a great convenience. But h obviously
cannot be equal to nil at ail charges ; hence in
the case of the best instruments it is regulated
so that it has a small négative value when only
the pans are suspended, and, by the unavoidable
deflection of the beam, becomes nil at some

suitably selected médium charge, so that, from
this charge upwards, it has small positive values.
That such a degree of précision cannot be
attained by purely constructive methods goes
without saying ; indeed, any précision balance.
requires to be ' adjnsted ' before it is fit to be
used. For this purpose the value of the h cor¬
responding to the médium charge and the ratio
of the actual arm-lengths l':l" must be deter-

l'
mined and the errors h and —1 corrected.

For the direct géométrie measurement of h
spécial apparatus have been constructed, which,
in their présent form, we believe, afford a suffi-
cient degree of précision; but the final test
always is (or at least was until lately) at a suit-
able position of the bob, to détermine the weight-
valueE"1 of one degree of déviation for a sériés
of charges, say, p = 0, 50, 100 grams, &c., up
to the maximum charge which the balance is
intended to measure ; and to at least virtually
ealculate the corresponding values h by means
of eq. (2). Whether h is positive or néga¬
tive, is of course seen from the values E"1 with¬
out calculation. Supposing now h has a greater
value than can be tolerated, one of the knives
must be lowered or raised until at a certain
médium charge the three edges are as exactly
as possible in one plane. Most mechaniçians
provide adjusting screws for this purpose which
enable one to work in a systematic manner.
Some, however (for instance, Messrs. Becker's
Sons, following the example of Deleuil), prefer to
fix ail the knives definitely and to alter the form
of the beam itself by means of the hammer. If
the central edge has to be lowered, the lower
bar of the beam is struck (on both sides) ; if it
is to be raised, the upper bar is struck, until the
correction is presumably almost but not quite
completely effected. The values E"1 are then
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again determined, and if they are not suffi-
ciently near one another, the hammering is re-
newed until the adjustment is perfect. In a
similar manner (or by means of adjusting
serews) the two arms are made equal to eack
other. The test here is very simple. The
balance, after having been brought to the
highest degree of sensibility which it will stand
at the highest charge P, is charged with cxactly
P grams on each side. The longer arm goes
down, and by determining the small over-
weight which must be added to the other side to
establish equilibrium, we can easily détermine the
ratio l'-.l" numerically. Ail these adjustments
are effected by the mechanician, and when once
effeeted are final. Some mechanicians—for in¬
stance, the Becker's Sons—fix even the centre of
gravity, but this is a mistalce. A balance, to be
complété, must have a movable ' bob ' to enable
the operator to give the sensibility that value
which suits him best. What degree of sensi¬
bility should we ehoose ? Answer : In général,
the lowest degree which suffices for the purpose
in hand. Supposing, for instance, we can neglect
the half-milligram, it is of no use to screw up
the bob any higher than necessary for rendering
the angle of déviation corresponding to 0-5 mil-
ligram conveniently visible and no more, because
the less the sensibility, the greater the range of
weights determinable by the method of vibra¬
tion, the greater, as is easily shown from eq. (2),
the relative independence of the sensibility from
the charge, and last, not least, the less the time
of vibration. The time of vibration can of
course not be allowed to fall below a certain
minimum, or else the centres of gravity of the
charges will not be able to follow the oscillations
of the beam with suffieient promptitude. But
this clause, with larger balances wrought at high
précision, usually takes care of itself. The
exact relation in a balance between the time of
vibration t (in seconds) and the sensibility E is
given by équation :

V = { /c W + 2 P} .E . . (G)
where B is the length of the mathematical
pendulum beating seconds at the place of ob¬
servation, P the total charge on one side, and h
a numerieal factor, kWl3 being the momentum
inerties of the empty beam. With the customary
perforated rhombus or triangle, Te is very nearly
equal to j-. Erom the équation we clearly see that
with a ' bob ' of suffieient range we can ehoose
our own time of vibration or our own sensibility,
but we cannot ehoose both, in a ready-made
balance. It stands differently with a balance to
be constructed. To avoid indefiniteness, let us
assume that we wished to design a balance for
weighing quantifies up to 100 grams with a
toleration of 0'1 mgr. Let us assume also that
we had made up our minds regarding the mate-
rial and the général form for the beam, and that
we had defined the latter so that the relation
between arm-length Z, and weight W, were in
aecordance with an équation of the form

W = C + BZ (7)
where W inoludes the empty pans, C désignâtes
the conjoint weight of ail that which is inde-
pendent of Z ; and B stands for the weight of the

rest if the arm-length l = 1. Our équation now
assumes this form

«•-^{Oi + Sp+Ôl}. E, . . . (8)
where p stands for the charge in each pan.
This équation affords some guidance in the
sélection of Z. Assuming for E a value which
renders the deeimilligram just visible, and
taking p = 0, we substitute for t the smallest
admissible value and solve our équation in re¬
gard to Z. Of course Z cannot be allowed to fall
below that minimum Z0 (v. supra) at which the
inherent error would rise to anything like 0T mgr.
Where does this limit value ZQ lie ? Staudinger
used to draw the line at 200, Oertling at 180
millimétrés, and similar values were adopted by
other makers, until Bunge, some twenty-five
years ago, showed in the most direct manner
possible that a suffieient degree of constancy
can be attained with an arm-length of as little as
60 millimétrés. Thanks to the général excellence
of Bunge's work his short beams soon became
very popular with chemists, and the fact that
almost ail other German makers have since corne

to adopt the Bunge System shows that the
additional perfection in the pivots which the
short beam undoubtedly demands is not so
difficult to realise as an outsider might be in-
clined to think. Assuming this difficulty to be
overcome, it cannot be denied that the short in
opposition to the long beam does offer certain
advantages. lst. It is relatively light, and hence
the working of the arrestment is a less effort.
2nd. It is less liable to irregularities through
one-sided élévation of température. Perhaps we
may add that, 3rd, it is easier in its case than
in that of the long beam to make a smootli-
working arrestment, and on this account ehiefly
it enables one to weigh more quickly. 4th, and
least in our opinion, it vibrâtes more quickly.
Not that we value this last advantage at nothing.
The writer's auxiliary bob indeed was invented
with the very object of remedying the corre¬
sponding defect in the older form of the instru¬
ment, being originally intended to be used thus.
In the outset, place the bob far down, say to the
mark where 1° of déviation corresponds to 2
mgrs. or some other value securing great rapidity
of vibration, and establish equilibrium as far as
thus possible. Then raise the bob to the mark
at which 1° = 0'1 mgr., allow to vibrate, shift the
rider correspondingly, and verify your resuit.
The writer, however, soon came to find this
method less convenient than he had expeeted,
and adopted another very obvious expédient.
It is easy in any beam to bring down the time
of vibration to the least value one could reason-

ably wish for by screwing down the bob to the
corresponding place. This, of course, may
render the deeimilligram invisible to the naked
eye. But why not help the eye by optical
means ? An ordinary lens magnifying six times
linearly affords more than there is any occasion
for ; only it magnifies the parallaetic error as
well, and the effort to avoid this error strains the
eye very unpleasantly. This experience led the
writer to the following combination, which he
found to give perfect satisfaction. A narrow
ivory scale divided into degrees of about 0-1 mm.
is fixed slantingly to the needle pretty far down,
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yet far cnough up for not obscuring the ordinary
scale which does duty as usual ; on the other
hand, a compound microscope of feeble power,
whicli passes through the central fixed portion of
the front pane of the case, is fixed slantingly to tire
pillar. The microscope has one vertical ' wire '
in its focus which acts as a needle. As the
microscope inverts its images, the apparent
motion of the wire in reference to the scale
(which one easily persuades himself is fixed) is
the same in sense as the real motion of the
needle in reference to the ordinary scale, so
that mistakes in regard to the + and — are
avoided. The ordinary scale is graduated after
the micro-scale so that each of its degrees is
equal in angular value to 10° of the latter.
The writer some five years ago eaused Mr.
Oertling to apply this arrangement to two of
his balances, and lie has found it to work very
satisfactorily. Although it was originally in-
tendedehiefly for spécial occasions—théadjusting
of weights, â'c.—it is used even for our every-
day work, as it was found that the microscope
puts a less strain on the eye than the naked-
eye reading of the ordinary scale. The micro-
scopic arrangement described adds about 3Z. to
the cost of the balance. A cheaper arrangement
is the following. A micro-scale, divided con-
veniently into fifth-millimetres, is fixed slantingly
to the pillar, the needle at the corresponding

part is shaped thus, and a hair by means

of capillary perforations is stretched out between
a and b ; the hair is parallel to the face of the
scale, and only some 0'2 to 0'5 mm. removed
from it. A short terrestrial telescope, fixed in
the central (fixed) part of the front-pane of the
case, serves for the readings. The object glass
serves only to produce an image of the scale and
hair within the tube, which the eye-piece (a
compound microscope) magnifies as far as neces-
sary. As the telescope need not be perfectly
steady, it can be fixed at a relatively low cost.
We have used this arrangement in connection
ivith one of our balances for over two years, and
found it to be almost as good as the one first
described.

On the Setting up and Testing of a

Précision Balance.
A real précision balance, to be able to do

justice to itself, must stand on a very steady
support, in a room where it is not exposed to
one-sided changes of température. The light
shoulû fall in from the back of the observer.
The best support, of course, is a pillar of
masonry, standing directly on the earth. Next
after it (in a substantially built building) cornes
a shelf fixed to the wall by strong brackets. A
good heavy table, however, suflices in practice.
In a large city the street traffic becomes very
inconvénient in weighing. Its effect can be
minimised by putting small pièces of thiek
vulcanised-rubber plate between the legs of the
case and the table. In the examination of a

newly set-up balance we naturally begin by
seeing that the arrestment, the rider-shifting
apparatus, &c. are in good order, we then level
the case, and next leave the balance to itself

Vol. 1.-T

for some four hours at least, to enable it to
acquire the température of the room. After
tliese preliminaries we proceed to the following
déterminations.

Détermination of the inherent error e.—For
this purpose we charge the balance equally
on both sides with the higkest weight which it
is intended to measure (a hectogram-balance for
instance with a hundred-gram piece on each
side), and after having established approximate
equilibrium a,t the highest degree of sensibility
wliich the balance will stand at this charge with-
out giving obviously inconstant readings, dé¬
termine the exact position of rest, first with the
two heetograms in the centres of their pans,
and then, in a sériés of successive experiments,
with one or the other of the heetograms placed
at some point of the edge of its pan so as
to give any non-parallelism in the axes or any
other defect in the terminal pivots a good
chance of influencing the resuit, taking care to
interpolate occasionally an experiment with the
two weights centrally placed in order to see if
the balance still gives the same reading as it did
at first. If it does not, this is probably owing to
external causes, such as unequal heating of the
two arms. To be able to translate degrees of
déviation into différences of weight, we must at
some stage make two successive déterminations
of the position of rest, one with P' in the left
and P" in the right pan (P' and P" stand for the
two hectogram-pieces) and another with, say,
one milligram added to P". For the précisé
détermination of a position of rest, we cause the
balance to vibrate moderately, and (neglecting
the first reading as being in général liable to
irregularities), record 3, 5, 7 ... successive
turning-points of the needle, applying a + to
scale-points lying to the left, and a — to scale-
points lying to the right of the zéro (or vice
versâ) ; an odd number in any case in order to
correct for the retarding effect of the résistance
of the air, &o. ; those influences in other words
through which the needle, supposing it to start
from — 4°, at the end of a double vibration, does
not corne back to exactly —4°, but perhaps to
— 3°'7. The algebraic sum of any two succes¬
sive readings gives the point a of the scale at
which the needle would come to rest, in half-
degrees, and there is no reason why the half-
degree should not be adopted as a convenient
unit for the purpose in hand. Supposing the
readings to be

ci| et., a., a4 a.
(Example) +3'7 — 2'7 +3-5 — 2'4 +3"5
we have for a the values : a, + a2 = + 1-0 ; a2 + a3
= + 0'8 ; a3 + a4= + 1-1 ; a4 + a5= +1-1. — Mean
= +1-0.

The mean value of the four results is put
down as the value of a. Supposing a, through
the addition of A milligrams to the right
charge to increase by n demi-degrees, then
E = ^-( = 2 ' E ' in the sense of our équation
(2) ) is the sensibility in demi-degrees; and its

reciprocal E"' = — JL.. . . of équation (2)j
the weight-value of the demi-degree in milli¬
grams. Supposing the values for a obtained
with abnormal positions of the charges to be
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a„ a.,, a3, &c. instead of the mean value a0,
corresponding to the centrally plaeed charges,
then (a0 —ci,)E"'= u„ (<x„ — oJE"1 = v2, &c., give
each a value for the inconstancy of the balance
in milligrams (or rather fractions of a milli-
gram, it is to be hoped). According to a rule
deduced from the law of frequency of error, the
computation

0-845

where ail the v's must be taken as positive,
gives the ' probable ' weight-value of the dévia¬
tion of any one a from a0, meaning that value of
(o0-o)E"' which, in a very large number of
déterminations, is as often exceeded as not
reached. But in practice the number of déter¬
minations made is never sufficiently great to
bring out anything like a close approximation to
the law, and it suffices to take r as being equal to
0-845 times the mean of ail the values v, and
adopt it as sufficiently near to the theoretieal ' e.'
The probability that, in a given case, (a0 — o)E"'
exceeds

2r 3r 4r 5r

is 0-18 0 04 0-007 0-0007

respeetively.
In these déterminations, if the balance lacks

a microseopic reading arrangement, it is as well
to read from a distance with a telescope, to avoid
the parallactic error which we have no right to
charge against the balance.

Détermination of h.—A.11 that is necessary is
to détermine the weight value of one degree in
the sense of équation (2) for, say, y> = 100, 75,
50, 25, 0 grams, and to calculate the corre¬
sponding values h. In a good balance h is so
small that (supposing our rule regarding the
adjustment of the bob to be followed), the sensi-
bility remains almost constant from y> = 0 to
p = 100 grams. Hence, practically, it suffices
to adjust the bob so that at a convenient average
charge (where ' average ' refers to the most
frequently occurring values of p) one demi-
degree corresponds to say j or 5 of a milligram
exactly, and then to see what it is at other
charges. If there is no sufficient constancy we
enter the values E-1 found on a System of rect-
angular co-ordinates in function of the charges
p, and draw the nearest curve to the points.
This curve (if h were absolutely constant) would
be a straight line. In any case it supplies the
data for a table of values for E-1. This table,
however, must not be relied on in standard
weighings, because the value h is subject to
changes, for this reason amongst others, that the
agate of the knives has a différent co-efficient
of expansion from the métal of the beam.

The drm-lcngths.—Ror the détermination of
the ratio of the arm-lengths, the orthodox method
(for a hectogram balance) is to adjust two hecto-
gram-pieces to exact equality, and, after having
established equilibrium, to put one into the left
and the other into the right pan, &c. But in
practice the following method is better. Take
any two fairly well adjusted hectograms, and
viewing them, one as a standard representing
100,000, the other as an object weighing x milli¬
grams, go through the ordinary opération of
weighing once with the object in the left pan

and the standard in the right, and once the
other way.

Supposing (using S as a symbol for 100,000
milligrams) we find

xl' = (S + S,)l" I
xl" = (S + S2)V II

(where any 5 may be négative) we have by divi¬
sion of I by II, and subséquent multiplication
with l" : V,

5,
(V\-_S + 8'_1+S\l") B + 52 1 + Sj

S

whence, as a sufficient approximation,
L = l+ i/8''~8»\
l" V S /

No maker who has a name to lose would
care to send out a précision balance in which

y
1 _ — is more than ± 0-00005 at the outside, al-

though for any scientific purpose a considerably
greater error could be tolerated. The corre¬
sponding adjustment indeed, while of the first
importance in commercial balances, in précision
balances is in a sense irrelevant.

UNEQUAL-ARHED LEVER BALANCES.
(1) The sleelyard or Roman balance.—In it

only the shorter arm (of the length l) bears a
pan ; the longer arm, by notches eut into its
back, is divided into parts of equal length, l be¬
ing the unit. The working points or lines of
the notches should lie in the plane of the two
edges, being so many bearings for the knife-edge
forming part of a sliding weight adjusted to P
units. The unloaded balance is in its position of
rest when the beam stands horizontal. To
weigh a body,' it is plaeed in the pan and the
sliding weight shifted forwards from notch to
noteh until (when the weight hangs at the
distance ni from the axis of rotation) the beam
is again at rest in its horizontal position. We
then have for the weight sought

xl = nl P or œ = n P.

As fully explained above, the principle of the
steelyard is discounted in the modem précision
balance for the détermination of small différ¬
ences of weight. In theory there is no objection
to its extension to the détermination of weights
generally, but the technical difficulties to be
overcome are great. On an equal-armed balance,
whose beam is divided into 100 equal parts
(from end to end), ail weights from 0-0001 to
100 grams might be determined with three
riders weighing half of (100, 1, and 0-01) gram
yespectively, but the réalisation of 101 exact
pivots is no small matter. Where relatively
high précision is aimed at, it is better to provide
only a small number of notches (say 10) and
have a set of riders, weighing say 10, 1, 0-1,
0-01 grams respeetively. The spécifie gravity
balances of Westphal of Celle, are made on this
principle. It strikes us that the steelyard
principle might be discounted for the décimal
subdivision of weights, thus :

Imagine a précision balance whose two arms
measure 101 and 111 units. 10 grams plaeed in
the pan of the longer arm are balanced by 10 +1
grams plaeed in that of the shorter ; hence a
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1 grani piece may be adjusted after two exact 10
gram pièces, &c.

The tangent balance lias only one short arm,
from which the pan is suspended ; its centre of
gravity lies low, so that the moméntum staticum
Ws o£ the beam assumes a high value, and even
a considérable weight placed in the pan produces
only a moderate angle of déviation. The needle
moves along a circulai- limb divided so that the
readings are proportional to the tangents of the
respective angles of déviation, and give the
corresponding weights directly. The équation
A ^ s ^see egUa^;on ^ above) holds theo-
retically for any value A, but the angular dévia¬
tion corresponding to 1 gram of additional charge
becomes less and less as the charge increases.
The tangent balance, though useful for the rough
weighing of letters, parcels, &c., is not available
for exact gravimétrie work.

CoMPOUNii Leveb Balances.

In ail these, practical convenience and rapid
working are gained at the expense of précision.
In the Roberval balance the pans are above the
System of levers (which as a rule is concealed in a
box), so that there is room for bodies of even large
dimensions. Our diagram, fig. 8, is intended to
explain only the principle of the machine, which
in practice assumes an endless variety of forms.

vibrate like an ordinary balance, on account of
the great friction in the numerous pivots. If it
could only be cured of this defect, the Boberval
would be the idéal balance for the counter or

ordinary weighings in the laboratory. This
problem bas been to some extent solved in the
torsion balance of Springer, in which the axes
are realised in stretched out horizontal bands
of elastic steel, which act, so to say, as knives
and bearings in one.

The ' torsion balance ' is made1 in a great
variety of forms, but the principle of construction
is the same in ail. The following description is

l'To. 8.

The beam consists of two parallel vertical
parallelograms of which only the front one is
represented in our figure. f and / (and f' and
f in the other parallelogram) are fixed pivots,
a, b, a and b (a', b', a', b', beliind) are mov-
able joints. On each side a horizontal bridge
connects a point d on the vertical side a a (and
a similar point on b b) with a corresponding point
b' on the back parallelogram (so that for instance,
a o, a' a', d d' form one piece) and, from the
centres of these bridges, vertical rods are rising
which support the pans. Supposing each pan to
be chargée! with P pounds, the centre of gravity
of either of these two equal charges may lie in
any of a great many positions about the respec¬
tive pan, yet the statical effect is the same as if
it were concentrated, one in the centre of the
one bridge, and the other in the centre of
the other; the two charges will balance each
other, because, if the centre of gravity of one
descends by h mm. that of the other rises by
h mm., so that the work P h is the same on both
sides. An over-weight added to one of the
charges will bring down that side. The bars
ab and a'b' are relatively heavy beams, the
lower bars a b and a' b' are light. Hence it
dépends chiefly on the distribution of the mass
in the beams a b and a' b' whether the balance
(if nearly equally charged) bas a definite posi¬
tion of rest ; but even if it lias, it will never

Fia. 9.

based upon the examination of what was sold as
a high-class pair of oounter-scales for loads up
to 20 lbs. As shown by fig. 9, the balance con¬
sists of two parallel beams united into a flexible

Fig. 10.
A

parallelogram by means of three vertical frames,
the bond of union in the case of each frame eon-

sisting of two horizontal bands of elastic steel,
which bridge over certain gaps of the frames,
the middle portion of each band being firmly
united with the respective beam- end at its lower
side by means of a screwed-on block of métal.
In this instrument the beams measure 290 mm.

1 By the Torsion Balance and.Scale Company, 92 Keade
Street, New York.

t 2
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from end pivot to end pivot, the steel bands are
5-6 mm. broad and 0-49 mm. thiek ; the length
of the working part o£ a band is 58 mm., 29 on
each side of the beam. The middle band lies
below the plane of the two end bands by about
2 mm, The central frame, which does service as
a pillar, is fixed to the sole of the instrument,
the end frames are fixed only to their respective
beam ends. Fig. 10, which is drawn to scale, re-
presents one of the end frames. The two steel
bands of each frame, though independent of each
other in their action, are really parts of one
continuous band which is wound tightly round
the edge of the frame, the ends meeting in b or b',
where they are, we présumé, riveted on. To
give them the requisite degree of high tension,
the frame, of which part of the right side is
movable, is stretched laterally (by means of pegs
fixed to the two sides of a vice and slipped
through the two hoies of the frame) and the gap
which is thus produced between the two halves
of the right side of the frame is made permanent
by means of métal plates wedged into it. The
central frame is somewhat differently shaped
from the latéral ones ; the upper ring, r, is
omitted, to enable the upper beam to pass freely
through between the legs of a stool fixed to the
lower and terminating into a vertical peg which
serves as a needle and carries a globular gravity
bob. The bob, which in the case of the balance
under considération weighs 458 grams, i.e. more
than a pound, can be raised or lowered to enable
the sensibility of the instrument to be varied.
The System of beams is inclosed within a case
of plate-glass ; the top plate supports an arch
made of a métal tube from which an ivory scale
graduated on both sides is suspended vertically
so that its lower edge runs through a notch in
the upper sharpened end of the needle to enable
the vibrations to be read from either side.

To explain the working of the instrument,
let us for a moment substitute for the steel bands
so many linear wires, which, though unbend-
able, ofi'er no résistance to torsional disfigure-
ment. The torsion balance thus modified is in

theory identical with the ideally perfect ' Kober-
val,' and, if the centres of gravity of the beams
are in their axes of rotation, the parallelogram
will be in a state of indiffèrent equilibrium at any
shape which it may assume. To give it a de-
finite position of rest, we must either shift (let
us say one of) the centres of gravity vertically
downwards, or else we must endow our idéal
wires with torsional elasticity, which, of course,
brings us back to the actual instrument. But
the torsional elasticity of the steel bands is very
considerably more than we want ; its effect on
the sensibility is the same as if (supposing the
upper beam is suspended at its centre of gravity)
that of the lower lay at a very considérable depth
below its axis of rotation. To give the balance
a sufficient degree of sensibility, we must raise
the centre of gravity of, say, the lower beam,
until the stability of the position of rest is reduced
to a sufficiently small value. In the actual in¬
strument this is effected by means of the heavy
gravity bob above referred to.

The principal advantage claimed for the
torsion-balance, in contradistinction to the
Boberval balance, is its freedom from friction ;
and this advantage it undoubtedly possesses, but

it is eompensated for to a large extent by the
unavoidable viscosity in the elastic bands. The
instrument deseribed above, when equally charged
on both sides, and with the bob sufficiently
far down, vibrâtes like a précision balance of a
high order ; the position of rest as calculated
from a sériés of couples of successive déviations
of the needle, is remarkably constant up to at
least a charge of 5 kilos, on each side ; but once,
when we determined the sensibility at first with
no charge, then at a charge of 2 kilos., and lastly
for a charge of 5 kilos., and then redetermined
the sensibility of the unloaded instrument, we
found that it was out of equilibrium to the extent
of more than a decigram. We also found that
the reading of the balance is not quite indepen¬
dent of the position of the loads on the pans.

The ordinary décimal balance, as used for
weighing heavy loads, is a combination of levers
asshowninfig.il. a, b, c,d,e,f, g, h, are ail joints

9 A

? /fr

Fia. 11.

or pivots ; a and h rest on the fixed framework
of the machine and consequently indirectlv on
the ground, c rests on the lever a b. In the
actual machine c d supports the bridge which
accommodâtes the load, while a pan suspended at
/ receives the weights. The pan is so adjusted
that it eounterpoises the bridge. Suppose the
load amounts to P units and its centre of gravity
lies vertically above i ; a portion Pc presses on
the knife-edge at c and the rest Pa = P — Pc pulls
at d and with the same force at g. Now Pc pull-
ing at c is équivalent to a less force bPc pulling at
b, and bPc .ab = Pc . ac, whence bPc = Pc^f-ab
bP0 pulling at b or e is équivalent to a greater
force „PC

eh eh achence gPc = bPc = ™ ^. Pc.gh c gh ab 0
The dimensions are so adjusted that— = —

gh ac

whence — .^ = 1; hence the joint effect of
gh ab

P0 and Pi at g is the same as if they both, i.e.
P, were suspended at g ; and if, for instance, gh
is Jjth 0f hf, ^th P units in the pan will balance
the P units lyïng on the bridge. In manv
balances of this kind the long arm hf is divided
so that lesser weights can be determined by
means of a rider.

Elasticity Balances.

Imagine an elastic solid body—beam, wire,
spiral, &c.—to be held fast in one or more
fixed points, and suppose some one other point
a to be used as a pivot for the suspension
of a load of P units. Point a will sink until,
at a certain depth h, the strain developed by
the déformation of the working body balances
that weight P. As long as the working body is
not stretched beyond its limit of perfect elas¬
ticity, the length h, if not proportional to, is at
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least a fixed function of P ; hence the path of
a ean be graduated, at least empirically, so that
each point of the seale corresponds to a fixsd
number of units of weight. This is the général
principle of the multitude of spring balances.
Sometimes a relatively strong spring is used to
eftect only a small displaoement of a even with
the highest charge, but this displacement is
then multiplied by a System of levers, so that
the least différence of weight wliich the balance
is meant to show becomes visible. In a very
neat kind of spring-balance, which has become
popular, the displacement of a is, by means of
levers and a toothed wheel, translated into the
circulai' motion of a needle whieh moves along a
divided circular limb like the hands of a clock
on tbeir dial.

Jolly constructed a quasi précision spring-
balance for sp.gr. déterminations thus :—A long
spiral of wire is suspended vertieally in front
of a vertical millimetre-scale, etched on a strip
of plate glass which is silvered behind, so as to
avoid the error of parallax. From the lower end
of the spiral a light pan is suspended ; the index
is close above the pan at a convenient point.
The instrument has never corne into général
use, because any second-class précision balance
beats it in every sense. A similar remark, ap-
plies to an ingenious little instrument invented
by Bitchie for the détermination of minute
weights.

liitchie's balance consists of a very light
beam whose axis of rotation passes through its
centre of gravity, and which is firmly united
with a thin horizontal wire which lies in the
axis of rotation. The hind end of thé wire is
absolutely fixed to the stand ; the front end
forms the continuation of the axis of a circular
pin revolvable within a circular bearing. A
needle fixed radially to the pin points to a
divided circular limb. The empty balance is so
arranged before use that the beam when hori¬
zontal is at rest. To détermine a small weight
(i mgr.), it is placed in, say, the right pan, and the
wire turned from the right to the left by turning
the pin until after the needle has passed through
o degrees (where a may be more than 360°) ; the
beam is again at rest when horizontal. We
then have x = const. a. The constant must be
determined by experiments with known weights.
Sartorius of Gôttingen used to apply the Bitchie
an'angement to his précision balances for the
détermination of différences of weight from 10
mgrs. downwards (Bibl. 5), but he has long since
given up the notion : at any rate it is no longer
to be seen in his price-list. A Bitchie balance
might perhaps do well for the adjusting of small
weights, but a small précision steelyard would
work infinitely better.

Sartorius' combination, if provided with a
relatively strong wire, might make a handy in¬
strument for the rapid (approximate) détermina¬
tion of weights without the use of any standard
mass less than one gram.

Tue Hïdkostatic Balance

is a hydrometer provided with a relatively large
body and a narrow neck, and so adjusted that it
weighs eonsiderably less than its own volume of
water. The top end of the neck bears a hori¬
zontal table, which serves as a pan, or, what is

better, is provided with a horizontal System of
cross-bars, from whose ends a pan is suspended
by means of wires or chains, below the shelf
supporting the vessel containing the floating
hydrometer. A certain weight P, placed in the
pan, brings down the hydrometer so far that the
surface of the water touches a certain mark on

the stem. If an unknown weight x requires to
be supplemented by standard weights equal to p
units, to produee the same effect, x + p = P, or
x = P —p. Even for P = let us say 2 kilos., the
neck need not be thiclcer than an ordinary
knitting needle, so that the milligram, as a
différence of weight, becomes perceptible. Wher-
ever a précision balance has to be extemporised
this instrument is useful; but it has no other
raison d'être. Indeed of ail the multitude
of machines which the science of mechanics
places at our disposai for the meastirement of
weights, the equal-armed lever-pendulum is the
only one which, so far, has worked satisfactorily
for précisé gravimétrie déterminations.

A balance based on dynamical principles has
been proposed. Imagine a pendulum provided
with a shiftable bob above the fulcrum, and
carrying a pan attached to the bottom end of
the rod by a hook-and-eye. In a given instru¬
ment the time of vibration is a function of the
distance of the bob from the fulcrum, and of the
weight x of the object in the pan, and conse-
quently the weight x is a function of the other
variables.
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BALANOPHONE WAX v. Wax.
BALATA. The gutta of two species or sub-

species of the bully- or bullet-tree, Mimusops
Balataa.jxA M. globosa (order Sapotaceœ), found in
Jamaica, Trinidad, Venezuela,British and French
Guiana. The sap of the bullet-tree is extracted
from the laticiferous cells of the bark by means
of incisions made in the tree, either as it stands
or after being felled. In the former case the
life of the tree may be spared by careful tapping,
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or sacrificed by ignorant or careless treatment.
As the milk drops from the wounds thns made
it is colleeted in calabashes, which are emptied
from time to time into larger vessels, in which
the produce is carried to the encampment where
the drying takes place. The product of a growing
tree of 16 to 20 inches diameter, bled upward
from its base to 8 feet bigh— i.e. as far as a man
standing on the ground canreach with his axe —
is about 3 pints of milk ; if a ladder is used the
yield may be twice as much. An active man will
thus eollect from 2 to 5 gallons of milk in a day,
going from tree to tree. The quantity extracted
from a felled tree is several times greater, an
average good size tree yielding 4 gallons of
balata milk, equal to 20 pounds of the dried
substance.

The milk is remarkably white, which appear-
ance it will retain for a long time if sealed up
after the first slight fermentation which follows
its collection has taken place. In drying by ex-
posure to the air it becomes externally a dark
brown, butwhen precipitated byspirit it remains
white. The loss by drying of an average sample
of milk is less than one half of its weight. A
sample gathered in British Guiana in the month
of April, when the rain was light and the sap
consequently in a normal condition, contained,
water 38*04 p.e., balata 60*31 p.e., and minéral
matter 0*65 p.e.

According to Hugo Muller balata combines
the characteristics of gutta-percha and india-
rubber. Its strength is very great, and it does
not streteh under tension. Its electrieal in-
sulating property is quite equal to that of gutta-
percha.

According to Bolas, balata is simply an ex¬
cellent quality of gutta-percha. Its chemical
composition is identical with that of gutta-
percha and caoutchouc.

BALDWIN'S PHOSPHORUS v. Calcium.
BALL SODA v. Soda manufacture.

BALLOON or FLEXIBLE VARNISH v.

Varnish.
BALM OF COPAIBA v. Oleo-kesins.
BALM OF GILEAD, Mecca- or Opobalsam, v.

Oleo-besins.
BALSAMS. The exudations of plants, whe-

ther spontaneous or promoted by incisions made
in their stems or roots, consist chiefly of resin,
gum, volatile oil, and certain aromatie acids, or
mixtures of these. The resins are characterised
by insolubility in water and solubility in alcohol,
the gums by solubility in water and insolubility
in alcohol, and both by not being volatile without
décomposition. Volatile oils may be distilled
unchanged, and are solvents of resins. They are
not obtained by the method of exudation except
when they hold large quantities of resin in solu¬
tion, giving rise to the important class of oleo-
resins—such, for instance, as the so-called
Canada balsam. Gum arabic is a familiar in¬
stance of a gum obtained direct from the
plant ; mastic is an instance of a resin. The
class of gum-resins may be represented by
myrrh.

Now amongst these resins and oleo-resins
there is a group the members of which are marked
by possessing a peculiar fragrant odour and
agreeable pungent taste, which is due to the
presence of free or combined cinnamic or ben-

zoic acid. These are the balsams, and it is
convenient to consider them as a class by thern-
selves. The word balsam, it is true, has some-
times been used in a wider sense, indeed it was

originally employed for an oleo-resin resem-
bling the so-called Canada balsam ; but it is
more convenient to restrict the term to resins or

oleo-resins which contain cinnamic or benzoic
acid. The balsams have long been familiar to
writers on materia medica, some of them being
known to Pliny, and even earlier to the Greek
physicians. They are favourite constituents of
the incense used in the Greek and Roman
churches, and while they cannot be said to have
an important therapeutic value, they are re-
puted mild tonics and stimulants and are a
oommon fiavouring agent in expectorant medi-
cines. The following are the more important

Benzoïn. Gum Benjamin ; Benzoïnum ;
Bcnzoin (Fr.) ; Benzoëharz (Ger.). The ben¬
zoïn of Java and Sumatra is derived from
the thick-stemmed trees of Styrax Benzoïn
(Dryander, Tr. 1787, 303 ; Bentl. a. T. 169), while
the more highly prized Siam benzoïn is probably
obtained, according to Royle, from the Styrax
Finlaysoniana (Wall). The source of Siam
benzoïn is, however, still uncertain (Holmes,
Ph. [3] 14, 354). The first European writer to
mention benzoïn is Batuta, who travelled in the
East early in the fourteenth century, and from
that time to the. présent day the drug has been
an established article of materia medica. It is
largely used for incense and in the préparation
of fumigating pastilles, and enters into the
well-kn<iwn Friar's Balsam or eompound tinc-
ture of benzoïn, a favourite dressing for
wounds.

The juice exudes from the trees as the
resuit of incisions, and it is allowed to harden
before it is removed. During the first three years
of the life of a tree the balsam dries in the form
of tears. This is called head benzoïn and is
the most highly reputed. A less esteemed
variety is obtained during the following seven or
eight years, which is browner in colour and is
called belly benzoïn. Lastly, the trees are split,
and the commoner foot benzoïn is scraped off
(cf. Fl. a. H. 405).

Benzoïn consists essentially of a mixture of
resins together with uncombined benzoic and
sometimes cinnamic acids. The resins are en-

tirely soluble in solution of potash and in alco¬
hol, but by their behaviour toward other solvents
they have been distinguished as a-resin, fl-resin,
rte. (Unverdorben, P. 8, 397 ; Kopp, C. R. 19,
1269 ; Van der Vliet, A. 34, 177). The yield of
benzoic acid varies from 12 to 20 p.e., being on
an average about 14 p.e. Two methods are
adopted for its extraction. By the first the
benzoïn is mixed with sand and heated in a

suitable vessel, over which is placed a paper or
other receiver to collect the vapours of benzoic
acid, which condense in beautiful tufts of acicu-
lar crystals. The second method consists of
boiling the benzoïn with milk of lime, filter-
ing, and after concentration of the calcium
benzoate solution thus obtained, precipitating
the benzoic acid by hydrochlorie acid. Cinna¬
mic acid was detected in Siam and Penang
benzoïn by Kolbe and Lautemann (A. 115, 113;
119, 136) ; and in Sumatra benzoïn by Ascbofi
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(J. 1S61, 400). Benzoïn contains traces of
volatile oil. Itump (B. 11, 1634) found vanillin
in Siam benzoïn. Siamese benzoïn has been
fnrtber examined by Hirschsolin (P. Z. 23, 601).
Compare also Wiesner (J. 1872, 1060), Deville
(A. Ch. (3) 3, 192), Theegarten (J. 1874, 922), and
Ciamician (B. 11, 274).

Benzoïn, with the exception of woody frag¬
ments always présent in the cake variety, should
dissolve in five times its weight of alcohol, and
this solution should give with water a milky
emulsion having an aeid reaction. When benzoïn
is boiled with milk of lime, the hot filtrate
should not give off the odour of oil of bitter
almond on the addition of a solution of perman¬
ganate of potassium. This latter test guards
against the addition of einnamic acid (cf.
D.S. and Ger. Pharm.).

Peru. Balsamum Peruvianum-, Baume de
Pérou (Fr.) ; Perubalsam (Ger.).

A dark molasses-like liquid obtained in the
State of Salvador in Central America from trees
of Myroxylon Pereira (Klotzsch). Description
ï. Bentl. a. T. 83. Balsam of Peru was pro-
bably introduced into Europe soon after the
Spanish eonquest of Guatemala in 1524 (Fl. a. H.
206). The bark is bruised and scorched late in
the autumn, and the exudation excited by this
means is collected (Fl. a. H. 207 ; Dorât, Am. J.
Pharm. [3] 8, 302 ; Hanbury.Ph. [3] 5, 241, 315).

Balsam of Peru sinks in water, in which it
is insoluble. It has a sp.gr. of 1T35 to 1T50.
It is soluble in absolute alcohol, chloroform,
acetone, and glacial acetic acid. Examined by
Kraut (A. 152, 129) and Kaehler (B. 2, 512),
the chief constituent of Peru balsam was

found to be cinnamevn or benzyl cinnamate
C6H5.CH : CH.COOC,H7. As obtained from
balsam of Peru, this ether has not yet been
crystallised, but in other respects it agréés with
that produced by the action of benzyl chloride
on an alkaline cinnamate. Kaehler's analysis of
Peru balsam is :—Cinnamic acid 46 p.c., benzyl
alcohol 20 p.c., resm 32 p.c. Cf. Attfield (J.
1863, 557) ; Delafontaine (Z. 1869,156) finds, in
addition to benzyl cinnamate, cinnamyl cinna¬
mate or styracin C6H5.CH : CH.COOC9H9. This
observation is confirmed by the recent inves¬
tigation of MacEwan (Ph. [3] 15, 236). Treat-
ing the balsam with petroleum ether (b.p. 65°).
MacEwan finds that the cinnameïn, together with
a little free cinnamic acid, dissolves. The pro¬
portion obtained in good specimens ranges from
40 to 50 p.c. The residue, treated with carbon
bisulphide, gave to that solvent on an average
about 35 p.c. of an oil with an odour of storax.
This oil, subjected to the action of alcoholic
potash, gave oily drops of what appeared to be
cinnamyl alcohol, and thus, in view of Delafon-
taine's previous observations, there cannot be
much doubt that the balsam contains about a

third of its weight of styracin. The residue left
by the bisulphide consisted of resin, which,
aceording to MacEwan and Schlickum (Ar. Ph.
[3] 20, 498), is not présent to a greater extent
than 16 p.c., though previous writers have stated
it as high as 40 p.c. Melted with potash the
resin yields protocatechuic aeid and benzoic
acid (Kaehler).

Balsam of Peru has been much adulterated.
Alcohol, fixed oils, copaiba, Canada turpentine,

colophony, &c., have been used for this purpose.
To ascertain its purity many methods have
been devised. The spécifie gravity is important ;
this at once indicates alcohol if présent. Alcohol
may also be washed out by water and the ré¬
duction in volume noted. The U. S. Pharm.
directs 10 drops of the balsam to be triturated
with 20 drops of sulphuric acid, when a tough
homogeneous cherry-red mixture should resuit.
If this be washed after a few minutes with cold
water it should be converted into a resinous
mass, which is brittle when cold. This test in¬
dicates the absence of fixed oils and oleo-resins.
For other modes of testing v. Hirschsohn (P. Z.
16, 81) ; Fliickiger (Ph. [3] 12, 45) ; Schlickum
(Ar. Ph. [3] 20, 498) ; MacEwan (Ph. [3] 15, 236) ;
Andrée (Ar. Ph. [3] 22, 561). Testing of balsams,
resins, and gum-resins (Ph. [3] 17, 547).

A Wliite Peru Balsam is sometimes pre-
pared in Salvador by expression from the fruit
of the Myroxylon Pereira. It is a golden yellow
semi-fluid granular crystalline mass containing
a crystalline resin, myroxocarpin C.,4H.|,03, to¬
gether with styrolene, styracin and cinnamic
acid (Stenhouse, A. 77, 306 ; Pereira, A. 77, 309 ;
Scharling, A. 97, 70 ; Harrison a. Malsch, J.
1875, 856). For other varieties of Peru balsam,
v. Fl. a. H., 210.

Storax. Liquid Storax ; Balsamum Sty-
racis ; Styrax Liquide (Fr.) ; Fliissiger Storax
(Ger.)

Storax balsam is derived from trees of Liquid-
ambar orientalis (Miller), which are natives of
Asia Minor (cf. Bentl. a. T. 107). This liquid
storax is nearly related to another harder resin
—the exudation of the Styrax officinalis (Linn.).
Both have been known since the later Greek
period, but the latter is now no longer an article
of commerce. To obtain the storax the outer
bark of the tree is removed and rejected, and
the inner bark is collected and boiled in water.
The balsam melts and is carried to the surface
and skimmed off.

Liquid storax is heavier than water, about
the consistence of honey, and of a greyish-brown
colour. It always contains a little water, which
imparts to it a greyish opaoity. When this is
removed, by long standing or by heat, the resin
becomes quite transparent. Dried in this way it
is soluble in alcohol, ether, carbon bisulphide, and
volatile oils ; but not in petroleum ether. The
odour of storax is agreeably balsamic and the
taste aromatic and pungent. Examined with a
microscope crystals may be detected which have
been identified, the feathery spicular crystals as
styracin, and the rectangular tables and short
prisms as cinnamic acid.

Storax contains 10 p.c. to 20 p.c. of water, 13
p.c. to 18 p.c. of woody and inorganie impurities,
leaving 56 p.c. to 72 p.c. of matter soluble in
alcohol, which consists chiefly of styrolene,
metastyrolene, cinnamic acid, styracin, and a
large proportion of resin (FI. a. H., 275).

Styrolene or phenylethylene C6H5.CH:CH, is
obtained as a colourless mobile liquid by distil-
ling storax with water (Bonastre, J. Pharm. 1G,
88 ; Simon, A. 31, 267). The solid polymer of
styrolene, metastyrolene, is also said to exist in
storax. Cinnamic acid to the extent of G p.c. to
12 p.c. is obtained by boiling the balsam with
alkaline carbonate solution, which extracts it as
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a sodium sait from which tke free aoid is
liberated by minerai acids.

Styracin or cinnamyl cinnamate
CBH5.CH : CH.COOCgH1)

was originally disoovered in storax by Bonastre.
It may be obtained, after removal of the sty¬
rolène and cinnamie acid by treatment of tire
residue with ether, alcohol, or petroleum ether,
in the form of a liquid, which with ditficulty
assumes a solid erystalline form, the crystals
melting at 44° (Simon, A. 81,273; Toel, A. 70,1;
Miller,, A. 188, 200). Styracin is readily con-
verted by alkali into styrone or cinnamyl alcohol
and cinnamate. Bmzyl alcohol has been de-
tected as a constituent of storax by Lauben-
heimer (A. 164, 289). A good bibliography will
be found in W. von Miller's memoir on the
Chemical Gompounds contained in Liquid Storax
(A. 188, 184), in which the author describes as
présent, in addition to the constituents already
mentioned, phenylpropyl cinnamate, ethyl cin¬
namate, ethyl vanillin, large quantities of two
alcoholic eompounds, a- and 0-storesin, and their
cinnamie ethers, a sodium compound of storesin,
and a resin.

Storax is sometimes adulterated with turpen-
tine. To detect this Hager dissolves the balsam
in a little warm alcohol, and shakes this solution
with petroleum ether. The petroleum ether on
evaporation leaves a residue in which the tere-
binthinous odour is concentrated, and may be
readily detected. Further, the residue so ob¬
tained, in the case of genuine storax, is colourless
with a bluish opalescence, and represents 45-55
p.c. of the original balsam ; but if turpentine be
présent the percentage is larger, and the residue
has a yellowish colour (Ph. Centh. 15, 163).

Closely allied to liquid storax are the exuda-
tions from the Styrax officinalis (Linn.) ; Liquid-
ambar styraciflua (Linn.), a native of North
America, the balsam of which has been recently
examinedbyFliickiger and v. Miller (Ar. Ph. (3) 20,
646 a. 648) ; Liquidambar formosana (Hance) ;
and Altinqiaexcelsa (Noronha) (cf. Fl.a. H., 276).

Tolu. Balsamum Tolulanum; Baume de
Tolu (Fr.); Tolubalsam (Ger.).

Monardes, in his book published in 1574
describing the products of the West Indies, is
the first to mention balsam of tolu. Soon after-
wards it was introduced into England. Tolu is
the product of the trees of Myroxylon Toluifera
(H. B. a. IL), natives of Venezuela and New
Granada, and probably also of Ecuador and
Brazil. For botanical characters, v. Bentl. a.
T. 84. V-shaped incisions are made, and the
concreted juice from time to time collected.
This draining of the trees goçs on for eiglit
months of the year (Weir, Journ. B. Hort. Soc.,
May, 1864).

Balsam of tolu is a viscid resin, which on ex-
posure hardens to a vitreous consistence. It has
an agreeable odour suggestive of vanilla, and
has a decided aromatic taste. Crystals of cin¬
namie acid may be seen in tolu when thin layers
are examined. It is soluble in alcohol, glacial
acetic acid, acetone and chloroform,also in caustic
potash. In benzene it is insoluble, and nearly so
in earbon bisulphide, volatile oils, and ether.
Balsam of tolu consists for the most part of an
amorphous resin similar to that left by carbon
bisulphide in the case of Peru balsam. This

was shown by Kopp (J. 1847-8, 736) to consist
of two resins, distinguished by their différent
solubilities in alcohol and a différence in their
melting points (cf. Scharling, A. 97, 71). Treat¬
ment with water extracts from balsam of tolu
cinnamie acid (Caries, J. Ph. 19, 112), and ae-
cording to Busse (B. 9, 830) it contains also
benzoic acid, and both benzyl benzoate and cinna¬
mate. Distilled with water, small quantities of
a peculiar hydroearbon pass over which has been
called tolene. The yield, according to Deville, is
2 p.c. (A. Ch. [3] 3,152). Tolene has the formula
C]0H)6. Its spécifie gravity at 10° is '858 (Kopp),
and it boils at 170°, according to Deville and
Scharling, or at 154°-160° (Kopp). Deville
found tolene to have a vapour density of 5T.
This hydroearbon does not appear to have been
further studied or to be known in any other
chemical relation.

Turpentine présent as an adultération in
tolu may be detected by treatment with carbon
bisulphide, which has scarcely any solvent action
on the genuine balsam; or by sulphuric acid,
which imparts to tolu a cherry-red colour,
whereas when turpentine is présent the mixture
turns black. A specimen of spurious tolu exa¬
mined by Naylor was completely soluble in
carbon bisulphide (Ph. [3] 8, 624).

Xanthorrhœa Balsams. Anumberof balsamic
resins are obtained from the xanthorrhceas or

grass trees of Australia. Seven species of these,
the arborea, australis, Hastile, média, minor,
bracleata, and Pumilio were described as early
as 1810 by Brown (Prodromus Novœ Hollandiœ).
The first two are arborescent trees, the third and
fourth have short stems, and the last three are
stemless. Hirschsohn (Ph. Z. 16, 81) distin-
guishes three xanthorrhœa balsamic exudates;
but of these only two are important, the yellow
or acaroid balsam and the red balsam (Pereira,
Mat. Med. 3rd edit. 1099).

Acaroid Balsam, Acaroid Resin, Résina
Acaroides, Resin of Botany Bay. This balsam
was first mentioned by Governor Phillips in
1789 (Voyage to Botany Bay). It exudes spon-
taneously ,from the Xanthorrhœa Hastile and,
according to some writers, from the X. ar¬
borea. It has a yellow colour resembling
gamboge, but sometimes has a deep red tint,
and when heated evolves a balsamic odour. It
is used in the préparation of sealing-wax ancl
lacquers and japanner's gold-size. Among those
who have investigated acaroid balsam are
Lichstenstein (Crells Ann. 2, 242) ; Schrader
(Trommsdorff's Ann. 5, 96) ; Laugier (A. Ch. 76,
265) ; Widmann (Buchner's Bepert. 22, 198) ;
and Stenhouse (C. S. Mem. 3, 10 ; A. 57, 84).
Its chief constituents are resin, a trace of volatile
oil, and both cinnamie and benzoic acids. These
latter are precipitated from a solution of the
balsam in caustic potash by the addition of hy-
drochloric acid. By distilling it alone Stenhouse
obtained a light neutral oil containing benzene
and cinndmene, and by treatment with nitrie
acid the same observer finds acaroid balsam to

give so large a yield of picric acid that he re-
connnends it as a convenient source of that eom-

pound. As much as 13 p.c. of parahydroxy-
benzoic acid is formed when acaroid balsam is
fused with potash. Amongst the other products
of this réaction, are resorcinol, pyrocatechol, and
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a double compotind of parahydroxybenzoic and
protocatechuic acids GhH120;2H20, which bas
been likewise obtained from benzoïn (Hlasiwetz
and Barth, J. 1866, 630).

Red Balsam of Xanthorrhcea. Black-boy
Gwn. A red balsamic resin resembling dragon's
blood. When beated it evolves a balsamic odour.
Compare Maisch on Xantborrbœa Besins (Am.
J. Pbarm. [4] 11, 217). A. S.

BAMBARA BUTTER v. Bassia oils.

BAMB00. The asbof the shoots of tbis grass
(Bambusa arundinacca, verticillata, &c.)> con-
tains of potasb (K«0) from 30 to 40 p.c. The
Forest Department of Burmah are tberefore cul-
tivating the bamboo as a source of potasb. The
fibres of the shoots supply an excellent paper-
making material (Bomanis, C. N. 45, 158 ; 46,
51; N. 18, 50).

BAMBUI BUTTER v. Bassia oels.

BARBERRY ROOT. The root of Berberis
vulgaris, a wild shrub common to Europe and
Asia. The active prineiple which it contains is
the alkaloid berberine C„0H]7NO4.5H,O, which
may be prepared by boiling the root with water
containing a slight excess of lead acetate, fil-
tering, and evaporating the filtrate to crystal-
hsation. Berberine erystallises in fine yellow
prisms, very soluble in bot water and alcohol,
but insoluble in ether. It begins to sublime at
200°C. The salts of berberine are sparingly
soluble. The hydrochlorate and phosphate are
used medicinally.

Berberine is also found in the root, wood, or
bark of the following plants : Berberis aristata,
Xantlioxylon clava-Berculis, Hydrastis cana-
densis, Coscinmm fenestratum, Jateorhiza pal-
mata, Xylopiapolycarpa, Podophyllumpeltatwn,
Xanthorissa apii folia, Coptis tecta.

The root, root-bark, and espeeially concen-
trated liquid extracts of the same, are used to
a small extent for dyeing silk and leather yellow.
It is the only natnral basic colouring matter at
présent employed. Wool and silk are dyed in
a neutral bath, or with a slight addition of alum
to the dyebath. It gives somewhat clear yellow
shades, not remarkable, however, for any spécial
quality either of fastness or purity of colour.

Literaiure.—Buchner, A. 24, 228. Fleit-
mann, idem, 59, 160. Boedeker, idem, 66, 384 ;
69, 40. Dyson Perrins, idem, Suppl. 2, 171, and
83, 276. Stenhouse, idem, 95, 108. Repert.
chim. appl. 4, 459. Repert. chim. pure, 3, 105 ;
4, 367 ; 5, 423. A. 115, 132 ; 122, 256 ; Suppl.
1863, 2, 191. Journ. chim. med. 1826, 2, 314.
C. J. 15, 339. Bl. 1863, 423 ; C. J. Abstr. 1885,
675 ; 1886, 633, 1041 ; 1887, 174, 383, 505,1057;
C. J. 1889, 63 ; Ar. Ph. [3] 26, 329 ; 25, 164 ;
Am. S. [2] 33, 43 ; A. 24, 228 ; A. Suppl. 2, 197.

J. J. H.
BARILLA, or BARILL0R (Fr. Barille).

Commercial name of an impure soda obtained
from the ashes of the Salsola Soda, which was
formerly grown specially in Spain, Sicily, Sar-
dinia, the (Janary Islands, and the Levant. The
seed was sown at the end of the year, and the
plants were ready for cutting in September of the
following year ; they were usually burnt during
October. A hole capable of holding one or two
tons of soda was dug in the ground and covered
over with an iron grating ; the dried plants,
mixed with canes, were heaped on this and set

on fire. The heat was sufficient to melt the ash,
which rail down and collected in the hole. More
material was supplied to the fire till the hole was
full of fused soda ; it was then covered with
earth and left to cool, after which the porous
mass was broken out and was ready for shipment.
Contained about 20 p.c. alkali, together with
chlorides and sulphates of Na, Ca, and Al, and
very little S. Formerly much used for niaking
soda soap ; little, if at ail, used now.

Ilelp is sometimes called British Barilla.
BARIUM. Symbol Ba. At. w. 137.
The name ' barote ' (from Papés, heavy) was

given to the earth contained in heavy spar
(terra ponderosa) by Guyton de Morveau in
1779, and was afterwards altered to ' baryta ' by
Lavoisier ; the name itself, tberefore, is indica¬
tive of the great density of its compounds.
Barium occurs principally as the sulphate,
barytes or heavy spar BaS04, and is generally
found associated with metallie ores containing
sulphur. Dieulafait (A. Ch. [5] 15, 530) has
shown that ail primary rocks contain barium in
sufficient quantity to be easily detected. Barium
also occurs in nature as witherite BaC03, baryto-
celestite (BaSrCa)S04, barytocalcite

BaC03 + CaC03,
alstonite (BaCa)C03, and in certain vàrieties of
the ores of manganèse ; also in certain silicates,
as brewsterite H4(SrBa)Al2Si,0,8 +3H„0, harmo-
tome H2(K2Ba)Al2Si50]5 + 4H20, and hyalophane
or 5aryta-/eZsy>arK2Ba.2Al2Si8021, and frequently
in minerai waters. Barium is also frequently
found in calcium and strontium minerais, re-

placing a portion of those elements with which
it is isomorphous.

It is never found native ; indeed, according
to Donath (B. 12,745),it is questionable whether
pure metallie barium has ever yet been seen ex-
cept as a metallie powder. Its oxide, baryta
BaO, was first recognised as a peculiar earth
distinct from lime by Scheele in 1774, and the
métal itself was supposed to have been isolated
by Davy in 1808 ; but Davy's ' métal ' has been
since shown to consist of an amalgam of barium
with as much as 60 p.c. of mercury.

Préparation.—1. Davy's method of preparing
barium was as follows :—Barium hydrate, chlor-
ide, nitrate or carbonate, was made into a thiek
paste with water, kneaded into the shape of
a cup, and placed upon a platinum dish con-
nected with the positive pôle of a very powerful
voltaic battery, the négative pôle of which was
connected hy means of a wire with a quantity of
mercury placed in the cup. The sait of barium
was thus electrolysed and an amalgam of barium
and mercury formed ; this amalgam was then
heated in a tube of glass free from lead and filled
with the vapour of rock-oil till the mercury
ceased to sublime. If oxide of mercury be mixed
with the barium hydrate the yield of barium,
according to Davy, is considerably increased.
Hare (J. pr. 19, 249) prepared the amalgam
from moistened barium chloride surrounded by
a freezing mixture, using 200 cells containing
over a hundred square feet of zinc, and expelled
the mercury by heating the amalgam in an iron
crucible exhausted of air.

2. Impure barium may also be obtained, ac¬
cording to Davy, by passing vapour of potassium
over red-hot baryta or barium chloride.
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3. Clarté states (Ann. Pliil. 17, 419) that on
exposing pure baryta or barium nitrate placed
in a cavity made in a piece of charcoal to a
bnrning jet of detonating gas eonsisting of three
measures of hydrogen and one of oxygen, effer¬
vescence takes place, and white, shining little
globules of metallic barium are formed.

4. Bunsen electrolysed the paste formed by
mixing barium chloride with very dilute hydro-
chloric acid at a température of 100°C. in the
presence of mercury, by which he obtained a
solid crystalline amalgam from which the mer¬
cury was expelled by heating in a charcoal boat
in a current of hydrogen. The barium tlius ob¬
tained took the form of a tumefied mass, showing
a silver-white lustre in the cavities (P. 91, 619).

5. Matthiessen (A. 93, 277) also obtained
barium as a metallic powder by the electro-
lysis of the fused chloride, the négative pôle
eonsisting of a fine harpsichord vire on which
the small globules of metallic barium collected,
but oxidised very rapidiy in air.

6. Kern (C. N. 31, 243) gives a method of
preparing barium which consists in heating
barium iodide with sodium, dissolving out the
metallic barium with mercury, and distilling
the resulting amalgam. The reaction between
barium iodide and sodium is somewhat violent,
being attended with évolution of beat and light.

But Donath (B. 12, 745) finds that the ba¬
rium prepared by amalgamation with mercury
and subséquent distillation of the mercury- is
not metallic barium, but is a solid amalgam con-
taining 62-77 p.c. of mercury, which even when
strongly heated in porcelain tubes does not
yield the pure métal.

Properties.—Barium, according to Davy, is
a silver-white métal ; according to Clarke it has
the colour and lustre of -iron ; Matthiessen de-
scribes it as a yellow powder ; while Donath
states that its true colour is that of bronze. Its
melting-point is a little higher than that of iron,
and its spécifie gravity, according to Clarke, is
4-0. It is ductile, but only slightly malléable.
It oxidises rapidiy in air, becoming heated, and,
when suiliciently heated, burns with a dark-red
light (Davy), while Clarke states that, heated in
the oxyhydrogen flame, it gives out a greenish
light. It décomposés water rapidiy at ordinary
températures, and is readily acted upon by sul-
phuric acid, with libération of hydrogen.

Oxides of barium. Two oxides of barium
are known—barium oxide or baryta BaO, and
barium peroxide BaO,.

Barium oxide, protoxide, monoxide, or
baryta BaO is the oxide formed when the métal
burns in air. It is more readily obtained by
heating (1) the nitrate or (2) the carbonate of
barium.

(1) Barium nitrate is heated in a porcelain
crucible or retort until no more nitrous fumes
or free oxygen are given off. The heat should
be carefully applied at first, otherwise, on fusing,
considérable inconvenience from frothing ensues ;
but towards the end of the opération the heat
must be raised to bright redness, and not con-
tinued too long, otherwise oxygen and carbon
dioxide are absorbed from the air. The frothing
may be prevented by mixing the nitrate with its
own weight of barium sulphate, which is not
objectionable in the product for many of the

purposes to which the oxide may be put, such as
the préparation of barium hydrate ; this mixture
with pounded heavy spar is also advisable, in-
asmuch as baryta attacks porcelain at high
températures, and is thus liable to be contami-
nated with silica, alumina, oxide of iron, and
other substances contained in the crucible ; but
as the mixture with sulphate does not fuse, this
danger is obviated.

(2) The carbonate may also be converted into
barium oxide by exposing it to the strongest heat
of a forge fire ; but the last traces of carbonic
acid are only expelled with difficulty. However,
at an ordinary white heat, this may be accom-
plished by mixing the carbonate with one-tenth
of its weight of lamp-black or charcoal and
makiug into a thick paste with oil or tar, car¬
bonic oxide being evolved, thus :

BaC03 + C = BaO + 2CO.
The mixture should be heated in an earthen

crucible lined with lamp-black aud fitted with
a tight cover ; on the large scale witherite is
thus converted into baryta for use in separating
crystallised sugar from molasses. In a second
baryta-manufacturing process a mixture of the
carbonates of barium and calcium is ignited in
a current of aqueous vapour.

(3) On the small scale, baryta may be easily
obtained by igniting barium iodate, which readily
gives up ail its iodine, together with five-sixths
of its oxygen, without fusing or frothing :

Ba(I03)2 = BaO +I,05.
Barium oxide as prepared by the above

methods is generally a greyish-white friable
mass of spécifie gravity 4-7-5-5. Briigelmann
(A. [2] 4, 277), by heating barium nitrate in
a porcelain flask, and also by using a covered
porcelain crucible, obtained minute crystals of
BaO belonging to the régulai- System, of sp.gr.
5-722. BaO is strongly alkaline, caustic, and
poisonous. It is only just melted even by the
heat of the oxyhydrogen blowpipe ; it is a non-
eonductor of electricity, but in presence of mer¬
cury may be electrolysed into barium and oxy¬
gen. It is deoxidised by potassium at a red
heat, and slakes with water, forming barium
hydrate Ba(OH)2 with such energy that the
whole mass becomes incandescent provided the
amount of water be not too large. It rapidiy
absorbs moisture from the air. It unités with
methyl and ethyl alcohols, forming the com-
pounds Ba0.2CH40 and Ba0.2C,IIs0. Heated
in the vapour of carbon disulphide, it forms
barium carbonate and barium sulphide :

3BaO + CS2 = BaC03 + 2BaS.
It dissolves readily in dilute nitric and hydro-
chloric acids, but with most other acids forms
insoluble salts. When vapour of sulphuric an¬
hydride is passed over it, heated to low redness
in a glass tube, formation of barium sulphate
BaS04 occurs with incandescence.

Barium peroxide or dioxide BaO, is formed
when anhydrous baryta is heated to a dull red
heat in a stream of oxygen or of air freed from
carbonic acid. Barium hydrate may be similarly
converted into the peroxide, but less readily, as
it fuses below the température of absorption of
oxygen ; but the absorption may be rendered
rapid by mixing the hydrate with lime or
magnesia which prevents fusion and keeps the
mass porous. Peroxide of barium may also beIRIS - LILLIAD - Université Lille 1
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obtained by sprinkling red-hot baryta with four
times its weiglit of powdered potassium chlorate
in successive small portions; the potassium
chloride simultaneously formed may be washed
out with water, leaving the peroxide in the forrn
of a hydrate.

The peroxide obtained by these means is not
pure, being contaminated with a little uneon-
verted barium oxide, iron, silica, and other sub¬
stances derived from the preparing vessels. In
order to purify it the finely-powdered crude pro-
duct is gradualiy added to an excess of dilute
hydrochloric acid, avoiding any considérable rise
of température ; the crude substance dissolves,
forming barium chloride and peroxide of hydro-
gen. The solution is filtered from insoluble
matters and treated with baryta water until the
silica and ferrie oxide, together with a little
hydrated barium peroxide, regenerated by action
of the peroxide of hydrogen upon the barium
hydrate, are preeipitated. The liquid is again
filtered and then supersaturated with baryta.
By this means the whole of the peroxide of
hydrogen regenerates barium peroxide, wliich is
preeipitated in minute prisms or laminœ of the
hydrate Ba0.,.8H,0, in which condition the per¬
oxide is best preserved, and is a suitable form for
use in the préparation of peroxide of hydrogen.
On drying at 130° or at ordinary températures m
vacuo it is converted into pure anhydrous barium
peroxide.

Barium peroxide is a grey, impalpable powder,
slightly more fusible than the monoxide, but at
a strong red heat is dissociated into oxygen
and barium monoxide, and, when steam is
passed over it at this température, forms barium
hydrate. Boussingault (A. Ch. [3] 30, 5) pro¬
poses to extract oxygen from the air on an in-
dustrial scale by heating the hydrate of barium,
mixed as above described with lime and mag-
nesia, in a porcelain tube in a current of air
pveviously freed from carbonic acid, until the
whole of the oxide is converted to peroxide, then
raising the température and passing, instead of
air, vapour of water through the tube as long as
oxygen continues to be given off. The monoxide
of barium itself may be used instead of the hy¬
drate, being alternately peroxidised and reduced
at dull and bright redness respectively witliout
the necessity of passing steam over it ; after a
fewheatings the baryta loses its power of absorb-
ing oxygen, due to a change of molecular state
(A. Ch. [5] 19, 464). In vacuo the peroxide
dissociâtes at a low red heat, and at this lower
température the power of absorption is not at
ail injured, and the peroxidation and réduction
may go on indéfinitely. In 1885 a process which
lias since been applied with considérable success
was patented by Brin (Eng. Pat. 151 and 7,867,
1885) for the manufacture of peroxide of barium
for use in the préparation of oxygen and oxy-
genated bleae.hing waters. Caustic baryta is first
formed by heating the dried nitrate in open
crueibles to 1,000 to 1,500°C. until the contents
become solid and assume a spongy appearance.
The crueibles are then closed and maintained at
a white heat for four hours ; they are next re-
moved to an air-tight cliamber and allowed to
cool in a partial vacuum so as to eliminate the
nitrous fumes. The anhydrous oxide thus ob¬
tained is then heated, preferably under pres¬

sure, in a current of air freed from moisture and
carbon dioxide, and the resulting barium per¬
oxide afterwards dissolved in acidulated water

for use as a bleaching agent, or heated at a stil!
higher température in steam in order to obtain
the oxygen in the gaseous form.

Peroxide of barium is decomposed by sul-
phuretted hydrogen at ordinary températures,
and when heated in a current of carbonic oxide
it becomes white hot. It beeomes incandes¬
cent when. heated in sulphur dioxide. When
treated with strong sulphuric acid at a tempéra¬
ture exceeding 70°C., oxygen is given off ; at
lower températures the oxygen is mixed with
ozone. When the peroxide is mixed with acidu¬
lated water in presence of oxide of silver, per¬
oxide of manganèse, or peroxide of lead, oxygen
is evolved both from the peroxide of barium and
from the other oxide. A small quantity of a
silver compound is capable of decomposing a
large quantity of barium peroxide, but iodine
décomposés an exactly équivalent quantity :

Ba02 + I2 = BaI2+ Or
To détermine the amount of active oxygen in

BaO„, Bertrand (C. N. 41, 215) proposes to add
a known quantity of the peroxide to pure hydro¬
chloric acid, add potassium iodide free from
iodate together with excess of bicarbonate of
soda, and titrate the liberated iodine with a
standard solution of sodium thiosulphate.

Barium hydrate, Hydrate of Baryta, or
Caustic Baryta Ba(OII).2 or BaO.ÉLO is formed,
with great évolution of heat, when water is added
to anhydrous baryta (barium oxide) :

Ba0 + H.,0 = Ba(0H).„
A hot concentrated solution of équivalent

quantities of barium nitrate and sodium or po¬
tassium hydrate deposits, on cooling, erystals of
barium hydrate. ISoda is usually employed, of
sp.gr. 1-10-P15, and the erystals obtained are
freed from mother liquor by draining, or better,
by means of a centrifugal machine.

Commercial caustic baryta is now prepared
on the large scale by igniting the native sulphate
or heavy spar with coal or chareoal, whereby an
impure barium sulphide is obtained, and heating
this in earthenware retorts into which a current

of moist carbonic acid is passed, thus converting
it into carbonate :

BaS + C02 + H20 = BaC02 + H2S.
Superheated steam is then passed over the
heated carbonate, when the following décom¬
position takes place :—

BaC03 + H„0 = Ba(0H)2 + C02.
Caustic baryta crystallises from water in large,

transparent, colourless, quadratic prisms capped
by pyramids. The erystals Ba(0H)2.8H20 ara
isomorphous with the corresponding strontium
compound. They dissolve in 20 parts of water
at 15°C., and in 2 parts of boiling water. The
aqueous solution known as baryta water is
highly caustic and of strong alkaline reaction,
rapidly becoming covered with a film of car¬
bonate owing to absorption of atmospheric car¬
bonic acid ; hence it is frequently used in tha
détermination of the amount of carbonic acid
eontained in the air. On exposure to air the
erystals fall to a white powder, with loss of seven
molécules of water. De Forcrand (C. R. 103,
59) isolated the hydrate Ba(OH)2.H.,0 by allowing
the compound Ba0.2CH,0 + 2H20 to evaporate
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over sulphuric acid in vacuo. H. Lescceur
(C.R. 96, 1,578) shows thatat 100°Ba(OH),.H.,O
lias a tension of dissociation of 45 mm., and
that this hydrate is completely converted to
Ba(OH)2 when heated to 100° in vacuo. The
dissociation tension of Ba(0H)2.8H20 Lescceur
also proves is 213 mm. at 75°, so that at this
température ail three hydrates of BaO may
exist simultaneously. Ba(OH)2, when heated
alone, is only reduced to baryta above a red
heat ; if not heated above redness, it re-forms,
on cooling, a crystalline mass of Ba(OH),, but
when heated in a current of air it takes up oxy-
gen and is converted into peroxide of barium
with loss of water ; when heated in a current of
carbonic acid it also loses water and is converted
into barium carbonate.

Ba(OH), + 0 = BaO„ + H.,0.
Ba(OH)2 + C02 = BaC03 + H20.

Baryta has until recently been used in the
processes of sugar-refining, inasmuch as it forms
the compound C12H220„Ba0 with cane-sugar,
which, when treated with carbonic acid gas, is
decomposed into insoluble barium carbonate and
sugar, hence affording a means of separating the
pure sugar from the molasses ; but as strontium
hydrate acts in a similar manner, and is not
poisonous, it has been substituted for baryta in
sugar-refining.

Hydrated barium peroxide. Schône has
shown (B. 13, 803) that only one hydrate of
Ba02 exists, containing 8 molécules of water,
Ba02.8H20. This hydrate is precipitated in
crystalline scales when peroxide of hydrogen is
added to concentrated solutions of barium hy¬
drate. It is slightly soluble in cold water, but
décomposés in boiling water, forming Ba(OH)2
and evolving oxygen.

Barium chloride BaCl2. Crystallised (terra
ponderosa salita) BaCl2.2H20. Barium chloride
may be prepared either from witherite, the native
carbonate, or from heavy-spar, the native sul-
phate. The witherite is dissolved in dilute
hydroehloric acid and the solution allowed to
stand some time in contact with excess of the
carbonate, which is added to preeipitate iron and
other foreign metals présent in the minerai ;
the rapidity of précipitation is rnuch increased
by the addition of a little baryta water. The
filtered liquid is then neutralised with hydro-
chloric acid, and the sait crystallised out and
purified by recrystallisation.

From the native sulphate barium chloride
may be prepared in two ways :

(1) By igniting the sulphate in a erucible with
pounded coal and decomposing a filtered solution
in water of the barium sulphide formed with
hydroehloric acid BaS + 2HC1 ^ BaCl2 + H2S.

Excess of hydroehloric acid is added, and
the liquid boiled till free from sulphuretted
hydrogen ; it is then filtered, cooled, and evapo-
rated to the crystallising point.

(2) By heating a mixture of 100 parts finely
powdered heavy-spar, 40 parts of cliarcoal, 20
parts of limestone, and 50 parts of calcium
chloride to a red heat in a reverberatory furnace,
by which barium chloride and calcium sulphide
are formed. The mass is lixiviated with water,
when the barium chloride is dissolved out, leav-
ing an insoluble calcium oxysulphide formed by

the union of the sulphide with the oxide of cal¬
cium produced by ignition of the limestone.

In this process the manganèse chloride left
as a by-product of the chlorine manufacture
may be used in place of calcium chloride, a little
sand being added aloDg with the limestone or
chalk, and the ignition being performed on a
east-iron plate. Wackenroder (D. P. J. 253,
440) has proposed to préparé barium chloride by
adding an équivalent of calcium chloride to a
solution of barium sulphide, and passing a stream
of carbonic acid gas into the mixture, whereby
calcium carbonate is precipitated.

Commercial barium chloride generally con-
tains small quantities of strontium and calcium
chlorides, together with traces of the chlorides
of iron, aluminium, copper, and lead. Washing
the crystals with alcohol removes both the stron¬
tium and calcium chlorides, while calcium
chloride may also be removed by digesting with
barium carbonate suspended in water, when the
calcium chloride becomes converted to carbonate,
or more rapidly by adding baryta water and pass¬
ing carbonic acid gas into the liquid. Digestion
with barium carbonate also précipitâtes the ses-
quioxides of iron and alumina. Lead and copper
may best be removed by the addition of a little
barium sulphide.

Barium chloride may be recovered from mix¬
tures of chlorides of the alkalis and alkaline
earths by treating the concentrated liquor with
a hot saturated solution of sait, when on cooling
a mixture of barium and sodium chlorides
crystallises out ; by treating a cold saturated
solution of this mixture with twice its volume of
hydroehloric acid, barium chloride is precipitated
(D. P. J. 250, 91).

Barium chloride crystallises from aqueous
solution with two molécules of water BaCl2.2H20
in transparent, eolourless, rhombic tables. Spé¬
cifie gravity 2-66-3'05. The crystals decrepitate
when heated. They have an unpleasant, bitter,
sharply saline taste, exciting nausea, and are
very poisonous.

One hundred parts of water at 0°C. dissolve
32-62 parts of anhydrous barium chloride, and
0-2711 parts for every degree above 0°C. ; 100
parts of water at 15-6° dissolves 43-5, and at
105-5° 78 parts of the crystallised chloride. One
part of crystallised barium chloride at 18-1° dis¬
solves in 2-257 parts of water to form a solution
of spécifie gravity 1-28251 (Karsten). A solution
saturated at 8° has a spécifie gravity of 1-270
(Anthon).

Barium chloride is almost insoluble in strong
hydroehloric acid, so that it is precipitated from
its solutions by hydroehloric acid, and a few
drops of the acid reduces the solubility consider-
ably. Hot absolute alcohol dissolves only jij
part of the crystals ; but according to Fresenius,
1 part of the sait dissolves in 8,iOS parts of
alcohol of 99-3 p.c. at 14°C., and in 4,857 parts
of the same alcohol at its boiling point.

The crystals are not efflorescent, but give up
the whole of their water at 100°C., leaving a
white mass of the anhydrous sait, which melts
at a red heat, forming a translucent mass on
cooling. Spécifie gravity of the anhydrous chloride
is given by various observers as 3-70 to 4-15.
When heated in a current of steam it evolves
hydroehloric acid below its fusing point.
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A concentrated solution of barium chloride is
decomposed by sodium or potassium nitrate
forming barium nitrate and a cbloride of the
alkali-metal. With glycoeol CH2(NH2).COOH
it forms a crystalline compound, and also aets
upon blood as a preventive of putréfaction and
coagulation.

Barium cbloride is extensively used as a re¬
agent, especially for the détection and estimation
of sulphuric acid. It is also used for the prépa¬
ration of artifieial sulphate or ' permanent wkite,'
and for preventing the incrustation of steam
boilers by decomposing the gypsum of hard
waters.

Barium oxychloride. André (C. B. 93,
58) obtained an oxychloride of barium by
adding 60 grams of Ba(OH)2 to 200 grams of
crystallised barium chloride, and boiling the
mixture with 500 grams of water, filtering, and
allowing to cool, when naereous lamellœ, to
which he (C. B. 98, 572) ascribed the formula
BaCl2.Ba0.5H20, separated out. Beckmann (J.
pr. [2] 27, 126) also obtained naereous plates
by similar means to which he gave the formula
BaCl(OH).2H,0. These plates lose fths of their
water at 120° and the remaining fifth at the
fusing point by prolonged heating in a stream
of hydrogen. This oxychloride is readily deeom¬
posed by water and alcohol.

Barium chlorate Ba(C103)2. Dry Ba(OH)2
does not absorb chlorine, but in presence of water
it rapidly takes it up, forming first hypoehlorite
aud chloride, the former of which breaks up into
chlorate and chloride

6BaO + 6C12 = 5BaCl2 + Ba(C102)2
(Konigel-Weisberg, B. 12, 346).

As it is difficultto separate from the chloride,
the chlorate is best prepared by neutralising a
solution of chloric acid with barium carbonate
and evaporating to the crystallising point. It
crystallises in colourless monoclinic prisms with
1 molecule of water, soluble in 4 parts of cold and
less than 1 part of boiling water.

Barium chlorate is also sliglitly soluble in
alcohol, and the alcoholic solution burns with a

green flame.
If strongly heated fused barium chlorate be

pluuged into a jar of coal gas, a brilliant com¬
bustion of the carbon and hydrogen contained in
the coal gas oecurs at the expense of the oxygen
of the chlorate.

Barium perchlorate Ba(C104)2.4H20 is readily
formed by neutralisingperchloric acid with barium
hydrate or carbonate. It crystallises from the
solution in long déliquescent prisms, very so¬
luble in water.

Barium bromide BaBr2. Crystallised
BaBr2.2H20.

This sait is prepared by saturating baryta water
or barium carbonate or sulpkide with hydro-
bromic acid; or by decomposing the sulpkide
with free bromine, snlphur being precipitated.

The most convenient method is to bring to-
gether under water 12-5 parts of bromine and
1 part of amorphous pkosphorus, by which a
solution of hydrobromic and phosphoric acids
is formed, which is neutralised with barium car¬
bonate rendered alkaline by baryta water. The
insoluble barium phosphate may then be filtered
off and the bromide obtained by evaporation and
crystallisation.

Barium bromide is very soluble in water, and
crystallises with difficulty ; it is isomorphous
with the chloride, but unlike the latter sait is
soluble in strong alcohol. It loses one molecule
of water at 75°, and the second at 120° (Beck-
mann, J. pr. [2] 27, 126).

Barium oxybromides. Two oxybromides
have been prepared by Beckmann (l.c.).

BaBr(0H).2H20 resembles the eorresponding
oxychloride. BaBr(0H).3H20 was obtained by
adding alcohol to mixed solutions of BaBr„ and
Ba(OH)2.

Barium iodide BaL. Crystallised BaI2.7H20.
Barium iodide is formed when hydriodic acid gas
is passed over baryta at a red heat, a violent
action occurring attended with incandescence.
It is generally prepared by mixing barium mono-
sulphide with a saturated solution of iodine in
alcohol as long as sulpkur is precipitated; the
filtrate is then boiled rapidly to near dryness,
redissolved in a little water and again evaporated,
this time to dryness, preventing the access of air
as much as possible by performing the opération
in a glass bolt-head. On redissolving the mass
in bot water and allowing to cool, slender needles
separate out of the composition BaI,.7H,0 (Croft,
G. 1856,125; Tkomsen, B. 10, 1,343).

These crystals are very déliquescent and
readily soluble in alcohol. They lose 6 molécules
of water at 125°, and the remainder at 150°
(Beckmann, J. pr. [2] 27,126). They décomposé
slowly at ordinary températures, and quickly
when warmed, giving off violet vapours of iodine.

The double iodide of barium and mercury
has a spécifie gravity of 3-588 higher than that
of Thoulet's solution, and may be of use for
petrographical purposes (Bohrbach, J. M. 1883,
2, Mem. 186).

Barium oxyiodide. Beckmann (J. pr. [2]
27, 126) also prepared an oxyiodide of barium
of the formula BaI(OH).4H„0 which crystallises
in short thick needles.

Barium iodate Ba(I03)2 is largely used for
the préparation of iodic acid, and is obtained as
a white granular precipitate by adding potassium
iodate to barium chloride.

It is soluble in 3,000 parts of cold and 600
parts of boiling water. It dissolves in hot nitric
acid, and crystallises out on cooling in bright,
glittering, monoclinic prisms isomorphous with
the chlorate. Hydrochloric acid dissolves it with
évolution of chlorine.

Barium periodate. By passing iodine vapour
in a current of dry air over heated oxide of barium
a basic periodate of the formula Ba3I2012 or
Ba(I04)z.4Ba0 is formed. The same basic per¬
iodate is formed when barium iodate is heated
to a high température :

5Ba(I03)2 = Ba5I,0]2 + 4I2 + 902
or on heating iodide of barium in a current of air
until no more iodine is given off :

5BaI2+ 602=Ba5I,012 + 4I2.
Hence Sugiura and Cross (C. J. 1879, 118)

conclude that Ba5I2012 is the most stable com-
bination of barium, iodine, and oxygen.

Barium fluoride BaF2 is obtained by neutral¬
ising hydrofluoric acid with barium hydrate or
reeently precipitated carbonate ; or by precipita-
ting a solution of barium nitrate with sodium or
potassium fluoride. It forms a white, granular,
crystalline powder, sparingly soluble in water,
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but readily soluble in nitric, hydrochloric, or
hydrofluoric acids.

It combines with fluorides o£ silieon and
boron, forming the compounds BaF2.SiF4 barium
silicofluoride and BaF2.2BF3. The former is pre-
cipitated by adding hydrofiuosilicic acid to soluble
barium salts as a crystalline precipitate totally
insoluble in alcohol, and serves as a means of
separating barium from strontium and calcium,
which are not preeipitated by hydrofiuosilicic
acid.

Barium fluoride forms a crystalline compound
with the chloride of barium BaCL.BaF, when a
solution of barium chloride is mixed with one of
sodium or potassium fluoride ; this double com¬
pound is more stable than the fluoride itself, and
remains as a granular mass on evaporation of
the solution.

Barium carbonate BaC03. The native car¬
bonate was first notieed to occur at Leadhills in
Scotland, in 1783, by Withering, and hence
received the name witherite. It is found in
many places in England, specially fine crys-
tals being met with at Fallowfield in Northum-
berland : it is also found in Silesia, Hungary,
Styria, Bussia, South America. Witherite crys¬
tallises in the rhombic System isomorphous
with aragonite, the crystals being generally pris-
matic owing to the prédominance of the faces
œP,oo Pœ and Pco . It occurs also in globular,

tuberose, and botryoïdal forms ; also amorphous.
Sp.gr. 4-29 -4-35, hardness 3 to 3*75, lustre vitre-
ous to resinous, colour white to grey, streak
white. Subtransparent to translucent ; fracture
uneven ; brittle.

Ilnop (Landw. Yersuchs-Stat. 17, 65) found
0-02 p.c. of barium carbonate in Nile mud
from Minich and Achmin; and Dworzack
(Landw. Versuchs-Stat. 17, 65) found baryta in
the ash of the wheat grown thereon. Alstonile
(BaCa)C03 contains barium and calcium in vary-
ing proportions, and is isomorphous with wither¬
ite. Baryto-calcite BaC03 + CaC03 crystallises
in the monoclinic System.

Barium carbonate is rapidly formed when
baryta, hydrated or anhydrous, is exposed to the
atmosphère. When BaO is strongly heated it
absorbs C02, becoming incandescent ; but the
carbonate is not formed at this température
(Eaoult, C. B. 92, 1,110).

It is readily prepared by precipitating aqueous
solutions of the nitrate or chloride with am¬

monium carbonate, filtering, and washing with
hotwater; or by igniting a mixture of 10 parts
powdered heavy-spar, 2 parts charcoal, and 5
parts pearl ash (potassiumcarbonate). Potassium
sulphide and barium carbonate are obtained and
may be separated by water. The impure car¬
bonate thus produced may be used to préparé
other salts of barium, but these salts will contain
iron.

Artifieial barium carbonate is a dense soft
white powder, poisonous and hence used for de-
stroying rats. It is very sparingly soluble in
water, slightly soluble in water containing car-
bonic acid, owing to the formation of an acid
carbonate which is stable only in solution. It
dissolves readily in ammonium chloride, nitrate,
and succinate, and when boiled with ammonium
chloride is totally decomposed, forming ammo¬
nium carbonate and barium chloride.

It. is not decomposed at a strong red beat,
but at the heat of a forge fire it fuses with loss
of -Carbon dioxide; the décomposition is much
more easily effected in presence of carbon.
It is decomposed by steam at a red heat, and
very easily if mixed with an ecpial weight of
chalk or slaked lime.

The artifieial carbonate is of considérable
use in chemical analysis.

Barium nitrite Ba(N02)2.H,0 is prepared by
igniting the nitrate at a moderate heat, dissolving
in water, and precipitating any baryta formed by
passing a stream of carbonie acid gas through
the solution, adding alcohol to the filtrate to
precipitate the unreducednitrate, and evaporating
to the crystallising point. Or by passing nitrous
vapours into baryta water, evaporating to dry-
ness, digesting in a small quantity of water (not
sufficientto dissolve the nitrate) and crystallising.
It is most readily prepared pure by adding
barium chloride to a boiling solution of silver
nitrite, filtering olïthe silver chloride and evapo¬
rating.

It is permanent in the air, readily soluble in
water and alcohol, and crystallises in colourless
prisms, either needle-shaped or thick short
prisms of 71J°, according to Fischer.

Barium nitrate Ba(N03)2. A native barium
nitrate has been discovered in Chili in the form
of colourless octahedra, oceasionally twinned
like spinelle (Groth. J. M. 1883, 1, Ref, 14).

Barium nitrate is prepared on the large scale
either by dissolving the native carbonate
(witherite) or the crude sulphide in dilute nitric
acid, or by mixing hot saturated solutions of
barium chloride and sodium nitrate. On cool-
ing, the larger portion of the barium nitrate
crystallises out, and the evaporation of the
mother liquors yields the remaining portion.

Barium nitrate crystallises in lustrous, colour¬
less, regular octahedra, frequently modified by
faces of the cube, of spécifie gravity 3-2. The
crystals are permanent in the air, decrepitating
when heated and melting at 5970 (Carnelley).
At a red heat the sait décomposés, evolving
oxygen, nitrogen, and nitrogen peroxide, and
leaving a residue of pure baryta. It detonates
slightly with combustible bodies, and décomposés
with a yellowish light when thrown upon the
fire. It is largely used in pyrotechny for giving
green coloured lights, espeeially for the prépara¬
tion of green fire ; and for the manufacture of
saxifragin, an explosive mixture of 76 parts of
barium nitrate, 2 parts of nitre, and 22 parts of
charcoal.

It dissolves in water, producing a slight de-
pression of température ; 100 parts of water dis¬
solve 5-2 parts of barium nitrate at 0°C., 9'2 at
20°C., 17-1 at 50°C., and 32-2 at I00°C. It is
less soluble in dilute nitric acid ; hence a second
crop of crystals may be obtained from cooled
saturated solutions on addition of a little nitric
acid. It is quite insoluble in coneentrated nitric
acid and in alcohol.

Hirzel (Zeitsehr. f. Pharm. 1854, 49) ob¬
tained a hydrate Ba(N03)2.2H20 from a solution
cooled to between 0° ancl 12°. Berry (C. N. 44,
190), by saturating the same water with barium
and strontium nitrates, introducing a crystal of
Sr(N03)2.4H,0, and evaporating over sulphuric
acid in vacuo, obtained crystals containing 17
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per cent, of a hydratée! barium nitrate isomor-
phous with the strontium compound.

Barium monosulphide BaS is obtained in'a
pure state by passing sulphuretted. hydrogen
over heated baryta as long as water is formed,
Veley (C. J. 1886, 369) prepared pure erystals
of the hydrate of barium liydroxide Ba(0H)2.8H20
and heated them at 80e in a current of hydro¬
gen until they attained the constant composition
Ba(0H),.H2O, when a stream of sulphuretted
hydrogen was passed over them, yielding pure
BaS and water.

Ba(0H)2.H,0 + H„S = BaS + 3H20.
It may also be prepared by passing carbon

bisulphide over red-hot baryta or by reducing
powdered barium sulphate in a stream of
hydrogen.

On the manufacturing scale it is prepared by
roasting 100 parts of heavy-spar with 20 parts of
coal slack or charcoal. If charcoal is used a

thorough mixture must be effected, as the re¬
action is otherwise very imperfect owing to the
non-fusibility of the mass. If the slack of bitu-
minous coal is used, the ' caking ' supplies a
carbonaeeous material which readily permeates
the mass and insures complété réduction. The
admixture of resin, oil, or sawdust is also advan-
tageous, and the asphalt of gas-works is a
capital reducing material, as the hydrogen con-
tained in it prevents the formation of poly-
sulphides of barium. The mass thus obtained
contains excess of carbon and some undecom-

posed sulphate, but the barium sulphide may be
extracted by treating with hot water.

Another method is to heat a mixture of 100
parts heavy-spar, 200 of common sait, and 15
parts charcoal powder in a reverberatory furnace,
the sait being added to assist fusion.

Barium sulphide forms awhitemass of hepatic
odour and alkaline taste, soluble in water, form-
ing a mixture of hydrate and sulphydrate

2BaS + 2H„0 = Ba(SH)„ + Ba(OH).,.
When exposed to the air it becomes converted

iuto carbonate with évolution of sulphuretted
hydrogen, owing to absorption of moisture and
carbonic acid. When heated to redness in pré¬
sence of aqueous vapour, it is converted into
barium sulphate with élimination of hydrogen.
It is decomposed by hydrochloric and nitric
acids with formation of the chloride and nitrate
and élimination of sulphuretted hydrogen.
Chlorine, bromine, and iodine décomposé it with
formation of chloride, bromide, and iodide, and
déposition of sulphur.

The phosphorescent material known as
' Bolognian phosphorus 1 is a sulphide of barium
obtained by heating 5 parts of precipitatedbarium
sulphate with 1 part of powdered charcoal over
a gas dame for half an hour, and then igniting
for ten minutes over the blowpipe ; it must be
sealed up while still hot in glass tubes. After
exposure to the sun's rays, or to any light rich
in ultra-violet rays such as that emitted by
burning magnésium wire or the electric arc, it
phosphoresces in the dark with a brilliant orange-
coloured light. Sulpliides of barium, strontium,
and calcium are now manufactured for the pré¬
paration of luminous paints which are used for
coating clock-faces, match-boxes, &c. Their
surfaces are protected from moisture by a thin
coating of varnish.

When a solution of 5 parts of barium sul¬
phide is boiled with 1 part of sulphur and the
solution evaporated over sulphuric acid in
vacuo, colourless six-sided transparent tables of
BaS + 6H,0 are deposited, which are decomposed
by a small quantity of water forming barium
hydrosulphide which dissolves and barium
hydroxide which remains behind.

Barium hydrosulphide Ba(SH)2 is formed
by saturating a warm solution of barium hydrate
or sulphide with sulphuretted hydrogen, evapo-
rating apart from the air and cooling, when
erystals of baryta and yellow prisms separate
out. The mother liquor is mixed with alcohol,
iiltered from the sulphur and barium thiosul-
phate formed, andcooled to — 10°C.,when colour¬
less transparent four-sided prisms are obtained.
The erystals contain water, which they lose on
heating, beeoming white. Exposure to air dé¬
composés the erystals, with efflorescence, into
barium thiosulphate and sulphate. Heated in
a retort they lose their water of crystallisation
without fusing, evolving sulphuretted hydrogen
as the température approaches redness and
leaving a yellow mass of barium monosulphide,
which becomes white on cooling. It is insoluble
in alcohol.

Veley (C. J. 1886, 369) finds that the com¬
position of erystals of barium sulphydrate is
Ba(SH)24H20.

Barium trisulphide BaS3 is formed when 2
parts of barium sulphide are fused with 1 part
of sulphur, the excess of sulphur being distÔled
oiï helow 360°, as a green'ish-yellow mass. It
melts at 400° with loss of sulphur and formation
of a black liquid. On boiling for some time with
water it dissolves to a red liquid which deposits
on cooling erystals of the hydrated mono- and
tetrasulphides of barium.

Barium tetrasulphideBaSj. When7paTts of
barium sulphide are boiled in water with 4 parts of
sulphur, pale red rhombic prisms are deposited,
soluble in water to a red coloured liquid from
which alcohol précipitâtes it as an orange-
coloured crystalline powder.

Veley (C. J. 1886, 369) obtains itby dissolving
sulphur in a warm saturated solution of barium
hydrosulphide ; the erystals which separate out
bave the composition BaS4.2H20.

Barium pentasulphide BaSs is obtained in
solution by boiling an aqueous solution of the
monosulphide with sulphur. On evaporation of
the caustio alkaline yellow solution, erystals of
barium tetrasulphide and sulphur are obtained :
BaS5 = BaS4 + S.

Barium sulphocarbonate BaCS3 is deposited
as a canary-yellow crystalline powder when a
solution of barium sulphide is added to carbon
bisulphide (Thenard, C. R. 79, 673). On
the large scale 90 p.c. yield may be obtained,
and Dumas has suggested its use against the
phylloxéra in wine districts. Thenard is of
opinion that this barium sait would be in-
jurious to the soil and proposes to convert it
into the potassium sait by adding potassium sul¬
phate to its solution.

Barium sulphite BaS03 is obtained as a white
crystalline precipitate by adding potassium or
sodium sulphite to a soluble barium sait. Soluble
in a warm solution of sulphurous aeid, and
crystallises out on cooling in six-sided prisms.
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When heated in closed vessels it is converted
into a mixture of sulphide and sulphate, but
heated in air the sulphate is the sole product.
Birnbaum and Wittieh (B. 13, 651) state that
BaO unités slowly with S02 at 200°, but more
rapidly at 230°, forming BaS03.

Barium sulphate BaS04 oceurs yery largely
as barytes or heavy-spar, often in distinct veins,
and frequently forming fine rhombic crystals,
generally associated with sulphides of the metals
of the antimony, mercury, and manganèse
groups; as these sulphides are mostly volatile,
Dieulafait (G. E. 97, 51) coneludes that barytes
can never have been subjected to even a mode-
rately high température. Clowes (C. N. 52,
194) states that the beds of the new red sand-
stone near Nottingbam are permeated by minute
crystals of heavy-spar whielî acts as a cementing
material.

Crystals of artificial barytes, identical in form
and properties with native heavy-spar may be
obtained by fusing certain metallic chlorides,
such as those of manganèse, sodium, potassium,
or even barium itself, gradually dissolving barium
sulphate in the fused mass, very slowly cooling,
and afterwards extracting the soluble chlorides
with water. By this means Gorgeu (C. B.
96, 1,734) prepared crystals much larger than
those obtained by the older process of fusing
potassium sulphate with barium chloride. The
spécifie gravity of the minerai and of the artifi¬
cial crystals varies from 4-3 to 4'7.

Barium sulphate has been formed by Spring
(Bl. 46, 299) by subjeeting an intimate
mixture of moleeular proportions of sodium
sulphate and barium carbonate to great pres¬
sure. It is precipitated as a heavy white
amorphous powder of spécifie gravity 4*0-4*5,
whenever sulphuric acid or a soluble sulphate is
added to the solution of a barium sait ; this pre-
cipitate is insoluble in water, very slightly
soluble in dilute acids, more so in strong acids.
Coneentrated sulphuric acid does not attaek
anhydrous baryta, but pyrosulphuric acid attacks
it so violently that the mass becomes incandes¬
cent and forms barium sulphate. When freshly
precipitated it is readily soluble in coneentrated
sulphuric acid at 100°, the solution depositing on
cooiing lustrous prisms of the acid barium sul¬
phate BaH2(S04)2. If the acid solution be exposed
to the air, moisture is taken up, and silky needles
of a sait havingthe composition BaH2(S04)2.2H20
are deposited. Both these acid salts are decom-
posed by water, yielding sulphuric acid and the
neutral sait.

Barium sulphate is also soluble to a per¬
ceptible extent in ammonium nitrate. Hydro-
bromic acid solution containing 40 p.c. HBr dis¬
solves it to the extent of 1 in 2,500 parts acid
(Haslam, C. N. 53, 87).

Barium sulphate is partially decomposed by
boiling with a coneentrated solution of a fixed
alkaline carbonate into alkaline sulphate and
barium carbonate, but the reaction is much more

complété when the sulphate and alkaline car¬
bonate are fused together. It is reduced to sul¬
phide by ignition with charcoal or orgauic matter,
also by ignition in a stream of coal gas or of
hydrogen mixed with vapour of carbon bisulphide.

Powdered heavy-spar is used to adulterate
white lead, but has not sufficient body to form a

pigment by itself ; the amorphous sulphate is
prepared on the large scale by précipitation of a
solution of barium chloride of sp.gr. 1-19 by one
of sulphuric acid of sp.gr. 1*245, and is used as a
pigment under the name of ' permanent white '
or ' blanc fixe.'

Barium sodium sulphate BaNa2(S04)2 is
formed as an opaque hard mass of pearly lustre
by fusing together équivalent quantities of the
sulphates of sodium and barium (Berthiér).

Barium disulphate BaS207. If precipitated
barium sulphate be dissolved in fuming sul¬
phuric acid, and the solution heated to 150°, on
cooling a glistening deposit of granular crystals
of the disulphate is obtained. Décomposition of
these crystals occurs at a low red heat without
previous fusion.

Barium dithionate BaS20s.2H20. Prepared
by adding barium sulphide to the manganèse
sait formed on passing sulphurous anhydride
through finely divided manganèse dioxide sus-
pended in water :

MnS208 + BaS = MnS+BaS206.
On allowing the solution to evaporate in a

warm place, glittering monoclinic crystals of the
sait are deposited of the composition BaS206.2H20.
Aecording to Sénarmont and Bammelsberg the
crystals are rhombic. Aecording to V. Lang
(Sitz. B. [2] 45, 27), they are monoclinic.

The crystals are soluble in 4 parts of water
at 18°C. and in 1-1 parts at 100°. When the
dry sait is ignited it breaks up into sulphur
dioxide and barium sulphate. The same de-
composition occurs on boiling with hydrochlorie
acid, but the solution of the dithionate itself in
water may be boiled without décomposition.

A tetrahydrate BaS20(i.4H20 may also be
obtained by spontaneous evaporation in distinct
shining monoclinic crystals, which eflloresce on
exposure to air.

Barium thiosulphate BaS„03.H,0 or
BaH2(S02)2

is obtained as a white crystalline precipitate
when the sodium sait Na2S203is added to barium
acetate ; loses its water of crystallisation at
215°. The anhydrous sait when heated to red-
ness gives off sulphur and leaves a residue of
barium sulphide, sulphite, and sulphate :

6BaS203 = BaS + 2BaS03 + 3BaS04 + 6S.
Barium selenide BaSe is formed by heat-

ing barium selenite to redness in a stream of
hydrogen. It is decomposed by water into
barium hydrate and a higher selenide, which is
decomposed by acids with évolution of H2Se and
précipitation of sélénium.

Barium selenate BaSe04 resembles the sul¬
phate in being insoluble in water, but differs
from it in being decomposed by hydrochlorie
acid into selenite, which dissolves in the hydro¬
chlorie acid.

Barium chromate BaCrO, is precipitated as
a yellow crystalline powder when potassium
chromate or bichromate is added to the solution of
a barium sait. The sait may be obtained in green
rhombic crystals isomorphous with BaS04 by
heating two équivalents of BaCl2 with one équi¬
valent of potassium chromate and one of sodium
chromate, and allowing the mixture to cool;
the chlorides, may be boiled out with water,
leaving the right rhombic prisms of BaCr04, of
sp.gr. 4-6. They are insoluble in water, but
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are easily soluble in hydrochloric and nitric acids,
and are deeomposed by sulphuric aeid intoBaS04
and Cr03 (Bourgeois, C. B. 88, 382).

The precipitated ehromate is used as a pig¬
ment under the name of • lemon yellow ' or
'yellow ultramarine.' When strong sulphuric
acid is added to the dry pigment great heat is
developcd, and it is coloured deep red from
libération of Cr03. If it be now ground in a
mortar and heated to bright redness, the
chromic acid is reduced to chromic oxide and a

fine green pigment is obtained (Douglas, C. N.
40, 59).

Barium dichromate BaCr207 is obtained by
dissolving barium ehromate in liot eoncentrated
chromic acid. On cooling, red crystals of the
composition BaCr20;.2H20 are deposited, which
lose their water at 100°, and are deeomposed by
water into the normal ehromate and chromic
anhydride (Preis and Rayman, B. 13, 340).

Barium manganate BaMn04 is formed when
manganèse dioxide is heated with barium car¬
bonate or nitrate as an emerald-green powder
consisting of microscopic four-sided prisms or
six-sided plates, insoluble in water but deeom¬
posed by acids. This sait is now used in place
of the poisonous Scheele's green.

Barium permanganate BaMn„Os is prepared
by passing carbonic acid gas through water
containing barium manganate in suspension;
after filtering off the barium carbonate the red
solution is rapidly evaporated. Or it may be
obtained by the action of barium ehloride on
silver permanganate.

Or potassium permanganate may be deeom¬
posed by slight excess of hydrofluosilicic aeid,
the mixture kept cool, and, after séparation of
the precipitated potassium silicofluoride, the
supernatant solution deeanted and saturated in
the cold with barium hydrate. After séparation
of the insoluble barium silicofluoride, the solution
is evaporated until the barium permanganate
separates out on cooling (Rousseau and Bruneau,
C.B. 98, 229).

It forms large orthorhombic octahedra, deep
red and almost black, with a violet reflection.

It is used for the préparation of permanganic
acid and of the ammonium sait.

Bousseau and Saglier (C. B. 99, 139) find
that on heating two grams of barium man¬
ganate with ten grams of barium ehloride for
four hours to 1,500°C., and extracting with
rater and dilute acid, a residue of small .opaque
bluish-black crystals of barium manganite
BaMn03 remains, sp.gr. 5'85, readily soluble in
hydrochloric acid with évolution of chlorine.
The manganite is also formed when mixtures of
manganèse ehloride and barium oxychloride are
heated to a température below 1,000°C. or above
1,100°C. Between these températures the pro-
duct is barium dimanganite Ba0.2Mn02 which
«rystallises in brilliant black lamellae. At Ï500°C.
the manganite is reconverted to manganate.

Barium phosphide. When vapour of phos-
phorus is passed over red-hot baryta a brownish-
red mixture of barium phosphide and phos¬
phate is obtained commonly known as ' phos-
phuret of baryta,' the reaction being said to be
as follows :—SBaO + 12P = 5BaP2 + Ba3(P04)2.

It is deeomposed by water, forming a solu¬
tion of hypophosphite of barium and evolving a

Vol. 1.-T

mixture of free hydrogen and spontaneously in¬
flammable phosphoretted hydrogen.

Barium mono-metaphosphate is obtained as a
white powder by evaporating a solution of
barium carbonate in excess of metaphosphoric
acid and heating the residue to 316°. Its
formula is not known with certainty.

Barium dimetaphosphate Ba(P03)2.2H„0 is
formed as a crystalline sparingly soluble precipi-
tate when barium ehloride is added to a solution
of the corresponding ammonium or sodium sait.

Barium trimetapliosphate Ba3P60]s.6H20, ap-
parently a polymeric form of the last sait, is
produeed when a solution of 1 part of the cor¬
responding sodium sait in 10 to 15 parts of
water is mixed with a nearly saturated solution
of 3 parts barium ehloride. On standing the
sait separates in monoclinic prisms, which give
off two-thirds of their water at 100°, and the
rest at a higher température.

Barium hexametaphosphate is obtained as
a gelatinous precipitate by precipitating the cor¬
responding sodium sait with barium ehloride.

Monobarium orthophosphate BaH4(PO.,)2 is
prepared by evaporating a solution of the di- or
tri-barium sait in aqueous phosphoric acid. It
forms colourless crystals—triclinic according to
Erlenmeyer, with acid reaction ; soluble without
décomposition in a small quantity of water, but
deeomposed by excess of water into free phos¬
phoric acid and the neutral sait.

Joly (C. B. 98, 1274) states that as the
total weight of sait brought in contact with
the same quantity of water increases in
arithmetical progression, the weight which is
dissolved without décomposition decreases in
geometrical progression ; but as soon as half the
original sait has been deeomposed a diacid sait
is formed Ba0.2P205 + xH20, the proportion of
which increases as the acidity of the liquid
increases, and eventually exists alone in solution.

Dibarium orthophosphate Ba2H2(P04)2 or
BaHP04 is obtained as a white, scaly, crystalline
precipitate when hydrogen disodium phosphate is
added to a neutral solution of a barium sait.
It is soluble in 20,570 parts of water at 20°,
somewhat more soluble in water containing
barium or sodium ehloride or ammoniacal salts.
From the solution in nitric or hydrochloric acid
excess of ammonia précipitâtes the tribarium sait
or a sait intermediate between the two. Thus,
according to Wackenroder, a solution of BaHP04
in nitric acid yields, on addition of ammonia, a
precipitate of barium phosphato-nitrate

4BaHP04.Ba(N03)2
which leaves, on ignition, a mixture of di- and
tribarium phosphates.

By precipitating a solution of dibarium phos¬
phate with alcohol a sait intermediate between
the mono- and di-salts is obtained

BaH4(P04)2.2BaHP04.3H20.
If a mixture of potassium silicate and baryta

water is boiled, and afterwards mixed with a
solution of potassium silicate containing a quan¬
tity of potassium phosphate, on cooling, cubical
crystals of the composition BaKPO4.10H2O se-
parate out. BaNaPO4.10H2O was similarly ob¬
tained in regular tetrahedrons (De Schulten
C. B. 96, 706).

Tribarium orthophosphate, or neutral phos¬
phate of barium, Ba3(P04).,.H20 is prepared by
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adding hydrogendisodium phosphate to a solution
of barium ohloride rendered strongly alkaline by
ammonia, and separates as a heavy granular
powder. It parts with a portion only of its
water at 200°C.

If a saturated solution of tribarium phos¬
phate in hydrochloric acid is evaporated, on
cooling, crystals of barium chloride are de-
posited, more and more monobarium phosphate
being left in solution, and if more hydrochloric
acid is added, ail the barium may be crystallised
out as barium chloride and pure phosphoric
acid remains.

If the solution of tribarium phosphate in
hydrochloric acid is boiled, shining needles form
in the liquid, and on adding sufficient water to
redissolve them, well-defined crystals of a phos-
phato-chloride 4BaH4(P04)2.BaCl2 are deposited
on standing (Erlenmeyer, J. 1857, 147).

According to Ludwig, a solution of dibarium
phosphate in hydrochloric acid also yields, on
addition of ammonia, a phosphato-chloride con-
taining 3Ba5H.,P40,B.BaCl2.3H20.

A sait intermediate between the di- and tri-
phosphates, containing Ba3(P04)2.2BaHP04 or
Ba.H2P401(j, is formed when a solution of the
dibarium phosphate in hydrochloric acid is
mixedwith a quantityof ammonia just sufficient
to precipitate it.

Barium pyrophosphate Ba2P207. Pyro-
phosphoric acid does not precipitate barium
salts, but with baryta water gives a precipi¬
tate of barium pyrophosphate. Barium salts,
hoivever, give with sodium pyrophosphate
a white amorphous precipitate of barium pyro¬
phosphate, soluble in aqueous pyrophosphoric
and sulphurous acids ; more soluble in hydro¬
chloric or nitric acid, but not perceptibly soluble
in water containing ammonium chloride or in
acetic acid.

Monobarium arsenateBaPI4(As04)2is obtained
by adding baryta water to aqueous arsenic acid
until a precipitate begins to form, or by dis-
solving the dibarium sait in aqueous arsenic
acid and leaving the solution to crystallise.

Dibarium arsenate 2BaHAs04.H20, or

BaHAs04.H20
according to Berzelius, is obtained when a solution
of the disodium sait is added to excess of barium
chloride. It gives up its water at a red heat,
and in contact with water is decomposed into
the tribarium sait, which is preeipitated, and
the monobarium sait, which dissolves.

Tribarium arsenate Ba3(As04)2 is obtained as
a white sparingly soluble powder by precipitating
aqueous arsenic acid with baryta water, or better,
by gradually dropping trisodium arsenate into
barium chloride.

Barium silicate. Solutions of baryta, when
kept in glass bottles for any length of tirne
deposit transparent rhombic crystals of the com¬
position BaSi03.7H20. Tliese crystals losetheir
water a little above 100° and become turquoise-
blue : they are decomposed by boiling water
(Le Chatelier, C. B. 92, 931) ; Cossa and Lavalle
(Z. 11, 399).

According to Le Chatelier they may be readily
obtained in a few days, by suspending calcined
Bilica in baryta water, when the sides become
covered with crystals.

Barium titanate. When équivalent quan¬
tifies of titanic anhydride and barium carbonate
are fused at a bright red heat for an hour with
excess of barium chloride, and the product ex-
tracted with very dilute hydrochloric acid, a
residue of yellow microscopic crystals resembling
cubes and octahedra of the composition

2Ba0.3Ti0..
and of spécifie gravity 5-91 remains undissolved.
These crystals are found on examination by
polarised light to consist of aggregations of
rhombic lamellœ.

Réactions ofthe compounds of barium. When
heated on a thin platinum wire in the inner
blowpipe flame, or when brought into any non-
luminous flame, barium compounds impart a
yellowish-green colour to the outer flame. When
viewed through the spectroscope two green lines
Ban and Ba/3 corne out most intensely; Ba7,
though not so marked, is also a peeuliarly dis¬
tinct line. Besides these, there are numerous
lines in the red and yellow and one broad indis¬
tinct line in the blue, close to Fraunhofer's F.
Bunsen found that of a milligram of barium
sait may be detected spectroscopically. Sili¬
cates of barium give this reaction on moisten-
ing with strong hydrochloric acid.

The hydrate, sulphide, chloride, bromide,
iodide, nitrate, andmany organic salts of barium
are soluble in water, and ail are poisonous. The
majority of the remaining salts are soluble in
hydrochloric and nitric acids, while the sulphate
and silicofluoride are insoluble in ail acids.

Alkaline carbonates precipitate white barium'
carbonate, soluble in most acids, hence ammo¬
nium carbonate is used to precipitate it (along
with the carbonates of strontium and calcium)
in qualitative analysis.

Potassium and sodium hydrates, free from
carbonates and sulphates, give a voluminous
precipitate of barium hydrate Ba(OH)., with con-
centrated solutions soluble in more water. Am¬
monia gives no precipitate.

Sulphuric acid, as well as ail soluble sul¬
phates, throws down barium sulphate from ail
solutions of barium salts. Pickering (C. N.
46, 223) states that the smallest quantity
of barium which can be detected is 1 part
in 833,000 parts of water. The presence of
an alkaline citrate greatly interfères with the
précipitation. Strontium sulphate (which is
more soluble) forms a delicate test for barium.

Phosphate, arsenate, borate, and iodate of
sodium also give précipitâtes soluble in acids.

Ammonium oxalate gives, from moderately
dilute solutions, a white pulvérulent precipitate
of barium oxalate.

Potassium chromate précipitâtes bright
lemon-yellow barium chromate, soluble in nitric,
hydrochloric, or chromic acid.

Hydrofluosilicic acid gives a colourless crys-
talline precipit ate of barium silicofluoride ; this
reaction will detect 1 part of the chloride in
3,800 parts wuter. The precipitate is nearly in¬
soluble in nitric and hydrochloric acids, more
insoluble in alcohol.

Barium is readily distinguished from lead
(which also forms a sulphate insoluble in water)
by the fact that sulphuretted hydrogen gives a.
black precipitate of lead sulphide with soluble
lead salts.
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Soluble barium salta are at once distin-
guished from those of strontium and calcium by
the fact that they are immediately precipitated
by a solution of calcium sulphate, which only
gives a precipitate with strontium salts on stand¬
ing. The hydrofluosilicic acid reaction is also of
use in separating barium from the other two
metals. Barium chloride is also insoluble in
alcohol while the chlorides of strontium and
calcium are soluble, and the nitrates of barium
and strontium are insoluble in alcohol while cal¬
cium nitrate is soluble. From these facts a scheme
of séparation is readily derived, the precipitated
carbonates of barium, strontium, and calcium
being converted into chlorides, and the chlorides
of strontium and calcium dissolved out by
alcohol, leaving a residue of chloride of barium.
The strontium and calcium may then be sepa-
rated by converting their reprecipitated carbon¬
ates to nitrates and dissolving out the calcium
nitrate (v. Analysis).

Estimation of barium. Barium is generally
estimated in the form of sulphate, which is pre¬
cipitated from the hot solution of the weighed
quantity of substance by dilute sulphurie acid,
which must be added in considérable excess to

prevent the original undecomposed sait from
being carried clown by the sulphate.

The precipitate is often discoloured by iron,
from which it may be freed by boiling the pre¬
cipitate, after settling and décantation, with 5 to
10 c.c. of hydrochloric acid, neutralising with
ammonia and re-acidifying, after which treatment
it becomes perfectly white.

In its organic salts barium may be estimated
as carbonate by ignition in a platinum crucible
and subséquent moistening of the residue with
a concentrated solution of ammonium carbonate,
evaporation, gentle ignition, and weighing.

Barium may be estimated in presence of
strontium, calcium, and magnésium by precipi-
tating it from solutions eontaining acetic acid as
cbromate by means of potassium ehromate, col-
lecting the precipitate upon a weighed filter, and
washing with dilute acetic acid eontaining
potassium ehromate, Frerichs (B. 1874, 800 and
956), Morse (A. C. J. 1880 [2] 176). A. E. T.

BARK BREAD. A kind of bread formerly
made by the peasants in various parts of Nor-
way from the inner bark of Pinus sylvestris.

BARKLYITE v. Corundum.
BARLEY v. Cereals.
BAKTJS ÇAMPHOR v. Camphors.
BARWOÔD v. Sanderswood.
BARYTA GREEN v. Bariom.
BARYTIC WHITE, or PERMANENT WHITE,

'or BLANC EIXE v. Barium ; also Pigments.
BARYT0-C1ELESTINE v. Strontium.
BASIC BESSEMER STEEL v. Iron.
BASILICON. A mixture of oil, wax, and

resin. Resin cerate.
BASLE BLTJE v. Azines.
BASSIA or MAHWA FLOWERS. The

flowers of B. latifolia or Mahwa, a tree growing
to the height of 60 ft., very abundant in Central
India, are very succulent and fall from the tree
in large quantities every night, a single tree
affording from 200 to 400 lbs. of flowers in a
season, which lasts during March and April.
Tbey are used as an article of food, both cooked
and raw. By fermentation and distillation they

yield 6'16 gallons of proof spirit per cwt. It is of
a very superior quality, and when the opérations
have been carefully performed, is very mueh like
good Irish whisky, having a strong smoky and
rather fœtid flavour, which disappears with âge.

They have also been used as a cattle food
with success. It is said that the flesh of pigs and
other animais is much improved, acquiring a
delicate flavour.

Church (Gard. Chron. 1886, 86) found 56 p.e.
sugar, 3-2 p.c. of which was sucrose, but only
2-2 p.c. of nitrogen ; hence these flowers ought
to be mixed with nitrogenous foods.

Becently the dried flowers have been recom-
mended as a source of sugar. Negri found in
tliem 57-9 p.c. of glucose yielding 26-74 p.c. of
alcohol on distillation (Rev. Chim. Med. Pharm.
2, 384).

BASSIA OILS. The best known oil is ob-
tained from Bassia (Buiyrospennum) Parkii, a
tree growing in Africa. By boiling its seeds in
water, a white bland fat of an agreeable taste
is obtained; it is known in commerce as Bam-
bara-, Bambui-, Galam-, or Shee butter. It
soon turns yellowish and rancid in hot climates.
This tree also yields a gutta-percha, of sp.gr.
0-976, which becomes electrical by friction, is
more insoluble in light petroleum oil, of turpen-
tine and hot acetic acid than ordinary gutta-
percha, softens in warm water, and can be used
for galvanoplastie and insulating purposes
(Hackel a. Schlagdenhaffen, C. R. 101, 1,069 ;
Jackson, P. J. T. [3] 8, 646).

From Bassia butyraceœ, known as Phulwa,
or Indian butter tree, a soft white fat can
be extracted by bruising and pressing the seeds.
This keeps well, makes a good soap, and burns
with a bright light, without smoke or smell.
The residual cake is used as a food material.
The ' Butter of Allipa,' described by Riche a.
Remont (J. Ph. [5] 1, 215) which melts at a
higher température than other similar bodies,
and the use of which is recommended for
the manufacture of tapers, is probably this fat
and not that derived from B. longifolia.

Bassia longifolia, Illupe or Illipe, is a tree
growing to a height of 40 ft., found intheforestsof
Western Mysore ; the oil derived from the seeds
retains its solidity at a moderate température,
but turns rancid quickly if theweather be warm.

From the seeds of Bassia latifolia a fluid
greenish oil is expressed, which keeps well in
cool climates, and is used in the manufacture of
soap. Valenta (D. P. J. 251, 461) describes the
seeds as 1 to 2 cm. long, inclosed in a brown
skin, and as possessing a bitter aromatic taste
and peculiar odour. The seeds dried at 100°C.
contained
Fat (extraeted by light petroleum) . 51-14

„ soluble in absolute alcohol . . 7-83
Tannin 2-12
Bitter principle, soluble in water . . 0-60
Starch 0-07
Yegetable mucilage .... 1-65
Albuminous substances soluble in water 3-60
Extractive substances soluble in water . 15-69
Insoluble proteids 4-40
Total ash 2-71
Fibre and loss 10-29

The fat had a sp.gr. of 0-9175 at 15°, melted at
250,3, and solidified, at 170-5 to 18°-5.
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The composition of tlie commercial fats is
very variable ; they are probably mixtures of oils
from différent species. Hardwick found in a
sample melting between 27° and 30°C. and
liaving a sp.gr. of 0-958, oleic and bassic acids,
and glycerol. The sample was sparingly soluble
in anhydrous alcohol and ether (C. T. J. 2, 231).
O. Henry found stearine to predominate ;
Pelouze a. Bourdet olein ; Buff could not detect
palmitic acid. Thomsen a. Wood discovered an
acid melting at 70° identical with stearic acid.

According to Sehiidler the Bassia longifolia
fat consists of 80 p.c. stearin and 20 p.c. olein,
whilst Valenta finds G3'49 p.c. oleic acid and
30'51 p.c. of a fatty acid melting at 62°, essen-
tially the same as palmitic acid, and Max
Buchner (C. C. 15, 257) found 80 p.c. of palmitic
acid melting at 00°.

For a further account v. Jackson (P. J. T. [3]
8, 046).

BASSORA GUM v. Gums.
BATATA, or SWEET POTATO, the tuber of

Batala edulis, a plant belonging to the con-
volvulus family, cultivated in warm climates.

According to Savallé it is an excellent source
of alcohol, 100 kilos, of tubers yielding from 12
to 13 litres of 100 p.c. alcohol. The tubers eon-
tain 10-20 p.c. of sugar and 16-05 p.c. of starch
(Ralu, Reinke),-u. Am. S. [3] 13,197,202 ;■ C. N. 40,
195 ; Savallé, W. J. 32, 120 ; Ralu, Rev. Univers.
Distillerie, 1885,593 ; Reinke, Zeitschr. f. Spiritus
Industrie, 1885, 375.

BATH BRICK. A brick made from deposits
of siliceous and calcareous earth at Bridgewater,
Highbridge, and elsewhere, and used for polish-
ing metals.

BATH-METAL. An alloy of copper and
zinc containing a larger proportion of copper
than ordinary brass,viz. 83 p.c. copper to 17 p.c.
zinc, sp.gr. 8-451 ; fracture crystalline, and
colour yellowish-red.

BAUXITE v. Aluminium.
BAY-SALT v. Sodium chlobide.
BDELLIUM v. Gum eesins.

BEBEERU BARK. The dried bark of Nec-
tandra Rodiœi, the greenheart tree, obtained
from British Guiana, contains beberine, to
which its strong persistent bitter taste is due.
Occasionally used as a tonic and antiperiodic.

BEECH NUT OIL. A clear light yellow,
viscid, inodorous oil, of sp.gr. 0-9225 at 15°, ob¬
tained by subjecting beech nuts to pressure.
Coloured rose-red by nitric acid. It is non-
drying, makes a good white soap, and is used in
cooking and as a lamp oil (Lefort, C. R. 35,
734).

According to Boehm (Ar. Ph. [3] 22, 159) the
cake contains an organic base termed lurido-
cholin.

BEECH TAR. According to Fisher, 100
parts of beech wood yield on dry distillation 45
parts of acetic acid, 23 parts of charcoal, 4 of
oil, and 28 of gas, consisting of 20 parts ear-
bonic dioxide, 7 of carbon monoxide, 0-5 of
marsh gas, 0-05 of hydrogen, and 0-45 of water
(D. P. J. 238, 55).

The tar contains phénol, cresol, phlorol,
guaiacol, and creosol, the dimethyl ether of
propyl pyrogallol, the dimethyl ether of pyro-
gallol, which on oxidation yield coerulignone or
cediret, pittacal, and picamar.

According to Gratzel (J. Ph. [5] 6, 520)
ferrie chloride colours beech tar ereosote a blue
passing to brown.

For a history of the investigations made upon
wood tars v. Schorlemmer (S. C. I. 4,152), where
also will be found a bibliography of the subject
(v. also Ckeosote, and Wood, destbuctive dis¬
tillation ox).

BEEGERITE. A sulphide of bismuth and
antimony found in Park Co., Colorado.

a b
S 14-97 16-39
Bi 20-59 19-35
Pb 64-23 45-37
Cu . 1-70 1*12

Ag .
— 9-98

Fe — 2-89
Insol. .

— 0-12

Total . . 101-49 95-72
Sp.gr.. 7-273 6-565

(a) Kônig, A. C. J. 2, 379.
(b) Kônig, Z. II. 11, 290.
BEER v. Biîewing.
BEESWAX. Wax is really secreted by bees,

and not collected from plants. If bees are fetl
with pure sugar or honey they will continue to
produce wax (A. 162, 235 ; C. J. 25, 639). Bees-
wax melts at 640-65°, sp.gr. 0-96931 ; sometimes
found adulterated with Japanese wax, which is
cheaper, but is heavier and of lower melting-point.
A table of sp.gr., melting and solidifying points
of mixture of pure beeswax and Japan wax,
is given C. R. 78, 1,544, abs. C. S. J. 27, 1,026.
Wax is often adulterated with tallow. Pure wax

floats on alcohol of 29°. By observing the
strength of alcohol on which a sample floats, the
percentage of pure wax may be deduced.
Ifalcoholometershows29-0 = 100 p.c. pure wax

„ 39-63= 75 „

„ 50-25= 50 „

„ 60-87= 25 „

,, ,, 71*50= 0 „ „

(Hardy, C. C. 1872, 538; C. J.26, 655.)
Adultération with cerosin is deteeted by boil-

ing with strong alcoholic potash and keeping the
mixture warm and at rest for some time ; if the
wax is pure the solution remains clear ; if cerosin
be présent paraffin will float to the top (D. P. J.
231, 272 ; C. J. 1879 [2] 675).

Adultération with resin may be deteeted in the
following way : 5 grams of the wax are boiled for
one minute with 25 grams nitric acid (1*33 sp.gr.),
the liquid somewhat diluted and saturated with
ammonia ; if the wax is pure the alkaline liquid
is yellow, if resin was présent the liquid lias a
dark-brown colour. 1 p.c. of resin can be de¬
teeted in this way (A. Ph. [3] 13, 212 ; abs. C. J.
1879 [2] 283).

If the sp.gr. of wax is liigher than 0-964,
adultération with stearin, resin, or Japan wax
may be suspeeted ; if lower than 0-956, paraffin,
ozokerit, or tallow is probably présent (D. P. J.
238, 356 ; abs. C. J. 1881 [2] 316).

For tables of sp.gr. of wax and of substances
used in adulterating it, see Arch. Pharm. [3] 20,
454; abs. C. J. 1882 [2] 1,139).

Method of testing beeswax for adultérations
with other waxes by estimating the ratio of the
total alkali (KOH) required for complété saponi¬
fication to that required to neutralise the free
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aeid is given in D. P. J. 249, 338 ; abs. C. J. 1884
[2] 506.

Tables of analyses of waxes from many dif¬
férent places average 14-4 p.c. eerotio acid and
88-09 myriein (D. P. J. 251, 168 ; abs. C. J. 1884
[2] 779).

If yellow wax is exposed in thin slireds to air
and sunlight it is slowly bleached and becomes
somewhat less fusible. It can also be bleached
by nitric acid. Chlorine bleaehes, but also com¬
bines with it. If boiled witll nitric acid it is
readily oxidised, being converted into an oil con-
taining pimelic, adipic, and lipic acids. By long
heating succinic acid isproduced. Wax is soluble
in sulphuric acid at 60°C. ; at a higher tempéra¬
ture it is carbonised.

By boiling with alcohol it may be separated
into three substances: (1) myricine or myricic
palmitate C16H3,(C30H0i)O2, insoluble in boiling
alcohol ; (2) cerotic acid C2IH5102 crystallising
from boiling alcohol ; (3) cerolein, which remains
dissolved in cold alcohol. Beeswax is decom-
posed on distillation, giving off C02 and G2H3, ace-
tic and propionic acids, a wliite thick oil or ' wax
butter,' and a carbonaceous residue. On distilling
with lime nearly the same products are obtained.

Wax is very slowly saponified by boiling with
potash solution, but if the wax is melted and
mixed with fused potash, alittlegas is given off,
aud the whole is very readily converted into a
thick amber-coloured soapy mass, soluble in
a large quantity of boiling water, and precipitated
from solution by addition of sait. On addition
of hydroehlorie acid to the solution a white waxy
neutral substance separates (G. J. 1,248).

Beeswax is partially soluble in alcohol, and
ether, and completely soluble in chloroform.
The soap formed by boiling with aleoholic
potash is difficultly soluble in hot water. By
these characteristics it may be distinguished
from other waxes (Ph. [3] 10, 749 ; abs. C. J.
1880 [2] 763).

The non-acid part of beeswax contains a mix¬
ture of hydrocarbons and alcohols. Among the
kydrocarbons are C.,,H5B and C31H61 ; among the
alcohols are myricyl C31HslO and ceryl C.JÊL.O,
also C„.HmO and C.,,11.,,,0 (?) (A. 235, 10br ; abs.
C. 1.1887 [2] 124) (v. Wax).

BEET-ROO T. (Fr. Betterave ; Ger. rothe
Riibe.) The root of the beet. Two distinct
species of the genus Beta are cultivated. B.
lwrtensis is grown for its succulent leaves ; B.
vulgaris for its long fleshy root. The red
variety of B. vulgaris is used as a vegetable,
whilst the white variety is extensively cultivated
as a source of sugar (v. Suuar).

BEET-ROOT GUM v. G eus.
BEHENIC ACID v. Fatty acids.

BtLLADONNA. (Fr.Belledame.) The Atrojoa
Belladonna, or deadly nightshade. A poisonous
plant of the Solanacées order. Employed in
medicine as an anodyne &c., and for dilating
the pupil. The name appears to have been de-
rived from the eireumstance of its employaient
in an Italian cosmetic. Its physiological action
is due to atropine (v. Veoeto-alkaloids).

BELL-METAL. An alloy of copper and tin
used in the manufacture of bells. Contains from
3 to 4 parts of copper to 1 part of tin.

BELLITE. An explosive prepared by mixing
a nitrate with a nitro- compound such as dmitro-

benzene, trinitronaphthalene, or nitrotoluene,
and then subjeeting the mixture to a température
of from 50° to 100°C. (Eng. Pat. 13,690, Nov.
10, 1885 ; v. Explosives).

BELL-METAL ORE. A sulphide of copper,
tin, and iron, with more or less zinc, occasionally
met with in the Cornish mines. Known also as

stannine. Composition : (a) From Huel Bock,
by Kudsnatch, (b) from Zinnwald, by Bammels-
berg, (c) from St.Michael's Mount, by Johnston :

On Pe Zn Pb Sr S

(a) 29-69 12-57 1-79 — 25-81 29*95= 99-81
(b) 26-31 6-80 6-93 0-41 28-94 29-89= 99-28
(c) 23-55 4-79 10-11 — 31-62 29-93 = 100-00

BEN, OIL OF. A fatty oil expresse! from
the decorticated nuts of Moringa Nux. Behen.
It is nearly colourless and odourless, and does
not readily oxidise or become rancid. Formerly
used in perfumery to abstract the odorous prin-
ciples of plants and as an embroeation for
rheumatism. Contains in addition to oleic and
margaric acids two fatty acids—benomargaric
acid C,5H30O2 (Walter, C. B. 22, 1,143) m.p. 52°,
and benostearic acid or belienic acid C22H,,02
(Strieke, A. 64, 346), m.p. 76°. Behenic acid is
found also in the oil from black mustard secd
(Goldschmidt).

BENGAL LIGHTS. These lires may be made
by mixing potassium chlorate, carbon, antimony
sulphide, strontium nitrate, &c., together in suit-
able proportions, but ail such mixtures of potas¬
sium chlorate and sulphur are dangerous from
their tendency to inflame spontaneously owing
to sulphur frequently containing sulphuric acid.
Clouet (J. Ph. [5] 4, 458) has found from 0-30 to
2-187 grams of sulphuric acid in the kilogram of
sulphur; he recommends that it should be
washed. Saunders suggests that 120 grains of
potassium bicarbonate should be added to each
pound of sulphur to neutralise the free acid.

A list of coloured fires of various speeds in
burning will be found in Cooley's Encyclopœdia,
1, 738.

An improvement in the manufacture of
Bengal lights has been suggested by Chertier
(W. J. 24, 464), who obtains a smokeless and
odourless fire by melting shellac and adding with
continuous stirring the nitrate. The proportions
given are, for red fires, one part of shellac to five
of strontium nitrate ; for green, one of shellac to
five of barium nitrate ; and for yellow, one
shellac to three sodium nitrate. They burn
slowly and are well adapted for théâtres &a.

C. Schmidt has patente! (Ger. Pat. 34,020,
1885) the following process. From one to ten
grams of magnésium dust are added to 100 grams
of collodion, and three grams of barium or
strontium chloride are added. On evaporation of
the ether, thin plates are obtained which burn
with great brilliancy.

Another formula recommended by a German
firm is, for white fires, to fuse one part shellac
with six barium nitrate, grind and mix with 2-5
parts magnésium powder. For red fires five
parts strontium nitrate is used instead of the
barium nitrate. These mixtures can be made
into ribbons or charge! into thin zinc tubes so as
to make torches (D. P. J. 256, 518).

BENGALIN v. Indulin.
BENJAMIN, GUM, v. Balsaus.
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BENZAL CHLOKIDE. Benzylidene chloride,
Benzidene chloride, v. Toluene, chloeine ee-
iilvatives of.

BENZALDEHYDE C7H60 = C6Hs.CHO. Ben-
soie aldehyde, Benzoyl hydride. Ethereal,
or volatile, or essential oil of bitter almonds.
Essence of bitter almonds. (Aldehyde benzoïgue,
Fr. ; Benzaldehyd, Ger.) Mortrès showed, in
1803, that, in addition to tlie fatty oil, a volatile
oil could be obtained from bitter almonds ; but
pure benzaldehyde was first isolated, its compo¬
sition determined, and its reactions studied, by
Liebig and Wôhler in 1837 (A. 22, 1). Benzalde¬
hyde is not contained, as such, in bitter almonds :
itis produced by the action of a soluble ferment,
emulsin (also termed synaptase), présent in the
almond, on amygdalin C20H»,;NOM. In this
fermentation, which occurs when the bruised
almonds are mixed with cold water, the amyg¬
dalin is hydrolysed, yielding benzaldehyde, to-
gether with hydrocyanic acid and glucose :

C2„H27NO„ + 2H20 = C7HbO + HCN + 2C6H,206.
If boiling water is used, the ferment is de-
stroyed and the reaction does not take place.
Peach kernels and other kernels of stone fruits

containing amygdalin also yield benzaldehyde.
It occurs, ready formed, in the leaves of the
cherry laurel (Prunus laurocerasus), of the bird
cherry (Prunus Padus), and of the peach
(Amygdalus persica).

Préparation.—1. From bitter almonds. The
bitter almonds (or more rarely, peach kernels)
are ground and then cold-pressed, to extract the
fatty oil. The press-cake is made into a thin
cream with cold water, introduced into a still,
allowed to stand for 24 hours, and then distilled
either by blowing in superheated steam, or,
less advantageously, over a fire, in which case
mechanical stirringmust be employedto prevent
the charring of the vegetable matter. The
distillation is continued as long as the distillate
appears milky. Most of the crude benzaldehyde
separates as an oily layer under the aqueous
distillate ; some, however, remains in solution
and may be recovered by distilling the aqueous
liquid, when the benzaldehyde passes over with
the earlier portions.

Michael Pettenkofer (A. 122, 77) modifies
the foregoing process as follows :—12 parts of
the coarsely powdered press-cake are added to
100-120 parts of boiling water, stirring during
the process, and the mixture is kept boiling for
about half an hour. In this way ail the amyg¬
dalin is obtained in solution. The liquid is
then allowed to cool; 1 part of ground bitter
almonds, suspended in 6-7 parts of cold water,
is added, and after standing for 12 hours the
whole is slowly distilled. According to Petten¬
kofer, the maximum yield of benzaldehyde is
thus obtained, no amygdalin remaining unde-
composed. Pelz, however, states (J. 1864, 654)
that the yield of benzaldehyde in this process
is no greater than is obtained by macerating
merely the above-mentioned 1 part of ground
bitter almonds with cold water and then distilling.

The oil prepared by either of these methods
contains hydrocyanic acid, from which it may
be freed by fraetio.nal distillation, the hydro¬
cyanic acid coming over with the first part of
the distillate. The hydrocyanic acid may also
be removed without distillation by shaking the

oil with a mixture of milk of lime and ferrous
sulphate (Liebig and Wôhler). The purest
benzaldehyde is obtained by shaking the crude
product with 3-4 times its volume of a concen-
trated solution of sodium bisulphite, washing
the crystals of the double compound

(C7H„0,NaHS04)2H20 |
with alcohol, recrystallising them from water j
and distilling them with a solution of sodium
carbonate (Bertagnini, A. 85, 183; Millier and,
Limprieht, A. 111, 136).

2. From toluene. At the présent day benz¬
aldehyde is generally prepared artificially from
chlorinated derivatives of toluene. The follow-
ing are the chief processes that have been pro-
posed:

Lauth and Grimaux (Bl. [2] 7, 105) boil
1 part of benzyl chloride C6H5.CH2C1,1^ parts of
lead nitrate (or copper nitrate), and 10 parts of
water with a reflux condenser for several hours,
passing a current of carbon dioxide through the
apparatus to prevent oxidation. Half the liquid
is then distilled off, and the oil, which separates
in the distillate, is rectified. The product,
which consists mainly of benzaldehyde, may be
further purified by converting it into the bisul¬
phite compound.

H. Schmidt (G. P. 20,909; S. C. I. 1883,
274) chlorinates boiling toluene until it attains
a sp.gr. of 1-175, when it consists essentially of
a mixture of 2 mois, of benzyl chloride with
1 mol. of benzal chloride. This product is
boiled with six times its volume of water and a

quantity of powdered black oxide of manganèse
containing two atoms of available oxygen to the
above molecular proportion. The réaction is
supposed to take place according to the équation

2C6H5.CH,C1 + CSH5.CHC12 + 2Mn02
= 3C„H5.CHO + 2MnCl2 + H20.

The product is steam-distilled, and the aldehyde
purified in the usual way. A mixture of benzyl
bromide and benzal bromide may be substituted
for the chlorine compounds.

Another method now generally employed
consists in heating benzal chloride with milk of
lime under pressure.

C,Hs.CHCla+Ca(OH)2=C.H..CHO+ CaCl„+H,0.
According to Espenschied (G. P. 47,187) the
reaction takes place under ordinary pressures if
insoluble substances such as ehalk or barium
sulphate are added along with the milk of lime,
so as to produce an emulsion of the benzal
chloride.

E. Jacobsen (G. P. 11,494 and 13,127; B.
13, 2,013, and 14, 1,425) heats benzal chloride
with an organic acid (or an ethereal sait of an
organic acid) and a metallic chloride, oxide, or
sulphide. Thus benzal chloride, when heated
on the water-bath with acetic acid and a little
zinc chloride, yields benzaldehyde, acetyl chlor¬
ide, and hydrochloric acid

CaH,.CHCla+C H,.C07H = C8Hs.CH0 HCH,.OOCl + HC1.
The acetyl chloride, owing to its much lower
boiling-point, may be readily removed from the
benzaldehyde by distillation.

Other modes of formation.—Benzaldehyde is
also formed in the following reactions, which,
however, are not of practical importance. By
distilling a mixture of calcium benzoate and cal¬
cium formate (Piria, A. 100, 105) ; by the oxida¬
tion of benzyl alcohol (Cannizzaro, A. Ch. (3)
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40, 234), or of oinnamic acid (Dumas and Peligot,
A. 14,50) ; by the réduction of benzoio acid, either
with sodium amalgam in acid solution (Kolbe,
A. 118, 122), or by passing its vapour over
lieated zine-dust (Baeyer, A. 140, 296) ; by
treating toluene with chromyl chloride and then
with water (Étard, A. Ch. [5] 22, 225).

Properties.—Benzaldehyde is a colourless,
strongly refractive liquid with a pleasant aro-
matic odour, boiling at 179-1801*. Sp.gr.
l'0504j5 (Mendeléeff, J. 1860, 7). Itis solublein
300 parts of water, and miscible in ail propor¬
tions with alcohol and ether. It is non-poisonous,
the poisonous properties of ordinary oil of bitter
almonds being due to thepresence of hydrocyanic
acid.

Réactions.—Benzaldehyde readily undergoes
oxidation : thus it absorbs oxygen from the air,
forming benzoic acid. The presence of hydro¬
cyanic acid protects it from oxidation ; according
to Dusart (Bl. 8, 459), it is therefore usual toadd
hydrocyanic acid to artifieial benzaldehyde.
Taken internally, benzaldehyde is oxidised in
the organism, reappearing in the urine as hip-
puric acid. Aqueous caustic potash converts it
into benzoic acid and benzyl alcohol
2CsH5.CHO + KOH = CsH-.CO,K + C6H5.CH,OH.

It forms crystalline compounds with the bisul-
pldtes of the alkali metals : thus

(C,H|i0,NaHS03)2H.20.
Cnder the influence of dehydrating agents it
readily undergoes condensation with various
other substances : thus when heated with acetic
anhydride and dry sodium acetate it yields cin-
namie acid

C,Hs.OHO+CHI.COaH=C,H,.CH : CH.COaH+HaO
(Perkin, C. J. 31, 389), and with dimethylaniline
in presence of zinc chloride it forms the com-
pound CjHj.CHfCJKi.NMeJj, the leuco-base of
benzaldehyde green, which by oxidation is con-
verted into that colouring matter (O. Fischer,
B. 11, 950).

Uses.—Benzaldehyde is employed in the
manufacture of benzaldehyde green and similar
colouring matters. Formerly artifieial cinnamic
acid was prepared from it, but is now obtained
direct from benzal chloride. Essence of bitter
almonds is used as a flavouring ingrédient by
cooks and confectioners, and also in perfumery.

Impurities and adultérations.—Benzaldehyde
very frequently contains hydrocyanic acid,
either originally présent or subsequently added
(v. supra), and benzoic acid, formed by spon-
taneous oxidation. The artifieial product gene-
rally contains ehlorinated benzaldehydes. Alco¬
hol, ethereal oils, and nitrobenzene are some-
times fraudulently added; the latter substance
resembles benzaldehyde in smell.

In order to test the purity of a sample of
benzaldehyde the sp.gr. and boiiing-point should
first be determined, as both of these are altered
by the presence of impurities. The substance
should also dissolve without residue in a solution
of sodium bisulphite.

Of the impurities above mentioned, hydro¬
cyanic acid may be detected by distilling the
oil and then testing the first portions of the
distillate by the Prussian-blue test; chlorine
compounds, by heating the oil with metallic
sodium, when sodium chloride will be formed,
iu which the chlorine can be detected by silver

nitrate, taking care, however, to distinguish
between silver chloride and silver cyanide, as
this latter will be formed if hydrocyanic acid or
nitrobenzene is présent; alcohol, by the iodo-
form test; and ethereal oils or nitrobenzene, by
dissolving the sample in sodium bisulphite,
when these admixtures remain behind. Bourgoin
(B. 5, 293) tests for nitrobenzene in benzalde¬
hyde by mixing the sample with twice its volume
of caustic potash : if nitrobenzene is présent
the mixture turns green, and on adding water
the liquid forms two layers, of which the under
layer is yellow and the upper green, this latter
turning red on standing for some hours.

Substitution derivatives of benzaldehyde.
None of the substitution derivatives of benzal¬
dehyde are of technical importance. Orthonitro-
benzaldehyde CljHj(NO.,)CHO (1, 2) is of interest,
since it yields indigotin when treated with
acetone and caustic soda (Baeyer, B. 15, 2,856).
The discovery of a process by which orthonitro-
benzaldehyde could be readily obtained from or-
thonitrotoluene would bring the problem of the
economical production of artifieial indigo con-
siderably nearer to solution. Unfortunately,the
reactions by which toluene is converted into
benzaldehyde fail when applied to orthonitro-
toluene, and at présent orthonitrobenzaldehyde
is prepared by the costly process of oxidising
orthonitrocinnamic acid.

Processes for preparing chlor- and brombenz-
aldehydes bave been patented. These com¬
pounds may be used in the préparation of ehlor¬
inated or brominated benzaldehyde greens ; or
the nitro-group may be readily introduced in the
ortho- position to the aldehyde group, and the
resulting halogennitrobenzaldehydes converted
by treatment with acetone and caustic soda into
ehlorinated or brominated indigotins. None of
these colouring matters are manufactured.

F R J
BENZALDEHYDE GREEN v. Triphenvl-

methane colouking matters.

BENZAURINE v. Aurtne.
BENZENE AND ITS HOMOLOGUES.
Benzene. [Benzol, Benzole, Fr. ; Benzol, Ger.)

The name of this substance was derived in its
original form from that of gum benzoïn, pro-
bably as benzoïn oleum, hence benzole, which
latter form is still in use amongst nearly ail
distillers and users of it both in this country and
on the Continent. In more strictly scientific
literature, however, the name benzene has now
become generally accepted, and the systematie
termination ene is employed in the names of its
various homologues, as toluene, xylene, cymene,
<fcc.

Pure benzene is a limpid, colourless, highly
refracting liquid at ordinary températures. Its
sp.gr. at 0° is 0-8991 (Kopp), 0-90023 (Adrieenz),
and at 15° 0-8841 (Mendeléeff).

Its refraction index for the D line at 15°-2 is
1-4957 (Adrieenz), at 9° 1-4593 for A, 1-5050 for
D, 1-5037 for H (Gladstone).

When surrounded by ice it becomos solid,
and if crystallisation is allowed to take place
slowly, rhombic erystals are produced, whose
axes a, b, c, are 0-891, 1, 0-799 (Groth). The
solid melts at 4-45 (Regnault), at 5-5 accord¬
ing to Mansfield, at 7° according to Mitscher-
lich, who used that from natural benzoic acid.
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Faraday found that it expands i of its bulk
on solidification, which, though the melting-
point is so high, never seems to occur above 0°.

It exhibits no absorption lines or bands in
the visible portion of the spectrum. Beyond
H, however, photographs show a sériés of
four bands covering the région lying between
W. L. 3,171 and 2,190 tenth-metres. The methyl-
ated benzenes, toluene, and the three xylenes
exhibit a very similar absorption, requiring in-
deed very careful measurement to distinguish
one from the other (Hartley, C. S. J. 47, 685).

Benzene is an excellent solvent, easily dis-
solving caoutchouc and asphaltum, if they have
not been exposed to light, though the protective
effect of the light on the asphaltum is but slight,
and prolonged treatment with benzene causes
it to dissolve. Nearly ail the gum resins, sul-
phur, phosphorus, fats, oils, most of the natural
alkaloids, and many other organic compounds
are soluble in it. It has also, in common with
carbon disulphide, the property of dissolving
iodine with production of a violet solution.

Benzene is itself soluble to a very slight extent
in water, considerably more so in alcohol, whilst
ether, glacial acetic acid, and carbon bisul-
phide, dissolve it readily. It also dissolves in
concentrated sulphuric acid, producing a crystal-
line molecular compound corresponding to one
cf the hydrates, but extremely unstable. Certain
compounds are known which crystallise with
benzene in definite molecular proportions.

Benzene boils under normal pressure at
80-36° (Regnault). For benzene from coal-tar
Adrieenz found 80-53 to 80-62 ; and for that
obtained from benzoic acid prepared from gum
benzoïn, 80-60 to 80-67.

The vapour when inhaled produces giddiness
and ultimately insensibility.

Benzene forms with picric acid the molecular
compound CBH2(N02)30H,C6H6 which melts with
décomposition at 90°.

Oxidising agents,, such as potassium per¬
manganate or manganèse dioxide and sulphuric
acid couvert it into formic, propionic, and oxalic
acids together with small quantifies of benzoic
and phthalic acids, the latter substances being
produced by the simultaneous oxidation of formic
acid and benzene, the process of condensation
resembling that occurring in the conversion of
dimethylaniline into methyl violet. When
strongly heated in sealed tubes or when passed
slowly through strongly heated open tubes, con¬
densation and décomposition go on together,
acetylene, diphenyl, diphenylbenzene, &e., being
formed with évolution of hydrogen anddeposition
of carbon.

There can be little doubt that toluene and
xylenes can also he produced in this way, and
since Berthelot has shown that toluene and

xylene when passed through strongly heated
tubes can produce anthracene and naphthalene,
and since he also obtained anthracene by so
treating a mixture of benzene and ethylene, we
may assume that if benzene is not the mother
substance of the whole sériés of hydrocarbons
obtained from coal tar, it is yet capable under
proper conditions of generating ail the others.

When chlorine acts upon pure benzene in
sunshine, benzene hexachloride C6HeCla is
formed. Impure benzene is said not to undergo

this change. The substitution of chlorine for
hydrogen in the nucleus or benzene ring is a
very slow opération if chlorine alone is used, but
if in every litre of benzene about 10 grams of
iodine are dissolved and the liquid kept boiling
while a brisk current of chlorine is passed into
it, substitution readily takes place and chlorinated
benzenes are produced. The reaction may be
continued until the whole of the hydrogen is re-
placed with production of hexaehlorbenzene
CfiClB. From the nature of the reaction it need
scarcely be pointed out that there is no pos-
sibility of obtaining exact replacements, and that
until the whole of the hydrogen has gone, a
mixture of benzene and chlorinated benzenes
is présent. Corresponding bromine and iodine
compounds, and at least one fluorine compound,
are known.

When subjected to the action of strong nitrie
acid or a mixture of nitrie and sulphuric acids,
substitution of hydrogen by N02 takes place with
great ease. If the mixture is kept cool only
mononitrobenzene is formed, but if heated,
the three dinitrobenzenes are produced, the
metadinitro- product (m.p. 89°) alwaysgreatly
predominating. The ortho- and para- compounds
can. only be produced in quantity by indirect
methods. ïrinitrobenzenes can only be
obtained by the action of a great excess of a
mixture of nitrie acid and fuming sulphuric acid.

Ail the nitro- compounds on réduction with
appropriate reagents, such as iron, zinc, or tin,
in the presence of acid, preferably hydroehlorie
and water, yield amido- compounds correspond¬
ing with the nitro- compound reduced. Such
are aniline C0H5NH,, the three diamido-ben-
zenes or phenylene-diamines C6H4NH2NH2
&c.

The amido- compounds are by the action of
nitrous acid or nitrites in the presence of an excess
of acid, preferably hydroehlorie, converted into di-
azo-compounds. If diazobenzene C6H5N:NC6H5
be dissolved in absolute alcohol, a current of dry
hydroehlorie acid passed through the solution
and the whole heated, the nitrogen is evolved as
gas whilst benzene is regenerated. If a diazo-
salt is dissolved in water and boiled in the
presence of an acid, nitrogen is also evolved and
the corresponding phénol is produced.

The diazo- compounds react with salts of
amido- compounds or of phénols in which there
is a free para- position, thus generating the
almost innumerable sériés of colouring matters
known as azo-dyes (v. page 234). Solutions cooled
with ice should be employed, and ail rise of tem¬
pérature must be carefully avoided. Under
proper conditions some diazo- compounds, how¬
ever, attack the amido- group of amido- com¬
pounds, forming diazoamido- compounds such as
diazoamido-benzene C6HS.N:N.N.C6HB. These
can be made to undergo an isomeric change
resulting in the formation of what are known
as amidoazo- compounds, of which amidoazo-
benzene C6HSNiN.C^NH, is a typieal example.
Such bodies, when treated with a reducing agent,
split up into an aminé- and a paradiamine,
while diazo- compounds yield hydrazines only,
and diazoamido- compounds a mixture of a
hydrazine and an aminé.

If the nitro- compounds are submitted to the
action of alkaline reducing agents in alcoholie
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Bolution, sucli as a mixture of zinc-dust and
alcoholic soda, the reaction takes a différent
course altogether. The action of alcoholic soda
and heat alone will convert mononitrobenzene
into azoxybenzene C0H6.N—N.C6H3; this, by

nascent hydrogen, is converted into azobenzene
CbH3N:NCbH5, which under the action of the
same reagent is still further reduced to hydro-
azobenzene C6H3.NH.NH.CBHS. The latter, when
boiled with an acid, is converted into a sait of
benzidine (paradiamidodiphenyl)

NH2.C6H1.CiH4.NH2
which is a strongly basic compound isomeric
with hydrazobenzene.

When heated with concentrated sulphuric
acid or treated in the cold with solutions of S03
in ILS04 sulphonic acids arc produced by sub¬
stitution of HS03 for hydrogen. These are either
mono-, di-, or poly- sulphonic acids, according to
the treatment adopted. They are ail powerful
acids, and form weil-defined and generally well-
crystallised salts with sodium, potassium, and
ammonium, and equally definite, though less
easily crystallised salts with calcium, barium,
copper, iron, &c. These, especially the sodium
or potassium salts, if fused with eaustic potash
,or soda, or heated under great pressure (40
atmosphères) with aqueous soda or potash, are
decomposed with production of a sulphite of the
alkali métal, and conversion of the benzene
residue into the corresponding hydroxy- or
phenolic compound.

Only the methyl-homologues of benzene will
be considered here, as thesealone occurincoal-tar.

The mono-methyl derivative is known as
toluene, and under ail treatments behaves as a

completely homogeneous substance.
The di-methyl-derivative is known as xylene,

the substance of that name occurring in coal¬
tar, and can be readily split up into three différent
isomeric compounds : Orthoxylene boiling at
141°-142°, which when gently oxidised with weak
nitric acid gives a toluic acid melting at 102° ;
Metaxylene boiling at 139°, which gives a toluic
acid melting at 106° ; Paraxylme melting at
15° and boiling at 138°, giving a toluic acid
melting at 178°.

F.ach of these différent xylenes is, however,
absolutely identical in percentage composition,
and this isomerism is considered to be due to
the configuration of the molecule, or in other
words to the positions in space occupied rela-
tively to each other, and to the benzene residue,
by the two substituting molécules.

This method of regarding the constitution of
benzene and its innumerable sériés of deriva-
tives is usually, for purposes of discussion, in¬
vestigation, or explanation, represented by draw-
ing a hexagon to represent the molecule of

benzene, the six angles representing the six
groups of CH at any of which substitution is
supposed to take place. Since only one mono¬
substitution compound of a given kind (i.e. con-
taining a given substituting group) is known, ail
the six CH-groups in benzene are supposed to be

of equal value. The fact that disubstitution
compounds exist in three distinct isomeric modi¬
fications (compare the above-mentioned xylenes)
is explained in this scheme by the following
suppositions as to the relative positions occupied
by the substituting groups. First, substitution is
supposed to take place at two adjacent angles,
e.g. 1 and 2, 2 and 3, 4 and 5, &c., in which
case the word ortho is prefixed to the name of
the substance, as orthodimethyl-benzene (com-
monly called orthoxylene), or orthodichlor-,
orthodibrom-, or orthodiamido-benzene, &c. Or
the substitution is supposed to take place at two
angles not adjacent, but with one interposing,
as at 1 and 3, 2 and 4, or 1 and 5, &c. In
this case the produet is indicated by the prefix
meta-, as metadimethylbenzene (commonlycalled
metaxylene) &a. Lastly, the substitution is
supposed to take place at opposite angles, such
as 1 and 4,2 and 5, 3 and 6, &a. In such a case
the substance is known as a para- compound, as
paradimethylbenzene, orparaxylene, paradinitro-
benzene, &c.

This device is due to Kekulé, and satisfac-
torily agréés with most of the phenomena.

Latterly, to cover certain cases which coukl
not be readily brought into line with it, attempts
to introduce an improved formula hâve been
made by Ladenburg, Van 't Hoff, and Le Bel
and otliers, with more or less success.

Toluene and xylene generally react under
similar conditions in the same way as benzene,
producing a similar sériés of compounds. Since,
however, toluene itself is a mono-substituted
benzene, mono-substituted toluenes are, quel
benzene, di-derivatives. For instance, there is
but one mononitrobenzene, but there are three
mononitrotoluenes. There are three dinitro- and
three diamidobenzenes, but there are six di-
nitrotoluenes and six diamidotoluenes, and so on.

It is to be borne in mind that in ail substi¬
tution derivatives higher than the di-substitution
sériés, the number of possible modifications is
greater when the substituting groups are dis-
similar than when they are ail alike : thus, al-
though there are only three isomeric tri-substi¬
tution compounds of the formula C„H3X'3 or
C6H3Y'3, there are six such compounds of the
formula CfiH3X'3Y'.

It follows that the xylenes being di-deriva¬
tives, their mono- are, quâ benzene, tri- deriva¬
tives, and consequently correspond in number
with the di-derivatives of toluene.

The introduction of the methyl group, more-
over, permits of another kind of substitution
which gives rise to a totally différent class of
bodies from those described above as configura-
tional isomers, in which substitution takes place
not in the benzene nucleus, but in the methyl
group itself. Such substitution is said to be
extra-nuclear.

Thus, as mentioned above, there are three
substances having the formula CSH10 known as
ortho-, meta-, or para- xylene. These isomers
are represented as dimethylbenzenes of the fol¬
lowing configurations,

ch3 ch3 ch3
oh, /S /N

'ch3 l )
CIL
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but there is another CaH,0 orily known to oocur
in one form, and always behaving as a mono-
derivative of benzene; this is e t h y l b e n z e n e.

CH2CH3

0'
Just as in this case a methyl group bas been

introduced into the methyl instead of into the
nucleus, so ehlorine, bromine, &c., may be in¬
troduced, and in this manner such bodies as
benzyl chloride CBH5CH2C1, the di- or tri- chloride,
benzaldehyde, and many others are formed.

The physical properties of toluene greatlv
resemble those of benzene. As solvents, there
is little or no différence in their powers, and
though the boiling-point of toluene is so much
higher than that of benzene, yet in a current of
air at ordinary températures it evaporates nearly
as quickly.

Toluene is a colourless limpid liquid whieh
shows no signs of solidification at températures
as low as — 20°. Its spécifie gravity is less than
that of benzene, being at 0° 0'882, at 15° 0-872,
its index of refraction at 25-5 is for A 1-4709,
D 1-4794, H 1-5090 (Gladstone and Dale).

Toluene boils constantly at 111° ; the vapour
has much the same physiological effects as that
of benzene, but its odour is decidedly less plea-
sant. If ingested into the stomach, it is elirni-
nated in the urine as hippuric acid.

Of the three xylenes only the meta- has
hitherto proved useful in commerce. Orthoxy-
lene boils at 141-2°. Metaxylene boils at 139°,
and its spécifie gravity is 0-8668 at 19°. Para-
xylene boils at 138°, and at 19° its gravity is
0-8621. The two former are liquid at ail tem¬
pératures down to at least — 20°, but paraxylene
becomes solid when exposed to a freezing mix¬
ture, and when once frozen it only melts at 15°.

The xylenes are distinctiy less volatile than
toluene and benzene in an air current. The
smell of the vapours is unpleasant and pungent,
and they possess the power of producing un-
consciousness when inhaled.

Both benzene and toluene when prepared
from coal tar are accompanied by sulphur com-
pounds known as thiophenes. That derived from
benzene, no doubt by the action of sulphur from
the pyrites of coal at a high température during
distillation in the gas-retort, is represented by

the formula C4H,S
It was isolated in 1882 by V. Meyer, who

obtained by constant and repeated agitation
with sulphuric acid about 2 kilos, from 2,000
kilos, of commercial benzene. It is a colourless
liquid, boiling constantly at 84° ; spécifie gravity
at 15° 1-100. In many of its reactions it behaves
exactly like benzene.

Thiotolene, corresponding to toluene, i.e. be¬
ing methylthiophene, is also known. It boils at
113°, sp.gr. 1-0194. The very minute quantity in
which these bodies occur renders them of no

industrial importance, even as impurities.
Benzene was first isolated by Faraday in 1825

together with butylene from the liquid condensed
in the préparation of lighting gas from whale-oil
and other fixed oils and fats as carried out in

London at that time. This process consisted in
causing oils to fall drop by drop into retorts
made of curved cast-iron tubes heated to a bright
red heat. The gas produced was washed in
water and immediately compressed into small
iron vessels, which were sent out to consumers.
The process was invented and perfected by
Messrs. P. & J. Taylor between the years 1816
and 1819. They found that 1 gallon of whale-
oil gave them 90 cubic feet of gas ; Accum, who
also experimented with their process, obtaining
105 feet.

The process was probably not in any way
altered when Faraday worked on the ' oil ' found
in the cylinders in which the gas had been com¬
pressed. About 1 gallon of this oil was yielded
by 1,000 feet of gas. After removing the butyl¬
ene a mixture was left which did not boil below
85-5°. This was cooled to —18°, when benzene
crystallised out (Faraday, T. 1825, 440). The
crystals were separated by draining, pressing
on filter-paper, refusion, resolidification, and
hydrauhc pressing, from an oil whieh was not
very carefully examined, and to which a doubt-
ful formula was assigned, but which was pro¬
bably a mixture of the higher homologues of
benzene.

It is unnecessary here to describe the pro¬
cesses by which Mitscherlich, D'Areet, Kopp,
and many others obtained benzene, as the first
practically industrial process was that of Mans-
field, founded entirely at first on Faraday's, and
dealing with a similar product as the source,
namely, coal tar (Mansfield, C. J. 1, 244, 1848).
Mansfield took the lower boiling portion of
coal tar, whieh was then used under the name
of naphtha for lighting purposes, and distilled
it over a flame in a still provided with a
jacketed head and a simple form of dephleg-
mator made by Connecting the upper part of the
condensing worm with the still body by an in-
clined tube. The water in the jacket round the
long egg-shaped head partially condensed tbe
vapours rising from the boiling fluid until it
reached a température of 100° when those
vapours condensible at that température were
alone affected and returned to the still, those
requiring a lower température passing on to the
worm, and being condensed and collected. Much
of the spray carried upward by the vapours was
stopped in the head, and what passed it and was
condensed in the Connecting tube between the
still head and the worm flowed into the inclined
tube, and found its way back to the body of the
still. Finally, when nothing more could pass
the boiling water in the jacketed head, this in¬
clined tube, on a cock being fully opened, which-
during the first part of the process was partially
closed, could be made use of to distil over the
higher boiling portions.

Such an apparatus could of course only effect
a rough séparation of the oil into a ' benzol '
mainly distilling below 100° and a ' naphtha '
most of which would not distil below 100°.

If, however, the water of the water j acket round
the head were carefully kept at a stated tem¬
pérature, say 80°-82°, a much purer product
could be obtained. For some years the process
was only carried out with the object of getting
oils for the Bead Holliday lamp, and for the use
of rubber manufacturers.
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FIG. 1.

A, Still body. B, Analysing column. c, Cooler kept at température of distillate wanted. D, Condenser
for pure distillate. E, Vase into which distillate flows. F, Automatic regulator.
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The early demands for ' benzol ' for use in
the aniline colour industry were confined to
what were lcnown as 30 p.c., 50 p.c., and 90 p.c.
benzols, which terms were understood to rnean
that 80, 50, or 90 p.c. by measure of the sample
boiled below 100°C. Of these the 30 p.c. was
mainly used for the production of aniline for red,
and the 90 p.c. for aniline for blue. Mansfield
liad, however, subjected his distillâtes to a care-
ful but most laborious fractionation in glass re¬
torts, finally obtaining perfectly pure benzene
by recourse to freezing and pressure, and ke
poinled out that ' it is évident that any of the
summary processes of rectification which are
practised by distillers in the manufacture of
alcoholic spirits are applicable to the sépara¬
tion of benzole from the less volatile fluids of the
naphtha ' (Reports of the Royal Collège of Che-
mistry, 1849, 257).

Mansfield, in faet, in the remarkable paper
just quoted, laid the foundations of the whole
benzene industry, and his processes with
scarcely a change are in use to this day. The
departures from them have been one by one
abandoned in favour of his method of absolute
séparation of the light oils into their consti-
tuents, and it is not too much to say that had it
not been for his terrible death 1 in February,
1855, we should have had the pure hydrocar-
bons in the market many years ago.

The introduction of the aniline black print-
ing prôcesses and other improvements in the
dye industry, however, slowly gave rise to a de-
mand for a purer benzene, while later on a de-
mand for toluene and xylene stimulated the
improvement of the distillation process.

The movement was naturally, as Mansfield
had suggested, towards the use of such a still
as had been introduced by Mr. Coffey in his
patent of 1832 and subsequently carried to great
eiliciency by succeeding générations of spirit
distillers. Coupier of Paris appears first to have
worked on a large scale in this direction about
1863. lie modified the original Mansfield appa-
ratus in the way mentioned above and showed
that at one opération he could separate ordinary
50 p.c. commercial benzol as follows :—

100 litres yieldecL :
44 litres between 80° and 82° (' Pure benzol ')

6 „ „ 82° and 110° (Crude toluol)
17 „ „ 110° and 112° (' Pure toluol ')

5 „ „ 112° and 137° (Crude xylol)
9 „ „ 137° and 140° (' Pure xylol ')

13-14 ,, „ 140° and 150° last runnings.
In addition there were about 6 litres between
62° and 80° consisting of various irnpurities
such as carbon disulphide, aeetonitrile, &c.

Tedlé, Savalle of Paris, and others followed
with various improvements in the same direc¬
tion, Savalle being most generally considered to
have produced the best still, though it had two
very great drawbacks, viz. it was manufactured
of copper, which made it very costly, and it was
hampered, as far as its condensation arrange¬
ments were concerned, by an expensive and use-
less attempt to use air from a fan driven by
steam as a means of cooling the condensers.

The latter attempt was soon given up and
we give here a sketch of the apparatus in its

1 Mansfield was burned to death by the boiling over of
a benzene still.

latest form as made by the Metallwerke vormals
T. Aders, of Magdeburg-Neustadt.

The still being charged with the proper
quantity of naphtha or crude benzol, which has
undergone the necessary washings with sul-
phuric acid and soda lye, steam is admitted into
the coils, where it circulâtes, the eondensed water
escaping through another tube in the usual
fashion. As soon as the liquid begins to boil
the vapour ascends into the head a and passes
through the curved tube a' into the bottom of the
column, b. This contains 25 to 30 fiât dia-
phragms each pierced with a number of small
holes, and one larger into which is fitted a short
wide overflow tube, the end of which stands up
about 2 inclies above the level of the plate. On
the opposite side of the plate is a small deprcs-

Fio. 2.

sion about 2 inclies deep and 4 in diameter, into
which the overflow tube from the plate above
dips, its own tube dipping in the same way into a
dépression in the plate below. The eondensed
fluid acts to each overflow tube as a trap and
prevents the ascent of vapour through it.

The rising vapour condenses rapidly on these
plates, and the fluid thus produced, unable to
penetrate the small holes through which the
hot vapour is rushing, rises to the brim of the
overflow tube, and then pours down from plate
to plate into the still body. The non-con-
densed vapour rises through the perforations of
the next plate, where it undergoes a similar
opération, and so on to the top, the vapour pass-
ing away from which has thus been successively
washed by bubbling through some thirty layers
of fluid each slightly cooler than the one be-
neath. Finally the vapour passes through a
surface or multitubular condenser c, which is
provided with a water supply so regulated that
its température 1s about that of the boiling
point of the liquid required. The liquid here
eondensed flous back into the column at a suit-
able point, while the now purified vapour passes
on to the second condenser d, and is finally com-
pletely eondensed into the liquid form. Thence
it flows into the glass vase e, which is fitted on
to a stand-pipe communicating with the dis-
tributing-pipes which convey it to the store
tanks. The fractions taken should now boil as

follows. Benzene 80°, toluene 110°, xylene 140°.
If pure products are required, each frac¬

tion is washed with concentrated oil of
vitriol, and a washing with soda solution follows.
The fraction is introduced into a cast-iron
vessel provided with a lid with manhole and
inlet pipe. Through the centre passes a vertical
shaft rotated by mitre geared wheels. The shaft
is provided with arms so arranged that the con-
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tents can be thoroughly churned up. A good
form of apparatus, due to Messrs. F. B. Weloh,
of Atlantic Works, Manchester, is seen in
fig. 3. The détails need no description except

to point out that the screws used to force tlie
iluids through the two vomiting tubes a and a'
should be set on the shaft with their helices re-

versed right and left, so that the lower one
causes the lower fluid to rush up, and the upper
one the upper fluid to rush down ; they thus
cause the two currents to meet together violently
and thoroughly mingle. Air agitation is not
advisable on account of the loss of benzol which
it is apt to cause.

If the fraction is of fairly good quality and
has been properly separated from the crude
benzol or light oils, the amount of acid required
need not be more than one-twentieth of its
weight. In some cases, however, where the
impurities are diffîcult to remove, more must
be used and the opération repeated. After
the acid has been run off, a washing with enough
soda solution to neutralise excess of acid and
remove traces of phénols follows, and the frac¬
tion is then ready for a second rectification,
although if it be benzene or toluene wanted foi-
conversion into aniline in the works where it is
made, it can of course be nitrated directly it
leaves the acid washer.

If re-rectified, the benzene, toluene, and
xylene should have the following boiling-points,
which are those of samples made in a large
London works :—•

Benzene Toluene Xvlcne

1. . . 81-0 111-8 139-2
2. . 81-2 111-9 139-5
3. . . 81-2 111-9 139-7
4. . . 81-3 111-9 140-1
5. . 81-5 111-9 140-3
6. . . 81-7 112-0 140-4
7. . . 81-8 112-0 140-5
8. . . 81-8 112-0 140-6
9. . . 81-9 112-0 140-8

Dry . . 84-0 112-1 141-5
Each fraction 1=,V

Neither the benzene nor the xylene given
above is quite so good as it should be. In
really satisfactory samples they should ail boil
within 0°'5 to dryness.

The above boilings were made as described
under the article Aniline, p. 162. 250 c.c. were
taken and the thermometer bulb was lcept just
at the bottom of the neck of the boiling
flask ; the readings are corrected for baro-
metric pressure. This is not the usual trade
metliod which consists in using a retort and
immersing the bulb of the thermometer almost
to the bottom of the boiling fluid. One con¬
tinental maker prescribes for his purchases
that the boiling-points shall be taken with the
thermometer bulb in the uppermost chamber of
a three-bulb reetifying tube. For much infor¬
mation as to the commercial valuation of
' benzols ' v. G. E. Davis, Journal of the Society
of Chemical Industry, iv. 645, also papers by
B. Nickels on the impurities of benzol, Chemical
News, 43, pp. 148, 250 ; 52, p. 170, and G. Lunge,
Coal Tar and Ammonia, 2nd édition, 1888.

The treatment for obtaining toluene is exactly
the same as that described for benzene, the
toluene following the benzene from the crude
benzol still and being subsequently re-reetified.
Toluene is also accompanied by the correspond-
ing thiophene (thiotolene) and requires very
careful and thorough washing with vitriol or it
cannot be got to nitrate properly.

After the séparation of the toluene more or
less crude xylene is obtained, and the residue
in the still is then cooled and run out. When
good crude benzol has been worked the residue
contains a very large quantity of naphthalene
which separates from it when cold, and is known
in the works as ' naphthalene salts.' As it has
ail been brought off from the tar at a low tem¬
pérature, it is extremely free from higher boiling
substances and very pure naphthalene can be
obtained from it with little trouble. Of the
rest, some 20 to 30 p.c. consists of phénol, to
which the same remarks apply. The remaining
third consists of a mixture of hydrocarbons
from which some more xylene could no doubt
be recovered, but the bulk of this ' dead oil,' as
it is often ealled, is used for burning. Meta-
xylene can be prepared from the purified mixed
xylenes by agitation with sulphuric acid, as de¬
scribed for benzene and toluene, to remove the
thiophenes, when a subséquent treatment with
its own weight of sulphuric acid couverts the
metaxylene into a sulphonic acid, which after
séparation from the insoluble portion is hydro-
lysed, and metaxylene of great purity obtained
(C. Haussermann, quoted by G. Lunge, Coal Tar
and Ammonia, 2nd édition, 476).

Nitration of benzene, toluene, de.—Nitro-
benzene first made its appearance in the
arts under the narne of essence de myrbane,
manufactured in France by Collas. It was
used to scent soap and as a bitter almond
flavouring. Mansfield had taken out a patent
for its manufacture in 1847, from coal tar
benzene. The history of its manufacture is
interesting, as the difliculties to be encountered
were very considérable.

The first really large quantity produced was
made by Messrs. Simpson. Maule, & Nicholson,
at Eennington, in 1856. They worked at first
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entirely in glass. Along a bench a row of some
twenty bolt-heads, each o£ about 1 gallon ca-
pacity, was ranged, with a convenient water
trougk at hand. Into each flask from 1 to 2 lbs.
of benzene was introduced, and the calculated
quantity of the mixed acid, divided up into eor-
responding portions, stood beside eaeh in a
stoneware jug. Commencing with the first
flask, a workman next proceeded to add a small
quantity of the acid and thoroughly swing round
and agitate it with the benzene. As soon as he
judged it to be safe to leave this flask he treated
the next in rotation, and so on till the whole
sériés had received its first portion. He now re-
turned to No. 1 and added a second quantity of
acid, and this was continued until ail were
finished. It need scarcely be said that the pro-
cess was considered a dangerous one, and that
any attempt to increase the scale of manufacture
was a very serious undertaking. The attempt,
however, was made in cast-iron vessels, furnished
with mechanical stirrers, and the size of the
apparatus was rapidly inereased until it attained
dimensions at whieh it was capable of dealing
with several hundred pounds weight of benzene.

The usual arrangement now adopted is as
follows :—

A row of vertical cast-iron cylinders, each
about 4 feet in diameter by 4 feet deep, is ranged
at a convenientheight from the ground beneath a
line of shafting. Each eylinder is eovered with
a cast-iron lid, having a raised rim ail round. A
central orifice gives passage to a vertical shaft,
and two or more other conveniently arranged
openings allow the benzene, toluene, or xylene,
and the mixed acids to flow in. Each of these
openings is surrounded with a deep rim, so that
the whole top can be flooded with some inehes
of water without any running into the interior of
the eylinder. The lid overhangs the eylinder
somewhat, and in the outer rim a number of
slots, holes, or tubes allow the water to flow
down ail over the outer surface of the eylinder
into a shallow cast-iron dish in which it stands.
By means of a good supply of cold water, the
top, sides, and bottom of the whole apparatus
are thus kept continually flooded and cooled. The
agitators consist of cast-iron arms keyed to
the vertical shaft, with fixed arms or dash-
plates secured to the sides of the eylinder. The
shaft has a mitre wheel keyed on at the top,
which works into a corresponding wheel on the
horizontal shafting running along the top of the
eonverters. This latter is secured to a cluteh,
and there is a feather on the shaft, so that any
one of the eonverters can, if neeessary, be put
either in or out of gear. This arrangement is
neeessary, as riggers and belts, either of leather,
eotton, or rubber, are useless in the atmosphère
of the nitrobenzene house. Above, and close to
each converter, stands its acid store-tank of
iron, or preferably, stoneware. This is often in
duplicate, or else the single tank has two or
more running-out cocks.

The building should consist of one storey
only, with a light gabled roof eonsisting of
rafters on to which pantile laths are secured by
good oak trenails. To these either pan or flat
tiles should be fixed, either with trenails, or

better, the tiles may be of the self-fixing form.
The walls should be of hard brick, and the floor

of concrète, nine to twelve inches thick. This,
when thoroughly dry, may be eoated thinly
with good pitch, thinned down with dead oil and
put on warm, so as to soak in and protect the
surface from the action of the acids.

The floor should be sharply inclined to a
drain, which should pass through a large catch-
pit or cesspool, which will save any nitrobenzene
which might be spilled.

The entrances should befewand of moderate
size, provided with stout oak doors ; and in
addition to the usual fire hydrants there should
be means of filling the room with steam
from a two-inch pipe, the cock of which is
placed without. The building should be eom-
pletely isolated from the benzene store, nitrate
of soda, coal stores, &c.

The charge of acids is always mixed before-
hand and thoroughly cooled before use. The
nitric acid should have a sp.gr. of l'3S8 (1 gram-
molecule HNOa per 100 grams weight of acid)
and should be free from lower oxides of nitrogen.
The sulphuric acid should have a gravity of
1-845 ( = 95-96 p.c. H.2S04). A good nitrating
mixture consists of 100 parts by weight of nitric
to 140 of sulphuric acid, which mixture will serve
for 78 parts of benzene or 128 of nitric acid to
179 of sulphuric acid for 100 parts by weight of
benzene.

The benzene (in continental works about
100-200 lbs. weight only) having been previously
introduced into the converter, the water is turned
on, and the cooling apparatus being found in
working order, the agitators are set running,
and the acid cock turned on so as to allow
it to flow in a very thin stream. Should it be
neeessary to check the machinery even for a
moment, the acid should be first shut off and the
agitation continued for some minutes, as the re¬
action proceeds with such vigour that, if the
benzene undergoing nitration cornes to rest and
the acid stream continues to flow, local heating
sufficiently great to cause the charge to inflame
may speedily occur. Accidents from this source
are or have been not uncommon.

The opération lasts for from eight to ten
hours, the agitation and cooling being kept up
without intermission. When the last portion
of the acid has been added the water is shut
off, and the température allowed to rise some¬
what, some manufacturera allowing it to attain
close upon 100°. When the température ceases
to rise the agitators are thrown out of gear
and the mixture allowed some hours to cool
and settle. The acid is then drawn off and the
nitrobenzene well washed with water, and it is
then ready to be transferred to the aniline factory.
In some works it is distilled for a short time
with wet steam, in order to recover a little un-
converted benzene and a trace of paraffins, to-
gether about 0-5 p.c.

In most English works very much larger
quantities than here mentioned are nitrated at
one opération, from 100 to 200 gallons of benzene
or from 880 to 1,760 lbs. weight being a usual
charge. The steam distillation also is seldom
resorted to unless the nitrobenzol is to be sold
as 'myrbane,' in which case this treatment is
essential, and the whole of the substance has to
be brought over in order to obtain a perfectly
elear and transparent body such as the users of
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inyrbane demand. It is customary to use toluene
imperfeetly freed from benzene for this purpose,
that article being cheaper and yielding a some-
what more fragrant myrbane than benzene aloue.

Tlie waste acid from the nitrating process,
of sp.gr. 1-6 to 1-7, contains a very small quan-
tity of nitrobenzene in solution, and also if the
reaction has been allowed to go too fast, winch
causes local heating, small quantifies of oxalic
acid. Neither of these are worth recovery, and
the acid is thercfore usually run into large cast-
iron pots, set on furnaces and concentrated.

The ' black acid ' may be used in the manu¬
facture of nitric acid or transferred to the makers
of manures. In some Works it is used with the
iron residues from the aniline stills to make green
vitriol.

The treatment adopted with toluene and
xylene is in ail essential particulars the same as
with benzene.

Dinitrobenzene and dinitrotoluene are ob-
tained by treating a charge of the hydrocarbon
with double the proportion of the mixed acids,
the opération being carried out in two stages,
and the second charge of acids run in directly
after the first. The cooling water is shut off
and the température allowed to rise rapidly. Or
nitrobenzol already manufactured may be taken
and again treated witli the necessary acid. Great
quantities of acid fumes and some nitro- and
dinitro-products corne off at the high tempéra¬
ture which is attained, and a good condensing
apparatus of stoneware must be used to prevent
loss.

The product of the reaction is separated from
the acid as usual, and then thoroughly washed
with cold, and lastly with hot, water. As di¬
nitrobenzene is sensibly soluble in the latter, the
hot washwater had better always be preserved
and used for first washing a subséquent batch.
Finally, it is allowed to settle, and, while still
warm, run out into iron trays, in which it solidi¬

From this table it will be seen (1) That the
methyl group only exerts an appréciable influ¬
ence as regards the shade of the dye when it is
in the ortho- position to the amido- group ; (2) In
the case of the xylidine derivatives the further
the second methyl- group in each benzene nucleus
is removed from the amido- group, the bluer is
the shade of the resulting dye (Weingartner,
Z. 12, 409 ; Abstr. in S. C. I. 7, 382).

BENZID1NË BLUE v. Azo- colocrino

UATIEKS.

fies in masses two to four inches thick. The
principal product of the reaction is meta-
dinitrobenzene, m.p. 89-8, but orthodi-
nitrobenzene, m.p. 118°, and paradinitro-
benzene, m.p. 172, are also produeed, the m.p.
of the commercial product being about 85-87.
It should not contain any nitrobenzene, and
should be well crystallised, hard, and almost
odourless, and should not render paper greasy.

Dinitrotoluene is prepared by a process
similar to the above, and, since ortho- and
paranitrotoluene yield, when nitrated at a high
température, most of the C6H3CH3N02N02 dini-

12 4

trotoluene, it is better to proceed straight on
from the toluene.

The subséquent treatment is the same as
when dinitrobenzene is manufactured. Com¬
mercial dinitrotoluene consists mainly of the
last-named and the 1:2:6 modifications, but
always contains small quantities of the other
isomers. The 1:2:6 only occurs in small pro¬
portion, and mainly in the oily drainings from
the crude product. The nitration of the pure
metaxylene does not differ from the processes
already described. R. J. F.

BENZIDINE v. Diphenyl.
BENZIDINE-AZO- DYES. The dyes belong-

ing to this class dye cotton without the aid of a
mordant. They are very brilliant, but most fugitive
to light, and are prepared by the action of 1 mol.
of tetrazodiphenyl, its homologues, the analogous
stilbene and fluorene compounds, the azo- eom-
pounds of diamidobenzophenone or certain naph-
thylenediamines on the one hand, on 2 mol. of
various a- and B-naphthylaminesulphonic acids, o-
and fl-naphtholmono- and disulphonic acids, their
alkylised derivatives, or substitution products of
benzoie acid on the other hand. The following
table shows the influence exercised by the rela¬
tive positions of the N.H., + CH3 groups on the
shade of the dye obtained :—

BENZOAZURIN v. Azo-colouring matiees.

BENZOIC ACID C.HsO, = C„H,.CO,II. (Acide
benzoïque, Fr. ; Benzoësâure, Ger. ; Acidum ben-
zoicum.) Biaise de Vigenère, in his ' Traité du
feu et du sel,' published in 1608, described the
préparation of benzoie acid bythe distillation of
gum benzoïn. Lemery, in 1675, called attention
to its acid properties; and Scheele showed, in
1775, that it could be extracted from gum
benzoïn by boiling the gum with lime, concen-
trating the solution, and deeomposing the sait

Tetrazo- derivatives of

Naphthionic acid ax-aa a-Naphthol-a-sulphonic
acid ax-aa

/3-Naphtholdisulphonic
acid R

Shade Affinity for
cotton Shade Affinity for

cotton
Shade Affinity for

cotton

Benzidine Yellow-red (Congo) . Blue-violet Blue-violet
o-Tolidine Red, with tinge (Benzopur- Blue-violet (Azo- blue) — —

of blue . purin) .

m-Tolidine Yellow-red Small . Claret-red. Great Red, with Fairly great
blue tinge

j9-Tolidine Yellow-red Small . Blue-red . Small Blue-red . Yery small
Xylidine CH3:NH2:CH3=1:2:3 . Orange-red Fairly great Blue-red . Great Blue-red . Small
Xylidine OH3:NH2:CH,=l:3:6 . Yellow-red Slight. Blue-red . Slight Blue-red . Yery slight
Xylidine OH3:NH2:CH3= 1:2:6 . Yellow-red Yery slight Yellow-red Fairlygreat Yellow-red Fairly great
Xylidine CH3 : NH2 : CH3=2:3:6 . Yellow-red Slight. Orange-red Fairly great Red . Slight
Xylidine NH9:CH3:CH3=1:3:5 .

Yellow-red Fairly gréai Yellow-red Fairly great Red . Slight
Xylidine NH2:CH3:0H3 = 1:2:5 . Red, with strong Yery slight Yiolet Slight Yiolet Slight

tinge of blue.
Diamidostilbene .... — — Violet-blue Great — —

Dimethyldiamidostilbene .
— Yiolet-blue Great — —
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with hydrochloric aoid. Scheele also, in 1785,
obtained benzoic acid from cow's urine ; but it
was not until 1829 that Liebig showed that the
substance contained in the urine, by the décom¬
position of which benzoic aeid is formed, is
hippuric acid.

Occurrence.— Benzoic acid occurs in gum
benzoïn, tolu balsam, storax, dragon's blood,
and various other natural resins ; in oil of ber-
gamot and oil of cinnamon ; in vanilla, calamus
root, and the ripe fruit of the clove tree; in
various sweet-smelling flowers—thus in the
iiowers of XJnona odoratissima, from which the
perfume ylang-ylang is prepared; as hippuric
acid (and sometimes even, it is asserted, as
free benzoic acid) in the urine of herbivora ; and
in castoreum, a viscid, fœtid sécrétion, found in
pouches situated in the perinseum of the beaver.

Formation.—By the oxidation of ail com-
pounds which contain the phenyl group united
to a single latéral chain, such as toluene, benzyl
chloride, benzyl alcohol, benzaldehyde, cinnamic
acid, &c. By heating benzotriehloride C6H5.CC1,
with water. By heating benzonitrile C6H5.CN
with acids or alkalis. By boiling hippuric acid
with hydrochloric acid

(07H,0)NH.CH„.C0OH + H.,0
= C7HC02 + NH2.CH,.COji.

By passing carbon dioxide into benzene con-
taining aluminium chloride

C„HS + C02 = C6H5.C0,H.
Préparation.—1. From gum benzoïn. In order

to obtain the acid from gum benzoïn by sublima¬
tion, the gum, broken up into small pièces, is
introduced into a flat iron vessel, over the
mouth of which filter paper is then pasted. A
large conical cap of strong paper, exactly fitting
the iron vessel, is placed over the filter paper,
tied round the rim, and the whole is gently
lieated over a sandbath at a température of
about 170°. The benzoic acid sublimes through
the filter paper and collects in colourless crystals
inside the paper cone, from which it is removed
at the end of the opération (Mohr, A. 29, 177).
The yield is about 4 p.c. of the gum employed,
and from three to four hours are required for
the sublimation of a pound of benzoic acid. A
trace of an aromatic oil from the gum adhères
to the crystals, imparting to them a pleasant
odour of vanilla, and enhancing their value as a
pharmaceutical préparation. On a manufactur-
ing scale a modification of the foregoing labora-
tory process is employed, in which the gum is
lieated in a closed vessel and the vapour of the
subliming acid flows over into a side ehamber
and condenses àt a point below the source of
lieat, thus obviating ail risk of fusing the sub-
limate. The gum benzoïn is introduced by
means of a métal drawer, which is heated
from beneath by gas jets ; whilst the sublimed
acid collects in a second drawer and can thus be
removed at the end of the opération.

Wôhler's method (A. 49, 245) consists in dis-
solving the powdered gum in an equal volume of
alcohol of 90-95 p.c., addiug fuming hydro¬
chloric acid to the hot solution until a preeipi-
tate begins to be formed, and distilling the mix¬
ture. The distillate contains ethyl benzoate,
alcohol, and hydroehloric acid. The residue is
again distilled with water as long as ethyl ben¬
zoate passes over, and the united distillâtes are

boiled with caustic potash to décomposé the
ethyl benzoate. From the solution the benzoic
acid is precipitated with hydrochloric acid. It
smells like the sublimed product.

Scheele's method of extracting the benzoic
acid from the gum with slaked lime and water
(v. supra) may also be employed.

2. From urine. The urine of the cow or horse
is allowed to putrefy, so as to induce a hydro-
lytic décomposition of the hippuric acid into
benzoic acid and glycocoll. Milk of lime is then
added, the filtered solution is evaporated to a
small bulle, and the benzoic acid precipitated
with hydrochloric acid. In order to avoid the
evaporation and the attendant disagreeable
smell, the excess of lime may be removed by
carbon dioxide, the benzoic acid precipitated by
the addition of ferrie chloride, and the ferrie
benzoate, after separating it by filtration, de-
composed by hydrochloric acid. The acid thus
prepared smells of urine, and must not be used
in medicine. The smell may, however, be re¬
moved or concealed by mixing the acid with a
small quantity of gum benzoïn and subliming it.

The fresh urine may also be evaporated to
one-third of its bulk, filtered, mixed with hydro¬
ehloric acid, and allowed to cool. Hippuric acid
crystallises out, which, by boiling with concen-
trated hydrochloric acid, is decomposed into
glycocoll hydrochloride, and benzoic acid.

3. From toluene. Most of the benzoic acid
employed at the présent day, and certainly ail
that is employed in the coal-tar colour industry,
is manufactured from toluene (v. infra). Toluene
may, by oxidising it with nitric acid, be con-
verted direct into benzoic acid ; but it is better
to chlorinate it first to benzyl chloride, which is
more readily attacked by the oxidising agent.
Lunge and Pétri (B. 10, 1,275) boii benzyl chlor¬
ide (1 part) and dilute nitric acid (3 parts of
acid of 35° Baumé with 2 parts of water) with
a reflux condenser until the smell of benzyl
chloride and benzaldehyde is no longer percep¬
tible. A. v. Rad (D. P. J. 231, 538), however,
states that this method is unsuited for preparing
the aeid on a manufacturing scale, and prefers
to décomposé benzotriehloride by heating it
with water under pressure

G6H5.CC1, + 2HjO = CeH5.C02H + 3HC1 ;
but it is difficult to préparé pure benzotri¬
ehloride, and the benzoic acid manufactured by
this process is always contaminated with chloro-
benzoic acids formed from chlorinated benzo-
trichlorides.

Espenschied (Or. P. 47,187) boils the benzo¬
triehloride with milk of lime, or with a solution
of caustic soda mixed with whiting or other in¬
soluble raatter, the presence of which aids the
reaction by preventing the benzotriehloride from
forming a separate layer and also by promoting
local superheating.

E. Jacobsen (G. P. 11,494 and 13,127) heats
benzotriehloride with acetic acid, to which a
little zinc chloride has been added

C„HS.CC13+ 2CH3.C0aH = C„H..COaH+2CH3.C0C1 + HCI.
The acetyl chloride is distilled off, the residue
extracted with sodium carbonate, and the ben¬
zoic acid precipitated with hydrochloric acid.

The benzoic acid required in the coal-tar
colour industry is obtained as a by-product in the
manufacture of benzaldehyde by heating benzal
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chloride with milk o£ lime (v. Benzaldehyde), a
portion of the benzaldehyde being converted
into calcium benzoate in this proeess.

Properties.—It crystallises in lustrous leaflets
or flat needles, melting at 121-4°. It boils at
249°, but is volatile even at 100°, so that it may
readily be sublimed ; the vapour excites cough-
ing. It may be distilled with steam ; 2 litres of
aqueous distillate contain 1 gram of benzoic
acid. 1,000 parts of water dissolve at

0° 20° 40° 60° 80° 100°
1-70 2-90 5-55 11-55 27-15 58-75

(Bourgoin, A. Ph. [5] 15, 168) ; it is soluble in
about trvice its weight of ether and in about its
own weight of absolute alcohol at ordinary tem¬
pératures.

Traces of impurity lower the melting-point
oi benzoic acid very considerably. The impure
acid is also deposited from its solutions in
smaller crystals than the pure.

Réactions.—When heated with lime, benzoic
acid yields benzene and calcium carbonate
(Mitscherlich). It is very stable towards oxi-
dising agents; dilute chromic acid is withont
action on it, but by warming it with manganèse
ilioxide and sulpliuric acid it is converted into
formic acid, Carbon dioxide, and phthalic acid—
the latter being formed by the simultaneous
oxidation of formic and benzoic acids (Carius,
A. 148, 72). Boiling the alcoholic solution with
sodium amalgam reduces benzoic acid to benzyl
alcohol and other products (Herrmann, A. 132,
75). When distilled over heated zinc-dust it yields
benzaldehyde (Baeyer, A. 140, 296). Calcium
benzoate yields on distillation benzophenone
C(H5.C0.C6H5 together with a small quantity of
benzene and anthraquinone ChHs02 (Kekuléand
Franchimont, B. 5, 908). Taken internally,
benzoic acid is excreted in the urine as hippuric
acid (Wôhler).

When a solution of ferrie chloride which
bas been mixed with sufficient ammonia to turn
it dark-red is added to a solution of a benzoate,
a flesh-coloured precipitate of basic ferrie ben¬
zoate (C7H502)3Fe,Fe(OH)3 is formed. This re¬
action is used in the séparation of benzoic acid,
and also in separating iron from manganèse.

Uses.—Benzoic acid is used in medicine ;
but for this purpose only the natural product,
obtained from gum benzoïn by sublimation, is
suitable. Artifieial benzoic acid is employed in
the manufacture of aniline blue. It has been
used as a mordant in ealico-printing. Benzoic
acid, dissolved in a mixture of 1 part of ether and
20 parts of alcohol, has been recommended for the
préservation of anatomical préparations. It is
said to be used in giving an aroma to tobacco.

Examination of the commercial product.—
The artifieial benzoic acid of commerce is almost
always contaminated with chlorobenzoic acids
(v. supra), the presence of which in any con¬
sidérable quantity is stated to be detrimental in
the aniline blue manufacture. The chlorine
may be detected by heating the acid with
metallic sodium, dissolving the sodium compound
in water and testing for chlorine in the solution.
The acid should have the propermelting-point and
should dissolve without residue in boiling water.

Salts and ethers of benzoic acid. Benzoic
acid is monobasic. Most of the benzoates are

soluble both in water and in alcohol. Potassium
Vol. l.—T

benzoate C:H502K,3H20 : effloreseent laminœ.
Sodium benzoate C:H502K,H20 : effloreseent
needles, used for inhalation in tuberculosis.
Ammonium benzoate C7H502(NH,) : rhombic
crystals, also used in medicine. Calcium ben¬
zoate (C7HB02)Ca,2H20 : lustrous needles, used
in the préparation of benzophenone. Basic
ferrie benzoate (C7H502)3Fe,Fe(0H)3 (v. supra).

The ethers of benzoic acid are obtained either
by distilling benzoic acid with the alcohol and
sulphuriç acid, or better, by saturating a solu¬
tion of benzoic acid in the alcohol with gaseous
hydrochloric acid, digesting the mixture on the
water-bath for some hours, precipitating the
ether with water and purifying by distillation.
Methyl benzoate C7H502.CH3 is a liquid boiling
at 199°. Ethyl benzoate boils at
212°. " F. B. J.

BENZOIC ANHYDRIDE (C6H,,.C0)20. First
prepared by Gerhardt (A. Ch. [3] 37, 299) by
the action of benzoyl chloride on sodium ben¬
zoate or on sodium oxalate, or of phosphorus
oxychloride on sodium benzoate ;
C„Hs.CO.,Na + CeHs.COCl = (C6H5.C0)20 + NaCl;

2CbH5.COC1 + Na2C.,04
= (CbH5.C0)20 + 2NaCl + CO + C02 ;

4C„H5.C02Na + POCl3
= 2(C6H5.C0)20 + NaPOj + '3NaCl.

Préparation.—Pour 100 grams of phosphorus
oxychloride over 500 grams of dry sodium ben¬
zoate contained in a flask ; complété the re¬
action by heating to 150° ; remove sodium salts by
washing the cooled mass with dilute sodium car¬
bonate, and purify the anhydride by distillation.

Anschiitz (A. 226, 15) heats benzoyl chloride
with anhydrous oxalic acid. This avoids the
formation of metallic salts altogether.

Properties.—Bhombic prisms, melting at 42°
and boiling at 360° (cor.). Insoluble in water ;
readily soluble in alcohol and ether.

Réactions.—Water décomposés it very slowly
in the cold, more rapidly on boiling, with forma¬
tion of benzoic acid. Towards ammonia, amido-
and imido- compounds, aleohols and phénols, it
behaves like benzoyl chloride, replacing by a
benzoyl- group a hydrogen atom attached to nitro-
gen or oxygen. For this reason it is, like ben¬
zoyl chloride (g.-u.), used as a reagent for
amido-, imido-, and hydroxyl- groups, and it has
the advantage over the latter reagent that no
hydrochloric acid, a substance which has a very
prejudicial effect on many organic compounds,
is liberated during its action. F. B. J.

BENZOÏN GUM v. Balsams.
BENZOPURPURIN v. Azo- colouring mat-

teks.

BENZOTRICHLORIDE v. Toluene, chlor¬
ine derivatives of.

BENZOYL CHLORIDE C;H,OCl = C,Ii7.COCl.
First obtained by Liebig and Wôhler, by passing
chlorine into benzaldehyde (A. 3, 262). By the
action of phosphorus pentachloride on benzoic
acid (Cahours, A. Ch. [3], 23, 334).

Préparation.— Benzoic acid is heated with
slightly more than the molecular proportion of
phosphorus pentachloride :

CaH5.COOH + PC15 = C6H5.C0C1 + POCl3 + HC1.
The resulting benzoyl chloride is freed from the
phosphorus oxychloride by fractional distillation.

Properties.—Colourless liquid, with a pun-
gent odour, boiling at 198-5°. Its vapour
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attacks the eyes, causing a flow of tears. Sp.gr.
1*2122-Ç- (Briihl, A. 235, 11).

Reactions. — Benzoyl chloride reacts with
water, slowly in tlie cold, rapidly on heating,
with formation of benzoic and kydroekloric acids.
With ammonia it forms benzamide

C6H5.CO.NH2
together with ammonium chloride. In like
manner it reacts with compounds containing
hydroxyl-, amido-, or imido-groups, introducing
benzoyl in place of hydrogen, and is therefore
employed in organic chemistry as a test for the
presence of these groups in a compound. Thus
with alcohol it yields ethyl benzoate ; with ani¬
line. benzanilide and dibenzanilide. P. B. J.

BENZOYL SULPHONIC IMIDE v. sac¬
charine.

BENZYL BLIJE. A dye made by the Aktien-
gesellschaft fiir Anilinfabrikation, Berlin, by
substituting three atoms of hydrogen in rosani-
line by three benzyl groups. It is easily soluble in
water, dyes silks, wools, and cottons (Reimann's
Fârber-Zeit.1879,251 ; Industrie-Blâtter, 39,360).

BENZYL CHLORIDE v. Toluene, chlor-
ine derivatives of.

BENZYLDIPHENYLAMINE v. Diphenyl-
ahine.

BERBERINE. An alkaloid discoyered by
Buchner in 1837 (A. 24, 228), in the root of
Berberis vulgaris, and subsequently found by
Bôdeker (A. 64, 384 ; 69, 40) in Colombo root
(Jateorhiza palmata) ; by Perrins in Goscinium
fenestratum, Sydrastis canadensis, Xantlvor-
rhiza apiifolia, and other plants (C. J. 15, 339) ;
and by Stenhouse (Ph. [3] 14, 455) in the bark
of Xylopia polycarpa.

Pleitmann obtains the alkaloid by extracting
the root with alcohol ; the extract is evaporated,
and the residue treated with water and filtered.
The filtrate is neutralised with hydrochloric
acid, again filtered, and an excess of hydrochloric
acid is added. The chloride is converted into
the insoluble sulphate by the addition of sul-
phuric acid ; this is filtered off, decomposed by
barium hydroxide, the excess of which is re-
moved by carbon dioxide, and the filtrate is
evaporated to dryness; the residue is digested
with alcohol, and the berberine obtained by
preeipitating with alcohol (A. 26, 228).

Lloyd (Ph. [3] 10, 125) isolated berberine
from the root of Sydrastis canadensis by ex¬
tracting the powdered root with alcohol, coolir.g
the extract with ice, and preeipitating by means
of sulphuric acid. The impure sulphate was
added to 16 parts of water, rendered slightly
alkaline by the addition of ammonia, and then
allowed to stand for 24 hours. The liquid was
then filtered, cooled by ice, and exactly neutral¬
ised with sulphuric acid. Brom 18 to 20 ounces
of the sulphate can be obtained from 100 Ibs. of
Sydrastis.

Berberine is obtained from the sulphate by
preeipitating with ammonia, dissolving the pre-
cipitate in alcohol, and reprecipitating by ether.

According to Hesse (B. 19, 3,190), berberine
is accompanied in B. vulgaris by four other
alkaloids. Parsons (Ph. [3] 13, 46) states that
B. Aguifolium contains 2-35 p.c. of berberine
and 2-82 p.c. of oxyacanthine.

The composition now assigned to berberine is
C^HjjNOj (Court a. Schmidt, B. 16, 2,589).

It is insoluble in ether and chlorofonn,
soluble in 44 parts of water at 21°C., and is
moderately soluble in alcohol. The sulphate is
orange-yellow, and is soluble in about 100 parts
of water (Lloyd, l.c.). The hydrochloride is
soluble in about 500 parts of water, almost in¬
soluble in cold alcohol, ether, and chloroform ;
its sp.gr., according to Clarke, is 1-397 at 19°-4C.t
whilst that of the platino-chloride is 1-758 at
19°C. (B. 12, 1,399).

Berberine on oxidation yields, according to
Pleitmann (A. 59, 60), oxalic acid ; Weidel (B. 12,
410) could not obtain oxalic acid, but found
berberonic or pyridine-tri-carboxylic
acid C5H2N(COOH)3 ; whilst Schmidt (B. 16,
2,589), with alkaline permanganate, isolated
hemipic acid C]0H]0OB,2H2O, meltingat 165°C.,
and which, according to W. H. Perkin, jun.
(C. J. 1888), is identified with that obtained
from narcotine.

By dry 'distillation with 5 times its weight of
caustic potash, Bernlieimer (G. 13, 342 ; C. J.
[2] 46, 340), obtained ammonia, quinoline, and
two acids previously described by Hlasiwetz.

By treatment with a limited quantity of
potassium permanganate, W. H. Perkin, jun.,
prepared an acid C20H],NO„, m.p. 143°, and tiVo
neutral bodies C^H^NOg and C„0H16NO,.

Berberine may be detected by adding to the
suspected solution, evaporated to dryness, 3
drops of a solution prepared by dissolving 1 gram
of fused zinc chloride in 30 grams pure concen-
trated sulphuric acid and adding 30 grams of
water, and again evaporating on the water-bath,
when a yellow colour indieates its presence
(Jorissen, Ar. Ph. [3] 16, 386). Czumpelik (l.c.
[3] 19, 63) uses a similar reaction, but préparés
the testing solution with hydrochloric acid.
According to Mandelin (J. 36, 1,612), vanadates,
dissolved in sulphuric acid 1:200, give with
berberine the following sériés of eolours : blue
violet, violet, red violet to red brown.

Used in medicine as a tonic (v. Barbeery
root and Vegeto- aikaeoids).

BERENGELITE. A bituminous resinous
minerai from St. Juan de Berengela, Peru,
melting at 100°C., soluble in alcohol and ether.
According to Dietrich, specimens from Trinidad
and Arien, Peru, contained 71-84 C, 9-95 H, and
18-21 of 0.(C. C.80, 559). Used for caulking
ships.

BERGAMOT. The Citrus Bergamia, avariety
of citron cultivated in the South of Europe,
valued for the essentiel oil, which may be obtained
either by distillation or by expression from the
rind of the fruit.

Bergamot oil is best obtained from the rasped
rind of the ripe citron. It is of a light yellow
colour, and of an agreeable aromatic odour.
Sp.gr. 0-8825 at 22°. It solidifies at a little
below 0°C. and after long keeping deposits a
sediment, bergaptene.

Bergaptene, Stearoptene of Bergamot oil,
Bergamot camphor, the substance precipitated
by the oil of bergamot after long keeping. Ac¬
cording to Hulder and Ohme (A. 31) it crys-
tallises in needles, melts at 206°C., and volatilises
without décomposition. It is inodorous and
dissolves in boiling water, alcohol, and ether.
Strong sulphuric acid eolours it red. Heated
with nitric acid it yields oxalic acid. Contains
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86-2 p.c. C and 3-8 p.o. H. Rational formula
unknown.

BERGMANN'S POWDER. An explosive com-
posed of 60 parts potassium chlorate, 5 of
pyrolusite, and 45 of bran, sawdust, or tan (J.
37,1,748).

BERLIN BLACK. A black varnish drying
with a dead surface, used for coating ironwork.

BERLIN BLUE or PRUSSIAN BLUE v.

CïANIDES.
BERNTHSEN'S VIOLET. IsotHonine. /3-Am-

imidothiodiplienylimide. Formed by reducing
/8-dinitrodiphenylamine-sulphoxide and oxidis-
ing the leuco-base with ferrie chloride. The
bydrochloride crystallises in needles. Dyes red-
dish violet. Isomeric with Lauth's violet.
Bernthsen, A. 230, 133.

BERTHIER1TE. Iron sulphantimonite v.
Antisiony.

BERYLLIUM. (Glucinum.) Symbol Be.
At. w. 9'08 (Nilson and Petterson).

Béryllium occurs as silicate in phenacite ; as
silicate of béryllium and aluminium in euclase
and béryl ; and as aluminate in crysoberyl.

It is obtained by the interaction of béryllium
chloride and sodium vapours in hydrogen gas,
in small bright globules resembling steel in
colour and hardness, of sp.gr. 2-1, melting below
the fusing point of silver and oxidising super-
ficially before the blowpipe. It has also been
prepared in small hexagonal prisms or tables.
Powdered béryllium burns brilliantly when
lieated in air. It dissolves readily in dilute
liydrochloric acid, slowly in warm dilute sul-
phuric acid, and very slowly in hot strong nitric
acid, rapidly in potash solution with évolution of
hydrogen. It has no action on water even al a
red heat.

Béryllium belongs to the group of metals con¬
taining zinc, magnésium, and cadmium. It forms
a white oxide BeO and a white gelatinous hy¬
drate Be(HO)2; a white déliquescent chloride
which forms double chlorides with platinum, tin,
and mercury, and also forms basic chloride3. A
nitrate and phosphate and normal and basic
carbonates and sulphates are also known.

BERZELIITE. An arseniate of magnesiaand
lime found at Lângbar and Wermland, containing
from 58 to 60 p.c. of As205.

BESSEMER STEEL v. Ieon.
BETAÏNE v. Vegeto-alkaloids.
BETEL. A mixture of the leaf of the betel-

pepper (Piper Betel) with the fruit of Arcca
catechu or betel nutand chunam (lime obtained by
calcining shells), universally used by the people
of Central and Tropical Asia as a masticatory.

BETEL-NU T. The fruit of Areca Catechu.
BETH-A-BARRA WOOD. A woodimported

from the West Coast of Africa, much valued for
its toughness and capability of receiving a high
polish. The interstices of the fibres are filled
with a yellow crystalline substance which can be
extracted from the sawdust by heating with dis-
tilled water containing a little sodium carbonate,
and precipitating the resulting claret-coloured
solution with acetic acid. It is purified by re-
peated crystallisations from 80 p.c. alcohol.

It differs from chrysophanic acid by melting
at 135° instead of 162°, and in not forming a
compound with alum (Sadtier a. Rowland, Am. J.
1881, 22) For tables showing the différence

in the reactions of brasilin, hœmatoxyiin, san-
talin, and beth-a-barra v. Am. J. 11, 49, aud
W. J. 28, 537.

BETORCIN or/3-ORCIN CsH10O,. A substance
obtained by the décomposition of barbatic
acid, found in the lichen Usnea barbata. It is
less soluble in water than orcin and gives a
deeper crimson colour with hypoclrlorites. Kos-
tanecki has obtained it by the action of nitrous
acid on ro-amido-p-xylenol, thus showing that it
is a dihydroxy-xylene having the substituting
groups in the positions CH3, CH3, OH, OH = 1,
4, 3, 5 (Stenhouse a. Groves, C. J. 37, 390 ;
Lampartie, A. 134, 248 ; Menschutkin, Bl. 2,
428 ; Kostanecki, B. 19, 2,321).

BETULA RESIN v. Resins.
BEZETTA. Tournesol en drapeaux. Schmink-

lappchen. Bezctla rubra et cœrulea. A dye or
pigment prepared by dipping linen rags in solu¬
tions of certain colouriiigmatters. Red bezetta
is coloured with cochineal, and is used as a
cosmetie.

Blue bezetta (Tournesol endrapeaux) which is
chiefly used for colouring the rind of Dutch
cheeses, is prepared at Gallargues, near Nîmes,
in the department of Gard, from a euphorbia-
ceous plant, Clirozophora tinctoria or Croton
tinctoria. The fruits and the tops of the plants
are gathered, and the juice being expressed, rags
of coarse cloth are dipped into it, then dried, and af-
terwards exposed to the fumes of mules' or horses'
dung. This last opération is called aluminadou.
The cloths are turned from time to time, to ensure
uniform colouration and prevent any part from
being exposed too long to the fumes of the dung,
whichwould tum them yellow. Tliey are then dried
a second time, again soaked in the juice, mixed
this time with urine, and lastly exposed forsome
time to the action of the sun and wind. The
quantity thus manufactured amounts to about
50 tons yearly. The blue of bezetta is reddened
by aeids like litmus, though not so quickly, but
differs from the latter in not being restored by
alkalis. According to Joly, the same dye may
be obtained from other euphorbiaceous plants,
Clirozophora oblongata, C. plicata, Croton tri-
cuspidatum, Mercurialis perennis, and M. to-
mentosa. The juice exists in ail these plants in
the colourless state, and turns blue only on ex-
posure to the air (Handw. d. Chem. 2 [1] 1,030 ;
Gerh. Traité, 3, 820).

BEZOAR. This name, which is derived from
a Persian word signifying an antidote to poison,
was given to a concrétion found in the stomach
or intestines of an animal of the goat kind, Capra
œgragus, which was once very highly valued for
this imaginary quality, and has thence been
extended to ail concrétions found in animais.

According to Taylor (P. M. No. 186, 36,
and No. 186, 192) bezoars may be dividecl
into nine varieties :—1. Phosphate of calcium,
which forms concrétions in the intestines of many
mammalia. 2. Phosphate of magnésium ; semi-
transparent and yellowish, and of sp.gr. 2-160.
3. Phosphate of ammonium and magnésium; a
concrétion of a grey or brown colour, composed of
radiations from a centre. 4. Oxalate of calcium.
5. Yegetable fibres. 6. Animal hair. 7.Ambergris.
8. Lithofellic acid. 9. Ellagic or bezoardic acid.

Of true bezoars there are three kinds, Oriental,
Occidental, and German. The true Oriental be-
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zoars found in tlie Capra œgragus, the gazelle
(Antilope Borcas), and other ruminant animais,
are splierical or oval masses, varying frorn the
size of a pea to that of the fist, and composed of
concentric layers of resinous matter with a
nucleus of someforeign substance, such as pièces
of bark or other hard vegetable matter which
the animal lias swallowed. They have a shining
resinous fracture, are destitute of taste and odour,
nearly insoluble inwater and aqueoushydrochlorio
acid, but soluble for the greater part in potash-
lye. These characters suffice to distinguisb the
Oriental bezoars from those varieties which con-

tain a considérable quantity of inorganic matter.
There are two kinds of them, the one consisling
of ellagic, the other of lithofellio acid. The latter
have a more waxy lustre and greener colour than
the former, and are also distinguished by their
smaller sp.gr., viz. 1T, wliile that of the ellagic
acid stones is 1*6. They contain, besides litho¬
fellio acid, a substance resembling the colouring
matter of bile, and are perhaps biliary calculi.
Oriental bezoars are greatly prized in Persia and
other countries of the East for their supposed
médicinal properties. The Shah of Persia sent
one in 1808 as a présent to Napoléon. The
Occidental bezoars are found in the lama (Au-
chenia Lama) and in A. Vicunna. They resemble
the Oriental in external appearance, but differ
totally in their chemical characters, inasmuch
as they consist chiefly of phosphate of calcium,
with but little organic matter.

German bezoars, which are chiefly obtained
from the chamois or gemsbock (Antilope rupi-
capra), consist chiefly of interlaced vegetable
fibres or animal hairs bound together by a
leathery coating.

BICUHYBA FAT is expressed from tlie seeds
of Myristica bicuiba or M. officinalis, a plant
found in Brazil. The nuts have a wrinkled,
easily-broken, dark shell ; the kernel is about
the size of a nutmeg, red or yellowish-white in
colour, with a rancid taste, followed by a bitter
after-taste. The seeds contain 59-6 p.c. of fats,
the sliells contain 2-6 p.c., and the kernels free
from the husks 70 p.c. By pressing under a
pressure of 300 atmosphères at 50°C., 860 lbs.
of nuts yielded 410 lbs. of fat, or 47-56 p.c.

Brandes, in 1833 (A. 7, 52), confounded it
with nutmeg butter ; Lewy, in 1844 (À. Ch. [3]
13, 450), describes it as a yellowish-white wax,
soluble in hot alcohol and melting at 35° ;
Peckolt (Ar. Ph. 1,577, 158, 258) found it melted
at 47-5 and solidified at 25°. He also isolated an
acid bicuhybastearic acid, melting at 55°.
Noerdlinger (B. 18,2,617) finds that the fats vary
in colour from dark yellow to brown, melt at
températures between 42° and 45°, and solidify
between 32° and 33°. In the shells he finds
another wax-like body, only slightly soluble in
hot ether, which melts at 74-75°, and solidifies
at 71-72°.

It contains a glyceride of myristic acid
(Noerdlinger, l.c.) and trimyristin fWill. a.
Beimer, B. 18, 2,011), and other substances not
yet investigated.

Its use has been suggested in the manufacture
of soaps ; those made from it have a pleasant
cocoa-like smell.

BIDRY. An Indian alloy of zino, copper,
and lead, and occasionally tin. Articles of this

alloy, after being turned in a lathe and engraved,
are blackened by immersion in a solution of sal
ammoniac, nitre, common sait, and copper sul-
phate. Known also as Vidry.

BIEBBICH SCARLET v. Azo- colourino

matters.

BILBERRY. (Ger. Heidelbeere.) The juice
of this berry (Vaccinium Myrtillus, L.) is useil
for colouring wines. Andrée (Ar. Ph. [3] 13,
90 ; B. 13, 582), states that it is impossible
to make certain whether the juice has been
used for colouring a wine, as the colouring
matter of grapes and of bilberries behaves in
almost an identical way with reagents. The
spectroscope also fails to distinguish between
the two colours. According to Griessmayer
(C. C. 8, 381), ammonia turns bilberry juice a
brownish-green, nitric acid in the cold blue
changing to red and beeoming orange on boiling ;
lead acetate gives a blue preeipitate, copper sul-
phate a violet colour, sodium carbonate a blue-
black, and borax an amaranthus red.

BIECH BARK. (Betula.) (Birke, Ger.;
Bouleau, Fr.) The inner bark is used in India
as a substitute for paper and for lining the roofs
of houses (Dymock, P. J. T. [3] 10, 661). A
specimen of bark from Friedrichsruh contained
3-98 p.c. easily soluble and 0-97 p.c. ditticultly
soluble tanning materials, yielding a good bright
leather (W. J. 30, 1,206). Contains a crystalline
substance termed betulin, C36H60O3, which
melts at 258°, and sublimes without décom¬
position.

BIRD-XIME. (Glu. Fr. ; Vogelleim, Ger.)
Bird-lime, from Ilex Aquifolium, was found by
Personne to consist, in addition to vegetable
débris and water, of calcium oxalate, caoutchouc,
and ethereal salts of a solid crystalline substance,
ïlicic alcohol, G,aH440, m.p. 175°, with undeter-
mined fatty acids.

According to Divers and Kawakita, Japanese
bird-lime, made from I. intégra, contains ethereal
salts of palmitic acid, and in very small quantity
a semi-solid acid, the calcium sait of which is
soluble in ether and in alcohol. Japanese bird-
lime also yields two very similar alcohols by
hydrolysis, one differing only slightly from ilicic
alcohol, and termed ilicylic alcohol, C22Ha80,
m.p. 172°, and another named mochylic alcoliol,
C26H480, m.p. 234°, from mochi, the Japanese
word for bird-lime.

Caoutchouc is also présent in Japanese bird-
lime to the extent of about 6 p.c., but only
minute quantities of oxalates. By distillation
bird-lime yields much palmitic acid and a thick
oily hydrocarbon, C.,5H44 (Divers and Kawakita,
C. J. 1888).

BIREEZ. Persian narne for gum galbanum
(Dymock, Ph. [3] 9, 1,016).

BISMARCK BROWN v. Azo- colourino

matters.

BISMUTH. Bismuth. (Etain de glace, Fr. ;
Wismuth, Ger.) Symbol Bi. At. w. 207-5
(Schneider, Lowe).

Occurrence.— Metallic bismuth occurs in
small quantities in widely distributed localities,
usually with other ores, such as those of cobalt,
nickel, copper, silver, lead, and tin. It is found
massive, granulated, reticulated or arborescent,
associated with arsenic and silver, and occa¬
sionally iron.
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The principal districts are Adelaide in South
Australia, Altenberg, Schneeberg, Annaberg,
Harienberg, Joachimsthal, Jolianngeorgenstadt,
Lolling in Carinthia, Fahlun, Sweden, and New
South Wales. In small quantities it occurs at
Huel Sparnon, Cornwall, Carrick Fells, Alva,
Stirlingshire, and in Bolivia. Alloyed with 64
p.c. gold it occurs at Maldon, Victoria. Alloyed
with tellurium it occurs as tetradymite in Cum-
berland. An alloy of bismuth with 3 p.c. arsenic
occurs at Palmbaum near Harienberg.

Bismuth sulphide is widely distributed in
small quantities, being found in Saxony, Sweden,
South Australia, America, and Cumberland. A
sulphide of bismuth, copper, and lead occurs as
ncedle ore, aciculite, or patrinite.

As oxide or bismuth ochre it is found as a

yellow substance, frequently as a coating on
other minerais, associated with iron and other
impurities, at Schneeberg, Joachimsthal, Beresof
in Siberia, and in New South Wales. The prin¬
cipal ore in Bolivia, which is stated by Domeyko
to be the richest country in bismuth, is a com¬
pact earthy hydrated oxide.

Bismuth occurs as carbonate or bismuthiU,
usually containing carbonates of iron and copper,
at Meymac, with antimony, arsenic, lead, iron,
and lime ; in Mexico, whence it is imported to
this country ; North Carolina, and other localities.

Bismuth is stated to occur in most sulphu-
rous copper ores in about the same proportions
as silver in galena, in other copper ores except
the carbonate, and in most samples of commer¬
cial copper and copper coins (Field and Abel,
C. J. 16, 304, and Field, C. N. 36, 261).

Extraction.—At Schneeberg in Saxony the
ore worked is principally metallic bismuth occur-
ring in ores which contain silver, lead, tin, and
arsenic in gneiss and clay-slate.

The ore, which contains from 7 to 12 p.c.
bismuth, is sorted by hand as far as possible from
the gangue before treatment. The old method
of liquation or ' sweating ' is still used, but is be-
coming superseded by smelting processes in which
the métal is much more perfectly extracted.

Liquation.—In this process the métal is
separated as far as possible from the gangue by
melting at a low température. The picked ore
is broken into pièces as large as a hazel nut, and
placed in inclined iron tubes in charges of about
12 cwts., suflicient space beingleft in the tube for
stirring the ore from the upper end (figs. 1, 2, 3).
The tubes are closed at the upper ends by plates
of iron, and at the lower ends by similar plates
containing circulai- apertures through which the
molten métal may run. The ends of the tubes
Project slightly beyond the walls of the furnace,
the upper over a tank and the lower ends over
iron crucibles which contain powdered charcoal,
and which are gently heated from below by a
small charcoal furnace. The tubes are heated
so as to cause the métal to flow easily, and in
about ten minutes the bismuth commences to
pass out into the crucibles, being there covered
by the charcoal and thus protected from oxi-
dation. The ore is occasionally stirred with an
iron rod from the upper end, and in from thirty
to sixty minutes the opération is completed.
The residues, graupen or bismuth barley, are
raked from the upper end into the tank, and at
once replaced by fresh ore. In this manner only

about two-thirds of the bismuth is extracted. 20
cwts. of ore require 63 cubic feet of wood. The
contents of the pots are removed by ladles to
moulds and cast into ingots of 25 to 50 lbs.
weight.

Sulphurous ores are usually roasted to re-
move sulphur, and then smelted in with iron
(to remove the last traces of sulphur), carbon,
and slag. The regulus of bismuth thus obtained
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is fused on an inclined iron plate and run down,
leaving a dross containing much of the impurity.
Bismuth ores are sent from Joachimsthal and
worked by this process at Schneeberg.
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The following analyses of two typical samples
show the composition of commercial bismuth :
From Saxony — Bismuth 99-77 p.c., copper
0 08, silver 0-05, sulphur 0-10 ; iron trace.

n n

From Joachimsthal—Bismuth 99-32 p.c., lead
0-30, silver 0-38 ; iron and copper traces ;
sulphur none. About 10,000 lbs. of bismuth
are annually produced at Schneeberg.

At Joachimsthal a method devised by E.
Vogel is used (D. P. J. 167, 187) for extract-
ing bismuth from ores free from lead. The
ores, which usually contain from 10 to 30 p.c.
bismuth, are mixed, according to their ricliness,
with 23 to 30 p.c. iron turnings, 15 to 50 p.c.
sodium carbonate (according to the amount of
gangue présent), 5 p.c. lime, and 5. p.c. fluor-
spar. The mixture is introduced in charges oi
about 1 cwt. into clay crucibles, 23 inches high
and 16 inches wide at the mouth, covered and
heated in a wind furnace to tranquil fusion, and
poured into conical moulds. The liquid sépa¬
râtes into three layers, the upper consisting of
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slag, the second of a speiss containing tke arse¬
nic, sulphur, nickel, cobalt, and iron, and most
of the other impurities with about 2 p.c. of
bismuth, and the lower consisting of a regulus
of nearly pure bismuth. The métal is again
fused and remoulded (see Kerl, Handb. der Met.
Hiittenkunde).

A similar proeess has been adopted by Patera
(J. 1862, 646) for the extraction of bismuth from
refinery residues.

In France the carbonate of bismuth imported
from Meymae is dissolved in the minimum
quantity of hydrochlorio acid and pièces of iron
inserted in the slightly acid liquid. The bismuth
is thus precipitated as a black powder, which is
well washed and fused in a plumbago crucible
under a layer of chareoal at as low a tempéra¬
ture as possible (Ad. Carnot, A. Ch. [5] 1, 405,
and Bl. 21, 114).

For the extraction of bismuth for pharma-
ceutical purposes from sulpkurous ores, Valen-
ciennes roasts the ore on the level bed of a re-

verberatory furnace for 24 hours with the occa-
sional addition of charcoal and fréquent stirring
with an iron rabble. When the sulphur has
thus been evolved the ore is mixed with about
30 p.c. charcoal, and a mixture of chalk, sait,
and fluorspar, and again fused in a reverberatory
furnace. From 5 to 8 p.c. of the bismuth is lost
by this proeess, but this is compensated by the
extra purity of the product. By subséquent
fusion with nitre the antimony, arsenic, and
sulphur are removed, and by the ordinary wet
methods the lead, copper, and silver are elimi-
nated (M. A. Valenciennes, A. Ch. [5] 1, 397).
Ores of bismuth averaging 60 p.c. bismuth are
imported into England to the extent of about
40 tons annually, principally from Adelaide, S.
Australia, and from Mexico. Tliey are usually
fused in black-lead pots with borax, sodium
carbonate, and a little crude tartar.

H. Tamm (C. N. 25, 85) states that bismuth
can be séparated from ores containing much
copper by fusion with an alkaline flux containing
free sulphur, in which case the copper remains
unreduced. He recommends a mixture of 5 parts
sodium carbonate, 2 sait, 1 sulphur, 1 carbon, to
be mixed in about equal proportions with the
ore. The bismuth produced is stated to be
much more free than usual from arsenic, anti¬
mony, and lead, but about 8 p.c. of the total
bismuth is lost. The bismuth présent in small
quantities in lead, copper, and silver ores fre-
quently becomes concentrated in the secondary
products of the metallurgical processes and may
then be profitably extracted. In the oxidation
of silver-lead containing bismuth, the lead oxi-
dises much more rapidly than the bismuth, and
at the close of the cupellation a blackish litharge
rieh in bismuth is obtained, from which that
métal may be extracted by réduction and cupel¬
lation (J. 12, 711). In this manner bismuth
becomes concentrated in the blichsilber in the
refinement of silver ores at Freiberg, and passes
into the hearth bottoms.as much as 25 p.c. being
sometimes so absorbed. When the hearths con-

tain sufficient bismuth to be profitably extracted
they are finely ground and treated with hydro¬
chlorio acid, with the formation of bismuth
ehloride. Water is added to the solution to

precipitate the métal as oxychloride, and the pre-

cipitate is collected, washed, dried, and reduced
to motal by fusion with charcoal, sodium car¬
bonate, and powdered glass (v. Phillips's Metal-
lurgy).

On the extraction of bismuth from its ores v.
also Winckler (Ber. Entwick. Chêm. Ind. 1, 953).

Purification.—The crude bismuth produced
by the above methods contains a variety of
impurities from which it is important in many
cases to separate it. These impurities are sul-
phur, arsenic, antimony, copper, nickel, cobalt,
silver, lead, and a trace of iron.

Sulphur and arsenic may be removed by
fusion with ^ of its weight of potassium nitrate,
with constant stirring at a température slightly
above the température of fusion ; the nitre
soon oxidises the impurities and a iittle of the
bismuth, forming witli them a slag which rises
and solidifies at the surface. For the complété
removal of these impurities a second fusion ri
frequently neeessary.

C. Méhu (Ph. [3] 4, 341) recommends the
following proeess for the removal of sulphur and
arsenic. The métal is heated considerably above
the melting-point in a vessel so as to expose a
large surface, and the oxide is removed to the
sides as fast as it forms until about one-fourth of
the métal has become oxidised ; the greater part
of the sulphur and arsenic will then have passed
off as oxides. The mass is cooled, pulverised,
and mixed with charcoal, dried soap, and potas¬
sium carbonate (free from sulphate), about one-
fourth of the original weight of the métal, in a
crucible, covered with charcoal and heated to
redness for one hour. It is tlience removed and
again fused in contact with air to remove the
potassium which it contains, and which sépa¬
râtes as a white film on the surface. Arsenic
may also be mostly removed by fusion for a con¬
sidérable time under a layer of charcoal. Arsenic,
sulphur, and most of the antimony may be
eliminated by fusion at a bright-red heat under
borax, stirring with a rod of iron until the action
ceases. The iron combines with the impuri¬
ties and rises as a difficultly fusible slag to
the surface, from beneath which the still liquid
métal may be poured after partial cooling.

For the complété removal of antimony, 2 or
3 parts of bismuth oxide for each part of anti¬
mony supposed présent are fused with the
métal. The oxide of bismuth then gives up its
oxygen to the antimony, becoming itself reduced
and the antimonious oxide floating on the sur¬
face.

Hugo Tamm (C. N. 25, 85) recommends for
the removal of copper the fusion of the métal
at a low température under 1 part of a mixture
of 8 potassium cy.anide and 3 sulphur. When the
action has ceased the mass is stirred with a clay
(not iron) rod, cooled until the flux has set and
the métal poured out from beneath. If impure
cyanide is used a relatively larger quantity is re-
quired.

Iron may be completely removed according
to H. Tiirach (J. pr. Chem. [2] 14, 309) by fusion
under a layer of potassium chlorate containing
from 2 to 5 p.c. sodium carbonate.

From silver bismuth may be separated by
cupellation and subséquent réduction of the
bismuth oxide so produced, or the métal may be
dissolved in nitric acid, the silver precipitated

IRIS - LILLIAD - Université Lille 1



BISMUTH. 811

with hydrochloric acid, the solution filtered, and
the basic sait of bismuth preoipitated by excess
of water, and reduced to métal.

Silver can be partially removed fi'om bismuth
by a process resembling Pattinson's process for
lead (Schneider, J. pr. [2] 28, 75).

For the séparation of gold and silver E.
Matthey (Pr. 42, 89, 94) recommends the addition
of 2 p.c. of zinc to the molten métal. The mass
is gradually cooled and the surface erust re¬
moved. This opération is repeated, whereby
the whole of the precious metals are concen-
trated in the skimmings. On fusing these in a
crucible with borax the gold and silver are freed
from impurities by the action of the oxide of
bismuth, and sink to the bottom. To separate
the last traces of these metals from the slag, it
is again fused with bismuth.

Lead may be preoipitated from a nitrie acid
solution of the métal by the addition of sul-
pkuric acid, and the bismuth recovered as already
described. It may also be separated from the
fused métal by repeated crystallisations, the
alloy of bismuth and lead melting at lower tem¬
pératures than the purer bismuth. E. Matthey
Las thus by four crystallisations reduced the
percentage of lead from 12 to 0'4 p.c. (Pr. 42,93).
For the séparation of copper from bismuth which
lias been previously freed from arsenic, anti-
mony, lead, &c., E. Matthey (Pr. 43, 172) re¬
commends its fusion with bismuth sulphide.
The pure métal obtained amounts to 90 p.c. of
the crude material, while the remaining bismuth
sulphide containing copper sulphide may be re-
smelted.

Ghemically pure bismuth is best prepared by
dissolving the commercial métal in nitric acid,
decanting from any residu'e, and adding excess
of water, whereby the bismuth is preeipitated as
basic nitrate, leaving the impurities in solution.
The precipitate is well washed by décantation,
dried, mixed with black flux or other reducing
agent which produces a readily fusible flux, and
reduced at a gentle heat in a crucible.

Propertics.—Bismuth is a greyish white
crystalline métal of distinetly red tinge when
compared with whiter metals such as zinc or
antimony. It is very brittle and easily powdered,
and a bad conductor of heat and electricity. Its
tenacity is very small, a rod 2 mm. in diameter
will just support a weight of 14T9 kilos (Mus-
chenbroeck). It forms fine obtuse rhombohedral
crystals, which approach very closely to the form
of cubes. Bismuth melts at 268-3°C. (v. Riems-
dijk and Rudberg) and boils at a température
between the melting-points of copper and nickel,
i.e. between 1090° and 1450°C. (Carnelley and
Carlton Williams), condensing in laminœ. Its
sp.gr. at 12°C. is 9'823. Scheerer and Mar¬
chand have stated that, on exposure to great
pressure, the density of bismuth is lowered. W.
Spring, however, lias shown that the density is
tlïereby increased. By exposure of bismuth of
density 9-804 to a pressure of 20,000 atmosphères
the density was raised to 9-856 ; a second com¬
pression still further increased the density to
9-863 (B. 16, 2,724). It is stated that by careful
hammering its density may be raised to 9-88.

Bismuth expands in cooling. Tribe (C. J.)
has sliown that this expansion does not take
place until after solidification.

Exposed to dry air bismuth remains un-
altered at the ordinary température, but in moist
air or in contact with water it becomes coated
with oxide. When heated in air it burns with a

bluish fiarne evolving yellowish fumes of oxide.
At higli températures it décomposés water.

Cold sulphurie acid has no action, but the
hot concentrated acid dissolves bismuth. Hy¬
drochloric acid acts but slowly. Nitric acid,
dilute or strong, dissolves it readily with the
formation of nitrate. Powdered bismuth thrown
into chiorine gas ignites with the formation of
trichloride. It also unités directly with bromine,
iodine, and sulphur.

Whencomparativelypure,bismuthcrystallises
readily. To obtain it in the form of fine crystals
it is melted and allowed to cool until a crust
has formed ; the crust is pierced on opposite
sides with a hot iron, and the still liquid portion
poured through one of the openings. On careful
removal of the crust the sides of the vessel are

found covered with crystals, frequently resem¬
bling hollow pyramidal cubes like those of sait,
but which are in reality obtuse rhombohedra.
Their iridescent lustre is due to a very thin
film of oxide which shows the colour character-
istic of thin plates.

Bismuth is the most diamagnetic substance
known, a bar of the métal placing itself equa-
torially between the pôles of a magnet, i.e. at
right angles to the position taken up by a bar of
iron. Bismuth also occupies an extreme place
in the thermo-electric sériés, being used with
antimony in the préparation of the most delicate
thermopiles.

Analysis.—Àll compounds of bismuth when
mixed with carbon or other reducing agent and
fused before the blowpipe give a brittle white
bead of métal and a yellow incrustation on the
chareoal darker than that of oxide of lead.

Salts of bismuth in solution give on addition
of excess of water a white precipitate of basic
sait, which is insoluble in tartario acid, and
blackens with sulphuretted hydrogen (distinction
from antimony).

Metallic iron, copper, lead, and tin precipitate
metallic bismuth from solutions.

Estimation.—The substance, if in the solid
state, is dissolved in nitric acid, diluted slightly
(not sufficientto produce a precipitate), filtered if
necessary, and preeipitated as carbonate by the
addition of ammonium carbonate in excess.

The liquid is heated nearly to boiling and left
for some hours in a warm place, filtered, washed
and dried. The precipitate is removed as far
as possible from the paper and placed in a
porcelain crucible. The paper is ignited on the
crucible lid and the crucible and contents ignited
and weighed with the lid. The yellow residue is
bismuth trioxide Bi203 and contains 89-66 of
métal. In presence of hydrochloric acid the
above method cannot be used directly, as the
precipitate would then contain bismuth oxy-
chloride which is partially volatile and would
also render the ignited residue of uncertain
composition. It is necessary in that case to
precipitate the bismuth with sulphuretted hydro¬
gen, filter off the sulphides, oxidise the precipi¬
tate with the filter paper in a beaker by digestion
with nitric acid, filter and precipitate with
ammonium carbonate and proceed as above. Or
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the precipitated oxide containing oxychloride
may be reduced with potassium cyanide as de-
scribed later, and weighed as métal.

From metals which are not precipitated by
the addition of chlorides or of exoess of water,
bismuth may be separated as follows (Rose) :—

The solution, if strongly acid, is nearly
neutralised with soda or ammonia and a solution
of sodium chloride added, followed by exeess of
water ; the bismuth is thus precipitated as oxy¬
chloride. The solution is allowed to stand
24 hours ; a further addition of water should
create no turbidity. The precipitate is filtered,
washed with cold water, dried and fused with
5 parts of potassium cyanide in a porcelain
crucible at a gentle heat. The mass is boiled
with water, filtered, and the metallic particles of
reduced bismuth washed, dried, and weighed.
Iron, if présent, would be precipitated with the
bismuth by this method.

Bismuth may be separated from other heavy
metals, except lead, in the following manner :
To the acid solution sodium carbonate is added
in excess, followed by a solution of potassium
cyanide. A gentle heat is applied for some time
and the precipitate filtered and washed. Bismuth
and lead are thus precipitated as carbonates
whilst the other metals remain in solution. For
the removal of lead this precipitate is dissolved
in nitrie acid, treated with sulphuric acid and
evaporated until fumes of sulphuric acid appear ;
the solution is then diluted and the lead suïphate
filtered off. The bismuth may be precipitated
from the solution as oxyehloride and treated as
before described. From zinc, iron, and other
metals not precipitated by sulphuretted hydrogen
in acid solution, bismuth may be separated by
that gas and the precipitated sulphide dissolved
in nitrie acid and precipitated as above.

For the dry assay of bismuth ores the fluxes
used must dépend on the composition of the
ore. Thus with ores containing metallic bismuth
or that métal as oxide, sulphide, carbonate, <fcc.,
a flux consisting of a mixture of 2 parts potassium
or sodium carbonate, X part sodium chloride, and
a proper quantity of argol or potassium cyanide
or charcoal powder, will be useful (Tamm) ; with
the addition, where mueh earthy matter is

présent, of borax. Where much copier is
présent Tamm advisesthe use of one part of the
ore mixed with one part or less of a mixture of
sodium carbonate 1, sait 2, sulphur 2, charcoal
powder 1 part. The exact proportions in which
these fluxes are most useful must be leamed by
experience.

Alloys of Bismuth.
Bismuth unités readily with mest metals,

forming alloys which are usually of great hard-
ness, brittleness, and fusibility, and most of
which expand on solidifying.

Lead containing very little bismuth is
toughened without becoming more brittle. The
addition of bismuth to lead increases its hard-
ness and tenacity; the alloy of 3 lead and 2
bismuth has ten times the hardness and twenty
times the tenacity of lead. The alloy of 66
lead and 34 bismuth is very ductile, melting
at 166°C.; it corresponds to BiPb.,. An alloy
containing equal weights of the two metals is
brittle, of foliated texture, and of the colour of
bismuth. Its density is 10'709 i.e. greater than
the mean density of the constituents.

Tin. The addition of bismuth to tin in small
quantities renders it more elastic and sonorous.
An alloy of 54 tin 46 bismuth is crystalline and
brittle ; it melts at 133°C. (Guthrie, T. [5] 17,464.
The alloy of 24 tin 1 bismuth is somewhat mallé¬
able, but a further addition of bismuth renders
it brittle.

Tin and Lead. The alloys of bismuth with
these two metals are of especial interest. They
are extremely fusible, and on account of their
expansion on cooling they take a very fine im¬
pression, being largely used for electrotype
moulds, <Src.

An alloy of 1 bismuth 2 tin 1 lead is used as
a soft solder by pewterers, and for the cake
moulds for toilet soap. An expensive but effec¬
tive alloy for stéréotypé clichés and metallic
writing pencils contains 5 bismuth 2 tin 3 lead ;
it melts at 91-66°C. (199°F.). The varieties of
fusible métal contain these three metals with the
addition sometimes of cadmium, which still
further lowers the melting-point. A table of
the most important of these alloys is given
below :

Name of Alloy Bismuth lead Tin Cadmium Mercury Melting-point Température of
Maximum Density

Newton's 50 31-25 18-75 94-5°C.
Rose's 50 28-10 24-1 — — 95° 55° (Spring)
D'Areet's 50 25-0 25-0 — — 94° (Hannay) —

D'Areet's withl
50 25-0 25-0 250-0 45° _

mercury J
Wood's 50 25-0 12-5 12-5 — 65° 25° (Spring)
Lipowitz's . 50 26-9 12-78 10-4 — 65° 38-5° ( „ )

1f statedtohave
Guthrie's ' Eutectic' 50 20-55 21-10 14-03

l
the lowest

melting-point
1

/ "

The action of heat on fusible métal is some¬

what anomalous. Taking Lipowitz's alloy as a
typical example, we find (from Spring's table of
densities at différent températures) that this
alloy whilst cooling contracts very rapidly at
the solidifying point (C5°C.); contracts slowly

from that température to 38-5°, expands thence
to aboht 25°, and again contracts, occupying at
0° the same volume as at 46°C.

For this reason, in taking a cast or impression
with fusible métal it is advisable to allow the
alioy to cool to a pasty mass before piacing in
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themould. (V. further, Godefroy, Fremy's
Encycl. Chimique, art. Bismuth, 1888, 24-30.)

Copper containing small quantifies of bismuth
is red short. Traces of bismuth are usually
présent in commercial copper (Field, C. N. 30,
261). The two metals unité at a température
below the melting-point of copper, forming
hard, brittle alloys of the mean densities of the
constituents (Gelert). An alloy of 1 copper 2
bismuth expands considerably after solidifica¬
tion ; 1 copper 4 bismuth produces a red crys-
talline métal.

Antimony unités in ail proportions with bis¬
muth. The alloy of equal parts of the two metals
expands considerably on solidification.

Mercury dissolves a considérable amount of
bismuth without solidifying. The amalgam con¬
taining 1 bismuth and 4 mercury adhères strongly
to smooth surfaces such as glass. One part bis¬
muth and 2 parts mercury forms a pasty amalgam.
The alloy consisting of D'Arcet's alloy and
mercury (v. preceding table) is used, on aecount
of its low melting-point, for taking casts of ana-
tomical préparations. The alloy is introduced in
the liquid state, allowed to solidify, and the fieshy
parts dissolved by solution of caustic soda. This
alloy is also used for silvering glass tubes, &c.

Silver has a strong affinity for bismuth. An
alloy of equal parts of the two metals has the
colour of bismuth, is lamellar, and has a density
of 10'709, i.e. greater than the mean of the con¬
stituent metals (Muschenbroeck).

The alloy of cadmium 40'8 parts, bismuth
59-2 parts, melts at 144GC. (Guthrie).

Bismuth alloys with the alkaline metals ;
thus, by fusing 5 bismuth with 4 cream of tartar
(hydric potassic tartrate) an alloy of bismuth and
potassium is produced, which becomes tarnished
in air, has an alkaline reaction and taste, and
evolves hydrogen when plunged in water.

A. H. Gallatin (Ph. M. [4] 38, 57) has pre-
pared an alloy of bismuth with ammonium. He
scattered ammonium chloride over bismuth
sodium alloy and added water. The alloy swelled
and again contracted. On plunging in water or
heating, a mixture of hydrogen and ammonia
was evolved. After drying in vacuo over sul-
phuric acid, it evolved 27 volumes of gas on
heating.

Bismuth combines very imperfectly with iron,
forming alloys of diminished density. With
platinum, palladium, gold, and tellurium it also
forms alloys. Compounds with the two latter
metals occur in nature.

Compounds of Bismuth.
Bismuth forms three classes of compounds

in which it occurs as a diad, triad, and pentad
respectively. The trivalent compounds are the
most stable.

Oxides. Four oxides of bismuth are known,
but the trioxide and the compounds derived from
it are the only ones of commercial application.

Bismuth trioxide Bi203 occurs in nature as
bismuth ochre. It is best prepared by the igni-
tion of the subnitrate of bismuth until red
fumes cease to be evolved. It may also be pre¬
pared by igniting the métal at a red-white beat
in a mufl9e. The métal then burns and forms
the oxide, which condenses as a yellow powder.
Bismuth oxide is a pale-yellow amorphous sub¬

stance which melts at a red heat to a glass
without change of weight. Its spécifie gravity
is 8'21 ; it contains 89'66 p.c. bismuth.

It is used for glass and porcelain staining ;
as an addition to certain fluxes to prevent the
production of colour, and in gilding porcelain,
being mixed in the proportion of 1 part oxide to
15 parts of the gold.

The darkening of the commercial substance
on exposure to light is due to the presence of a
trace of silver.

A hydrated bismuth oxide Bi,Os.H,0 is pre-
cipitated as a white powder on addition of caustic
alkali to a bismuthous sait, such as the nitrate.
It dissolves in alkali in presence of glycérine.
On addition of sugar to the solution metallic
bismuth is precipitated, while arsenic, if présent,
remains in solution. Lôwe (Fr. 22, 498-505)
recommends this method for the préparation of
pure bismuth for pharmaceutical purposes.

Bismuth nitrate Bi(N0a)35H20 is prepared by
dissolving bismuth or its oxide or carbonate in
moderately strong nitric acid. The concentrated
solution is filtered, if necessary, through as-
bestos, and deposits on cooling large déliquescent
crystals, which are caustic, and melt in their
water of crystallisation when gently heated.

When the bismuth used for. the préparation
contains arsenic, excess of nitric acid should be
used for the solution, the arsenic is then oxidised
to arsenic acid, and combines with its équivalent
of bismuth, being precipitated as arsenate of bis¬
muth. K. Schneider (J. pr. 20, 418-434) recom¬
mends the following proportions : 2 kilos bis¬
muth, 10 kilos hot nitric acid (75° to 90°C.) ;
when the action is finished the liquid is de-
canted from the sediment, which contains ail
the arsenic. On addition of water to the solu¬
tion a white precipitate of basic nitrate falls, the
constitution of which varies with the amount of
water used. This was formerly known as ma-
gistery of bismuth, and is now called flahe or
pearl white, the latter name being also applied
to the oxychloride of bismuth.

For pharmaceutical purposes the subnitrate
is prepared as follows : Dissolve 2 parts of bis¬
muth' in 4 parts nitric acid, add 3 parts water,
pour from deposit, if any, evaporate to one-third
the bulk, and pour into 80 parts of water, filter,
wash and dry the precipitate at a température
not above 55°C.

It is a pearly-wliite powder consisting of
minute crystalline scales. It is employed as a
flux for certain enamels, augmenting their fusi-
bility without imparting any colour, and on this
account is used as a vehicle for metallic oxides.
For the colourless iridescent glaze on porcelain
the basic nitrate is rubbed with resin and gently
heated with lavender oil; by the addition of
coloured oxides, yellow and other colours are
produced. It is also used like the oxide and in
the same proportions for gilding porcelain, and
to some extent as a cosmetic under the names

blanc de fard and blanc d'Espagne. It is largely
used in medicine.

When prepared from impure métal it is liable
to contain arsenic, lead, and silver ; tellurium
has also been suspecte! (Ph. 3, No. 287). To
test for arsenic, heat a little of the nitrate in a
tube until brown fumes cease to be evolved.
add a small crystal of potassium acetate and
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again heal ; in presence of a trace of arsenic the
odour o{ kakodyl is observed (A. Glenard, J. de
Pharm. [4] 1, 217).

Bismuth chloride BiCl3. This compound is
produced when finely powdered bismuth is thrown
into chlorine gas or when chlorine is passed over
the heated métal. It is also formed by the
solution of bismuth in aqua regia and evapora-
tion of the liquid.

It is a white, easily fusible solid, whieh ab-
sorbs moisture from the air, forming a crystalline
hydrate. By the addition of water a white pre-
cipitate of basic chloride or oxychloride is pro¬
duced corresponding to BiOCl, though its com¬
position varies considerably.

The oxychloride of bismuth is, however,
usually prepared by pouring a solution of the
normal nitrate into a dilute solution of common

sait, forming oxychloride of bismuth and sodium
nitrate.

It is a white pearly powder known as pearl
white, and is used as a pigment, and in the pré¬
paration of a very fine yellow pigment known as
Merimée's antimony yellow (v. Antimony).

Bismuth chromate v. under Chromiuh.
BISMUTHITE. Native bismuth trioxide.

The most abundant and widely diffused ore of
bismuth. A form found in spheres of darker or
lighter brown, the size of peas, and frequently
inclosing a grain of bismuth, is known as Bis-
muthspharite-, a specimen analysed by Weisbach,
J. M. 1882, 2, 254) contained 91-68 Bi203, 8-29
COo, and traces of Fe203 and Si02. Its sp.gr.
was 7-64.

BISSA-BOL v. Gum resins.
BISTRE î). Pigments.
BITTER ALTïIOND OIL v. Benzaldehyde.
BITTER APPLE v. Colocynth.
BITTER SWEET v. Dulcamara.
BITTER WOOD v. Quassia.
BITTERN. The mother liquor which re¬

mains after the crystallisation of common sait
from sea-water, or the water from sait springs.
It contains soluble magnésium salts, bromides
and iodides. The same term is also applied to
a mixture of equal parts of quassia extract and
sulphate of iron, 2 parts extract of cocculus in-
dicus, 4 parts Spanish liquorice, and 8 parts
treacle, used to sophisticate beers (Cooley, 1).

BITUMEN. This term includes a considér¬
able number of inflammable minerai substances
consisting mainly of hydrocarbons. They are of
various consistence, from thin fluid to solid, but
the solid bitumens are for the most part liqué¬
fiable at a moderate heat. The purest kind of
fluid bitumen, called naphtha or rock oil, is a
colourless liquid of sp.gr. 0-7 to 0-84, and with a
bituminous odour. It often occurs in nature
with asphalt and other solid bitumens. Petro¬
leum is a dark-coloured fluid variety containing
inuch naphtha. Maltha or minerai tar is a more
viscid variety. The solid bitumens are asphalt
(q. «.) ; minerai tallow or hatchetin ; éîastic
bitumen, minerai caoutchouc or elaterite ; ozo-
Jcerite, &c.

An abundance of bitumen is found in the
island of Trinidad at the Pitch Lakes, and in
Mexico. It is supposed to be a product of the de-
composition of vegetable matter, and consists
chiefly of hydrocarbons with variable quantifies
of oxygen and nitrogen, v. Pitch.

BITUMINOUS COAL v. Fuel.
BIXEIN, BIXIN. Colouring matters of

Annatto, v. Annatto.
BJELKITE or COSALITE. A minerai con¬

taining—
Bismuth . . . 42-40 39-40
Lead . . . 40-30 37-64
Iron . . . 1-01 5-13
Sulphur . . . 16-29 17-83

Sp.gr. 6-39-6-75 (J. 30, 1,270).
(Sjogren, J. M. 1879,611 ; J. C. S. [3] 40,6S8.)
BLACK AMBER v. Amber.
BLACK, AZO- or NAPHTHOL BLACK v. Azo-

coloueing matters.

BLACK BAND IRONSTONE v. Iron Oees
op.

BLACK BOY GUM v. Balsams.
BLACK CHALK. A kind of clay containing

carbon, found in Carnarvonshire and in the Isle
of Islay.

BLACK C0PPER v. Copper.
BLACK EARTHY COBALT v. Cobalt.
BLACK ELUX v. Assayino.
BLACK HELLEBORE ROOT. (Badix Helle-

bori nigri, Bacine d'Ellébore noir, Fr. ;
Schwarze Nieswurzel, Ger.)

The root of the Helleborus niger (Linn.) or
Christmas Rose, Woodville (Med. Bot. 169),
Bentl. a. T. (Med. Plants, 2). Black hellebore and
the nearly related green hellebore, Helleborus
viridis (Linn.), are seldom employed in England
except in veterinary medicine. They are both
powerful intestinal irritants.

Vauquelin (Ann. de Muséum, 8, 87), Sou-
beiran (N. Traité de Pharm. 1), and Feneulle
and Capron (J. Ph. 8, 503) examined hellebore,
but no definite constituent of physiological im¬
portance was announced till the discovery of
helleborin by Bastiek in 1852 (Ph. 12, 174).
Oui- knowledge of the chemistry of hellebore is,
however, chiefly due to Husemann and Marmé
(A. 133, 55) who show that besides helleborin
C38H4206, which is a glucoside, there exists in
both the black and green hellebore another glu¬
coside, helleboreïn, CœH41015. Helleboreïn exists
in greatest quantity in the niger, but it is also
the chief of the two constituents in the viridis.

Helleboreïn when purified consists of groups
of microscopic needles which crumble in the air
to a yellowish-white hygroscopie powder. It
has a sweet taste. Darkens at 220-230°. Water
and alcohol dissolve it, but it is insoluble in
ether. Sulphuric acid forms with it a brownish-
red solution which changes to violet. By the
action of dilute acids it breaks up into glucose,
and a grey-green amorphous precipitate of helle-
boretin, C14H20O3. Helleborin likewise assumes
the form of white shining needles. Melts with
décomposition at 250°. It is insoluble in cold
water, slightly soluble in ether ; but easily soluble
in boiling alcohol or chloroform. It gives a
characteristic and delicate colour reaction with
sulphuric acid. The crystals become deep-red
and dissolve in the acid to a deep-red solution.
The taste of helleborin is acrid and burning.
Dilute acids break it up into glucose and a re-
sinous substance, helleborcsin, C30H38O4. Helle-
boresin is insoluble in water, slightly soluble in
ether, but is readily dissolved by boiling alcohol.

A. S.
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BLACKING. (Cirage, Fr. ; Schiûiwickse,
Ger.)

Blacking, as we now use it, was introdueecl
froni Paris in the reign of Charles II., and
owing to the général and still increasing demand
for it as a polish for boots and shoes, is now an
important branch of industry.

A liquid blacking may be prepared by mixing
1G parts of bone-black and 2 of sperm oil in a
wooden or stoneware vessel; 12 parts of treaole
are then gradually added, and the whole is
beaten together until a perfeotly homogeneous
mass is obtained, 3 parts of oil of vitriol diluted
with three times its bulk of water is added in
small quantifies at a time, and the mass allowed
to stand, with a good stirring daily for several
days. 1 part of gum in 4S of vinegar is then
added gradually, the whole is stirred briskly
for sorne time, and then daily for 3 or 4
days.

Several other methods of making blacking
are described in Cooley's Encyclopœdia. The
following are the processes that have been
recently described :—

150 parts of wax and 15 parts of tallow are
dissolved in a boiling mixture of 200 parts lin-
seed oil, 20 parts litharge and 100 parts of
molasses ; the whole is heated to 120°, 103 parts
of black are added, on cooling it is diluted with
280 parts of oil of turpentine and mixed with a
solution of 5 parts gum lac and 2 of aniline
violet in 35 parts of alcohol (Nicolet, Ger. Pat.
19,048, December 1881).

90 parts beeswax or eeresine, 30 parts sper-
maceti, 350 parts oil of turpentine are melted
and then mixed with 10 parts of borax, 20 parts
black, 10 parts Prussian blue, and 5 parts nitro-
benzol (Heim, Ger. Pat. 19,279, February, 1882 ;
S. C. 1.1, 404).

Gunther's varnish is prepared by adding 3
parts of wax and 2 of castor oil with sufficient
pigment to a filtered solution of 80 parts shellac
in 15 alcohol. The whole is evaporated in
vacuum to the consistency of syrup (Ger. Pat.
19,267, December 1881).

Brunner makes a blacking by stirring well
together 10 parts of bone-black and 10 parts of
glucose syrup, and then adding with rapid stir¬
ring 5 parts sulphuric acid. 2 parts sodium
carbonate are next dissolved in 4 parts of water,
and boiled, with constant stirring, with 20 parts
of train oil, till a thick liquid is obtained, the
acid solution is then mixed with it with rapid
stirring (Chem. a. Drug. 26, 233).

Kilner's blacking for ladies' shoes, 2 oz. shel¬
lac, 1 oz. liquid ammonia, 8 oz. water; boil, add
sufficient aniline black to colour, and make up
to 16 oz. (Chem. a. Drug. 26, 369).

Paste blacking may be prepared by mixing
together 2 lbs. ivory-black, 1 of treacle, 4 oz. of
sperm oil, 5 of vinegar, and 5 of sulphuric acid,
and adding to the mixture ^ oz. ferrous sulphate
and 3J oz. of gum arabic dissolved in 5 oz. of
water. By using more vinegar and less bone-
black, liquid blaekings can be manufactured
(Chem. a. Drug. 26, 537).

Scholz's liquid blacking is made by dissolv-
ing 50 grams of asphalt in 50 grams of naplitha
and adding 6 parts of linseed oil varnish, 14 of
train oil, and 13 of spirits of wine (D. P. J.
242,456).

In manufacturing liquid blaekings. the ivory-
black must be in a finer state of division than
for paste blaekings.

Blaekings, both liquid and paste, should be
stored in cool, moderately dry cellars. Blaekings
which are crude, moist, and oily lose these pro-
perties and become drier and more brilliant by
âge. Indeed, it is said that the best boot and
shoe makers never use a blacking which they
have not had in stock for a twelvemonth.

BLACK JACK. The miner's term for blende
or zinc sulphide (v. Zinc).

BLACK LEAD. The common name of plurn-
bago or graphite (v. Cakbon).

BLACKLEY BLUE v. Indulines.
BLACK LIQUOR. Ferrous acetate (v. Acetio

acid).
BLACK TELLURÏUM v. Tellciuum.
BLACK TIN v. Tin.
BLACK VARNISH, Black Japan(v. Varnish).
BLACK WAD v. Manganèse.
BLACK, WOOL, v. Azo- colouring matters.
BLANC FIXE. Trade name for ground

barium sulphate, used as a pigment.
BLANQUETTE. A kind of crude soda, less

powerful than barilla, obtained at Aigues-Mortes
by the incinération of Salsola Tragus and S.
Kali (Watts, 1).

BLASTING GELATINE AND POWDER v.

Explosives.
BLEACHING. This term signifies the art

of destroying the natural colour of vegetable
and animal products in such a manner as to
leave them unimpaired with as white an appear-
ance as possible. The removal of certain other
natural or artificial impurities usually accom-
panies the bleaching proper. The art acquires
its greatest importance in connection with the
textile fibres, cotton, linen, wool, and silk, lience
spécial reference will be made to the modem
methods of bleaching these materials.

Cotton bleaching. Cotton is usually bleached
in the form of yarn, thread, and calico, very
seldom as loose cotton-wool. The natural im¬
purities occurring in raw cotton amount to about.
5 p.c. and consist chiefly of pectic matters ;
other substances présent are brown colouring
matter and very minute quantities of margaric
acid, cotton-wax, and albuminous matter. The
soiled grey appearance of raw cotton-wool, yarn,
and thread is almost entirely due to the presence
of these natural impurities. Cotton cloth or
calico, however, is still further contaminated
with flour or starch, fatty matter, china clay,
and other minerai substances, ail of which, to
the amount of 30-50 p.c., have been introduced
during the sizing of the warp.

Cotton yarn and thread bleaching. If the
cotton yarn is in the form of warps, these are
loosely plaited by hand or machine in order to
reduce their inconvénient length ; if in the form
of ' hanks ' these are bleached separately or
linked together in chain form; weft yarn is
sometimes bleached in the form of ' cops,' i.e.
ready for the spool of the weaver's shuttle.

The several opérations of the bleaching pro-
eess for 1,500 kilos yarn, employing low pressure
kiers, are as follows :—

1. Ley-boil. 300 litres caustie soda (sp.gr.
1-16), 2,000 litres water, boil 6 hours;
wash in kier 1 hour.
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2. Chemicking. Bleaching-powder solution
(sp.gr. 1-005), steep under sieve 2 hours ;
wash under sieve half an hour.

3. Souring. Sulphurie acid (sp.gr. 1-005),
steep under sieve half an hour ; wash
under sieve half an hour and afterwards
in washing machine.

4. Soaping and blueing. Soap solution
about 6 grams per litre, with addition
of small quantity of indigo-purple (indi-
gotin monosulphonate of soda) steep
2 hours under sieve.

5. Dumping. Pass through dumping machine
eontaining soap solution and indigo-
purple, as in opération No. 4 ; wash,
squeeze or hydro-extract, and dry.

The first, second, and third opérations are
repeated in the case of thread because of its
closer texture. For the second ley-boil 30 litres
caustic soda (sp.gr. 1-16) and 15 kilos, soap are
used; the chemicking and souring are exact
répétitions.

The ley-boil takes place in large iron
boilers or ' kiers,' a représentation of which is
shown in fig. 1.

The boiler a has a central puffer pipe b fur-
nished with a bonnet or spreader m at the top ;
c is a perforated false bottom; n is the lid
hinged at e and capable of being readily lifted
by means of a chain and counter-weight ; F is
an air valve, l a steam pressure gauge ; h and
i are the steam and liquor pipes connected by
the two-way valve k with the pipe j, which
enters the kier immediately below the puffer
pipe ; a is the let-ofî valve.

When such a kier has been charged with
yarn and caustic soda solution, the lid is fastened
down and steam is admitted. The liquor below
the false bottom soon begins to boil, and as the
pressure of steam increases, a portion of the boil-
ing liquor isforcibly ejected upthe puffer pipe and
spread over the yarn. The liquor drains through
the yarn, soon to be ejected as before. In this

intermittent manner the circulation of the boil-
ing liquor is maintained.

The apparatus for chemicking, souring, wash¬
ing under sieve, soaping and blueing, shown in
fig. 2, consists of a stone tank e, with per¬
forated false bottom f, and communicating by
the valve a with the stone tank d below. Th&
chain of yarn is drawn from the kier and led
into the tank e by means of the winch a.
When e is suitably filled with yarn, the liquor
in tank d is raised by the pump c to the sieve
f, whence it drains through the yarn into the
well below, again to be pumped up as before ;
e is the eccentric wheel on revolving shaft by
which the pump is worked.

The ' dumping ' machine referred to consists
of a pair of heavy wooden rollers placed over a
large wooden tank eontaining the soap solution.
The upper roller is covered with cotton rope
and rests loosely on the lower one. The yarn is
first passed through the soap solution and then
between the squeezing rollers ; the irregularities
caused by the linking or plaiting impart to the
upper roller a constant jumping motion, which
thus effeetually cleanses the yarn and presses
the soap and blue into the centre of the fibres.

When hank yarn is not linked to form a
chain, but treated as separate hanks, ' wash
stocks ' replace the dumping machine.

Cotton-cloth or calico bleaching. Accord-
ing to the purpose for which the bleached
material is intended, we may distinguish be¬
tween the madder bleach, the market bleach, and
the Turkey-red bleach.

The madder bleach. This, the most thorough
kind of calico bleaching, is in général use with
calico-printers. It aims at entirely removing
every impurity which will attract colouring
matter in the madder or other dye-bath, so
that the finished print may have a pure white
ground.

Before proceeding to the aetual bleaching
process the preliminary opérations of stamping,
stitching, and singeing have to be performed.

To recognise each piece of cloth and to trace
damages, the ends are stamped with numbers
and letters, usually with thick gas tar, occasion-
ally with aniline black. The pièces are then
stitched together by machine.

The singeing opération is for the purpose of
burning off the loose fibres on the surface of the
calico, since they interfère with the production
of fine impressions and are apt to give rise to
certain defects during the printing process. It
is performed by rapidly passing the cloth in the
open width over red-hot copper plates or eylin-
ders, or over a row of Bunsen gas fiâmes. We
may distinguish, therefore, between plate singe¬
ing and gas singeing, the former being generally
preferred for thick heavy cloth, the latter for
light thin cloth, muslins, &c.

In plate singeing it is important that the
plates be kept at a uniform strong red beat
sufficiently high to overcome the cooling action
of the rapidly moving cloth. The best results
are obtained by means of the ' singeing roller,'
which consists of a slowly revolving copper
cylinder through which a furnace flame is con-
ducted. In this case the cloth presses continu-
ally against a différent portion of the red-hot
surface of the roller ; the cooling action is thus
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reduced to a minimum, and a regular even singe
is the resuit.

Ail singeing machines are provided with lever
arrangements for immediately removing the cloth
from tho hot plate, or the gas flame from the
cloth, in case of neeessity ; further danger from
flre is avoided by causing the singed cloth to
pass at once between a pair of rollers moistened

with water, or through a small steam chamber,
in order to extinguish sparks adhering to the
cloth.

The above preliminary opérations are now
succeeded by those of the bleachingproper. The
following is an outline of the process at présent
in use for 24,000 kilos, cloth, employing low-
pressure kiers:—

1. Wasli after singeing.
2. Lime-boil. 1,000 kilos, lime, water about

37,000 litres ; boil 12 hours ; wash.
3. Lime-sour. Pass through hydrochloric

acid (sp.gr. 1-01) ; wash.
4. Lcy-boils. lst. 340 kilos, soda ash, water

about 37,000 litres ; boil 3 hours.
2nd. 860 kilos, soda ash, 380 kilos,

resin, 190 kilos, caustic soda (solid),
water 37,000 litres ; boil 12 hours.

3rd. 380 kilos, soda ash, water 37,000
litres ; boil 3 hours ; wash.

5. Chemicking. Pass through bleaching-
powder solution (sp.gr. 1-0025) ; pile
2-12 hours ; wash.

0. White-sour. Pass through hydrochloric
or sulphurio acid (sp.gr. 1-01) ; pile
1-3 hours.

7. Wash, squeeze, open out, and dry.

1. Wash after singeing. From the singeing
house the cloth is drawn through the washing
machine in chain form, then plaited down on
the floor and allowed to lie ' in pile ' for some
hours to soften. By this opération the cloth is
well soaked with water, and is thus better pre-
pared to absorb the liquors used in the sub¬
séquent opérations. Should the cloth be heavily
sized, much of the adventitious matter is also
removed at this stage.

The form of washing machine generally em¬
ployé! is shown in figures 3 and 4. It con-
sists of a water trough B, above which a pair
of heavy wooden squeezing rollers aa are sup-
ported. Two chains of cloth are washed simul-
taneously ; they enter the machine at the ends,
pass between the squeezing rollers, then round
the roller r in the water trough, again between
the rollers aa, and thus travel spirally towards
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the centre of tire machine, whence they are
drawn out by a winch and piled on the floor.
A constant, stream of water from the main
o enters at, the centre of the trough by the
tap e, the ilirty water flowing out at both ends ;
c are wooden guide pegs to separate the several
strands of cloth ; s s are strong brass rings or
' straining eyes ' through which the cloth enters
the machine, and which can be set at any angle
to regulate its tension ; k and w are the screws,
levers, and weights for regulating the pressure of
the squeezing rollers against each other. The
action of this machine is such that the cloth is
continuously being soaked witk water and then
squeezed, thus causing a vigorous stream of
water to flow down the upward moving strands
of cloth.

2. Lime-boil (lime-bowk, bucking, bowking).
The pièces are run through milk of lime supplied
to a washing machine of small dimensions—
generally termed the ' liming machine '—and are
at once drawn by winches into the lime kiers,
carrying with them the lime they have absorbed.
The cloth is plaited in regular folds and well
tramped down by boys who enter the kiers.
After adding the necessary amount of water,
the boiling and circulation of the liquor takes
place as already described in the case of the
ley-boil of cotton-yarn bleaching.

The lime-boil has for its object the décom¬
position of the fatty, waxy, and resinous irn-
purities présent in the cloth. Though not
removed, but adhering still to the fabric in the
form of lime-soaps, their altered condition faeili.

Fig. 4.

tates their removal by the subséquent processes.
The starch of the size is removed, and the
colouring matter of the fibre is modified. Lime
is preferred to caustic soda because it is cheaper,
and much more effective in saponifying neutral
fatty matter than the caustic or carbonated
alkalis ; indeed with the exception of barium
hydrate it seems to be the most energetic saponi¬
fying agent which could be used in cotton bleach¬
ing.

It is very essential to have a sufficieney of
water in the kier, so that it stands at least about
two feet above the false bottom ; otherwise the
cloth, either at the top or bottom of the kier, is
very apt to be tendered, probably because it be-
comes oxidised by the action of the steam upon the
clcth in its limed condition. On the other hand,
an excess of water in the kier is to be avoided,
since then the cloth is apt to float and become

entangled, or damaged by rubbing against the
sides during the boiling. When closed liigh-
pressure kiers are employed, the increase in
volume of liquor by the condensation of the
steam must be taken into account, and. if neces¬

sary, a little liquor must be allowed to escape.
Of the several varieties of kier which have

from time to time been introduced in practice,
mention may be made of 1 Barlow's kiers,' which
are still greatly in vogue. These are always
worked in pairs, and so arranged that the top
of one kier is connected by a pipe with the
bottom of the other ; the pipes which enter at
the top and centre of each kier are continued as
perforated pipes or ' distributors ' to a little above
the false bottom, and then to the bottom of the
kier as a stay. Both kiers having been charged
with cloth, the necessary amount of water is
run into one kier only ; high-pressure steam
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is then admitted at the top, and the liquor
forced out below enters the distributor of the
other hier at the top and permeates the cloth.
When al] the liquor has been thus transferred,
the taps are reversed so that the steam forces
the liquor in a similar manner back into the first
kier. This alternating process and circulation
of the liquor is continued for about seven hours.

Pendlebury's arrangement of kiers is precisely
similar to that of Barlow, the only différence
being that one kier is smaller and serves only to
liold the liquor each time it is forced through the

cloth contained in the largerkier. The arrange¬
ment is cheaper, more economical as regards
space required, and is suitable for small require-
ments.

In the vacuum kier of Mason and others, the
circulation of the liquors is effected by means of
a pump. After filling the kier with cloth, the air
is pumped out and the boiling liquor is then
admitted ; in this manner a more perfect péné¬
tration of the material by the liquor is ohtained.

The injector kier of Mather and Platt is
shown in fig. 5 ; a is the kier filled with cloth,

Fia. 5.

bb are the steam pipes, c is the injector, and
D the circulating pipe ; ï is the liquor pipe by
which water or other liquor is admitted, ee is
the draw-off valve and waste pipe. When the
kier has been suitably filled with cloth and liquor,
steam is turned on, and, by the action of the
injector c, the liquor is withdrawn from the kier
below, forced up the pipe d, and spread over
the eloth at g. Temporarily collecting at h, the
liquor is gradually drawn through the cloth, and
in this manner a continuai circulation of liquor
is maintained.

3. Lime-sour (grey-sour). After the lime-
boil the pièces are washed, then passed through
a washing machine fed with dilute hydrochloric
acid, and, if convenient, at once washed.

The object of the lime-sour is to décomposé
the insoluble lime-soaps fixed on the cloth during
the lime-boil, and to dissolve and remove the
lime, also any iron or other metallic oxides
présent. Experiments by A. Scheurer show also
that the use of the lime-sour makes it less
essentiel that complété saponification of the
fatty matter should take place during the lime-
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boil than would be the case if it were omitted.
This is so because the free fatty acid liberated
during the lime-sour greatly facilitâtes the
saponification of any undecomposed neutral fat
during the succeeding ley-boil, since the soap
which the fatty acid then forms emulsifies the
neutral fat and exposes it to the action of the
alkali employed. Hence the adoption of the
lime-sour is équivalent to shortening the time of
the lime-boil. A continuai flow of fresh dilute
acid into the machine must be maintained, and,
since it is rapidly neutralised by the lime, it is
well to ensure a constant slight acidity of the
liquor by oeeasionally making aeidimetrical tests.
Hydrochloric acid is preferred to sulphuric acid
because it gives the more soluble calcium ehlor-
ide. The soured cloth should never be per-
mitted to remain long exposed to air, especially
air currents, otherwise the acid is apt to concen-
trate in the exposed portions and thus tender the
fibre.

4. Ley-boil. This opération takes place in
the same kind of boilers as are used for the lime-
boil. The fatty acids resulting from the de-
composition of the lime-soaps during the grey-
sour, also the brown colouring matters, are
removed during this opération. Its spécial feature
is the use of resin-soap, which greatly facilitâtes
the removal of fatty matterby exercising a purely
mechanical emulsive action, the alkali présent
being then able more readily to saponify the
emulsified fats, particularly those neutral fats
which perchance have eseaped the action of the
lime-boil. Ordinary soft-soap acts in a similar
manner, but resin-soap is eheaper and better.
A. Scheurer finds by experiment that, after
caustic lime, the most rapid saponification of a
neutral fat spotted on a piece of calico is effected,
when boiling under pressure at 120°C., by a solu¬
tion containing 10 grams anhydrous caustic soda
and 2£ grams resin per litre. Increasing the
amount of resin does not hasten saponification,
though this is done by increasing the velocity of
the circulation of the solution. Indeed with
circulation even a more rapid saponification is
effected with caustic soda and resin than with lime.

The preliminary short boiling with soda ash,
which is sometimes replaced by merely soaking
the cloth with a weak solution of soda (' sweet-
ening'), prevents tendering of the cloth by
neutralising any traces of acid left in by reason
of insufficient washing after souring. The boiling
with soda-ash after the resin-boil is for the pur-
pose of completing the removal of fatty matters
and any undissolved resin, which otherwise give
rise to brown stains. Immédiate removal of the
cloth from the kier and washing is necessary to
prevent the production of iron stains.

5. Chemicking. The application of the
bleaching-powder solution takes place in wash¬
ing machines of the ordinary kind, but provided
with stone instead of wooden troughs, because
of their greater durability. The bleaching action
takes place essentially during the lying-in-pile
■or exposure to air of the cloth saturated with the
solution of bleaching-powder ; the carbonic acid
of the air libérâtes hypochlorous acid, and this,
in the presence of the fibre, at once décomposés,
yielding hydrochloric acid and oxygen: in the
moment of its production the oxygen oxidises
and destroys the traces of colouring matter

présent in the fibre, thus giving it the highest
degree of whiteness.

It is necessary to avoid the use of strong
solutions of bleaching-powder, otherwise the
fibre itself is attacked, oxycellulose being pro-
duced ; and even if the cotton is not tendered
thereby it is still apt to acquire brown stains
during subséquent opérations employed by the
calico-printer, e.g. steaming.

6. White-sour. This opération is similar to
the lime-sour already described, except that
sulphuric acid is usually employed instead of
hydrochloric acid, chiefly because of its lower
cost. Its object is to décomposé and remove
traces of undecomposed bleaching-powder, lime,
iron, and the oxidised colouring matter.

7. Thefinal washing must be as thorough as
possible in order to ensure the removal of ail
traces of acid, which, if left in the cloth, would
inevitably tender portions of it during the drying
process. After washing, the cloth is specially
squeezed by passing through a pair of heavy
wooden roliers, or through the modem grooved
brass roller and dise machine of W. Birch. The
chain of cloth then passes in a horizontal, loosely
hanging position, between a pair of rapidly
revolving, double-armed winches or scutchers,
which eïfectually shake out the twist from the
chain. Thus opened out to the full width, the
cloth is dried by passing over steam-heated
copper cylinders, and folded. The time usually
required to complété the madder bleach is four
to five days.

The market bleach. In market bleaching
the object is simply to give a brilliant white
appearance to the calico or other similar ma-
terial, to fit them for immédiate sale in the
market as finished white goods. It is not neces¬
sary to have the calico well ' bottomed '—i.e.
cleansed from ail colour-attracting impurities,
since no subséquent dyeing or printing is in-
tended. The opérations are for the most part
identical with those of the madder bleaching
process. The modifications introduced are shown
in the following outline of the process, intended
for 24,000 kilos, cloth, employing open or low-
pressure kiers :—

1. Lime-boil. 1,440 kilos lime, water about
37,000 litres ; boil 12 hours ; wash.

2. Lime-sour. Hydrochloric acid (sp.gr. 1-01) ;
steep 2-4 hours ; wash.

3. First ley-boil or grey-boil. 240 kilos
caustic soda (solid), about 37,000 litres
water ; boil 12 hours ; wash.

4. Chemicking. Bleaching-powder solution
(sp.gr. 1-005) ; steep 2-4 hours ; wash.

5. Second ley-boil or while-boil. 240 kilos
soda-ash, about 37,000 litres water;
boil 12 hours ; wash.

G. White-sour. Sulphuric acid (sp.gr. 1-01) ;
steep 2-4 hours ; wash.

7. Tint with blue, squeeze dry.
More or less elaborate finishing opérations

follow—e.g. starching, calendering, beetlihg,
stentering, &a. Some bleachers introduce a
white-sour between opérations 4 and 5, and a
second chemicking between opérations 5 and 6.
The absence of resin-soap in the ley-boils is
characteristic.

The Turkey-red bleach. This is merely a
curtailment of the foregoing proeesses, and is
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specially intended for yarn or cloth to be sub-
sequently dyed plain alizarin-red or Turkey-red.
In it the opération of singeing and tbe application
of bleaehing-powder are omitted, since they
diminish the fulness and brilliancy of the
Turkey-red dye ; the use of the latter is to be
avoided, because it gives rise to the production
of oxyeellulose. The use of resin-soap is un-
necessary, and the process is limited to the
following opérations :

1. Wash.
2. Boil in water 2 hours ; wash.
3. Ley-boils.

lst. 90 litres caustic soda (sp.gr.
1-35), about 3,000 litres water;
boil 10 hours ; wash.

2nd. 70 litres caustic soda (sp.gr.
l'35) ; ditto ditto.

4. Sour. Sulphuric acid (sp.gr. 1-01) ; steep
2 hours.

5. Wash well and dry.
The above quantities of materials are in-

tendedfor 2,000kilos. cloth,withlow-pressurekier.
The steamer-kier bleaching process. The

bleaobing processes previously described have
been in vogue with little change during the
last forty years; minor modifications have
certainly been introduced, but the chief improve-
ments have always been in respect of the
mecbanical appliances employed. Quite re-
ccntly (since 1883-84) another most impor¬
tant advance in the same direction has been
made, which marks an epoch in the history of
bleaching.

In 1883 Thompson patented a bleaching
process in which the goods contained in an
air-tight kier are submitted to the action of
bleaehing-powder solution and of carbonic acid
alternately. The carbonic acid is drawn from
a gas-holder into the kier containing the cloth
steeped in bleaching powder solution, by allow-
ing the latter to flow out into a tank below.
The bleaching liquor is then pumped baek into
the kier, thus forcing the carbonic acid which
remains, back into the holder.

In 1884 W. Mather, of the firm of Mather &
Platt, Manchester, devised an improved arrange¬
ment in which the calico could be passed con-
tinuously through chambers or tanks containing
the two necessary agents mentioned.

In the following year Mather introduced the
so-called steamer-kier, in which the goods, pre¬
viously impregnated with dilute caustic soda,
were submitted to the action of low-pressure
steam.

The so-called Mather-Thompson process ré¬
sulté from a combination of the two processeshere
indicated. With regard to the principles of the
process there is nothing new, for the application
of carbonic acid in connection with bleaehing-
powder solution was patented by P. P. Didot in
1855, while the steaming of goods impregnated
with alkali was patented as far back as 1800 by
J. Turnbull.

The novelty consists essentially in the ma-
cliinery employed, by which the duration of the
bleaching process is very much shortened, and
other material advantages are gained.

For a market bleach with these new appli¬
ances, the goods are submitted to the following
opérations:—

Vol. i.-t

1. Ley-scour. Pass through hot dilute
caustic soda—or waste soda-liquor from
a previous steaming opération ; squeeze
and wash.

2. Ley-prepare. Pass through a boiling so¬
lution of NaOH (sp.gr. 1-01-1-02) ;
squeeze and run into steamer-waggon.

3. Ley-boil (or steam). Boil in steamer-kier
for 5 hours with 4 Ibs. pressure ; wash
in the kier with hot water for 2 hours ;
wash in washing machine.

4. Chemicking. Pass continuously through
a sériés of vats containing :—

1. Hot water.
2. Bleaehing-powder solution (sp.gr.

1-005).
3. Carbonic acid gas.
4. Cold water.
5. Hot solution of Na2C03 (1 gram

per litre).
6. Cold water.
7. Bleaehing-powder solution (sp.gr.

1-0025).
8. Carbonic acid gas.
9. Cold water.

10. Hydrochloric acid (sp.gr. 1-01).
5. Wash in washing machine ; tint with

blue ; squeeze and dry.
The following notes explain the above opéra¬

tions more fully :—
Ley-scour. The objeet of this opération is

to cleanse the cloth from such superficial im-
purities as ' size ' &e., so that the alkali subse-
quently applied may, with unimpaired strength,
exert its action entirely to remove the natural
impurities of the fibre.

Ley-prepare. This opération is not strictly
necessary, since the imprégnation of the fabric
with caustic alkali might be effeeted in the kier
itself ; but it ensures a more thorough and even
saturation of the cloth with alkali. The opéra¬
tions of ' scouring ' and ' preparing ' are per-
formed by passing the cloth through roller-vats
containing the necessary solutions. Excess of
liquor is removed by squeezing rollers, and the
cloth, containing about one and a half times its
weight of liquor, is piled in the steamer-waggons.
These waggons are constructed of strong gal-
vanised iron, and form as it were large lattiee-
work cages or baskets, running on wheels, each
capable of holding from one to three tons of
cloth. The lattice-work may be dispensed
with, and the waggon then assumes the form of
a box or vat having one or more perforations in
the bottom.

Ley-boil. The steamer-kier consists of a
strong wrought-iron horizontal boiler, one end
of which can be closed by a specially constructed
sliding door. At the side of the kier stands a
centrifugal pump connected with the top and
bottom of the kier, and also with liquor tanks
beneath, so that either boiling water or dilute
caustic alkali solution can be sprinkled on and
circulated through the goods. Eigs. 6 and 7
show the général disposition of the steamer-kier.

Two waggons of cloth having been run into
the kier, and the door closed, steam is admitted
till the pressure reaches a maximum of 4-5 lbs.
During the steaming or boiling process, a.
continuai sprinkling of the cloth with dilute
caustic soda (sp.gr. T01°-l-02°) is maintained,
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in order to keep the cloth well saturated with
liquid, and thus prevent oxidation and consé¬
quent tendering of the fibre by the action of the
steam. The excellent circulation of the liquors
in the steamer-kier is a noteworthy and most im¬
portant feature, since it greatly facilitâtes the
saponification of the fatty matters on the cotton.

After steaming, the liquor is run off, the kier
is almost filled with hot water, and this is circu-
lated through the cloth by means of the centri-
fugal pump for one hour. A similar washing
with fresh hot water takes place during another
hour.

Each kier is provided with two pairs of

Fia. 6. Fia. 7.

waggons, so that while the goods in one pair
are being steamed, the other pair can be emptied
and refilled with cloth ready to be steamed. In
this manner the opération of steaming is ren-
dered as continuons as possible and a very great
saving of time is effected.

Chemicking. After receiving a thorougb
wash in the ordinary roller washing machine,
the pièces are passed through a sériés of rats
provided with rollers above and below, and
containing the several agents already enume-
rated. This continuous bleaching range is

sliown in fig. 8. Thin goods are run through
in chain form, thick ones may be run in the
open width.

The bleaching-powder solution is led con-
tinuously to the chemic vats frorn a high-level
tank. The carbonic acid is prepared from
marble and hydrochloric acid in a spécial

apparatus, and conducted by underground pipes
to the closed chambers of the bleaching range.

The pièces pass through the whole sériés of
vats in about three minutes, running at the rate
of about sixty yards per minute.

The duration of the Mather-Thompson
bleaching process, from the grey to the wkite
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state, is from ten to rwelve hours. According to
tlie patentées, and their statements seem to be
corroborated by the reports of various firms who
bave adopted the process, the saving, compared
with the ordinary process of bleaching, is as fol-
lows: in value of drugs one-fourth, of labour
one-half, of water four-fifths, of coal one-half, of
time two-thirds. Much less space is required,
since one stearaer-kier can do the work of four

ordinary boiling kiers, and the machine opéra¬
tions are reduced one-half. The following dé¬
tails hâve been furnished by H. Koechlin, of the
Loerrach Printworks.

To efiect the madder bleach by the steamer-
kier process, the continuous bleàch with the
application of carbonic acid &c. is omitted, the
older method of chemicking and souring being
preferred. Those who consider the lime-boil as
essential may apply it equally well by means of
the steamer-kier.

The opérations in this case are as follows :—
1. Lime-boil (or steam). Eun through milk

of lime, 50 grams per litre, and pile in
steamer-waggon ; boil in steamer-kier 5
hours at 10 lbs. pressure, circulating
2,000 litres water. Wash in kier with
hot water.

2. Sour. Sour as usual with dilute HC1
(sp.gr. l-015c); pile 2-3 hours and
wash.

0. Ley-prepare. Pass through NaOH solu¬
tion (sp.gr. 1-005-1-01°), heatedto 70°C.,
and pile in steamer-waggon.

4. Ley-boil (or steam). Boil 6 hours in
steamer-kier at 10 lbs. pressure, with
circulation of resin-soap liquor : 40 kilos
soda-ash, 20 kilos resin, 1,000 litres
water. Wash fourtimes (J-l houreach
time), with boiling water, and finally
with cold water, in kier.

5. Chemicking. Pass as usual through dilute
bleaching - powder solution (sp.gr.
1-0025°) ; wash.

G. Sour. Pass as usual through dilute sul-
phurie acid (sp.gr. 1-01°) ; wash and
dry.

Perfectly satisfactory results, however, are
obtained by even omitting the lime-boil and pro-
teeding as follows :—

1. Sour. Pass as usual through dilute H2S04
(sp.gr. 1-015°) ; pile 2-3 hours ; wash
and squeeze.

2. Ley -préparé. Pass through following
solution at 70CC. : 20 litres bisulphite
of soda, sp.gr. 1-3 ; 20 kilos. NaOH
(solid 72 p.c.), 1,800 litres water ; pile
in steamer-waggons.

3. Ley-boil (or steam). Boil in steamer-
kier 6-8 hours at 10 lbs. pressure, with
circulation of resin-soap liquor: 20
kilos NaOH (solid 72 p.c.), 40 kilos
soda-ash, 20 kilos resin, 2,000 litres
water; wash 4 times (^-1 hour each
time), with boiling water, and once
with cold water in kier.

4. Chemicking. As above.
5. Sour. As above ; wash and dry.
With the exception of the employment of

the steamer-kier and the use of bisulphite of
soda, this process is essentially the same as that

employed for many years with success by Messi-3.
Guillaume Frères of St. Denis.

The preliminary souring process effects the
décomposition of any insoluble fatty acid eom-
pounds présent in the grey cloth ; it removes
calcareous or other minerai matter soluble in
acids, and modifies any starchy matter présent,
probably rendering it more soluble. The addi¬
tion of the small proportion of the reducing agent
bisulphite of soda, along with the caustic soda
in the preparing process, is intended to prevent
any oxidation and conséquent tendering of the
cotton during the steaming process. The use of
resin-soap along with the caustic soda, eombined
with the perfect circulation of the liquor, is
very material to the success of this the shortest
modem method of madder bleaching, for reasons
already stated.

According to H. Koechlin, this method gives
a perfectly satisfactory bleach. The white is
not permanently stained in an alizarin dye-bath,
and does not beeome yellow on steaming.

A noteworthy recent invention of Dr. G. Lunge
is the application of acetic acid in connection
with bleaching-powder, in place of minerai
acids or carbonic acid. It can be applied im-
mediately before or after, or even along with
the solution of bleaching-powder. It libérâtes
hypochlorous acid with formation of soluble cal¬
cium acetate. When the hypochlorous acid exer¬
cises its bleaching power, it gives up oxygen and
produces hydroehloric acid, which immediately
acts upon the calcium acetate. In this manner
the acetic acid isreproduced, and is thus ready to
décomposé freshportions of calcium hypochlorite.

A solution of sulphurous acid has been used
by some bleachers for the final souring process
in place of sulphuric acid, over which it possesses
the advantage of being an antichlor, in consé¬
quence of its reducing action.

A passing referenee may be made to the so-
called electrical bleaching processes of Hermite
and others, the sole feature of which is that the
bleaching liquid (hypochlorite) is furnished by
passing an electric current through solutions of
calcium or magnésium chloride, or other similar
salts. They are ail more or less in an expéri¬
mental stage, and the results obtained are such
that one cannot reasonably expect to see bleach¬
ing-powder replaced in the near future by any
electrieally produced bleaching liquid.

The history of cotton bleaching may be
briefly said to comprise the following note¬
worthy imp: ovaments :—

1. The i se of chlorine gas by Berthollet in
1787, and of hypochlorite of lime in 1799 by
Tennant.

2. The boiling with carbonate of soda in-
stead of caustic soda, after the lime-boil, intro-
duced from America about 1837. A more

effectuai décomposition of the lime-soaps was
thus obtained.

3. The adoption of the lime-sour as propoçed
by A. Scheurer-Kott in 1837.

4. The use of resin-soap in the ley-boils
about the same period.

5. The introduction of high-pressure boiling
kiers about 1844.

6. The use of caustic alkali and resin-soap
in conjunction with the steamer-kier, to the
exclusion of the lime-boil, in 1883-84.

y 2
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Linen bleaching. Sinoe the retted fiax fibre
contains a mucli larger proportion of natural
impurities than cotton, e.g. 25-30 p.c. pectio acid,
beside fatty matter etc., linen is not so readily
bleacbed as cotton. In the main, however, the
methods adopted for the two fibres are the same.
Linen is bleached in the forni of yarn, thread,
or cloth.

Linen-yarn bleaching. "Very frequently linen
yarn is only partially bleached, the process being
cornpleted, if necessary, when the yarn has been
woven into cloth.

The following opérations are employed in
order to obtain ' half-white ' or cream, with 1,500
kilos yarn, using low-pressure kiers :

1. Ley-boil. Boil 3-4 hours in solution of
150 kilos soda-ash ; wash and squeeze.

2. Chemick (Reel). Iteel 1 hour in bleach-
ing-powder solution, sp.gr. 1-0025° ;
■wash.

3. Sour. Steep 1 hour in dilute sulphuric
acid, sp.gr. 1-005° ; wash.

4. Ley-boil (Scald). Boil 1 hour in solution
of 30-75 kilos soda-ash ; wash.

5. Chemick. Beel in dilute solution of bleach-
ing-powder, sp.gr. 1-0025° ; wash.

0. Scur. Steep 1 hour in dilute sulphuric
acid, sp.gr. 1-005° ; wash well and dry.

If the yarn should be bleached more com-
pletely, then opérations 4, 5, and 6 are repeated
two or three times, as may be found necessary,
with this différence, that between 4 and 5 the
yarn is ' grassed,' i.e. exposed in the field to the
action of the air, light, and moisiure, for several
days. By introducing this very gentle method
of bleaching, the full strength of the fibre is better
inaintained.

The yarious opérations are conducted in ap-
paratus precisely similar to that employed in the
bleaching of cotton yarn, except in the opération
of cliemicking. Although steeping under sieve
in dilute bleaching-powder solution might well
be employed, it is usual to suspend the hanks of
linen yarn on reels in such a manner that they
are only partially immersed in the solution con-
tained in a shallow tank. As the reels revolve
the yarn becomes thus .alternately impregnated
with the solution and exposed to the air. The
libération of hypochlorous acid by the carbonic
acid of the air is advantageous, and the bleach
is more effective and régulai-.

The application of acetie acid, as proposed
by Lunge, instead of this exposure to air, may
here be strongly recommended, since then no in¬
soluble lime sait is fixed on the fibre, and
the subséquent souring could be reduced to a
minimum.

To avoid the presence of caustic lime some
bleachers use hypochlorite of magnesia, as pro¬
posed by Hodge, instead of bleaching powder.

Linen-cloth bleaching. The old method of
bleaching linen-cloth consisted in alternately
boiling the fabric with solutions of sodium car¬
bonate and exposing on the grass, succeeded by
souring, and rubbing with solutions of soap.
The modem method, adapted from that em¬
ployed for calico, is given in the following
résumé. It is intended for 1,500 kilos, brown
linen, using low-pressure kiers :—•

1. Lime-boil. Boil 14 hours with 125 kilos.
lime, 2,000 litres water ; wash.

2. Sour. Steep 2-6 hours in dilute liytlro-
chloric acid, sp.gr. 1-0025 ; wash in
stocks, turn-hank, wash.

3. Ley-boils. First, boil 8-10 hours with
2,000 litres water containing resin-soap :
30 kilos, caustic soda (solid), 30 kilos,
resin, previously boiled together with
water ; secondly, boil 6-7 hours with
2,000 litres water, 15 kilos, caustic soda
(solid), previously dissolved ; wash.

4. Expose in field 2-7 days according to the
weather.

5. Gliemick. Steep 4-6 hours in dilute
bleaching - powder solution, sp.gr.
1-0025° ; wash.

6. Sour. Steep 2-3 hours in dilute sulphuric
acid, sp.gr. 1-005° ; wash.

7. Ley-boil (scald). Boil 4-5 hours with
2,000 litres water, 8-13 kilos caustic
soda (solid) ; wash.

8. Expose in field 2-4 days.
9. Chemick. Steep 3-5 hours in dilute

bleaching - powder solution, sp.gr.
1-00125°; wash.

At this stage the cloth is examined; those
pièces which are sufficiently bleached are soured
and washed, the rest are further treated as
follows :—•

10. Rub with rubbing boards and a solution
of soft soap.

11. Expose in field 2-4 days.
12. Chemick. Steep 2-4 hours in dilute

bleaching - powder solution, sp.gr.
1-0006°; wash.

13. Sour. Steep 2-3 hours in dilute sulphuric
acid, sp.gr. 1-005°.

14. Wash, squeeze, and dry.
If the linen is not brown, but made of yarn

already partly bleached, the above process is
much curtailed, and weaker liquors are employed.

The kiers, chemieking and souring machines
are the same as those used in cotton yarn bleach¬
ing. The washing is done in the so-called wash-
stocks or by slack-washing machines. The latter
are very similar to the cotton-washing machines,
the chief différence being that the water-tank is
divided into compartments, each of which holds
a few yards of slack cloth forming each strand,
before it passes through the squeezing rollers.

The ' rubbing ' referred to, is for the purpose
of removing mechanically any remaining brown
particles of ligneous matter termed ' sprits.' It
consists in passing the chain of cloth through a
solution of soap, and then immediately between
a pair of horizontal, corrugated, heavy boards ;
the upper board rests loosely upon the lower
one, and moves lengthwise to and fro, while the
pièces pass between them at right angles.

The opération of ' turn-hanking ' consists in
disentangling the pièces after they have been
washed in the stocks, and then refolding them
for a further wash, thus insuring a thorough
cleansing of every portion of the cloth. When
slack-washing machines are employed the opéra¬
tion is of course not necessary.

The chemistry of linen bleaching is essenti-
ally the same as that of bleaching cotton. The
pectic acid, fatty matters, &c., are rendered so-
luble by the alkaline boilings, and the colouring-
matters still remaining are oxidised and destroyed
by hypoehlorites. The répétition of these opéra-
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tions is considered necessary by reason of the
large percentage of impurities présent ; but it is
very probable that good results would be obtained
by adopting the more rational plan of first re-
moving the whole of the peetic and fatty matters
before applying the hypochlorites. The steamev-
kier process in conjunction with the application
of acetic acid and hypochlorites is well worth
the attention of practical linen bleachers.

Wool scouring and bleaching. The bleaching
of wool neverforms a separateindustry, as in the
case of cotton and linen, and although in itself
ol minor importance, it is necessarily preceded
by the opération of ' scouring,' which is of funda-
mental importance both to the woollen manu¬
facturer and the dyer.

In its natural condition the wool fibre is con-

taminated with 15-70 p.c. of ioreign matter,
consisting partly of dirt &c. derived from with-
out, but mainly of certain fatty matters desig-
nated as 'yollc,' secreted by the animal from
which it is derived. This sécrétion is separable
into two parts: the one, ' wool-perspiration,' is
soluble in water, and consists essentially of the
potassium compounds of oleic and stearic acids
(potash soaps) &c. ; the other portion, termed
' wool-fat,' is insoluble in water, and is composed
of cholesterine and iso-cholesterine, which exist
partly in the free state, but chiefly in combina-
tion with oleic acid and other fatty acids.

loose-wool scouring. The object of scouring
wool is to remove from it tbe yolk, &a., and thus
render it more suitable for spinning, dyeing, or
bleaching. Two methods of effecting it may be
employed. The one generally adopted is to treat

the wool with dilute alkaline solutions capable
of forming emulsions with the yolk ; the other
mode is to submit the wool to the successive
action of fat solvents, carbon disulphide. &c.,
and of water.

Scouring with alkaline solutions. When
carried out in the most complété manner, as it is
conducted in Belgium, this method comprises
the following opérations :

1. Steep several hours in tepid water.
2. Sœur 15-30 minutes with dilute alkaline

solutions (soap, sodium carbonate, &o.)
at about 50°C.

3. Wash with water.
The steeping is performed in a sériés of large

iron tanks, in which the wool is systematically
•vashed or rather steeped in water heated to
15°C., until it is deprived of soluble matter. As
a rule two to three steeps with fresh water are
found sufficient ; but it is customary to pass the
wash water through several lots of wool until it
becomes well saturated with ' wool-perspiration.'
The opération is not carried out in England. It
is partieularly advantageous in the case of wools
rich in yolk (e.g. Buenos Ayres wool, &c.), since
it prevents too rapid soiling of the scouring
bath and conséquent staining of the wool, and
thus it tends to ensure more complété scouring.
By evaporating the waste steeping-liquors to
dryness and calcining the residue, a good quality
of potassium carbonate, containing very little
sodium saltsand suitable for glass manufaeturers,
is obtained.

The scouring and washing of the wool in
order to remove the remaining ' wool-fat ' is best

rrfftfHTTTÎTOfff
Pis. 9.

performed by the aid of so-called wool-scouring
machines, one of which (J. & W. McNaught's)
is shown in fig. 9.

It consists of a large reetangular trough a,
with a light frame b suspended over it by ehains
and carrying a sériés of transverse, fixed, vertical
rakes or coinbs c.

The wool, either in its raw condition or after
steeping, is spread evenly on the moving endless
apron or feeder d ; it is thus continuously intro-
duced at one end of the trough.

By suitable meehanism the frame is lowered,
and the wool is at once pressed beneath the sur¬
face of tbe scouring liqnorby the perforated tray
or sieve e. When the frame is suffieiently
lowered it moves forward, the rakes gently carry¬
ing the wool towards the other end of the trough.
When the forward stroke is completed, the frame
is lifted up, the rakes rise vertically out of the
liquid, and the frame retnrns to its original posi¬
tion. By these successive movements the wool

is slowly passed through the scouring liquor.
At the delivery end it is carried up the iuclined
plane F by the rakes fixed on the small frame a,
which is hinged to the larger one. Having been
pushed over the ridge, the wool slips down be-
tween the squeezing rollers eh, ready to be passed
through a second similar machine.

The workiug of the machine as above de-
scribed is suitable for Botany and other fine
classes of wool. When washing low Cape, Biver
Plate, and similar wools which contain mueh
dirt and sand, an additional movement is given
to the rakes while in the liquor. This is effected
by having the rakes fixed in a second frame oo,
which receives a slight backward and forward
movement by means of the rod o and the cam k,
during the onward movement of the main frame
eb to which it is attached. By this means the
wool is slightly opened out and agitated, and the
6and and dirt fall through the perforated gra-
ting i<l. When the scouring liquor becomes too
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soiled for further use, the steam injectors mm are
brought into action in order to stir up ail sédi¬
ment, and the dirty liquor is run olï by the plug-
liole n.

For a complété arrangement there should be
at least three such machines plaeed in line, so
that the wool passes automatically from one to
the other. The first contains more or less
soiled scouring liquid which has been previously
nsed in the second trough ; the second contains
fresh scouring liquid, and the third a continuai
fiow of clean, cold, or preferably tepid water.

The ehoice of scouring agent dépends upon
the eharacter and quality of the wool. For
fine lustrous wools and such as are poor in
yolk, a mild scouring agent should be selected,
e.g. soap, ammonia, ammonium carbonate, lant,
(te., that is to say, agents which are capable of
removing the yolk with ihe least injury to the
fibre. The best soaps to use are those which
are most soluble and least likely to contain any
trace of caustie or carbonated potash or soda.
Should these injurious constituents be présent,
the soap solution may be de-alkalised by the ad¬
dition of a small quantity of boracic acid or
ammonium chloride, thus yielding the less in¬
jurious allcali borates and ammonia, respectively.

Potash soaps being very apt to contain excess
of alkali should be critically examined. An
excellent and very soluble soap may be readily
made from oleic acid and caustic soda.

Although a perfectly. neutral soap does not
always effect a rapid and complété removal of
yolk, still it is better to adopt it, since one can
always add the proper quantity of other agents,
e.g. sodium carbonate, ammonia, &c., when
necessarv.

For low class wools containing a large pro¬
portion of yolk, and when cheapness is a de¬
sideratum, sufficiently satisfactory results are
obtained by the proper use of sodium carbonate
free from caustic soda or other injurious im-
purity. Suitable sodium carbonates are now
sold under such commercial names as refined
soda-ash, solvay soda, concentrated crystal
soda (Brunner, Mond, & Co.), crystal carbonate
(Gaskell, Deacon, & Co.), &c.

It is impossible to give précisé data with re¬
spect to the concentration and température of
the scouring solution to be employed, since
these vary somewhat according to the eharacter
of the wool operated upon. If the best results
are to be obtained the solutions must always be
applied as dilute and at as low a température
(about 50°C.) as is consistent with the complété
removal of the yolk.

The waste scouring-liquors are collected in
large tanks and neutralised with sulphuric acid ;
the liberated fatty acids are sold to oil refiners
wlio by distillation obtain purer products, suit¬
able for making soap.

Scouring with volatile liquida. This methed
i s still only in an expérimental stage, although
it is probably the one whicli will be largely
adopted in the future. Mechanical difficultés,
the fear of fire and explosions, the first cost of
the scouring agent, &c., seem to have prevented
the général adoption of this process. Its ad-
vantages are that the wool-fat is more com-
pletely removed than by the emulsion method,
and the wool itself is not injured. À certain

degree of success has boen obtained by the
method proposed in recent yearsby T. J. Mullings,
and tried on a large scale. It-eonsisls in sub-
mitting the wool to the action of carbon" disul-
phide in a closed centrifugal machine until the
whole of the wool-fat is dissolved, then expelling
the solvent by means of water, and not as here-
tofore by heat or steam, which always leaves the
wool with a yellow colour. The wool must after-
wards be washed in warm water toremove wool-
perspiration and other impurities. The wool
cleansed in this manner is said to be stronger,
capable of spinning finer yarn and with less
waste and at less cost than if scoured by the
ordinary method with soap.

The same principle is adopted in the recently
patented process of Singer and Judell of Adelaide,
who employ, however, a more elaborate and more
perfect apparatus, whereby the scouring is made
continuous. The raw wool is plaeed on a feeding
apron and carried along between two broad end-
less bands of wire gauze, first through a succes¬
sion of fourteen tanks containing carbon disul-
phide and then through five containing water,
ail suitably inclosed. The wool, still held
between the wire gauze bands, then passes
between hot rollers in a steam-heated drying
chamber and emerges in a scoured, washed, and
dried condition. Arrangements for automatically
collecting the dirt which settles from the carbon
disulphide, for separating the latter from the
water, distilling and returning it to the scouring
tanks with the least possible loss, are ail pro-
vided for by ingenious devices, and the général
arrangement seems eminently typical of the
method of scouring wool to be adopted in the
future. It is said to have been already worked
with success in Australia.

Woollen-yarn scouring. The object of
scouring woollen yarn is to remove the oil with
which wool has beenimpregnated by the spinner.
Precisely the same agents are used as for loose
wool, but the machinery employed is necessarily
différent.

Those yarns which have a tendency to curl up
because they have been highly twisted are sub-
mitted to the preliminary opération of ' stretch-
ing ' ; it also prevents them from shrinking
during the subséquent scouring process.

The hanks of yarn are suspended "on the
arms of a strong iron frame and tightlystretched
by means of screws. Thus charged the frame is
immersed in boiling water for a few minutes.
After changing the position of the hanks on the
arms, the opération is repeated, the yarn is
allowed to cool in the stretched condition, and is
then removed ready for scouring.

The scouring of yarn is effected either by
hand or by machine. In the first case the
hanks of yarn are suspended on wooden rods
plaeed across a rectangular steam-heated tank
containing the scouring liquor. During a period
of fifteen to twenty minutes the rods are swayed
to and fro by hand, one by one, each hanl:
being frequently tumed in order to expose every
portion to the action of the liquor. The yarn is
washed in another tank in the same manner.

Yarn-scouring machines are to be met with
in several forms. A very effective one consists
of a rectangular tank c having several rollers
above and below, and a pair of squeezing rollers
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à b situated at one end. The hanks of yarn,
linked together by means of string loops, are
passed continuously through the scouring liquor,
and are then washed in a similar machine
(see fig. 10).

Fia. 10.

Woollen-cloth scouring. Woollen clolh is
also scoured for the purpose of removing the oil
with which the yarn is impregnated by the
spinner. The opération eonsists in passing the
cloth as an endless band, either in the chain form
or in the open width, through the scouring
liquor and then through a pair of squeezing
rollers.

For thick woollen cloths, flannels, &e., the
chain-scouring is .preferred, since a certain
amount of felting takes place and the cloth
acquires a better handle. For worsted goods
and sucb as are liable to crease, scouring in the
open width is préférable.

Figure 11 shows a section of E. Kempe's
machine for this purpose. It eonsists of two
squeezing rollers, a and b, plaeed above the
wooden trough c containing the scouring liquor.
The roller d serves ho draw the cloth from the
squeezing rollers, and causes it to fall in regular
folds upon the inclined plane ee. This is
covered with corrugated zinc, the grooves of
which run longitudinally, in order to reduce the
friction of the cloth, and to.prevent the latter
from moving to either side. The upper part of
the inclined plane is hinged at e so that the
inclination of this part can be regulated to suit
différent qualities of cloth, and to ensure that it
ahvays slips down in regular folds without any
tendency to fall over or become blocked. The
perforated water-pipes oo are for the purpose of
washing the cloth after scouring.

Bleaching of wool. After scouring, the
wool still possesses a faint yellow tint, to re-

move which is the object of the bleaching pro-
per. The agent almost universally emplcyed is
sulphur dioxide, either in the form of gas (gas-
bleaching) or in solution (liquid-bleaehing).
Hydrogen dioxide is still too expensive to admit
of extended application, but it serves as an ex¬
cellent bleaching agent for certain fine materials.

Gas-bleaching, stoving, or sulphuring, eon¬
sists in exposing the scoured and washed woollen
material, while still wet, to the action of sulphur
dioxide in a brick chamber. Yarn or thick
cloth is suspended on pôles, the sulphur (6-8
p.c. on the weight of wool) contained in an iron
pot is ignited, the chamber door is closed, and
the material is then left exposed to the action
of the gas for six or eight hours, or even over-
night. Thin cloth is generally passed in a con¬
tinuons manner through a similar chamber pro-
vided with rollers above and below. The cloth
in the open width enters through a narrow slit
at one end of the chamber ; it passes in a zig¬
zag course under and over the rollers to the
further end, then returns and. passes out by the
same slit. The sulphur dioxide is prepared in
the stove itself, or it is produced in a separate
furnace and led beneath the perforated fioor of
the chamber. According to the appearance of
the fabric it is passed through the bleaching
chamber one or more times. Fig. 12 gives a
sectional view of the sulphur stove for the con¬
tinuons bleaching of cloth.

In Uquid-bleaching the woollen material
is immersed and moved about for several hours
in a solution of sulphurous aeid, or in one con¬
taining sodium bisulphite, and acidified with
sulphuric acid. One may also steep the wool,
first in a solution of sodium bisulphite and then
in dilute sulphuric. acid, and repeat the opéra¬
tions as often as may be necessary. The liquid-
bleaching process has not met with that général
acceptance to which it seems entitled.

After bleaching, the materials are well washed
and tinted blue or bluish-violet, é.g. with refined
indigo, indigo-extract, aniline-blue, &c. in order
to counteract the yellowish tint which is so liable
to return. Blue and yellow, as eomplementary
colours, tend to produce white.

The bleaching action of sulphurous acid is
most probably due to its reducing properties.
According to this view the sulphurous acid takes
up oxygen from the water présent, while the
liberated hydrogen combines with the colouring
matter of the wool to form a colourless hydro¬
gen compound. Another explanation, however,
is that a colourless sulphite compound may be
formed. Fréquent washing of the wool with
alkaline solutions restores the yellow colour,
either by effecting oxidation of the colourless
hydrogen compound, or by decomposing the
sulphite compound and precipitating the original
yellow colouring matter. It seems évident, how¬
ever, that the yellowing influence of alkalis is
largely due to their further action upon the wool
substance itself, since they cause the wool
eventually to become yellower than it was before
bleaching.

Bleaching with hydrogen peroxide is effected
by steeping the wool for several hours in more
or less dilute solutions of this liquid made
slightly alkaline by the addition of ammonia.
The simultaneous action of light accelerates and
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improves the bleaehing. The white is very good
and permanent, probably beeause in tbis case,
the colouring matter is destroyed by oxidation.
Excessive bleaehing by tbis method gives the
wool a harsh feel. Lunge recommends a slight
treatment with bydrogen peroxide of sulphur
bleached wool in order to oxidise and thns
render innocuous traces of sulphurous acid not
removed by washing. A very dilute solution of
sodium hypocblorite and exposure to air will
effect the same purpose.

Silk scouring and bleaehing. The raw silk
fibre consists essentially of two substances,
fibroïn and sericin. The former constitutes the
central portion of the fibre and may be regarded
as the fibre proper, while the latter résides prin-
c.ipally in the external part and is readily re¬

moved by water and especially alkaline solu¬
tions.

Eaw silk is Jiarsh, stiff, lustreless, and more
or less unsuitable for dyeing, but when the ex¬
ternal sericin or silk-glue is removed it becomes
soft and lustrous, and acquires an increased
affinity for colouring matters.

The object then of scouring is to remove the
silk-glue from the raw silk. It is effected by the
two opérations, ' stripping ' and ' boiling-off.'

Stripping or ungumming. In order to re¬
move calcareous or other minerai matter soluble
in dilute aeids, it is well first to rinse the silk in
a tepid bath of dilute hydrochloric acid, and
then wash. The hanks of silk aie tbenhung on
smooth wooden rods and worked, as in woollen-
yarn scouring, in a soap bath heated to about

90°-95°C. for about twenty minutes. A second,
and even a third bath may be used with advan-
tage. Long working in one bath is not good,
especially for silk intended to be white, since the
silk (fibroïn) is apt to attract some of the colour¬
ing matter at first removed along with the silk
glue, and it is afterwards very difficult to remove.
With yellow silk this point must be carefully
attended to.

During the stripping opération the sericin at
first swells up and makes the silk somewhat
glutinous, but soon it dissolves off and leaves the
fibre soft and lustrous. The waste soapy liquors,
strongly impregnated with sericin, are care¬
fully preserved and find an important use in silk-
dyeing under the name of ' boiled-off liquor.'
When applying the coal-tar colours, it serves to
retard their attraction by the silk and thus en-
sures the production of even or level colours.

After stripping the silk is rinsed in water
oontaining a small proportion of soap and sodium
carbonate.

Boiling-off. The object of this opération is
to complété the removal of the silk-glue and

thus give the silk ail the lustre and brilliancy of
which it is capable. The hanks of silk are tied
up in coarse bags of cotton or hemp, generally
called 'pockets,' and these are boiled for one to
three hours in open copper boilers. The silk is
then well rinsed in a weak tepid solution of
carbonate of soda, and finally in cold water.

During the opérations above described,
Japanese and Chinese silks lose 18-22 p.c. in
weight, European silks lose 25-30 p.c.

Bleaehing of silk. The actual bleaehing of
silk is effected by exposing the scoured silk while
still in the wet state to the action of sulphur-
dioxide gas. The opération is preeisely similar
to the stoving of wool.

In certain cases, e.g. with so-called ' souple '
silk, the stoving is preceded by a preliminary
bleaehing in aqua regia, diluted to sp.gr. 1-02
and heated to 20°-35°C. The silk is rinsed in
this solution for 8-15 minutes until it acquires
a greenish-grey colour, and then at once washed
well in cold water. A dilute solution of the so-

called ' ehamber-crystals ' of the sulphuric acid
manufacture may replace the aqua regia.
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The bleaehing of silk with hydrogen peroxide
ia gradually being more and more adopted,
especially for Tussur silk and other wild silks.
Indeed for these silks no other method of
bleaehing is so satisfaotory. The silk is steeped
and worked in a dilute solution of hydrogen per¬
oxide, rendered slightly alkaline with ammonia,
until it is sufficiently bleached. A more rapid
and effective method is to steep the silk in a
somewhat stronger solution, then wring out the
exeess of liquid and steam. The opérations may
be repeated until the silk is sufficiently bleached.

Tinting of silk. Bleached silk is finally tinted
or dyed in delicate shades of blue, purplish-blue,
cream colour, &c. For pure white it is usual to
dye the silk in a very dilute solution of ammo-
niacal-cochineal and indigo-earmine. Various
Buitable coal-tar colours are also employed.
After tinting, the silk is slightly rinsed in water
and dried in a moderately warm and darkened
stove. J. J. H.

BLENDE, from Blenden, Ger., to dazzle.
Native zinc sulphide. It usually contains iron
sulphide which gives it a black colour, whence
tne name Black Jack applied to it. An impor¬
tant or<. of zinc. The sulphur it contains is
occasionally utilised in the manufacture of sul-
phuric acid. For descriptions of burners for
this purpose v. S. C. I. 3, 631 ; 4, 54.

BLEU DIEECT or DIPHENLYAMINE BLUE
v. Triphenylmethane colouring matters.

BLEU FLUORESCENT C18H3Br6N2Os(NHJ.
A colouring matter obtained by Weselsky and
Benedikt in 1880 by treating diazoresorufin
dissolved in potassium carbonate with bromine
and precipitating by an acid. Soluble in boiling
water with a red-violet colour, giving a fluorescent
green solution. Dyes silk and wool blue with
brownish fluorescence (Weselsky and Benedikt,
H. 5, 605 ; B. 1885, 18 ; Eef. 26).

BLEU DE GABANCE. Artificial ultramarine,
v. Ultramarine ; Pigments.

BLEU LUMIÈEE v. Triphenylmethane co¬

louring matters.

BLEU DE LYON, BLEU DE NUIT, BLEU
DE PAKIS v. Triphenylmethane colouring

matters.

BLEU MAKIN v. Triphenylmethane co¬

louring matters.

BLEU DE SAXE v. Cobalt.
BLEU SOLUBLE v. Triphenylmethane co¬

louring matters.

BLIND-COAL. A Scotch term for anthra¬
cite.

BLISTEE STEEL v. Iron.
BLOCK FUEL v. Fuel ; also Pitch.
BLOCK TIN v. Tin.
BLOOD is the général circulating fluid of

animais indispensable to the nourishment and
growth of their bodies, and from it the raw
materials for their sécrétions are obtained by the
secretory glands. In the mammalia, in birds,
and the tunny fish the blood is warm, and
varies in appearance according to the vessels in
which it is found ; in the arterics it is brilliant
scarlet, but in the veins it is of a dark purplish
tint, the màin différence, from a chemical point
of view, being the fact that the venous blood
holds carbonic acid in solution (probably in
combination with the sodium présent), which is
removed in the lungs, while in the arteries free

oxygen is présent. In the invertebrata the blood
is cold and (with numerous exceptions) colour-
less.

Mammalian blood consists of plasma, a trans¬
parent nearly colourless fluid in which are con-
tained a number of red corpuscles and a few
white corpuscles. The pereentage of red (and
white) corpuscles is widely variable in différent
members of the vertebrate sériés, and in the
same the red corpuscles always carry the colour¬
ing matter. In many invertebrates, however,
the latter is diffused throughout the plasma.
For partieulars of the composition of mamma¬
lian blood see M. Foster's Text Book of Phy-
siologyandA. Gamgee's Physiologieal Chemistry
of the Animal Body. Fresh blood lias an
alkaline reaction and a saline and somewhat
sweetish taste.

Blood is used in the clarification of wines and
syrups ; in the préparation of adhesive cements ;
in the manufacture of pure animal charcoal ;
as a précipitant of sewage in the ' alum, blood
and clay ' process, and as a source of albumen
(q. v.). Blood may be prepared as an article
of food by heating defibrinised ox blood on a
steam bath for 4 or 5 hours, and then finally
drying at a température of from 40°-45°C. in a
stream of air, a process taking about 3 days,
when it forms a dry friable powder (Guerder,
Ph. Centralb. 1883, 385). H. P. Madsen bas
patented (Eng. Pat. 10,995, Aug. 28, 1886) a
process in which the blood is mixed with sait
and saltpetre, filtered and then dried. G. le
Bon (C. B. 81, 526) claims to have obtained
dried blood in a perfectly soluble form by eva-
porating it at the température of the body, but
he does not give détails of his method.

The utilisation of blood as manure has attrae-
ted considérable attention. Vautelet (C. B. 90,
1,365) préserves blood for agriculturalpurposesby
adding in proper proportions aluminium sulphate,
sulphurio and nitric acids. Delaeharlonny (0. B.
95, 841) obtains a solid manure by adding to the
blood an acid ferrie sulphate of the composition
Fe203,4S03,12H20, instead of the neutral sul¬
phate, obtaining thereby a coagulum at or-
dinary températures which loses half its water
by drainage, whilst the remainder can be easily
expressed by pressure, the resulting mass being
allowed to dry under cover. The acid sulphate
can be readily prepared by adding nitric acid to
ferrous sulphate, to which suflicient sulphurio
acid has already been added. On concentrating
the solution the sait crystallises out. A solution
in water of 45° B. is prepared, and a litre of blood
requires 45 c.c. of this solution for complété
coagulation. Strype (Eng. Pat. 787, 1884) pré¬
parés a manure by adding a solution of iron
sulphate, alum, &c. to blood. Mûller (Landw.
Versuchs. 32, 302) préparés a manure by mixing
the blood with peat and chalk, and v. Stein
(Ger. Pat. 36,094, 1885) mixes together blood,
alkaline phosphates, carbonates, nitrates, sul-
phates, silicates, and dextrine, and subsequently
dries and grinds the mixture.

As regards the effieacy of blood as a manure,
see Eckenbreeher (Landw. Versuchs. 31, 165).
Petermann (Ann. Agronomiques, 9, 241) finds
the action on a loam to be nearly as bénéficiai
as that of, sodium nitrate. Bichter has patented
(Ger. Pat. 13,594, 1880) a process for obtaining
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ammonia from blood by treating it with oaustio
potash, drying and distilling.

Johnson préparés blood as a médium for
painting by either removingthe fibrine and adding
one-tenth its bulk of a solution of an alkaline
silicate, or else by adding sufficient caustic alkali
to dissolve the fibrine. He then reduces its con-

sistency with water so that when mixed with
paint or pigments it will work properly under
the brush (Eng. Pat. 82, 1883).

BLOODSTONE. A hard compact variety of
hœmatite used for burnishing gilt coat buttons
and the gold on china.

BLOOM. A term given to a mass of iron
after it leaves the puddling furnace (v. Iron).

BLOOMERY. An old term for an iron fur¬
nace.

BLOWPIPE v. Analysis.
BLUE, ACETIN, Coupier's blue, v. Indulines.
BLUE, ALIZARIN. This name is given to

dioxya-nthraquinone-quinoline C„H9N04, and
its sodium bisulphite compound

Cl7H11N010S,Na2
(v. Alizarin and allied colouring matters).

BLUE, ALKALI, NICHOLSON'S BLUE or
SOLUBLE BL1TE, v. Triphenïlmethane colour-
ing matters.

BLUE, ANILINE, GENTIAN BLUE, OPAL
BLUE, NIGHT BLUE, LIGHT BLUE, or FINE
BLUE, v. Triphenïlmethane colouring matters.
Also Aniline blue.

BLUE, ANTWERP, v. Pigments.
BLUE, AZO-, v. Azo- colouring matters.
BLUE, AZODIPHENYL, ACETIN BLUE,

COUPIER'S BLUE, INDULIN, FAST BLUE R.
C,8HisNjC1, v. Indulines.

BLUE, BASLE, tolyldimethylamidoplicno-
tolylimidonaphtazonium chloride C,2H29N4C1,
v. a2ines and colouring matters derived from

the m.

BLUE, BAVARIAN v. Triphenïlmethane
colouring matters.

BLUE, BENZIDINE, v. Azo- colouring
matters.

BLUE, BLACKLEY, v. Indulines.
BLUE, BRILLIANT COTTON, METHYL

BLUE, METHYL WATER BLUE. Soda sait
of triplienyl-fi-rosaniline-trmdplumic acid, v.
Triphenïlmethane colouring matters.

BLUE, CERULEAN, v. Pigments.
BLUE, CHINA, WATER BLUE 6 B EXTRA,

OPAL BLUE, COTTON BLUE, MARINE BLUE,
v. Triphenïlmethane colouring matters.

BLUE, CHINESE, or PRUSSIAN BLUE, v.
Cyanides ; also Pigments.

BLUE, COBALT, v. Cobalt; also Pigments.
BLUE, COTTON, v. Triphenïlmethane

colouring matters.

BLUE, COUPIER'S, v. Indulines.
BLUE, CYANINE, v. Pigments.
BLUE, DIPHENYLAMINE, BLEU DIRECT

triphenyl P-rosaniline hydrochloride (?), v. Tri¬
phenïlmethane colouring matters.

BLUE-ETHYLENE v. Thionine colouring

matters.

BLUE, FAST, MELDOLA'S BLUE, NEW
BLUE, NAPHTHYLENE BLUE. Chloride of
dimcthylphenyl-ammonium-fi-naphtoxazin, v.
oxazine colouring matters.

BLUE, FLUORESCENT, v. Bleu Fluores¬
cent.

BLUE, GENTIAN, SPIRIT BLUE 0, OPAL
BLUE, BLEU DE NUIT, BLEU LUMIÈRE,
FINE BLUE, v. Triphenïlmethane colouring
matters.

BLUE, INDIAN, v. Pigments.
BLUE, INTENS E, v. Pigments.
BLUE, LEITCH'S, v. Pigmentc
BLUE, LIGHT, BLEU LUMIERE. OPAL

BLUE, BLEU DE NUIT, v. Triphenïlmethane
colouring matters.

BLUE, LYONS, BLEU LUMIÈRE, OPAL
BLUE, &c., v. Triphenïlmethane colouring
matters.

BLUE, MARINE, v. Triphenïlmethane
colouring matters.

BLUE, MELDOLA'S, v. Oxazine colouring
matters.

BLUE, METHYL, v. Triphenïlmethane
colouring matters.

BLUE, METHYLDIPHENYLAMINE,
C39H3IN3C1,

obtained in 1874 by Girard by the action of
oxalic acid upon methyldiphenylamine. Or by
the action of copper nitrate (Bardy and Dusart).
Or with chloranil (Geigy). No longer made.

BLUE, METHYLENE, v. Thionine colour¬
ing matters.

BLUE, NAPHTHYLENE, NEW BLUE, FAST
BLUE, MELDOLA'S BLUE, v. Oxazine colour¬
ing matters.

BLUE, NEUTRAL, v. Azines and Colouring
matters de1uved from l'hem.

BLUE, NEW, v. Oxazine colouring matters.
BLUE, NICHOLSON'S, ALKALI BLUE. SO¬

LUBLE ANILINE BLUE, v. Triphenïlmethane
colouring matters.

BLUE, NIGHT, v.Triphenïlmethane colour¬
ing matters.

BLUE, NILE, v. Oxazine colouring matters.
BLUE, OPAL, v. Triphenïlmethane colour¬

ing matters.

BLUE, PARIS, v. Triphenïlmethane colour¬
ing matters.

BLUE, PRUSSIAN, v. Cyanides; also Pig¬
ments.

BLUE, QUINOLINE, v. Triphenïlmethane
colouring matters.

BLUE, RESORCIN, or LACMOID C,2H9N04?
N fC6H3(OH)2

probably , \ CSH2 f OH, a colouring matter ob-
1 0

1 1
tained by Benedikt and Julius in 1884, by the
action of sodium nitrite on resorcin. Blue
violet powder soluble in water. Soluble in
alcohol with blue colour and dark green fluores¬
cence. Used as an indicator in alkalimetry.

BLUE, SAXON, v. Cobalt.
BLUE, SOLUBLE ANILINE, NICHOLSON'S

or ALKALI BLUE v. Triphenïlmethane colour¬

ing matters.

BLUE, SPIRIT, OPAL BLUE, BLEU DE
NUIT, BLEU LUMIÈRE, v. Triphenïlmethane
colouring matters.

BLUE, VICTORIA, v. Triphenïlmethane
colouring matters.

BLUE, WATER, OPAL BLUE, CHINA BLUE,
BLEU MARIN, v. Triphenïlmethane colouring
matters.

BLUE BLACK, or AZO- BLACK, «. Azo-
colouring matters.
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BLUE COPPERAS, BLUE STONE, or ELUE
7ITRI0L. Gopper sulphate, v. Copper.

BLUE GUM TREE. The Eucalyptus glo-
bulus, a tree common in Tasmania and South-
Eastern Australia.

BLTJE IRON-EARTH or ORE. Vivianite.
Hydrated triferrous phosphate, or ferroso-ferrio
phosphate, occurs native in North America,
Russia, &o., in monoclinio crystals or in renilorm
globular masses. Colourless, changing to blue
or green on exposure to air. An incrustation of
vivianite is occasionally met with on bones
buried in ferruginous soils.

BLTJE JOHN. A variety of fluorspar found
in Derbyshire, and valued for making ornamental
articles (v. Calcium).

BLTJE LEAD. A term applied to galena by
miners to distinguish it from white-lead ore, or
carbonate.

BLUE PIGMENTS v. Pigments.
BODY VARNISH v. Vap.nish.
BOG BUTTER. Adipocere found in bogs (v.

Adipocerf.) .

BOGHEAD COAL v. Paeaffin.
BOGHEAD NAPHTHA v. Paiîaffin.
BOG IRON ORE v. Ikon, okes of.
BOG MANGANESE, wad, or earthy manga¬

nèse, V. manganese.
BOHEMIAN EOLE. A yellow variety of

bole (q. v.).
BOILED OIL. Linseed oil boiled with

Iitharge, to render the oil more 'drying,' that
is, to cause it to solidify more readily.

BOIS-PIQUANT BARK. The bark of Xan-
thoxylon caribœum, and X. Pcrrottetii. Used
in France as a fébrifuge (Heckel a. Schlag-
denliaffen, C. R. 98, 996, Ph. [3] 14, 965).

BOLDO. A shrub (Boldoa fragrans) belonging
to the Monimiaceœ, growing in the Chilian
Andes. The bark is used in tanning, the wood
makes a good charcoal, and the bark and leaves
contain a glucoside C.,0H52O8, useful as a hypno-
tic and cholagogue (Chapoteau, C. R. 98, 1,052 ;
C. J. [2] 40, 845).

BOLE. (Bol, Ger.) A ferruginous clay-like
substance, of red, brown, or yellowish colour. It
is not plastic, and when thrown into water
falls to pièces with émission of streams of
minute air-bubbles. It has an unctuous feel,
and some varieties adhéré to the tongue. When
eut it présents a shining streak. Before the
blowpipe it fuses to a yellowish or white enamel.
Its composition is very variable, but its usual
limits are from 41 to 47 p.c. Si02, 18 to 25 p.c.
Al.Oj, and 24 to 25 p.c. H20, with a proportion
of Fe203 which may reach 12 p.c. It will be
noticed tbat the percentage of water is higher
tlian in clays. The Fettbol of Freiberg in
Saxony occurs in minerai veins, and contains
only about 3 p.c. of Al2Oa. The bole of Stolpen
in Saxony is a yellowish substance containing
only a trace of Fe.,Oa. Rammelsberg's analysis
yielded Si02, 45-92 ; A1203, 22-14; CaO, 3-9;
HjO, 25-86. In the bole of Sinope the Si02 falls
as low as 32 p.c. The aneients obtained this
material from Cappadocia, and used it as a red
pigment. It was also employed in medicine as
an astringent (v. Lemnian eakth).

The following is an analysis of bole, oc-
curring in granité, at Steinkirchen, Bohemia.
Dried at 100°C. it yielded Si02, 46-734 ; A1203,

26'ICG ; Fe.,03,12-345 ; CaO, 1-641; MgO, 1-315;
ICO, 0'978; MnO, 0-280; loss on ignition, 10-53
(G. Starkl, Verh. k. k. Geolog. lîeichs., Vienna,
1880, 279).

Bole is frequently found as a product of the
décomposition of basaltie rocks. Tlius the sheets
of dolerite in NE. Ireland, representing tertiary
lava-flows, are separated by partings of bole,
associated with lithomarge, bauxite, pisolitic
iron-ore, and seams of lignite. The Antrim bole
is described as a poor variety of aluminous iron-
ore (Tate and Holden, Quart. Journ. Geol. Soc.,
26, 1870, 155 ; G. H. Kinahan, Journ. H. Geol.
Soc. Ireland, 16, 1886, 306 ; P. Argall, ibid. 98).

F. W. R.
BOLOGNIAN PHOSPHORUS v. Baeium.
BOLOGNIAN STONE. A native variety of

barium sulphate, which is phosphorescent when
partially reduced to sulphide by calcination with
charcoal (v. Bariuh).

BOLORETIN v. Resins.
B0NE. Bone tissue may be either compact

as in the shafts of the long bones of the ex-
tremities, or spongy, as in the flat bones of the
skull or extremities of the long bones, eaeh of
which consists of an external compact layer,
inclosing a mass of spongy tissue. Bone usually
has alaminated structure, the layers being con-
centric with the tubes and channels containing
the marrow or nutritive blood vessels. Its
organic structure can be readily demonstrated
by immersing a section in dilute hydrochloric
acid. It consists of a matrix (which is mostly
composed of so-called bone-cartilage [osseïn]),
which is in life impregnated with inorganic,
matter, mainly composed of tricalcic phosphate.
On treating a bone, freed from fat by extraction
with ether, with dilute hydrochloric acid, the
structure, whilst retaining its form, loses its
rigidity and becomes translucent, and on boiling
with water formsglue (q. v.). Bone cartilage
has the same composition as gelatin.

O H N o+s
Isinglass 50-76 6-64 18-32 24-69 Mulder
Cartilage 50*40 6-64 18-34 24-64 Mulder

„ from")
fossil 50-40 7-11. 18-15 24-34 v. Bibra
bones j

The amount of S is about 0-216 p.c. (v.
Bibra).

The cartilage of fœtal bones does not appear
to be convertible into gelatin (glue) by long-
continued boiling (Schwan ; Hoppel).

On heating out of contact with air, bones
evolve a large quantity of volatile matter (v.
Bone oil) and leave a blaclc residue, consisting of
the inorganic matter associated with carbon, con-
stituting animal charcoal (q.v.). Inpresence
of air the isrnited bone leaves a white residue of
calcium and magnésium phosphates, with more
or less free lime and carbonic acid, and small
quantifies of fluorine forming bone-ash. Iron
and chlorine do not appear to be normal con¬
stituants of bone.

The quantity of fat and water in bone
appears to vary within eomparatively wide
limits, being dépendent on the nature of the
bone and the health of the individual. The pro¬
portion of ash to cartilage is, however, fairly
constant within certain limits. It appears
from the observations of Fremy and v. Bibra
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that tlie proportion of inorganie matter is
smaller in youth than in âge, and greater in
compact bones than in spongy bones ; greater
also in the bones of the extrenrities than in
those of the trunk, greatest of ail in the thigh-
bone. It appears, indeed, to be greatest in those
bones which hâve to bear the greatest strain.
The bones of mammifers have the same average
composition, although the bones of herbivorous
quadrupeds generally contain a larger proportion
of lime salts than those of flesh-eaters. Fish
bones exhibit the greatest variety of composi¬
tion ; some are nearly pure cartilage, whilst
others have the same proportion of organic and
inorganie matter as those of mammiferous
animais.

The général nature of bone-ash may be
seen from the following analyses (Heintz) :—

Ca PO. CO, F Mg
Human 38-59 53*75 5-44 1-74 0-48
Sheep . 38-52 53-29 5-65 1-97 0-58
Ox . 38-52 52-98 6-04 1-89 0*57

The manner in which the inorganie eon-
stituents of bone are associated together is not
definitely settled. It is usually supposed that
the phosphoric acid and fluorine are combined
with calcium to form a body resembling apatite,
which is intimately mixed with calcium car¬
bonate. Alby, however, regards normal bone-
ash as having the composition

6Ca3P2Os + 2H„0 + 2CaO + C02 + 3aq
(J. pr. [2] 5, 308, et seq.).

Experiments with pigeons have shown that
no altération in the proportion of inorganie to
organic substances, or of lime to phosphoric
acid, is brought about by increasing the propor¬
tion of lime or phosphoric acid in the food. For
further information on the influence of food on

the composition of bone v. Roloff, Arch. f. wiss.
Thierheilk. 1, 189, 5,152 ; Heitzmann, J. f.
Thierchem. 1873, 229 ; Forster, Zeit. f. Biol. 12,
464 ; Lehmann, J. f. Thierchem. 1878, 272 ;
Voit, Zeit. f. Biol. 16, 55; Weiske, Zeit. f. Biol.
7, 179, and 333 ; Weiske and Wildt, Zeit. f.
Biol. 9, 541 ; Heiss, Zeit. f. Biol. 12, 151.

BONE BLACK v. Animai chabcoal.

BONE EAETH. The calcined residue of
bones. Consista chiefly of calcium phosphate
(v. Bone).

BONE OIL. Animal oïl; Dippel's cil; Oil of
hartshorn; Oleum animale empyreumaticum ;
Oleum cornu cervi; Oleuvi Dippelii. (Ger.
KnochenOl, Thierol.) The product obtained by
distilling bones in the préparation of bone black
or animal charcoal.

The bones are first boiled in a large quantity
of water, which removes the greater part of the
fattymatters ; they are then roughly dried and are
subjected to dry distillation in ironretorts, similar
to those used in the manufacture of coal gas.
Bone black or animal charcoal remains behind
and bone oil distils. The products of distillation
are conducted through long iron tubes, which
act as condensers and lead into receivers where
the crude bone oil collects, together with water.
The gases are then passed into a separator con-
taining sulphuric acid to retain ammonia, and
can afterwards be used for heating purposes,
or, if passed through purifiers, for illumination.

The crude oil is separated from the aqueoug
distillate and is subjected to redistillation. The
aqueousliquidconsistsof a solution of ammonium
sulphide, ammonium thiocyanate and cyanide,
ammonium carbonate, and small quantifies of
very volatile organic bases. This is treated with
sulphuric acid and afterwards distilled with
slaked lime. The distillate on treating with
solid potash yields large quantities of ammonia,
whilst some oily bases separate out, and are
afterwards worked up with the bases contained
in the crude oil. This latter is a darlc-brown,
nearly black liquid, having a feetid, most offensive
smell and a sp.gr. -970.

On subjecting it to redistillation it begins to
boil at 80°, when quantities of ammonia corne
over together with an oil. The thermometer
rises very gradually to about 250°. From
180° upwards large quantities of ammonium
cyanide and ammonium carbonate sublime over,
and care has to be taken to prevent the con¬
denser being stopped up. A black resinoug
tar remains, which is employed in making
Brunswick black.

The following substances have been isolated
from bone oil by fractional distillation com¬
bined with treatment with acids to separate
basic from non-basic constituents :—

Ghief constituents Subsidiary constituents
Butyro-nitrile
Valero-nitrile
Hexo-nitrile
Isohexo-nitrile
Deco-nitrile
Palmito-nitrile
Stearo-nitrile
Pyrrol
Methyl-pyrrol
Dimethyl-pyrrol

Methylamine
Ethylamine
Aniline
Pyridine
Methyl-pyridine
Dimethyl-pyridine
Quinoline
Phénol
Propionitrile
Valeramide
Toluene
Ethyl-benzene
Naphthalene

, c9h14
Hydrocarbons < C1UH1S

l ^11-^19
(Weidel and Ciamician, B. 13, 65).

As to the formation of the various compounds
in bone oil, the nitriles are formed by the action
of ammonia on the fatty acids, pyrrol and the
pyrrols are the products of décomposition of the
gelatinous substances, and pyridine and its de-
rivatives are condensation products of acrolein,
from the dry distillation of the fats, with
ammonia, methylamine, &c.

Pyrrol. That portion of the non-basic part
of bone oil boiling at 98-150° contains pyrrol
and its homologues. That above 150° contains
dimethylpyrrol. The fraction 140-150° consists
of a mixture of homopyrrols—i.e. methylpyrrols.
To separate the a- and /3- derivatives, the mixture
is converted into the potassium compound and
heated in a current of carbon dioxide to 200°.
Two isomeric homopyrrol carboxylic acids are
formed, which differ in the solubility of their
lead salts. a-Homopyrrol carboxylic acid melts
at 169-5°, and its lead sait is very soluble in
water, differing from the B-acid, which melts at
142-4° and forms a slightly soluble lead sait.
The acids obtained respectively yield on distil¬
lation with lime the corresponding methylpyrrols.
a-Homopyrrol boils at 148° under 750 mm.
pressure, and /3-homopyrrol at 143° at 743 mm.
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The constitution of pyrrol is represented as
follows :

2 1
CH=CIL

I >NCH=CH/
3 4

tho positions 1 and 4 and 2 and 3 being known
as the a- and 0- positions respectively. It boils
at 130-131°, and its sp.gr. is -9752 at 12°. It
is slightly soluble in water, readily soluble in
alcohol and ether. It is a weak base, and is only
slowly dissolved by dilute acids in the cold. On
beating with acids it is converted. into an amor-
pbous brovvn powder known as pyrrol-red, the
reaction occurring according to the équation
3C4H5N + H.,0 = C12H14N20 + NHS.

Pyrrol forms colouring-matters with isatine,
quinone, and phenanthraquinone (Meyer and
Stadler, B. 17, 1,034). By the action o£ iodine
on potassium pyrrol, tetriodopyrrol is formed,
which crystallises in yellowish-brown prisms
and décomposés at about 140°. It acts like
iodoform as an antiseptic, and is known as iodol.
It has the advantage over iodoform of being
free from smell.

Pyrrol has been synthesised by passing acetyl-
ene and ammonia through red-hot tubes :

2C,H2+NH3 = C,H4NH + H2 ;
also by distilling the ammonium salts of mucic
and saccharic acids. Succinimide, on heating
with zinc-dust containing zinc hydrate, also
yields pyrrol :

CH.—CO. CH=CH.

>NH + H„ = | >N + 2H„0.
CH—CO/ " CI1=CH/
Potassium dissolves in pyrrol with the forma¬

tion of potassium pyrrol CjH.NK, a substance
insoluble in ether and decomposed by water into
pyrrol and potassium hydroxide. This sub¬
stance reacts with alkyl iodides to form substi-
tuted pyrrols—e.g. :

Methylpyrrol C4H,NCH3 : boils at 113° ; sp.gr.
•9203.

Ethylpyrrol : boils at 131° ; sp.gr.
•9042.

Phenylpyrrol C4H4N06H„ obtained by dis¬
tilling the anilides of mucic and saccharic acids,
melts at 62°. The homologues of pyrrol con-
tained in bone oil are, however, ail substituted
in the group C4H4.

By the action of benzalchloride on pyrrol in
presence of sodium a phenylpyridine is obtained
in which the phenyl is in the meta- position to
the nitrogen (Ciamician and Silber, B. 20, 191).

Nascent hydrogen converts pyrrol into pyr-
roline C4H6NH, a liquid boiling at 91° which
dissolves easily in water. It yields, with nitrous
acid, a nitrosoamme C4HcN.NO, m.p. 37°, and
on heating with methyl iodide gives methylpyr-
roline (B. 16, 1,536).

Pyrrol reacts with diazo- compounds with the
formation in an acid solution of an azo-compound,
and in a neutral or alkaline solution of a disazo-
compound, or a mixture of this with an azo-
compound (Fischer and Hepp, B. 19, 2,251).

Numerous synthèses of pyrrol derivatives
have been effected by Paal (B. 19, 558 ; 19,
3,156) from acetonylacetone by the action of
ammonia and aminés.

The dimethylpyrrol containedin the fraction
of bone oil boiling above 150° has been obtained
synthetieally as follows : By tho action of am¬
monia on diacetosuccinic ether, tho ether of
dimethylpyrrol dicarboxylic acid is obtained.
This, on saponification, yields the acid, and, on
heating, carbon dioxide is split off, leaving di¬
methylpyrrol. It has the composition

CH=C CH3

^>NH
CH=C CH3

and is an almost colourless oil boiling at 165°.
It is very volatile with steam, colours a pine
splint an intense red, and yields on boiling with
acids a pyrrol-red similar to other pyrrol homo¬
logues.

Fyrrolcarboxylic acids C4(NH)H3C02H. The
a-acid is obtained from a-homo-pyrrol by fusion
with potash or by the action of tetrachloride
of carbon and alcoholie potash on pyrrol.
It melts at 191°, and differs from the i8-acid
in forming a soluble lead sait. On heating with
acetie anhydride the substance pyrocoll

C4H3=N—CO
\ i

CO-N=C4H3
is formed, which is a product obtained by dis¬
tilling gelatine (B. 17, 103).

/3-Pyrrolcarboxylic acid is formed by fusing
3-methyl pyrrol with potash. It crystallises in
fine needles, melting at 162°, and forms an in¬
soluble lead sait.

N-Acetylpyrrol C4H4NC2H30, by the action
of acetyl chloride on potassium pyrrol, is an oil
boiling at 178°. It is decomposed by alkalis
into pyrrol and acetic acid (B. 16, 2,352).

C-Acetylpyrrol C4H3C2H,0(NH) is formed,
together with the foregoing, by acting on pyrrol
with acetic anhydride. It melts at 90° and
boils at 220°, but is not decomposed by alkalis.

Nomenclature of pyrrol derivatives (Denn-
stedt, B, 19, 2,187)—e.g. :
CH=CEh

\NCH3 is N-methyl pyrrol ;
CII=CH/
CH=CHX

>NH is C-methyl pyrrol or a-methyl
CH=C /-CH3 pyrrol.

Pyridine CSH5N is contained in that fraction
of the basic oils of bone oil which boils below
120°, but is also found in smaller quantities in
the higher fractions. It can be separated in these
by means of its picrate C5H5N,CbH2(N02)30H,
which melts at 162°. It is not easily acted on
by oxidising agents, and can be separated by
this means from the other components of the
fraction.

It is formed from ail pyridinecarboxylic
acids by distilling with lime.

The following are some of the synthetic
methods for preparing pyridine and its homo¬
logues.

1. Aerolein ammonia, on heating, gives off
water yielding methylpyridine

C6H„NO = C3H4(CH3)N + H20.
2. The same compound is formed by heating

allyl tribromide with alcoholie ammonia to 250°
2C3H5Br3 + NH3 = C5H4(CH3)N + 6HBr.
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3. Glycérine and aeetamide, on heating with
phosphorus pentoxide, yeild methylpyridine
(B. 13, 528).

4. Potassium pyrrol, on heating with chloro-
form, yields ehloropyridine.

5. Ethylic acetoacetate, heated with aldehyde
ammonia, gives ethylic trimethyl-dihydro-
pyridin-dicarboxylate

OPTT 1-''CITj pjT firr OH2CH2C0202H5 + ch°-chNH2
= 0 H N 4. qT-T n

cOjCJHS + d *u
(B. 17, 1,521).

Pyridine is a liquid with a pungent smell,
miscible with water ; sp.gr. -986 at 0°, and boils
at 116-7°. It forms a hydrochloride CSHSN,HC1,
and a platinochloride (CsHjNHClJ-jPtCl,. So¬
dium amalgam yields piperidine, i.e. hexahy-
dropyridine, which is reconverted into pyridine
on oxidation. It forms an ammonium iodide
with alkyl iodides, and with chloracetic acid a

pyridine-betaïne C.H5N<^'^'2 9®. Bythe action
0 /

of sodium onpyridinea dipyridine C10H,0N2is
obtained, an oil boiling at 286-290°, which on ox-.
idation with permanganate yields isonicotinic
acid. Together with dipyridine a body p-di-
pyridyl is forrned NC5H,-C.-,H.,N, which melts at
114° and distils at 304°. It also yields isonico¬
tinic acid on oxidation, and on réduction with
tin and hydrochloric acid forms isonicotine,
which melts at 78° (B. 16, 423).

The isomerie m-dipyridyl is obtained from
ro-dipyridyldicarboxylic acid (by oxidising phen-
anthroline). It boils at 293°, and yields on
réduction with tin and hydrochloric acid nicot-
idine C10H„N2, which boils at 288° (B. 16, 2,521).

On heating pyridine with concentrated sul-
phuric acid to 300° /3-pyridine-sulphonic acid is
obtained. The sodium sait of this acid, distilled
with potassium cyanide, yields /3-pyridyl cyanide,
which on hydrolysis forms nieotinicacid.

The three possible hydroxy-pyridines are
known :—

ct-Hydroxypyridine, by distilling tlie silver
sait of hydroxyquinolinie acid ; melts at 107°,
and is coloured red by ferrie ehloride.

/3-Hydroxypyridine is formed from the /3-sul-
phonic acid by fusing with potash. It melts at
123°, and is also coloured red by ferrie ehloride.

7-Hydroxypyridine or pyridone (which is
probably not a hydroxyl- but a earbonyl-com-
pound) is obtained from hydroxypicolinic acid
with évolution of C02. It melts at 148°, and
is coloured yellow by ferrie ehloride (B. 17,
Kef. 169).

Pyridine can be represented as a benzene
ring in which one CH group is replaced by
nitrogen according to the following scheme :

3
CH 7

4 Ho/^CH 2
5 HClSJCH 1

N
ïQf

Armstrong proposes to represent the nitro¬
gen by placing a bar as shown below :

The positions 1, 5 and 2, 4 are known as
ortho- and meta-, and 3 as the para- position.
Hence three mono-derivatives of pyridine are
possible. The position of the substituting groups
in these isomerides has been proved by means
of the phenylpyridines obtained from the napli-
thaquinolines (M. 4, 437 ; B. 17, 1,518).
Pyeidine Moxocakboxylic Acids C5H,NCO,H.

a-Pyridinecarboxylic acid (1 or ortho-).
Picolinic acid was first obtained by oxidising
a-picoline. It is easily soluble in water, crystal-
lises in white needles, melts at 136° and sub¬
limes. By the action of sodium amalgim
ammonia is given off with the formation of an
acid C4H803 (Oxysorbinie acid).

/3-Pyridinecarboxylic acid (2 or meta-), called
nicotinic acid, from the fact of being first
obtained by oxidising nicotine, is obtained
further from fB-methyl- or ethyl-pyridine, from
/3-pyridyl cyanide, and from three dicarboxylic
acids of pyridine (quinolinic acid, cinchomeronic
acid, and isocinchomeronic acid), which on
heating give off carbon dioxide. It crystallises
in needles and melts at 229°.

7-Pyridinecarboxylic acid (3 or para-). Iso¬
nicotinic acid is obtained from the dicarboxylic
acids, cinchomeronic acids, and lutidinic acid.
It melts at (299°) (309°), and crystallises from
hot water in fine needles.

Hydroxyeybidine-honocabboxylic Acids.

Several of these acids have been prepared
either synthetically, e.g. by heating komanic
acid 06H,04 with ammonia, or from the dicar¬
boxylic acids by splitting off 1 mol. of carbon
dioxide (B. 17, 589).

Komenaminic acid C3H2(0H)2NC02H is ob¬
tained by boiling komenic acid CBH,05 with am¬
monia. It décomposés at 270° into carbon
dioxide and dihydroxypyridine.

Pyeidine-dicaeboxylic Acids CjHjN^CO.jH),.
Quinolinic acid (a#, or 1.2) is formed by

oxidising quinoline. It melts at 225°, and dé¬
composés into carbon dioxide and nicotinic acid.

Cinchomeronic acid (/37, or 2.3) is formed by
the oxidation of the quinine alkaloids with nitric
acid, or from £7-, methyl-pyridineearboxylic
acid on oxidation with permanganate. It melts
at 259°, decomposing into carbon dioxide,
7-pyridinecarboxylic acid, and some nicotinic
acid.

Lutidinic acid (œy, or 1.3) is obtained, to¬
gether with some isocinchomeronic acid, by
oxidising lutidine. It melts at 219°, decom¬
posing into carbon dioxide and 7-pyridinecar¬
boxylic acid.

Isocinchomeronic acid (/3a') melts at 236°,
decomposing into carbonic acid and nicotinic
acid (Werdel and Herzig, Wiener Akad. B. 1879,
825).

Dicarboxylic acid (/3/3'). By heating to 150°
the lutidinedicarboxylic acid obtained by the
condensation of isobutylaldehyde, ethylic aceto¬
acetate and ammonia. The acid does not melt
at 285° (Hantzsch and Weiss, B. 19,284). It is
known as dinicotinic acid.

Dicarboxylic acid (aa1) or Dipicolinic acid.
Obtained by oxidising the lutidine boiling at
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146°. This lutidine was found in a fraction of
bone oil examined by Ladenburg and Both (B.
18, 52). It was obtained synthetically by the
condensation o£ cinnamic aldehyde with ethylic
acetoacetate and ammonia. The ethylic ben-
zylidene-hydrocollidine-dicarboxylate yields on
hydrolysis and oxidation lutidinetricarboxylic
acid, and this on distillation with lime gives the
lutidine above referred to (Epstein, A. 231, 32).

HyDROXYPYRIDINE-DICARBOXYLIC AciDS

C3H2(0H)N(C02H)2.
Hydroxyquinolinie acid [OH : (C02H)2 =

(a':a:8)|. By fusing quinolinic acid withpotash.
It blackens without melting at 254° (B. 16,
2,158). Heated with water to 195° it décom¬
posés into carbon dioxide and hydroxypyridine-
carboxylic acid. Its silver sait on heating yields
a-hydroxypyridine (B. 17, 592).

Ammoniochelidonic acid is obtained by heat¬
ing ehelidonic acid with ammonia.

PritiDiNE-TKicAitBOXYLic Acids C3H2lSr(C02H)3.
a(37-Tricarboxylic acid is formed by com-

pletely oxidising the quinine alkaloids, further
from y-methylquinoline and from y-quinoline-
carboxylic acid. It melts at 250°, but begins to
décomposé at 180° into carbon dioxide and cin-
chomeronie acid.

aft3'-Tricarboxylic acid is obtained from
Aquinolinecarboxylic acid. It softens at about
150°.

Tricarboxylic acids have also been obtained
by oxidising the alkaloid berberine, and also
from uvitonic acid, the condensation product of
pyruvic acid and ammonia.

PïEIDINE-TETRACARBOXYLia ACIDS C3HN(C02H)4.
ojSa'^'-Tetracarboxylic. acid. By oxidising

the lutidine-dicarboxylic acid formed by the
condensation of isobutylaldehyde with ethylic
acetoacetate and ammonia (Hantzsch and Weiss,
B. 19, 284).

The acid obtained by oxidising collidine-
monocarboxylic acid erystallises with 2 molé¬
cules of water and melts at 188° (A. 225, 133).

Pyridine-pentacarboxylic acid C3N(C02H)3
from trimethylpyridine-dicarboxylic acid.

A dibromopyridine (/8/3') has been obtained
by acting on collidine-dicarboxylic acid with
bromine and afterwards removing the carboxyl
groups (Pfeitfer, B. 20, 1,349). It is identical
with that obtained by acting on pyridine with
bromine (Hofmann, B. 12, 988).

Picoline (methylpyridine) C3H4(CII3)N. For
the séparation of this base from the bone oil
that portion of the oil is taken which boils
between 130°-145°. On subjecting this to re¬
distillation the greater part of the oil cornes
over between 133-139°. It is not possible to
efïect a séparation of the bases by means of
fractional distillation, but a différence in the
solubility of the platinum salts of the two
bases furnishes a means of separating them.
According to Ladenburg (B. 1885, 47) com¬
mercial picoline consists of three bases, a-
methylpyridine, 8-methylpyridine, and probably
aa'-diînethylpyridine, the second only being pré¬
sent in very small quantifies. The same ob¬
server (B. 1885,51) has also noticed the presence

of pyridine in this fraction. It can be separated
by means of its picrate, which melts at 162°.

a-Metliylpyridine boils at 133-9°, is an
optically inactive oil, and on oxidation yields
picolinic acid.

8-Methylpyridine boils at 140-1°, and on
oxidation yields nicotinic acid. It also dilïers
from the a-derivative in being slightly lœvo-
rotatory.

y-Methyl pyridine does not appear to be
contained in bone oil. It has been obtained
synthetically by the action of heat on acroleïn-
ammonia, and also from allyl tribromide.

Picoline-monocarboxylic Acids
C3H3(CH3)NC02H.

Picolinecarboxylic acid is formed from uvi¬
tonic acid, the product of condensation of pyruvic
acid and ammonia. It sublimes without melting,
and yields on oxidation pyridine-dicarboxylic
acid.

By-Methylpyridine carboxylic acid
(CH3 : CCLH = 7:8) is obtained by heating me-
thylquinolinic acid to 170°. It melts at 210°,
and yields on oxidation cinchomeronic acid.

Picoline -dicarboxylic Acids C5H2(CH3)N(C02H)2.
Methylquinolinic acid

((C02H)2:CH3-a:8:7). By oxidising 7-methyl-
quinoline with permanganate. It melts at 186°,
giving carbon dioxide and 7-methyl-B-pyridine-
carboxylic acid.

Uvitonic acid is the condensation product
obtained from pyruvic acid and aleoholie am¬
monia. It melts at 244°, splitting up into car¬
bon dioxide and picolinecarboxylic acid.

Picoline-dicarboxylic acid from aldehydine,
the condensation product of ethylidene ehloride
and aldehyde ammonia. It sublimes easily
without melting.

A picoline-tetracarboxylic acid is also ob-
tainable from the dicarboxylic acid of collidine
by oxidation of the methyl groups with perman¬
ganate. Lutidine-tricarboxylic acid is formed
as an intermediate product.

Lutidine (dimetaylpyridine). The bases hav-
ing this constitution are for the greater part
contained in that portion of the basic oil
boiling between 150-170°. After redistilling it
is separated into the two fractions 150-160°
and 160-170°. The position of the methyl
groups in these two fractions is determined
by means of the oxidation products formed.
The first fraction yields on oxidation iso-
cinchomeronic acid, which melts at 236°. On
heating, carbon dioxide is split olï and nicotinic
acid is formed. From this is inferred that the
position of the two methyl groups is a'8. The
higher fraction yields lutidinic acid on oxidation,
and this, on heating, gives isonicotinic acid, from
which it follows that the methyl groups have the
positions 017. Ail the acids give pyridine on
distillation with lime. According to the re-
searches of Ladenburg and Both (B. 18, 49),
the fraction 139-142° also contains a lutidine,
which was separated by means of the mercuric
ehloride sait, melting at 186°. This was de-
composed with potash, and distilled, when,
after drying, an oil was obtained which boiled
at 142-143°, and yielded on oxidation with per-
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rnanganate a dibasic acid which is identical
with that obtamed from synthetical lutidine ob-
tained by oondensing cinnamic aldehyde, ethylic
aceto-acetate, and ammonia (Epstein, A. 231, 1).
Its sp.gr. is '9545, and boiling-point 143°.

The constitution of the (3-lutidine is
CH3

■N

CIL,
(Ladenburg and Both).

Lutidine-mooocarboxylic acid (aa'-dimethyl-
nicotinic acid). Obtained by distilling lutidine-
dicarboxylic acid (Weiss, B. 19, 1,308). It
crystallises in fine needles melting at 160°.

Lutidine-dicarboxylic acid. Obtained by the
condensation of isobutylaldehyde, ethylic aceto-
acetate, and ammonia (Engelinann, A. 231, 51 ;
Hantzseh and Weiss, B. 19, 284).

Lutidine-tricarboxylic acid is formed by the
oxidation of collidine-dicarboxylie acid with per¬
manganate.

a-lutidine (so-called). Separated by adding
mercuric chloride to a solution in hydrochloric
acidof the base boiling at 158-160°. The salthas
the composition C,H9N, HC1, 2HgCl„, 4H.O, and
melts at 130°. On distilling with potash the
sait is decomposed, and the base after drying
boils at 157°. Its sp.gr. is '9503 at 0° eompared
with water at 4°. It yields a pyridine-dicar-
boxylic acid on oxidation with permanganate,
and the acid melts at 235°. This is known as

a-lutidinic acid or ay-pyridine-dicarboxylic acid,
sinee on heating carbon dioxide is given off and
isonicotinic acid is formed. Hence a-lutidine
bas the composition

CH.

CH.

N

{Ladenburg and Both, B. 18, 913).
Collidine (trimethylpyridine) C5H„(CH3)3N.
A base of the formula CSHMN has been

isolated from the fraction boiling between 170°
and 180°, but this has been shown by Weideland
Pick to be an ay-methylethylpyridine from the
fact of its giving on oxidation lutidinic acid melt¬
ing at 219°. The base is more soluble in cold
than in hot water. Its sp.gr. is -9286 at 16'8° ;
it boils at 178-7° (Weidel and Pick, M. 5, 656).
These authors are of opinion that Anderson's
collidine (Phil. Mag. 4, 9, 145, 214) was impure.
The base does not form any cvystallised salts,
and is not identical with any synthetical collidine.

Synthetical collidine. Aldehydine. Formed
by the condensation of ethylidene chloride with
ammonia (Diirkopf, B. 18,921). It boils at 176°,
and its sp.gr. at 0° eompared with water at 4°
is -9319.

Collidine obtained by distilling with lime the
condensation product of ethylic aeetoacetate and
aldehyde-ammonia. It boils at 171-172°, and
has the constitution

CH.

CH.
/

N

CH,.

Collidine diearboxylic acid. Is obtained by
oxidising hydrocollidine-dicarboxylic acid with

nitrous acid. The ether of this acid is the pvo.
duct of condensation of ethylic aeetoacetate with
aldehyde-ammonia. It yields on heating with
lime aa'y-trimethylpyridine. The acid yields by
successive oxidation of the methyl groups per-
rnanganate with the following carboxylic acids :

Lutidine-tricarboxylic acid
C5(CH3)„N(C0.H)3,

Picoline-tetracarboxylic acid
C5(CH3)N (COJI)„

Pyridine-pentacarboxylic acid C5N(CO.H) 3.
If one carboxyl group be removed from the

original acid and it be then oxidised, the following
acids are successively obtained :

From collidine-monocarboxylic acid
C5H(CH,)3NC02H the acids lutidine-dicarboxylie
acid C5H(CH3)2N(COjH)3, pieoline-tricarboxylic
acidC5H(CH3)N(C02H)3,pyridine-tetracarboxylic
acid C5HN(C02H)4.

Quinoline. This base is contained, together
with its homologues, in the higher fraction
of the basic oils. The bases are separated
by means of the platinum salts from which the
platinum is precipitated by means of hydrogen
sulphide and the bases liberated by means of
potash. The bases accompanying quinoline are
lepidine (methylquinoline) and cryptidine (di-
methylquinoline).

Quinoline stands in the same relation to
naphthalene that pyridine does to benzene. Its
constitution may therefore be represented as
follows :

CH CH

H<

H<VC\^CH
CH N

It has been obtained synthetically by passing
allylaniline over heated lead oxide

XN =CH
C6H5NHCH2CHCH„ = C6H,< | +2H,.\CH=CH
Similarly acroleïn-aniline yields on distilla¬

tion the same base.
Its constitution was determined by its for¬

mation from o-amidophenylpropionic acid

0,^,^01-1,00.11. '
This gives off water forming hydrocarbostyril,
the constitution of which is

/CH.—CH2
CaH< ' | .\nh—co

By the action of PC13 on this substance dichloro-
/CH=CC1

quinoline is formed C6H,<^ | and this on\ N=CC1
réduction with hydriodic acid yields quinoline.

Very many synthetic methods have latterly
been discovered for the formation of quinoline
homologues.

1. The condensation of o-amido- compounds
which contain an oxygen atom joined to the
7-carbon atom in the side chain, e.g. o-amido-
cinnamic aldehyde.

2. Skraup's synthesis appears to be applica¬
ble to ail aromatic aminés. It consists in heating
the aminé with glycérine and sulphurie acid in
presence of an oxidising agent which is generally
nitrobenzene. The équation representing this is

IRIS - LILLIAD - Université Lille 1



BONE OIL. 337

CsH5NH„+ C3H5(OH)3= C„H)NC3H3 + 3H.,0+ Ho.
It is évident that by taking derivatives of aniline
or homologues, quinolines substituted in the
benzene ring will be obtained.

3. Paraldehyde also acts on aromatic aminés
in presence of sulphuric aoid with the formation
of methylquinoline, the methyl group being at-
tached to the oarbon next to the nitrogen. This
methylquinoline is known as quinaldine.

4. Orthoamidobenzaldehyde forms quinolines
on condensation with aldéhydes or ketones in
presence of potash.

Besidcs ordinary quinoline an isoquinoline
is known in which the nitrogen atom takes the
place of the CH group in naphthalene in the
/5- position instead of in the a- position as in ordi¬
nary quinoline. The iso- derivative occurs in the
quinoline derived from coal tar and it is owing
to the presence of this compound that the dyestuff
quinoline-red is formed (Hofmann, B. 20, 4).

Isoquinoline has been obtained as follows :
The ammonium sait of o-carboxyphenyl-

acetic acid is heated until no more ammonia or

water is given ofï. The homo-o-phthalimide
remaining behind is then distilled in a vacuum
and has the constitution

/CH2—CO
C6H/ " | .

MIO — NH
This is then heated with phosphorus oxychloride
with the formation of dichloro-isoquinoline

,CH = CC1

C0H< |>CC1 = N
and this on réduction with concentratedhydriodic
acid yields isoquinoline (Gabriel, B. 19, 2,354).

A. mixture of quinoline andlepidine (7-methyl-
quinoline) treated with amyl iodide yielcls the
dyestuff known as cyanine.

Quinaldine on heating with phthalic anhy¬
dride yields quinophthalone, which probably
has the constitution

/C0\c„h/ >0\ C/=CH—C9H6N.
On treating this with fuming sulphuric acid a
sulphonate is formed which is a dyestuff known
as quinoline yellow.

Quinoline is a colourless strongly refractive
liquid boiling at 236°, sp.gr. at 20° 1-0917. It
forms salts with acids, the bichromate

(CBH,N)sCr20,H,
melting at 165° being especially characteristic.

Nascent hydrogen converts it into dihydro-
quinoline C„H„N, melting at 161°, and tetrahydro-
quinoline boiling at 245°. On heating quinoline
with sodium, so-called a-diquinolyline melting at
170° is formed. The /3-product melting at 192° is
formed by heating quinoline with benzoyl
chloride or by distilling 7-quinoline-carboxylic
acid with lime.

Substitution products of quinoline with the
substituting groups in the benzene ring are
formed from the substituted anilines by Skraup's
synthesis: such for example are the chloro-,
bromo-, and nitro- quinolines, and also the
quinoline-sulphonic acids. These latter yield
cyanides on distillation with potassium cyanide,
which in turnform carboxylic acids on hydrolysis.

Hydroxyquinolines CaH^OHJN. Those con-
taining the OH group in the benzene ring are ob-
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tained synthetically from the amido-plienols or by
fusing the quinoline-sulphonic acids with potash.

o-Hydroxyquinoline melts at 75° and boils at
258°. On réduction with tin and hydrochlorio
acid hydroxytetrahydroquinoline is formed, and
this by treating with methyl iodide forum
hydroxytetrahydromethylquinoline, the hydro-
ehloride of which is kairine, its formula being
C10H13ON, HC1, H20.

?u-Hydroxyquinoline is obtained from m-
amido-phenol or from the corresponding quino¬
line-sulphonic acid. It melts at 238°.

p-Hydroxyquinoline from p-amidophenol or
from the quinoline-sulphonic acid obtained
from sulphanilic acid. The most important of
the hydroxyquinolines containing the hydroxyl
group in the pyridine ring is carbostyril. This
is obtained by reducing ethylic o-nitrocinnamate
with ammonium sulphide. It crystaliises in
prisms or fine needles and melts at 199°. On
oxidation with permanganate it forms oxalyl-
anthranilic acid.

Homologues of quinoline. The three tolu-
idines ail yield methylquinolines whicli on
oxidation give quinolinic acid, the benzene ring
being destroyed.

Quinaldine (o-methylquinoline) has the con¬
stitution :

CH CH

C/\C/\CH

C\/C\/GCii*
CH N

and was first obtained by the condensation of
aniline with aeetaldehyde by means of sulphuric
acid. It is also formed by acting on o-amido-
benzaldehyde with acetone and caustic potash.
Coal tar quinoline contains about 25 p.c. of
this base. It boils at 239° and yields aecord-
ing to the oxidising agent used either a-quino-
lineearboxylie acid or acetylanthranilic acid.
Anilacetoacetic acid on condensation yield3
7-hydroxyquinaldine having the constitution

..C(OH) : CH
C6H4<\iN -

I
- C.CH,

a substance boiling at 222°.
Lepidine 7-methylquinoline, which appears to

be identical with so-called iridoline from coal
tar, is formed by distilling cinchonine with lime.
It bas the constitution

CH3

N.
which is proved by oxidising it with perman¬
ganate, the first product being methylquinolinic
acid, and the final one (a- f3- 7-) pyridine-tri-
carboxylic acid.

Dimethylquinolines are formed by condensing
the three toluidines with paraldehyde or from
the xylidines by heating with glycérine.

Phenylquinoline (C„H5 in the benzene ring)
is formed from p-amidodiphenyl on condensa¬
tion with glycérine.

o-Phenylquinoline (C6II5 in the 0- position to
the nitrogen) is formed by heating cinnam-
aldehyde and aniline with hydrochlorio acid.

Z
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m-Phenylquinoline by condensing o-amido-
benzaldelryde with phenylacetaldehyde. Fla-
vaniline, a yellow dyestuff formerly employed,
is also a quinoline derivative. It is formed by
heating acetanilide with zinc chloride to 2G0°.
Its constitution is

i'but owing to not being fast to ligbt, it is no
longer in use.

Quinoline-earboxylic acids C„H„NCO„H.
Those containing the carboxyl group in the

benzene ring can ail be formed from the amido-
benzoic acids or by saponification of the cyano-
quinolines obtained from the quinoline-sulphonic
acids.

Those acids containing the carboxyl group in
the same ring as the nitrogen are formed by
oxidisingmethyl- or ethyl- derivatives of quinoline
in which the substituting group is in that ring.
Thus quinaldine yields a-quinolinecarboxylic
acid or quinaldic acid on oxidation with chromic
acid, and the /3-carboxylic acid is formed from
/3-ethylquinoline which on oxidation with per¬
manganate gives aBB'-pyridine-tricarboxylic acid.
Cinchonic acid or -y-quinoline-carboxylie acid is
formed by oxidising cinchonine with perman¬
ganate or 7-methylquinoline with chromic acid.

Hydroxyquinolinecarboxylic acids
C„H5(0H)NC02H.

These are formed by fusing the sulphonic
acid of the corresponding quinoline-earboxylic
acid with potash. a-Hydroxy-B-quinoline-car-
boxylic acid is obtained by condensing o-amido-
benzaldehyde with malonic acid.

Liierature.—Anderson, T. B. S. E. 16, 463 ;
20,247; 21,219; 21,571; A. 70,'32; 84, 44;
94, 358; 105, 335. Weidel, S. W. A. 79, 837;
80, 443 ; 80, 821 ; 81, 512 ; 90, 972 ; B. C. G. 12,
1,989 ; 13, 65. Ladenburg, B. 18, 47. Ciamician,
B. 14, 1,054.

BOOKUM or SAPPAN WOOD. An Indian
wood, the product of Cœsalpinia sappan. Used
in dyeing reds.

BOOMAH NUTS. The fruit of Pyciwcoma
macrophylla, belonging to the Euphorbiaceae.
Used in tanning (Holmes, Ph. [3] 8, 363).

BORACIC or BORIC ACID v. Boeon.
BORACITE v. Boron.
BORAX v. Boron.
BORDEAUX v. Azo- colouring matters.

Lambert (Fr. 22, 46) detects this dye in wines
by precipitating with basic lead acetate, and
extracting the precipitate with alcohol ; the red
solution thus obtained is turned yellow by alka-
lis. Wool heated with the wine withdraws its
colouring matter.

Bellier (J. Ph. [5] 14, 7) deseribes a method
of determining quantitatively the amount of this
dye in wines.

BORNEO CAMPHOR v. Cahphobs.
BORNEOL v. Camphors.
BORNESIT v. Glucosides.
BORNITE or PURPLE COPPER ORE. A

double sulphide of copper and iron of variable
composition, found in Cornwall, Ireland, Chili,
and Canada. Enown also as Erubcscite, in allu-

OIL.

sion to its power of becoming tarnished. Called
by the Cornish miners ' borse-flesh ore.'

BOROCALCITE. Calcium dimetaborate. It
is found on the plains of Iquique, Ecuador,
South America.

BORO-GLYCERINE. An antiseptic, patente!
by Barff (Ger. Pat. 18,108 ; Eng. Pat. 5,096,1S84) ;
prepared by heating 92 parts glycerol with 62
parts boric acid at 200°C. It is a yellowish,
transparent substance, soluble in alcohol and in
40 parts of water. Used as a preservative for
fruits and wines (S. C. I. 1, 244 ; 4, 362).

B0R0N. B. At. av. 10-97. An element
usually reckoned among the metalloids, althouglr
it présents analogies to the metals, and has been
placed by Etard (C. B. 91, 627) at the head of
the vanadium group, intermediate between tbat
of phosphorus and that of carbon ; is a triad in
most of its known combinations, but is also
capable of acting as a pentad (Michaelis and
Becker, B. 13, 58). Never occurs free ; usually
as boric acid, and in several minerais, as borax
or tincal, boracite, hydroboracite, rhodizite, sas-
solin, boi'ocalcite, boronatrocalcite, datolite, and
botryolite, and in small quantifies in schorl, apy-
rite, and axinite.

The element was first isolated by Gay-Lussac
and Thenard in 1808, by heating boric oxide
Avith potassium, boiling out the fused mass
Avith hydroehlorie acid and Avashing Avith water.
According to Wôhler and Deville (A. Ch. [3] 52,
63) it may be obtained by mixing 60 grams of
sodium in small pièces with100 grams of poAvdered
boric oxide in an iron crucible, covering the
mixture Avith a layer of 30 grams ignited sodium
chloride in fine porvder, and heating the whole
to redness. After the completion of the re¬
action, which is very violent, the mixture is
stirred Avith an iron rod, until the sodium and
sodium chloride are fused, and carefully poured
into dilute hydroehlorie acid, and the residue
Avashed Avith Avater containing ammonium chlor¬
ide (rvhich sait is subseqnently removed by
alcohol) and dried. Boron can also be obtained
by heating potassium borofluoride Avith potas¬
sium (Berzelius), or magnésium (Wôhler and
Deville) ; by the electrolysis of fused boric oxide
(Davy) ; by reducing boron trichloride by hydro-
gen (Dumas) ; by fusing borax with amorphous
phosphorus (Dragendorff) ; by heating boric oxide
Avith magnésium and treating the residue with
dilute hydroehlorie acid.

AU these processes yield boron as an opaque
amorphous powder of a greenish-broAvn colour ;
it is tasteless, odourless, staining the fingers
strongly; becomes denser on being heated in a
vacuum or in gases which have no action upon it ;
non-conductor of electricity ; not oxidised at ordi-
nary températures in either air or oxygen ; heated
in air itburns with a reddish light, forming B20s
and BN ; burns vrith dazzling brightness in oxy¬
gen, forming B203. Boiling water has no action on
it, but it is readily oxidised by strong nitric acid
in the cold, and by sulphuric acid when heated.
When heated to redness xvith the allraline salts
of oxyacids, yields an alkaline borate, the forma¬
tion being frequently attended with incandes¬
cence, and in the case of nitre with explosion.
Heated with potash it forms potassium borate
with libération of hydrogen, and reduces the
chlorides of gold, mercury, silver, and lead and
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Bulphide of leacl, chloride and sulphide of boron
being formed (Wohler and Deville, l.c. and
A. 105, 72). Heated in nitrogen it forms white
boron nitride. It décomposés nitrie oxide at a
red heat, burning brilliantly and forming boric
oxide and nitride, but apparently has no action
on nitrous oxide.

The only industrially important compounds
of boron are boric oxide, boric acid, and certain
borates.

Boric Oxide B,02. Obtained by burning boron
in oxygen, or, more easily, by strongly heating
boric acid, when it melts at 577° to a viscid mass,
cooling to a colourless brittle glassof sp.gr. 1-83.
Non-volatile and hence capable of expelling
carbonic, nitric, and sulphuric acids from their
salts at a red heat. Soluble in water, forming
boric acid.

Boric or Boracic Acid. Sal sedativum Hom-

bergii, Sal narcoticum vitrioli. Boric oxide
forms three hydrates :

Orthoboric acid B202.3H20 = H3B02.
Metaboric acid B203H20 = H-BjOj.

Pyroboric acid 2B2Ô3.H20 = HIBjO,.
Boric acid appears to be a bibasic acid, and

most of its salts may be regarded as derived from
metaboric or pyroboric acid. Both these are so-
called 1 weak ' acids. Their salts, when soluble,
bave usually an alkaline reaction, even when
containing excess of boric acid, and are decom-
posed even by carbonic acid.

Boric acid is found free in nature in many
volcanic districts—as in Tuscany, where the
vapours issuing from the earth are charged with
tbe acid, whieh is found dissolved in the small
lakes (laguni) formed by the condensation of the
vapours, or deposited as a crystalline crust round
their margins—as in the neighbourhood of Sasso.
In smaller quantifies it exists in sea-water and
in many minerai springs. The most important
natural borates are borax or tincal, boracite,
datolitc, and boronatrocalcitc.

Pure boric acid is easily obtained by treat-
ing a solution of 3 parts borax in 12 parts hot
water with 1 part sulphuric acid. On cooling,
boric acid separates out ; it is recrystallised
from hot water, dried and fused to expel traces
of sulphuric acid, and again recrystallised from
water. It forms white, translucent, monoclinic
laminœ (ICengott), which have a mother-of-pearl
lustre and are unctuous to the touch. Sp.gr.
1-434 at 15°. 1 part dissolves in 25-7 parts
water at 18', 14-9 parts at 25°, 10-7 parts
at 50°, 4-7 parts at 75°, and 2-97 parts at
100° (Brandes and Firnhaber, Ar. Ph. 7, 50).
More soluble in alcohol and volatile oils. Its
solubility in water is increased by the presence of
tartrates or tartaric acid. A cold saturated solu¬
tion of boric acid colours litmus a wine-red ; a
hot saturated solution gives a bright-red colour.
Turmeric paper moistened with an alcoholic
solution of boric acid acquires a brown-red tint,
which is intensified by acids and turned green-
ish-black by alkalis. The alcoholic solution
burns with a green flame, especially when acidi-
fied by sulphuric or hydrochloric acid.

Crystallised boric acid, heated to 100°, is con-
verted into HTSjOj (Schaffgotsch, J. 1859, 71),
and into ILB^Ô, at 160° (Merz, J. pr. 99, 179 ;
Ebelmen and Bouquet, A. Ch. [3] 17, 63). At a
stronger heat the acid froths up, parting with its

water and forming boric anhydride as a fused
viscid mass, solidifying to a fissured glass on
cooling.

The chief use of boric acid is in the manu¬

facture of borax (q. v.). Itis also employed for
glazing porcelain, in the préparation of glass
and certain pigments, and for soaking the wieks
of stearine candies. It has also been proposed
to use boric acid in the préparation of nitric
acid from Chili saltpetre, so as to obtain borax
as a by-product.

Boric acid has no effect upon vinous fer¬
mentation ; it retards acetous fermentation,
however, but only in those cases where no acetic
acid is already présent (Herzen, B. C. 1880,
487).

Industrial extraction of borio acid. The
occurrence of the sal sedativum of Homberg in
the water of the Tuscan lagoons appears to
have been first noticed in 1777 by Hôfer, a,
Florentine apotheeary, and its extraction was
begun about 1815, and to-day the greater part
of the boric acid of commerce is derived from
the lagoons near Monte Rotondo, Lago Zolforeo,
Sasso, and Larderello, in the Maremma of Tus¬
cany, inclosing both natural and artificial vents.
The soffioni or jets of steam, which often rise in
thiek columns to a considérable height, contain
only traces of boric acid, but when these are
condensed in the water of the lagoons this
becomes gradually charged with the acid which
is obtained from the solution by evaporation.

To obtain the boric acid, the soffioni are
surrounded by basins of rough masonry, several
of which are arranged in steps, one above the
other, in such manner that the contents of each
basin can be led by gravitation into the basin
below. Fresh water from a neighbouring spring
is conducted into the uppermost basin, while
the gases and vapours of the fumaroles rise
through the water from beneath, occasionally
with such violence as to eject the water to a
height of several feet. After twenty-four hours
the water in the first basin, which is generally
muddy, is allowed to pass into the second basin,
the first being recharged with fresh water. After
another twenty-four hours the second basin is
discharged into the third and the first into the
second, the second and following basins being
also built round soffioni. After having passed
through four or five of these basins, the solution
is passed into rectangular réservoirs in which
the suspended matter is deposited on standing.
From these it passes into a sériés of leaden
evaporating pans, placed in couples one above
the other in the form of a terrace. These pans
are heated by the gases and vapours of soffioni
•—which on account of their situation are other -

wise useless—by a method first adopted by
Count Lardarel in 1815. The evaporating pans
are square, about 1 foot deep and 9 feet square,
and are supported on wooden beams. The solu¬
tion is heated in these for twenty-four hours
until it has attained a density of 1-017, when it
is decanted into a second sériés of pans, where,
after another twenty-four hours, it attains a
density of 1-034, and is finally decanted into the
last four pans, where it is evaporated to a spécifie
gravity of 1-07.

The température gradually increases, being
in the first pans about 60° to 71°, in the follow-
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ing pans about 75°, and in the last as high as
80°.

In ail these pans a précipitation of gypsum
takes place, which requires to be removed from
time t.o time. When the solution in the last
pans has attained a density of 1-07, it is run
through funnels into the crystallising vats, con-
sisting of wooden tubs lined with lead. After
twenty-four hours the crystallisation is com¬
plété, the mother liquor is then decanted off and
added to the evaporating pans a few hours
before the completion of the concentration. The
crystals are drained in baskets placed under the
crystallising vats for twenty-four hours, and are
spread out on the bottom of a largedrying oven,
which is likewise heated by the vapour from
the soffioni. The layer of crystals, which is two
or three inches thiek, is stirred at intervais to
assist the drying. This is complété in twenty-
four hours. An improved forrn of evaporating
apparatus consists in decanting the solution in
the réservoirs from which the suspended matter
has deposited into a pan, and thence running it
into a slightly inclined trough made of sheet
lead with the edges turned upwards. The
trough has an undulatory form, is supported on
wooden sleepers, and heated by the soffioni
vapours. The solution of borie acid after
passing through this heated trough beeomes so
eoncentrated as to be ready for crystallisation.

Artificial soffioni have been bored to a depth
of 200 feet in the vicinity of the Monte Bo-
tondo, and yield an annual supply of over 200
tons of boric acid. The chief works are at
Monte Cerboli, Larderello, San Federigo, Castel
Nuovo, Sasso, Monte Botondo, Lustignano, Ser-
ranzano, Lago, and San Eduardo, each of which
has from 8 to 35 lagoni, 100 to 200 feet in
diameter (Payen, Ind. Ch., trans. by Paul).

The boric acid thus obtained is far from
pure. Analyses of différent samples by Payen,
Vohl, and Wittstein show that it contains from
74-80 p.c. crystallised boric acid, from 4-5 to 7
p.c. of hygroscopic water, ammonium and mag¬
nésium sulphates 8-14 p.c., together with gyp¬
sum, clay, sand, sulphur, organic matter, and
free acids and ammonia.

The following table shows the général com¬
position of crude boric acid :

Wittstein Payen
Boric acid.... 76-5 74 to 84
Ferrie sulpbate. . . 0'4 —

Aluminium sulphate. .0-3 —

Calcium sulphate . . 1*0 2-4 to 1"2
(Including clay, sand, &c.).

Magnésium sulphate. . 2-6 p4.Qj0g.o
Ammonium sulphate . 8-5 J
Sodium and potassium sul¬

phates ... 1-3 —

Manganèse sulphate . . trace
Ammonium chloride. . 0'2 2-6 to l'O
Silica .... 1-2 —

Sulphuric acid ... 1-3 —

Hygroscopic water . .6-6 7 to 5-8
and organic matter.

The origin of the boric acid in the soffioni
is not understood. Dumas suggested that it is
formed by the décomposition by means of water
of a bed of boron sulphide formed at some
depth below the surface. Bolley (A. 68, 122)

has supposed that it is produced by the action
of a hot solution of ammonium chloride upon
the borates contained in the earth. Aecording to
Warington (C. G. 1854, 419), Wôhler and Deville
(A. 105, 69), and more lately Popp (A. Suppl. 8,
1), its formation is probably due to the action of
water upon boron nitride.

Dieulafait has found boric acid in régions
where there are no visible manifestations of
volcanic action, and concludes that it is of
aqueous origin, and derived from the waters of
ancient seas (C. R. 100, 1,017, and 1,240).

Borie acid occurs on the West Coast of South
America, principally in the form of boronatro-
calcite (ulexite, or liayesine), and is found
throughout the province of Atacama and in the
newly acquired portions of Chili. Ascotan and
Maricunga, to the north of Copiapo, are the
places which have proved most successful com-
mercially. The crude material, known as tiza,
occurs in both places in lagoons or troughs;
these, instead of being entirely filled with com-
mon sait, as is usually the case in the desevt,
contain zones or layers of boronatrocalcite,
alternating with layers of sait and salty earth.
The lagoons of Maricunga are estimated to
cover 3,000,000 sq.metres. The rawmaterialcon.
tains on the average about 25 p.c. of boric acid,
but by washing and calcination it may be raised
to 55 or 60 p.c. The roughly purified boro¬
natrocalcite is shipped to England and Ger-
many. It is treated. with hydrochloric acid and
the separated borie acid converted into borax
either by the wet way or by fusion with soda
ash (Darapsky, C. Z. 11, 605; Lunge, D. P. J.
181, 370).

_

Volcanic émanations containing boric acid
occur in Nevada, in California, and Nova Scotia.
A borate of lime (rhoclizite) is imported from
the West Coast of Africa.

Metallic Borates.
Borates are obtained by the action of boric

acid on metallic oxides or their salts, either in
the dry or wet way.

In solution boric acid is a very weak acid,
being expelled by almost ail acids from its com-
binations, partially so even by carbonic and
hydrosulphuric acids. A boiling eoncentrated
solution, however, décomposés carbonates and
soluble sulphides and manganèse sulphide.

In the dry way, at high températures, it is
capable of decomposing the salts of ail more
volatile acids.

Alkaline borates are readily soluble in water,
but are precipitated by alcohol. None are per-
fectly insoluble in water ; but ail the otbers,
except the borates of the alkaline metals, may
be prepared by précipitation.

The sparingly soluble borates are easily de-
composed by water. Even the alkaline borates
are decomposed by water. A eoncentrated
solution of borax turns blue litmus red ; on the
addition of a considérable quantity of water the
litmus is coloured blue. Dilute solutions of
borates behave indeed like dilute solutions of
the alkali mixed with boric acid. They absorb
carbonic acid from the air, set ammonia free
from its compounds, &c. (Bose).

Soluble borates give white précipitâtes with
salts of barium, strontium, calcium, aluminium,
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zinc, lead ; red with cobalt, green with nickel,
yellow (red on boiling) with ferrie salts. These
précipitâtes are readily soluble in ammonium
chloride; and if they have been produced by
an acid borate of an alkali métal, they are
soluble in excess of the sait from which they
have been precipitated.

For the literature of the borates in général
ii. Watis's Dici. vol. i. 529. Only the more
important salts, or those which have industrial
relations, will be here described.

Ammonium borates. Only acid salts are
known. Of these NH4B02.2HB02 + 14H20 occurs
as Larderellite in the Tuscan lagoons, and may
be obtained by dissolving boric acid in warm
ammonia. A solution of ammonium borate has
been employed for rendering light fabrics non-
inflammable.

Calcium borates. The orthosalt CaHJSO., is
formed by the addition of limewater to borax.
The sesqidmetaborate Ca2HB306 is precipitated
togetker with the dimetaborate CaHB.,04 by
the addition of calcium salts to borax. Rhodizite
appears to have the composition of the sesqui-
metaborate, whilst hayesite, borocalcite, and
hydroborocalcite are dimetaborates.

Copper borate. Bolley (J. 1847-8,1,059) re-
commended the use of the green precipitate
obtained by the mixture of cold solutions of
2 parts cupric sulphate and 3 parts borax as a
substitute for arsenical green in painting and
dyeing. V. also Poussier (B. 6, 1,138).

Iron borate. Ferrie monometaborate
Fe203.3B203.3Aq is found as cagunite in the
lagoons of Tuscany. Basic salts are formed by
preeipitating ferrie salts with alkaline borates,
and by the précipitation of ammonioferric sul¬
phate with sodium monometaborate or borax
(Rose).

Lead borates. Faraday (P. A. 18, 501) by
fusing 1 mol. of lead oxide with 2 mois, of
boric oxide obtained a nearly colourless glass,
as hard as flint glass, and with a much higher
refractive power.

Magnésium borate. Magnésium monoborate
MgBOj exists native as boracite : usually con-
tains also calcium borate. Has been prepared
artificially by Heintz (P. A. 110, 613).

Sodium borate. Trisodium orthoborate
Na.BOj is formed when boric oxide is fused
with excess of caustic soda (Bloxam, Q. C. J. 14,
143). Tetrasodium borate Na4B205 is formed
by fusing borax with excess of sodium carbonate
(Arfvedson, Gm. 3, 87 ; Bloxam, Q. C. J. 12,186).
Sodium monometaborate NaBO., is produced by
heating 62 parts boric acid, or Î.91 parts borax,
with 53 parts of anhydrous sodium carbonate.
On dissolving the fused mass in water the tri-
sodium orthosalt Na3B033H20 separates out in
large monoclinic prisms.

Sodium dimetaborate, acid metaborate, bi-
borate of soda, or borax Na4B207, the most im¬
portant sait of boric acid, is found native in
Transylvania, Peru, California, India, Thibet,
Tartary, and Ceylon. The borax of commerce
was formerly exclusively obtained from the sait
lakes in these countries. The yellowish-white
mass of crystals obtained by the evaporation of
the water was sent to Europe under the name of
tincal. It consisted of borax mixed with lime,
magnesia, alumina, and chlorides, and sulphates

of sodium and calcium, as well as with some

greasy substance with which it was coated, osten-
sibly to protect it from breakage during trans¬
port. The purification of the crude substance
was conducted more especially in Yenice, Ham-
burg, and certain Dutch seaports. By one
method limewater was added to remove the
greater part of the greasy substance from the
crystals, which were further cleansed by the
addition of a 2 p.c. solution of calcium chloride
to their solution in hot water. The lime-soap
so formed was strained off, and the clear liquid
concentrated. Or the powdered tincal was
washed in a sieve with a solution of caustic
soda of sp.gr. 1-034, dissolved in water and
treated with a 12 p.c. solution of soda to pre¬
cipitate the earths, and, after standing, the solu¬
tion was evaporated and allowed to crystallise
in short conical vessels of wood lined with
lead.

According to Clouet (D. P. J. 142, 395) tincal
may be refined by calcining it with one-tenth
part of sodium nitrate, dissolving in water and
crystallising out.

An important source of natural borax is
found near the Clear Lake in California, in a
body of water now called the Borax Lake. This
is situated in a région of hot springs and volcanic
action, about 65 miles north-west of Suisan Bay
and about 36 miles from the Pacific coast, and
was first described by Veatch in 1856. The
water contains 2,401-56 grains of solid matter
per gallon, of which 535 consist of crystallised
borax (G. E. Moore). The bed of the lake con-
sists of borax crystals, which are obtained by
sinking caissons, pumping out the water and
digging up the deposit.

The greater part of the borax of commerce is
prepared from the boric acid of Tuscany. From
110 to 120 parts of crystallised sodium carbonate
are dissolved in a lead-lined covered vessel lreated
with steam, and 100 parts of boric acid are added
in small charges, any ammonium carbonate
which is evolved being led into sulphuric acid.
The solution of borax thus obtained deposits
either prismatic or octahedral crystals according
to its strength and température.

1. Prismatic or ordinary borax

Na2B4O7 + 10H2O or 2(NaHB204) + 9H.0
is formed when the solution obtained as above
described has a spécifie gravity (after ail the
carbonic acid has escaped) of 1-14 to 1-15, and
boils at 104°C. It is left to crystallise for two or
three days, the crystallisation being completed
when the température has reached 25°-30°C.
The crystals are freed from the mother liquor,
treated with sodium carbonate to remove any
earths, and the solution evaporated to the same
consistency and crystallised in the same manner
as before.

An impure borax which is used in glass-
making is obtained from the mother liquor.

The crystals should be sponged to remove
completely ail the mother liquor and dried out
of contact with cold air, which causes cracks to
form in the crystals. Crystals containing such
cracks when heated split in their plane of cleav-
age, and are inconvénient for use in soldering as
they are liable to fly to pièces. This incon-
venience may be partially remedied by recrys-
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tallisation from a concentrated solution, or better
by the addition of a small quantity of tincal
before recrystallisation.

Prismatic borax forms large transparent
monoolinio prisms with truncated latéral edges.
They effloresee when exposed to the air (accord-
ing to Sims, only when they contain sodium
carbonate), they give out light when rubbed in
the dark, possess a sweet somewhat cooling alka-
line taste, and a spécifié gravity of 1-75 (1-69
aecording to Filhol, A. Ch. [3] 21, 415). For
their optical properties v. Senarmont (A. Ch.
[3] 41, 336) and Tschermak (Sitz. W. 57 [2] 641).
When heated they melt in their water of crys-
tallisation, swelling up and solidifying to a
spongy mass called burnt or calcined borax
(borax usta), and fuse at a red heat to a colour-
less anhydrous glass (vitrified borax) with a
spécifie gravity 2-36, whieli gradually absorbs
water from the air and becomes prismatic
borax.

2. A borax with 6 mois, water NajB407 4- GH,0
was found by Bechi (J. 1854, 867) in an old
lagoon crater. It has not yet been obtained
artificially.

3. Octahedral borax Na^C^+ôH-P or
2(NaHB204)+ 4H.X). The solution obtained as
above by Payen and Cartier's method is con¬
centrated to a spécifie gravity of 1246, and
allowed to cool slowly in a warm place. The
crystallisation commences at 79°C., and is
stopped at 56°C., when prismatic borax begins
to crystallise out. The mother liquor is quickly
siphoned olï, and the crystals are removed and
dried in the air.

The crystals are regular, transparent octa-
hedra, harder than the ordinary borax. They
have a conchoidal fracture and a sp.gr. = 1-8.
They do not change in dry air, but absorb
moisture very readily and become prismatic.
They fuse more readily than the prismatic
crystals, and with less intumescence, and with-
out splitting. Octahedral borax is therefore
better adapted for soldering and as a flux than
common borax, and the smaller quantity of water
(a différence of 17 p.c.) diminishes the cost of
transport. The prismatic variety is, however,
generally preferred, probably because it is cheaper
weight for weight.

Gernez (C. B. 78, 68) has investigated the
causes determining the formation of the pris¬
matic and octahedral varieties, and states that
the latter may be prepared from supersaturated
solutions eompletely protected from dust, and by
the evaporation of borax solutions in a vacuum
at a température of 10°-12°C.

Amorphous borax NaJ^Oj + dHp or
NaHB,04 + Aq was obtained by evaporating a
solution of borax and drying for some timo at
100°C. (Schweizer, J. 1850, 257).

Artificial borax usually contains some impu-
rities, e.g. sodium carbonate, small quantifies of
6ulphates and chlorides, and of calcium and
magnésium salts. It is sometimes adulterated
with alum and common sait.

It should dissolve in two parts of hot water
and should not effervesce with acids. The
aqueous solution should not be rendered turbid
when treated with an alkali, or with barium
chloride or silver nitrate in the presence of
nitric acid.

Borax dissolves readily in water, but is in¬
soluble in alcohol. Aecording to Poggiale, 100
parts of water dissolve—

2-8 parts at 0°C.
7-9 ., „ 20°C.

17-9 „ „ 40°C.
40-4 „ „ 60°C.
76-2 „ „ 80'C.

119'7 „ „ 90°C.
201-4 „ „ 100°C.

The aqueous solution has a slightly alkaline
reaction, and changes the colour of an alcoholic
solution of turmeric to brown ; a small quantity of
sulphuric acid restores the original yellow colour,
but a larger quantity sets boric acid free, which
reproduces the characteristic brown colouration.

Borax is easily decomposed by acids. A
large quantity of water décomposés it slightly,
so that a very dilute solution of borax acts liie
a mixture of the neutral borate and boric acid.
Hydrochloric acid leaves, on evaporation, sodium
chloride and free boric acid. Carbonic acid is
absorbed by a solution of borax from the air, and
no borax is precipitated on the addition of
alcohol. Saturated with sulphuretted liydrogen
and mixed with alcohol, the liquid separates on
the addition of ether into two layers, the lorver
containing sodium sulphide, the upper free boric
acid.

It forms double salts with arsenious acid of the
empirical formula, 3Na20.6B203.5As20:i +■ lOAq.
Schweizer (J. 1850, 257). With sodium fluoride
it forms sodium fluoborate. When 1 pt. tartavic
acid is mixed with 2 pts. of a hot solution of
borax, boric acid separates out on cooling. If
the tartarie acid be increased, the séparation
of boric acid likewise increases up to a certain
point, after which it diminishes, and ultimately
is no longer separated. Acid tartrate of potas¬
sium forms a double sait with borax. Silicic
acid is insoluble, or nearly so, in solutions of
borax.

Benzoic, tartarie, and gallic acids dissolve
more readily in borax than in water. Many
fatty acids and resins dissolve as readily in
borax as in alkaline leys, the borax behaving
like a mixture of boric acid and free soda.

At a red heat, however, the boric acid in
borax readily dissolves and unités with metallic
oxides, forming a fusible glass of a double sait,
which property renders it of great use in solder¬
ing and in metallurgieal opérations and in blow-
pipe analysis, the glasses thus formed often ex-
hibiting characteristic colours. It is used also
in the préparation of easily fusible glass fluxes
for enamels and glazes.

An enamelled coating for cast-iron is made
by fusing on the métal a mixture of quartz,
felspar, clay, and borax, and then covering it
with a glaze containing borax.

A mixture of 1 part clay, 1 part felspar, and
2 parts borax is used instead of lead-glaze for
glazing for stoneware.

Ebelmen (J. C. 1851, 12) prepared corundum
by fusing alumina and borax in a porcelain
furnace. By fusing borax with titanic acid G.
Bose obtained rutile, and with silicic acid be
formed tridymite. G. Bose (B. A. B. 1867, 130,
450 ; J. pr. 101, 228, and 108, 208).

When mixed with shellac in the proportion
of 1 to 5, borax renders the sliellae soluble in
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water, and forms with it a kind o£ varnish. It
is also used in medicine both externally and inter-
nally, and tartarised borax enters into the com¬
position of some pharmaceutical préparations.

Eorocitrates are valuable as remedies in cases

oi kidney disease and urinary calculi. Their
solvent power for urates and phosphates is
greater than that of lithium benzoate. The
diborocitrates being best adapted for the pur-
pose. The following are known :
Magnésium triboroeitrate (CliHi0I)2Mg3(B.iH.,0(i)2

„ diborocitrate (GsH307)2Mg2(B2H204)2
„ monoborocitrate (CcH5Ô7)2Mg(BH02)

Lithium, potassium, sodium, and ammonium
mono-, di-, and triborocitrates of similar con¬
stitution hâve been prepared. Iron salts have
also been obtained containing respeetively 8 and
16 p.c. of iron by acting on sodium di- and
monoborocitrate with ferrie hydrate (Scheibe,
Ph. [3] 11, 389).

The magnésium compounds possess strong
antiseptic properties according to Schwarz
(Sitzungsber. der JDorpater Naturforscher Ge-
sellsch. 1879, 204).

Borax as a preservative. Endemann (C. N.
41,152) finds that boric acid acts as a preserva¬
tive to fresh meat only ; that previously salted
could not be preserved by means of it. He
attributes the antiseptic action to the presence
of acid phosphates which are removed in the
salting.

E. le Cyon states that meat preserved by
borax is not diminished in nourishing properties,
and that it is more readily assimilated (B. C.
1879, 869), whereas Le Bon (ibicl.) asserts that
meat so preserved is useless as food. J. Forster
concludes that the use of boric acid in pre-
serving food is of questionable value, as it in-
creases the sécrétion of bile and the excrétion
of albuminous matters (B. 16, 1,754). Gruber
(B. C. 1880, 509) likewise states that the décom¬
position of albumen in animais is increased by
borax. Vigier, on the contrary, concludes from
a sériés of experiments on dogs and men that
borax bas no injurious effects, even in large
doses. It appears to be slowly eliminated in the
urine (Vigier, J. Ph. [5] 7, 301).

Détection and détermination of boron. Boron
almost always occurs in the form of boric acid.
When the acid is in the free state it can readily
be recognised by the green colour which it
givestothe flame,and byitsactionuponturrneric.

The green colour imparted to fiame is a very
delicate test for boron (according to Merz, J. pr.
Ch. 80, 487, 1 part in 1,400 may be detected by
flame). It is, however, to be borne in mind that
the salts of copper likewise colour flame green,
as well as certain compounds of chlorine. When
the boric acid is combined with a base the com-

pound in the state of powder is deeomposed by
means of sulphuric acid, and the boric acid
extracted by alcohol. Compounds not deeom¬
posed by sulphuric acid are fused with potash
and digested with alcohol and sulphuric acid.

The presence of boron in minerais may
be detected by mixing the minerai in powder
with a flux containing 1 part fluorspar to 4j
parts hydrogen potassium sulphate, made into a
paste with water, and heating the mixture in
the inner blowpipe flame, when boron chloride is
given off which tinges the flame green ; or by

mixing the suspeeted substance with fluorspar
and sand.moisteningwitb concentrated sulphuric
acid and passing the escaping gas through a tube
drawn to a fine point into the non-luminous
Bunsen flame which it colours green (Kàmmerer,
Fr. 1873, 376).

The speetrum of boron shows three bright
lines in the green and one in the blue (Simmler,
P. A. 155, 250). Hartley finds in the spectra of
boric acid and borax the lines A3450.3, A2497,
and A2496.3 which he considéra charaeteristic of
boron (Pr. 35, 301). For the measurement of
the intensity of these bands v. Lecoq de Bois-
baudran (C. B. 76, 883).

The quantitative estimation of boron is
diflicult, as ail borates are soluble to some
extent in water and alcohol, and boric acid ean-
not be heated without loss in contact with water.

One of the best methods of direct détermina¬
tion is to precipitatethe boron as potassium boro-
fluoride, which is quite insoluble in alcohol
(Berzelius, Lelirbuch, 3 ed. 10, 84 ; Stromeyer,
A. 100, 82).

In this method the solution must contain no

other métal than potassium ; ail other bases
must be removed and replaced by potash.
Borates of the alkaline-earths, earth-metals, or

keavy metals are fused with potassium carbonate
and the mass digested with water ; sodium
borate is treated with alcohol and sulphuric
acid, filtered, potash added to the solution, and
the alcohol evaporated.

The potassium borate thus obtained is satu-
rated with hydrofluosilicic acid and evaporated
to dryness, the potassium fluoride removed
from the residue by washing with potassium
acetate and alcohol, and the potassium boro-
fluoride dried at 100° and weighed. 100 parts of
the borofluoride correspond to 9'06 boron or 27"78
boric anhydride (Stromeyer, l.c.).

Another method consists in adding to the
aqueous or alcoholic solution a weighed quantity
of sodium carbonate, evaporating to dryness and
igniting the residue in a covered crucible. The
residue contains sodium carbonate and borate.
As the quantity of sodium is known, the esti¬
mation of the earbonic acid is suflficient to dé¬
termine the quantity of boric anhydride présent
(Bose, P. A. 80, 262 ; J. 1850, 588).

Boron may be estimated indirectly by digest-
ing a weighed quantity of the finely divided
eompound in a platinum vessel with hydrofluoric
acid, and then with concentrated sulphuric acid.
On warming gently the boron présent is expelled
as fluoride, and after driving off the excess of
sulphuric acid, the quantity of bases in the resi¬
due is determined. Their weight, deducted from
the weight of the original substance, gives the
quantity of boric anhydride.

Or, by treating the pulverised borate with
strong oil of vitriol and alcohol, the boron may
be driven off as ethyl borate.

When combined with potash or soda, boric
acid may be determined by evaporating the
solution of the previously weighed sait with
hydrochloric acid, and determining the chlorine
in the dry residue (Schweizer. M. N. G. Z.
1850, 1 ; Ph. C. 1850, 372 ; J. 1850, 590).

Or volumetrically by means of a standard
solution of sulphuric acid. The solution is
coloured with litmus, and the sulphuric acid
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added cautiously from a burette till the wine-
red colour tirst produced changes to bright red.

Séparation of boron from other elements.
Boric acid can be separated from most bases by
boiling or fusing the substance with potash or
potassium carbonate. Those bases which are
precipitated by sulphuretted hydrogen or ammo¬
nium sulphide are separated by these reagents,
and the borie acid determined in the filtrate
(Marignac, Fr. 1, 405).

Sulphuric acid is readily separated from boric
acid by means of barium chloride ; hydrochloric,
bromic, and iodic acids by silver nitrate ; and
phosphoric acid by ammonia and magnésium
sulphate. In the presence of fluorine the estima¬
tion of boron is more difficult. Borofluorides
are heated with sulphuric acid and the residue
of metallic sulphate is weighed ; the boron and
fluorine are together driven off as boron fluoride
and hydrofluorie acid. Or the fluorine may be
converted into calcium fluoride by means of cal¬
cium acetate (Stromeyer, A. 100,82 ; J. 1856, 722).

To détermine the quantity of water of crystal-
lisation in these compounds, they are mixed
with 6 parts lead oxide, ccvered with a layer of
lead oxide, and heated. The loss of weight gives
the water.

There are no exact methods for the estima¬
tion of boron in the presence of silicates.

If the silicate is deeomposable by acids it is
pulverised and heated with hydrochloric acid,
diluted with water and filtered, the filtrate
treated with ammonia and oxalic acid to re-

move alumina and lime, and evaporated on the
water-bath. The residue is ignited in a covered
crucible, and boric anhydride is left mixed with
silica. The boric anhydride is dissolved out by
water and the residual silica weighed.

In silicates undecomposed by acids, the
minerai is treated first with hydrofluorie and
then with sulphuric acid, whereby both boron
and silicon escape, and the bases combine with
sulphuric acid and are determined as sulphates.

In a second portion of the minerai the silica
is determined by fusion with a mixture of
sodium and potassium carbonates. The boric
anhydride is determined by différence after the
estimation of the bases and of silica (Bose,
A. C„ 2, 734).

Boron may also be estimaled in silicoborates
by fusing with potassium carbonate, dissolving in
water, and precipitating the bulle of silica from
the solution by means of ammonium chloride ;
the remainder, after the removal of ammonium
carbonate, is precipitated by zinc oxide dis¬
solved in ammonia. Bodewig proposes to omit
the précipitation with zinc oxide and to estimate
the small quantity of silica still remaining in
the borate precipitate obtained subsequently
(Fr. 1884, 143).

The estimation of water in boric acid is
made according to Stolba's process by igniting
with 4 parts of borax. Gilbert (D.P. J. 259, 383)
finds this method inapplicable in the presence
of sulphuric acid, and proposes moistening 1*5
grams quicklime with 10 c.c. water, mixing it
with 2 grams boric acid, evaporating to dryness,
igniting and weighing. The loss of weight gives
the water.

A solution of borax produces no change of
colour in solutions of helianthin, tropaolin, and

methyl orange, but a drop of hydrochloric acid
immediately changes the yellow colour into red.
Borax may thus be titrated by the stronger acid#
(A. Joly, 0. B. 100, 103).

Guyard proposes the use of boric acid as a
standard acid solution in alkalimetry, hœmatiu
being used as the indicator (Guyard, Bl. [2] 40,
422).

For the estimation of boric acid in minerai
waters, v. Fresenius (Fr. 25, 202).

To detect borie acid in milk, baryta is added
to 100 c.c. of milk till alkaline. After incinéra¬
tion, the ash is dissolved in a little strong hydro¬
chloric acid, evaporated to dryness, and a solu¬
tion of turmeric with a drop of dilute hydro¬
chloric acid added, and the solution evaporated
on a water-bath. 0-001 per cent, boric acid gives
a distinct colour to turmeric in this manner

(S. G. I. 1887, 563).
BORO-NATRO-CALCITE. Ilydroboracik,

Hayesin, or tiza, a native borate of lime and
soda, known in commerce as ' borate of lime.'

BOSCH. An inferior butter formerly pre-
pared in Holland. The term is now synonymous
with margarene, q. v.

B0SJEMANITE. A manganèse alum found
near the Bosjeman river, S. Afriea, and at
Alum Point, Sait Lake, Utah.

B0ST0NITE. Ganadian asbestos (v. Asbes-
tos).

B0SWELLIA THURIFERA, or GTJOA1.
The gum of this plant (Order Burseraceœ) is
used as an incense. It is often confounded
with bdellium and olibanum (Dymock, Pli. [3]
7, 190).

B0TALLACKITE. An oxychloride of copper,
found at Botallack Mine, in St. Just, Cornwall.

BOTANY BAY RESIN v. Balsahs.
BOTRYOLITE v. Calcium.
B0TTLE-N0SE OII,. An oil obtained from

the bottle-nosed whale, closely resembles sperni
oil ; its sp.gr. varies from 0-876 to 0-8S0 (Allen,
S. C. I. 2, 53).

BOTRYOGEN or RED VITRIOL. A native
ferroso-ferric sulphate from Fahlun, Sweden, of
sp.gr. 2-039. It is of a dark hyacinth red to
ochre-yellow colour.

BOUILLON NOIR. Ferrie acetate (v. Acetic
acid).

B0ULANGERITE. A tribasic sulphantimo-
nite of lead found at Molières, France, in Lap-
land and other localities (v. Antimony).

BOU-NEFA. The root bark of Thapsia gar-
ganica, an umbelliferous plant growing in the
South of Europe and Algeria. It contains a
resin used as a medicine in France.

B0URB0ULITE. A native ferroso-ferric sul¬

phate found at Bourboule, Puy-de-Dôme.
BOURNEENE or VALERENE. A liquid

hydrocarbon isomeric with oil of turpentine,
secreted by the Dryobalanops Gamphora, and-
holding in solution borneol or Bornéo camplior.
According to Wallach (A. 230, 225 : C. J. [2] 50,
70) it is a mixture of the décomposition products
of camphene.

B0URN0NITE. A sulphide of antimony,
lead, and copper, found in Cornwall, Devonshire,
and in many of the mining districts of Europe.
It contains, according to Rammelsberg :

S. Sb. Pb. Cu. As. Fe.
19-77 24-34 42-88 13-06 — —
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Wait (C. N. 28. 271) :
8. Sb. Pb. Cu. As. Fe.

19-359 23-577 41-949 13-268 0-469 0-679
BOVEY COAL v. Fuel.
BRACKEBUSCHITE. A minerai described

byRammelsberg eôntaining 25-32 V205, 0-18 P.,0S,
01-00 PbO, 1-29 ZnO, 4-77 MnO, 4-65 FeO, 0"-42
CuO, and 2-03 OH., (J. M. 1881, 2 R. 330 ; C. J. 42,
150).

BRAGA BEER. A beer made from hops
and malt in Russia. For détails see Cech.,
D. P. J. 240, 235 a. C. J. 40, 857.

BRAM'S POWDER. An explosive consisting
of 60 parts of a mixture of potassium chlorate,
potassium nitrate, wood chareoal, and oak saw-
dust saturated with 40 parts of trinitroglycerine
(Vf. J. 22, 476).

BRAN. (Son, Fr. ; Kleie, Ger.) The husky
portion of ground wheat separated by theboulter
from the flour. It is advantageously used by
calieo-printers in the clearing process, in which,
by boiling in bran-water, the colouring matters
adhering to the non-mordanted parts of mad-
dered goods, as well as the dun matters -which
cloud the mordanted portions, are removed.
From experiments made by Koechlin-Sehouch
it seems that two bushels of coarse wheat bran
boiled with twelve hectolitres of water suffieed
to clear ten pièces of calieo in from fifteen to
thirty minutes. Rye bran is not so good, and
barley bran is useless for this purpose.

Bran has little nutritive power, but it contains
aferment, cerealin, which possesses the power
of quickly converting starch into dextrine and
sugar. Mouriès found that 130 parts of wheaten
bread containing bran easily diffused through
520 parts of water when triturated therewith and
yielded 59*35 parts of soluble bran and 69-75
parts of insoluble matter, whereas the same
quantity of bread not containing bran yielded
only 9-03 soluble to 120-25 insoluble matter.

From experiments made in Germany it
appears that bran mixed with meadow hay
diminishes the digestibility of the proteïn eon-
tained in the latter (B. C. 12, 459 ; S. C. I. 3,186).

BRAN DY is a spirituous liquor, the product
of the distillation of wine, possessing a peculiar
aroma due to minute traces of ether and certain
volatile oils. The greater quantity of brandy
is manufactured in the departments of Charente,
Charente Inférieure, Landes, Gers, and Lot et
Garonne, of which districts Charente and
Charente Inférieure produce the highest class,
known as Cognac. But little brandy is distillée!
in Cognac itself, the greater part being produced
on the brandy farms in the district. The brandy
grape is a small white berry, and yields a very
acid juice. As received from the farmers, the
distilled spirit is about twenty over-proof ; it is
diluted and mixed in vats, coloured with caramel,
filtered through paper pulp into storage vats,
in which it is matured. It is also obtained, but
of greatly inferior quality, from Portugal, Spain,
and Italy. Eaeh locality furnishes a spirit of
charaeteristic goût, w-hich is readily recognised
by the connoisseur, the variation arising from
the différence of the soils as well as from the
materials used. Thus it is said that the brandy
of the Moselle wine has a slaty taste, that of St.
Pierre in Vivarais the aroma of the violet, and that
of Holstein a flavour resembling the oil of amber.

The quantity of wine used in the process of
manufacture is very great, the amount of brandy
produced from a given measure being only 10 to
15 p.c. The grapes of the South excel those of
the North in the production of alcohol in the
ratio, as between the extreme limits of locality,
of nearly two to one. The best brandy is pre-
pared from white wines. If stored in oak casks
it acquires a slightly yellow colour, and is known
as ' pale ' brandy ; ' brown ' brandy deriving its
deeper colour from the use of caramel or burnt
sugar. It is sold of various strengths, usually
about 10 p.c. under-proof, and rarely exceeds
proof strength, as, on account of its flavour
depending on the volatile oils, it is but slightly
rectified. Its constituents are alcohol and water
with small quantities of acetic acid, acetic ether,
œnanthic ether, volatile oil, colouring matter, and
tannin absorbed from the cask. The alcohol
amounts to from 45 to 55 p.c.

Morin distilled 92 litres of pure Cognac, pre-
pared in 1883 from Charente Inférieure wine in
Claudon and Morin's apparatus. The first por¬
tion of the distillate contained the more volatile
bodies, the second consisted of tolerably pure
ethyl alcohol, the third, the higher boiling
aleohols, &c. The residue, chiefly water, was
tested for free acids, isobutylglycol and glycerol.

The first three portions were then fractionated,
5 litres of light alcohol, 55 litrss of pure ethyl
alcohol, and 3-5 litres of higher boiling com-
pounds being obtained. The latter fraction smelt
strongly of fusel oil, and pos,essed a burning
taste. The water remaining behind was added
to that already obtained. The fractions were
then redistilled in Le Bel and Henninger's appa¬
ratus. The fusel oil portion, which after dehy-
dration by potassium carbonate weighed 352
grams, gave :

GraîUS
Water 7

Ethyl alcohol .... 130
Norm. propyl alcohol . . .25
Isobutyl alcohol .... 6
Amyl alcohol 175
Furfurol 2
Wine oils 7

The water contained a little acetic and butyric
acids and a small quantity of a viscous liquid,
which distilled undecomposed under diminished
pressure, and appeared to consist of isobutyl
alcohol and glycerol. The residue contained
tannin, together with substances extracted from
the wood.

In the following table : 1 shows the com-
pounds contained in 100 litres of the Cognac ;
2 shows the same obtained by the fermentation
of 100 kilos, of sugar :—

t 2
Grams Grams

Aldehyde . . Trace Trace
Ethyl alcohol . .50,837*0 50,615-0
Norm. propyl alcohol 27-17 2-0
Isobutyl alcohol . 6-52 1-5
Amyl alcohol . . 190-21 51-0
Furfurol bases . . 2-19 0-0
Wine oil . . . 7-61 2-0
Acetic acid . . Trace „

Butyric acid . . Trace „

Isobutylglycol. . 2-19 „

Glycerol . . . 4-38 „
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Butyl alcohol was absent ; furfurol was de-
tectecl directly by the addition of aniline to the
Cognac, a red colouration being produced in the
presence o£ acetic acid (E. C. Morin, C. B. 105,
1,019 ; S. C. I. 7, 224).

By the Sale of Food and Drugs Amendaient
Act of 1877 it is ordered that brandy must not
be sold weaker than 25 p.c. under-proof ; in
France the usual retail strength is 18 p.c. to
20 p.c. under-proof, the spirit at that strength
being known as eau-de-vie à preuve de Hollande.
The addition of water to brandy destroys the fine
aroma for which it is prized.

The imports of brandy into the United
Kingdom were :—

Gallons Value
1882 . , . 2,100,809 £973,408
1883 , . 2,210,987 1,014,583
1884 . . . 2,382,897 1,066,430
1885 . . . 2,780,122 1,243,916
18S6 . . . 3,139,022 1.424,942
1887 . . . 2,830,916 1,317,976
1888 . . . 2,647,065 ' 1,219,155

British brandy is a liquor devised by the dis¬
tiller in imitation of the foreign spirit, and many
formulœ exist for its manufacture. The follow-
ing is Ure's receipt : ' Dilute the pure alcohol to
the proof pitch and add to every hundred pounds
weight of it from half a pound to a pound of
argol—crude tartar—dissolved in water, some
bruised French plums and a quart of good Cognac.
Distil this mixture over a gentle fire in an alembic
provided with an agitator. The addition of brandy
and argol introduces œnanthic ether, and, if a
little acetic ether be added to the distillate, the
whole imparts the peculiar taste of genuine Cog¬
nac brandy. Colour with burnt sugar, if neces-
sary, and add a little tannic acid to impart as-
tringency.'

Cider brandy is manufactured in the United
States and Canada from cider and perry.

Dantzic brandy is made from rye ground with
the root of Calamus aromaticus.

Guernsey brandy is the spirit of beet root
flavoured to resemble true brandy.

BEASS v. Zinc.
BEASSIL. A local name for iron pyrites.
BEAUNITE. Native sesquioxide of manga¬

nèse, V. MANGANESE.
BEAZILETTO. An inferior kind of Brazil

wood obtained from Cœsalpinia brasiliensis,
growing in the West Indies.

BEAZIL NIJTS are the fruit of Bertliolletia
excelsa (Order Myrtaceœ) ; they yield an oil con-
taining 74 p.c. of elaïdin and 26 p.c. stearine.
The inner bark of the tree is also an article of
commerce, being used for caulking ships and
barges. According to Corenwinder, the kernels
in a fresh condition contain 8-00 p.c. water,
65-60 oil, 15-31 nitrogenous matters, 7-39 non-
nitrogenous, and 3-70 ash (Ph. [4] 18, 14 ; v.
also Caldwell, A. 98, 120).

BEAZILWOOD. This dyewood may be taken
as the typical représentative of the class known
as the ' soluble redwoods.' The principal mem-
bers of this class are : Pcrnambuço-ivood, which
consists of the heart wood of Cœsalpinia crista,
and is imported from Jamaica and Brazil ;

Sapan-wood, obtained from C. sappan, which is
imported from Ceylon, Siam, Japan, and other
Eastern countries ; Peachwood, the product of

C. echinata, from Central America and the
northern parts of South America ; Limaicood,
a variety of sapan or peachwood, imported from
Peru.

Ail these dyewoods contain the same or a
very similar colouring principle ; the colours
they produce with the différent mordants and
their général chemical characters are also
similar.

The logs as imported are rasped to a coarse
powder which is then moistened with water and
left in large heaps to ferment for several weeks.
This opération is performed in order to increase
the colouring power of the wood, and it is con-
sidered by some that the fresh wood contains a
glucoside which under the influence of fermen¬
tation is split up into useful colouring matter
and glucose. Practical men assert that this
' ageing ' process is necessary to cause the dye¬
wood to give the best results, but the subject
requires further study to décidé whether thiç is
really the case or not, and, if it is, to ascertain
the real cause of the improvement. Excessive
and too prolonged fermentation must at ail tirnes
be avoided, otherwise the colouring matter is
destroyed.

The commercial préparations of Brazihvood
known as Brazil-extract and Brazil-liquor are
prepared by boiling the ground fresh wood with
water, and evaporating the décoction thus
obtained to various degrees of consistency,
without access of air, or as rapidly and at as
low a température as possible, e.g. in vacuum
pans.

The colouring principle présent in the fresh
wood is called brazilin. It crystallises from
alcohol in the form of dark-yellow rhombohedra
C16H1405 + H,0, and from water in the form of
needles 2CI6H]405 + 3H20. In cold water it
dissolves slowly, but very readily in hot water,
alcohol, and ether. In caustic alkalis it dissolves
with a deep crimson colour which is destroyed
on the addition of zinc powder. By the action
of nitric acid it yields tri-nitro-resorcinol, and
submitted to dry distillation it gives resorcinol
itself. Treated with hydriodic acid and phos-
phorus it yields an amorphous product, brazinol
C16H1404, which on distillation with zinc powder
yields a hydrocarbon C16H]4 or C16Hj6. Fused
with caustic potash it yields resorcinol, acetic
and formie acids.

Brazilin is evidently of a phenolic character
and acts the part of a weak acid, giving soluble
red-coloured salts with alkalis and variously
coloured insoluble compounds with the earths
and metallic oxides. For this reason it is useful
as a dyestuff.

Impure brazilin is occasionally found as a
brownish-red crystalline crust in easks of Brazil-
extract which liave been left standing for a long
time. By washing with dilute hydrochloric acid
to remove lime, decolourising with sulphurous
acid, and crystallising from alcohol and water,
pure brazilin is readily obtained. By a more
tedious method it may also be prepared from the
wood or the extract.

The true colouring matter of Brazihvood of
immédiate use to the dyer is brazileïn C16Hi2Os,
produced by the oxidation of brazilin in alkaline
solution. Judging from its chemical behaviour
it probably belongs to the phthaleïn group of
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colouring matters. It rnay be prepared as a brown
amorphous powder by drawing air through au
ammoniacal solution of brazilin for a few hours
and then precipitating with acetic aoid. Crys-
tallised from dilute acetic aeid it has the ap-
pearanee of a dark-brown, almost black, crys-
talline powder possessing a steel-grey metallie
lustre. Under the microscope the crystals appear
as minute rhombs. Brazileïn is very difficultly
soluble in water, alcohol, aud ether, giving a
brownish-yellow solution, but itis readily soluble
in alkalis with a carmine-red colour. When dis-
solved in concentrated sulphuric acid and pre-
cipitated with water it yields a compound of the
formula C,6H„06.HS04. Heated to 100°C. in
sealed tubes with hydroehloric acid it gives an
analogous body C16Hn04Cl.

The great similarity of behaviour shown by
brazileïn and hœmateïn (the colouring matter
of logwood) shows that a very .close relationship
exists between the two.

During the ' ageing ' of fresh Brazilwood the
brazilin becomes largely if not entirely changed
into brazileïn, and it is very probable that the
utility of the opération should be referred to
this change rather than to those above-men-
tioned.

Although still used in calico-printing and in
wool-dyeing, Brazilwood and its allies have lost
much of their importance, chiefly because of the
fugitive charaeter of the colours they yield. In
calico-printing, sapan liquor is employed for
producing steam-reds and pinks, the mordant
used being aluminium acetate or stannic oxalate,
separate or combined, together with some oxi-
dising agent, e.g. potassium chlorate or a copper
sait. It also enters into the composition
of steam chocolatés and other steam colours
in conjunction with other dyewood extracts.
These woods have also been much used in
the past along with garaneine in dyeing the
reds, chocolatés, and other colours of cheap
prints.

In wool-dyeing these woods have been ap-
plied for the purpose of dyeing reds and various
shades of claret and brown, the wool being pre-
viously mordanted with alum and cream of tar-
tar or oxalic acid, or with potassium bichromate,
in which case other dyewoods, e.g. logwood
and old fustie are applied in addition. The
colours produced by this method are now seldom
used.

In cotton-dyeing, peachwood-red was for-
merlyobtained byfirst preparing the cotton with
tannin matter, then mordanting with a stannic
sait, and finally dyeing with peachwood, sapan-
wood, &c. Browns were obtained by the use of
logwood in addition, with or without a final
passage through a ferrie sait solution (nitrate of
iron). These colours are now replaced by others
obtained from coal-tar.

In silk-dyeing these woods have also been
entirely replaced by coal-tar colours. Formerly
they were used in conjunction with aluminium
and tin mordants for low-class pinks, or for
purples if logwood was applied at the same time.

Beferences.—Bolley, J. pr. 153, 351 ; Beim,
B. 4, 334 ; E. Eopp, B. 6, 447 ; Benedict, A. 178,
101 ; Liebermann andBurg, B. 9,1885 ; Hummel
and Perkin, B. 15, 2337 ; Chevreul, A. Ch. [2] 82,
p. 53-126 ; Leçons Chim. teint, ii. ; Journ.

Chim. Méd. 6, 157 ; Wiedemann, B. 17, 194 ;
Buehka and Erck, B. 18, 1138 ; Dralle, B. 17,
372 ; Halberstadt and lîeis, B. 14, 611 ; Schiitzen-
berger and Paraf, Bull. Mulhouse, 31, 50 ; A. [1]
6, 17 ; 12, 221 ; 20, 387 ; 66, 225 ; A. [2] 17,323 ;
19, 283; D. P. J. 25, 80; 52, 14G ; 54, 373;
93, 111, 116. J. J. H.

BRAZILIAN ANIME v. Olec-eesins.
BRAZILIN and BRAZILEÏN v. Biïazil-

wood.

BREAD. The dough or paste made by the
mixture of the flour of grain with water and
afterwards baked, forms the article of food
which we know by this name. The simplest
and most primitive method of bread-making con¬
sistée! merely in an opération conforming strictly
to this définition, and it survives still in the
Passover-cakes of the Jews and in the ' damper '
of the Australian settler, which are examples
of what we know as unleavened or unfermented
bread. It is, however, the almost universal
custom to introduce into the kneaded mass of

dough an amount of carbonic acid gas suffieient
to give a spongy texture to it, either, (1) by the
fermentative action of leaven or of yeast, or (2)
by causing an acid to react on bicarbonate of
soda mixed with the flour, or (3) by directly
injecting the gas. The mechanical resuit of
this opération is the création of innumerable
vesicles or cells within the dough which are
subsequently distended by heat, the whole mass
being eneased in the baking within the crust of
dextrin formed by the action of heat upon the
starch. The resuit of this action is the forma¬
tion of a soft spongy crumb, instead of a heavy
and sodden mass, and the constituents of the
flour are thereby so altered both chemically and
physically, that the bread may not only be more
readily broken up by the action of the teeth but
also more easily permeated by the saliva and
gastrie juice, and thus made more readily digest¬
ible. Leavening (Lat. levo, to raise), has been
practised from time immémorial in the East;
from the Egyptians it passed to the Greeks and
thenee to the Romans, whose conquests and
colonies extended the art. It consisted in the
first instance probably in a natural fermentation
of the dough by leavingit to become sour; butto
hasten the process it became usual to add to
new dough a portion of old fermented paste or
'leaven.' More recently 'yeasts' have been
substituted for the piece of leaven as a means of
propagating the fermenting principle. These
are of various substances and origin, such as
an infusion of hops and malt, brewers' yeast,
and pressed or German yeast. It is this last
préparation which finds most favour with
the modem baker because its greater activity
curtails the time occupied in the 1 rising ' of
the dough. It is, however, his practice to make
a ferment of potatoes, technically called by him
' fruit ' since the potato being rich in soluble
starch of large grain sets up a livelier fermenta¬
tion. For this purpose the best potatoes available
are selected, and for every sack of 280 lbs. of flour
6 to 8 lbs. are employed. After having been
carefully washed and boiled they are ' mashed '
into a paste and cold water added until the heat
of the mash stands at about 850 Fahr. To this
is added a quantity of flour varying according to
the-practice of the baker from 2 to 12 lbs. and
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scalded in boiling water together with a quart or
rather more of yeast. This mixture, forming a
thin paste, is now left to ferment vigorously
for about fivo hours before the flour in bulk is
added.

The action of yeast is eaused by minute
organisms (Saccharomyces cerevisice) which pro-
pagate at the expense of the substances on
which they feed. It is quite possible to have
some kind of leaven introduced into dough by
simply exposing it to the air to be acted upon

The relative proportion of the proximate
constituents of cereal grains varies very greatly
with the variety of the species, the nature of the
soil, and the conditions of growth and of harvest-
ing (v. Ceiîeais). These constituents may for
dietetic purposes be divided into three main
groups—(1) The carbohydrates, i.e. the starches,
sugars, and gums ; (2) the albuminoids or nitro-
genous matters ; (3) the ash or minerai matters.
The gluten is the main flesh-forming constituent
of flour, and consists chiefly of vegetable fibrin
in union with a nitrogenous substance called
gliadin which gives to the dough its eharac-
teristic adhesiveness and power of rising into a
spongy mass when penetrated by the car-
bonic acid. Other cereal grains contain but
little gliadin and therefore yield doughs which
lack the peculiar lightness and porosity of that
made from wheaten flour. Hence bread is most

frequently made from the flour of wheat and
rye, the other cereals being used to a compara-
tively small extent for this purpose. The cha-
racter of the bread dépends on the quality and
nature of the flour, and the manner in which it
is leavened or fermented. The characteristic
action of leaven is well seen in the manufacture
of the Schwarzbrod or black bread of Germany.

The fermenting mass when added to freshly
made dough converts a portion of the starch
into maltose, which together with the sugar
présent in the flour is transfornred partly into
alcohol and carbonic acid and partly into lactic,
acetic, and butyric acids which act as solvents
for certain of the proteïds contained in the flour.
These acids also appear to convert the gluten
into a soluble substance which rapidly darkens
on exposure to the air, whereby the bread acquires
its peculiar colour.

Old leaven runs ultimately into the acid
fermentation alone, and hence the colour of the
bread is materially affected by the âge of the
leaven from which it is made. It is, however,
possible to make the finest wheaten bread by

by whatever chance organisms may happen to
fall upon it. These organisms in leavening
dough ail convert starch into carbonic acid and
water if exposed to the air, and so act upon
saccharine matter as to convert it mainly into
alcohol and carbonic acid (v. Fermentation).
The action of yeast on flour and the process oi
panification generally is materially affected by
the nature and amount of the various con¬

stituents of the grain of cereals. The following
table gives the

means of leaven, and such bread is so made by
the Parisian bakers. Their practice in the pré¬
paration of the leaven consists in a sériés of
stages (levain de chef, levain cle première, le¬
vain de seconde, and levain de tout point), by
which, starting with a piece of dough put away
from a previous baking, and adding at intervais
more and more flour and water, the required
quantity is leavened. From this is taken a kalf,
which when baked yields a dark sour bread ; tbe
remainder being again mixed with a quantity of
flour, produces a whiter and less sour dough, a
portion of which is baked and the residue once
more added to fresh flour. By this meaus the
last mixing produces bread which in point of
whiteness leaves nothing to be desired. The
action of yeast transforms the starch in part
into sugar (or more properly glucose), alcohol,
and carbonic acid gas, and it is when this last
Iras sufficiently permeated the mass of dough,
made tenacious by the gliadin of the gluten, and
detained in bubbles or cells, that the loaf is put
in the oven where the fermentative process is
arrested. ïïere a still further expansion of the
gas is causée! by the inereased heat, until the
walls of the cells and the outside crust are fixed
by the hardening effeet of the baking. But
besides the transformation of the sugar into
carbonic acid an action is set up in the nitrogen¬
ous substances whereby they act as ferments to
the starch, converting it by the action of diastase
into dextrin and sugar, and sometimes into
lactic acid. This may be carried to such an
excess as to be detrimental to the bread, and is
always a cause of a dark, heavy, tenacious, and
more or less saccharine loaf. Wheat harvested
in bad condition or exposed during harvesting
to much wet weather yields flour predisposed
to the diastasic state whereby the starch cells
burst and become converted into dextrin and
maltose. In bread of the best description it will
be found that the starch has experienced very
little altération.

Avcrage Composition of the Flour of Cereals (Lawes £ Gilbert).
— Old Wheat Barley Oats Eye Maize Rice

Water .... 11-1 120 14--2 14-3 11-5 10-8
Starch .... 62-3 52-7 56-1 54-9 54-8 78-8
Pat .... 1-2 2-6 ■ 4-G 2-0 4-7 0-1
Cellulose 8-3 11-5 1-0 G-4 14-9 0-2
Gum and Sugar . 3-8 4-2 5-7 11-3 2-9 1-6
Albuminoids . 10-9 13-2 1G-0 8-8 8-9 7-2
Ash .... 1-6 2-8 2-2 1-8 1-6 0-9
Loss &c. 0-8 1-0 0-2 0-5 0-7 0-4

100-0 100-0 100-0 100-0 100-0 100-0
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The brown eolour of bread made from flour

containing bran is mainly due to the conversion
of the starch into dextrin and sugar by the
agency of the albuminous matter of bran, the
cerealin of Mège-Mouriès, which seems to be
identical with diastase, or bas at least the same

activity in inducing the transformation. But
since bran contains a larger proportion of potash
and phosphoric acid than the interior of the
kernel of wheat, a public demand has arisen for
bread more or less composed of the outer husk,
and varions expédients are resorted to by thebaker
to comply with this want, such as hastening the
fermenting process, or adding the bran after the
flour is alinost completely fermented and thereby
isolating it as far as possible from the opéra¬
tion. Another device is the use of hydroehloric
acid and bicarbonate of soda for raising the
flour ; another, again, is the employment of
Dr. Dauglish's plan of ' aération.' The oppo-
nents to the use of bran allégé a physical dietetic
objection to it, inasmuch as the husk being pre-
sented in a hard, fibrous condition, the gastric
juices are unable to cope with it, and an irritant
action is induced which is injurious, especially to
persons of weak digestion. A patent has been
granted to Mr. B. Smith of Stoke-on-Trent for a
process which consists in the removal of the
germ from the wheat, the destruction of its
active injurious properties, and its restoration to
the flour. After the grain of wheat has been
broken up and the germ thereby exposed, super-
heated steam is allowed to corne in contact with
it. It is claimed that by this means the heated
germ has lost its injurious power without its
nutritive power being impaired, and that on its
being mingled with flour it imparts to the bread a
pleasant, malt-like, nutty flavour and aroma. It
has long been known to bakers that the injurious
action of the diastase on the starch during panifi¬
cation may be prevented by the action of alum,
lime, zinc sulphate, copper sulphate, and other
substances. Alum is mainly used in this country,
whereas zinc and copper sulphates are employed
in France and Belgium. There is no doubt that
the employment of these substances enables
flours of inferior quality to be worked up into
white, elastic, crumbly bread which would other-
wise be dark-coloured and sodden. A very small
quantity of alum in bread has probably very
little if any injurious action on the digestive
functions, and it certainly permits of many
flours being used for bread-making which would
otherwise be employed only for the manufacture
of dextrin. Moreover, alum by retarding the
transformation of starch into lactic acid pre-
vents the bread from turning sour. The state-
ment that the addition of alum causes bread to
retain a larger quantity of water than it other¬
wise would do has been disproved by Odling.

The use of lime in preventing the conversion
of starch into dextrin and lactic acid appears to
hâve been first suggested by Liebig. It seems
to be quite as efficacious as alum, whilst it exer¬
cises a less retarding influence on the process of
fermentation, and is, moreover, free from any in¬
jurious action as an astringent. Since the fer-
mentative action is attended with the loss of a

certain proportion of the nutritive alimentary
matter of the flour, amounting to from 2 to 4
p.c., various substitutes for yeast have been

proposed from time to time, as for example, am¬
monium sesquicarbonate or an admixture of
hydroehloric or tartaric acids with sodium
bicarbonate or chalk, in order to liberate car-
bonic acid within the dough. Horsford's baking
powder, which has been extensively used, consists
of acid calcium and magnésium phosphate added
to a mixture of sodium bicarbonate and potas¬
sium chloride, the two préparations being worked
separately into the dough. By the mutual
action of these salts, common sait, neutral
phosphates of the alkalis and alkaline earths,
and free carbonic acid are produced. The for¬
mation of these phosphates has been generally
considered to add to the alimentary value of the
bread, although the experiments of Voit and
Meyer have failed to substantiate the supposi¬
tion (v. Baking Powdees).

The injection of carbonic acid gas into the
dough by mechanical means was originated by
Dr. Dauglish in 1859, the produce being known
as ' aerated bread.'

The following description of the method of
preparing aerated bread is taken from Watts's
Dictionary of Chemistry, lst ed. 1, 660:—Car¬
bonic acid gas produced from chalk either by the
action of dilate sulphuric acid or by ignition, and
stored in an ordinary gas-holder, is pumped
therefrom into a cylindrical vessel containing
water, whereby the water becomes charged with
the gas. This carbonic acid water is mixed
under pressure with the flour, and the resulting
dough, which becomes vesicular on the removal
of the pressure, is divided into loaves and
baked. This process, which was invented and
patented by Dr. Dauglish, has been carried out
on a large scale in London and other places.

The following is a description of the ap-
paratus : a is the mixer or vessel in which
the flour, water, and sait are mixed together.
It consists of a very strong iron spheroidal
vessel with an internai capacity of 17 to 20 cubic
feet. It has an opening b at the top, to which
an air-tight cover is fitted, and the means of
closing it to resist considérable pressure. There
is also a corresponding opening o at the bottom,
large enough for a man-hole, and also closed by
a lid, to which is attaehed the appqratus for
drawing off the dough through suitable mouth-
pieces in a eontinuous stream, which is eut into
pièces by a boy, and received into boxes or
baskets to be conveyed to the oven. Through
the centre of the mixer, a shaft passes furnished
with stuffing-boxes, to prevent the escape of
compressed gas, and in this shaft suitable mixing
arms are fixed. By means of the necessary gear-
ing this shaft is made to rotate by steam-power.
d is a copper water-vessel having communica¬
tion with the mixer from the bottom by means
of a valve, and from the top by means of a pipe
passing up inside the water-vessel. This water-
vessel has also communication with a pair of
condensing pumps, which are fixed in the same
frame behind the mixer and are worked by a
steam engine. The communication is by means
of the pipe e, which terminâtes within the
water-vessel by a rose perforated with minute
holes.

To work the apparatus, the top cover b of
the mixer is opened, and about 560 lbs. of flour
are shot into it by means of a hopper and shoot
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Connecting with the floor above ; water, to the
amount o£ thirty gallons or so, is drawn into the
water-vessel from a cistern above, and the whole
is then closed, after adding to the flour the
necessary quantity of sait. The air is then re-
moved from the apparatus by a suitable pump,
and carbonic acid is pumped by the condensing
pump from a gas-holder in which it is stored,
until itis condensed to about seven atmosphères.
This condensed gas being dispersed by the rose at
the bottom of the water-vessel, passes in minute
streams through the water, and as the density
within increases, the water absorbs the gas in

proportion, that which is not absorbed passing
down the internai pipe from the top of the water-
vessel into the mixer, so that the density within
that vessel is kept in equilibrium with that in
the water-vessel. When the proper density is
attained, the valve at the bottom of the water-
vessel is opened, when the water falls upon the
flour, after which the mixing arms are set to
work, and in about six minutes the dough is
thoroughly formed. It is allowed to subside for
a minute and is then drawn off through the
bottom apparatus, being forced through it by
the elastic force of the gas within. On escaping
from the condensed atmosphère in the mixer,
the dough immediately assumes the vesicular
form and texture, and is ready to be baked.

The carbonic acid is obtained by acting on
whiting or ground chalk with sulphuric acid ; it
cornes off perfectly pure, and, being kept over
water, is thoroughly washed. It takes about 20
cubic feet of carbonic acid at the ordinary pres¬
sure to préparé dough from 280 lbs. of flour, about
11 cubic feet being incorporated with the dougb,
the remaining 9 cubic feet being wasted in the
opération of drawing the dough off, and in othev
ways : 7 lbs. of sulphuric acid of sp.gr. 1-848
give, in practieal working, 21 cubic feet of car¬
bonic acid from 10 lbs. of carbonate of lime.
The gas which is left in the apparatus after the
dough is discharged is returned to the gas-
holder for further use.

The advantages of the system are stated
to be :

' 1. It does away entirely with fermentation
and with ail those chemical changes in the
constituents of the flour which are conséquent
upon it.

' 2. It avoids the loss conséquent upon the
décomposition of stareh or glucose consumed in
the process of fermentation, estimated at about
from 3 to 6 p.c.

' 3. It reduces the time requisite to préparé
a bateh of dough for the oven, from a period of
from eight to twelve hours to less than thirty
minutes.

' 4. Its results are absolutely certain and
uniform.

' 5. It does away with the necessity for the
use of alum with poor flour, and the temptation
which bakers are under to use it with ail.

' 6. It has the recommendation of absolute
and entire cleanliness, the human hand not
touching the dough or the bread from the begin-
ning to the end.

' 7. The journeymen are relieved from a
circumstance most injurious to their health—
that of inhaling the flour-dust in the process of
kneading.

' 8. It will produce a healthier condition of
the baking trade, and thereby diminish to a
great extent the inducements which lead to the
extensive System of fraud now practised upon the
public by the production cf adulterated and in-
ferior bread.

' 9. It will effect an immense saving in the
material from another source, namely the sacri¬
fice of at least 10 p.c. in the nutritive portion of
the grain, hitherto lost as human food by the
method of grinding and dressing necessary in
the préparation of flour for making white bread
by fermentation.

' 10. Together with the préservation of this
large proportion of the entire quantity of wheat
convertecl into flour, there is also the important
resuit of the proportion preserved (the cerealin)
being a most powerful agent in promoting the
easy and healthy digestion of food.'

The amount of bread yielded by a given
weight of flour dépends upon the nature of the
flour and the form of the loaf. The smaller the
loaf, or in other words the greater the propor¬
tion of crust to crumb, the greater is the loss.
According to Heeren 100 lbs. of wheaten flour as
a rule yield about 125 lbs. of white bread, and
100 lbs. of rye flour give 131 lbs. black bread.

The proximate composition of bread differs
in many respects from that of the flour from
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which it is ruade. Much of the starch is changed
into dextrin and sugar, and in the crust is con-
verted into empyreumatic matter (assaviar).
The greater part of the carbonic acid and
alcohol formed during the fermentation is
dissipated during the baking, although fresh
bread still retains from 0-245 to 0-399 p.e. of
alcohol (Bolas). (Odling estimated that the
amount of alcohol thus evolved in London alone

The différence between fresh and stale bread \
is not due, as generally supposed, to loss of
moisture, but, appears to be caused by the
graduai combination of the water with the
starch. This combination is readily broken up
by heat, which serves to explain why stale bread
aequires the appearance and properties of new
bread on being heated. (Compare Balland, J. Ph.
1885, 5, 12 et seq.) For a description of bread-
making machinery and of variousformsof ovens
v. Ure's Dictionary; Ency. Brit. 9th éd., art.
Baking ; Muspratt's Chemistry.

BREAN v. Oleo-Resins.
BREEZES. (Braise, Fr.) The dust of coke

or charcoal. The coke burner applies this term
to the small residual coke obtained in coke
burning. The sifted ashes removed from houses
is called ' breeze,' and sold under that name to
brickmakers and others. An arrangement for
burning breeze is described in S. C. I. 5,425.

BREÏDIN v. Oleo-besins.
BREÏN v. Oleo-besins.
BREMEN BLTJE and BREMEN GREEN.

Pigments containing a basic copper carbonate
with alumina and calcium carbonate.

BREWING. 1. Introduction. Beer (Fr. bière ;
Ger. lier) may be defined as a spirituous liquor
made from any farinaceous grain, but preferably
from barley, which is first caused to germinate,
then ground and mashed with hot water whereby
its fermentable substance is extracted. This wort,
as it is then termed, is next boiled up with hops,
which besides imparting an agreeable bitterness
to it, precipitate certain albuminous bodies. The
liquor drained off from the hops is cooled down,
yeast added and fermentation set up. After the
liquor has ceased fermenting it is freed from the
yeast, run off into casks and sent away for con-
sumption. It may be of différent cïegrees of
strength and colour aceording to the quantity and
nature of the ingrédients employed in its manu¬
facture ; thus we may have mild aie, strong aie,
light dinner aie, pale aie, bitter beer, porter, and
Etout.

2. The ingrédients used in the manufacture
of English beer are water, barley malt, malt

was in 1858 equal to 300,000 gallons of spirits.)
A small portion of the sugar is converted into
lactic acid and some part of the alcohol into
acetic acid which give to an aqueous infusion of
bread an acid reaction. The proteïds and soluble
albuminoids are but slightly altered beyond being
made partially insoluble by the heat. The général
composition of bread is very variable, as is shown
by the following results of analyses by Kônig :—-

i adjuncts such as maize, rice, sugar, glucose,
saccharum, &c., hops and yeast.

3. Water. The principal seat of the brewing
trade in Great Britain is Burton-on-Trent, which
owes its great commercial prosperity in this
branch of chemical industry to a certain chemical
property possessed by the waters of this locality
which render them pre-eminently suitable for
brewing purposes. This property is nothing more
or less than the presence of calcium sulphate in
large quantifies in these waters, derived from
the deposits of gypsum contained in the Keuper
maris of the district.

4. The waters supplying the Burton breweries
are derived from two sources : 1. from the
valley gravels (shallow wells), and 2. from the
red maris and water stones of the new red sand-
stone formation, obtained by artesian borings.

The following analyses of these waters may
be regarded as typical. No. 1 sample, from a
well sunk to the depth of 29 feet in the valley
gravels, very fairly represents the composition of
the mineraiconstitutents of the older and shallow
wells of the district, in which the sulphates oî
lime and magnesia are partially replaced by car¬
bonate of the same metals due to the percolation
of rain water charged with carbonic acid gas

Table I.

In grains per Impérial gallon

Shallow well Deep well

Calcium sulphate. . 25-480 70-994
Magnésium sulphate. Absent 12-600
Calcium carbonate . 18-060 9-046
Magnésium carbonate 9-100 5-880
Potassium sulphate . 2-275 0-966
Sodium sulphate . . 7-630 13-300
Sodium chloride . . 10-010 9-120
Ferrie oxide . . . 0-837 1-130
Silica 0-840 1-120

Total minerai matter 74-232 124-206

Water Albuminoids Pat Sngar Non-nitrogenous Cellulose Ash

Wheaten bread.
Minimum 26-39

, 4-81 0-10 0-82 38-93 0-33 0-84
Maximum 47-90 8-69 1-00 4-47 62-98 0-90 1-40
Mean (best quality) 38-51 6-82 0-77 2-37 40-97 0-38 1-18

„ (coarse „ ) 41-02 6-23 0 22 2-13 48-69 0-62 1-09

Rye bread.
Minimum . 35-49 3-49 0-10 1-23 32-82 0-29 0-86
Maximum 48-57 9-22 0-83 4-55 51-13 0-39 3-08
Mean . 44-02 6-02 0-48 2-54 45-33 0-30 1-31
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through thegravel bed. No. 2, from an artesian
boring sunk through the gravel and into tlie
undetlying red mari to a total depth of 97 feet,
may be taken as a type of the deep wells of the
district.

It will be seen from tliese tables that the
chief characteristics of both waters are the large
quantifies they contain of certain minerai salts,
butespeciallyofgypsum. The brewingexcellences
of the Burton water are supposed to arise partly
from its freedom from organic matter, but mainly
from the circumstance that the minerai constitu-
ents areof such a nature as tofavour the extraction
of ail the alcoholic principle of the malt without
at the same timetaking upthe colouring matter;
hence the Burton water is peculiarly fitted for
brewing those various qualities of pale aie for
which the town has been so long celebrated.

5. From this it will be seen that no matter
how pure a water may appear to be by chemical
analysis, it by no means follows that such a water
would be the most suitable for brewing purposes
or produce the best beer. Certainly it is advisable
that a brewing water should contain in solution
as little as possible of those matters which are
derived from the décomposition of organic sub¬
stances and especially those of animal origin,
but at the same time unless it holds in solution
certain minerai salts in given quantity it is
comparatively useless for brewing purposes. Of
course, the presence or absence of such salts

7. From the foregoing it will be seen that
for the brewing of aies the water to be most
preferred is undoubtedly that of the saline type,
and if it should fall to the brewer's lot not to

possess such a water supply lie must render the
one he has available by the addition of certain
saline ingrédients suitable for his purpose. In
order to do this a complété analysis of the
minerai constituents of the water must first be
made, and then sulphates of lime, magnesia,
and potash, and sodium ehloride added in such
proportions as to bring the minerai constituents
up to the required standard, eitherto that sliown
in column 8 if intended for mild aies, or to that
of column 9 if intended for pale aies.

In the case of neutral waters, the necessary
minéral salts are simply added to the water in
the given proportions, but if the water be alka-

will entirely dépend on the geological nature of
the various strata throughout the country ; thus,
whiist the Burton waters are highly saline,
the waters of Thames Valley deep wells are
strongly alkaline, whiist in Wales, Cornwall, and
Cumberland we find waters containing little or
almost no solid matter in solution, or frequently
highly peaty in character and containing as
mueh as four grains per gallon of organic
matter, but entirely of vegetable origin.

6. For purposes of convenience ail waters
may be classified as follows :

I. Alkaline, from the chalk, the predomina-
ting minerai constituents being potassium and
sodium carbonates.

II. Calcareous, from the carboniferous and
liassiclimestones, the predominatingconstituents
being calcium and magnésium carbonates.

III. Saline (a) from the new red sandstone,
the predominating constituents being calcium
and magnésium sulphates.

IV. Saline (6) from wells near the coast, the
predominating constituent being sodium ehloride.

V. Peaty, containing principally vegetable
organic matter.

VI. Waters from the primary rocks, contain¬
ing very little or only traces of minerai matters
in solution.

VII. Waters of no distinctive character.
The following analyses may be given as

examples of these various types of water :—

line, the alkaline carbonates must first be
destroyed before further treatment. An essential
condition in hardening a water with calcium sul-
phate is that the process shall be regular, and the
best method of getting the gypsum into solution
is decidedly by passing the water as it issues
from the supply tap or storage cistern through a
tank filled to three-quarters its depth with gypsum
stones about the size of a hen's egg. The
method of procédure is shown below :

a is a wooden round, having a perforated false
bottom e, on which the gypsum stones rest;
c, water inlet from main or cistern; d, in-
dicating valve ; e, waste-pipe having a fall of
30 feet for washing out ; f, wash-out valve ; e,
overflow pipe to liquor tank. The valve d being
opened to the requisite degree, and F closed,
the water enters at c, percolates through the

Table II.

1 2 3 4 5 6 7 8 9

Alkaline Cal¬
careous

Saline (a) Saline (&) Peaty Primary
rocks

No
distinctive
character

Mild
aie

Pale
aie

Calcium sulphate . . .

Magnésium sulphate .

Calcium carbonate . . .

Magnésium carbonate . •

Potassium sulphate . . .

Sodium sulphate . . .

Potassium carbonate
Sodium carbonate .

Calcium and magnésium nitrates
Potassium nitrate .

Magnésium ehloride.
Potassium ehloride .

Sodium ehloride . . .

Oxides of iron and alumina
Silica

3*25
1-47
7-31

9*58
6-G1

14*99
0-03
0-38

0-G9

13-87
0-44

1-73
0-45

70-99
12-60
9-04
5-88

•97
13-30

9-17
1-13
1-12

6-39
0-48

4-87

59-67
0-35
0-28

2-25
2-77

0-87

0-68

0-79
1-45
0-84

.0-49

0-22

1-53

o-io

1-53

1-27
1-35

•46
•27

•48
1-76

•10
•33

25
5

15

5

3

20

40
8

15

10

5

30

Total minerai matters • . 43-G2 17-18 124-20 72-04 10-14 2-15 7-55 - -
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gypsum in a, and flows over through the pipe a
into a liquor tank. The rate of flow of the water
whick détermines the amount of gypsum to be
taken up is regulated by the valve d. The size

of gypsum tank and the
"

:= speed at which the water
passes through will dé¬
termine the quantity
taken up. As a rule, a
tank capable of holding
about a ton of gypsum
and with a water of the
composition of No. 2
fiowing through it at the
rate of three barrels per
minute, takes up about
twenty grains per gallon
of calcium sulphate.
Fresh gypsum must be
added daily so as to keep
the depth of layer of
gypsum as regular as
possible. To prevent an
accumulation of slimy
deposit which always
takes place to a greater
or less extent, the gyp¬
sum in the tank should be
thoroughly well washed
every other week ; this

may be done by closing d and opening f, then turn-
ing water on at the top of b, this passing through
such a length of pipe as e causes a certain
amount of suction which produces the desired
cleansing effect. Some brewers recommend the
addition of the gypsum in a state of fine powder
either to the hot liquor tank before, during, or
after the heating of the water preparatory to
mashing, others sprinkle it over the grist as it
runs into the mash tun, whilst others again add
it to the wortas it is boiling up in the copper. None
of these methods can be recommended, as in no
one case will the whole of the gypsum be taken
into solution, hence the brewing liquor will,
according to varying circumslances, contain
differentquantities of calcium sulphate, butalways
less than is really required. After the whole of
the water required for mashing and sparging has
run through the gypsum tank into the hot liquor
back, then the other salts are added. This may be
most conveniently accomplished by the use of
kainite and common sait in such proportions as
chemieal analysis may point out to be necessary.1
For instance, let us take water No. 4 ; here it was
found that by passing the natural water through
about a ton of gypsum at a speed of three barrels
per minute, twenty grains per gallon of calcium
sulphate were taken into solution ; kainite at
the rate of 2oz. per barrel and common sait
loz. per barrel were next added; the minerai
constituents of this water had then the com¬

position shown in column II.
On referring to our table of typieal analyses

it will be seen that this water is of the mild aie

s of kainite :

Magnésium sulphate
Potassium sulphate
Magnésium chloride
Sodium chloride .

Water .

. 17-92
, 24-79
. 12-35
, 29-20
, 15-74

100-00

Vol. I,—T

type. To render it suitable for brewing pale
aies, the water must be run at less speed through
the gypsum tank so as to increase the calcium
sulphate, and further quantities of kainite and
common sait must be added as shown in column
III.

Table III.

— I. II. III.

Calcium sulphate . . 0-69 20-69 35-69
Magnésium sulphate . None 4-41 8.82
Calcium carbonate 13-87 13-87 13-87

Magnésium carbonate 0-44 0-44 0-44
Potassium sulphate . None 5-23 10-46
Magnésium chloride . None 2-88 5-76
Sodium chloride . . 1-73 18-35 32-96
Oxides of iron and

alumina .... 0-45 0-45 0-45
Silica None — —

Total solid matters . 17-18 66-32 108-45

In the case of alkaline waters, as soon as
the calcium sulphate enters into solution a
distinct chemical action between it and the
alkaline carbonates takes place, calcium carbo¬
nate being formed, and sulphates of tbe alkalis.
It is generally assumed that this reaction takes
place according to the équation

CaS04 + Na2C03=CaC03 + Na2S04,
but this has been proved not to be the case.
From numerous experiments made to détermine
this point, tbe following conclusions were
arrived at:

a. If the quantity of calcium sulphate added
be less than the quantities of alkaline carbonates
présent, then ail the calcium sulphate is at once
converted into calcium carbonate, and an équi¬
valent quantity of alkaline carbonates is con¬
verted into alkaline sulphates.

b. If the quantity of calcium sulphate added
be équivalent to the quantity of alkaline car¬
bonates présent, then only about three-fourths
of tbe calcium sulphate is converted into cal¬
cium carbonate, and an équivalent quantity,
that is to say, three-fourths of the alkaline
carbonates présent, are converted into alkaline
sulphates. As we increase the calcium sulphate,
the alkaline carbonates decrease, until when
we add double the équivalent of calcium sul¬
phate nearly the whole of the alkaline carbonates
are converted into alkaline sulphates.

c. The last portions of the alkaline carbo¬
nates seem to b'e very persistent, for not until we
increase the quantity of calcium sulphate to
nearly three times tbe quantity of alkaline car¬
bonates originally présent do we find that the
last traces of these substances finally disappear.
These are the results of numerous experiments
carried out by tbe autbor both in the laboratory
and on the large seale in breweries wbere the
deep well water supply was highly alkaline in
character, and it was found that the results
obtained on the large scale fully confirmed tbose
arrived at in the laboratory.

The following analyses of an alkaline water
before and after treatment with gypsum will
make this more clear :

A A
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Table IV.

Analysis of an alkaline water before and after treatment.

1
Before

2
After gypsum

3
After gypsum

4
After gypsum and

MgCl„

Calcium sulphate .... absent 27-92 35-62 44-95
Magnésium sulphate absent absent absent 14-39=11-39

(Mgcy
Calcium carbonate 3-25 13-44 16-42 16-42

Magnésium carbonate . 1-47 1-47 1-47 1-47
Potassium sulphate 7-31 14-21 19-39 9-39
Sodium sulphate .... absent 8-86 . 8-86 absent
Potassium carbonate 9-58 4-11 absent absent
Sodium carbonate.... 6-61 absent absent absent
Potassium chloride absent absent absent 8-56
Sodium chloride .... 14-99 14-99 14-99 22-29
Oxides of iron and aluminium 0-03 003 0-03 0-03
Silica 0-38 0-38 0-38 0-38

Total minerai matter 43-62 85-41 97-16 117-88

Column 1 shows the composition of the
minerai constituents of the natural water.

Column 2, the same water after 41-79 grains
per gallon of gypsum had been added, but the
water was found to be still alkaline, and not
until 53-54 grains of gypsum were added did
the alkalinity disappear.

Column 4 gives the composition of the
minerai constituents after the addition of a

further quantity of gypsum, and 11-39 grains of
magnésium chloride to décomposé the excess of
alkaline sulphates.

The aies brewed with this water after the
above treatment were found to give every satis¬
faction, and to compare very favourably with
the best Burton pale aies.

It will be noted that the alkaline sulphates
originally présent in the water are considerably
increased by such treatment, and, as a large ex¬
cess of these substances exercises a decidedly
injurious effect both in mash tun and copper, it
is advisable to get rid of this excess by adding
sufficient quantity of calcium chloride or magné¬
sium chloride to the water, whereby a portion of
the alkaline sulphates is converted into alkaline
chlorides, the calcium or magnésium chlorides
being at the same time changed into sulphates.
We thus get a water highly saline in character
and possessing ail the properties of a typical
Burton water suitable in every way for pale aie
brewing.

Having once ascertained the exact quantity
of gypsum required to be added to the water
either for the purpose of increasing the per¬
manent hardness or for the destruction of the
alkaline carbonates, it is very easy for the
brewer to keep a check upon his gypsuming pro-
cess as follows. In the case of non-alkaline
natural waters, the total hardness of the water
is determined, and the same after the water has
been hardened. The first subtracted from the
latter gives the hardness expressed as degrees of
calcium carbonate (1° being equal to 1 grain of
calcium carbonate per gallon) due to the gypsum
dissolved up ; this multiplied by the factor 1-36
will give the grains per gallon of calcium sul-

phate taken up during the process of gypsuming.
This method answers admirably for ail practical
purposes, the error as compared with direct
analysis not varying more than about £ grain
per gallon. Por example :

Non-alkaline water (v. Analysis No. 4).
Total hardness before gypsuming . . 12-6

„ „ after „ . . 2744
27-44 —12-6 = 14-84 which mul¬

tiplied by 1-36 = 20-99
CaS04 found by direct analysis 21-23

Diff. -24 of a grain

In the case of alkaline waters the total hard¬
ness of the natural water is determined as be¬
fore ; then having found by trial the quantity of
CaS04 necessary for the destruction of the alka¬
line carbonates and for the permanent hardness,
the water is run through the gypsum tank at
such a speed as to take up this quantity of
CaS04. As soon as the requisite amount has run
through the total hardness of the treated water
is determined. The amount of calcium sul-
phate in the water is next ascertained by chemi-
cal analysis, and the figures thus obtained taken
as standards of comparison for ail subséquent
déterminations. Thus an alkaline water contain-
ing 16-19 grains per gallon of alkaline carbo¬
nates, after hardening was found to have taken
up 55-42 grains per gallon of calcium sulphate.
Of this 17-92 grains were required to convert the
alkaline carbonates into sulphates, leaving 37-5
grains of available CaS04.

The total hardness of this water was 43-75.
Hence 43-75° of hardness correspond to 37-5
grains CaS04. Another détermination of total
hardness of this water after gypsuming was
made some weeks later; this was found to ba
45-5. Therefore

^ ^=39 grains of available CaS04.
43*7o

This does not give such accurate results as in
the case of neutral waters, but is quite neal
enough for ail practical purposes.
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8. Having glanced briefly at the composition
of various types of water and the advantages
or disadvantages they possess from the point of
view of the brewer, we now proceed to consider
the relative effeets produced on the malt wort by
the several minerai constituents usually found to
oecur in water.

As has been seen from the tables of analysis
on page 352, the quantity and character of the
varions minerai substances found in natural
waters vary considerably, and dépend on the
nature of the rocks through which the water
percolates. An interesting sériés of analyses of
ivaterfrom the différent geological formations of
England bas been made by Dr. E. Frankland,
and published by him in his work on Water
Analysis, and to which the reader is referred.

The most frequently occurring substance in
solution in natural waters is calcium carbonate
associated to a greater or less extent with mag¬
nésium carbonate. These carbonates are held in
solution by the carbonic acid which is always
présent in natural waters ; they probably exist
in solution as bicarbonates. On boiling, this ex-
cess of carbonic acid is driven off, and. the cal¬
cium and magnésium carbonates are precipitated.
There is no doubt that these carbonates play a
very important part in the brewing economy.
Although a large portion of these salts is
thrown out of solution during the heating of
the water preparatory to mashing, yet the
greater part of the precipitated carbonates re-
maining in suspension finds its way into the
mash tun, and there combines with certain
organic acids, principally lactic acid, always pré¬
sent in malt, forming soluble salts. This neu¬
tralisation of at least a portion of these organic
acids must exert an important influence on the
various processes which take place subsequently.

The amount of calcium and magnésium car¬
bonates varies considerably, but 12 to 15 grains
per gallon may be taken as a fair average. It
is usual in those breweries where the waters
contain very little or none of these salts to
sprinkle calcium carbonate or clialk through the
grist as it goes into the mash tun at the rate
of i ounces per quarter of malt (about 10 grains
per gallon of water).

Calcium sulphate occurs less frequently than
the carbonate, but, with the exception of sodium
chloride, exercises a more important influence
on the mashing and boiling processes than any
of the other salts présent in natural waters.

A very interesting article on this subject by
Southby appeared in the Country Brewer's
Gazette for 1879, in which he proves very con-
clusively that, contrary to the opinion prévalent
among brewers, calcium and magnésium sul-
phates, even when présent in the brewing water in
very large proportions, bave no appréciable eflect
on the solubility of the nitrogenous matters of
malt; their principal-effect in the earliest stage
of brewing opérations is to greatly facilitate the
ultimate fining of the beer by causing those
matters which are rendered insoluble by boiling
to separate in a flocculent form instead of in
that minute state of division which results
in the beer remaining obstinately cloudy, as so
many brewers iind to their cost. In addition to
this, calcium sulphate possesses a decided anti-
septic action, as worts brewed with a sulphated

water resist the action of the fermentative
gerrns when exposed to the atmosphère better
than those brewed with a softer water. The
presence of calcium sulphates in a wort also
prevents the solution of the coarser bitter prin-
ciples of the hop, hence a brewer employing a
sulphated wat.er can use a much larger propor¬
tion of hops, if necessary, without rendering his
aies excessively bitter. The same applies to
magnésium sulphate. Valuable as the above
sulphates are in the production of pale and
mild aies, they are absolutely injurious in the
brewing of porter and stout if présent to the
extent of more than three grains per gallon.

These results have been confirmed by
Moritz and Hartley (B. J. 1883, 92) ; they find,
however, that these sulphates extract more
nitrogenous matter from malt thàn any other
of the minerai constituents of water do, and
Matthews (B. T. B. 1S87, 295) is of opinion that
these nitrogenous substances are of the nature
of coagulable albuminoids. We must at the
same time not forget that, by using a water
containing appréciable quantifies of calcium
sulphate in solution, a large proportion, if not
ail, of the phosphoric acid existing in the malt,
probably as potassium phosphate, is by double
décomposition converted into acid calcium phos¬
phate. It is well known that this substance
exercises a powerful influence on certain albu-
minoid substances, especially at high tempéra¬
tures. Hence the précipitation in flocks of those
bodies, when the wort is boiled in the copper, is
no doubt due in great measure to the action of
this sait.

Water containing alkaline carbonates must
undoubtedly be condemned as unsuitable for
brewing mild or pale aies. It is well known
that certain nitrogenous matters, whose presence
in malt wort would have a most injurious effect,
are freely soluble in slightly alkaline waters ;
these remain unchanged during the process
of fermentation, and render the finished beer
persistently cloudy, besides forming a suitable
nidus for the development of various forms
of bacteria. A large amount of colouring
matter is also extracted from the malt by alka¬
line waters, whilst the diastatic action is con¬

siderably impeded ; in the copper also certain
resinous matters are extracted from the hops,
which impart a bitter and rank flavour to the
finished beer.

Alkaline sulphates if présent in excess (more
thau 10 grains per gallon) have the same action,
though in a very much diminished degree, as
alkaline carbonates, more especially sodium sul¬
phate. Potassium sulphate, on the other hand,
if présent to the extent of not more than 6 to 10
grains per gallon, has a decidedly bénéficiai
effect, acting much in the same manner as mag¬
nésium sulphate.

Calcium chloride gives to the beer a harsh,
coarse flavour.

Magnésium chloride, if présent ' in small
quantity, 2 to 4 grains per gallon, is supposed
to be bénéficiai to fermentation.

With regard to the bénéficiai influence of
sodium chloride in a brewing water there can be
no question whatsoever. Some of the finest aies
in the United Kingdom are brewed in districts
where sodium chloride occurs in the natural well

a A 2IRIS - LILLIAD - Université Lille 1



866 BREWING.

waters to a larger extent than is allowed by
excise régulations to be présent in the finished
beer.

Alkaline chlorides add considerably to the
palatefulness of the finished beer, exercise con¬
sidérable antiseptic properties during fermenta¬
tion, and contribute to a général mellowness and
roundness of flavour which without them is
absent in the best brewed aies, mild or pale.

The question of nitrates is still a mixed one ;
the balance of evidence seems to be that where
they are not derived from recent sewage con¬
tamination their presencein small quantities acts
as a stimulus to fermentation, but a water con-
taining more than 4 grains per gallon of potas¬
sium nitrate ought to be looked upon with grave
suspicion, if not altogether condemned for brew-
ing purposes, more especially as it is impossible
to get rid of nitrates once they are found to be
présent in water. Neverthelessthe fact remains
that in several breweries where nitrated waters
are used for brewing, the yeast keeps clean and
vigorous and the aies are ail that can be desired ;
but it is only fair to state that in such breweries
sugar to the extent of at least one-fifth the quan-
tity of malt is also used.

Iron in any shape or form is most injurious,
but as it exists mostly in natural waters in the
form of carbonate, it can be converted by oxida-
tion into the insoluble peroxide and removed by
subsidence or filtration.

The organic matter in water may be of two
kinds, vegetable and animal ; the vegetable
organic matter is mostly of peaty origin, and as
such cannot form suitable pabulum for bacteria,
and first-class mild and light aies have been
brewed from peaty waters after treatment with
gypsum andkainite; but ontheother hand, where
the organic matter is of animal origin, derived from
sewage contamination containing such matter in
solution, as it necessarily must be, the water, on
biological examination will in ail probability
be found to be highly eontaminated with disease
germs ; and although ail of these germs as well
as their spores are most unquestionably killed
during the boiling of the wort in the copper,
still such a water must be regarded as a dangerous
one to use for brewing purposes as indicating
the presence of matter in solution which neither
boiling nor filtration can destroy or modify, and
which at the first moment that favourable cir-
cumstances présent themselves will serve to
nourish and promote the growth of such germs
of disease as may find their way subsequently
into the beer or wort brewed from such a water.

9. Barley. The grain which for centuries has
been most generally acknowledged to be best
adapted for brewing purposes is barley. Of this
cereal as many as 100 varieties have been culti-
vated in this country at one time or another, but
the one most generally preferred by brewers is
that known as the Chevalier.

The various species of cultivated barley are
distinguished as two-rowed, four-rowed, and six-
rowed according to the number of fertile spikelets
on the ear. The first and last of these species
are the most characteristic, the first including
the finest varieties of English barley.

Originally in the United Kingdom malt for
brewing was made fromhomegrown barley only;
of late years, however, very considérable quanti¬

ties are imported from other countries as France,
Germany, Denmark, California, Russia, Egypt,
Algeria, Chili, and New Zealand.

Some of these barleys are mueh superior to
the English in appearance, whilst others, although
presenting anything but a favourable appearance,
are nevertheless not to be despised, fulfilling as
they do a useful purpose when judiciously mixed
with our own. This we shall see later on.

The quality of barley, as one would naturally
suppose, dépends to a large extent on the nature
of the soil, climate, manure, &c.

Cold clay land, which is stifï or tenacious, no
matter liow well drained it may be, can rarely
grow really good malting barley (Stopes on Malt
and Malting).

Barley requires a warm, friable soil such
as the calcareous loams &c. of Norfolk and the
districts having a ehalk subsoil, which are the
best natural soils. Rich, loamy, or well-manured
sandy, and other dry soils are also capable of
producing fine barleys when the season favours
them, especially if lime be présent in fair quan¬
tifies.

Barley flourishes best in the farmer's interest
upon land well tilled and heavily manured, for it
grows strongly and produces heavily. Such
barley, however, is not the best for the brewer,
for it has a higher percentage of certain nitro-
genous matters which are decidedly injurious to
the keeping properties of the finished beer.
Hence the direct manuring of the soil for barley
with nitrogenous manures (stable manure, salts
of ammonia, and nitrates) must be avoided, such
manures also produce a rank growth of the stalk
and of the leaves ; the barley is easily beaten
down, and produces from this cause weak grains
poor in starch.

Aecordingly, Professor Fariner recommends
that barley should follow wheat which in its
turn followed roots. This seems to be reasonable
enough, for it is now acknowledged that manures
of a highly nitrogenous nature are decidedly pre-
judicial to the production of good malting barley.
For malting purposes, the fine, full, well-de-
veloped bright grain is always the best.

Climate exercises a more important influence
on barley than even soil or manure. Un-
favourable summers and bad harvests fre-
quently occur in this country. Indireetly, a bad
summer, and especially a bad harvest time, will
almost invariably cause such defects in barley
that the production of really good malt is im¬
possible. The différence in price may not be
very great, if viewed from the standpoint of first
cost, but the deficiency of extract and the in-
ferior quality of the wort produeed add largely
to the actual loss of the brewer.

For the production of sound light beers quick
in brightening, it is imperative to secure a barley
of high végétative capacity. With our varying
climate and high farming, English barleys are
less suited for this purpose than those imported
from other countries, and the superiority of
foreign barleys over English is, no doubt, to
be attributed to the more suitable condition of
climate under which they have been grown and
harvested.

10. Characteristics of barley. For malting
purposes Stopes groups the qualities of barley
as under four essentials : vitality, condition,
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maturity, odour, and six désirable non-
essentials : size, . weight, uniformity,
colour, appearance of skin, âge.

Upon the vitality of barley dépends the
growth, henee it is most important that the
barley should contain as few as possible of non-
germinating grains. The most trustworthy test
for this is that of enforeed growth, and for this
purpose Coldewe's apparatus, fig. 2, is apparently
the most effective.

Rio. 2.

This eonsists briefly of a receptacle for water,
a germination tray, and a felt cover fitted with a
themiometer as shown in sketch. The corns to
be tested are placed on the germinating tray,
and receive the necessary moisture for germina¬
tion with perfect equality from the receptacle
underneath, whence the water evaporates with-
ont causing them to be exposed to an excess of
moisture. The conséquence is that corns of even
quality not only grow as fast as they possibly
eau, but also perfectly alike, thus showing pre-
cisely the even or uneven germinating capacity
of the grain, and as the tray is constructed to
hold exactly 100 corns, the percentage is at once
seen.

This test should show at the utmost only
i p.c. of non-germinating grains. The above
qualifies may be briefly summed up :

The corns should not contain more than
i p.c. of non-germinating grains.

When eut through, the eut surface should be
white, friable, and mealy-looking ; if it is fatty,
glassy, or spotted, it is not to be recommended
for use.

Barley ought to smell fresh and clean, not
musty or mouldy.

The corns should be as nearly as possible of
one size, plump and heavy, and free from other
seeds. A good heavy harley should weigh from
50 lbs. to 56 lbs. per bushel ; ail under 50 lbs. may
be deemed light. The grains should have an
even light-yellow colour, with a thin wrinkled
skin.1 The actual judging of particular samples
with regard to quality and comparative value is
a matter requiring great practical experience and
skill, especially as often the bulk is bought from
a mere oursory examination of the sample in
market. One of the great difficulties of the pré¬
sent day in addition to those resulting from bad
harvesting and maturing of the grain is the pre-
valenee of damaged and broken corn. It is more
difficult than ever to procure samples that are
perfect in this respect, owing to the carelessness
so prévalent during the threshing of the barley
by modem methods, for we may have not only
broken corns which are easily deteeted, but other
corns, apparently sound and good, that show on
eloser inspection slight
abrasions of the skin
occasioned during
threshing by the too
close setting of the ma-
chinery. This is a
source of much trouble
to the maltster, giving
rise to mould on fioors
as well as to a large
proportion of non-ger¬
minating corns.

11. Structure of
barley. When a grain
of barley is examined
with the naked eye, a
deep but narrow furrow£
may be observed run-
ning down the whole
length of one side ; the G"
général appearance of
this side is very convex,
both laterally and longi-
tudinally, hence it is
known as the ventral
side, and is the side
which faces inwards
when the grain is still
attaehed to the ear.

The outer or dorsal side
of the grain is much
flatter than the ventral.
If next we eut through
a grain of barley lengthwise with the furrow, so
as to split it in two, three principal parts can be
distinguished in it (v. fig. 3) :

1. The hull or skin. 2. The endosperm or
starch substance. 3. The embryo or germ.

The hull (p) or outer coat of the grain eon¬
sists of the jpaleœ or valves formed of three rows
of differently formed cells. The hull can be easily
peeled ofï the barley grain after steeping, and
under this is a shell tightly inclosing the grain ;
this is the pericarp of the fruit, and beneath
this and closely grown together with it lies the

1 Faulty grains are frequently sulpbured, but can be
easily deteeted by an experienced person on account ol
their unnsually bright colour.

FTG. 3.
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integument of the seed. The starch substance,
or endosperm (e), forma by far the larger bulk
of the barley grain, and consists principally of
starch cells, surrounded by a continuons layer
of smaller cells containing the various nitrogen-
ous substances and fat.

The embryo, or germ, lies on the lower end
of the grain, and its point or apex inclines to-
wards the smooth or unfurrowed side. The
lobe of the seed proper in the shape of a
fiât shield gg forms the boundary between the
endosperm and the embryo ; between this and
the inner surface of the testa lies the germ,
eonsisting of plumule or acrospire (future leaves
and stalk) and the radicle or rootlets.

12. Chemical composition of barley. Those
substances which go to compose the barley
grain, as well as the other cereals used in brew-
ing, may be classified as follows :

I. Carbohydrates. II. Resins and fats. III.
Nitrogenous substances. IV. Ash.

The proportions of these several constituent.?
vary with différent kinds of barley according to
circumstances of growth, manuring, harvesting,
climate, &c.

I. The carbohydrates contain the three élé¬
ments, carbon, oxygen, hydrogen, and are so
called because they may be supposed to be de-
rived from the union of a certain number of
molécules of water with an équivalent number
of atoms of carbon.

The principal members of this group are (a)
cellulose, starch, dextrin ; (6) maltose, cane sugar
or sucrose, raffinose ; (c) dextrose, levulose.

As the chemistry of the carbohydrates is fully
treated of elsewhere, there is no occasion to
refer further to this subject here.

II. Fats. Only small quantifies of fat are
found in grain, and very little is as yet known of
the nature of the fat which occurs in barley. It '
may be obtained by treating barley flour with
ether, which on evaporation leaves the fat as a
thin yellow-coloured fluid of an agreeable odour.

Resins. The outer coatings of most cereals
develop in ripening a certain amount of resinous
matter, which by its comparative insolubility,
protects the interior from prématuré access of
water.

In addition to fat and resin a number of
other substances free from nitrogen and which
are generally classed with the resins are also re-
presented in the grain of barley. Very little is
known of them, but although présent in minute
quantity they nevertheless play an important
part in contributing to the flavour and général
appearance of each individual grain of corn.

III. The nitrogenous substances found in
grain are much more complex in chemieal com¬
position than the carbohydrates ; they ail con¬
tain carbon, oxygen, hydrogen, nitrogen, and
some of them sulphur as well. The nitrogenous
substances known to occur in barley are muce-
dine, fibrin, casein, and albumen: of these
fibrin is practically insoluble in water, mucedine
is only slightly so, both are, however, soluble in
alcohol, dilute alkali, and hydrochloric acid.
Casein is slightly soluble in water, readily
soluble in dilute alkali, but almost insoluble in
dilute acid. Ail other nitrogenous substances
occurring in barley are soluble in cold water and
are included under the général term albumen.

The term albuminoid is applied to ail the
nitrogenous bodies présent in barley, as it is ex-
tremely probable that the albumen is derived
from some one of the other three, i.e. mucedine,
fibrin, or casein. But little is known up to the
présent of the properties and changes which
these bodies respectively undergo durihg the
formation and subséquent germination of the
grain.

Barley contains a certain proportion of nitro¬
genous substances termed albuminoids, some of
which are soluble in cold water, whilst others
are not. Of those which are soluble in cold water
some are coagulated by heat at températures
varying from about 40°C. up to 100°C. Among
these soluble coagulable albuminoids occurs a
body termed diastase, so named by Payen. and
Persoz in 1833 from Sidurcurts (séparation) (A.
Ch. 53, 73), on account of its supposed pro-
perty of separating the interior of the starch
granules from their outer envelope. Under the
action of diastase, starch which has first been
gelatinised by boiling water undergoes a sériés
of hydrations and successive décompositions
resulting in the production of maltose and
dextrin. This action, which is capable of taking
place at 0°C., attains its maximum between 60°
to 65° and ceases altogether at 80°. It seems
very probable that diastase exercises a very
marked influence on the insoluble albuminoids
during the process of germination, converting
them into soluble forms, and that during the
process of mashing it acts still further on these
soluble albumens, converting them into those
other nitrogenous substances which are not
coagulated by heat.

It has long been known that cold water extract
of barley possesses distinct diastatic powers, but
the diastase of barley has little or no action on
starch paste. If, however, this starch paste be
first treated with cold water malt extract at a

température of about 75°C. for a few minutes, so
as to bring it into the form of soluble starch or
erytliro-dextrin, then cooled to a température of
50°C. and some cold water barley extract added,
the conversion of the soluble starch or higher
dextrins into reducible sugars proceeds with
great facility. Henee it must be assumed that
the diastase of barley readily enough saccharifies
starch when in a state of solution (as soluble
starch) but has little or no effect on gelatinised
starch or starch paste (Bungener and Pries, Z.
f. d. ges. Brauwesen, 1866, 13).

If, however, an aqueous extraet of barley be
submitted for a few hours at a température of
30°C. to the action of ordinary yeast, its power
of saccharifying starch paste is very considerably
inereased (Brown and Héron, J. C. S. 1879,596),
and there can be no doubt that the change
which is induced here in the soluble albuminoids
of barley by the living protoplasm of the yeast
cell is identical with the action which goes on on
the malting fioors during germination.

It would appear then that malt contains at
least two diastatic substances, one of which,
formed during the growth of the barley, has not
the power of transforming or saccharifying
starch paste until it has been first converted into
soluble starch ; the other, formed during germina¬
tion on the malting floors, possesses the power to
a very marked degree of saccharifying starch
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paste even at as high a température as 80°C. ;
but it seems extremely probable tliat these
bodies are not simple chemical compounds ol
constant definite composition, but must be eon-
sidered as a mixture of several bodies differing
{rom eaeh other in chemical and physical pro-
perties. For Brown and Héron (C. J. 1879, 596)
bave ascertained that when cold water extracts
ot barley and malt are heated up to différent
températures, for each increase of température
tliere is a distinct and definite amount of coagu¬
lation of soluble albuminous substance, and at
the same time a diminution in the diastatic

energy of the solution, from wliich they conclude
1 that the diastatic power of malt is a function
of the coagulable albuminoids themselves, and is
not due to the presence of a distinctive trans-
forming agent.' There can be no doubt that
during the kilndrying of malt a similar réaction
takes place (Kjeldahl, Meddelelser fra Carlsberg
Laboratoriet 1879) especially in the earlier stages
of drying ; a small proportion of the more easily
coagulable albuminoids being rendered insoluble,
the diastatic power which had attained its
maximum at the withering stage, at the same
time being diminished to a considérable extent.
Indeed, it is a well-established fact, that a high
dried malt will produce in the brewing a more
highly dextrinous beer than one which bas not
been dried at so high a température on kiln.

The main objeet of malting is to induce
certain changes in the nitrogenous constituents
of barley, so that the soluble albuminoids or
diastase already présent may be rendered capable
of transforming the starch, under the necessary
conditions of heat and aqueous solution into
those saccharine substances which are essential
to the production of beer. The changes which
take place during the malting process have been
iuvestigated by several chemists, but more re-
cently by Behrend (Wochenschrift fur Bier-
brauwerei, Dec. 1884), who finds that from the
time the barley is taken out of steep the pro¬
portion of nitrogen per 100 corns continues
quite constant during the wholeprocess of germi¬
nation, but the non-nitrogenous matter (starch)
is eliminated to the extent of 10 p.c. He also
states that from the first moment of germina¬
tion the insoluble nitrogenous substances begin
to undergo certain modifications by which they
become soluble, and as fast as this soluble albu¬
men is formed a certain proportion of it becomes
further transformed into non-albuminous sub¬
stances pertaining chiefly to the nature of amide
compounds.

It is not certain whether the two processes
are equally energetic, but it may be assumed on
à priori grounds that at each instant of germina¬
tion the solution of albumen and the formation
of amides progress apace. If more albumen is
brought into a condition of solubility than is de-
composed into the crystalline products we have
an accumulation, and in the opposite event a
diminution, of the albumen. The practical ap¬
plication of this lies in the fact that Lintner
(D. P. J. 251, 225) has corne to the conclusion
that under normal conditions the amount of
diastase présent in any given malt is directly pro¬
portions! to the amount of soluble albumen con-
tained therein. Hence if we détermine the amount
of nitrogen due to the soluble albumen and

assume that this soluble albuminous nitrogen is
a measure of the diastase, by multiplying this
by 6-25 we obtain the quantity of diastase, and
on this assumption it has been found that the
quantity of diastase in malt amounts to about
2 p.c. of dry substance.

The following table, deduced by B. Warington
(Watts' Dict. viii. p. 143) from a compilation of
ail accessible analyses, numbering fifty-six in
ail, may be taken as showing a fair average
composition of barley grain :—

1. Carbohydrates . 63-66
2. Fibre .... . 7-09
3. Fat .... . 2-05
4. Albuminoids . 10-58
5. Ash .... . 2-57
6. Water .... . 14-05

Total . . 100

Barley grain contains on an average less
nitrogen than either wheat or oats ; the proportion
is least in fine malting barley, amounting to only
8 or 9 p.c. of albuminoids.

IV. The ash of barley grain, as calculated
from 50 analyses by E. Wolff (Watts' Dict. viii.
p. 143), has the following average composition :

Potash K.0 21-35
Soda Na.0 2-25
Lime CaO 2-74
Magnesia . MgO 8-66
Ferrie oxide Fe203 •91

35-91

Phosphorie anhydride PA 35-19
Sulphuric anhydride . so3 1-72
Silica SiO, 26-10
Chlorine . Cl 0-88

63-89

It has already been stated that land which
bas been highly manured with minerai salts
containing a high percentage of nitrogen, such
for instance as sodium nitrate or ammonium
sulphate, will produce a heavy crop of barley.
This of course from a farmer's point of view is
decidedly an advantage, but such barley is always
found to be exceedingly rich in albuminoids and
consequently low in the percentage of starch.
Hence for brewing purposes it is extremely un-
advisable to use such a barley, for not only will
the wort resulting from the malt made from this
barley be poor in saccharine matter, but these
nitrogenous substances, when présent in too large
proportions in the wort, exercise a very injurious
influence on it, and cause the finished beer to
become thick and cloudy and prevent its keep-
ing sound for any length of time (L. Marx, Eev.
Univ. de la Brasserie).

Therefore from a brewing point of view a
barley rich in albuminoids must be regarded as
of poor quality, while a low content of albu¬
minoids in général is an expression of high
quality. Hence Maercker (B. C. 1885, 696) con-
cludes that the weight per bushel which is gener-
ally regarded as a fair criterion of the value of
a barley can liardly be looked upon alone as a
safe guide with regard to quality, but that the
chief characteristies of a first quality barley are,
1, its consistency; 2, its colour; 3, percentage of
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moisture ; and 4, its pereentage of albuminoids ;
these in first-class harleys should not exceed
8-6 p.o. He also Snds that a grain possessing a
fine, thin husk is found to yield the largest
amount of starch ; the kernels in this case
should be thin and ropnded, the pereentage of
husk being a minimum. This is the view adopted
by Prof. Brewer, of the Brewer's Expérimental
Station, New York, as well as by C. Lintner
(D. P. J. 247, 350) who gives 10'5 p.c. of albu¬
minoids as a limit for first-class barley.

13. Préparation of barley for malting. Very
little barley is in a fit condition for undergoing
the process of malting when it is delivered at the
brewery or malthouse by the farmer, as it gene-
rally contains several varieties of foreign seeds,
fragments of pebbles &c. mixed up with it, as
well as light and damaged corn. The following
preparatory stages are considered by Stopes to
be generally needed :—

Cleaning, grading, kilndrying or sweating.
The dust which is generally found adhering to
barley consists to a large extent of spores of
numerous ferments and fungoidorganisms, many
of which find their way into the fermenting
round, seeds of weeds and other foreign grains
may also be présent.

G. G. Matthews (J. it. Microsc. S. 1883)
found that various kinds of barley, English as
well as Saale, Erench, Chilian, and Galifornian,
yield, when steeped for a short time in water, an
abundance of mould spores, bacteria, and infu-
soria of various speciës, and from many experi-
ments made by him he concludes that in the
first stage of malting when the barley is put in
steep the spores of various moulds and other
micro-organisms are présent in quantity in the
steep water, being introduced into the cistern with
the barley, and althoughthe greater portion may
be removed on withdrawal of the steep water,
yet there would in ail probability be left suf-
ficient to cause a mould growth on injured or
weakly corns whilst on the malting floor. Now
it is a well-known faot that good,healthy growing,
perfect corns are never found to develop growths
of any kind of mould, the corns which appear to
be favourable to such are ahvays those which
from various causes are incapable of carrying on
a strong and healthy growth, havingbeen injured
by heating in stack, or sprouting, or, as is more
generally the case nowadays, been split, crushed,
or otherwise damaged during threshing, a slight
abrasion of the skin in some instances being
sufficient to give rise to development of mould.
Hence it will be seen how very important it is
that the barley should be cleaned and freed as
much as possible from dust, broken corns, and ail
other matters which may in any way encourage
the growth of mould on the malting floors, so
that if a maltster wishes for clean floors he must
first thoroughly clean his barley of such objec-
tionable bodies by proper and careful screening.
A form of screen which seems well adapted for
this purpose is shown in fig. 4.

Grading grain is if possible still more impor¬
tant than cleaning it, as it is most désirable that
for malting purposes ail the corns should as far
as possible be of one uniform size. The next
process, and one of extreme importance, is the
kilndrying of barley, or sweating as it is tech-
nically termed. With cold and damp seasons,

and with the modem fashion of threshing by
steam either when carting or almost immediately
after stacking, so that the grain has bad no
chance of sweating in stack, it is highly désirable
that this should be done on the kiln, but like
every other opération in malting it requires

Eig. 4.—Self-aotinq Malt-scbeen.

discrimination and the exercise of judgment,
Broadly speaking, almost every sample that has
not been influenced by damp sufficiently to
start the acrospire is decidedly the better for a
few hours upon the kiln prior to storing or steep-
ing. If the acrospire has moved, then drying
does more harm than good.

Sweating is best carried on at a low uniform
température, rarely exceeding 105°F. When
dried it is advisable to store the barley in bins
for at least a fortnight prior to steeping, in order
that it may have time to mellow. The grain is
now in a suitable condition for undergoing the
various processes of malting ; these are steeping,
couching, flooring, withering, drying.

14. The great distinctive différence between
malt and corn is growth ; no matter what pro¬
cesses they may have been subjected to, any
grains of the corn which have not grown
remain as barley, wheat, &c., and are not malt.
When a seed is placed under suitable conditions
with regard to heat, light, air, and moisture, it
begins to germinate or grow. When it begins to
grow the first sign of a change taking place is
the protrusion in a downward direction of the
rootlets or radiele through the integument ; at
the same time the plumule or acrospire begins
to start growing in an upward direction until it
bursts through the integument and gives rise to
the first leafy organs of the growing plant.
When wheat commences to germinate, the
plumule of the embryo on bursting through its
envelope finds itself in immédiate contact with
the inner surface of the pericarp, which in this
case not being sufficiently strong is ruptured,
the plumule continuing its growth outside the
grain.

In barley the pericarp is of sufficient strength
(even in the so-called naked barley where the
palea, as in wheat, is not adhèrent) to retain the
plumule within it. In conséquence of this the
growth of the plumule takes place between the
testa and pericarp, and in very close proximity
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to the reserve materials of the endosperm, until
it finally issues at the end of the grain the
farthest removed from the enibryo.

15. The water used for wetting or steeping
should be of such purity that it may pass as
drinking water. Waters containing mnch
organic matter, espeeially that derived from
animal sewage, frequently eontain salts of phos¬
phores, which coming in contact with the
numerous spores of bacteria and mould on the
surface of the barley afford a most favourable
médium for their development andgrowth. Cer-
tainly the water in which barley has been steeped
affords itself verysuitablenourishment for these
micro-organisms, and where the water helps in
the same direction the resuit is self-evident.

Of the minerai matter in water iron in any
fonn is most objectionable, as it gives rise to
the insoluble phosphate of iron.

Chlorides of the alkalis if présent in large
quantity remove a considérable proportion of
minerai as well as organic matter, whilst they
retard germination to a considérable degree
(Michel and Handwerck, B. C. 1882, 486).

The presence of calcium chloride hinders the
extractive action of sodium chloride to a certain
extent (ibid.).

Calcium and magnésium carbonates and sul-
phates are generally supposed to fix the phos-
phoric acid in the grain, the potash and mag-
nesia being extraeted by the hard water whilst
the lime enters into combination with the phos-
phoric acid, forming an insoluble phosphate in
the grain (Ullick, B. C. 1882, 40-42), but Mills
and Pettigrew find that the more of these
minerai salts there are in steep water the more
minerai matter there is extraeted from the
barley (J. C. S. 1882, 38). They are con-
firmed in their results by Michel and Handwerck
(D. P. J. 247, 82, 168, and 214). From a
sériés of experiments made by the author on
the steeping of barley, where—1, distilled water
alone ; 2, a water containing 13-8 grains of
calcium carbonate per gallon (v. Analysis
No. 2, p. 352) ; and 3, the same with 30 grains
of gypsum added, were employed, the following
results were arrived at : that the total matter
extraeted by water No. 1 was in ail cases the
greatest, that by water No. 3 least ; that this
applied to the minerai as well as the organic
matter, but whereas No. 1 dissolved out the
most minerai matter, No. 3 extraeted the most
phosphoric acid.

As regards the extraction of organic matters
ail observers are pretty well agreed that a soft
ivater extracts more than a hard one.

It will be readily seen from this that in no
case should a water containing even only a
small quantity of alkaline carbonates be used
for steeping ; the same remarks apply to alkaline
sulphates.

Mills and Pettigrew .conclude that nitrates
have a highly stimulating action in the germi¬
nation of malt, and recommend the addition of
a small quantity of calcium nitrate (about 3
grains per gallon) to those waters which are dé¬
ficient in nitrates.

The principal object of steeping is to moisten
tkoroughly every portion of the grain, so as to
enable it perfectly to perform the functions of
germination, and the water that will leave

within the grain as much as possible of its
naturel constituents, whether minerai or organic,
is undoubtedly the best for steeping purposes—
such a water will generally be found to be that
supplied for drinking purposes to most towns.

16. Malting. At présent three Systems of
making malt are practised :

1. English System.
2. Continental.
3. Pneumatic.
The English system1 briefly consists in steep¬

ing the grain in water in large iron or stone
cisterns, draining the water off, spreading the
moistened grain in thin layers upon exposed
floors and drying upon an open fire kiln at a
period of from 9 to 21 days from timeof steeping.

The continental system diiïers materially in
ail the above détails.

Pneumatic malting provides for absolute
control over the admission of air supplied to the
germinating grain.

The simplest form of malt-house possessing
any capacity for work is a plain two-story build¬
ing having -attaehed to it a kiln or drying-
house, and consisting of a ground-floor of elunch,
a brick steeping cistern, and a first floor of
timber with or without partitions for separating
the stored grain or malt : but a good malt-
house of fair size is most conveniently and
favourably worked if it consists of one main
building of three stories—two kilns and a corn
or malt store.

The growing floor may be composed of a
variety of materials, but that which is most to
be preferred is cernent concrète worked to a
perfectly smooth face.

The cisterns should always be at the end
opposite to the kiln in a single-floor house, and
so arranged that entire control of the tempéra¬
ture of the steep liquor can be secured, and that
the grain can be readily screened into them
when filled with water to enable the thin corn

and refuse to float off.
The water must also have command of them

so that it can be run in from below and overflow
at top prior to a charge of steep liquor, and a
number of inlet and outlet pipes, ail fitted with
strainers, should be fixed. They should possess
in addition a sériés of perforated pipes, by means
of which water can be sprayed or sparged from
above over the grain like a shower. The cis¬
terns are emptied of the steeped grain either by
shovelling on to the floor, if on the same level,
or by running down through shoots in the
bottom to the floor below.

Cisterns are generally built of concrète or
brick. An excellent form of construction is
afforded by the use of the Hygeian Bock cernent,
as shown in fig. 5. This method gives a wall
only 9 inches tbick, but quite strong enough for
ail practical purposes ; the outside wall of the
cistern is generally coated with cernent, whilst
the interior of the cistern is preferably lined
with white glazed or enamelled bricks well set
in cernent. Brick or concrète cisterns should
have a wide central channel running their full

1 l'or much valuable information on the subject of
malting the author is indebted to a most comprehensive
treatise on malt and malting by H. Stopes, from which
several of the woodeuts illustrating this portion of the
subject are takeu.
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length. The top ol the ohannel must be framed
to receive perforated iron plates or tiles to serve
as strainers. The capacity o£ these cisterns
should be ample enough to steep the utmost
quantity of corn the floor can possibly grow in

the coldest weather; not
less than 14 cubie feet per
quarter should be allowed

^ when^ calculating their di-
- ' ' Z - The kiln should be a

R •_ - lofty and roomy structure,
Z I preferably of brick, with a

. - - high roof surmounted by
II a cowl. The area of the

flBÉfiiPSs - dl7in8 doors should never
= exceed one-fourth or be

***'—— less than one-sixth of the
Fig. 5. growing floors, nor should

the eombined air inlets
and discharges bear a ratio to each other cx-
ceeding that of 4 to 5.

In practice it is found that the more closely
a kiln resembles a ehimney in construction, the
greater is its effective capacity, consequently the
tendency bas been constantly to increase the
height of the kilns. Kilns may be of various
forms, but a square one is undoubtedly the best.
In fig. 6 is shown a type of kiln very common
in Great Britain.

floor of the kiln with no protection of any kind,
others are built over with a brick arch left full
of holes for the escape of beat on ail sides. a
in fig. 6 shows the form of fire-basket usually
employed, the spaees bb at the sides of the

Fig. G.

In every portion of the plant connected with
malting, great diversities of size and style occur,
and kiln furnaces offer no exception to the rule.
Generally maltkiln furnaces either permit the
products of combustion to pass through the
malt whilst drying or they do not do so. The
form of furnace perhaps most in vogue is known
as the fire-basket. This is a large open cast-iron
basket of from 3 to 6 ft. square, with legs or
supports carrying a frame fitted with ordinary
fire-bars and thick sloping sides. These baskets
are sometimes placed merely upon the bottom

Fig. 7.

furnace are used as coal or fuel stores. The
drying floor o is built at ail heights, rangingfrom
5 to 29 ft. above the furnace, and is generally
made of earthenwaro perforated tiles resting on
light iron bars, which in their turn are supported
by larger joists. Of late years steel wire, ol
varying width and from 30 to 36 inches in length,
has been introduced for kiln floors, and seems
to possess decided advantages over the ordinary
tiles.
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The construction of the roof d is of great
importance, as very much dépends on it ; if the
pitch is not at the proper angle the drying of
the malt is affected to a certain extent; cross
timbers are objectionable and should be avoideà
as far as possible ; lath and plaster forms the
best lining to the slate roof as well as for the
sides of the drying chamber.

The cowl e is the usual form of outlet to
most English kilns. Until very reeently ail
kilns were built with only one drying floor, but
in 1881 the first kiln in Engiand with two floors,
and known as Stopes' System (fig. 7), was
erected by Messrs. Taplin & Sons at Brighton,
which gave very satisfactory results, and is now
being introduced into many breweries in this
country. It is claimed that two-floor kilns pos-
sess several advantages, of which, probably, the
chief are the regularity of température upon
both floors and the economy of fuel and labour.

17. Steeping. The cistern should be filled
with the steep water, then the barley slowly run
through a shoot into the cistern ; by this means
the dirt and dust, small and light corns, and
other matters find their way readily to the sur¬
face and may be skimmed off. This first steep
water should be run off within the first six
liours, it being the most impure ; the succeeding
steep water should be changed every twelve to
twenty-four hours, according to température and
season of year.

The first steep water should be run off from
above, and the second water run in from under-
neath ; this upward filtration serves very effec-
tually to cleanse the grain from any adhering im-
purities. The grain is allowed to remain in
steep for a period of forty to seventy hours, de-
pending upon surroundings ; but the maltster
would naturally be guided by the température
of the atmosphère, the quality, condition, and
âge of the barley, high température necessitating
more fréquent changes of steep water and shorter
time in steep. Then, again, coarse, thick-skinned,
or heavy barleys would naturally require longer
steeping than the lighter and thinner kinds ; the
older the barley the longer it requires to be
steeped, as new barley germinates more quickly
than old, the chief object of steeping being to
impart to the grain about to be malted a suffi-
ciency of moisture to ensure perfeet and regular
germination.

18. Couching. Before the repeal of the malt
tax the barley when taken out of steep was
placed in what was known as the coueh. This
might be regarded as a dry cistern where the
grain had to lie a certain number of hours, or until
it was gauged by the excise officer and the duty
levied. Since this has been done away with the
couch is no longer needed, though even yet
many maltsters pile up the barley when taken
out of steep in a heap for twenty to twenty-four
hours, indeed until the growing point of the
rootlet begins to show. This is a great mis-
take. In the first place a greater amount of
beat will be developed in the interior of the
heap than on the outside by the germinating
grain, hence these corns will grow more rapidly
than the others, so that very uneven ' pièces '
on the floors will be the resuit. It has also
been proved that heat in couch tends directly
to produce acidity in the finished malt. After

the grain cornes out of steep it requires ail the
oxygen it can get, as well as the removal of the
carbonic acid gas which becomes disengaged
by the process of germination ; this necessarily
involves free contact with air and therefore it is
advisable that couching be done away with
altogether.

19. Flooring. Where it is still practised, as
soon as germination is observed to have com-
menced, the couch is broken down and the grain
spread out on the floor, the depth at first vary-
ing from twelve inches to about three or four ac¬
cording to season and température ; it is then left
so for twenty to twenty-four hours, when it is
turned by means of a wooden spade. For the
succeeding two or three days it is either
' ploughed ' or turned about twice daily ; of
course this entirely dépends on the judgment
and experience of the maltster, his main object
being to obtain a good bushy root and a
regular development of the acrospire. This re¬
quires very eareful and close attention on the
part of the maltster, for during 'flooring' he
has not only to control the development or
growth of the germinating grain, but the very
nature of that growth. He has to give air and
sec-ure ventilation, to regulate heat and hu-
midity, to foster the development of the acro¬
spire and check the root growth, or vice versa as
the case may be ; ail this can only be attained
by long experience and an intelligent apprécia¬
tion of scientifie facts.

As a rule, English maltsters allow "germina¬
tion to proceed until the acrospire has extended
to about three-fourths the length of the grain,
the rootlets being at the same time about twice
the length of the grain, but this is varied con-
siderably according to the ideas of each in-,
dividual maltster. Germination. is accordingly
carried on until this stage is reached.

About the fifth day from the time of taking
out of steep the grain is sprinkled at intervals
with water from a watering-can ; this is con-
tinued until the sixth. day. The quantity of
water used for this purpose varies from three to
six gallons per quarter of barley, but of course
will naturally dépend upon the state of the
atmosphère as well as on the condition of the
piece. On the days of sprinkling the grain is
turned four times each day ; after the sixth day
it is turned two or three times daily. As soon
as the germination has proceeded to such a
degree as may be désirable, it is subjected to
the process of wiihering, the object being to
arrest germination, to increase the température
of the piece so that as large an amount of
moisture as possible may be got rid of prepara-
tory to kilndrying. In many malt-houses a
proper withering floor is provided, generally of
wood. During this stage the rootlets wither, be-
coming shrivelled and dry. As soon as this
takes place many maltsters throw the green
malt, as it is now called, into a heap, and allow
it to heat spontaneously, the object being to
make it tender.

A piece which was sprinkled on th.o fifth and
sixth days under ordinary conditions should be
ready to go on kiln on the tenth or eleventh
day.

Some maltsters allow the piece to become
almost dry, not sprinkling until the eighth or
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even ninth day. but tbis cannot be recom-
mended. Tlie grain at time of going to kiln is at
most only imperfectly withered, contains an
excess of moisture necessitating very fréquent
turning as well as encouraging the growth of
mould on kiln, and finally imparting a degree of
hardness or steeliness to the finished malt
which occasions diminished extract and pos-
sibly starchy worts.

If the barley whilst on the floors shows
much, or in fact any signs of mouldiness, both
the cistern and floors must be thoroughly well
scrubbed with water to which 10 p.c. of good
strong calcium bisulphite has been added.
When dealing with low class, ill-conditioned,
or damaged grain it is always well to add a
suitable quantity of bisulphite, both to the
steep water as well as to the water used for
sprinkling.

It is also essential that thermometers should
be placed at fréquent intervais on the floors,
and the température carefully noted from time
to time ; indeed, the question of température is
just as important a factor in malting as it is in
mashing.

20. Drying. By the time the germinated
barley is ready to go on the kiln, it really is in
effect no longer barley but malt, or more pro-
perly green malt, and has attained at this stage
its highest diastatic energy, so that if the object
were merely the production of diastase the malt
might now be dried off at ordinary tempéra¬
tures ; but for the purposes of the brewer and
distiller it is absolutely necessary that this
green malt be subjected to the influence of heat,
not only for the purpose of drying it eompletely
and arresting germination, but in order that
certain changes may take place in the chemical
composition of its various constituents which
are necessary to impart that flavour and other
properties to the liquor brewed from it and
which we term beer. In addition to this the
malt also becomes capable of lengthened storage,
and when well dried is best adapted for grinding
and for transport ; also ail mould and fungoid
growths are eompletely arrested and their
vitality suspended.

The température employed in finishing off
the malt on the kiln will détermine its quality,
thus we may have pale malts, médium and high
dried. •

For pale malt only the better qualifies of
barley should be used, and great attention
should be paid whilst on the growing floor to
prevent the development of mould ; also the
withering off should be carefully attended to,
the principal object of the maltster being to
obtain a good healthy growth in the earlier
stages, and that the green malt should be as
dry as possible at the time of going to kiln.

To dry pale malt well, Stopes says three
things are necessary :

1. It should be loaded in the condition just
described as sound green malt upon a floor at a
thickness rarely, if ever, exceeding 7 to 8 inches.

2. It must remain unturned at a low tem¬

pérature until nearly ail moisture is removed.
3. Heat must then be applied steadily and

freely, and be maintained for a considérable time
at a nearly uniform température, ranging from
160° to as high as 230° in some cases.

As long as an appréciable amount of mois¬
ture remains in the malt, it is most important
that the température on kiln should not exceed
120°, while spécial attention must be paid to
ventilation. When we consider that from 90°
to 120° is the most favourable range of tempéra¬
ture for the development of the numerous
spores of various micro-organisms which, de-
spite ail our efforts to the contrary, are to be
found adhering to the moist corns, and that with
their development ensue chemical changes, such
as the production of various organic acids, which
most seriously affect the character of the malt,
it would seem that the shorter time the malt
is exposed to this température the better; there-
fore it is advisable that the layer of malt should
certainly not exceed eight inches, and it would
be better still if it were only six. But it is not
simply a question of drying the malt quickly at
a low température ; undoubtedly certain changes
irrespective of those produced by micro-organ¬
isms are brought about in the nitrogenous as
well as in the other constituents of the malt
whilst submitted to these conditions of tempéra¬
ture and moisture, of which absolutely nothing
is as yet known.

As soon as the malt begins to présent a dry
appearance, the température may be gradually
raised up to the final température at which it is
to be finished off. It is impossible to give a
fixed limit for this, as a great deal will dépend
upon eircumstances, but as a général rule, for
pale malt the final température may be taken at
180°F. From the time of raising the température
until the end of the process, the malt should be
turned at intervais.

In drying the malt the great point to be
observed is the maintenance of a perfectly even
température, so that the whole of the malt
drying should be at any given moment of the
same uniform température. Now it is impos¬
sible to obtain such a resuit with a single-floor
kiln, as great a différence as 75° having been ob¬
served between two given portions of malt on
the same kiln floor, and this in a house sup-
posed to be constructed on the best principles,
but having a single-floor kiln. However, by fré¬
quent turning this defect can be obviated to a
certain extent.

The process of drying, from time of going on
to coming off kiln, usually oceupies about 4 days,
and is distributed as follows ;

lst day not below 80° or above 100°
2nd „ „ 90° „ 110°
3rd „ „ 120° „ 130°
4th „ „ 140° „ 180-185°

For the first two days the malt should on no
account be turned, but the surface forked over
lightly if needed. After the second day, on
single-floor kilns, the malt should be turned
at fréquent intervais. Médium and high dried
malts are finished off at much higher tempéra¬
tures, ranging from 200° to 230° and upwards.

As soon as the température gets up to tbe
final point this heat is in a great many maltings
maintained only for one or two hours. This is
a great mistake ; there can be no doubt that the
longer the malt is exposed to a high heat, the
sounder and' better keeping will be the resulting
beer. The final heat might certainly be attained
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in a shorter time than it usually is, and the
malt might be exposed to this heat for at least
G hours without undergoing any darkening in
colour whatever.

Much the same method is pursued in the
drying of the malt on double-floor kilns as on
single. The malt is first loaded on to the top
floor, where it is kept at a température not ex-
ceeding 120° until about 90 p.e. of the moisture
is driven off. It is then dropped through doors or
holes to the lower floor, where it is finally dried
oif at a température of from 180-190° or more,
and the same heat and air that effect this are

in faet the very best possible to drive off the
moisture from the upper floor, which in the
meantime will have been loaded with a fresh
piece.

Eecently a new form of kiln, known as
Tree's Patent Malt Kiln, has been devised, and
which is said to give excellent results. This
System consists in the rapid removal of the
moisture from the malt vhcn first put on kiln,
by increasing the draught of warm air through
the layer of malt, and dépends on the one con¬
dition that the kiln should be praetically an air-
tight chamber. At the apex of the kiln is a
skaft into the shoulder of tvhich is fitted a

Blackman air-propeller. As soon as the green
malt is loaded on the kiln this air-propeller is
caused to revolve at a very rapid rate and the
motion thus produced is so great that a partial
vacuum is formed in the kiln and the moisture
is acoordingly drawn away quickly from the
malt without any of the accompanying reek so
prévalent in ordinary kilns. It is claimed that
by this means the actual drying of the malt is
accomplished in much less time than by the
ordinary methods, at a higher température and
more perfectly than heretofore.

It is liardly necessary to say that in the
process of kilndrying, where the température is
the important factor, several thermometers placed
on each floor are absolutely indispensable.

The malt, after it is finished drying, has yet
to be freed from the radicles or ' combes.' This is
accomplished by its being well trodden by men
furnished with heavy-soled boots; the radicles
are thus detached from the corns, andbypassing
the malt over a ' water-fall ' malt screen it is
completely freed from these as well as from
some of the adhering dust. In some maltings,
previous to being trodden the malt is heaped up
in the centre of the floor and remains so over-

night with the fire well banked up.
We may get a very fair idea of the tempéra¬

ture at which the malt has been dried by observ-
ing the colour of the combes. The higher the
température the more highly coloured they be-
come ; indeed, where it is almost impossible to
■observe any différence in the colour of two malts
dried at différent températures, an examina-
tion of the combes from these malts shows it at
once.

21. Storing. After freeing from the combes
by screening, malt is usually stored away in bins
for some weeks previous to use in the brewery.
The floor, sides, and top of these bins should be
made of good seasoned wood and lined with
sheet zinc. These bins are usually built in the
driest part of the malt-house ; this would natu-
rally be in the neighbourhood of the kiln, and

it should be protected as much as possible from
draughts.

During this storage of the malt previous to
use some change certainly takes place in its
nitrogenous constituents ; in technical language,
' the fire is taken out of it and the malt becomes
mellow,' but, whatever these changes are, nothing
is known about them up to the présent. AU that
ean be said is that it bas been found decidedly
unadvisable to use any malt for brewing purposes
until it has been stored for at least six weeks
from time of coming off the kiln.

22. Characteristics of malt. The following
are the characteristics of a good malt as given
by Stopes :—

1. Growth. The malt should be evenly
grown, the acrospire showing between two-thirds
to three-fourths up the back ; any malt which
contains many corns showing the acrospire pro-
truding should be rejeeted. On the other hand,
it should also not contain more than 4 p.c. of
ungerminated corns.

2. Slackness or moisture. This will vary to
a slight extent with the âge of the malt, but on
the average, malt should not contain more than
3 p.c. of moisture.

3. Age. Malt is at its best from six weeks to
four months ; after that time, under ordinary
conditions of storage, it gradually absorbs mois¬
ture and becomes more or less slack.

4. Odour. Good malt should have a pleasant
weU-known aroma peculiar to itself.

5. Condition. This will dépend a good deal
upon the quality of the barley. Good barley
badly managed may produce a bad malt, but a
bad barley will never produce a good malt.
Good malt should be tender and friable when
broken, and should bite crisp and crumble
readily under the teeth.

6. Cleanliness. Malt should be compara-
tively free from mould and dust as well as root-
lets and inorganic refuse.

7. Flavour. The flavour of malt is derived
from influences of growth and of drying; it
should possess a pleasant, mellow, sweetish
taste, free from rawness on the one hand and
bitterness on the other.

Such are the characteristics of a good malt
so far as can be determined by the eye, but
these should always be supplemented by a com¬
plété chemieal analysis.' By this means we
may obtain the following results for malt :—

I. Actual composition :
a. Starch products, as dextrin and maltosq
b. Cane sugar.
c. Other sugars.
d. Total albuminoids soluble after boiling.
e. Ash.
/. Moisture.
g. Insoluble matters or grains.

II. Relative diastatic capacity.
III. Spécifie rotatory power.
There can be very little doubt that a brewer

oughfc to have a fair idea of the constituents of
his malt before commencing to mash with it,
for from such an analysis as given above he will

1 For full détails of latest methods of analyses of malt,
worts, and bcer, v. Héron, The Polariscope and its Appli¬
cations to Brewing, S. 0. I. 1888 ; also Transactions of
Laboratory Club, 1, 97.

IRIS - LILLIAD - Université Lille 1



366 BREWING.

be in a position to predicate very fairly what
kind of wort and beer his malt is going to pro¬
duce, and so be enabled to control not only
his mashing process but ail subséquent opéra¬
tions.

Other descriptions of malt, in addition to the
kind we have kitherto been considering, are
made and used. These are :

Brown or porter malt.
Amber malt.
Black, roasted, chocolaté, or patent malt.

Brown and amber malt are prepared prac-
tically in the same way as ordinary malt until
they go on kiln. Here they are dried at a much
higher température, and wood is largely used for
the purpose instead of coal or coke.

Black malt is simply ordinary malt which is
roasted in exactly the same way as coffee berries
are. ' A sample of properly roasted malt is
uniform in colour, of a chocolaté hue, not black,
and each corn clear and clean. If it is black,
with the eorns burst, and especially if matted or
run together, it is of a most inferior kind, and
neither good fiavour nor permanent colouring
can be expected from it.'

23. Malt adjuncts. These may be divided
into two classes. First, those substances from
which the extract has to be obtained by the
mashing process, and second, those in which the
extract is already formed.

Class I. Several grains of cereals other than
barley have been prepared for brewing purposes,
either by malting or subjecting to the action of
heat in some way or other. The principal of
these which are at présent used as substitutes
for malt either in a prepared form or in the raw
state are maize malt, germless maize, gelatinised
maize, gelatinised rice, torrefied grain or white
malt, and in the raw state barley, rice, and
maize. When using any of these substances for
brewing purposes certain proportions of them
are either mixed with the malt in the mash tun,
or else the starch contained in them is first gela¬
tinised in a separate vessel and rendered soluble
by the addition of a little malt, and afterwards
added to or sparged over the goods in the mash
tun.

Class II. Under this head are included ordi¬
nary cane sugar, invert sugar, glucose or starch
sugar, and dextrin-maltose.

Raw cane sugar cannot be recommended as a
brewing material, owing to the large quantities
of impurities of a dangerous character which are
always présent.

Refined cane sugar is used to a certain extent, •
but before it can undergo fermentation it has
first to be hydrated or inverted by a peculiar
unorganised ferment contained in the yeast and
termed invertase, and as this reaction tends to
weaken the yeast to a certain extent as well as
favour the production of lactic acid, it has been
found more advantageous to use cane sugar
which has been previously inverted. This is
done by means of sulphuric acid, which is after¬
wards neutralised with calcium carbonate, and
the inverted sugar freed from the calcium sul-
phate by filtration is further purified by being
passed over animal chareoal, and then boiled
down under diminished pressure to a thick
syrup, in which state it is sent out by the
manufacturer.

24. Hops. The hop plant belongs to the nettle
family, and is a perennial climbing or rather
twining plant. It is found in the wild state ail
over Europe, and is propagated not by seed but
by sets or suckers thrown up from the root,
which is perennial, the stems dying down at
the approach of winter, and fresh ones coming
up each spring and often attaining a height of
thirty feet or even more. The hop plant bears
two distinct kinds of flowers, maie and female,
and these flowers again are produced on distinct
plants ; of these only the plant bearing fe¬
male flowers is cultivated, the maie plant being
rigidly excluded from most hop plantations.
The flowers, which are the only parts of the
plant of any use to the brewer, occur in the
form of peduncles or cônes, consisting of a sériés
of scales or carpels lying above each other so as
to form a cone. On the inner side and on the
lower edge the carpel is turned over and incloses
at first the female flower and afterwards the
fruit developed from the flower. The fruits of
the hop are round hard granules or little nuts ;
these fruits and the inner sides of the scales are

thickly covered with a fine yellow dust—the so-
ealled lupulin. Under the microscope this dust
is seen to consist of numberless granules, these
granules being composed of glands, which ave
formed by the union of several simple cells.
These glands are hollow, and this hollow
space is filled with hop oil, resin, bitter prin-
ciple, &c.

As a rule, the value of the hop may roughly
be determined by the quantity of lupulin it
contains.

Hops are principally cultivated in the coun-
ties of Kent, Surrey, Sussex, and Worcester.
The Kent hops are in much repute, and more
especially that variety known as Golding, being
rich and délicate in flavour ; the Sussex hops
are somewhat coarser in flavour than Kent, and
perhaps do not présent such a pleasing appear-
ance to the eye, but nevertheless are good useful
hops for running beers or for mixing with Kents
for higher-class aies.

Worcester hops are milder than the above,
and in some breweries much preferred to any
other. Of late years bad seasons and the attack
of the hop-aphis have done much to deteriorate
the quality of English hops, so that at présent
large quantities are imported from Germany and
America ; but foreign hops lack that delicate
aroma and flavour peculiar to English growth,
and are as a rule only used for the lower quality
beers. Hops, in order to be kept for any appré¬
ciable time, require to be thoroughly dried ; the
hop cônes, after they are picked, are spread out
on the floor of a kiln, where they are dried by
artificial heat. Sulphur is often sprinkled on
the kiln fires, and the sulphurous acid gas thus
produced passing through the hops bleaches
them, so that hops naturally dark in colour or
unsightly in appearance are rendered more
pleasing to the eye and fetch a higher price.
Thausing claims that it is decidedly bénéficiai
to subject hops to the sulphuring process on
kiln ; but, unless where the mildew and other
parasitic diseases have made their appearance,
sulphuring is decidedly injurious as well as en¬
courages fraud. On the other hand, it seems
to be a pretty général custom nowadays to
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sprinkle the hop plants whilst growing with
flowers of sulphur, to prevent or destroy certain
diseases which attack the plants at various
stages of their growth—such as mildew aDd
blight—but it is évident that very little of this
is to be found on the hop cônes after picking ;
but even if any should remain adhèrent, being
présent as free sulphur it can have little or no
effect on the constituent principles of the hop.

In order to estimate the value of hops with-
out baving reeourse to analysis, the following
physical features may be taken into considéra¬
tion : the fineness of the aroma, the proportion
of lupuline which the cônes contain, the pro¬
portion of stalk, seeds, and impùrities which
aocompany the hops, and the général appearance
of the cônes themselves.

25. Chemical composition of hops. Hops con¬
tain, besides cellulose, woody fibre, water, and
ash, certain substances, more or less soluble in
boiling water, and which give that agreeable
bitter and aromatic flavour to beer. These eon-

sist of hop oil, resins, bitter substance and
tannin, but up to the présent very little is known
of any of these bodies.

The hop oil is an essential oil, giving to
the hop its characteristic agreeable smell. It is
présent to the extent of about 0-8 p.c. in the
glands of the hop cone, and may be obtained
by distillation in a current of steam, the volatile
oil floating upon the surface of the condensed
water in the receiver, from which it may be
separated by décantation. During the boiling
of the hops with the wort in the copper the
greater portion, if not ail, of this oil becomes
volatilised and lost to the brewer ; hence a pro-
cess has been recently introduced for extracting
this oil from the hops previous to boiling, and
afterwards adding it either to the wort before
ordinary fermentation or to the finished beer.

When obtained from fresh hops, the oil has
a light yellow colour, hot burning taste, and
agreeable aromatic smell. It is only slightly
soluble in water, but freely so in alcohol, ether,
and light petroleum. Not only is the hop oil
volatilised at température of boiling water, but
also slowly at ordinary températures and by ex-
posure to air is easily oxidised into volatile acids,
especially valerianic acid, to the presence of
which the peculiar odour found in old hops is due.

This hop oil is generally found intimately
mixed up with resin, which it seems to be capable
of dissolving to a certain extent. It seems very
probable that the resins of the hop (three of which
liave been determined) are the results of the oxi-
dation on the one hand of the hop oil, and on the
other of an organic acid. Bungener (Bl. 45, 9),
who has isolated it from hops and studied its
properties, has termed it lupulinie acid. Hay¬
duck (WochenschriftfiirBrauerei, 1887, 347) has
detected three différent resins in hops—one a soft
resin, precipitable by lead acetate and soluble in
petroleum ether; a second also soft resin, soluble
in petroleum ether, but not precipitable by lead
acetate; and a third one hard and solid, not
soluble in petroleum ether and not precipitable
by lead acetate. Experiments made by Hayduck
show that the second of these resins is identical
with the soft resin formed by the oxidation of
Bungener's lupulinie acid, whilst the third resin
is due to the oxidation of hop oil. Hayduck

also shows that the soft resins possess highly
antiseptic properties, whilst the hard one ehecks
to a certain extent the rapidity of fermentation.
It was found that when these resins were re-

peatedly extracted with water the aqueous solu¬
tion gradually decreased in antiseptic power ;
hence it clearly tends to show the unadvisability
of boiling hops more than once, since the first
boiling would probably extract the greater por¬
tion of the soft and more soluble resin.

The tannic acid which occurs in hops is a
fawn-coloured powder, easily soluble in water
and iveak alcohol but insoluble in ether. In
aqueous solution it gives a dark-green coloura-
tion with ferrie chloride, and possesses the pro-
perty of precipitating in flocks the albuminous
bodies of malt wort. It is therefore an eminently
useful substance in the manufacture of beer.
Erom the foregoing it will be readily seen that
really the only substances in hops of any use to
the brewer are the soft resins and tannic acid.
These soft resins are readily oxidised into the
hard and insoluble variety, while tannic acid is
capable of being converted in like manner into
gallic acid, a substance possessing very few of
the properties of tannic acid. It is not then
a matter of surprise to assert that old hops
are of little or no value, for considering the
loose manner in which they are housed in most
breweries, subject to every variation of tempéra¬
ture and freely exposed to the air, changes in
the composition of the active principles must of
neeessity take place in a more or less rapid time,
rendering them eventually of little or no value
to the brewer. Therefore, in order that hops
may retain to a certain extent those active
principles intact for an appréciable time, they
should, after drying and pressing, be packed in air-
tight tin cases, which should not be opened until
the hops contained therein are required for use.

26. Yeast and fermentation. Before the
classical researehes of Pasteur various théories
were advanced to account for the phenomena
connected with fermentation, but he was the
first chemist who proved that the process of
fermentation was due, not to a peculiar proto-
plasmic substance secreted by the yeast fungus,
but that the presence of the plant itself in the
saccharine liquid is essential to alcoholic fer¬
mentation, and that the yeast cells have the
power, in the absence of the oxygen of the air,
of splitting up sugar into alcohol and carbonic
acid, and deriving the oxygen necessary for their
support and nourishment by that means.

Pasteur has shown that easily fermented
saccharine solutions can remain for years with-
out decomposing, even when the air has access
to them, provided that the living germs which
were originally présent in those solutions be first
destroyed by heat, and that care be taken not to
let any but absolutely pure, that is, germ-free
air enter those solutions afterwards. But the
moment impure air was allowed to enter the
liquid, or the minutest portion of living yeast,
fermentation was rapidly set up.

Pasteur has also shown that associated with
ordinary yeast are to be found in most fermenta¬
tions and beers a great number of organisms of
quite a différent appearance and character to
yeast cells, and which may ail be classed under
the général term of bacteria, and he proved most
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conclusively that these organisms are capable o£
and. do give rise to the various diseases to which
beeris snbject. Or in other words, that, in addition
to the healthy fermentation of saccharine solu¬
tions carried on by Sound yeast, these other
organisms, if présent, are also capable under
certain conditions of carrying on fermentations
which give rise to products other than alcohol
and earbonic acid. Hence these bacteria or false
ferments havebeen classified and named accord-
ing to the functions they fulfil or the products
they give rise to.

Those organisms which induce alcoholic
fermentations in a saccharine solution are known
under the général name of saccharomyces, and
since under normal conditions they reproduce
themselves by gemmation or budding, they have
been assigned to that division of the great fungus
group known as budding fungi. In brewing
technology they are known under the général
term yeast. Yeast cells are either single or occur
in groups or strings ; each cell consists of a thin-
walled sac or bag containing a semi-fluid matter,
in the centre of which there is often a space full
of a more clear and waterv fluid than the rest,
which is termed a vacuole. The sac is com-

paratively tough, but it may easily be burst, when
it gives exit to its contents, which readily diffuse
themselves through the surrounding fluid. The
whole structure is called a cell, the sac being the
cell wall and the contents the protoplasm.
Under a high magnifying power each cell is seen
to be round or oval, and on the average about
jJjjth of an inch in diameter. An agglomération
of such cells is technically termed yeast, and to
the naked eye appears as a thick slimy cream-
coloured fluid, from which ail the moisture can
be pressed, and the residue dried at a low tem¬
pérature to a powdery mass without losing its
vitality ; but if heated in the moist state to the
température of boiling water, its fermenta tive
power is completely destroyed. Fermentation
which has already commenced in a saccharine
liquid can be stopped.by boiling it.

When a minute quantity of yeast is added to
some malt wort which has previously been
filtered bright, and is then kept in a glass flask
aX a température of about 70°F., after a few
hours bubbles of gas will be seen to rise to the
surface of the liquid, which gradually becomes
more and more turbid, and later on a sediment
will be observed at the bottom of the flask or a

seum may colleet at the surface, carbonic acid
gas being copiously evolved. If the yeast cells
be carefully examined under the microscope from
time to tirne whilst this is going on, it will be
noticed that at first the vacuoles which were

présent in every cell gradually disappear, each
cell becoming full and rounded in appearance
owing to the absorption through its cell wall of
certain nourishing substances from the wort.
Soon minute little buds will be noticed jutting
out from the sides of the cells ; these buds rapidly
grow and soon assume the size of the parent
cell, from which they finally become detached,
but not before they in their turn have developed
other buds, and these yet others, thus giving rise
to those groups or strings of cells which are
sometimes seen under the microscope. This
cell reproduction and growth is due then to the
jaourishment which the yeast dérivés from the

wort, but for some time after the yeast cell con¬
tinues to produce any buds, and even after the
rupture takes place between the parent cells and
the resulting daughter cells, the former still
continue to absorb various substances from the
liquid. This may be looked upon as a kind of
fattening process, and is due to the assimilation
by the yeast of certain nitrogenous matters con-
tained in the worts. Hence, the process of fer¬
mentation of malt worts may be regarded as
first an absorption of carbohydrate substance by
the yeast cell, the transformation of this sub¬
stance into alcohol and carbonic acid, whilst at
the same time the oxygen derived from this
décomposition enables the yeast cell to thrive
and grow and to put forth buds.

When this period of growth is accomplished a
fattening of the cells takes place at the expense
of certain nitrogenous substances known as
amides ; if these be not présent, no fattening
takes place, and the yeast becomes starved, as it
were, and perishes ; if, on the other hand, there be
a large excess of these nitrogenous matters in the
worts, the yeast cells become overfed, and theii
capacity for reproduction considerably dimin-
ished, for it has been found that the power of mul-
tiplicatipn and the formation of new cells de-
creases with the increase of nitrogen in the yeast.

As a matter of fact, a wort produced entirely
from malt contains a very large excess of these
assimilable nitrogenous substances, therefore it
has been found advantageous by brewers to re¬
place a certain proportion of the malt, generally 1
to y, by invert sugar or some other form of sac¬
charine substance devoid of nitrogenous bodies.

Not only 'has Pasteur established the fact
that fermentation is due to the development and
growth of yeast in saccharine solutions, but he
also has shown that there are several distinct
speeies of yeast, each one differing from the
other in functions and properties, and of the
several speeies which are capable of inducing
alcoholic fermentation he identified the following
as being présent in malt worts in addition to
that speeies known as Saccharomyces cerevisiœ,
the true beerferment, Saccharomyces pastorianus,
S. ellipsoideus, S. exiguus, and S. apiculatm.
These he found were always présent in the atmo-
sphere as well as on the surface of ail fruits, so
that if some sweet wort be freely exposed to the
air it will in the course of a few hours manifest
ail the signs of alcoholic fermentation ; but, in
addition to these various speeies of yeast, spores
of bacteria and moulds will also manifest them¬
selves and develop, so that after a few days, if
left to itself, this wort becomes quite turbid, is
covered with a thin film, emits a disagreeable
smell, and soon putréfiés. Hence the necessity
for boiling the wort before fermentation ; by this
means ail the spores which may have been pré¬
sent, derived in great part from the surface of
barley or malt, are killed and the wort rendered
free from ail foreign germs, and ready to undergo
a true yeast fermentation.

But although Pasteur has directed attention
to the presence of these other forms of saccharo¬
myces or wild yeasts, as they are now termed, in
fermenting worts and beer, he does not tell us
how to introduce into the liquid about to be fer-
mented a seed yeast which is really free from
ail such forms of wild yeast. This work was
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reserved for Hansen, and was brought to a most
successful issue by him. He started with the
idea of cultivating a orop of yeast from a single
selected yeast cell, and pure yeast thus procured
was first used for brewing purposes at old Carls¬
berg Brewery, near Copenhagen, in 1883 (Med-
delelserfra Carlsberg Laboratoriet, 1881). Sinee
tben, carefully selected types of yeast from pure
cultures on this method hâve been introduced
into ail the leading breweries of Denmark, Nor-
way,and Bavaria, with the mostmarked suecess.
So far, ail the work that lias been done with pure
yeast relates to that partieular variety which is
employed on the Continent and known as bottom
yeast or low fermentation yeast, so. called be-
cause the fermentation is there carried on at a

low température (47°F. or even lower), and is a
slow process extending over some weeks, during
which the yeast sinks to the bottom of the vats
or casks, in contradistinction to the English
method of fermentation termed high fermenta¬
tion, and the yeast, top yeast, because here the
process is conducted at a high température corn-
mencing at about 60°F. and running up to 70°!?. or
more, so that the fermentation ismuchmorerapid
and the yeast thus produced rises to the surface
and works out of the bungholes of the casks or is
skimmed off the surface of the fermenting tuns.

Nothing has yet been practieally done in
England on the large scale in the way of pure
yeast cultivation, although several experiments
have been made in this direction at Burton-on-
Trent with différent species of pure yeast, but
there are yet many difficultés connected with
the English System of brewing to be overeome,
and from which our continental neighbours are
exempt. However, ' sufficient has already been
done to prove that in ordinary brewery yeast we
(English brewers) also possess a mixture from
which, by Hansen's method, several varieties of
S. cerevisiœ can be separated, which cannot
microscopically be distinguished from each
other, but which when used upon a practieal
seale give entirely différent results, both as to
ilavour, brightening, atténuation, and mode of
séparation of the yeast. Experiments have also
shown that these characteristics can be main-
tained unimpaired throughout a very great
many successive fermentations in the brewery '
(Morris, S. C. 1.1887, p. 113).

Hansen found that partieular fomis of disease
which manifest themselves in beers after it has
been stored in cask are due to the presence of
species of wild yeast (Meddelelser fra Carlsberg
Laboratoriet, 1883), and notably to certain varie¬
ties of S. pastorianus, but he has also shown
that if these wild types are présent to the extent
of not more than 2-5 p.c. on the total quantity
of yeast, they do not develop their partieular
form of disease. Brown and Morris (Non-erys-
tallisable Products of the Action of Diastase
upon Starch, C. J. 1885, 569) have found
that some of these ' wild types of yeast,' S. pas-
torianus and S. ellipticus, which with other
species constitute the seeondary ferments of our
high fermentation beers, are capable of first
hydrolysing the dextrin to maltose and then
fermenting it, and these results have been fully
confirmed by the author on the large scale in
the brewery. It is perfectly certain that the
' sick frets' and other diseases which prevail in
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summer time amongst certain kinds of beer, are
due to the presence in large quantity of these
wild yeast types in the beer.

As we have seen, the microscope does not
enable us in some instances to differentiate one

form of yeast from that of another, and in order
to be able to do this some other method must
be resorted to. It has long been noticed by
many observers, more especially by Rees, Engel,
and Brefeld, that under certain conditions the
yeast cell, instead of throwing out a bud multi¬
plies itself. in another way, its protoplasm divides
itself into four masses termed ascospores, each
of which surrounds itself with a cell wall, and
the whole are set free by the dissolution of the
cell wall of the parent.

Hansen found that the ordinary bottom fer¬
mentation yeast only formed spores at 25°C.
after some days, whilst the wild forms are
capable of forming ascospores at this tempéra¬
ture in a few hours, and upon these results
Holm and Poulsen (Meddelelser fra Carlsberg
Laboratoriet, 1886) have based a method for the
practieal analysis of brewer's yeast. The method
of procédure is as follows. A small quantity
of the yeast to be examined is spread on a small
sterilised block of plaster of Paris ; this block is
then placed in a fiât covered glass dish and
kept moist by water previously poured into the
dish. This is then placed in the thermostat oi
forcing chamber and kept at a température of
25°C. for forty hours. At the end of that time it
is carefully examined under the microscope,
when the spores, if any wild yeast be présent,
will be seen as round bodies within the eell wall.

Yeast has always been classified as belonging
to tlie fungoid group of plants, but those other
organisms which also have the power of in-
ducing fermentation other than alcoholic in
saccharine solutions, have been regarded by tbe
older observers as belonging rather to the animal
than to the vegetable kingdom, chiefly on ac-
count of their motility and in the absence of the
basis required for a more exact comparison, but
later investigators see no reason for separating
them from the yegetable kingdom, although ail
that can yet be said of them is that they may be
classed as bacteria, and 1 are a group of simple
plants of a low order.'

Of tbese the species best known to us as
oceurring in beer are Bacillus subtilis, Bacillus
amylobacter, Bacterium termo, Bacterium aceti,
Bacterium lactis, and Sarcina. There are other
species of which little is known, but which are
often met with in old beer, such as the ropy
ferment, colour bacterium, certain forms of vibrio,
spirillum, &c.

These constitute what are known. as the
disease germs of beer, and generally develop
under favourable conditions in the finished beer
after it has been some time in cask or bottle.
Bacterium aceti has the power of converting
the alcohol of the beer into acetic acid, B. lactis
attacks the saccharine matter, converting it into
lactic acid, whilst butyric acid is supposed to be
derived from the further fermentation of lactic
acid by means of Bacillus amylobacter, or from
sugar along with butyl alcohol by means of the
same organism. These three forms of bacteria,
along with B. subtilis, are perhaps those most
commonly oceurring in beer.
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A few forms of mould are sometimes met
with, such as Mucor racemosus, Pénicillium
glaucum, Aspergilhis niger, but space will not
permit to treat further of this subject.

27. Having very briefly glanced at the dif¬
férent materials used in brewing, we proceed
next to consider the various processes involved
in the manufacture of beer.

Préparation of malt for mashing. As soon
as the malt is delivered at the brewery it is
further cleaned by screening from adhèrent dust,

^ elevator mould spores, and small
corns. It is then de¬
livered into a small
hopper, from which it
passes to the malt rnill.
This consists of a pair of
smooth steel rollers, or,
preferably, of two pairs
of such rollers, one pair
of rollers being set to a
wider gauge than the
other. When passing
through such a set of
rollers the larger corns
are crushed by that pair
which is set so as to
crush them suffieiently
but not too much, whilst
the smaller corns pass on
to the other pair, which

are set at
a narrower

gauge so
as to en-

sure the
complété
crushing
ofeveryin-

dividualcom. By this means a eom-
paratively even grist is obtained.
As the malt is ground it passes to
the grist case (c, Fig. 8) which is
generally placed over or has com-
mand of the masli tun.

The grist case should be made
of well-seasoned pine or deal, planed
smooth and well jointed, and should
be lined with sheet zinc, or it may
be constructed of galvanised iron.
Thebottom of the grist case must be
of sufficient slope to.allow of the
grist falling easily and readily into the mashing
machine, and is provided at the bottom with a
sliding valve.

28. Mashing process. From the grist case
the crushed malt passes on to the outside
mashing machine, where it meets with the
mashing liquor at a température varying, ac-
cording to circumstances, from 160°F. to 170°F.
The malt and water are here thoroughly
mixed before running into the mash tun. The
best form of machine for this purpose, and
the one most generally employed, is Steel's

1 For tlie drawings of brewery plant tlie autlior is
indebted to Mr. J. Oxley, Brewers' E'ngineer, Frdme.

masher, of which a section is sliown at fig. 8, n.
This consists of a horizontal cylinder closed
at one end and open at the other, from 3 to
6 feet in length and from 8 to 22 inches in
diameter. It is fixed horizontally above the
level of the upper edge of the mash tun and is
usually furnished with a shoot whereby the
mash may be conducted into one or more tuns.
For instance, where two mash tuns are employed,
the steel masher is fixed between the two tnns
in such a way that it can be used for either one
at pleasure. Inside the cylinder and running
its whole length is a shaft provided with spokes
at short and regular intervais, and of such a
length that they just revolve freely inside the
cylinder as shown in section.

The shaft is driven by a pulley, and the grist
is fed into the upper side through the upright
T-piece, the water from the hot liquor back
meeting the grist at this point.

A slide, accurately adjusted by means of a
serew, régulâtes the fall of the malt, whilst a
screw tap allows for the admission of the proper
quantity of water.

The process of mashing is carried on in a
vessel ealled a mash tun, e. This may be made
of wood, wood lined with copper, or of iron, but
the material most generally employed is wood.
In this case it is constructed of staves of best
English oak, with a bottom of Dantzic fir. The
staves should not be less than two and a liait
inches thick for small tuns, which must be in-
creased for larger tuns in proportion to their
size. The mash tun is provided with a false
bottom, an internai mashing machine, and a
pipe, termed an underlet, for introducing hot
liquor from the main into the mash tun when de-
sired. The capacity of the tun should be such as
to allow three and a half barrels for every quarter

of malt to be mashed ; to this must
be added an allowance of 3 inches to
the depth of the tun.

The false bottom, of such athick-
ness as to leave a space of two inches
in depth between it and the real
bottom of the tun, consists of a

of well-fitting stout sheet
copper
plates per-
forated
with small
holes or

slots one-

eighth of
an inch in
size and
about one

inch apart,
and supported by wooden bearers. The in¬
ternai mashing machinery consists of a hori¬
zontal shaft rotating at a level of about half the
depth of the tun round a central vertical shaft
as well as on its own axis, and fitted with light
iron bars placed at regular intervals along the
length of the shaft, which by their motion more
effectually mix up the grist in the tun.2

One or more pipes, termed underlets, by
means of which hot water can be introduced
into the tun under the false bottom for the pur-
pose of raising the température of the mash

2 For large mash tuns two such sliafts arc employed.

Fig. 8.:

IRIS - LILLIAD - Université Lille 1



BREWING. 371

when required, should be affixed to every mash
tun. This heating is ternied piecing up, and the
bot water run in for the purpose, piece liquor.

The relative proportions of a mash tun are a
matter of some importance. The following table,
given by Southby for the form of mash tun we are
describing, shows these proportions as follows :

Table V.

Quarters
of malt
mashed

Diameter
of tun

Depth
of tun

: Quarters
of niait
mashed

Diameter
of tun

Depth
of tun

ft. in. ft. in. ft. in. ft. in.
5 5 2 5 1 25 10 2 G 5
8 6 4 5 5 30 11 0 6 6

10 7 0 5 C 40 12 6 G 9
12 7 7 5 8 50 13 9 7 0
15 8 4 5 10 75 16 3 7 6
20 9 4 6 1 100 18 1 8 0

For the purpose of drawing oiï the aqueous
extract of the malt, or in technical language

sweet wort, the bottom of the mash tun is pro-
vided with a suitable number of pipes, which
should be attached at regular intervais to the
bottom of the tun so as to ensure an equal
draught from every portion. Of course the
number of such draw-off pipes must vary with
the size of the tun. A 25-quarter mash tun
should have at least six draw-off pipes.

The mash tun in ail instances is provided
with a cover. This should be carefully made
and should fit well ; it prevents the cooling of
the mash and protects the surface of it from
dust.

This cover may be of two forms, square top
and conical, but the one to be most preferred is
undoubtedly the conical. The square top, which
is of the same diameter ail the way up as the
mash tun and is from two to two and a half feet
in height, is provided with doors or sliding
shutters. The great objection to this form is
the large amount of space left above the mash,

Fis. 9.—Masiiixo Koom in Messes. Wokthington & Co.'s Bkeweky, Bukton-on-ïkent.1

and the facility afforded by the fiât top for the
collection of dust.

The conical cover is made in irregular sections,
ail of which are removable, whilst the objections
to the square top are reduced to a minimum.

The draw-off pipes to which taps are affixed
are carried separately from the mash tun to a
amall receiving vessel termed the ' underback,'
into which the wort from each tap flows, and is
conveyed from this to the copper.

Figs. 9 and 10 give a général view of ail the
mashing arrangements described above.

As we have said, the malt as it leaves the
1 This, with fîg. 15, are taken from Noted Breweries of

Great Britain, by kind permission of Sir J. Oauston & Sons.

grist case meets in Steel's mashing machine
with the hot liquor, and both, thoroughly inter-
mixed, are run into the mash tun. As soon as
ail the grist is run in, a few gallons of mashing
liquor are run through the Steel's masher, and
then the rakes are set going, two turns round
the tun being considered sufficient. The tem¬
pérature of the mash is then taken ; this may
vary from 140°P. to 150°F. according to the
practice of the brewery. If this initial tempéra¬
ture is not up to the proper point, then some more
hot liquor is introduced through the underlet
until the right température is attained, the
covers are shut up and the mash allowed to stand,
generally for one and a half to two hours.
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29. The chemicalchanges which occur during
mashing. When ground malt is brought into con¬
tact with water at the mashing température, the
starch which it contains becomes first gelatinised
and then, in presence of certain albuminoid
bodies collectively termed diastase, is rapidly dis-
solved and converted into dextrin and maltose ;
the other carbohydrates, such as cane sugar,
dextrose, and lœvulose also enter into solution,
as well as certain nitrogenous bodies termed
amides. At the same time certain other nitro¬
genous bodies more or less insoluble in water
are also acted upon by the diastase, becoming
converted into peptones. There is also evidence
that at least a portion of the cane sugar is by the
same active agent transformed into invert sugar.

Recent researches have proved most con-
clusively that when gelatinised starch is acted
upon by diastase it is split up into dextrin and
maltose, and, under certain conditions, into
maltodextrin as well, and that this change is a
molecular one, and does not take place according
to one équation but to several, depending upon
the température at which such a transformation
is effected, and that the conversion afterwards
of the dextrins first formed into maltose is a

slow and graduai act of hydration. In ail proba-
bility the molecular transformations of starch
may be represented by at least eight possible
équations, depending upon the température at
which such transformations are effected.

The following table gives the respective pro¬
portions of maltose and dextrin corresponding
to these eight équations, as well as the cupric
oxide reducing power K and spécifie rotatory
power }a|n (3-86 divisor), for the joint products
of each of these transformations :

Table YI.

Ko. of
Transfor¬
mation

Maltose Dextrin K {°}d Besulting
Dextrin

Soluble
starch

1
}°

10-4

0

89-6

0

6-4

195-0

188-6 { Erythro-
dextrin a

2 20-8 79-2 12-7 182-4 „ 0
3 31-0 69-0 18-9 176-2 1 Achroo-

dextrin a

4 41-3 58-7 25-2 170-2 „ 0
5 51-3 48-7 31-3 164-3 » y
6 61-1 38-9 37-3 158-4 » s
7 71-0 29-0 43-3 152-5 .. e
8 80-8 19-2 49-3 146-7 „ C
9 90-3 9-7 55-1 141-0 .. i

Maltose — — 61-0 135-4

Throughout the whole range of the transfor¬
mations of starch eonducted with malt extract
under the most varying conditions, results may
be obtained which are always compatible with
the hypothesis that the hydration and splitting
up of the molecule of soluble starch are attended
with the production of (1) a crystallisable body,
maltose, having a spécifie rotatory power of
{ct}„ = 135-4, and a cupric oxide reducing power
of K = 61, and (2) a sériés of non-erystallisable
polymeric bodies, the dextrins, ail having the
same spécifie rotatory power of jaj„ = 195° and
no cupric oxide reducing power whatever.

7ING.

The influence which température exerts upon
the transformation is readily seen on referring to
Table VII., where is shown a sériés of curves for
transformations made under varying conditions
of température, and taken frorn Brown and
Heron's paper on the Transformations of Starch
(J. C. S. 1879, p. 596). It is at once évident
from these curves that the percentage of dextrin
in any given transformation is directly propor-
tional to the température, whilst on the other
hand the maltose is inversely so. ffe are also
struck with this remarkable fact, that with the
exception of the transformation carried on at
C6°C. (150*8°E.), the conversion of starch into
dextrin and maltose, and the subséquent hydra¬
tions of the higher dextrins into the lower seem
to be almost completed by the end of the first
fifteen minutes, and even for the transformation
at 66°C. there is a fall of angle of only 10° from
fifteen to sixty minutes, whilst for the first fifteen
minutes the fall is three times as niucli.

Table VII.

t me >r
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20 25 30 35 *0 *5 50 55 60

216
2" '

2.2 l
2.0
208 V
206 A
20t \ ^
20? \
200

198 \ ^
196 A-
m4
192 V r~
190 s
.08 k
.86 S
.84. S
<92 S
.80

f7s
176
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158
a

156
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a. Transformations with unheated malt extract at
40°-50°C.; b. Ditto, heated to 60°C. ; c. Ditto, heated
to G6°C. ; d, e. Ditto, heated to 75°0.

On the large scale in the brewery, where the
proeess of mashing is carried on under the
normal conditions, the transformation shown at
66°C. is the one wliich usually takes place.

This may be seen by referring to the curves
shown in Table VIII.

These were deduced from a sériés of polarisa¬
tions of worts from malt mashed under similar
conditions—(a) in the laboratory, (6) in the
brewery, water at the rate of two barrels per
quarter of malt being used in both cases, and
samples were taken every fifteen minutes from
time of finishing mashing.

On oomparing these with Brown and Heron's
curve for starch transformations at 66° we are

at once struck with the great similarity which
exists between them, the nature of the curves
being almost exaetly the same in botb cases, a
comparatively rapid fall occurring during the
first thirty minutes, slow and regular hydration
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proceeding afterwards, but only to a slight ex-
tent, the différence in spécifie rotatory power
between 30 minutes and 120 being only about
7° in eaoh case, so that it may be taken for
granted that the dextrin maltose ratio tliat is
to obtain in the resulting wort is practically
decided during the first thirty minutes. On eom-
paring the curve at 66° in Table I. with those at
liigher and lower températures, it would appear,
cnriously enough, as if this température for
mashing were just on the boundary line as it
were, a few degrees either higher or lower giving
fforts highly dextrinous and poor in maltose, or
else the very opposite.

Seeing then what a very great influence a
few degrees of température would appear to
exert upon the composition of the wort, too
much stress cannot be laid upon the necessity
of attending carefully to the initial température

Table VIII.

of the mash, and there can be little doubt that
the polarisation of samples of wort taken, say,
at fifteen, thirty, and forty-five minutes from
iime of finishing mashing, would give an in¬
telligent brewer much valuable information as
to the relative diastatic eapacities of the several
malts he may have to deal with, enabling him to
form a pretty accurate idea as to the most suit-
able températures for future mashings, and giving
him a more perfect control over the subséquent
opérations of sparging, pitching, attehuating, &e.

During the opérations of sparging some of
the tarder portions of the starcli whieh had
hitherto escaped saccharifioation become dis-
solved out and transformed by the diastase still
remaining into dexlrin and maltose. If the
sparging be applied at too high a température
this stareh becomes gelatinised, but, in great
part unconverted owing to the destruction of the
diastase at these températures, passes on into the
wort, and although this stareh of itself exercises
very little if any injurious influence on the
finished beer, it nevertheless serves as an index
of other dangers, for the high sparging tempéra¬
tures which bring into solution some of the pre-
viously unacted upon stareh, also cause some of
those nitrogenous bodies which at the ordinary
mashing température are quite insoluble, to be¬
come partly soluble, especially in the presence
of the saccharine matter of the wort ; and these,
finding their way in a state of semi-solution into
the finished beer, cause a persistent cloudiness
which neither finings nor storage can remove,
besides offering encouragement to the develop¬

ment of hurtful germs ahvays présent to a greater
or less extent in freshly racked beer.

As soon as the mashing process is considered
to be complété, the taps leading from the various
underlets are opened, gently at first and after¬
wards more quickly, till the liquor runs half-bore
and the wort is allowed to flow into the underback.
The first few barrels that come over aregenerally
cloudy, owing to the presence of small particles
of the mash which have passed through the per¬
forations in the false bottom, and partly from a
réduction, of température of the wort through
coming in contact with the cold pipe. This
cloudy wort is returned to the mash tun. As
soon as the taps begin to run fairly bright the
wort is allowed to flow from the underback into
the copper.

When the mash is completed and the wort is
running into the copper, the température of the
liquor, or tap heat, as it flows from the taps is
taken. This is generally done about half an
hour from time of first setting taps.

30. Sparging. After a certain number of
barrels of wort have been drawn off, a further
quantity of mashing liquor is sprinkled over the
goods by means of a sparger, for the purpose of
washing out as completely as possible the wort
still adhering to the insoluble matter or grains in
the mash tun. The sparger (fig. 8, e) consists of
two or more hollow arms perforated along one side
and extending to the sides of the mash tun. They
are connected with a central basin through which
the uprightsliaft of the mashing machine passes,
and the basin runs on wheels fixed to a carriage
on the upright shaft. The mash liquor flows
into the central basin, thence along the arms
and through the perforation, causing the arms
to revolve ; by this means the whole of the
goods are exposed to a washing opération,
whereby the greater part of the residuary wort
matter adhering to the grist is abstracted.
Most brewers begin sparging shortly after
setting taps, and keep the sparges going con-
tinuously until the whole'of the wort matter has
been got away from the grains ; others do not
commence to sparge until one-fourth, one-half,
or even three-fourths of the strong liquor has
been drawn off. It is préférable to start sparging
when the first ten barrels of wort are in copper,
at the rate of one-half to three-quarters of a
barrel per quarter of malt, at a température of
170°!?., and until the upper layers of the mash,
which have begun to cool somewhat, are again
at the normal température, the sparging liquor
is then cooled to 160°F. and the sparging carried
on continuously at this température until the
copper is made up. If higher températures
than these are used a risk is incurred of dissolv-
ing out some of the unaltered stareh, of which
there is always to be found a small portion
remaining in the grains and which has not been
actecl on by the diastase of the malt.

When the gravity of the wort running from
the taps has fallen to about sp. gr. 1005, it is
advisable to shut off the taps.

31. Boiling. As soon as the wort leaves the
mash tun it is, as we have already seen, either run
directly into the copper or eollected first in an
intermediate vessel called the underback, but it
is advisable that it should remain only a short
time in this vessel so as to prevent any appreci-
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copper ïs half full. Both methods are verv objec-
tionable ; the addition of the hops to the copper
ought to run pari passu with the inflowing
wort. By this means we get a more regular pré¬
cipitation and coagulation of certain albuminous
substances from the wort, and a more even ex¬
traction of the bitter and resinous principles of
the hop, the resuit being a well broken, regular
wort and superior flavoured beer. A favourite
plan in many breweries, and one which for
several reasons is to be strongly recommended,
is to reserve the last tenth part of the hops, and
which should be of superior quality to the rest
of the bulk, until about ten to twenty minutes
before turning out the copper, the effect of this
being to give a certain amount of aroma and
hop flavour to the wort, and which enables the
objeetionable practice of dryhoppingto.be dis-
pensed with. We have assumed that the whole
of the wort from one brewing is boiled at once
in one copper, and, where practieable, this is byfar

the best plan ; but more often the wort from
one brewing is divided between two coppers, tlie
stronger wort being boiled in the first copper
with the whole or greater part of the hops,
whilst the last half and weaker portion of the
worts is run into the second copper and boiled
with the already exhausted hops which are re-
turned from the first copper. This is a very
objeetionable as well as dangerous method of
procédure. The first copper wort will contain
proportionately much more saccharine than
nitrogenous matter, the latter being in exeess in
the second copper ; again ail the tannin and
the largest proportion of the soluble matters are
extracted from the hops by boiling them in the
first copper, so that when these hops, which are
practically exhausted of ail their usèful pro-
perties, are added to the second copper of wort
containing relatively more albuminous matter
than the first, comparatively little précipitation
or coagulation is produced by the matter ex-

Fig. 10.—Mashing Boom, Anglo-Bavaeian Bkeweey, Shepton Mallet.

able loss of heat. As soon as the first ten
barrels are in the copper the fire may be got up,
and the température of the wort raised to about
ÎSCPF. or 190°F. At the same time a certain
proportion of the hops may be added—for in¬
stance, for a 100 barrel copper a tenth portion
of the total hops should be added, and for
every ten barrels of wort added a tenth part of
hops, and so on until ail the wort is run into
the copper or the copper is made up. As soon
as the last tenth of the hops is added the fire is
increased and the wort brouglit to the boiling-
point as quickly as possible. This is earried on
usually for one and a half to two hours.

In some breweries it is the custom to ! isp
the wort as it flows into the copper at a tenr
perature not exceeding 165° during the time the
copper is being filled. This process is ealled
stewing the worts, and is said to be often very
advantageous, especially when the malts are
déficient in diastatic power. No advantage can
possible accrue from such a process, but, on the
contrary, much liarm may resuit therefrom to the,
finished beer. With regard to the period at which
it is most advisable to add the hops, much différ¬
ence of opinion exists, some brewers not adding
any until the copper is nearlyor entirely made up,
others adding the whole of the hops before the
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tracted from the liops, wliilst a nasty, coarse,
bitter flavour is imparted to the wort, so that the
resulting beer contains an excess of nitrogenous
matter, thereby being rendered more liable to
disease, and brightening only with ditliculty.
Where it is neeessary to divide the wort between
two ooppers, the stronger wort may be run into
one and the weaker into the other, but to both
coppers fresh hops should be added in quantities
proportionate to the gravities of the respective
worts.

During the boiling of the wort with hops in
the copper, ail diastatic action is completely
dcstroyed, and the starch products become fixed,
a large proportion of the hitherto soluble albu-
minoids are precipitated, whilst a small quantity
of hop extract is added ; at the same time a
slight altération occurs in the carbohydrates
other than those derived from the starch, being
probably due to a slight inversion of a part of the
unacted-on cane sugar by the acid of the boiling
wort, but practically, the actual composition of
the Starch products is unaltered during the boil¬
ing process, so that the wort at this stage affords
a very good index as to the dextrin percentage
of the resulting beer, and lience a systematie
polarimetric examination of wort from the cop¬
per will be found to be extremely useful. It
may be taken as a général rule that the spécifie
rotatory power of a wort should not fall below
105° [a]D or rise higher than 122° [a]D, the
former indicating an abnormally low percentage
of dextrin and large excess of soluble nitrogen¬
ous matters, the latter a very high percentage of
dextrin resulting probably in extremely high
atténuations and cloudy beers, fining only with
difficulty.

When the boiling process is completed the
wort with the hops is run out of the copper
into the hopback. This is a vessel of somewhat
similar construction to the mash tun ; the sides
may be square or circulai' in shape, preferably
the latter, and is furnished with a perforated
copper false bottom. Here the wort is drained
from the hops and run into a small wooden
underback, whence it is pumped up on to
the coolers, but as the hops in the hopback
retain a certain proportion of the wort adhering
to their surface, boiling water is sparged over
them, and these spargings are added to the wort
and serve to reduce it to the required gravity.
Where brewing sugar of any description, whetlier
cane sugar, invert, or glucose, is used in the
brewing, it is best to add the requisite quantity
previously dissolved in boiling water to the
wort in copper about fifteen minutes before
turning out ; the usual proportions are from one-
third to one-fifth of the quantity of malt used,
2 cwt. of sugar being reckoned to be équivalent
to the extract yielded by 1 quarter of malt. The
quantity of hops used will of course vary with
the gravity as well as quality of the wort. In
Burton as much as 20 lbs. of hops per quarter of
malthave been used for export pale aies, but for
ordinary pale aies from 10 lbs. to 15 lbs. is the
usual proportion, less being required where malt
substitutes such as invert sugar or glucose are
used.

Of late years the practice of boiling the worts
in wooden backs by means of steam at high
pressure has been introduced into certain

breweries, and is strongly advocated by some
brewers as being superior to boiling by fire.
Boiling by steam certainly entails less labour,
but there can be no doubt that if a brewer wishea
to produce a beer that will keep sound for any
length of time, the wort must be thoroughly well
boiled so as to completely coagulate and Sx ail
changeable albuminous matters as well as de-
stroy ail spores of disease germs, and for this
purpose it is capable of proof that direct fire
beat is much more potent than steam heat.

32. Cooling. Coolers may be described as
large shallow tanks about eighteen inches deep,.
of such capacity as to contain the whole contents
of the • copper at one time ; thsy are generally
constructed of wood, but wood lined with sheet
copper is much to be preferred, being far less
liable to retain any contamination in the way
of spores of bacteria or mould.

The principal object in running the wort on
to the coolers is undoubtedly to lower the tem¬
pérature or to take the ' fire heat ' out of it ; but
at the same time another action is going on, the
importance of which has only been clearly
understood during the last few years, and that
is the aération of the wort or the absorption by
the wort of the oxygen of the air, either by way
of solution or of combination, for not only does
the atmospheric oxygen become dissolved in the
wort in a manner similar to carbonic acid in
water, but it actually enters into direct chemieal
combination with certain nitrogenous consti-
tuents of the wort, rendering them thereby in¬
soluble and causing suçh substances to be

deposited on the coolers. Aération has also a
considérable influence on fermentation, indeed
' in the ordinary process of brewing normal fer¬
mentation would be almost impossible, and in
every case most defective, if the wort, before
being l'un into the fermenting vessels were not
aerated by its passage over the coolers, where
the aération is more or less effective according
to the depth of liquid on the coolers.' It is
évident then that it is decidedly advantageous to
allow the wort to remain a certain time on

coolers before passing it on to the fermenting
rounds, and also that the surface liquid should
be drawn off first. This has been efïeeted in a very
ingenious manner by the arrangement shown in

11.
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Fig. 13.

down first, so that the whole or greater part of
the sediment is left on the eooler.

It likewise gets a bright wort down over the
refrigerator into the fermenting tuns, for while
the bright wort is running off from the top, the
grounds and thick sediment sink to the bottom,
and remain on the coolers.

After leaving the eoolers the wort, which is
not yet by any means eold, is passed over a re¬
frigerator, where it takes up in its passage a still
further quantity of oxygen. There are several
forms of refrigerators ; the vertical one such as
shown in fig. 12 is generally considered the
best.

These refrigerafors are made from seamless
copper tubes, with a rib or feather on bottom and
groove or channel on top side, running full length
of tube. The rib or feather of one tube is
seeurely fastened into the groove or channel of
the next tube, thus giving great solidity, and
presenting an even surface to prevent any lia-
bility of dirt aecumulating, the brewer being able
at a glance to see if the machine is perfectly clean.

The ends are fitted with gun-metal boxes
with movable caps, giving easy access for brush¬
ing out the tubes, and are especially adapted for
pumping, the tubes having no divisions to
impede the water passage.

They are fitted with adjustable feet for regu-
lating the flow of wort, and a perfeet capillary
attraction is obtained, a great desideratum in
vertical refrigerators. The inlet trough is di-
vided to secure an equal flow of wort down both
sides of the machine.

But ail the time that the wort is on the
coolers and refrigerator it is exposed to danger of
contamination with germs of disease sucli as

top of the tube and continues doing so until the
whole is run ofif from the cooler or vessel.

The supply of liquor always being taken from
the top, the brightest and coolest wort is run

fig. 11, which is the invention of Mr. S. Briggs,
of Burton-on-Trent.

This apparatus simply consists of a vertical
tube made of métal, fixed over the outlet of the
cooler or vessel.

When the wort or otlier liquid is ready to be
run off, the tube is filled with liquor, the float
placed over the tube, and the outlet tap opened ;
the wort or liquid at once begins to run over the

bacteria and wild types of yeast which are to be
found always floating about in the air. Also be-
yond a certain limit aération is inj urious to the
palate characteristics and aroma of the finished
beer, hence it is advisable that consistently with
suffieient aération the wort should be cooled as

quickly as possible, especially when it reaches a
température of 150° and lower. Coolers and re¬
frigerators should therefore be of suffieient
capaeiiy to cool the whole of one brewing or gyle

down to the required température, 58° to 60°F.,
in at least six hours, counting from the time the
first of the wort is pumped on to the coolers
until the last of it is in the fermenting vessel.
This température will vary slightly with the
quality of the wort and the température of the
atmosphère, but for beer of médium strength, and
where the atmospheric température is about the
average, 58° to GO0!1', in winter and 5S°F. in
summer may be taken as safe températures
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foi cooling the wort to, previous to adding the
yeast.

33. Fermenting. From the xefrigerator the
wort is coiiveyed by copper pipes to the fer¬
menting tuu (fig. 13, a). This is nsually con-
structed of wood, and may be square or round,
preferably the latter, as being more easily
cleansed. The wood generally preferred is
Dantzio deal, but care must be taken before
using vessels made with this wood to first remove
the resinous flavour from it before running in
the wort. The fermenting round is furnished with
an attemperator or coil of pipe through which
either hot or cold water may be transmitted for
the purpose of regulating the température of the
fermenting wort. As soon as the first ten barrels
of wort are in the fermenting tun the requisite
quantity of yeast may be added ; this is called
' pitehing.' The quantity of yeast to be added will
of course vary aocording to the strength of the
wort, the quantity of hops used, quality of yeast,
and season. For light aies and running beers
about J lb. to 1^ lbs. per barrel of wort are used,
ivhilst for the stronger aies from 1J to 3 or even
4 lbs. in some cases are used.

In général appearance the yeast should be of
a rich cream colour, possessing a sweet clean
smell. Under the microscope the cells should
be uniform in size, full and plump-looking, and
transparent, containing few, if any, vacuoles or
granulations ; the cell walls should be thick and
free from pittings, and stand well out against
the field. No signs of budding should be ap¬
parent, and no dead or shrivelled cells should be
présent. The presence of any dead cells may
easily be determined by running on to the slide
a drop of methylene-blue solution, which in-
stantly stains ail dead matter, but has no effect
on living cells. In a really good pitehing yeast
no bacteria or other germs of disease ought to
be présent, but most yeasts generally contain a
few. As a rule any sample of yeast that eontains
more than 20 short bacteria (rods) in 10 fields
ought t.o be condemned for pitehing purposes ;
the presence of any of the longer forms of
bacteria, whether straight or bent, is sufficient to
at once condemn the yeast as being a highly
dangerous one to use.

As has already been mentioned, it is almost
impossible to détermine by ordinary micro-
scopical examination the presence or absence
of wild types of yeast ; these must be looked
for by Hansen's inethod of ascospore forma¬
tion.

As soon as the wort has been cooled to the
proper température, and ready to undergo the
process of fermentation, it is, according to the
Inland Eevenue Act of 1880, run into a vessel
called the collecting vessel, where it must re¬
main for a period not less than twelve hours, or
until such time as the excise officer can détermine
its gravity and bulk for the purpose of levying
the required duty. In most breweries these
collecting vessels are the fermenting tuns them-
selves.

After ail the wort has been run into the tun
and the yeast thoroughly roused up with it, the
process of fermentation commences ; bubbles of
gas rise to the surface until, after a while, the
whole of the surface becomes covered with a

creamy froth. As the fermentation progresses

and the décomposition of the sugar becomes
more rapid, the greater is the amount of car-
bonic acid which is liberated, and the froth
swells up to such an extent that at last, not be¬
ing able to resist any further tension, it topples
over, giving rise to that ' rocky ' appearance
which is seen on the surface of healthy fer¬
mentations during the earlier stages. At the
same time the température of the liquid will be
noticed to rise steadily. If this goes on too fast it
must be checked to a slight èxtent by running
some cold water through the attemperator.
Under normal conditions a rise of 1° ought to
take place in six hours, so that at the end of about
sixty hours the température of the fermenting
wort would have risen to 70°F. ; the beer will
at the same time have attenuated to about
one-half. Thus a beer wort which had a spécifie
gravity of 1050 at time of pitehing will now
show an apparent spécifie gravity or atténuation
of about 1023.

This is about the highest point the tempéra¬
ture is allowed to rise to. When therefore this
point is reached, the séparation of the yeast
from the beer, or the cleansing process, is com-
menced.

Up to this stage from the time of pitehing,
the fermentation is very closely watched by the
brewer, and the température and atténuation
taken at intervais of about five hours. If the fer¬
mentation goes on too rapidly it is easily con-
trolled by running more water through the at¬
temperator.

When the yeast is first added to the wort it
lays hold of the free oxygen which has been
dissolved by the passage of such wort over the
refrigerators, and not until the greater portion
of that oxygen is used up do the yeast cells
begin to attack the sugars of the wort and split
them up into carbonic acid and alcohol. It lias
been found in practice that the. fermentation
proceeds more satisfactorily if a certain amount
of aération is carriedon during the process. This
can be done by pumping air into the tun of
fermenting wort, but yeast not only requires a
limited amount of air, but also a vigoroua
motion from time to time, in order to enable it
to do its work effectually as well as to render it
capable of being eliminated from the beer. Hence
a thorough rousing by means of long paddles or
oars worked with hand, or by some form of the
various machines introduced for this purpose, is
necessary at stated intervais, more espeeially
where the fermentation is inclined to be at ail
sluggisli.

34. Cleansing. The séparation of the yeast
from the beer may be accomplished in many
ways, the three principal Systems are known
as :

The cleansing System, as practised in some
London breweries, and also in Burton, but on a
very much improved method.

The skimming System, as generally adopted
throughout the South and West, as well as
many other parts of England, and

The stone square system, which is almost
exelusively confined to Yorkshire.

In London and indeed in many country
breweries the cleansing is effected by running
the beer from the fermenting tun by means of
a hose into ordinary 36-gallon casks, arranged
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in rows side by side on a wooden trough or
stillion, about two feet from the ground. The
beer remains in these easks for some days, the
bunghole being left open, and through it the
yeast works out and falls into the stillion. As
the yeast works over, more beer is added to each
eask, so that by the time the beer is freed
entirely from the yeast, each cask is fnll and
ready to be bunged up, and sent away for con-
sumption, for London beer fermented upon tliis
System is generally drunk within a week. This
method of cleansing is, however, being rapidly
replaced by the skimming System ; this in prin-
ciple simply consists in skimming oiï the yeast
from the surface of the liquid from time to time
as it rises to the top, and may be effected either
in the fermenting tun itself, or, which is much
préférable, in the cleanser. The beer, when it has
attained the proper degree of atténuation and
température, is run down from the fermenting
tun along with the yeast into a large square

by means of a plank as long as the tank is wide,
furnished with handles, and held vertically by
two men at the end opposite to the parachutes,
in such a position that one end of the plank
just touches the surface of the liquid imme-
diately beneath the head of the yeast. This
plank is then gradually moved along the length
of the tank, pushing the yeast before it. The
parachutes are fixed so that they will just receive
the yeast which overliows into them, which is
then conveyed into slate tanks plaeed immediately
beneath (see fig. 13, c). Here it is allowed to
remain for some hours, being roused occasion-
ally so as to drive otï the carbonic acid gas as
well as to enable the beer which has come over

with it to settle out, and which is drawn off
through a tap at the bottom of the tank. The
yeast is either pressed and sent away, or used
for pitching fresh wort.

After the first skimming the yeast still con¬
tinues to throw up a cleaner and whiter-looking
head, so that in about three or four hours' time
a second skimming is made, and so on every
three or four hours until ail of the yeast has
separated from the beer. It is generally found
that from four to five skimmings are necessary
to effect this. After the last skimming a thin

wooden tank called the skimming back or settlcr
(fig. 13, b). This is fitted with attemperators
which run round the sides ; at one end are fixed
two parachutes, which are simply large liât
funnels of copper having pipes 4 inches in
diameter attached to them, the whole being tinned
over, and capable of being raised or lowered
at pleasure by means of a screw and winch
handle.

When the liquor is run into the settler,
owing to the thorough aération which it receives
in so doing, a vigorous fermentation takes place,
and unless carefully watched the température
is apt to rise. At this point attemperation must
be attended to, but the fermentation must not
receive too severe a check. Soon a film of yeast
mixed with carbonic acid gas appears on the
surface of the liquid, which gradually gets
thieker, so that about 6 hours after tunning or
running into the cleansing tank, the first head
of yeast is ready to be skimmed off. This is done

but tough film of yeast forrns on the surface;
this is allowed to remain, and serves as a
covering to protect the beer from aerial contami¬
nation and from oxidation, as well as to
prevent the escape of carbonic acid. A général
view of these skimming backs is shown in
fig. 14.

It usually remains from two to three days
in the settlers after the last skimming, so as to
allow ail matters in suspension to settle out.

At the end of that time the beer, which is now
very nearly if not quite bright, is run down into
a large tank, termed a racking square, where,
after remaining a few hours, it is racked off into
trade casks, either to be sent away for con-
sumption or to be stored for some time to
mature.

The Burton Union System, as the Burton

Eia. 14.—Ton Boom at Anolo-Bavaiuan Bbeweby, Shepton Maleet.
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System of oleansing is called, may bo regarded
as the scientific development o£ tlie old London
System o£ cask cleansing on stillions. In this
System a number of casks or unions (fig. 15) capa¬
ble of holding four barrels of beer, are placed side
by side in two rows ; these are liung in sets of
twelve or more on a substantial frame, so as to
admit of a free révolution of each cask on its
axis, so tbat when the casks are to be washed
they can be filled with boiling water, bunged np,
and rapidly revolved. Supported on the same
frame, and immediately above. and running
parallel with these rows of casks, is a long
sliallow trough called the yeast trough, and at
one end and at right angles to it is another
trough called the feeding trough. From this
trough a pipe, two inches in diameter, runs

along the whole length of the sériés of casks on
either side, and is eonnected with each cask by
T-pieces and screw unions. At the highest part
of each cask is fixed a ground-brass socket, into
which is fitted a peculiarly shaped pipe of tinned
copper, ternied a swan-neck, which is arrange!
to bend over the yeast trough, and serves to
eonvey the yeast thrown off during cleansing to
this trough. In order to keep the casks full a
certain quantity of wort is placed in the feeding
trough, which is allowed to run into the casks
from tiine to time to replace tho yeast (and beer
carried over with the yeast) which has worked
over into the yeast trough. After a time the
beer carried over with the yeast separates out
and is allowed to flow into the feeding trough
through a sériés of holes in the end of the yeast

Fig. 16,—Union Eooii at Messes. Wokthington & Co.'s Beeweby, Bceton-on-Teent.

trough nearest to the feeding trough, of which it
forms one of the sides; these holes are closed
with corks, and the man in charge ascertains by
trial at which holes the beer will run off free
from yeast, and accordingly opens these in turn
so that the casks are always kept more or less
full of beer. This feeding or sparging is done
at intervais of three hours until the active fer¬
mentation has ceased. After the fermentation
has subsided, and no more yeast is observe! to
come over, the swan-necks are removed, the
casks bunged up, and the contents allowed to
remain at rest for a few days longer for the
purpose of allowing any yeast or other matters
that may bave remained in suspension to settle
down to the bottoms of the casks. The clear aie
is tlien drawn off by means of a screw tap fixed
at the lower part of each cask. The tap projects
six inches upward into the cask, so as to prevent

the sediment or grounds from being drawn off
at the same time as the clear liquor. From these
taps the finished beer is delivered by means of a
trough running underneath them into a large
settling back or raeking vessel, where it is
allowed to settle for a short time before being
drawn or racked off into trade casks.

"Where the Union System is employed no
attemperators whatever are used in the fer-
menting tuns, the time for the beer to be
tunned being regulated entirely by the tempéra¬
ture. As soon as 70° is attained the beer is
immediately run into the unions. Neither are
any attemperators used in these casks in winter,
but during the summer months free recourse is
had to attemperating. Fig. 1C gives a very good
idea of the Union System of cleansing.

Space will not permit us to enter into a
detailed description of the various other Systems
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of fermentation carried on in this country, and
to must now pass on to treat very briefly of the
German System of beer-brewing.

The German or décoction method of mashing
is generally carried out as follows :

Ground malt is run into the mash tun, in
which are two-thirds of the required water at
the ordinary température of the air ; here it re¬
mains for two hours. In the meantime the
remainder of the water is heated to boiling in
the eopper, and then run slowly into the mash
tun, the rates at the same time kept revolving
at a good speed. By this means the température
of the mash is raised to 9o°F.-100°F. The
first thick mash (about one-third of the whole)
is now drawn off into the copper and boiled for
thirty minutes, and then returned to the mash
tun, the température of which is thus raised to
116°F., the rakes being kept going during the
addition of tbe first boiled mash. A second
thick mash is now drawn off into the copper
and heated to boiling-point, and kept boiling for
fifteen minutes, and then run back again to
the mash tun, the température being now raised
to 149°F. After this the clear part of the mash
is run off and boiled in the copper for fifteen
minutes and run back again to mash tun ; the
température of the mash is now 167°F. The
mash is now covered up, and allowed to lie for
one to one and a half hours ; the taps are then
set, and the clear wort boiled for two hours
with hops at the rate of about 24 lbs. of hops to
every 100 lbs. of malt used. The wort is then
drawn off and run over coolers and refrigerator,
where it is cooled down to 40°F-, and thence to
fermenting tuns, which are generally placed
under ground in order that they may be kept
cool by ice ; and for that purpose small ferment¬
ing vessels of about twenty barrels capacity are
used. These are filled nearly full with the
wort, and bottom yeast in the proportion of
about 1 lb. to every 5 barrels of wort added ;
the yeast, previous to being added to the wort, is
first mixed with some wort of the former day's
brewing, and thoroughly aerated by repeated
pouring from one vessel to the other, and then
put aside in a warm place for some hours, so
that by the time the wort is ready to be pitched
a lot of new and vigorous yeast cells have
already formed and the fermentation is well
started. During the earlier stages of fermenta¬
tion a slight head rises to the surface ; later on
the yeast deposits on the bottom of the ferment¬
ing vessels. During this primary fermentation,
which lasts about twelve days or more, the
température of the fermenting wort is kept at
about 44°F. When the primary fermentation
is finished the atténuation has run down to
about one half the original gravity of the wort,
and the beer is run off, as free as possible from
sediment, into casks, ranged in tiers on either
side of large cellars, which are kept cold by ice.
Here they are allowed to remain for some months,
during which time a secondary fermentation goes
slowly on, and the beer gradually clears itself
until it becomes brilliant and fit for use.

Where beer is required for quick consumption
it is usual in order to enab'le it to beeome bright
rapidly to add a solution of isinglass, or ' finings '
at the rate of 1 to 4 pints or more per barrel of
beer.

The isinglass unités chemically with the
tannic acid which is nearly always présent in
beer, forming a gelatinous flocculent precipitate
of tannate of gelatin ; this very soon sinks to
the bottom of the cask, carrying ail matter in
suspension with it and leaving the beer clear
and brilliant.

Finings are generally made by dissolving
isinglass in sour beer. This is a crude and dan-
gerous method. In the first place the isinglass
takes several weeks to dissolve, and secondly, by
means of this sour or turned beer a great risk is
run of introducing into the Sound fresh beer al]
kinds of disease germs, but more particularly
S. pastorianus, as well as the ropy and lactic
ferments.

The best and purest finings are undoubtedly
made by dissolving good isinglass in dilute solu¬
tion of sulphurous acid, and on no account
should any other kind of finings be used in the
brewery.

Beer which is not required for immédiate use
is stored in cellars at a température of 54°F.,
either in vats or in the casks in which it is to be
sent out. Sueh beers are generally not fined,
and each cask is furnished with a porous spile
or vent peg to allow of the escape of a portion of
the earbonic acid produeed, owing to a secondary
fermentation which always sets up in casks when
beers are stored for any time.

Chemical analysis of a beer should be made
shortly after racking, and before the secondary
fermentation in cask has commenced. Such an

analysis, calculated on the solid extract of the
original unfermented wort, will show

a. Matter fermented, p.c.
b. Maltose unfermented.
c. Dextrin unfermented.
d. Albuminoids, ash, &c.

As the character and keeping properties of a
beer dépend to a very large extent on the per-
centage of unfermented dextrin which it contains,
it would appear very désirable that an analysis
of those beers required for stock or export
should occasionally be made, so that an idea
may be obtained as to the constancy or otber-
wise of tlieir composition, and hence their
suitability for the purpose for which they were
intended.

Generally, at time of racking, and indeed in
some cases at différent stages of the brewing pro-
cess, some form or other of antiseptic is added
to the beer for the purpose of protecting it
against the germs of disease to which from one
cause or another it is sosubject. The substances
most generally employed for this purpose are
calcium bisulphite and salicylic acid. Lately a
particular form of potassium sulphite, known as
kalium metasulphite, has been introduced for
this purpose. The antiseptic, whatever it may be,
is added either to the beer whilst in the racking
square or to the beer in cask j ust after racking,
if calcium bisulphite, at the rate of J to 4 pint
per barrel, or salicylic at the rate of j ounce or
îess per barrel.

Expérience shows that calcium bisulphite is
much to be preferred to salicylic acid, but the
cliief objection appears to be the smell which it
sometimes imparts to the beer, especially when
used in any quantity. This may be got over by
using kalium metasulphite instead, which is
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claimed by the discoverers to be much more
powerful in its action than bisulphite, whilst it
imparts no smell to the finished beer.

Absolute cleanliness in every part of the
brewery and in every portion of the plant is
necessary, for unless due regard be paicî to this
point, no matter how good the materials or how
perfect the proeess of manufacture, the quality of
the finished article will be sadly defective in its
most vital characteristic, viz.keeping properties ;
îalse ferments and micro-organisms of ail kinds
will be taken up by the beer at ail stages of its
manufacture, rendering it after a time sour,
unpalatable, and unfit for consumption. In
order to obviate this, every portion of plant,
when not in use, should be thoroughly well
cleansed and disinfected with suitable agents,
such as ehloride of lime, calcium bisulphite,
caustic potash, &d., but for full détails on this
important question the reader is referred to a
most valuable paper by A. Hartley in the Trans.
of the Laboratory Club, 1, 42. J. H.

BRIDELIA BARK or ASDUANA. The bark
of Bridelia montana is a useful Indian astringent
(Dymock, P. [3] 7, 309)

BRILLIANT COTTON BLUE v. Tbiphenyl-
methane coloueing matter.

BRILLIANT CONGO v. Azo- colouring

jiatters.

BRILLIANT CROCEIN v. Azo- colouring

mattees.

BRILLIANT GREEN v. Tkiphenylmethane
coloueing mattees.

BRILLIANT ORANGE v. Azo- colouring

mattees.

BRILLIANT PONCEAU v. Azo- colouring

mattees.

BRILLIANT SCARLET v. Azo- colouring

mattees.

BRILLIANT YELLOW v. Azo- colouring

mattees and Niteo-dyes.
BRIMSTONE v. Sulphur.
BRINDONIA INDICA. A plant belonging to

the order Guttiferœ. The pericarp of the fruit
is used at Goa as a spice and the blood-red acid
juice as a lemonade. The seeds yield 30 p.e. of
fat, which contains 50 p.c. of stearie acid. The
cake left after the removal of the fat contains a

fine red colouring matter soluble in water and
alcohol (Bouis a. Pimentel, C. R. 44, 1,355).

BRIQUETTES v. Fuel ; also Pitch.
BRITANNIA METAL. Is an alloy of vari¬

able composition, usually containing only tin
and antimony, although brass and bismuth are
sometimes added.

An alloy consisting of 9 parts of tin and 1
part of antimony is attacked slightly by solu¬
tions of common sait, potassium, ammonium,
and magnésium chlorides, potassium sulphate,
potassium nitrate, and sodium carbonate. Caustic
soda lias a more marked action (D. P. J. 221,
259).

This alloy is used in the manufacture of
teapots, spoons, and dish-covers.

Articles made from it may be coloured by
heating them for 15 to 30 minutes in a bath
made by mixing 2 lbs. of water, 11 oz. of cream
of tartar, L oz. of tartar emetic, 2 oz. of hydro-
chloric acid, y lb. of pulverised zinc and 1 oz. of
powdered antimony. This gives them a bril-
Jiant lustre.

By heating in a bath composed of 1 part
tartar emetic, 1 part cream of tartar, 3-4 of
hydrochloric aeid, and 3-4 of ground antimony,
the following tints may be obtained—golden,
copper-red, violet, and blue-grey.

A metallic ring can be given to articles made
of Britannia métal by heating them in an oil
bath to 220°C. and then cautiously raising
the température to below 3° above the fusing
point of the alloy. Small articles must be kept
at this température for from 15 to 30 minutes,
large articles for one hour ; the bath is then
allowed to cool. The rapidity of the cooling
seems to have no appréciable eiïect (D. Ind. Ztg.
1876, 507) ; v. Antimony.

BRITISH GUM v. Dextrine.
BRITTLE SILVER GLANCE and BRITTLE

SILVER ORES v. Silveb, oees of.
BRITTLE SILVER SULPHIDE v. Silveb,

oees of.

BROCHANTITE. A native basic copper sul¬
phate found at Roughton Gill, Cumberland, in
Arizona, New South Wales, and other places.
Made artificially by Meunier (C. R. 86, 686),
by allowing fragments of galena to remain
for eleven months in a solution of copper
sulphate.

BRÔGGERITE. A minerai from Annerôd
near Moss, Norway, of sp.gr. 8-73, hardness 5-
6. It contains 90-87 U3Os, 0-81 SiO„, 8-41 PbO,
5-64 ThO, 0-38 CeO, 2-42 YO, 1-26" FeO, 0-30
CaO, 0-83 H.,0 (Blomstrand, J. pr. [2] 29, 191 ;
C. J. [2] 46,1,102).

BR0GNIARDITE. A sulphantimonite of
lead and silver, 2PbAgS.Sb.,Ss, from Mexico, con¬
taining according to Damour (Ann. Min. [4] 16,
227) 19-38 p.c. S, 29*95 Sb, 25-03 Ag, 24*74 Pb,
0-54 Cu, and 0*04 Zn.

BROMINE. Sym. Br. At.wt.79'75. An élé¬
ment belonging to the class of the halogens ; dis-
covered by Balardin 1826. Name from Rpâ/ios, a
stench. Never found free ; chieflyin combination
with alkalis and alkaline earths. As AgBr, in
Mexico and Chili ; in some Silesian zinc ores,
and in Chili saltpetre. In sea-water (in the
ratio of 340 mgm. Br to 100 gr. Cl) and in many
marine plants and animais, and in many saline
springs.

At ordinary températures is a dark brown-
red liquid of most irritating smell, very volatile ;
vapour yellowish red, and becoming less trans¬
parent when heated.

Boils at 59° and solidifies at — 7° to a grey-
brown crystalline mass with semi-metallic lustre.
Vapour acts on mueous membrane and occasions
great irritation. Sp.gr. of liquid 3-18828 °
(Thorpe). Water dissolves about 3|- p.c. of
bromine at ordinary températures, and the solu¬
tion when cooled deposits brotnine-hydrate
Br210H,O in red octahedral crystals. The solu¬
tion is of fréquent use in analysis as an oxidising
agent. Very soluble in alcohol, ether, carbon
bisulphide, and chloroform. Acts as a bleaeher
and disinfectant. A convenient way of using it
as a disinfectant is to saturate compressed rods
of kieselguhr mixed with 1 p.c. of lime or alkali
with the liquid (v. infra).

Extraction and manufacture. Bromine
occurs in nature principally, and so far as its in-
dustrial préparation is concerned exclusively, in
the shape of bromides, accompanying in small
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quantities the chlorides of sodium, calcium, and !
magnésium. Its quantity is never large enougli
to admit of its being prepared directly from the
raw material, but where the latter is in the first
instance worked for sodium chloride and other
salts, the bromide accumulâtes in the mother-
liquors, and can be recovered from these. Thus
Balard, in 1826, diseovered bromine in the
mother-liquors obtained on making common sait
from sea-water, and for many years it was pre¬
pared from the mother-liquors of the saltworks
at Kreuznach, Schônebeck, and other places in
Germany. It was also found in 18-16 in similar
mother-liquors in America, especially those at
Natrona and Tarentum, later on at Pittsburg,
Syracuse, Pomeroy (Ohio), and in the Kanawha
région in West Virginia (Mason City, Parkers-
ville, <fcc.).

Until about 1860 the little bromine that was

used was nearly ail for scientific purposes.
Then, however, medicine and photography began
to demand a greater supply of bromides, and
iater on the manufacture of coal-tar dyes raised
an even more extended demand for bromine. It
became now remunerative to recover it in the
working up of kelp for iodine, but this yielded
only little and impure bromine, and was not long
continued. An idea was conceived of recover-

ing it from the water Of the Dead Sea, but
the project, hardly practicable in itself, was
given up when Dr. Franck had shown that
an ample supply of bromine could be obtained
from the mother-liquors of the Stassfurt potash
industry (eomp. Potassium chlokide). He com-
menced his practical opérations in 1865, when
he manufactured about 15 cwt. of bromine ; in
1867 the output had already increased to
71 tons, and in 1885 the Stassfurt production of
bromine was estimated at 260 tons per annum,
the price having gone down from 50 or 60
(sometimes as much as 90) marks per kilo¬
gramme to 2| marks. This lowering of the
price was principally due to the fact that since
1868 the Americans had corne into the market
with bromine made from the above-named salt¬
works ; their liquors contain so much of it that
they are able to sell much below Stassfurt
prices, but the difficulty of carriage across the
océan prevents the American bromine from en-
croaching too much upon the European pro¬
duction. The output in America is stated to be
about 120 tons. Adding about 20 tpns obtained
from the nitrate of soda Works and elsewhere,
the total annual production of bromine may be
estimated at présent at 100 tons, but much more
would be produced, both at Stassfurt and in
America, if there was a demand for it.

We shall here give a description of the pro¬
cesses actually followed at Stassfurt, as these
havebeen improved by the constant endeavours of
able chemists, and appear to be superior to those
practised elsewhere. The raw material worked
at Stassfurt, crude carnallite (v. Potassium
chiokide), contains bromine in the shape of
magnésium bromide, forming about 1 p.c. of the
magnésium chloride présent. The magnésium
bromide accumulâtes together with the mag¬
nésium chloride in the ' final mother-liquor,'
wbich was formerlyrun to waste in the majority
of works, but which may become one of the
niost important sources of chlorine compounds

! in the world. This mother-liquor contains from
0T5 to 0'85, usually from 0-25 to 0'29 p.c. of
bromine. Attempts made to obtain a produet
richer in bromine by concentration and crystal-
lisation of part of the magnésium chloride have
failed, and the liquor is always submitted, as it
is, to the process of separating the bromine
thèrefrom.

The séparation of the bromine from the
solution containing it as magnésium bromide
is always effected by means of chlorine. The
chlorine is either generated outside and passed
into the liquor, or it is generated within the
latter by means of hydroehloric acid and man¬
ganèse ore. A process patented by Leisler in
1865, consisting in distilling the liquor with
potassium bichromate and hydroehloric acid, is
more costly without offering any corresponding
advantage, and seems never to have been practi-
cally carried out at Stassfurt.

The apparatus employed by the majority of
works (Pfeiffer, H. der Kali Ind. 1887, 323) is
shown in fig. 1. a is a chlorine still of about
100 cubic feet in capacity, made in the usual way
from heat- and acid-resisting stone, either in one
piece or composed of several stones joined in
the well-known manner, and strongly bound by
iron ties. The stone should be tight without
boiling it in tar, as the latter causes losses by
combining with bromine, amounting to a hun-
dredweight of bromine for each new coat of tar.
a is a double bottom consisting of stone flags,
on which a charge of 4 cwt. of soft manganèse
ore is spread, which lasts for several opérations.
The cover can be lifted up by means of the
rope c, pulleys cld, and counterpoise e. It con¬
tains a man-hole with lid /, an acid-pipe g, and
a gas-delivery pipe h, and a stoneware steam-
pipe k. b is a tank with float for the previous
heating of the mother-liquor by means of the
steam-coil i. Through l the spent liquor is run
off after each opération into the covered shoot m.

The bromine vapour is carried through the
lead pipe h into the stoneware worm c, where
liquid bromine is condensed and flows through
the glass adapter n into the glass bottle d,
holding 8 litres. The jar E serves for receiving
the water, condensing together with the bromine
and containing chlorine and bromine ; it is from
time to time syphoned off by o. The uncon-
densed vapours pass into the jar f, charged
with moist iron borings, where the bromine is.
retained in the shape of bromide of iron. The
jar F is so shaped that the liquid, when frothing
over its edge, is caught in the annulai- channelp
and conducted into the jar g.

When the still a has received its charge of
mother-liquor, previously heated to 60°C. in the
tank b, the man-hole is closed and 17'5 kilos of
sulphuric acid ofsp.gr. 1-7 are run in. The acid
pipe g is closed by a lump of moist clay (this
would be unnecessary if it was made to dip
below the surface of the liquor within tlie still),
and steam is passed in through k, wliereupon
chlorine is evolved by the reaction

Mn(X + MgCL, + 2H.,S04
= MnS04 + MgSOj + 2ELO + 2C1.

The chlorine at once aets upon the magnésium
bromide présent and libérâtes bromine, which
passes over at first almost pure, afterwards,
when the température rises to about 75°C., acconi-
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p.inied by water and the chloride of bromine
which remains dissolved in the water together
with some bromine. If the distillation is carried
further, free chlorine is given off as well, and
even some hydrochlorie acid; it is the latter
whick at the end of the opération, when aet-
ing upon the iron borings in the pan f, causes
tbe liquor to froth over in conséquence of the
évolution of hydrogen. Usually the distillation
is only carried on till the pale colour of the
gases in the glass adapter n shows that there
is no more bromine coming over. Each opéra¬
tion generally takes an hour or an hour and a
half, and is ended by knocking out the plug l
and running off the liquor through the covered
shoot m, which is put in communication with a
well-drawing chimney. About once a week the
still-cover must be lifted up in order to re¬
charge the still with manganèse. Soft manganèse

is preferred to hard, because the dilute acid in A
does not act well upon the latter.

The bromine condensed in the bottle d is
run off by a siphon or a glass tap into anotlrer
stand-bottle holding about 8 litres, and from this
into the rectifying apparatus (v. inf.). Ail
these opérations take place in boxes provided
with a strong inward draught in order to protect
the men from the bromine vapour.

In the best case each opération yields 2 or
2-5 kilos of bromine, eorresponding to a yield of
0T8 to. 0'23 p.c. of the mother-liquor ; but
usually much less, down to OT p.c., is recovered,
because it is preferred to avoid the coming over
of water and chloride of bromine, which acts
very strongly upon the material of the ap¬
paratus ; also because there is usually an abun-
dance of mother-liquor at disposai. But even in
the latter case the usual method entails several

Fia. 1.

drawbacks—namely, losses. of time, trouble, and
bromine by the constant interruption of work
and considérable contamination of the bromine
by chlorine, These drawbacks have given rise to
the varions continuous processes for preparing
bromine, the first of which was patented by Dr.
Franck in 1878.

In this kind of work the évolution of chlor¬
ine always takes place in a separate still, in the
usual way, by decomposing manganèse ore with
hydrochloric acid. The gaseous chlorine is
passed successively through a sériés of decom¬
posing vessels charged with heated mother-
liquor, and drives off the bromine, without
contaminating it with sulphuric acid and man¬
ganèse salts and thus disqualifying it from
being worked up for solid magnésium chloride,
as is the case with the old process. The
four decomposing vessels are placed at dif¬
férent levels, so that the mother-liquor run
into the top vessel can be made to flow succes¬
sively through ail the four vessels. The chlorine
gas enters below the surface of the liquor in
the bottom vessel, which is kept at a boiling

heat by means of steam, so that ail the bromine
still présent, together with an excess of chlorine,
passes on to the next higher vessel, and so forth
to the top vessel. The chloride of bromine
formed in the intermediate vessels, when meeting
in the top vessel with fresh mother-liquor, yields
its chlorine to fresh magnésium bromide, and
thus, provided that the current of chlorine has
not been too strong, pure bromine vapour will
issue at the top end.

This process secures the complété exhaustion
of the liquor, together with the complété utilisa¬
tion of the chloriue and the purification of the
bromine from chlorine. Its drawback is not so

much the number of Connecting pipes and joints
as the necessity of introducing the chlorine gas
below the surface of the liquor, thus causing a
considérable pressure, especially in the chlorine
still and in the first decomposing vessel. This
drawback is avoided in the apparatus patented
in 1882 by the Leopoldshall Chemical Works
(G. P. Ko. 19,780), and shown in the diagram
fig. 2. The previously heated mother-liquor
fiows through the hydraulically-sealed pipe a
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into tlie column a, constructed of stoneware or
of acid-resisting stone. The liquor is here dis-
tributed by a perforated pipe b and by earthen-
ware balls cc, filling the entire spaee of a above
the grating. The vapours eseaping here pass
over by pipe o into the worm p, cooled by water,
and the liquefied bromine is collected in q. The
cistern b eontains four stone flags ss, leaving an
open passage at alternate ends, as shown by the
arrows ; they are also perforated by a number of
small holes. A stone tube g serves for intro-
ducing steam ; it continues at the bottom of b
in a horizontal tube perforated with a number
of holes. The liquor which has passed through
the column a runs off by tube z, flows over the
flags ss from one to anolher, and finally issues

by the pipe i, leading from the bottom of b to
the drain k, so that b is always full of liquor.
The contents of b being kept boiling by steam-
pipe g, the steam rises principally through the
holes of the flags ss, and compels the liquor to
flow through the passages left at the alternate
sides. Thus the liquor is completely freed from
dissolved chlorine and bromine, which rise to
the top, where they meet fresh chlorine gas
arriving through the pipe l (shown in dotted
lines) from the washing-cistern b. The mixed
vapours and steam are conducted through pipe z,
which is wide enough to admit of their passage,
together with that of the liquor flowing in ail
opposite direction, and in rising up in the column
a they décomposé the magnésium bromide

Fin. 2.

contained in the mother-liquor distributed in
small drops in the column.

The necessary regularity of the current of
chlorine is secured in the following manner.
The chlorine gas cornes from a still, not shown
here, through pipe m, to which is joined the
bent glass tube h, provided with a neck in the
angle of its bend. This serves for conduetmg,
by means of an indiarubber tube u, the condensed
water into the washer d. If the free space in
the bend does not suffice for the passage of the
chlorine, the pressure of the gas will drive some
water through u into b, and thus the level of
the liquid in the bend of h will sufficiently ac-
ourately indicate the rate of évolution of the
chlorine. If the current is to be interrupted the
•elastic tube u is taken off from the limb y, and
the bend of the glass tube h is filled with water.

The bromine vapour eseaping uncondensed
from the bottle q passes through x into the
■stoneware tube d, suspended in a movable way

by means of rod t in the vessel il. In the tube i
there is a grid above the place where tube a:
enters, and another grid is provided near the
top, the space between them being filled with
iron borings continually kept wet by a stream of
water from tube /. Thus ail the remaining chlor¬
ine and bromine is condensed in the shape of
iron compounds, the solution containing these
overflows through v into the jar w, while the
exhausted air escapes at the top of d.

The apparatus just described, by which ot
présent fully half of the bromine manufactured
at Stassfurt is produced, completely exhausts
the liquor, the yield of bromine being 0'25 p.c.
of the mother-liquor—that is, the actual average
percentage indicated by analysis. It represeDts
a considérable saving of wages, coals, manganèse,
and acid in comparison with the old process.
and the waste liquor, being practically free from
chlorine, causes no nuisance to the neighbour-
hood.
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Purification of bromine. Crude bromins con¬

tins generally a litt-e chloride of bromine, bro¬
mide of lead, and, if it has been in contact with
tar, some hydrocarbons. The latter are of high
boiling-point, and remain behind on rectifying
the bromine, as well as the lead bromide ; the
chloride of bromine is removed by agitation
with a solution of ferrous or potassium bromide,
or, as it is more volatile than bromine, by
changing the receiver on distillation.

The rectification is carried out in glass
retorts, tubulated or not, containing 15 kilos,
bromine, and separately placed in sand-baths,
consisting of an iron pan reaching to the upper
portion of the retort, and heated by a coal tire
from below and round the sides. The neok of
the retort is conneeted -rvith a glass adapter,
serving for a preliminary cooling, and through
tbis with a receiver in the shape of a narrow
necked flask, cooled by being placed in a water
tub and by water running on it from the top.

According to Payen, in France they place a
little sulphuric acid of sp.gr. 1-80 into the
receiver, in order to form a protecting layer
over the bromine.

The distillation is carried on by means of a
very slow tire, and lasts about twenty-four hours
for each opération. Cold draughts are to be
carefully avoided in order to prevent the
retorts from eraeking. When properly treated
the latter stand about 10 cwt. of bromine.

The eraeking of the retorts is even more
easily prevented when heating the sand-baths
by means of steam ; but the smell of bromine
pervading the roorn is more prévalent in this
case. The men have, however, only rarely to
enter the room, and protect themselves by tying
a wet cloth above the mouths and noses. Men
addicted to drinking, or suffering from chest
complaints, are much more subjected to the
deleterious effects of bromine than others ; but
in every case they ought to take fatty food (such
as bacon, butter, <fcc.), and to avoid even slight
wonnds, which heal with great difficulty under
the influence of bromine.

Bromine is sold in strong white stoppered
bottles, holding one litre, and containing 2^ or 3
kilos, of bromine ; they cost at Stassfurt 'A\cL
each. The glass stoppers must be well ground ;
they are secured by pouring some shellac on
to the joint, covering them with clay putty, and
tying wet parchment paper over ail. Four or
six such bottles are placed in a wooden box,
the spaces between being tightly filled with
sawdust, ashes, or kieselguhr.

Pfeiffer gives the following statement of the
cost of producing bromine at Stassfurt with the
older kind of apparatus. 1 kilo, of bromine
costs :

Marks

Sulphuric acid, sp.gr. 1-53, 10*8 kilos."! a ,7-
at 44 Pf j--u ilo

Manganèse ore, 1*04 kilos at 16 Pf. . = 0-166
Brown coal, 1-15 hectolitres at 40 Pf. . = 0-460
Wages =0-193
Packages (bottles, &c.) . . . =0-20S
Bepairs =0-091
Interest and amortisation . . . =0'100

Total = 1-693

or, say, ls. l\d.
Vol. l.—T

With the continuous apparatus, fig. 2, the
cost would be smaller.

The wholesale selling price of the Stassfurt
bromine, which is almost chemically pure and
quite free from iodine, has been of late 2-5 marks,
or temporarily 2-6 to 2-8 marks per kilo.

The principal applications of bromine, whether
in the free state or in the shape of bromides,
are in photography, in medicine, in the manu¬
facture of a few coal-tar dyes (especially eosine),
and in scientific and analytical chemistry ; in
the latter it has to a great estent taken the place
of chlorine, owing to the greater convenience of
its manipulation. A similar substitution has
been proposed for many technical purposes, but
the price of bromine is still too high for this
end. It is also a disinfectant, and has found
some application for this purpose, especially in
the shape of bromum solidificatum, patented
by Dr. Franck (G. P. No. 21,644). This is
kieselguhr, ruade plastic by means of molasses
&c., pressed into sticks of £- and £ inch diameter,
driecl, burned to the extent tliat the sticks
acquire a sufficient degree of hardness without
losing their porosity, and satnrated with liquid
bromine in wide-mouthed stoppered glass bottles.
After the exoess of bromine has been poured ofî
the sticks remain behind, containing about 75
p.c. of the weight of bromine, and are sold in
the same bottles. This is a very convenient
form of applying it, as a certain nnmber of
sticks represents a given weight, and no weighing
out of liquid bromine is required ; but the retail
price of the bromine contained in this bromum
solidificatum is three or four times as high as
the wholesale price of liquid bromine.

Bromide of iron is made at Stassfurt, prin-
cipally for the manufacture of potassium bro¬
mide (about 120 tons per annum). It is a com-
pound of the formula Fe3Brs, containing 65 to
70 p.c. of bromine, with 0-2 to 0'4 p.c. chlorine
(as ferrie chloride), 17 p.c. iron, and 12 to 15
p.c. water. We have seen above that in the
manufacture of bromine a solution of ferrous
bromide (FeBr2) is obtained ; but most of it is
made on purpose by passing, in the ordinary
distillation process, the first portions of bromine
which are free from chlorine into iron borings,
contained in a east-iron or stoneware vessel
holding 15 or 20 litres. The solution is passed
through a linen eloth or other kind of filter, and
is converted into the compound Fe3Brs by
adding to it more bromine in a cast-iron pan
heated to a sufficient température. This newly
added bromine is required to be free from chlor¬
ine, and it can be made so without distillation by
agitating it with ferrous bromide solution, which
takes up ail the chlorine. The brown-red solu¬
tion of iron bromide is then evaporated to a
paste and poured into shallow iron boxes, where
it solidifies into a blackish-brown crystalline
mass, which is tightly packed in small kegs, and
sold according to the quantity of bromine it
contains. G. L.

Hydrobromic acid. HBr. Bromhydric acid.
Hydrogen bromide. A colourless pungent gas
of irritating smell ; fumes strongly in the air.
Condensed to a liquid at —73°. May be ob¬
tained synthetically by passing bromine and
hydrogen through a hot tube or over heated
platinum. Best prepared by action of plios-
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phorus and bromine on water. 5Br + P + 4H,0 =

H3P04 + 5HBr; or by the action of a concen-
trated solution of H3P04 on KBr ; or by dropping
Br upon melted paraffin heated to 185°.

Gas very soluble in water ; solution when
saturated forms a colourless strongly acid liquid
of sp.gr. 1-78, and contains 82 p.c. HBr by
weight, corresponding to the formula HBr.H20.
If the coneentrated acid be heated at ordinary
pressures the gas is evolved until the amount
of HBr in the solution sinks to 47 p.c. when the
liquid boils eonstantly at 126° under a pressure
of 760 mm. This proportion of HBr corre¬
sponds to HBr + 5H20, but the liquid is not a
true hydrate, since the composition is altered by
varying the pressure ; thus if the pressure be
raised to 1-95 m. the solution boils at 153° and
contains 46-3 p.c. HBr.

The sp.gr. at 15° and p.c. composition of
aqueous solutions of hydrobromic acid is given
in the following table (Wright, C. N. 23, 242) :

Sp. grr. HBr p.c.
1-080 10-4
1-190 23-5
1-248 30-0

Sp. gr. HBr p.c.
1-385 40-8
1-475 48-5
1-515 49-8

For pharmaceutical purposes a dilute solu¬
tion of hydrobromic acid may be prepared by
dissolving 84| grains of potassium bromide in a
fluid ounce of water and adding 9 grains of
tartaric acid to the solution. After standing, acid
potassium tartrate crystallises out and the solu¬
tion contains about 10 p.c. of hydrobromic acid.
Hydrobromic acid has been used in the treat-
ment of ear eomplaints.

BROMITE. Native silver bromide found in
Mexico and in Chili, v. Silvee.

BROMOFORM TribrommethaneCïlBr3. This
substance is occasionally met with in the liquid
left after the rectification of bromine in which it
oceurs associated with clilorobromoform CHBr2Cl
(Dyson, C. J. 43, 46) and carbon tetrabromide
CBr, (Hamilton, C. J. 39, 48). It may be made
by the simultaneous action of bromine and
caustic potash or of bromide of lime on alcohol
or acetone, or by the action of alkalis on
bromal. It is, when pure, a colourless liquid
solidifying at 8° and boiling with slight décom¬
position under ordinary pressure at 151°. Sp.gr.

16°
2-902 ~0 (Perkin, C. J. 45, 533). It been

used to a slight extent as an anœsthetic, and in
the treatment of diphtheria.

BRONZE v. Tin.
BROOKITE v. Titanium, occcep.ence on.
BROOM, DYER'S, or GREENWEED. The

Genista tinctoria, a dwarf shrub from the
flowers of which a bright yellow colour is ob-
tained, which for dyeing green with woad is
said to be preferred by dyers to ail other yellows.
Gènista pilosa, from the Ardennes, contains
2-54 p.c. of nitrogen and 2-91 p.c. of ash, com-
posed of 43-28 p.c. K.,0, 4-18 Na20, 18-57 CaO,
10-05 MgO, 1-12 Fe2Ô3, 4-61 S03, 14-05 P205,
1-11 Si02, 3-89 Cl, and is therefore a useful
manure (Petermann, A. A. 9, 251).

BROOM TOPS. Scoparius. (Genêt à balais,
Fr. ; Besenginster, Ger.) The tops of the com-
mon broom, Çytisus scoparius (Link, B. a. T.
70), have been employed for their diuretic and
purgative properties since the Anglo-Saxon
period, and are noticed in nearly ail the herbals

and pharmaeopœias. The older writers describe
the broom under the name ' genista,' ' genesta,'
or ' genestra,' and it was the wearing of the
' planta genista ' as an emblem by Geoffrey,
Count of Anjou, that gave the title ' Plantage-
net ' to his royal descendants (Comp. Fl. a. H.
170).

Stenhouse in 1851 diseovered in broom-tops
a liquid alkaloid sparteïne, C15H2SN2, togetker
with a chemically indiffèrent crystallisable eom-
pound scoparin C.jH^O,, (A. 78, 15). Sparteïne
has been further investigated by Mills (C. J. 15,
1), Houde (J. Ph. [5] 13, 39), Bamberger (A.235,
368), Coninck (C. B. 104, 513), and Ahrens (B.
20, 2218; 21, 825). To obtain it Mills distils
the tops with soda, separates the crude oil which
cornes over, acidifies it, and redistils with soda.
The impure alkaloid is then dried in a current of
hydrogen, the adhering sodaremoved, andfinally
it is submitted to fractional distillation. It is a

viscid, colourless oil, with an unpleasant odour
and bitter taste. It sinks in water, in which it is
nearly insoluble. B.p. 288° (Stenhouse ; cf. Bam¬
berger; Bernheimer, G. 13, 451). With acids
sparteïne combines, forming crystallisable salts.—
B"(HCl)2PtCl42Aq, yellow crystalline powder
(Mills).—B''(HC1)2AuC13 (Mills).—B"H2S04,large
prisms, v. sol. water (Bamberger).—B'HI,
four-sided plates, sol. hot water (Bamberger);
B"(HI)2, silky needles (Bamberger). Sparteïne
is a narcotic poison resembling nicotine, but
less active (Stenhouse, cf. Sée, C. B. 101, 1046).
A characteristie orange-colour reaction is said
to be produced when sparteïne or its salts are
added to sulphydrate of ammonium (Grandval
a. Valser, J. Ph. [5] 14, 65).

The more important reactions of sparteïne
are :—1. Nitric acid converts it into a compound
which yields chloropicrin when treated with
chloride of lime (Stenhouse).—2. Oxidised with
potassium permanganate it yields formic and
oxalic acids (Bamberger; Ahrens).—3. Oxidised
by peroxide of hydrogen a new base C15H2tN20,
is formed. It is syrupy, colourless, not crys¬
tallisable, and distils with diffieulty with steam.
Platinum sait, B"(HCl).2PtCl4, blackens at 235°,
and gold sait B'(HCl)AuCl3 melts at 148-6°
(Ahrens).—4. Beduced by nascent hydrogen a
colourless oil, dihydrosparteïne C13H23N2 results.
It boils at 281-4°, and forms a crystalline
platinum sait B"(HCl)2PtCl4, which blackens at
239° (Ahrens).—5. With alkyl iodides and alcohol
sparteïne reacts, forming (C15H27EtN2)I2 (Mills)
and (C]5H2JMeN2)I2 (Coninck), which compounds
by the action of oxide of silver yield the hy-
droxide (C^H^EtNJfOH)., (Mills) and by the
action of soda (C^H^NJEtl and (CuHjjNJMel
(Bamberger). Mills also obtained a diethyl
di-iodide (C15H2liEt2N2)I2.—6. Heated with con¬
eentrated hydriodie acid at 200°, methyl in the
form of methyl iodide is removed, and there
remains a new base C14H24N,. B.p. 276° (Ahrens).
7. When sparteïne is distilled with lime the
distillate contains ethylene, propylene, (7) pico-
line, and a new tertiary base (Ahrens).

Scoparin is obtained from broom-tops, after
a sériés of processes to free it from the chloro-
phyll with which it is associated, as a pale
yellow powder which may with diffieulty be
made to crystallise. It is sparingly soluble in
water, but is soluble in alcohol and alkalis. Its
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solution in ammonia is deep yellow-green. With
ehloride o£ lime a green colour is produced.
Nitrio acid converts it into picric acid. Melted
with potasli it gives phloroglucin and proto-
cateeliuic acid (Hlasiwetz, A. 138, 190). Heated
with aleohol a less soluble modification, iso-
scoparin, is formed, which is readily reconverted
into scoparin by solution in alkali and précipita¬
tion by an acid (Stenhouse). A. S.

BROSIMUM UTILE. The latex of thisurtica-
ceous tree.growing in Venezuela, approximates to
cow's milk in composition. It contains 35-2 p.c.
of wax and saponifiable matters which are used
in the manufacture of candies (Boussingault,
Ph. [3] 9, 679).

BROUSSONETIA PAPYRIFERA. Thepaper
mulberry. The fibrous bark is nsed in China
and Japan for the manufacture of a kind of
paper, and in Polynesia in the manufacture of
lapa cloth.

BROUSSONETIA TINCTORIA v. Yellow
WOOD.

BROWN, ACID, v. Azo- colouring matters.
BROWN, ANILINE; BISMARCK BROWN,

MANCHESTER BROWN, PHENYLENE
BROWN, VESUVINE, LEATHER BROWN,
CINNAMON BROWN, ENGLISH BROWN, or
GOLD BROWN ; v. Azo- colouring matters.

BROWN, ANTWERP, v. Pigments.
BROWN, ARCHIL, v. Azo- colouring mat¬

ters.

BROWN, BISMARCK, v. Azo- colouring
matters.

BROWN, BONE, v. Pigments.
BROWN, CALEDONIAN, v. Pigments.
BROWN, CAPHEK, v. Pigments.
BROWN, CINNAMON. Aniline brown v.

Azo- colouring matters.

BROWN, ENGLISH. Aniline brown v.
Azo- colouring matters.

BROWN, FAST, v. Azo- colouring matters.
BROWN, GARNET. The potassium or am¬

monium sait of isopurpuric acid (C8H,N30aK or
CsH8NbO,). Obtained by Hlasiwetz in 1859 by
the action of potassium cyanide on picric acid
(A. 110, 289). Forms a dark-brown powder,
readily sol. in hot water with reddish-brown
colour. Dyes wool and silk brown in an acid
bath. No longer in use. (F. also Isopurpuric
acid.)

BROWN, GOLD. Aniline brown v. Azo-
COLOUItlNG MATTERS.

BROWN, LEATHER. Aniline brown v.
Azo- colouring matters.

BROWN, MADDER, v. Pigments.
BROWN, MANCHESTER, v. Azo- colouring

matters.

BROWN, NAPHTHYLAMINE, v. Azo-
colouring matters.

BROWN, PHENYL, v. Phenyl brown.
BROWN, PHENYLENE, v. Azo- colouring

matters.

BROWN, PICRYL, v. Picryl brown.
BROWN, PIGMENT, v. Azo- colouring

matters.

BROWN, PRUSSIAN, v. Pigments.
BROWN, RESORCIN, v. Azo- colouring

matters.

BROWN, SOUDAN, v. Azo- colouring mat¬
ters.

BROWN, VANDYKE, v. Pigments.
BROWN, VERONA, v. Pigments.
BROWN BERRIES. The fruit of Eubus

fruticosus.
BROWN COAL v. Fuel.
BROWN HJEMATITE v. Iron, ores of.
BROWN IRON ORE (Limonite) v. Iron,

ores of.

BROWN OCHRE. A soft variety of brown
iron ore. occasionally used as a pigment.

BRUCINE v. Vegeto-alkaloids.
BRUCITE. Native hydrate ofmagnesia. That

found at Cogne, Val d'Aosta, contains, according
to Friedel (Gazzetta, 13, 278; J. C. S. 46, 162),
6S-53 MgO, 1-15 FeO, and 30-13 H,0.

BRUNSWICK BLACK. Is prepared by fusing
21bs. of asphalt, and mixing thoroughly with
1 pint of hot boiled oil. When cool, 2 pints
of turpentine are added to the mixture. An
inferior but cheaper black may be made by
boiling gently together for five hours 251bs.
each of black pitch and gas tar asphaltum ;
8 gallons of linseed oil, and 10 Ibs. each of litharge
and red lead, are then mixed in, and the whole
boiled. After cooling, the mixture is thinned by
the addition of 20 gallons of turpentine. F. also
Bone oil.

BRUNSWICK GREEN. An oxychloride of
copper, used as a pigment. Copper filings or
turnings are moistened with a solution of sal-
ammoniae, and left in contact with the air; the
oxychloride so formed is washed off with water,
and dried at a gentle beat. The term is also ap-
plied to chrome green, and to emerald green
(î;. Copper and Pigments).

BRUSHITE. A hydrated phosphate of lime
occurring in the guano of Aves Island and
Sombrero in the Caribbean Sea.

BRYOIDIN v. Oleo-rfsins.
BUBULIN (from Bous, ox). The name of a

peculiar substance said by Morin to exist in cow-
dung, and to be eopiously preeipitated by metallie
salts, tincture of galls, and alum, and therefore
to be active in the application of cow-dung to
calico-printing.

BUCHU. The leaves of three varieties of
Barosma (order Rutaceœ), viz. B. betulina, B.
crentilata, and B. scrratifolia, are known under
this name. Brandes (Arch. d. N. Apoth. Ver.
22, 229) found in 1,000 parts, 88 parts volatile
oil and 40 parts of a yellowish-brown bitter
substance, soluble in water, which he called
diosmin. Lanclerer (Buchner's Répert. 84, 63)
found in the alcoholic tincture a crystalline
deposit insoluble in water. Flûckiger (Ph. 3,
4, 689) obtained from the essential oil a cam-
phor melting at 85° and subliming at 110°,
and having the constitution C10H]6O. Wayne
(Ph. 3, 6, 723) obtained salicylic acid from the
oil after treating with strong soda solution ; in
other experiments he obtained a crystalline body
probably identical with the diosphenol isolated
by Fliickiger by an analogous treatment (Ph. [3]
11, 219). Diosphenol has the composition
CuH.,,03; it forms large prisms, melting at 83°
and "boiling at 233°. In addition to this body,
Fliickiger (Le.) has found in the oil a substance
boiling 205°-210°C., possessing an odour very
like that of peppermint ; its composition is
C,„HltO.
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BUCKTHORN (Bhamnus catharticus). This
plant is a native of England ; it grows to the
height of from 15 to 20 feet ; its flowers are
greenish-coloured and its berries four-seeded.
It is the fruit of this plant winch is sold as a
purgative under the name of French berries. The
juice of these, when in an unripe state, has the
colour of saffron ; when ripe and mixed with
alum, it forms the sap or bladder green of the
painters ; and in a very ripe state the berries
afford a purple colour. The bark also yields a
fine yellow dye, rhamnoxanthin ; v. Sap-
qeeen; Pigments.

The aider buckthorn (Bhamnus Frangula)
grows naturally, and is very abundant in woods
and thickets in some parts of Britain. The
berries of this species are often substituted for
those of the above ; but they are easily detected,
since they contain only two seeds. In a green
state, they dye wool green and yellow; when
ripe, bluish-grey, blue, and green. The bark also
dyes yellow, and, with préparation of iron, black
(Lawson) ; v. Frangulin, art. Glccosides.

Rock buckthorn (Bhamnus saxatilis), the
berries of which are used to dye morocco leather
yellow. These, in common with the narrow-
leaved buckthorn berries (B. Clusii) and those of
the yellow-berried buckthorn (B. infectorips), are
sold as Avignon berries. The wood of the
Bliamnus erythroxylon (which is a native of
Siberia, but grows freely in this climate), in a
ground state yields the bright red colour known
to dyers under the name of redwood. These
possess violent purgative properties due ap-
parently to rhamnegin.

BUCKWHEAT. (Blê Sarrasin, Fr.; Buck-
weizen, Ger.) The common buckwheat (Poly-
gonum Fagopyrum) is cultivated for feeding
pheasants and other game ; and is now being
largely used in France and in this country in
distilleries.

In France, besides being used for feeding
fowls, pigs, &c., it is given to horses ; and it is
said that a bushel of its grains goes further than
two bushels of oats, and if mixed with four times
its bulk of bran, will be full feeding for any horse
for a week. Its haulm, or straw, is said to be
more nourishing than that of clover, and its
beautiful pink or reddish blossoms form a rich
repast for bees (Lawson).

It has been stated that the leaves of the
common buckwheat (Polygonum Fagopyrum)
yield, by fermentation, indigo-blue. On examin-
ing this plant, for the purpose of ascertaining
whether this statement was correct, Schunck
was unable to obtain a trace of that colouring
rnatter ; but he discovered that the plant contains
a considérable quantity of a yellow colouring
matter, which may very easily be obtained from
it. This colouring matter crystallises in small
primrose-yellow needles. It is very little soluble
in cold water, but' is soluble in boiling water, and
still more soluble in alcohol. Muriatic and sul-
phuric acids change its colour to a deep orange,
the colour disappearing on the addition of a large
quantity of water. It dissolves easily in caustic
alkalis, forming solutions of a beautiful deep
yellow colour, from which it is again deposited
in crystalline needles on adding an excess of acid.
It is, however, deeomposed when its solution in
alkali is exposed for some time to the air, being

thereby converted into a yellowish-brown amor-
phous substance resembling gum. Its compound
with oxide of lead has a bright yellow colour,
similar to that of chromate of lead. The corn-

pounds with the oxides of tin are of a pale but
bright yellow colour. On adding ferrous sulphate
to the watery solution, the latter becomes
greenish, and, on exposure to the air, acquires a
dark-green colour, and appears almost opaque.
The watery solution imparts to printed calico,
colours, some of which exhibit considérable live-
liness. Silk and wool do not, however, aequire
any colour when immersed in the boiling watery
solution, unless they have previously been pre-
pared with some mordant. Its formula is pro-
bably C15H20Olo. It appears to be identical with
rutine, the yellow colouring matter contained iu
the Buta graveolens, or common rue, and in
capers, and with Ilixanthin, a substance derived
from the leaves of the common holly. From
1,000 parts of fresh buckwheat leaves, a little
more than I part of the colouring matter may
be obtained. As the seed of the plant is the only
part at présent employed, it might be of advan-
tage to collect and dry the leaves, to be used as a
dyeing material (Schunck).

The Tartarian buckwheat (Polygonum ta-
taricum) diiïers from the former in having the
edges of its seeds twisted. It is not considered
so productive, but it is more hardy and better
adapted for growing in mountainous situations.

The dyer's buckwheat (Polygonum tincto-
rivirn). This plant was introduced to the royal
gardens at Kew by Mr. John Blake, in 1716.
Authentic information as to its properties as a
dye-yielding plant was only received at a com-
paratively reeent period, from missionaries l'est
dent in China, where it has always been culti¬
vated for its colouring matter. In Europe at¬
tention was first directed to its growth by M.
Delille, of the Jardin du Roi at Montpellier. Tlie
Japanese are said to extract blue dyes from Poly-
gonum Chinense, P. barbatum, and the common
roadside weed P. aviculare (Lawson).

BUCURUMANGA RESIN. A fossil resin
occurring in an auriferous alluvium near Bucuru-
manga, New Granada. It is light-yellow, trans¬
parent, somewhat heavier than water, becomes
strongly electric by friction ; is insoluble in al¬
cohol ; swells up in ether, becoming opaque;
melts when heated; burns in the air without
residue. It resembles amber in outward appear-
ance, but does not give succinic acid on dry
distillation. It contains 82-7 p.c. C, 10'8 H, and
6-50 O (Boussingault, A. Ch. [3] 6, 507);
v. Resins.

BUFFALO RUBIN v. Azo- colouringmâttebs.
BUNTKUPFERERZ (Ger.) Variegatedcopper

ore. This term is commonly applied, even by
English mineralogists, to an ore of eopper other-
wise known as Bornite (g-v.), Erubescite, Phillips-
ite, and Purple Copper Ore. Called ' horse-flesh
ore ' by the Cornish miners (Ure).

BURGUNDY PITCH, or NORWAY SPRÏÏCE
RESIN. (Fichtentarr, Tannenhartz, Ger. ; Poix
des Vosges, Poix blanche, Poix jaune, Barras,
Fr.) The resin of Abies excelsa purified by melting
in hot water and straining. ït is an opaque,
yellowish-brown, hard, brittle resin ; its taste is
sweet and aromatic. It is very soluble in gla¬
cial acetio acid, acetone, and alcohol. Used in
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maliing plasters. It is much adulterated. The
Bubstance usually sold by this name in England
is made by melting eolophony with palm-oil or
some other fat, and stirring in water to make
the mixture opaque (Morel, Ph. [3] 8, 342) ;
il. Kesins.

BURNETT'S FIUID. A solution of zino
chloride is oommonly known as Sir William
Burnett's disinfecting fluid. It is largely used
as a disinfectant.

BURTON WATER CRYSTALS contain, ao-

cording to Moritz a. Hartley, 31-8 CaO,
40-4 S03, 1-04 Cl, 5-46 MgO, and 2119 0H2
(S. C. I. 2, 82).

BUSSORAH GUM v. Gums.
BIITEA GUM. The juice of Butea frondosa

(Roxb.), often sent into the market instead of
genuine kino. It forms black-brown, slightly
lustrous, brittle lumps, has an astringent taste,
and yields pyrocatechin by dry distillation.

BUTTER. The fatty constituent of milk, and
chiefly that derived from the milk of the cow.
The fat exists in the state of minute globules
suspended in the milk liquid, and when the milk
is Ieft at rest the globules rise to the top, forming
a layer of cream, which oontains considérable
proportions of casein and milk fluid. The par-
ticles of fat are surrounded by a film of casein
or condensed fluid resulting from local attraction.
Butter is obtained from cream by agitation or
churning, which causes the fat globules to aggre-
gate in the mille fluid.

Description.—Commercial butter is more or
less granular, and varies in colour from almost
whiteto deep yellow. It contains variable pro¬
portions of curd and water, the former ranging
from -2 to upwards of 4 p.c., and the latter from
4 to 18 p.c. The curd is liable to undergo de-
composition and to cause the butter to beeome
rancid through the séparation of the soluble
acids. When freed from curd, butter fat pos-
sesses considérable permanence of eharacter, and
may be kept for a long time without any appré¬
ciable change. The curd and water may be
separated by melting the butter in a suitable
vessel, when the butter fat, which rises to the
top, can be drawn off from the curd and water,
which remain at the bottom. Butter is com-

posed offatty acids in eombination with glycérine,
forming compound ethers of a complex consti¬
tution. The fatty acids found in butter are
butyric, caproic, caprylic, capric, myristic, palm-
itic, stearic and oleic acids. The first four, which
are more or less soluble in hot. water, are de-
scribed as soluble, and the remaining four, which
are insoluble in boiling'water, are called insoluble.
According to a proximate analysis by Bell, butter
contains 6-18 p.c. butyric acid, 2-09 caproic,
caprylic, and capric acids, 49'46 palmitic, stearic,
aud myristic acids, and 3CT0 oleic acid. Accord¬
ing to the same authority, the moleeule of butter
fat does not necessarily contain three radicles of
the same acid, but three difterent acid radicles
forming a tri-acid compound (Chemistry of
Foods, 2, 44-50).

Analysis.—The analysis of butter may be
divided into three parts. 1. The estimation of
the water, sait, curd, and fat; 2. the détermi¬
nation of the spécifie gravity of the fat ; and 3.
the estimation of the soluble and insoluble fatty
acids. The water is determined by drying a

weighed quantity of the butter at 100° ; the sait
and curd by extracting the fat from the dried
butter with ether or petroleum spirit, the sait
being afterwards dissolved by water and the
chloride determined by précipitation or titration.
The sp.gr. of the dry filtered fat is taken at 37'7°.
The fat is poured into the bottle several degrees
above the standard température, to which point
it is gradually brought down when the bottle is
quickly filled from tbe residue of fat cooled to
37'7° (Bell, Parliamentary Paper, No. 293,1876).
A modification of this method for facilitating
the détermination of tlie sp.gr. has been proposed
by Estcourt (C. N. 34, 254). Eats should not be
maintained at a high température for any length
of time before taking the sp.gr., as an increase
takes place in the density in conséquence of
oxidation.

The co-efflcient of expansion of butter is
•0434 for each degree F. from 100-212 (C. J.
1880, 70).

The soluble and insoluble fatty acids are
estimated by saponifying a weighed quantity of
dry butter fat with solution of soda of indefinite
or of known strength, according to whether
the insoluble acids or the acids of both kinds
are to be determined. In the latter case two
solutions are prepared—a normal alcoholic solu¬
tion of soda, and a solution of H..S04 slightly
stronger than the soda solution. 25 c.c. of the
former are added to 4 or 5 grams of dry butter
fat in an assay flask and saponified. The soap,
while hot.'is decomposed by 25 c.c. of H,S04
solution ; the insoluble acids are separatecl by
filtration, dried and weighed, and the filtrate
is titrated witli decinormal soda solution. The
number of c.c. required, less the number of c.c.
by which the H2S04 solution exceeds the soda
solution, represents the soluble acids derived
from the butter.

The suggestion for the estimation of the
insoluble acids was made by Hehner and Angel
(Pamphlet, July 1874), and that of the soluble
acids by Dupré (Analyst, June 1876). A method
for the séparation of the insoluble acids in the
cold has been proposed by Muter (Analyst, 1876,
p. 7). The use of paraffin for facilitating the sépa¬
ration of the insoluble acids has been suggested
by Hager (C. J. 1879, 2, SI). Reichart has
recommended several modifications of the pro-
cess for determining the soluble and insoluble
acids. The former lie separates by distillation
before titration (C. J. 1879,2,406). Perkinshas
likewise proposed the distillation of the soluble
acids before titration, and subséquent titration
of fixed acids (C. J. 1879, 2, 1,070). A process
for estimating both kinds of acids, based upon
the différence between the solubility of their
barium salts, has been described by Knight
(C. J. 1881, 2, 201). Koettstorfer has recom¬
mended a method, founded on molecular data,
for testing butter by titration of the total acids
(C. J. 1879, 2, 983) ; but Wigner has pointed out
defects in the system (C J. 1880, 2, 69). Heintz
considers that the presence of the insoluble acids
does not affect the accurate titration of the
soluble acids (C. J. 1878, 78). Meissl, after
saponification, distils with H..S04 and titrâtes
the distillate (C. J. 1880, 2, 828).

Adultération.—When butter fat is adulterated
it is usually with an excess of water or sait, or
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an admixture o£ ordinary animal or vegetable
fats. In commercial butters ths water has
been fonnd to vary from 4 to about 18 p.c.
In genuine butters tlie insoluble fatty acids hâve
been found to vary from 85-56 to 89-90, and the
soluble from 4-50 to 7-41 p.c. (Chemistry of
Foods by Bell, Part II. 64). This range has
been confirmed by Fleischmann and Veitli (C. J.
1879, 181) ; Jahre (C. J. 1S78, 685) and others.

In ordinary animal fats the insoluble fatty
acids vary from 95-56 to 96-20 p.c., and they
differ furthermore from butter in not eontaining
any of the soluble fatty acids.

The sp.gr. of butter fat at a température of
37-7° also differs materially from that of ordinary
animal fats at the like température. Thus the
sp.gr. of butter fat varies from 909-37 to 913-91
(the ordinary range being911 to 913) while that
of ordinary animal fats ranges from 902-83 to
903-84. These several différences become avail-
able for testing the purity of a butter and also for
estimating the proportion of foreign fat, if any,

The following table shows the sp.gr. of or¬
dinary animal fats at ÎOO'F. (37"7°C.), and also
the percentage of fixed fatty acids contained in
each

Description
Spécifie

Gravi ty at
10(FF.

Percentage
of fixed

Fatty Acids

Mutton suet . 902-83 95-56
Beef suet 903-72 95-91
Fine lard 903-84 96-20
Dripping (commercial) . 904-56 94-67
Mutton dripping (genuine) 903-97. 95-48

J. B.

BUTTER BEANS. The dried seeds of Vateria
inclica, a tree growing in India, especially in
Malabar. They contain 49-21 p.c. of a greenish-
yellow solid fat, resembling mutton tallowin liard-
ness and viscosity. It consists of 81 p.c. neutral
fatty glycerides and triôlein and 19 p.c. free fatty
acids. The fatty acids obtained on saponifying
melt at 56-6 (Hôhnela. Wolfbauer ; D. P. J. 252,
333 ; J. C. S. [2] 46, 1,209).

BUTTERS, MINERAL, A term formerly ap-
plied to several of the metallic chlorides, e.g.
chlorides of antimony, tin, bismuth, zinc, &c.

BUTTERINE v. Maegaedie.

présent. The estimation of the fatty acids is
somewhat tedious and diffieult of exécution, but
the détermination of the sp.gr. of the fat, whick
is a comparatively easy opération, is sufficient to
show whether the butter is pure or not. The
correspondence between the sp.gr. of the fats and
the percentage of tixed fatty acids is sufficiently
close to admit of the prédication of either from
the other within a few tenths, the sp.gr. of
butter fat increasing regularly as the proportion
of fixed fatty acids diminishes.

According to Warren (C. N. 222,1887), when
a solution of butter fat in carbon disulphide
is treated with yellow sulphur chloride, and the
disulphide is evaporated over hot water, the re-
sulting thickened mass should yield a clear solu¬
tion with carbon disulphide. An insoluble or
dark residue will indicate the presence of a vege¬
table oil.

The ten samples in the following table re-
present the ordinary variations in the composi¬
tion of butter fat :—

BUTTER YELLOW. Aniline- aso- dimethyl
aniline C6H5.N : N.C„H,(CH,)2. A yellow
colouring matter (m.p. 115°) ; insoluble in water,
soluble in dilute HC1, with red colour. Soluble
in fats. Used for colouring butter (Witt. Griess.
B. [1877] 10, 528).

BUTTER SURROGATE v. Maegakine.
BUTTER VEGETABLE. A greasy substance

expressed from the kernel of the Bassia butyraaa,
a native of North India. This grease is said to make
excellent soap. Shea butter is obtained from the
B. Parkii, of West Africa, and has been used in
making candies and soap. The butter-tree of
Sierra Leone is the Pentadesma butyracca (Br.),
the fruit of which yields much grease, eaten by
the negroes.

BUTYRIC ACID C4H802. Two isomeric forms
of this acid are known, normal butyric and iso-
butyric acid.

Normal butyric acid CH3.CH2.CH2.C00H.
Occurrence. In ordinary butter in combina-

tion with glycérine to the extent of 2 p.c. ; also
in the fruits of Heracleum giganteum and of
Pastinaça sativa, as hexyl butyrate and octyl
butyrate respectively. Butyric acid is also found
in flesh juice, and is frequently a constituent of
decomposing organic matter (J. 1857, 353, 402,
403, 559 ; 1858, 231 ; 1859, 363, 364 ; 1861, 454;
1866, 311).

Percentage Butter Fat

No. Water Sait Curd
Butter
Fat

Spécifie Grav.
at 100°F.

Per Cent.
Fixed Acids

Per Cent.
Soluble Acids

as

Butyric Acid

Melting
Point
Falir.

1
2
3
4
5
6
7
8
9

10

7-55
11-71
16-89
16-28
11-42
12-55
12-96
13-40
12-05
14-62

1-03
3-60
8-56
3-32
1-29

•89
2-43
1-39

•96
1-48

1-15
•95

1-23
1-56
1-12

•74
1-25
2-03
1-95
1-88

90-27
83-74
73-32
78-84
86-17
85-82
83-36
83-18
85-04
82-04

913-S9
• 911-45

911-48
912-79
910-47
910-20
912-51
911-67
911-04

' 910-70

85*56
88-24
88-82
86-00
88-53
89 00
88-25
88-72
87-51
89-00

7-41
5-41
4-64
7 00
4-84
4-57
5-45
5-07
5-28
4-50

85
90
89-5
88-5
90
90
89
90
88
91
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Préparation. — (1) Butyric acid is a fréquent
product o£ the oxidation of organic substances ;
casein, fibrin and albumen, for example, yield
this acid among other produets on oxidation
with manganèse dioxide and sulphurie acid
(Guckelberger, A. 64, 68).

(2) Ail amylaceous and saccharine sub¬
stances which yield lactic acid as a product of
their fermentation can undergo a further fer¬
mentation to butyric acid, and this fact is made
use of for the préparation of the acid. 5 kilos,
of rice or potato starch are boiled with 60 litres
of water for some hours, allowed to cool, and the
product after 24 hours is treated with 60 grams
of malt stirred up with 2 litres of mille, with 1
kilo, of finely-divided flesh, and with 2 kilos, of
chalk, the chalk being added to neutralise the
lactic and butyric aeids as rapidly as they are
formed, and the whole is allowed to remain with
occasional stirring for several weeks at a tempe-
rature of 25°-30°. When the évolution of gas
bas ceased, the product is heated to 80°, filtered,
precipitated with sodium carbonate to décomposé
the calcium sait, again filtered, evaporated to a
small bulk, and treated with sulphurie acid.
The oily layer of acid so obtained is fractionated
to free it from the acetic and caproic aeids
formed simultaneously, and the fraction 155°-
174° is extracted with water, which dissolves
the butyric acid but leaves the caproic acid un-
dissolved ; the aqueous extract is then neutral¬
ise! with lime, the solution concentrated, and
the sait finally decomposed by hydrochloric acid
(Grillone, A. 165, 127).

(3) In the presence of a schizomyces—the
so-called Bacillus subtilis, which can readily be
obtained by stirring hay in water, straining the
liquor through a sieve, and boiling for 5 minutes
—Fitz (B. 11, 52) has found that starch readily
undergoes fermentation yielding normal butyric
acid as chief product. Nitrogenous materials
and phosphates must be présent for the growth
of the organism. In one experiment 100 grams
of potato starch were mixed with 0-1 gram of
potassium phosphate, 1 gram of ammonium
chloride, 0-02 gram of magnésium sulphate, 50
grams of chalk, and 2 litres of water at 40°, and
the mixture, treated with a small quantity of the
liquid containing the bacillus, yielded after 10
days' standing 34-7 grams of butyric acid, to-
gether with 1 gram of ethyl alcohol, 5-1 grams
of acetic acid, and 0-33 gram of succinic acid.
It is to be supposed, however, that just as it is
now possible by the use of a pure lactic ferment
to obtain pure lactic acid without the fermenta¬
tion tending to proceed further by conversion of
the acid so formed into butyric acid, so, by oh-
taining pure cultivations of the particular bac-
terium which effects the change of lactic acid
into butyric acid, it will be possible to préparé
the latter free from acetic acid and ail impurities
except those forming the excretory produets of
the organism, of which succinic acid appears to
be one.

Butyric acid has also been obtained by the
fermentation of glycérine in 3 p.c. aqueous
solution with a species of schizomyces (Fitz, B.
9, 1348; 10, 276), and has been prepared by
various synthetical methods (Frankland and
Duppa, A. 138, 218 ; Geuther and Frolieh, A.
202, 306).

Properties.—Butyric acid is a colourless,
transparent liquid, liaving an odour resembling
that of rancid butter, and a sour burning taste.
Cooled to —19° it solidifies, and the crystala
melt at about — 2°. The acid boils at 16T5° at
760 mm. (Ivahlbaum, B. 16, 2480) ; at 161-5°-
162-5° at 753-2 mm. (Briihl, A. 203, 19) ; at
162-2° at 748-7 mm. (Lieben and Bossi, A. 158,
146) ; at 162-3° cor. (Linnemann, A. 160, 228 ;
Zander, A. 224, 64) ; and has a sp.gr. = 0-9746
at 0° (Zander), = 0-9886 at 0° and = 0-9580 at

20°
14° (Linnemann), and = 0-9587 at -jô (Briihl).
Butyric acid is inflammable and burns with a
blue flame. Alcohol, wood spirit and water dis¬
solve it in ail proportions, and from the aqueous
solution it can be separated by addition of cal¬
cium chloride. Prolonged boiling with nitrio
acid converts it into succinic acid.

Salts.—The metallic salts of normal butyric
acid are generally soluble in water, and are crys-
talline. NaB and KB crystallise in indistinct
cauliflower-like groups. AgB erystallises in
needles or monoclinic prisms, and dissolves in
200 parts of water at 14° (Linnemann and
Zolta, A. 161, 177) ; 100 parts of water dissolve
0-413 part at 16° (Griinzweig, A. 162, 203).
MgB2 + 5H,0 erystallises in very soluble scales
(Pelouze and Gélis, A. 47, 249). BaB2 + 4H20
erystallises in naereous scales and dissolves in
2-48 parts of water at 14° (Linnemann and Zolta).
CaB., + H.,0 erystallises in rhombic forms, and,
when anhydrous, dissolves in 100 parts of water
to the following amounts : 19-4 parts at 0°, 17-56
parts at 20°, 15-92 parts at 40°, 15-05 parts at
60°, 15 parts at 65°-80°, 15-04 parts at 85°, and
15-81 parts at 100° (Heelit, A. 213, 72). SrB,
forms monoclinic prisms ; 100 parts of water at
20°_dissolve 39-2 parts of the sait (Griinzweig).
ZuB2 + 2ELO forms monoclinic prisms ; 100 parts
of water at 16° dissolve 10-7 parts of the crystal-
lised sait (Griinzweig). PbB2 is an oil which
slowly solidifies (Markownikow, A. 138, 361).
CuB2 + H„0 erystallises in triclinie forms (Alth,
A. 91, 176), and CuB2 + 2H20 erystallises in
monoclinic forms (Pelouze and Gélis).

Séparation from formic, acetic and propionic
aeids.—Butyric acid can be separated from its
lower homologues by converting the mixed aeids
into barium salts with baryta, evaporating to
dryness, and extracting the residue with absolute
alcohol at 30°, since at this température 100
parts of alcohol dissolve 0-0055 part of barium
formate, 0-0284 part of barium acetate, 0-261
part of barium propionate, and 1-1717 part of
barium butyrate (Luek, Fr. 10, 185).

Butyryl chloride, obtained by treating 96
grams of butyric acid with 100 grams of phos-
phorus trichloride (Burcker, A. Ch. [5] 26, 468),
boils at 100°-101-5° (Linnemann), and has a

20°
sp.gr. = 1-0277 at jô" (Briihl).

Butyric anhydride, prepared by the action of
butyryl chloride on butyric acid (Linnemann, A.
161, 179), boils at 191°-193° (L.), and has a
sp.gr. = 0-978 at 12-5° (Gerhardt, A. 87, 156).

Butyramide, formed by heating dry ammo¬
nium butyrate for six hours at 230° (Hofmann,
B. 15, 982) erystallises in tables, melts at 115°,
boils at 216°, and is readily soluble in water.
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Substituted butyrio acids liave been prepared.
Chlorobutyrio acids are obtained either by the
direct action of chlorine or by oxidation of the
eorresponding chlorinated aldéhydes with nitric
acid, and have been described : a-monochloro-
butyric acid, by Markownikow (A. 153, 241) ;
B-nionochloro-, by Pinner (B. 12, 2056) ; di-
chloro-, by Pelouze and Gélis (A. Ch. [3] 10,
447), and Naumann (A. 119, 120); trichloro-, by
Kramer and Pinner (Ii. 3, 389) and Judson
(B. 3, 787) ; and tetrachloro-, by Natterer (M. 4,
551). Bromobutyric acids can be obtained by
the direct action of bromine, and have been
described: a-monobromobutyrio acid, by Nau¬
mann (Z.c.), Wislicenus and Urech (A. 165, 93) ;
dibromo-, by Schneider (J. 1861, 458) ; and, to-
gether with tribromo-, by Michael and Norton
(Am. 2, 16).

Isobutyric acid (CH3).,.CH.COOH.
Occurrence.—Isobutyric acid oecurs in the

fruit of Siliqua dulcis (Griinzweig, A. 162, 190),
and in arnica root (Arnica montana) (Sigel, A.
170, 348).

Préparation.—Isobutyric acid is inost readily
prepared by the oxidation of isobutyl alcohol
with a mixture of sulphuric acid and potassium
bichromate. Pierre and Puchot (A. Ch. [4] 28,
366) give the following proportions: isobutyl
alcohol (300 parts) is mixed with water (1500
parts) and sulphuric acid (540 parts) and into
the well-eooled mixture finely powdered potas¬
sium bichromate (400 parts) is gradually intro-
duced. An ethereal layer separates, consisting
of isobutylic isobutyrate, which is deeomposed
by allowing 55 parts to fall slowly on 100 parts
of caustic potash to which one-tenth its weight
of water has been added ; the resulting potas¬
sium sait is then distilled with dilute sulphuric
acid, and the aqueous acid purified by fraetional
distillation.

Synthetieal methods for preparing this
acid have been described by Prankland and
Duppa (A. 138, 337), and Markownikow (A. 138,
361).

Prrperties.—Isobutyric acid resembles its
isomeride in appearance, but has a less disagree-
able odour. It boils at 152° at 760 mm. (Kahl-
baum, B. 16, 2480) ; at 153-5°-153-8° at 750-3
mm. (Bruhl, A. 200,180) ; at 154°-154-2° (Zander,
A. 224, 77) ; at 155-5° (Pierre and Puchot) ; and
has a sp.gr. = 0-9697 at 0° (P. a. P.); =0-9651 at
0° (Zander) ; = 0-9503 at 20° (Linnemann, A. 162,
9). It dissolves in five times its volume of water
(L.). The metallic salts of isobutyric acid are
more soluble in water than those of the normal
acid. The potassium and sodium salts form
cauliflower-like masses. AgB crystallises in
characteristic tabulai- forms ; 100 parts of water
dissolve 0-928 part at 16° (Griinzweig, A. 162,
210). MgB2 forms white scales. CaB2 + 5H20
forms four-sided monnclinic crystals ; 100 parts
of water at 18° dissolve 36 parts of crystallised
sait (G.), and the solubility increases as the
température rises. SrB2 + 5H-0 ; 100 parts of
water at 17° dissolve 44-1 parts of the crystal¬
lised sait (G.). BaB2 + 4H..O forms monoclinic
crystals (Fitz, B. 13, 1316). ZnBj + H.O; 100
parts of water at 19"5° dissolve 17-3 parts of the
crystallised sait (Griinzweig). PbB2 crystallises
in rhombic tables and dissolves in 11 parts of
water at 16°.

Isobutyryl chloride, prepared by treating
isobutyric acid (12 parts) with phosphorus tri-
chloride (7 parts), and subsequently distilling
(Tônnies and Staub, B. 17, 850), boils at 91-5°-
92-5° at 748'2 mm., and has a sp.gr. = 1-0174 at

(Bruhl, A. 203, 20).
Isobutyryl anhydride, obtained by boiling

isobutyric acid with isobutyryl chloride for twelve
hours in a reflux apparatus and fractionating the
product (Tônnies and Staub), boils at 181-5° at
734 mm., and has a sp.gr. = 0-9574 at 16-5°.

Isobutyramide, formed by heating dry am¬
monium isobutyrate at 230° for six hours, raelts
at 128°-129° (Hofmann, B. 15, 982).

Substituted isobutyric acids have been pre¬
pared : a-monochlorisobutyric acid, by Balbiano
(B. 11, 1693) ; trichloro-, by Gottlieb (J. pr. [2]
12, 1) ; bromisobutyric acids (Markownikow, A.
153, 229 ; Engelhorn, A. 200, 65, 68 ; Cahours,
A. Suppltbd. 2, 349, 352).

BUTYKIC ETHEKS. These compounds are
for the most part prepared by the action of
butyric acid on the eorresponding alcohols iu
the presence of some deliydrating agent sucli
as sulphuric acid, the température being raised
eventually to complété the reaction. Butyric
ethers are liquids which dissolve in alcohol and
ether in ail proportions, but are only very
sparingly soluble in water. On saponification
with caustic potash they yield the eorresponding
alcohol and potassium butyrate.

M ethyl butyrate C4H702Me, prepared simi-
larly to the ethyl-salt, is a colourless liquid
with a pleasant odour resembling that of pine-
apples. It boils at 102-3° at 760 mm. (Schu-
mann, P. [2], 12, 41), at 102-102-5° at 761-3 mm.
(Schiff, A. 220, 332), and has a sp.gr. = 0-9194

o°
at (Elsasser, A. 218, 314).

Ethyl butyrate, butyric ether, is prepared by
adding 1 part by weight of sulphuric acid to 2
parts each by weight of butyric acid and alcohol.
The liquid becomes heated, and the mixture at
once separates into two layers of which the
upper one consists of ethyl butyrate. To com¬
plété the reaction it is necessary to heat the pro¬
duct at about 80° for a short tirne. The upper
layer is separated, washed with water, dried
over calcium chloride, and distilled. The pre¬
sence of considérable quantities of water does
not seem to hinder etherifieation (Pelouze and
Gélis, A. 47, 250).

Ethyl butyrate is a colourless liquid having
an odour like that of pine-apples. It boils at
119-9° at 760 mm. (Schumann), at 119-5°-12û°
at 759-4 mm. (Schiff), and has a sp.gr. = 0-8996

0°
at (Elsasser). A solution of ethyl butyrate
is very largely used in perfumery and in con-
fectionery under the name of pine-apple oil.

Propyl butyrate boils at 142-7° at 760 mm.
(Schumann), at 143-144° at 762 mm. (Schiff),

0°
and lias a sp.gr. = 0*8930 at - (Elsasser).

Isopropyl butyrate boils at 129° at 755 mm.,
and has a sp.gr. = 0-8787 at 0° (Silva, B. 2, 283),
= 0-9027 at 0° (Pribram and Handl, M., 2, 690).

Butyl butyrate boils at 164-8° (cor.), and
has a sp.gr. = 0-8760 at 12° (Linnemann, A. 161,
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195; compare also Lieben and Rossi, A. 158,
170).

Isobutyl butyrate boils at 156-9° at 760 mm.
(Schumann), at 157-158° at 763'2mm. (Schiff),
and has a sp.gr. ■■= 0-8798 at 0° = 0-8664 at 16°
(Griinzweig, A. 162, 207).

Isoamyl butyrate boils at 178-6° at 760 mm.
0°

(Schumann), and bas a sp.gr. = 0-8823 at ^

(Elsasser).
The hexyl- and octyl-butyrates occnr in the

oils from the fruits of Seracleum giganteum
(Franchimont and Zincke, B. 4, 824), and Pas-
tinaca sativa (Renesse, A. 166, 80), respectively.

Ethereal salts of isobutyric acid have been
prepared :

Methyl isobutyrate boils at 92-3° at 760 mm.
(Schumann), at 92-4° at 760-7mm. (Schiff), and
bas a sp.gr. = 0-9112 (Elsasser).

Etbyl isobutyrate boils at 110-1° at 760 mm.
(Schumann), at 110-1° at 757-3 mm. (Schiff).
Its sp.gr. = 0-8903 (Elsasser).

Propyl isobutyrate boils at 133-9° at 760 mm.
(Schumann), at 134-8°-135-4° at 760-3 mm.
(Schiff). Its sp.gr. = 0-8843 (Elsasser).

Isopropyl isobutyrate boils at 118°-121° at
727 mm., and, has a sp.gr. = 0-8787 at 0° (Pri-
bram and Handl).

Isobutyl isobutyrate boils at 146-6° at
760 mm. (Schumann), at 147-5° at 760 mm.
(Kahlbaum), at 148-5°-149'5° at 759-2 mm.
(Schiff). Its sp.gr. = 0-8752 (Griinzweig).

Isoamyl isobutyrate boils at 168-8° at
760mm. (Schumann), and has a sp.gr.= 0-8759

0°
at (Elsasser).

BUTYRALDEHYDE Butyric aldéhyde C4H80.
This compound exists in two isomeric forais,
termed normal and isobutyric aldehyde respec¬
tively.

Normal butyraldehyde CH3.(CH2)2.CHO is
formed together witk acetaldehyde and propal-
dehyde by the action of ehromic acicî upon
fibrin, casein and albumen (Guckelberger, A.
64, 39). It is readily prepared by distilling
a mixture of calcium formate (2 mol.) and cal¬
cium butyrate (1 mol.) in quantities of 50 grams
at a time witk twice the weight of iron filings.
The distillate is fractionated, the fraction 70°-
110° treated with sodium hydrogen sulphite
(bisulphite), then shaken with ether to extract
impurities, and finally distilled with excess of
soda (Lipp, A. 211, 355 ; Linnemann, A. 161,
186 ; Kahn, B. 18, 3364).

Properties.—Normal butyraldehyde is a
liquid whick boils at 73°-74° (Lipp), at 73°~77°

20°
and bas a sp.gr. = 0-8170 at (Briihl, A. 203,
18). It is soluble in 27 parts of water. With
sodium hydrogen sulphite (bisulphite) it unités,
yielding a crystalline compound (Justin; B. 17,

2505 ; Kahn). Wlien treated with aqueous
ammonia at 0° it yields butyraldehyde-ammonia
C1H]1NO + 3|H..O, wliich crystallises in acute
rhombic tetrahedra and melts at 30°-31°

(Guckelberger). If, however, alcoholic ammonia
and the aldehyde are allowed to stand for a
month, and then heated for a day at 100°, con¬
densation occurs, and, after removal of ammonia,
alcohol and unattaeked butyraldehyde by dis¬
tillation, two bases, tetrabutyraldine and dibutyr-
aldine C8H17NO can be separated by fractional
précipitation with platinic chloride. The latter
only can be crystallised, and when heated is con-
verted into paraconine CSH]5N and water (Schiff,
A. 157, 352). The trichlorobutyraldehyde
(butylchloral) and its hydrate have been pre¬
pared by Pinner (A. 179, 26).

Isobutyraldehyde (CH3)„CH.CHO can be pre¬
pared by the oxidation of isobutyl alcohol with
potassium bichromate and sulphuric acid (Lipp,
A. 205, 2 ; Pinner, B. 5, 699 ; Fossek, M.
2, 614 ; 4, 661), or by distilling calcium for¬
mate with calcium isobutyrate (Linnemann and
Zotta, A. 162, 7). It dissolves in 9 parts of
water at 20°, and is soluble in alcohol and ether.
The boiling-point is 61° (Pierre and Puchot, A.
163, 286), 63°-64° at 757 mm. (Briihl, A. 203,
18), 63° at 741 mm. (Fossek), and the sp.gr.
= 0-7911 at 27-8° (Pierre and Puchot), =0*7938
at j- (Briihl), =0*8057 at 0°, and =0-7898 at
20° (Fossek), =0-79722 at 15° (Perkin, O. J. 45,
476). Condensation compounds have been ob-
tained by Perkin (C. J. 43, 91), Barbaglia (B. 5,
1052), Fossek (7.c.), and Urech (B. 12, 1745).

BUTYRONE Bipropyl ketone C,HuO.
Butyrone is obtained by distilling calcium

butyrate, or preferably a mixture of calcium
butyrate and calcium carbonate (Schmidt, B. 5,
597) ; the crude product is dehydrated by treat-
ment with calcium chloride, and purified by
fractional distillation. Butyrone boils at 144°,
and has a sp.gr. = 0*8195 at 20°, does not com¬
bine with ammonia and sodium hydrogen sul¬
phite (bisulphite), yields a mixture of propionie
and butyric acids on oxidation with chromic acid,
and is converted into a secondary alcohol C:H160
and butyrone-pinaeone C11H30O2 on treatment
with sodium amalgam and water (Kurtz, A. 161,
205).

An isomeride di-isopropyllcetone can be pre¬
pared by distilling calcium isobutyrate (Miineh,
A. 180, 327); it boils at 124-126°, has a
sp.gr. = 0-8254 at 17°, and does not combine with
sodium hydrogen sulphite.

BUXIN. An alkaloid obtained from the box-
ti-ee (Buxus scmpervirens). Hager (C. C. 1877,
119) found it in beer as an adultérant. It is
said by Walz (N. J. P. 14, 15) to be identical
with bebeerine v. Yegeio-aleai,oids.

IRIS - LILLIAD - Université Lille 1



894 CAD AVEPJNE.

CADAVERINE v. Ptomaïnes.
CADIE GUM v. Gums.
CADMIUM. (Kadmium, Ger.) Symbol Cd.

At. wt. 111-7 (Hauer, Dumas).
Cadmium occurs in small quantities as sul¬

phide in Greenockite at Bishopton, Benfrew-
shire, and in Pennsylvania and Bohemia. This
is tlie only ore containing cadmium as the prin¬
cipal element. Cadmium occurs in small quan¬
tities in nearly ail zinc ores, those of Silesia
containing as much as 5 p.c. The radiated zinc
blende of Przibram, Hungary, contains from 2 to
3 p.c. Calamine occurs at Eaton, N. America,
containing 3 p.c. of cadmium. It occurs also in
the silicate and carbonate of zinc at Freiberg,
Derbyshire, and Cumberland, and in most com¬
mercial zinc.

Préparation.—In the réduction of zinc ores
the more volatile cadmium passes over in the
first portions of the distillate. This, when con¬
taining sufficient cadmium, is eollected for the
extraction of that métal. At Silesia, the first
portion of the distillate, which contains from 2
to 11 p.c. of cadmium, is mixed with about one-
fourth of its weight of coal, and distilled at a
dull red heat ; the cadmium then distils with a
little zinc, but the greater part of the latter
métal remains behind. After being again dis¬
tilled, the métal, thus nearly freed from zinc,
is cast into small cylinders about J inch thick.

In some cases the métal obtained by the re¬
distillation of the first crude product with coal
is dissolved in hydrochloric acid, and the cad¬
mium precipitated from the diluted solution by
the addition of metallic zinc. The spongy métal
so produced is fused and cast into ingots. For
the préparation of cadmium free from zinc the
métal is dissolved in hydrochloric acid, diluted,
and precipitated as sulphide by a current of sul-
phuretted hydrogen. The sulphide is filtered
off, dissolved in strong hydrochloric acid, and
the cadmium precipitated as carbonate by the
addition of sodium carbonate, which on ignition
yields the oxide ; from this the métal is produced
by distillation with charcoal as before.

Properlies.—Cadmium is a white métal with
a tinge of blue, of strong lustre, and capable of
taking a high polish. It produces a metallic
streak on paper like lead, but less readily.
Cadmium is compact in texture and of fibrous
fracture, barder and more tenacious than tin,
it may be drawn into thin wire or hammered
into leaves, but when heated to 80°C. it be-
comes brittle, and may be powdered in a mortar.
On accountof its crystalline structure itcrackles,
like tin, when bent.

By distillation in a current of hydrogen, cad¬
mium may be produced in regular oetahedra
and other figures of the cubic System.

Cadmium melts at 320°C. (Van Biemsdijk),
and boils at 763-772°C. (Carnelley and Carlton
Williams). Its vapour density at 1,040°C. is
3-94 referred to air, or 56-3 referred to hydrogen.
Hence it appears that the molecule of cadmium
contains but one atom at that température.

According to Demarçay, it emits vapours
when heated below the melting-point (C. E.
95, 183). When heated in air it burns readily,
evolving brown fumes of the oxide. Cad¬
mium dissolves in hydrochloric and sulphuric
acids with évolution of hydrogen. It is readily
attacked by nitric acid. It combines directly with
chlorine, bromine, and iodine when placed in
solutions of those elements. According to Alberta
(J. 1865, 242) the presence of platinum increases
its solubility in such solutions and in acids.

Détection.—AU compounds of cadmium, when
heated on charcoal in the reducing flame, give a
brown incrustation. Sulphuretted hydrogen pro-
duces a yellow precipitate in acid solutions, so-
lubie in strong hydrochloric acid, insoluble in
alkaline sulphides ; it is thus distinguished from
antimony and arsenic.

Estimation.— Cadmium is best preeipitated
as carbonate by the addition of sodium carbonate.
The well washed and dried precipitate is then
detached as far as possible from the filter paper
andconverted into oxide in aporcelain crucible;
the filter paper is saturated with nitric acid or
solution of ammonium nitrate, dried and ignited
on the lid of the crucible ; in this way the loss
from réduction of the oxide to the volatile métal
is minimised. The crucible and contents with
the lid are then weighed, and the pereentage of
cadmium calculated from the weight of oxide
produced.

For the séparation from other metals not
precipitable by sulphuretted hydrogen in acid
solution, it is precipitated as sulphide by that
gas, washed, dissolved in nitric acid, and preci¬
pitated as above with sodium carbonate.

Alloys of cadmium. The addition of cadmium
to metals usually increases their fusibility with-
out destroying their malleabilily.

An alloy of 100 copper and 82 cadmium is
yeUowish-white and of fine-grained scaly struc¬
ture. One part of cadmium with 2 of silver pro¬
duces a strong malléable alloy ; 100 parts of
platinum with 117 of cadmium form a very
brittle, silvery white, fine-grained alloy, refractoiy
in the fire (Stromeyer). With mercury it forais
hard, silver-white amalgams ; the alloy contain¬
ing 21-7 p.c. of cadmium crystallises in oetahedra.,
An amalgam of cadmium and mercury frequently
containing tin is used in dentistry. For fusible
and other alloys containing bismuth and cad¬
mium v. Alloys of bismuth, art. Bismuth.

Cadmium oxide CdO is prepared by heating
the carbonate, in which case it is of a pale brown

■ colour ; or by igniting the nitrate, when it is
much darker and forms minute crystals. By
heating cadmium in a current of oxygen the
oxide may be condensed in octaliedral crystals.
Cadmium oxide is infusible, insoluble in water,
soluble in acids. It constitutes the brown de-
posit found in the condensers in the distilla¬
tion of zinc.

Cadmium chloride CdCl2 is prepared by dis-
solving the métal or oxide in hydrochloric acid,
and evaporation. It melts below a red heat and
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sublimes at a higher température, condensing in
micaeeous plates.

Cadmium iodide Cdl„ is obtained by digesting
1 part of the métal with 2 parts of iodine in
water and evaporating the solution. It crystal-
lises in large transparent tablets, soluble in
water and alcohol. lt is used in medicine and,
on aceount of its stability and solubility in
alcohol, for iodising collodion plates in photo-
graphy.

Cadmium sulphide. Cadmium yellow. Jaune
brillant. This pigment may be produced by the
addition of sulphuretted hydrogen or an alkaline
sulphide to a solution of a cadmium sait. It may
also be prepared by heating a mixture of cad¬
mium oxide and excess of sulphur, but that pro¬
duced by the former method is of a finer colour
and lias greater covering power.

It is an orange or lemon-yellow powder, but
may be obtained in prismatic crystals. When
heated to redness it becomes first brown, then
carminé ; it melts at a bi'ight-red heat, and
solidifies on cooling in laminœ of the original
colour.

It is a very brilliant permanent colour.
According to Jacquet it is acted upon by light
and by chlorine. It is much used as an oil
and water colour, for colouring certain toilet
soaps, for the production of a blue fiame in
pyrotechny, and in calico-printing. The chief
adultérants are compounds of zinc. According
to Buchner (C. Z. 11, 1,087 and 1,107) two
modifications of cadmium sulphide exist ; the
lemon-yellow ordinary sulphide, and apolymeride
of a vermilion colour, whicb becomes perma-
nently yellow if heated. The various shades of
the pigment are produced by the combination of
these two colours.

The red variety is produced when the solu¬
tion precipitated by sulphuretted hydrogen is
acid. From a dilute solution of a cadmium sait
sodium sulphide précipitâtes the yellow modi¬
fication ; from a strong solution a reddish
mixture of the two modifications ; and from a

strong boiling solution, a brick-red preeipitate.
Schmid (D. P. J. 241, 149) préparés a steam

yellow for calico-printing as follows : 16 parts
wheaten starch and 40 parts burnt stareh are
boiled in 1,000 parts of water and mixed while
bot with 350 parts of sodium thiosulphate. To
the cooled solution 350 parts of finely powdered
cadmium nitrate are added with constant stirring
until dissolved. This solution does not react in
the cold, and may be applied to the fabric and
steamed, the yellow sulphide being then pre¬
cipitated.

Cadmium sulphate CdSO,4H„0 is a very
soluble sait prepared by dissolving the oxide or
carbonate in sulphuric acid. It is used to some
extent in medicine, especially on the Continent.

Cadmium nitrate Cd(N0s)24H.,0 is prepared
by dissolving the oxide or carbonate in nitric
acid. It crystallises in déliquescent fibrous
needles, soluble in alcohol.

CTESIUM. Symbol Cs. At. wt. 132-7 (Bun¬
sen ; Johnson and Allen). Caesium was dis-
covered in 1860 by Bunsen and Ilirchhoff, in the
Diirkheim water, being the first métal discovered
by means of the spectroseope.

It is widely but sparsely distributed, usually
in association with rubidium, as in the lepidolite

from Hebron, in Maine, U.S.A., whieh contains
0-4 p.c. caesium oxide and 0-2 p.c. rubidium oxide ;
in petalite ; in the mother liquors of the Nauheim
sait spring, and in the ash of sea-weed, tobacco,
tea, and other plants. Setterberg (A. 210, 100)
deseribes a method for the séparation of caesium
and rubidium from the alums obtained as a by-
product in the manufacture of lithia from lepi-
dolite.

Caesium occurs free from rubidium in the
rare minerai pollux, from Elba, to the extent of ,

34 p.c. of caesium oxide ; to the extent of 1-71 i
parts of caesium chloride per million in the water
of the Wheal Clifford Mine (Xorke) and in the
minerai waters of Frankhausen.

Caesium may be prepared by electrolysis of
a fused mixture of caesium cyanide 4 parts and
barium cyanide 1 part, using electrodes of
aluminium (Setterberg). It resembles rubidium
and potassium in appearance, being silvery white,
and soft at ordinary températures. It quickly
oxidises in air, and rapidly décomposés water
with ignition of the liberated hydrogen. Its
sp.gr. at 15° is 1-88, its melting-point is 26-27°C.
(Setterberg).

Cœsium is the most electro-positive of ail the
elements. Its salts are stable, and have a strong
tendency to form double salts. The salts are
isomorphous with those of potassium and
rubidium, and impart a more reddish tinge to
the Bunsen flame than salts of those metals.
The hydroxide CsHO is a greyish-white highly
déliquescent solid, melting below a red heat. The
anhydrous oxide has not been prepared.

CAFFEÏNE v. Vegeto-alkaloids.
CAFFEONE. A brown oil, heavier than

water, and slightly soluble in boiling water.
Constitutes the aromatic principle of cofl'ee.
May beobtained by distillingfreshly roastedcoffee
with water, and agitating the distillate with ether
which attracts the oil.

CAÏL-CEDRA. Kaya senegalensis or Swiet-
enia senegalensis. A tree of the cedrelaceous
order, growing on the banks of the Gambia and on
the lowlands of the peninsula of Cape de Verde.
Its bark is very bitter, and is much prized by
the natives as a fébrifuge, on which account
it has been called the cincliona of Sénégal.
Its wood resembles mahogany (Swietenia ma-
liogani), and is used in making the finer kinds
of furniture. The bark contains, amongst other
substances, an extremely bitter, neutral resinous
substance called caïl-cedrin, to whieh its
active properties appear to be due.

Caïl-cedrin is very sparingly soluble in water,
but readily soluble in alcohol, ether, and chloro-
form. It is obtained by repeatedly exhausting
the coarsely pulverised bark with boiling water ;
evaporating the filtered liquids over the water-
bath to the consistence of a syrup ; exhausting
this extract with alcohol of 90 p.c. ; precipitating
the alcohol filtrate with basic lead acetate ; filter-
ing, distilling off the alcohol, and agitating the
residue with chloroform, which dissolves nothing
but the bitter principle. 1 kilogram of the bark
yields about 8 milligrams of caïl-cedrin (Caven-
tou, J.. Ph. [3] 16, 355 ; 33, 123).

CAÏNCETIN v. Glucosides.
CAÏNCIN' v. Glucosides.
CAIRNGORM. A yellow or pale brown trans¬

parent variety of quartz, largely used as an
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ornamental stone. A rieh yellow tint is often
produced artificially by the action of heat upon
dull, smoky quartz. The minerai dérivés its
namefrom Cairngorum (theBlue Mountain), one
of the highest peaks of the Central Grampians.
Most of the cairngorm of commerce is now
obtained from Spain or from Brazil. Certain
cairngorms bear a strong resemblance to yellow
topaz, and are hence known to jewellers as
' Scotch topaz ' or ' Spanish topaz.' The simplest
way of distinguisliing such false topaz from the
true stone is to take its spécifie gravity (cairn¬
gorm 2'6, topaz 3-5). When déterminations
have to be made frequently, it is convenient to
have Sonstadt's solution made up to a density of
nearly 3. On dropping the stones into such a
solution, the true topaz sinks while the cairn-
gorm floats. F. W. R.

CAJEPUT OÏL v. Oins, essential.
CAJEPUTOL v. Camphoes.
'CAL' v. Tcngsten.
CALABARINE v. Vegeto-alkaloids.
CALAMINE. A term applied indifl'erently

to both silicate and carbonate of zinc. In this
country the term is usually restricted to the car¬
bonate, whilst the silicate is called Smithsonita
or electric calamine (v. Zinc).

CALAMUS. The Indian variety of Acorus
calamus ; is used as a medicine in the Levant ;
the Turks candy it and employ it as a remedy
against contagion. The volatile oil occasionally
enters into the composition of aromatic vinegar.
According to Thoms cicorin C36H60O6in contact
with ferments splits up into sugar and oil of
calamus C36H60O6= C6H1206 +3C10H10 (v. Acokus
CAEAMUs).

CALCIUM. Symbol Ca. At. \vt. 39-9. Lime,
the oxide of calcium, has been employed in the
préparation of mortar from very early times.
Interesting accounts of the process of lime-
burning are given by Dioscorides and Pliny.
It was not, however, until 1756 that the différ¬
ence between burnt and unburnt lime was pointed
out by Black. In 1808 the métal itself was first
isolated by Davy, and has since been obtained
in the pure state by Matthiessen.

Calcium is universally found as carbonate
CaC03 in the forms of calcspar, marble, and
limestone, often in whole mountain ranges or
immense coral reefs. Dolomite or bitter spar,
the double carbonate of calcium and magnésium,
constitutes the geological formation termed mag-
nesian limestone. Calcium sulphate as anhy¬
dride CaS04 or selenite (gypsum) CaS04+ 2H..O,
isalso very plentiful. The phosphate united with
the chloride or fluoride also occurs widely dis-
tributed, often as minute inclosures in erystals
of the primary rocks, as the minerai apatite,
while calcium is an important base in the
greater number of natural silicates. The solid
matter carried away by rivers largely consists of
the carbonate and sulphate of calcium, while
sea-water contains, in addition to these, both
phosphate and fluoride of calcium. The bones
of animais consist largely of calcium phosphate,
and the shells of molluscs of the carbonate.
Calcium salts are never absent from plant
tissues, concentrating mainly in the leaves.

Calcium also occurs in extra-terrestrial bodies,
in the sun, meteorites, and many fixed stars.

Préparation of the métal.—Calcium was ob¬
tained as an impure metallic powder by Davy in
1808 by the electrolysis of the chloride, using
mercury as négative electrode, and afterwards
heating the amalgam thus formed until the
mercury was volatilised. It was obtained as a
metallic solid by Matthiessen in 1856 (C. J.
8, 28) in the following manner:—A mixture
of calcium and strontium chlorides in the pro¬
portion of two molécules to one, together with a
little ammonium chloride, the whole being more
readily fusible than pure calcium chloride, was
melted in a poreelaiu erucible in which was in-
serted a carbon positive pôle. A thin pianoforte
wire wound round a thicker one, and dipping
just below the surface of the fused mass, con-
stituted the négative pôle. On passing the electric
current, beads of metallic calcium attached them-
selves to the fine wire, and were separated by
withdrawing the négative pôle every few minutes.
The surest way of obtaining the métal by this
process is to only permit the négative pôle,
which should, under these circumstances, be
pointed, to graze the surface of the fused
mixture ; the heat occasioned by the résistance
effects the fusion of the métal, which drops o£f
the point of the wire in beads which may be
ladled out with an iron spatula.

Liès-Bodart and Gobin (C. R. 47, 23) ob¬
tained calcium by heating the iodide with an
équivalent of sodium in an iron crucible, the li(l
of which was screwed down. Dumas (C. E.
47, 175) states that a closed vessel is necessary
in this process.

Frei obtained calcium in globules weighing
2-4 to 4 grams by the electrolysis of the chlor¬
ide.

Another process consists in fusing 3 parts
of calcium chloride with 4 parts of zinc and
1 part of sodium, thus forming an alloy of zinc
and calcium, which, whenheated in a gas-carbôn
crucible, décomposés, the zinc volatilising and
a button of fused calcium remaining (Caron
A. 115, 355).

Calcium is a light yellow métal resembling
an alloy of gold and silver, lustrous when freshly
eut, and giving a yellow streak. It has a hard-
ness about the same as that of gold, and, like
that métal, is very ductile and malléable, being
readily hammered out into very thin sheets. Its
spécifie gravity is 1-5778. Perfectly dry air is
without sensible action upon it, but in moist air
it rapidly becomes converted into hydrate. Heated
on platinum foil in the air it burns with a bright
yellow flash, and if thrown into water produces
a violent évolution of hydrogen. Heated in
ehlorine it burns brilliantly, forming the chlor¬
ide ; bromine and iodine, oxygen and sulphur,
also combine with it at moderately high tem¬
pératures with évolution of light. Strong nitrie
acid is without action below its boiling-point,
but dilute nitrie acid acts so violently that
ignition frequently occurs. Dilute hydrochloric
and sulphuric acids also rapidly dissolve the
métal. According to Mallet, lime heated with
aluminium in a wind-furnace forms calcium
which volatilises.

Calcium unités with ail the non-metallic
elements forming compounds, into which it
enters as a divalent radicle; the compounds
are generally colourless, of acrid taste, and
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lower spécifie gravity than those of the other
alkaline-earth rnetals.

Fused with a large excess of zinc, calcium
forms an alloy of the composition CaZn,„, which
crystallises in quadratic octahedrons of sp.gr.
6'37 ; it is deeomposed by water (G. vom Bath,
Z. [2] 5, 6C5).

Calcium oxide, lime, CaO. Anliydrous cal¬
cium oxide is obtained by heating to redness
any sait of calcium containing a volatile acid,
as the carbonate and nitrate. Calcium car¬

bonate, wlien heated in a closed vessel, may be
fused without décomposition, but when raised
to a red heat under ordinary pressure, it gives
ofi its carbon dioxide, and beedmes converted
into lime : CaC03 = CaO + C02.

To obtain pure lime, Iceland spar or other
forms of calcite, or the finest marble, may be
employed, the ignition being performed in a
crucible with perforated base so as to permit of
the entrance of furnace gases, which carry away
the carbon dioxide as fast as it isformed; otherwise
the décomposition is incomplète, the carbonate
undergoing no change in an atmosphère of CO...

Lime is prepared on the large scale by burn-
ing ehalk or limestone (impure carbonate)
in egg-shaped kilns. The limestone is brought
to the mouths of the kilns in waggons, generally
in lumps a little larger than paving setts. In
the older kilns an arch is first formed over the
firegrate at the bottom with a number of the
larger lumps, the rest of the kiln being filled up
with smaller pièces well mixed with coal or
other combustible material ; the fire is then
kindled and kept up for about two days and
nights, after which the kiln is allowed to cool
and the lime subsequentlv removed. In the
more modem eontinuous process, the limestpne
is from time to tirne renewed at the top and the
burnt lime removed at the base ; a waggon load
of limestone, then a charge of coal, being sup¬
pliée! one after the other as fast as the burnt
lime is extracted by the furnace men below.
The kilns are generally arranged in rows, so
that a train of waggons may be employed in
continuously removing the lime. By this method
of working a great saving of fuel is effected, and
the smoke, so offensive in the older forms of
kilns, is greatly reduced, being drawn into a
central chimney and for the most part consumed.
About one bushel of coal is required to make
five or six bushels of lime, but dolomitic (mag-
nesian) limestones require less. If much argilla-
ceous matter is présent, the limestone more
readily fuses, and in such cases great care re¬
quîtes to be exercised in order to keep the tem¬
pérature below the melting-point, otherwise the
mass vitrifies, and the lime resulting is said to
be ' dead burnt.' The kilns in which such lime¬
stones are burnt are usually provided with
dampers. Such lime, if not heated too much,
slakes slowly, and is termed ' poor lime,' while
pure limes, which slake readily, are called ' fat '
or ' rich ' limes.

Pure calcium oxide forms white porous
amorphous masses of sp.gr. 2-3 to 3-08, highly
infusible, melting only in the highest tempéra¬
ture of the oxyhydrogen blowpipe fiame or in the
electric arc. In the ordinary oxyhydrogen flame
it emits an intense light, which is much used for
lantern projection.

Calcium oxide has been obtained by Briigel-
mann in minute cubic crystals of sp.gr. 3-251
by heating the nitrate in a porcelain flask
(P. [2] 2, 460 ; and [2] 4, 277).

A crystalline mass found upon the lining of
a eontinuous limekiln at Champigny after
twenty-eight months' eontinuous work was also
shown to consist of small cubical crystals of
pure lime, of sp.gr. 3-32 (Levallois and Meunier,
C. B. 90, 1,560).

Amorphous lime takes up water with re-
markable avidity, forming calcium hydroxide
Ca(OH)„, the combination being aecompanied
by a contraction in volume. When a small
quantity of water is added to a mass of burnt
lime it speedily becomes sufficiently hot to drive
off considérable volumes of steam, the mass

crumbling at the same time to powder, and be-
coming what is known as ' slaked lime.' On ex-
posure to air, the amorphous variety of lime
rapidly absorbs water and carbon dioxide ;
the crystalline variety, however, absorbs these
constituents of the atmosphère much more
slowly. Dilute cold acids are almost without
action upon the crystals, but on warming they
are readily converted, like amorphous lime, into
the several salts with évolution of heat.

Calcium hydroxide, hydrate of lime, Ca(OH)2,
is obtained by slaking fresh well-burnt quick-
lime with about a third of its weight of water.
It forms a white amorphous powder of sp.gr.
2-078, sparingly soluble in water, and less so in
hot than in cold water, as seen from the follow-
ing table :—

Tempéra¬
ture

Parts of water
required to
dissolve one

part CaO

Tempéra¬
ture

Parts of water
required to

dissolve one

part CaO

0° 759 55° 1,104
5° 764 60° 1,136

10° 770 65° 1,208
15° 779 70° 1,235
20° 791 75° 1,313
25° 831 80° 1,362
30° 862 85° 1,388
35° 909 90° 1,579
40° 932 95° 1,650
45° 985 99° 1,650 '
50° 1,019

(Maben, Ph. [3] 14, 505).
The solution known as lime-water has an

alkaline reaction, and absorbs the carbon dioxide
ofthe atmosphère, forming a pellicleof carbonate
of lime. As the presence of calcium carbonate
interfères with the solubility, in order to préparé
lime-water of definite strength for pharmaceu-
tical purposes, the lime used must be fresh, and
should have been kept out of contact with air
as much as possible, and the lime-water, when
prepared, ought to be stored in well-stoppered
bottles. In preparing lime-water from ordinary
lime, the first solutions should invariably be re-
jected, as they will contain nearly ail the soluble
salts of the alkalis and the baryta and strontia
présent in the lime as impurities. Milk of lime
is an emulsion of calcium hydrate suspended in
less water than is required for its complété solu¬
tion.
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Calcium hydroxide is also precipitated bv
caustic potash or soda from strong solutions
of the chloride ; if a saturated solution of cal¬
cium ckloride be employed the whole becomes
solid.

A solution evaporated over sulphuric acid in
a vaeuum deposits hexagonal prisms, according
to Gay-Lussac. Crystals, however, which had
separated on the surface of samples of hydraulie
cernent were found by Glinka (J. B. 1885, 451)
to belong to the rhombic System in spite of
their hexagonal appearance. A deposit of grey
lamellœ, consisting of calcium hydroxide, was
found by Luedecke (Z. K. 11, 255) in a Carré
ice machine.

At a red heat calcium hydroxide is decom-
posed, water being driven off and oxide re-
maining.

Slaked lime is greatly used in the préparation
of mortars and cements (v. Cements), and the
oxide is of fréquent use in the laboratory as a
drying-agent.

Peroxide of calcium Ca02 was first prepared
by Thenard by the action of exeess of hydrogen
peroxide upon lime-water, when microscopic
quadratic plates of the composition Ca02.8H,0,
sparingly soluble in water and insoluble in
alcohol, were precipitated. According to Conroy
(C. J. 1873,810) the peroxide is most conveniently
prepared by adding lime-water in considérable
excess to an aqueous solution of sodium per¬
oxide acidulated with nitric acid. It is also ob-
tained as a finely divided white precipitale on
adding a neutral or alkaline solution of sodium
peroxide to a solution of a calcium sait. The
crystals are isomorphous with those of hydrated
barium peroxide. On exposure to air they
effloresce, and when heated to 130° are con-
verted into the anhydrous peroxide. On increas-
ing the heathalf the oxygen is driven off, leaving
a residue of pure lime.

Calcium chloride CaCl„ is found in the
water of nearly ail springs and rivers, and is
consequently a constituent of the saline matter
dissolved in sea-water. This sait also forms the
chief saline constituent of an exudation oc-

curring on the face of the old red sandstone
rocks at Guy's'Cliff, in Warwickskire, occurring
to the extent of 27T5 p.c. (Spiller, C. J. .1876,
1, 154). Calcium chloride likewise occurs, to-
gether with magnésium chloride and alkaline
chlorides in the tachydrile and carnallite of the
Stassfurt deposits, tachydrite containing 21 p.c.
CaCl2 and 36 p.c. MgCL, while carnallite con-
tains 3 p.c. CaCh, and 31 p.c. MgCl2.

Calcium chloride is obtained by passing
chlorine over the red-hot oxide, or by dissolving
lime, chalk, or marble in hydrochloric acid and
evaporating. If it is necessary to obtain the
sait pure, chlorine water may be added to the
solution in hydrochloric acid in order to oxidise
any iron présent, which may then be precipitated
by the addition of milk of lime, and filtered off.
The slightly alkaline filtrate is then acidified
with hydrochloric acid and evaporated to the
crystallising point.

Calcium chloride is obtained in large quan¬
tités as a by-product in many manufac-
turing processes, notably in the préparation of
potassium chlorate and in the manufacture of

sodium carbonate bytûe ammonia-soda process;
it may be obtained in the pure state from these
crude products by the rnethod just indicated.
Many attempts have been made to utilise this
waste calcium chloride. Bichardson (Pat. 10,418)
treats the purified crude solution with ammonium
sulphate in the proportion required to couvert
ail the chloride into sulphate ; the calcium sul¬
phate could then be filtered off, and ammonium
chloride recovered by crystallisation. Webster
(Pat. 12,344) runs the calcium chloride liquor into
a vat, and adds as much slaked lime or powdered
chalk or marble as will absorb the liquor so
as to form on stirring a paste of the consistency
of mortar. This is then dried in a furnace at
températures gradually approaching 250°F., and
the dried mass again immersed in the liquor,
dried again and immersed a third time. In
three opérations the mass absorbs the greatèst
possible amount of calcium chloride ; the re-
sulting substance is next melted and cast into
blocks for use as a flux in metallurgical opéra¬
tions. If it is to be used for refining iron or in
a puddling furnace, 20 p.c. peroxide of mau-
ganese is added.

Saturated solutions of calcium chloride de¬
posit the hydrated sait in large hexagonal prisms
with pyramidal summits of the composition
CaCl2.0H2O. The crystals melt at 29°C. in
their water of crystallisation and deliquesce
rapidly in the air, fonning a viscous fluid
formerly termed oleum càlcis. Heated below
200°C-, or in a vaeuum over sulphuric acid, the
crystals lose 4 molécules of water. The remain-
ing 2 molécules can only be expelled above 200°.
According to Weber (B. 15, 2,316), the sait dried
at 180-200° is praetieally anhydrous, containing
only 0'2 p.c. of water. Besides the two hydrates
above described, Lescceur (C. B. 92, 1,158), from
déterminations of maximum tensions of solu¬
tions, shows the probable existence of two others
CaCl2.4H20 and CaCl^H-O. The tetrahydrate,
however, can only exist below 129°.

Anhydrous calcium chloride is a white porous
mass, which fuses at a red heat or according to
Le Chatelier (Bl. 47, 300) 755°. On cooling the
sait solidifies to a translucent mass of crystals
of sp.gr. 2'205. A slight décomposition into
oxide and carbonate occurs when the fusion is
performed in air. On this account the porous
chloride obtained by drying the crystals at 200°
is better adapted for desiccating purposes, espe-
cially for the absorption of water in organic
analysis. If the fused mass is exposed to the
sun's rays it becomes phosphorescent in the dark,
and was formerly called Êomberg's phosphorus,
after the discoverer of the fact in 1693.

Anhydrous calcium chloride is highly dé¬
liquescent. 100 parts of the powder exposed to
an atmosphère saturated with aqueous vapour
absorb 124 parts of water in ninety-six days,
According to Kremers (P. 103, 57; 104, 133;
J. 1858, 40), the following quantities of water
are required to dissolve one part by weight of
the anhydrous sait :

At 10-2° 20° 40° 60°
1-58 1-35 0-83 0-72.

In the following table, drawn up by the same
author, are shown the spécifie gravities of solu¬
tions of varying strengths :—
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Quantifies in
100 parts water

6-97
12-58
23-33
36-33
50-67
62-90

Sp.gr. of solutions at
19-5° (water at 19-5° = 1)

1-0545
1-0954
1-1681
1-2469
1-3234
1-3806

According to Engel (Bl. 47,318), 100 parts of
water at 0° dissolve 60*3 parts CaCl2, forming
p. solution of sp.gr. 1-367.

A solution of 50 parts anhydrous CaCL in
100 parts water boils at 112°, one containing
200 p.c. boils at 158°, and a 325 p.e. solution
boils at 180°.

According to Lefebvre (C. B. 70, 684) a
supersaturated solution of calcium chloride is
formed by dissolving 350-400 grams of tlie crys-
tallised sait in 50 c.c. warm water or 200 grams
of the anhydrous sait in 250 c.c. water ; it may be
shaken after cooling without crystallisation, but
solidifies on contact with a crystal of the sait. If
cooled to 5 8° this solution begins to crystallise,
the température rising to 28-29°. A solution con¬
taining 55 p.c. CaCl2 deposits at about 15° large
plates of the tetrahydrate CaCl,-4H20, whieh do
not induce the crystallisation of the supernatant
liquor. This solution, in passing from liquid to
solid state, undergoes at 70° a contraction 0-0832
of its volume.

The crystallised chloride CaCl2.6H._,0 also
deliquesces rapidly, and dissolves in half its
weight of water at 0°, in one-fourth its weight
at 16°, and in ail proportions of hot water. In
dissolving it absorbs heat, while the anhydrous
chloride dissolves with évolution of heat. A
mixture of 1-44 parts crystallised chloride with
1 part of snow produces a cold of — 54-9°, more
than sufficient to freeze mercury.

Both the anhydrous and hydrated chloride
dissolve readily in alcohol, 10 parts at 80°C. dis¬
solving 6 parts anhydrous CaCl2 ; on evaporation
in a vacuum at winter température rectangular
plates of 2CaCl2.7C2H60 are deposited.

Anhydrous calcium chloride absorbs arn-
monia gas, forming the compound CaCl2.8NH3
as a white powder, which, on exposure to air,
solution in water, or on heating, is decomposed.
Thrown into chlorine gas the compound takes
fire.

Calcium oxychloride. When calcium chlor¬
ide solution is boiled with slaked lime, and the
liquid filtered, white needle-shaped crystals
of calcium oxychloride separate out on cooling
of the composition ClCa.0.Ca(0H).7H20 or
3CaO.CaCl2.15H20 (Grimshaw, C. N. 30, 280).
The sait is stable out of contact with air,
loses part of its water of crystallisation over
sulphuric acid or caustic lime, and absorbs
carbon dioxide from the atmosphère. It is
decomposed by water or alcohol.

According to André (C. B. 92, 1,452) the
composition of the sait is CaCL-3Ca0.16H20,
and, on drying in a vacuum it becomes converted
into CaCl2.3Ca0.3H20.

When calcium chloride is fused at a bright-
red heat in a current of moist air, it is gradually
converted to an oxychloride of the composition
CaCLCaO, and eventually to oxide (Gorgeu,
C. B. 99, 256).

Calcium hypochlorite v. Bleachino powdek.

Calcium chlorate Ca(C10,)2 is produced when
chlorine is passed into hot rnilk of lime, but
is difficult to separate from the chloride simul-
taneously formed. This is the first step in the
manufacture of potassium chlorate, and the re¬
action is supposed to be as follows :

6Ca(OH), + 601, = Ca(0103)2 + 5CaCL + 6H20.
According to Lunge (S. C. I. 1885, 722) the

reaction really takes place in several stages,
calcium hypochlorite and hypochlorous acid
being first formed and mutually reacting with
production of calcium chlorate :

(1) Ca(0Cl)a+4Cl+2Ha0=CaCIa+4H0'.0.
(2) 2Ca(OCl )a+4HC10 = CaCIa+Ca(C10a)a+4C1+2HaO.

The free chlorine serves only as carrier of
the oxygen of two molécules calcium hypochlor¬
ite to a third molecule of the hypochlorite which
is oxidised to chlorate. Lunge's experiments
show tliat the best mode of converting hypo¬
chlorite into chlorate is to raise the température
of the solution, slight excess chlorine being at
the same time présent. The heat produced by
the reaction on the large scale is sufficient.

Pure calcium chlorate is prepared by preci-
pitating potassium chlorate with calcium silico-
fluoride. It crystallises in déliquescent rhom-
boidal plates, very soluble in water and alcohol ;
the crystals contain 16-5 p.c. water, melt when
warmed, and décomposé on further heating.

Calcium perchlorate Ca(C104)2 may be ob-
tained by saturating perchloric acid with caustic
lime. It is extremely déliquescent and crystal¬
lises in prisms soluble in alcohol.

Calcium bromide CaBr2 is formed by burning
calcium in bromine vapour, or by dissolving
lime or calcium carbonate in hydrobromic acid
and evaporating. The silky needles thus ob-
tained are hydrated, but may be converted to
the anhydrous sait by ignition. Calcium brom¬
ide much resembles the chloride in properties,
being déliquescent, and very soluble in alcohol.

Calcium iodide Cal2 may also be prepared
by combustion of calcium in iodine vapour, or
by solution of lime or the carbonate in hydriodie
acid, evaporating and fusing the residue in a
closed vessel. Heated in contact with air,
it fuses below a red beat, and is decomposed
with libération of iodine vapours and formation
of lime. The following methods of preparing it
are recommended by Wagner (C. C. 1863, 143 ;
J. 1862,132) :—

(1) Addition of iodine to an aqueous pulp of
calcium sulphite and hydrate. (2) Addition of
iodine, to saturation, to calcium thiosulphate
stirred up with water, whereby a mixture of
iodide and tetrathionate is formed, which may
be used for technical purposes instead of potas¬
sium iodide. (3) Addition of iodine, finely di-
vided or dissolved in potassium iodide, to calcium
nitrite and hydrate, thus:

Ca(NOa)a+ 2Ca(OH)a+ 2Ia=Ca(NO,)a+ 2CaIa+2HaO.
And (4) addition of finely divided iodine to a
concentrated mixture of arsenious oxide and
mille of lime ; insoluble arsenate and soluble
iodide of calcium are formed. . The As203 may
be replaced by Sb203.

Liebig (A. 121, 222) recommends décompo¬
sition of Cal, by K2SO., for préparation of iodide
of potassium. To préparé the calcium iodide,
1 oz. of amorphous phosphorus is drenched
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with 30 oz. hot water, and finely pulverised iodine
gradually added, with constant stirringas long as
it dissolves without colour (quantity thns dis-
solved being 13^ oz.). The colourless liquid is
then decanted from the slight deposit, and made
slightly alkaline with milk of lime (8 oz. lime
being required) ; the solution is afterwards
strained, and residue of phosphate, phosphite,
and hydrate of calcium washed. The solution
then contains the calcium iodide which may, if
necessary, be obtained by evaporation in the
form of hydrate in déliquescent needles.

A double iodide of calcium and silver of the
composition CaIj.2AgI.6HoO has been prepared
by Simpson (Pr. 27, 120) by saturating a liot
coneentrated solution of Cal, with moist silver
iodide. It crystallises on cooling in long white
needles, decomposed by water.

Calcium iodate Ca(I03)2 is obtained by crys-
tallising mixed solutions of potassium iodate
and calcium chloride. The hydrated sait forms
four-sided prisms which effloresce in the air, and
become anhydrous when heated to 200°. From
a solution acidulated with nitric acid it separates
in trimetric erystals. The crystals are soluble
in 454 parts water at 18°, and in 102 parts of
boiling water, but are insoluble in alcohol. The
anhydrous sait, gently heated in a porcelain
retort, evolves 14-78 p.c. of oxygen, and 54-07 of
iodine, leaving 31-14 p.c. of a residue rich in
pentabasic periodate of calcium. Heated more
strongly it evolves more oxygen and iodine, and
leaves 20-35 p.c. of a mixture of pentabasic per¬
iodate and free lime. Calcium iodate detonates
violently when heated on charcoal.

Sonstadt proposes (Pat. 6,304, 1S84) to use
calcium iodate as au antiseptic.

Periodates of calcium. When the sodium
sait NaH4I06 is decomposed by calcium ni¬
trate a crystalline white preeipitate of dicaleium
periodate CaH3IOs or 2Ca0.3H,0.I,0, is ob¬
tained. When this sait is heated, water, oxygen,
and iodine are given off and pentaealeium perio¬
date Ca5I20,2 remains (Langlois).

Calcium fluoride CaF, is found in nature as

fluor-spar, both in massive and crystallised
forms ; the crystals generally consist of octa-
hedra, cubes, or other forms of the cubic System.
Fluor-spar occurs generally in veins, especially
in the celebrated Castleton district of Derbyshire,
where it is known by the name of 'Blue John.'
.Pure crystals are colourless, but many varietiès
are coloured blue, violet, red, or yellow. It is
■also a constituent in small quantities of many
jdant ashes, of bones, and of the enamel of teeth.
When precipitated calcium fluoride, obtained
by precipitating any soluble calcium sait with
fluoride of sodium or potassium, is heated with
water slightly acidified with hydrochloric acid,
the preeipitate is found to consist of microscopie
■octahedrons.

Calciumfluoride is soluble in about 2,000 parts
of water at 15°C., and is slightly more soluble in
water eontaining carbon dioxide. It dissolves in
flydrofluoric acid and in strong hydrochloric acid
and is precipitated in the gelatinous form by
ammonia. It is fusible .at a high température,
and is much used as a flux in many metallurgi-
cal opérations, especially in the réduction of
copper ores and the préparation of aluminium.
It is decomposed at a high température by

water vapeur into lime and hydrofluoric acid.
Fusion with alkaline carbonates or hydrates
yields carbonate or oxide of calcium and alkaline
fluorides. Strong sulphuric acid, on gently
warming, décomposés it, forming calcium sul-
phate and liberating hydrofluoric acid. At a
red heat it is also decomposed by chlorine.
After being heated fluor-spar phosphoresces in
the dark. There is a considérable industry car-
ried on in fluor-spar districts in the carving of
ornamental vases and other articles, the bril-
liantly coloured varieties being especially in
demand.

Calcium carbonate CaC03 occurs naturally
in the forms of limestone, chalk, rnarble, and
calcite ; it also constitutes the principal ingré¬
dient in egg-shells, mollusc shells, and coral.
It is formed when the oxide or hydrate is ex-
posed to moist air eontaining carbon dioxide,
but is not produced by the action of dry carbon
dioxide on dry lime. It may be obtained in
the pure state by dissolving chalk or marble or
calcined oyster shells in hydrochloric acid, pre¬
cipitating the alumina, oxide of iron, and earthy
phosphates by ammonia or milk of lime, filtering,
then precipitating the calcium by ammonium car¬
bonate, washing and drying.

Calcium carbonate is dimorphous, crystal-
lising in the hexagonal system as calcspar and in
the rhombic system as arragonite. Calcspar or
calcite crystallises in hemihedral forms. of tho
hexagonal System chiefly in rhombohedra or
prisms terminated by rhombohedral faces. The
primary form is a rhombohedron having angles
of 104° 5' and 74° 5'. Its sp.gr. is 2-7 to 2-75.
When a calcium sait is precipitated by an
alkaline carbonate, the preeipitate at first is
flocculent, but soon takes the crystalline form of
calcite. That formed by passing a small quantity
of carbon dioxide through lime-water soon takea
the crystalline form of calcspar, but if the solu¬
tion be hot the crystals resemble those of
arragonite. Calcite crystals are deposited from
a solution of calcium carbonate in carbonic acid
when evaporated at the ordinary température,
but the crystals take the form of arragonite if
the solution is heated to 90°. The microscopie
erystals of arragonite gradually change into
rhombohedra of calcite, which is therefore tho
permanent form. Arragonite crystallises in
rhombic prisms of sp.gr. 2-92-3-28.

A litre of water dissolves about 18 milligrams
of calcium carbonate. The solution has a slight
alkaline reaction. Water eontaining carbonic
acid dissolves it much more readily, forming the
acid carbonate CaH2(C03)2, which is known only
in solution. Solubility at higher pressures in
water eontaining carbonic acid follows the law
of Schloesing pretty closely (Engel, C. B.
101, 949). The solubility increases under an
increase of pressure only up to 3 grams per litre
according to Caro. One litre of water saturated
with carbon dioxide dissolves 0-7 gram of the
carbonate at 0°, but 0-88 gram at 10°. This
acid carbonate plays a most important part in
nature, for whenever water eontaining carbonic
acid cornes in contact with carbonate or silicates
of calcium, the calcium is gradually converted
into this soluble form and is therefore found in
almost ail natural waters. Hence also the de-
posits in kettles and boilers ; the formation of
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which may be prevented by the addition o£ am¬
monium chloride to the water.

Calcium carbonate, when heated to full red-
ness in open vessels, is decomposed into lime
and carbon dioxide. The décomposition com¬
mences at a low red heat, and in a current
of air, or better steam, the température of dis¬
sociation is lower still. The tension of dis¬
sociation becomes equal to the pressure of the
atmosphère, according to Le Chatelier (C. B.
102, 1,243) at about 812°. If heated rapidly,
the stationary température of dissociation is
925°. At 547° the tension of dissociation is
27 mm.; at 010°, 46 mm.; at 625°, 56 mm. ; at
740°, 245 mm.; at 810°, 67Smm., and at 865°,
1,333 mm. If the carbonate be ignited in a
closed vessel it fuses, resolidifying to a mass of
marble-like calcite. According to Becker (J.
M. 1886, 1, Réf. 403) any form of CaC03, even
at a low pressure, is changed on heating in a
closed space with exclusion of air into the
rhombohedral form without fusion. If small
quantifies of the precipitated carbonate are
thrown into a fused mixture of sodium and
potassium chlorides in équivalent proportions,
no carbon dioxide is evolved, but the carbonate
becomes crystalline calcite, usually in aggrega-
tions of crystals like snow crystals (Bourgeois,
Bl. [2], 37, 447).

Pentabydrated calcium carbonate
CaC03.5Ho0.

The evaporation of natural solutions of the
acid carbonate generally results in the déposition
of the ordinary carbonate, forming the stalac¬
tites and stalagmites of caverns, calcareous tufas,
and other forms of deposit ; but sometimes
the solution yields six-sided rhombie prisms of
the composition CaC03.5H,0. Tkese crystals are
often found in pumps and pipes leading from
wells, also adhering to the confervœ in ponds.
Tkey keep unaltered under water at 20°, but at
sliglïtly higher températures lose their trans-
parency and water of crystallisation. In air they
crumble to powder through loss of water (Pfeiffer,
Ar. Ph. [2] 15, 212). This sait, according to
Pelouze (A. Ch. [2] 48, 301) is obtained in small
acute rhombohedra, sp.gr. 1-783, by boiling lime
in a concentrated solution of sugar, starch, or
gnm, and leaving the solution for some months
in a cold place. Becquerel, by exposing a solu¬
tion of lime in sugar water to a voltaic battery
of twelve cells, obtained crystals of the same
composition, but in form of rhombie prisms.

Basic carbonates of lime. Calcium oxide
commences to absorb carbon dioxide at a tem¬
pérature of 415°, forming a basic carbonate of the
composition 2CaO.CO., (Birnbaum and Mahu,
B. 12, 1,547).

Baoult (C. R. 92, 1,457) shows that when
freshly burnt lime is heated in a current of
carbon dioxide it glows strongly, forming
2Ca0.C02 which does not disintegrate in moist
air and does not take up water from steam at
200°. When finely powdered and treated with
a little water it hardens like hydraulic cernent.
The hydrated product lias the composition
CaCOs.Ca(OH)2. On heating to dull redness it
loses water and is converted into a mixture of
CaC03 and CaO.

When burnt lime is heated in contact with
carbon dioxide for several days the basic sait
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2CaC03.0a0 is obtained, which still absorbs C02
forming a third sait 3CaC03.Ca0. The carbon
dioxide continues to be absorbed, however,
and appears eventually to form the normal car¬
bonate.

Calcium nitrite Ca(N02)2.H20 is prepared by
decomposing a boiling solution of silver nitrite
with lime-water, treating the filtrate with sul-
phuretted hydrogen and carbonic acid to remove
excess of silver and calcium, and evaporating at
a gentle heat. It crystallises in déliquescent
prisms insoluble in alcohol.

Calcium nitrate Ca(N03)2.4H20 occurs as a
silky efflorescence in limestone caverns, especially
those of ICentucky, also on the walls of places
where there is mueh organic refuse. It is found
in many well waters, being derived from the soil.
It is extremely déliquescent and soluble, and
causes rapid disintegration of mortar, and hence
is called ' saltpetre rot.' It may be prepared by
dissolving the carbonate in nitric acid, the
solution depositing on slow evaporation mono-
clinio six-sided prisms terminated by acute
pyramids of the above composition. On evapo¬
rating the solution to dryness the anhydrous sait
of sp.gr. 2-472 is obtained, possessing a warm
bitter taste and readily soluble in water and
alcohol. On heating more strongly it becomes
phosphorescent, as noticed by Baldwin in 1674,
and hence is termed Baldwin's phosphorus. At
a higher température oxygen and nitric peroxide
are evolved, and with combustible bodies détona¬
tion occurs. It is extensively prepared on the
Continent for the manufacture of nitre by mixing
vegetable and animal refuse with chalk, mari,
cinders, &c., moistening from time to time with
liquid stable manure, and exposing to the air for
two or three years, when the mass is lixiviated
and the crude nitrate of calcium decomposed by
carbonate, sulphate, or chloride of potassium.

Calcium phosphide. When metallic calcium
is heated with phosphorus under petroleum
oombination occurs. Calcium phosphide rnixed
with pyrophosphate is also obtained when va-
pour of phosphorus is passed over red-hot lime:
14Ca0 + 14P = 5CaJP, + 2Ca2P20,. A few pièces
of phosphorus are placed at the closed end of a
combustion tube, and the tube is filled witli
small pièces of quick-lime, and the lime is
heated to redness and the heat gradually ex-
tended to the phosphorus. The phosphide may
be prepared on a larger scale by filling a crucible
with a hole in its base with pellets of lime, and
placing it upon the grate of a furnaee. A flask
containing phosphorus is placed below the
grating with its neck passing into the hole of
the crucible. When the lime has been heated
to redness the phosphorus is gradually heated so
that its vapour passes through the lime. The
brown mass is stated by Gmelin (Handb. 3, 188)
to be a mixture of monocalcium phosphide and
triealcium phosphate :

8CaO + P12= 5CaP2+ Ca3(P04)2.
It may be that both this and the former reaction
are correct and that both mono- and di-phos-
phides are formed.

When thrown into "water the product is in-
stantly decomposed wtffi évolution of spon-
taneously inflammable phosphoretted hydrogen.

3CaP2 + 6H20 = 2PH3 + 3Ca(OH)2 -t P4 ;
or SCa^-t- 6H20 = 4PH3 + èCaO + P2.

DD
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Possibly some of the diphosphide may also
be decomposed as follows :

Ca2P2+2H20 = PjH, + 2CaO.
In this way the spontaneous inflammability of
the phosphoretted hydrogen would be accounted
for.

Owing to this property calcium phosphide is
utilised for the production of signal fires at sea.
The manufacture is carried on in an arrange¬
ment similar to the above, the crucibles being
larger and divided by a false perforated bottom
into two compartments, in the upper of which
the pièces of lime are raised to a red heat, the
phosphorus placed in the lower compartment
being afterwards volatilised by the heat radiated
from above. In about six hours a charge
yielding 20 lbs. of product is finished. The
brown stony mass is immediately worked up into
the ' lights.' These consist of cylindrieal tinned-
iron boxes, the lower half of which is filled with
about 16 oz. of the fragments of phosphide.
Two small cireular portions of the upper and
under surfaces of métal are formed of soft lead,
so that they may be pierced by a knife just be-
fore being thrown overboard. The tins are sup-
ported by a wooden float when in use. The
water enters below and the gas issues from the
upper outlet, burning with a flame 9 to 18
inehes high lasting about half an hour. Larger
but similar ' lights ' are prepared to be placed in
a bucket of water on deck. In the British navy
torpédo practice, a peculiar form of the phos¬
phide is also used.

Calcium phosphite CaHP03.H20 separates
as a crystalline crust from a solution of the
ammonium sait mixed with calcium chloride.
It is sparingly soluble in cold water, and the
solution décomposés when heated, depositing
a basic sait, an acid sait remaining dissolved.
It gives off its water at 100°. According to Bother
(Ph. [3], 10, 286), when solutions of calcium
hypophosphite and sodium sulphite are mixed,
calcium sulphite is precipitated ; if this is
re-dissolved in enough hydrochloric acid to free
ail the hypophosphorous and sulphurous aeids
and the sulphur filtered off, on addition of am-
monia a crystalline precipitate of calcium phos¬
phite separates. It is a white crystalline powder,
which, on heating, evolves spontaneously inflam¬
mable phosphoretted hydrogen, accompanied by
slight détonations. At a certain température it
becomes incandescent, and leaves a residue of
calcium phosphate.

An acid phosphite CaH4(P03)2.H20 is ob-
tained as a crystalline crust by acting upon
marble with aqueous phosphorous acid as long
as carbon dioxide escapes. The crust consists
of needle-shaped crystals soluble in water, and
losing their water at 100°.

Calcium hypophosphite Ca(PO„H2)2 or
CaH4(P02)2 is used medicinally, and is prepared
by boiling phosphorus with milk of lime

3Ca(OH)2 + 2P4 + 6H20 = 2PH3 + 3CaH4(P02)2.
On evaporation the hypophosphite is obtained
in monoclinic flexible prisms insoluble in alcohol.
When heated it evolves phosphoretted hydrogen
and water, leaving calcium pyrophosphate.

Calcium orthophosphate Ca3(P04)2 occurs
pure in the minerai osteolite, and as

Ca3(P04)2.2H20

in ornithite. Together with calcium fluoridc or
chloride, it occurs largely in apatite

3Ca3(P04)2 + CaF2
and in the massive varieties phosphorite and
estramadurile found in Estramadura, in Spain,
where it forms vein-like layers in the granité o{
the palœozoic slates and Devonian limestones,
In certain apatites the CaE2 is more or less
replaced by CaCl2.

Calcium phosphate also forms a principal
constituent of the coprolites frequently found
in the stratified rocks. It is the chief inorganic
material of bones, forming about 80 p.c. of burnt
bones.

It is obtained in the amorphous state by pre-
cipitating an ammoniacal solution of calcium
chloride with excess of hydrogen disodium phos¬
phate. The precipitate is gelatinous, but dries
up to a white earthy powder, nearly insoluble in
water, but is decomposed by long boiling into an
insoluble basic sait of the composition

Ca3(P04)2.Ca,(P04)0H
and a soluble acid sait. This reaction also
occurs slowly in the cold. Calcium phosphate
is also soluble in water containing carbonic acid,
ammonium salts, nitrate of soda, sodium chloride
and other salts. Its absorption by the roots ot
plants is therefore promoted by the agency of
saline solutions.

Calcium orthophosphate may be obtained in
the crystalline form by heating dicalcium pyro¬
phosphate with waterrwhereby it is resolved into
phosphoric acid and tricalcium phosphate which
separates in rectangular plates 3Ca.P.,0, + 3H20
= 2Ca,(P04)2 + 2H,P04.

Tricalcium phosphate is not decomposed by
ignition.

Dicalcium orthophosphate
Ca.2H2(P04)2.5H20.

An aqueous solution of phosphoric acid acts on
precipitated ehalk forming small needle-shaped
crystals of dicalcium phosphate, and the finely
divided chalk deposited from maris in the beds
of streams is particularly suitable for its pré¬
paration by this method (Bitthausen, L. V.
20, 401). Dried at 100° tbe sait contains 5H;0
which it does not lose below 115°. It is soluble
in ammonium citrate. Boiled with water it is
partially decomposed into tricalcium phosphate.

On mixing boiling solutions of sodium phos¬
phate, calcium chloride and acetic acid

Ca2H2(P04)2.H20
is formed ; if the solutions are mixed in tbe cold
Ca.,H„(P04)2.5H„0 is formed (Millot, Bl. [2] 33,
194)."

When a solution of calcium chloride is mised
with one of ordinary sodium phosphate a white
crystalline precipitate of Ca2H2(P04)2.4H,0 is
thrown down. It is this sait which is occasion-
ally deposited from wine in stellar aggregates.
According to Becquerel and Berzelins a trihydrate
may also be obtained. ' These différent results as
regards water of crystallisation are probably
owing to the fact that the précipitâtes vary in
amount of water and solubility in acids according
to the conditions of their précipitation.

A manufaeturing process is described by De
Bouquet (B. C. 1884, 411) in which a solu¬
tion of calcium sulphydrate is l'un in fine jets
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into a hydrochloric acid solution of a phos¬
phate ; sulphuretted hydrogen escapes and the
diphospliate is precipitated. If the aeid solution
be treated with the sulphydrate to alkaline ré¬
action, the tricalcium phosphate is formed.

Monocalcium phosphate CaH4(P04)2 is ob-
tained in rhombic tables by dissolving either of
the former phosphates in phosphoric acid and
allowingthe solution to spontaneously evaporate.
Ithas a strong acid reaction, and deliquesces
in air, dissolving readily in water. A small
quantity of water décomposés it, forming in¬
soluble dicalcium phosphate and free phosphoric
acid. If cold, the hydrate Ca2H2(P04)2.4H20 is
formed ; if hot, the same sait, free from water,
is precipitated.

Monocalcium phosphate fuses on heating,
giving up its water, and. when heated to 200° it
parts with the elements of water, leaving a mix¬
ture of calcium pyrophosphate and metaphos-
phoric acid :

2CaH4(P04)2 = Ca^O, + 2HP03 + 3H20.
When the mixture is heated to a still higher
température, pure calcium metaphosphate re-
mains.

Superphosphate of lime is a mixture of mono¬
calcium phosphate and calcium sulphate which
is manufactured as a manure. It is prepared
by acting on bone-ash, coprolites, phosphorites,
or other minerai phosphates with two-thirds
their weight of sulphuric acid :

Cas(P04)2+ 2H2S04 = CaH4(P04)2 + 2CaS04. •
Besides its use as a manure for root-crops, it is
used in the manufacture of phosphorus.

Calcium pyrophosphate Ca2P207 is prepared
by action of aqueous pyrophosphoric acid upon
lime-water, or sodium pyrophosphate upon cal¬
cium ehloride. If the precipitate thus obtained
is dissolved in sulphurous acid and the solution
heated, the sait separates as a erystalline erust.
The crystals contain four molécules of water.

Calcium metaphospkates. The monosalt
Ca(P03)2 is obtained by dissolving calcium car¬
bonate in orthophosphoric acid, evaporating and
heating the residue to 316°. It is an insoluble
white powder.

The di-metaphosphate Ca2(P03)4.4H20 is ob¬
tained pure in the erystalline form by precipi-
tating the corresponding alkali sait with excess
of calcium ehloride. It is insoluble in water,
but is decomposed by strong sulphuric acid.
A double dimetaphosphate of calcium and am¬
monium Ca(NH4)2(P03)4 -r 2H,0 is obtained in
spicular crystals by mixing a solution of calcium
ehloride with excess of the ammonium sait. It
is insoluble in water.

Phosphato-chlorides of calcium are obtained
by evaporating solutions of tricalcium phosphate
in hydrochloric acid. A saturated solution, on
spontaneous evaporation, deposits rhomboidal
plates of 7CaH4(P04)2.CaCl2.14H20. If the
solution is evaporated over the water-bath, di¬
calcium phosphate is first deposited, then, on
further evaporation, the above phosphatic ehlor¬
ide cornes down, and afterwards white scales of
CaH4(P04)2,CaCl2.H20. When a solution of
dicalcium orthophosphate in hydrochloric acid
is saturated at ordinary températures with tri¬
calcium phosphate, then mixed with half the
quantity of hydrochloric acid already contained

in it, and evaporated, on cooling below 6° crystals
separate out of the composition

4CaH4(P04)2.CaCl,.8H,0
(Erlenmeyer, J. 1857, 146).

Calcium silico-phosphate. According to
Carnot and Richard (C. R. 97, 316), the brownish-
black slag formed in working the Thomas-Gil-
christ process at Joeuf (Meurthe-et-Moselle) is
covered with black crystals, some slender
needles, others right rhombic prisms with bril-
liant faces, frequently aggregated in columnar
masses terminating in vitreous, translucent, blue
crystals. Similar blue crystals are found in the
cavities, possessing the constant composition
8P2O5.8SiO2.Al203.FeO.36Ca0, essentially a cal¬
cium silico-phosphate Ca3(P04)2+Ca2Si04.

Calcium arsenates. Dicalcium arsenate
occurs native as haidingerite Ca2H2(As04)2.H20,
and plmrmacolite CaJH2(As04)2.5H20, and may
be prepared by adding a solution of disodium
arsenate to excess of calcium ehloride. The
tetrabydric arsenate obtained by addition of
lime-water to arsenic acid is soluble, while the
tricalcium arsenate is insoluble in water, and
may be prepared by precipitating calcium ehlor¬
ide with trisodium arsenate. On evaporating
a hydrochloric acid solution of calcium ammo¬
nium arsenate with platinum ehloride, the mass
left on ignition of the platinochloride is found
to contain fine white prisms of the tricalcium
orthoarsenate Ca3(As04)2 insoluble in aeids.
The meta-arsenate Ca(As03)2 is formed as an
insoluble erystalline powder when mixtures of
arsenious anhydride and calcium carbonate are
ignited.

Calcium ammonium arsenate
CaNH4As04.7H.,0

is produeed by mixing a hot solution of arsenic
aeid in excess of ammonia with calcium nitrate
or ehloride, when it crystallises on cooling in
tables arranged like steps. In a vacuum over
sulphuric acid they beeome

Ca3(NH4)H..(As04)3.3H20,
and when dried at 100° bave the composition

Ca0(NH4)H5(AsO4)6.3H2O.
On ignition they are converted into calcium pyro-
arsenate Ca2As207 (Bloxam, C. N. 54, 168).

Another sait, Ca(NH4)2H2(As04)2, is obtained
by adding excess of ammonia to a solution of
dicalcium arsenate in nitric acid, as a flocculent
precipitate, soon becoming a mass of needles.
The same sait is obtained in crystals belonging
to the regular System when the solution of the
dicalcium sait is only partially precipitated and
allowed to stand ; lience it appears to be di-
morphous (Baumann).

Calcium silicates. Calcium oxide is an

important base in a large number of natural
silicates, and is the principal basic constituent
of the following minerais: Wollastonite CaSi03
or tabulai spar, occurring in monoclinic crystals ;
okenite CaH,(Si03)2.H20 ; xonaltite

4CaSi03.H20 ;
qurolite CaJEL.(SiO.,),.H,0 : and avophyllite,
4CaH2(SiOs)2".KF.4H,0.

Gorgeu (C. R. 99, 256) obtained artificial
wollastonite by fusing 1 gram of silica with
15 grams calcium ehloride and 3 grams common
sait at a cherry-red heat in a current of moist
air for half an hour. On treating the product
with cold water and acetic aeid, a residue of
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long prisms oî wollastonite mixed with round
grains of tridymite vvas obtained. The artificial
wollastonite possessed the same chemical and
optical properties and crystalline form as the
natural, but was somewhat softer, the hard-
ness o£ the minerai being 5, and that of the
artificial 3-5.

If molecular proportions of precipitated silica
and calcium chloride are heated to a high tem¬
pérature in presence of water vapour, CaSi03 is
also formed, but not in form of wollastonite.
With twice the amount of chloride the normal
silicate Ca„Si04 is formed.

Doelter (J. M. 1886, 1, 119) found that in
absence of steam a hexagonal CaSi03 is ahvays
formed ; hence wollastonite must have been
formed in presence of steam. Calcium silicate
is therefore dimorphous.

The silicates 2Ca0.Si02, 2Ca0.8Si02,
Ca0.2Si02, and Ca0.3Si02 are produeed by ex-
posing mixtures of quartz and marble in these
proportions to the heat of a smith's forge. The
last three are the most fusible.

On precipitating the solution of any calcium
sait with sodium or potassium silicate, the sili¬
cates 2Ca0.9Si02.3H20 and CaO.Si02 have
been obtained by Lefort and Yon Ammon re-
spectively.

Gorgeu (C. R. 99, 256) obtained two chloro-
silicates by heating to a high température silica
and calcium chloride in proportion of one molé¬
cule to seven in presence of water vapour. The
first, 2Ca0.Si02.CaCl2, forms birefractive rhom-
bic plates. The second, Ca0.Si02.CaCl2, forms
hexagonal plates, and is produeed more rapidly
than the former, which requires prolonged
heating. Both compounds are decomposed by
water.

Calcium silico-borate Ca0.2Si02.CaB204
occurs with one molécule of water as datholite,
and with two molécules of water as botryolite.

Calcium silico-titanate Ca0.3Si02.2CaTi03
occurs as sphene.

Calcium monosulphide CaS. Perfeetly dry
lime remains unaltered on passing over it a
current of dry sulphuretted hydrogen ; but on
hydrating the lime and again passing the gas,
calcium sulphide is formed: Ca(0H)2 + H2S
= CaS + 2H20. The most favourable tempéra¬
ture is 60° (Veley, C. J. 1885, 478).

It may also be prepared by heating the sul-
phate with coal or charcoal, or by action of
carbonic oxide at a red heat :

CaS04 + 4CO = CaS + 4C02.
Anhydrous calcium sulphide is a white powder

which emits a smell of SEL in the air. It turns
yellow on moistening, due to the formation of
oxidised products. It is but sparingly soluble
in water, and is decomposed by boiling water,
with formation of hydrate and sulphydrate of
calcium 2CaS + 2H20 = Ca(HS)2 + Ca(HO)2. Sus-
pended in water it is readily decomposed by car¬
bonic acid, with formation of calcium carbonate
and sulphuretted hydrogen

CaS + BL.0 + C02 = CaC03 + ILS.
After being heated, calcium sulphide shines in
the dark, and was long known as Canton's
phosphorus.

According to Vemeuil (C. E. 103, 600), cal¬
cium sulphide with a violet phosphorescence
may be prepared as follows : 20 grams of finely-

powdered lime, obtained by heating the shells
of Hypopus vulgaris, is intimately mixed with
6 grams of sulpliur and 2 grams of starch, and
8 c.c. of a solution containing 0-5 gram basic bis¬
muth nitrate and 100 c.c. of absolute alcohol
acidified with a few drops of hydrochloric acid
are added. The mixture is exposed to the air
until most of the alcohol has evaporated, and is
then heated to cherry redness for twenty minutes.
When completely cooled, the upper layer of cal-
cium sulpliate is removed, and the calcined mass
powdered and again heated fifteen minutes. The
violet phosphorescence of the product is due to
the trace of bismuth. 0T p.c. of sulphides ot
antimony, cadmium, mercury, tin, copper, lead,
uranium, platinum, or zinc imparts a bluish ot
yellowish-green tint to the phosphorescence,
Manganèse produces an orange shade. A mix¬
ture of 100 parts lime, 30 parts sulphur, 10 of
starch, and 0-035 of lead acetate yields a sulphide
with a beautifulyellowish-green phosphorescence.

Pure calcium carbonate mixed with 2 p.c.
sodium carbonate and 0-02 p.c. of eommon sait,
heated with 30 p.c. sulphur and 0-02 p.c. bis¬
muth nitrate, yields a similar product to that
obtained by use of Hypopus shells. Pure calcium
sulphide doesnotphosphoresce; thephenomenou
is due to small quantities of impurities ; thus in
the last mixture it has been shown by Verneuil
to be due to simultaneous presence of traces of
bismuth oxide, sodium carbonate and chloride
and calcium sulphate.

These phosphorescing varieties of calcium
sulphide are utilised in the manufacture of
luminous paints. Abney (P. M. [5] 13, 212)
found that the émission spectrum showed greatest
luminosity between G and F, and a feebler one
extending from between E and F as far as the
red. The rays of the electric light somewhat
beyond H on one side and G on the other are
most active in exciting phosphorescence.

Calcium disulphide CaS2 is deposited in
yellow crystalsof the composition CaS2.3H2Ofrom
the solution obtained by boiling sulphur with
mille of lime and filtering whilst hot.

Calcium pentasulphide CaSs is formed when
the monosulphide or hydrate of calcium is boiled
for a long time with excess of sulphur. Con-
centrated solutions of calcium hydrosulphide
Ca(HS)2 also react energetically upon powdered
roll sulphur, on preventing access of air by per-
forming the opération in a current of hydrogen;
an orange-red solution is produeed with fad of
température, and on warming the calcium is
completely converted into CaS5. The reaction
is réversible, a current of sulphuretted hydrogen
causing déposition of sulphur and re-formation
of hydrosulphide.

Calcium oxysulphides. When hydrate of
calcium is used as above, besides CaS5 there is
also formed an oxysulphide of the composition
5CaS.CaO-20H2O (Rose). The same substance
is obtained in gold-coloured needles when the
solution obtained by boiling crude calcium
monosulphide with mueh water is evaporated.

According to Hoffmann (C. E. 62, 291)
a mixture of two molécules of calcium mono¬

sulphide and one molecule lime at a red heat
forms the oxysulphide 2CaS.CaO. This oxy¬
sulphide is contained in recently lixiviated soda
residues.
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Geuther (A. 224, 178) obtaincd crystals of
CaSj.2CaO.KHLO by boiling sulpbur in mille of
lime. They dissolve in bydrochloric aeid form-
ing hydrogen persulphide H.,S3 and a little
ILS. On boiling calcium monosulphide and
sulphur witb water crystals of CaS3.3Ca0.15H20
were obtaiued. Divers obtained a compound of
the formula UCaS.5CaO by igniting lime in
a mixture of carbon dioxide and carbon bisul-

phide.
Calcium sulphydrate Ca(HS)2 is formed to-

gether with the hydrate when the monosulphide
is boiled with water. The best mode of pre-
paring it is to pass sulphuretted hydrogen
through the hydrate or sulphide suspended in
water, with constant agitation, until it ceases to
be absorbed. It is difiicult to obtain in the solid
state, being decomposed when the stage of crys-
tallisation is reached into SH2 and CaS whieh
separates in silky prisms.

Divers (C. J. 1884, 270) obtained it in the
solid form by forcing sulphuretted hydrogen
through semi-solid calcium hydrate and water
so as to obtain a saturated solution of the sul-
phydrate. Air was excluded, and on settling,
decanting in a stream of H.,S, and cooling by
ice, crystals formed in abundance. They were
colourless prisms, melting on slight rise of tem¬
pérature with partial décomposition. They
readily dissolved in a fourth of their weight of
water, and could not be removed from the atmo¬
sphère of sulphuretted hydrogen without décom¬
position. They possessed the formula

CaH.,S2.6H,0.
Calcium sulphydrate may be used as a

depilatory. If sulphuretted hydrogen be passed
into thin rnilk of lime till the mass acquires a
bluish-grey colour, the paste thus formed, when
tkinly laid upon the surface from which the
hair is to be removed, permits of the ready re-
moval of the hair a minute or two afterwards by
scraping with a dull knife. It has been pro-
posed to employ it in the tan-yard.

Calcium hydroxy-sulphydrate Ca(SH)(0H)
is formed aecordingto Divers by action of water
upon the crystals of the last-described sait:

Ca(SH)2+H20 = Ca(SH)0H + H2S.
Also by union of water with calcium sulphide,

as in interior of heaps of soda-waste; and by re¬
action between Ca(OH)2 + H2S in the coal-gas
purifier. Exposed to air crystals of Ca(HS)2 are
rapidly converted to Ca(SH)OH, and concen-
trated solutions of the sulphydrate exposed to
air become rapidly covered with crystals, and an
abundant crop of crystals of Ca(SH)OH is ob¬
tained on passing in a current of air. The
crystals are colourless four-sided prisms of silky
lustre, easily obtained dry, of the composition
Ca(SH)0H.3H20. They slowly evolve SH, in
air and become yellow by absorption of oxygen.
They are readily soluble in water, but the solution
rapidly décomposés into hydrate and sulphy¬
drate. They are insoluble in alcohol.

According to Folkard (C. N. 49, 258) by ex-
posing calcium hydrate to the action of sul¬
phuretted hydrogen until it ceases to gain weight
a grey powder of the composition 4Ca(HO)2.3H.,S
is obtaiued. By the action of coal gas sul¬
phuretted hydrogen is evolved from it, and at
100° water is eliminated leaving

Ca(OH)2.Ca(SH)OH.

This greyish-green powder when gently heated
in coal gas leaves a yellowish-white sait

2Ca(HO),.Ca(SH)OH.CaS.
and this at aredheat forms2CaO.Ca(SH)OH.CaS
which when ignited in air burns like tinder to
CaS04.

Calcium sulpho-carbonate CaCS3. Lime
over which coal gas containing sulphuretted
hydrogen has been passed readily absorbs carbon
bisulphide. Absorption is most complété when
the lime is moistened with water ; this material
when fouled is mixed with an equal weight of
slaked lime. The absorption of carbon bisulphide
stops when one third of the sulphide is con¬
verted to sulpho-carbonate CaS + CS, = CaCS3.
On exposing the product for a short time to the
air, it is again rendered capable of removing
carbon bisulphide.

On passing hydrogen saturated with vapour
of carbon bisulphide into a mixture of calcium
monosulphide and a little water, the liquid be-
comes red and in vacuo deposits red prismatic
very déliquescent needles of composition

Ca(0H)2.CaCS3.7H?0.
When the hydroxy-sulphydrate is employed in-
stead of monosulphide yellow crystals of

2Ca(OH)2.CaCS3.10H.,O
are obtained.

From these faets Yeley (C. J. 1885, 478) eon-
cludes that the carbon bisulphide is absorbed by
Ca(SH)OH, and not by CaS, and that the re¬
actions are as follows :

(1) CaS + H„0 = Ca(SH)OH.
(2) Ca(SH), + H20 = Ca(SH)OH + H.,S.

(3) 2Ca(SH)OH+ CS2 = Ca(OH)2.CaCS3 + H2S.
The basic sulpho-carbonate is unstable,

being decomposed slowly by sulphuretted hy¬
drogen and readily by carbon dioxide.

When milk of lime is agitated with carbon
bisulphide bright orange needles of a basic
sulpho-carbonate Ca(H0)2.CaCS3.6H20 are de-
posited.

Calcium selenides. The monoselenide is
formed as a flesh-coloured precipitate by pre-
cipitating calcium ehloride with potassium
monoselenide. Lime-water saturated with sele-
niuretted hydrogen deposits crystals of calcium
selenide when exposed to the air. When lime
and sele-nium are heated just below redness a
polyselenide mixed with calcium selenite is
formed.

Calcium sulphite CaS03 is formed when a
solution of an alkaline sulphite is added to the
solution of a calcium sait, as a white powder
soluble in 800 parts of water. It dissolves in
sulphurous acid, and the solution on exposure
to air deposits six-sided needles of the composi¬
tion CaS03.2H.20.

The solution in sulphurous acid is known
commercially as bisulphite of lime, and is
manufactured by passing sulphur dioxide into
milk of lime. In Kynaston's process (Pat.
15,659, 1884) a mixture of calcium ehloride solu¬
tion, magnesia, and a little carbonate of lime is
brought into contact with sulphur dioxide. The
S02 is caused to ascend a flagstone tower packed
with pigeon-holed brickwork, while the mixture
is allowed to run down the tower in such propor¬
tions that from the base there runs a mixture of
neutral sulphite of calcium suspended in a solu¬
tion of magnésium ehloride containing the excess
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of sulphurous acid. The sulphite is settled out
in tanks, the supernatant liquor drawn off and
concentrated to 40-45°Tw. ; then a quantity o£
alkali waste is added to it in a closed iron vessel,
and the whole heated, when sulphuretted hydro-
gen is given off, and calcium chloride, magnesia,
and calcium carbonate with alkali cinders remain.
The latter are removed in a strainer and the
emulsion is ready to be again treated with Sulphur
dioxide. The whole of the carbonate of lime
présent is converted to sulphite, carbon dioxide
being evolved.

According to Birnbaum and Wittich (B.
13, 651), calcium oxide does not absorb sulphur
dioxide gas below 400°, but at this température
combination takes place rapidly with formation
of a basie sulphite CadS5016 or 6Ca0.5S02. At
500° the gas is rapidly absorbed,butthe sulphite
splits up into sulphate and sulphide.

Calcium sulphate CaS04 is frequently found
in limestone rocks or in company with common
sait in the anhydrous state as the minerai aiihy-
drite. Anhydrite occurs both in rhombic crystals
and in a semi-crystalline massive form. More
frequently the sulphate is found hydrated as
gypsum CaS04.2H20, of which the well crystal-
lised form is termed selenite, a fibrous variety
satin-spar, and a finely crystallo-granular form
alabaster. Selenite occurs in fine monoclinic
prisms, frequently twinned in charaeteristie
arrow-head shapes.

The anhydrous sulphate may be artificially
obtained in crystals resembling anhydrite of
sp.gr. 2-9, by fusing calcium chloride with excess
of potassium sulphate (Manross, J. 1852, 9).

Hydrated calcium sulphate is precipitated on
adding dilute sulphuric acid or a soluble sulphate
to an aqueous solution of calcium chloride. The
spécifie gravity of gypsum is 2-31. When it is
heated to 100-3 20° it gives up three-fourths of
its water rather quickly, but it requires a tem¬
pérature of 200-250° to expel the remainder.
Dried at 100° the hydrate 2CaS04.H20 of sp.gr.
2-7 is left. The anhydrous sait fuses at a red
heat without décomposition, and on cooling
assumes the structure of anhydrite. When de-
hydrated calcium sulphate is pulverised and
mixed with water it absorbs two molécules of
water, and solidifies to a very hard mass with
évolution of heat, expanding in so doing so as to
fill any mould in which it is cast ; hence the
use of gypsum or plaster of Paris in preparing
casts. If the gypsum has been heated to a little
over 200°, thus being deprived of ail its water, it
becomes dead burnt and takes up water very
slowly and without hardening.

Plaster of Paris is prepared very extensively
on the large scale by burning gypsum. Its good
qualities mainly dépend upon the choice of raw
material—heavier and denser varieties yielding
the best commercial results—and upon the mode
of burning. The lowest température at which
gypsum can be advantageously burnt is 80°C.,
but a température of 110-120° gives the best
teehnical results. As a rule also, the smaller
the pièces the more homogeneous the product.

It is burnt in kilns or ovens, taking précau¬
tions not to permit the fuel to corne in contact
with it so as to reduce it to sulphide. The walls
of the kilns are of strong masonry, spanned by a
Yentilaied arch. The interior is divided into

two parts—an upper larger ehamber for réception
of the gypsum, and a lower sériés of small âre
chambers beneath, where brushwood or coke is
burnt to obtain the required température. In
Scanegatty's oven the interior is divided by an
arch about a foot from the floor, upon the under
side of which play the fiâmes from a furnace
connected with the lower ehamber, the hot air
and gases passing afterwards through apertures
into the gypsum ehamber. The aqueous vapour
passes away by a chimney at the top of the
oven.

Dumesnil's oven is a form which has been
much employed ; it differs from Scanegatty's in
the peculiar arrangement of the lower fire-room,
which has twelve openings, the lower blocks of
gypsum being arranged so as to facilitate the
circulation of the draught from tliese. The
firing is continued for about 4 hours, then the
heat is increased for 8 hours, when ail openings
are closed, and 5-6 cubic métrés of coarse
gypsum powder spread equally over the top of
the burning sulphate. By this means considér¬
able saving of fuel is effected. After standing
twelve hours to cool, the contents of the kiln
are removed. It is mostly in state of powder,
and the pulvérisation is completed by grinding
in a stamp or roller mill. The powder is then
sifted and stored in a dry place.

Gradually these older types of furnaces are
being replaced by continuous ones, of which those
of Leeaze and Arson may be taken as types. The
Lecaze furnace is reetangular, and consists of
two chambers as before, but so arranged that
the gypsum can be extraeted at the base as fast
as it is sufiiciently dehydrated. The Arson
furnace, one of the most successful, differs from
ail previous types in being charged with powdered
gypsum. It consists of a cylindrical structure,
divided into eight compartments by horizontal
plates, perforated with circulai- holes. ' The
gypsum is first powdered by means of a mill,
from which it slides down an inclined plane to
the mouth of the kiln, where it is distributed by
automatic machinery upon the first horizontal
plate, where it begins to be heated. After a
time the distributor causes it to fall through the
holes of this plate upon the second, where it is
subjected to a still higher température, and so
on through the whole eight. After passing
through the eighth and lowest compartment,
nearest the furnace, it is sufiiciently dehydrated
and falls as plaster of Paris into a receptacle
common to a battery of ten similar furnaces.
The fuel employed is coke, chosen so as to give
no discolouring smoke. A battery of ten such
furnaces dehydrates 100 cubic métrés of gypsum
in twenty-four hours.

Plaster of Paris can be hardened by mixture
with a solution of alum. For further détails of
gypsum burning v. Cehents.

Calcium sulphate is very slightly soluble in
water, the anhydrous sulphate being nearly
insoluble. The solubility of the hydrate attains
a maximum at 35°, one part dissolving in 393
parts water (Poggiale) at 0° in 488 parts, and at
100° in 460 parts. The solubility is increased
by presence of hydroehloric or nitric acids, or
chlorides of ammonium or sodium, hence its
presence in sait springs ; probably in most cases
partial double décomposition has oceurred.
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According to Lunge (S. C. I. 1885, 31) the
solubility of calcium sulphate in solutions of
6odium chloride inereases with the percentage of
sait but diminishes with increaseof température.

At 21-5°C. 100 c.c. of a 3-53 p.c. solution of
XaCl dissolves -5115 .gram CaS04.

At 18-0°C. 100 c.c. of a 14-18 p.c. solution of
NaCl dissolves -7340 gram CaS04.

At 101'0°C. 100 c.c. of a 3-53 p.c. solution of
KaCl dissolves -4891 gram CaS04.

At 102-5°C. 100 c.c. of a 14-18 p.c. solution of
NaCl dissolves -6248 gram CaS04.

Calcium chloride diminishes the solubility of
CaS04 the more it is concentrated, but at the
boiling-point the concentration is immaterial.
Hydrochloric acid inereases the solubility both
with increase of concentration and of tempéra¬
ture.

Gypsum is readily soluble in excess of sodium
thiosulphate, forming calcium thiosulphate,
which combines with the excess of the sodium
sait to form a soluble double thiosulphate. On
addition of alcohol this double sait separates as
a thick lieavy liquid, which solidifies, forming
needle-shaped crystals.

Acid calcium sulphate CaS04.H2S04 isformed
by lieating the neutral sulphate with strong
sulphuric acid to 80-100°. A portion of the
porous mass produced dissolves and separates
on cooling in microscopic prisms of the com¬
position above indicated. It is decomposed by
vater, even the moisture of the air, into gypsum
and sulphuric acid.

Calcium-sodium sulphate CaNa2(S04)2 oecurs
native in rhombic prisms as the minerai glau¬
berite. It may be obtained in the same form by
fusing together calcium and sodium sulphates.
On heating 50 parts sodium sulphate (Glauber's
sait) with an emulsion of 1 part gypsum in 25
parts water to 80°, crystalline needles of

CaS04.2Na2S04.2H20
are deposited. On further heating these crystals
are transformed into microscopic rhombohedral
crystals of glauberite.

In the Welsh process of manufacturing so¬
dium acetate, during evaporation of the liquor
formed by double décomposition of calcium
acetate by sodium sulphate, mieaceous spangles
of glauberite have been noticed by Folkard (C. N.
43, 6) to separate out. This explains why
calcium sulphate so tenaciously retains sodium
sulphate.

Calcium potassium sulphate
CaS04.K2S04.H20

occurs native in monoclinio crystals as syngenite.
It is formed by mixing solutions of the two
salts. When a mixture of equal weights of
anlrydrous calcium sulphate and potassium sul¬
phate is stirred up with less than its weight of
water the mass suddenly solidifies. If 4-5 parts
of water are used the solidification is not quite
so rapid, but gives casts superior to those of
plaster of Paris inasmuch as they possess a
polished surface.

A sait of the composition
CaS04.KNH4S04.Aq

is obtained by adding an excess of potassium
sulphate to a warm concentrated solution of
ammonium sulphate which has been saturated
with calcium sulphate. The same sait is formed
when the double sulphate of calcium and po¬

tassium is treated with a warm solution of am¬

monium sulphate (Fassbender, B. 11, 1,968).
Calcium thiosulphate CaS203.6H20 is pre-

pared by heating an emulsion of calcium sul¬
phate and sulphur in water.1 It forms triclinic
prisms soluble in their own weight of cold
water. On heating the solution to 60° it is
decomposed with déposition of sulphur. It is
used for the préparation of antimony cinnabar
Sb.OSo, used in oil painting.

Calcium chromate CaCr04.4H20 is prepared
by dissolving calcium carbonate in aqueous
chromie acid, or as a light-yellow precipitate
on mixing concentrated solutions of chloride of
calcium and potassium chromate. Bourgeois
(J. M. 1880, 1 Bef. 351) préparés the anhydrous
sait by heating to bright redness two molécules
of the chloride with a molecule of potassium
chromate and one of sodium carbonate. It
forms slender yellow needles, formed from a
rectangular prism, moderately soluble in water,
and is used as a pigment. The hydrated sait
gives up its water at 200°C.

The acid chromate CaCr207.3H20 is ob¬
tained in red déliquescent crystals by evaporating
a solution of the neutral sait in aqueous chromic
acid.

Calcium potassium chromate (CaK2)Cr04.Aq.
forms yellow silky needles, obtained by satu-
rating acid chromate of potassium with calcium
hydrate.

Détection and estimation of calcium.—The
hydrated chloride when heated in a non-lumi-
nous fiame on platinum wire imparts to the
flame a red colour of less brilliancy than stron¬
tium, but still very distinct. If the compound
to be tested is decomposed by hydrochloric
acid, it is only necessary to moisten the pla¬
tinum wire with the acid, and then dip it into
the powdered substance. If the compound is
a silicate, it sbould be powdered and mixed
with ammonium fluoride, gently heating on
platinum foil until the fluoride is volatilised ; it
is then moistened with sulphuric acid and tested
in the flame on platinum wire, when the red
colouration is obtained as soon as the excess of
acid is driven oiï.

The spectrum of this red flame consists of a
large number of lines, of which the green line
Ca|3 is most prominent. Another characteristic
line is the strong orange one Caa. A quantity
of calcium chloride as little as Î00°000 mgm. may
be detected by the spectroscope.

Ail the calcium salts except the sulphate dis¬
solve readily in nitric or hydrochloric acid ; the
carbonate, phosphate, arsenate, and oxalate are
insoluble, the sulphate sparingly, and almost ail
the other salts of calcium are readily soluble in
water.

Ammonium carbonate précipitâtes calcium
carbonate from solutions of calcium salts, thus
separating it from the alkali-metals. In order
to completely remove calcium (the carbonate
being slightly soluble, 1 part dissolving in
40,000 parts water) it is usual to precipitate it
by means of ammonium oxalate in ammoniacal
solution, calcium oxalate being almost com-

1 Divers (0. J. 1884, 270) obtains it by ovulation of cal¬
cium sulphydrate in a current of air, calcium hydroxy-
su'phydrate being fîrst formed and then oxidised by ttio
SHfl to tkiosulpliate Ca( SH)OH -t- 20a+HaS=CaSaOa+2HaO.
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pletely insoluble in water. It is distinguished
from barium and strontium by the greater solu-
bility of its sulphate, a solution of calcium sul-
phate giving an immédiate precipitate with
barium salts and one after some time with
soluble strontium salts.

Calcium is generally estimated quantitatively
as oxide or carbonate with intermediateprecipita-
tion as oxalate by addition of ammonia till the
reaction is alkaline, and afterwards of ammo¬
nium oxalate. The washed and dried oxalate
is heated to low redness if it is to be converted
into carbonate ; but if the oxide is required it is
ignited over the blowpipe in a platinum crucible.
If boric or phosphoric acids are présent this
method cannot be employed and the calcium is
then precipitated as sulphate by adding dilute
sulphuric acid and alcohol.

In presence of much magnésium Sonstadt
(C. N. 29, 209) recommends use of potassium
iodate, which completely précipitâtes calcium
but not a trace of magnésium.

Atopiic weight of calcium.—The first accu-
rate déterminations were made by Erdmann
and Marchand by the ignition of Iceland spar
and of pure precipitated calcium carbonate.
The results showed that if oxygen = 15-96 the
atomic weight of calcium is 39'9. If oxygen =
16 then calcium = 40-0. Subséquent détermina¬
tions by Baup and Dumas have confirmed these
numbers. A. E. T.

CALICHE. The term by which the impure
native sodium nitrate or Chili saltpetre is known
throughout South America (v. Sodium).

CALOMEL. Mercurouschloride, v. Mekcury.
CALOPHYLLUM INOPHYLLUM. A tree

(Order Guttifercè) (dilo of Eiji, tamarind of E.
Polynesia, and cashumpa of India), the seeds of
which yield 60 p.c. of a fragrant green oil, fiuid
at ordinary températures, solidifying when cooled
below 10°C. The tree bears fragrant white
flowers. The oil, the woondel or bitter oil of
Indian commerce, used for medicine and for
lamp oil, is of a greenish tint, and a very little
imparts its colour to a whole cask of cocoanut
oil (Ph. [3] 8, 363).

CALOTYPE v. Photogbaphy.
CALUMBA. Colombo, Coltimbo, Badix Ca-

lumbœ, llacine de Colombo (Er.) ; Ealumba or
Columbowurzel (Ger.).

The root of the Jateorhizapalmata (Miers),
an herbaceous climbing plant inhabiting the
forests of Eastern Africa (FI. a. H. 23 ; Bentl. a.
T. 13). The fleshy root is sliced transversely and
dried. It was introduced into Europe in the
seventeenth eentury as an antidote for poison,
and found a place in the London Phannaeopœia
of 1788. It possesses mild bitter tonic proper-
ties, for which purpose it is now chiefly em¬
ployed in medicine.

Proximate analyses of ealumba were made
by Planche (Bl. Ph. 3, 189) and Buehner (Ph. C.
1831, 429). It consists of bitter matter, 10-13
p.c. ; yellow résinons extractive, 5 p.c. ; volatile
oil, traces ; starch, 30-35 p.c. ; gum, 4-9 p.c. ;
and woody fibre, 12-39 p.c. The ash is about
6 p.c. Tannic acid is absent. The physiolo-
gically active constituents of ealumba are co-
lumbin, columbic acid, and berberine. The first
of these, columbin, CslHaO„ was discovered in
1830 by Wittstook (P~. 19, 298). It is obtained

from an alcoholic extract, by treatment with
ether, in colourless prisms. A somewhat modi-
fied method has recently been suggested by
Duquesnel (Year Book Pharm. 1887, 148), by
which a yield of 0-34-0-4 p.c. is obtained.
Columbin is a bitter neutral substance which
melts at a gentle heat, and is sparingly soluble
in cold water, alcohol, and ether. It may be
recrystallised from glacial acetic acid. M.p. 182°
(Paternô a. Oglialoro, B. 12, 685). The erystals
were measured by Bose (P. 19, 441). Bôdeker
(A. 69, 39) made an analysis of columbin and
detected berberine and another yellow-colouring
agent, columbic acid, in the root. The acid is
obtained as a soluble calcium sait by treating
the alcoholic extract with lime water. The ad¬
dition of hydrochloric acid précipitâtes it in pale
yellow amorphous flakes. Analysed it gave the
formula C4.,H44012H.,0. A lead sait

(C42H44012)23Pb0
was prepared. A. S.

CAM WOOD v. Sandekswood.
CAMPEACHY WOOD v. Logwood.
CAMPHINE v. Oils, essentiai.
CAMPHOL v. Camphors.
CAMPHOES. Camphors are volatile oxygen-

ated hydrocarbons, possessing a peculiar charac-
teristic odour. They are mostly crystalline
solids insoluble in water but soluble in alcohol.
Except in the case of a few, which are produced
artificially, they are obtained from plants wkere
they occur associated with hydrocarbons, from
which they are probably derived. Most plants
when distilled with steam yield volatile oils
composed of heavier oxidised compounds held
in solution more or less by lighter hydrocarbons.
The former often separate in erystals duringthe
condensation of the oil or afterwards on standing,
or they may be obtained by fractional distilla¬
tion. Most of these oxygenated products, which
are very numerous in the vegetable kingdom,
and which include nearly ail the ' stearoptenes '
or solid portions of volatile oils, are camphors
in a wide sense of that term. In a narrower

meaning the word dénotés the well-known
laurel camphor of Japan and Formosa, the obier
eamphor of Bornéo and Sumatra, and a few
other varieties. The earlier Chinese and Arabian
notices of eamphor refer to the Bornéo variety,
laurel camphor being a product of a later though
unascertained period. Garcia d'Orta mentions
the latter as well known in Europe in 1563, and
points out, what indeed is true at the présent
day, that the much more costly Bornéo or
Sumatra camphor is entirely consumed in the
East (cf. Fl. a. H. 510).

The more important camphors, using the
term in its larger signification, may be considéré!
in four groups as isomers or homologues of :
(1) Peppermint camphor, menthol, C10H20O ; (2)
Bornéo camphor, borneol, C10H]sO ; (3) Laurel
camphor, C10H16O ; and (4) Thyme camphor,
thymol, O10HuO. Menthol, the only important
member of the first group, is a derivative of the
hydrocarbon menthene O10H]s, the members of
the borneol group are derivatives of terpenes
C,„H16, while the isomers of laurel camphor and
thymol are substituted cymenes C10H]4. These
hydrocarbons are derivatives of benzene, and the
whole class of camphors have therefore the same
fundamental structure. For the most part cam-
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phors behave like alcohols or phénols, but laurel
campbor and the oompound menthone appear to
be ketones. Just as ketones when reduced by
nascent liydrogen yield secondary alcohols, so
laurel camphor is converted into borneol, and
menthone into menthol. For further discussion
of the constitution of camphors v. Bn. (3, 262)
and Briihl (B. 21, 145 a. 457).

Peppermint camphor. Peppermint cam¬
phor, Menthol, ChiH19.OH. The volatile oils of
ilentha piperita (Sm.) and M. arvensis (De C.),
varieties piperascens and glabrata, consist of the
stearoptene,menthol,togetherwith an elœoptene,
which, in the case of the English oil, is a mix¬
ture of isomeric and polymeric terpenes (Fliickiger
а. Power, Ph. [3] 11, 220), and in that of the
Japaneseischiefly menthone C10H,sO (Beckmann,
Jahresb. Pharmak. 1887,363). The proportion of
menthol in the Chinese ancl Japanese oils is so
great that they are solid at ordinary tempera-
tares, while from the English and American oils
only comparatively small quantities can be ob-
tained (cf. Todd, Ph. [3] 16, 842). The camphor
is extracted either by application of cold and
removal of the liquid which adhères to the pre-
cipitated mass of crystals by expression, or the ■
oil is submitted to fractional distillation. Com¬
pare Dumas (A. 6, 252), Blanehet a. Sell (A.
б, 291), WaJter (A. 28, 312 ; 32, 288), Kane
(P. M. 16, 418 ; A. 32, 285), Oppenheim (A.
120, 351), Beckett a. Wright (C. S. 19, 1), Atkin-
son a. Yoshida (C. J. 41, 50), and Moriya (C. S.
39, 77). According to Trimble the menthol of
the English and American oils pipmenthol is
not identical but difi'ers physically from that of
the oils of China and Japan (Am. J. Ph. 1884,
405).

Menthol crystallises in prisms resembling
magnésium sulphate. It has the odour and
taste of peppermint. M. p. 36° (Opp.) ; 42°
(B. a. W., A. a. Y.). B. p. 210° (Opp., B. a. W.,
A. a. Y.). Sp.gr. 15°, 0-890 (M.). Lœvorotatory
(0pp., Arth., A. Ch. [6] 7, 438; Kanonnikoff,
3. pr. [2] 31, 348). Heat of combustion (Lu-
ginin, A. Ch. [5] 23, 387). Menthol is very
slightly soluble in water, but soluble in alcohol,
ether, carbon disulphide, petroleum ether, glacial
acetic acid, and concentrated hydrochloric acid.
It rotâtes on the surface of water in a similar
manner to laurel camphor. Mixed with chloral,
thymol, or laurel camphor, menthol reacts,
forming a liquid (Kyle, Am. J". Ph. 1885,
429 ; Becker, Am. J. Ph. 1886, 283). When
menthol is boiled with a mixture of sulphuric
acid diluted with half its volume of water, it
changes to a deep-blue colour (Brit. Pharm.1885).

Treated with phosphorus pentoxide menthol
loses a molecule of water and forms the liquid
hydrocarbon menthene C]9H18 (W.). Concen¬
trated hydrochloric acid (Opp.) or phosphorus
pentachloride converts it into menthyl chloride
C,0H,0.C1 (W.); menthyl carbonate (C10H,9O)2CO
(Arth., A. Ch. [61] 7, 469) ; menthyl silicate
(C1(jHI0O)4Si (Hertkorn, B. 18, 1695). A nitro-
derivative is formed by the action of concen¬
trated nitric acid, which, reduced with nascent
hydrogen,yields menthyl amide C10H19.NH2 (M.).
Menthol reacts with acetic acid producing men¬
thyl acetate C10H19.OAc (Opp. ; Mensehutkin,
J. B. 13, 567), and with benzoic acid forming
menthyl benzoate C10H19.OBz [Arth., A. Ch. [6]

7, 479). Two atoms of hydrogen are removed
by treatment with chromie acid, and the liquid
menthone C10HlsO is formed. According to
Beckmann (Jahresb. Pharmak. 1887, 363), men¬
thone is the chief liquid constituent of Japanese
oil of peppermint. This compound is related to
menthol in the same manner that laurel cam¬

phor is to borneol, and can be converted into
menthol by the action of sodium and carbon
dioxide, just as laurel camphor is converted into
borneol (A. a. Y.). When menthol is treated with
a large èxcess of concentrated nitric acid, the
oxidation goes further with the formation of a
dibasic acid C5Hs04 (M.).. Hydroxylamine is
without action on menthol (Nageli, B. 16, 498).

Menthol is gradually coming more into use
in medicine. It sometimes takes the place-of
cocaine in the production of local anœsthesia,
and it is employed in certain skin diseases.

Bornéo and allied camphors. Bornéo, Ma-
layan, Barus orDryobalanovs Gamphor;
Borneol, Camphol, C10H)rOH. This is the pro-
duct of the Dryobalanops aromatica (Giirtn.), a
majestic tree indigenous to Sumatra, Bornéo, and
Labuan, where it often rises without a branch to a
height of 150 feet, when its summit is erowned by
a magnificent display of foliage 50 to 70 feet in
diameter, supporting beautiful white odoriferous
flowers (Fl. a. H., 516). The camphor is deposited
in crystals in fissures in the old wood, and to
obtain it the trees have to be saerificed. The
tree is eut down and the longitudinal fissures
opened and the camphor removed. The yield is
not more than from 3 to 11 lbs. from large trees.
Owing to the reckless manner in which the trees
have been destroyed without the planting of
others, the forests of Sumatra now contain few
that are worth working (Ph. [3] 12, 83). The
camphor is best purified by sublimation (Fl. a.
H. ; Pelouze, A. 40, 326).

Borneol is also a constituent of the following
volatile oils : Bosemary, Bosmarinus officinalis
(L.) ; (Bruylants, J. 1879, 944 ; Fl. a. H., 489) ;
Serpentary root, Aristolochia serpentaria (L.),
(Spica, G. 17, 314), and Valerian, Valeriana
officinalis (L.), (Gerhardt, A. 45, 34 ; Bruylants,
B. 11, 455 ; Fl. a. H., 379 ; Haller, C. B. 103,
151). Besides these natural sources borneol
may be obtained by the action of reducing agents
on laurel camphor (Berthelot, A. Ch. [3] 56, 78),
and in small proportions it is found among the
products of the distillation of amber with potash
(Berthelot a. Buignet, A. 115, 245).

Borneol is harder and less volatile than laurel
camphor and does not sublime in the bottles in
which it is kept. It has a peppery camphora-
ceous odour and burning taste. M. p. 206-207°
(Plowman, Ph. [3] 4, 709). B. p. 212° (Pelouze).
Sp. gr. 1-011 (Pl.). Dextrorotatory (Kachler, A.
197, 99 ; Mongolfier, B. 10, 729). Réfraction
coefficient (Kanonnikoff, J. pr. [2] 31, 348). It
is very slightly soluble in water, but dissolves
readily in alcohol and ether. Bemoval of a
molecule of water by phosphoric anhydride
leaves the solid terpene borneo-camphene, C10H,S
(Wallach, A. 230, 239). Concentrated hydro¬
chloric acid (Berthelot, A. 112, 366) or phos¬
phorus pentachloride (Kachler) reacts with
formation of bornyl chloride C10II,7.C1. Bornyl
acetate C](,H,7.OAc is a constituent of valerian
oil (Bruylants), and may be produeed by the
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action of acetic anhydride on borneol (Montgol-
fier, A. Ch. [5] 14, 50) and in a similar manner
bomyl benzoate, C10H17.OBz is obtained (Berthe-
lot). Sodium reacts on borneol in solution in
benzene with the formation of a crystalline
sodium sait, C]0H1;.ONa (Kachler a. Spitzer, M.
2, 235). The methyl ether C10H17.OMe is formed
by acting on the sodium sait with methyl iodide
(Baubigny, Z. 1868, 299). Nitric acid oxidises
borneol with formation of dextrorotatory cam¬
phor, C,0HlsO, in the first instance, and the
reaction proceeding further camphoric acid,
C10H16O4, and other products resuit (Laurent,
A. 22, 135 ; Pelouze, A. 40, 328 ; Kachler, A.
193, 143).

Gamphors isovieric or homologous
with borneol. ArtificialLœvoborneol C10H18O
is produced together with dextroborneol in the
réduction of laurel camphor (Montgolfier, A. Ch.
[5] 14, 21).

Cineol C,„H180 is the chiçf constituent of the
volatile oils of santonica, Artemisia maritima,
var. Siechmanniana (Besser) (Kraut, J. 1862,
460 ; Kraut a. Wahlforss, A. 128, 293 ; Hell a.
Stiircke, B. 17, 1970 ; Wallach a. Brass, A. 225,
291), and of cajeput, Melaleuca cajeputi (Roxb.),
cajeputol (Wallach, A. 225, 315). Cineol is also
contained in the volatile oils of Eucalyptus
globulus (Labill.) (Faust a. Homeyer, B. 7,1429 ;
Jahns, B. 17,2943) and of rosemary, Bosmarintts
officinalis (L.) (Weber, A. 238, 95). Artifieially
it may be obtained by the action of aqueous
phosphoric acid on terpilenol, or in small pro¬
portions by treating terpinhydrate with minerai
acids (Wallach, A. 239,18). B.p. 176° (Wallach),
172-5° (H. a. S.). It does not alter a ray of
polarised light. The terpenes cinene, C10H16,
and dicinene, C,„H32, resuit from the action of
phosphoric anhydride (H. a. S.). Oxidised
by permanganate, cineolic acid C10H]14O5 and
other products are formed (Wallach a. Gilde-
meister, A. 246, 268). Cineol absorbs hydro-
chloric acid gas, forming the crystalline liydro-
chloride C10HlsO,HCl (Hell a. Ritter, B. 17,
1977). A characteristic reaction for cineol is
that, shaken with a saturated solution of iodine
in potassium iodide, there is formed a glutinous
mass of minute shining greenish crystals (Bn.
3, 267).

Golophene camphor C10H]sO resembles
borneol and is deposited in crystals from a frac¬
tion of that portion of the crude product of the
action of sulphuric acid on turpentine which is
volatile in a current of steam (Armstrong a.
Tilden, C. J. 35, 752). Madder camphor C,0H18 O
is contained in the fusel oil of the crude spirit
obtained by the fermentation of the sugar of
madder (Jeanjean, A. 101, 95). Ngai camphor
C,0HlsO is a product of the Blumea balsamifera
(De C.). It is nearly related to, if not identical
with, madder camphor, and in most respects be-
haves like borneol. It is lœvorotatory, and whe'n
oxidised it yields a lœvorotatory isomeride of
laurel camphor. M.p. 204° (Hanbury a. Plow-
man, Ph. [3] 4, 709 ; Fliickiger, Ph. [3] 4, 828).
Terpene hydrate C10HlsO, the TerpÙinol, Tcr-
pineol, and a- and fi-Borneols are also isomerides
of Bornéo camphor (Bn. 3, 267).

The following volatile oils contain liquid
isomerides of borneol :—Buchu leaves, Barosma
betulina (Bart. a.Wendl.), B.cremdata (Hooker),

B. serratifolia (Willd.), contain an oil C10HlsO
boiling at 205-210° together with dwsphenol
C14H2203 (?), a crystalline camphor melting at83°
and boiling at 233° (Fluckiger, J. 1880, 1031).
Diosphenol is probably identical with the corn-
pound CI0H,6Oo, obtained by Spica from B.
crenata (L.) which melted at S2°, boiled al
220° (G. 15, 195) ; Citronella, Andropogon
Nardus (L.) (Wright, Ph. [3] 5,233) ; Coriander,
Coriandrum sativum (L.) (Kawalier, J. 1852,
624 ; Grosser, B. 14, 2485) ; Galangal, Alpinia
officinarum (Hanee) (Vogel, B. J. 24, 479);
Géranium, Andropogon Iwarancusa (L.), A.
Schœnantlius (L.) (Jaeobson, A. 157 , 232);
Pelargonium Badula (Aiton) (Gintl. J. 1879,
941) ; Hops, Humulus Lupulus (L.) (Wagner, J.
1853, 516 ; Personne, J. 1854,654 ; Ossipoff, J. pr.
[2] 28, 448) ; Lemon, Citrus Limonum (Risso)
(Tilden, Ph. [3] 9,654); Sage, Sctlvia officinalis
(L.), Salviol (Muir, C. J. 37, 678) ; Tansy,
Tanacetum vulgare (L.) (Bruylants, B. 11, 452).
Angustura, Galipea ciisgoaria (St.-Hil.), yields a
volatile oil containing C13H210 which is akigker
homologue of Bornéo camphor (Herzog, J. 1858,
444).

Common and allied camphors. Commun
Camphor ; Laurel Camphor-, Camphre, Fr. ;
Campher, Ger. C]0H16O. Common camphor is
contained in ail parts of the camphor laurel,
Cinnamomum camphora (Nees a. Eberm.), a tree
inhabiting Japan, Formosa, and central China,
and cultivated for its foliage in the South of
Europe and generally in warm climates. It
oceurs also as a constituent of the volatile oils
of Lavender, Lavandula vera (De C.) (Dumas, A.
6, 248 ; cf. Fl. a. H. 478) ; Rosemary, Rosmariims
officinalis (L.) (Lallemand, A. 114, 197) ; Sage,
Salvia officinalis (L.) (Muir, C. J. 37, 678) ; and
Spike, Lavandula spica (De C.) (Lallemand).
Artifieially common camphor may be produced
by the oxidation of borneol (Pelouze, A. 40, 328)
and many of its isomerides (Rochleder, A. 44,1;
Faltin, A. 87, 376). The camphor of commerce
is, however, obtained entirely from the camphor
laurel. It is prepared in Japan and Formosa in
a crude state, and is refined in Europe and
America.

In Formosa the camphor manufacture bas
fallen off to such an extent that the Chinese
government has recently taken over its manage¬
ment in the hope of reviving it as a state
monopoly (S. C. I. 1887, 391). The trees grow
on both sides of the central chain of mountains,
where they are found as high up as élévations of
2,000 feet. The wood is collected along the
boundary separating the Chinese coast settle-
ments from the native domain in the interior,
and it is either distilled with steam in a very
crude manner on the spot or is taken into the
towns where a less wasteful process of distilla¬
tion is carried out. The trees are not neeessarily
eut down, but the wood chopped out in the form
of chips by means of a long-handled gouge. A
wooden boiler in the form of a trough is made in
the woods, often out of a hollow trunk of a tree.
This is eoated with clay and covered with a flat
piece of wood containing a row of ten openings
for jets of steam to escape. Water is poured in
and a fire lighted beneath. Chips of camphor
wood are then placed above each of the ten
openings in such a manner that the steam passes
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amongst them. Over each pile is inverted an
earthen pot in which the camphor volatilised
and carried upwards with the steam condenses
in minute crystals, and out of whieh it is scraped
every few days. Sheds aie usually built over
four such stills and the whole is moved from
one place to another as the camphor wood is
exhausted (Fl. a. H., 513). A drawing of a some-
what superior form of still, doubtless one of
those in use in the towns, is given by Fliickiger
(Ar. Ph. 1879, 214). The camphor thus obtained
is brought down to the coast in baskets holding
half a pecul (pecul is 133^ lbs.), where it is placed
in vats to drain, or the oil which it still
retains to the extent of 20 p.c. is removed by
hydraulic pressure. It is exported in boxes
lined with lead or tin-plate and holding about a
pecul each. In the market it is known as
Formosa or Chinese camphor. It is usually wet,
and consists of small grains of a light-brown
colour. The Chinese do not value it, and for
their own purposes they import the more costly
camphor of Bornéo (cf. Ph. [3] 13, 223).

The procédure is somewhat différent in Japan.
The trees, which should not be less than a
hundred years old, are eut down and chopped
into small pièces. Métal boilers have long been
in use (Kamfer, 1712 ; Fl. a. H.), still at the pré¬
sent day very crude wooden receivers may some-
times be seen. Compare drawing by Fliickiger
(Ar. Ph. 1879, 214). À still is described by the
United States Consul Jones of Nagasaki (Y. B.
Ph. 1884, 212), which consists of a métal boiler
over which is fixed a tub containing the cam¬
phor chips, and so arranged that the steam pass-
ing through it carries the camphor and oil
vapours into a first and second wooden con¬
denser. In the second the camphor crystallises
amongst straw in an upper compartment, and
the water and oil collect below. An improved
form of apparatus is described with a drawing
by Oishi (S. C. I. 1884, 353). An iron boiler is
placed over a furnace, and to this is fitted a
wooden tub containing the camphor chips and
constructed so that the steam after traversing
the chips escapes together with the oil and
camphor by a bamboo or wooden pipe to a
spécial form of condenser. The boiler is circu¬
lai' with a diameter of 3 feet. The tub or steam

jacket has a diameter of 2 feet 10 inches below
and 1 foot 6 inches above, and is 4 feet high.
The condenser is a flat rectangular wooden
vessel fitted inside with a number of partitions
so as to expose as large a surface as possible for
condensation. It is cooled by being placed
horizontally in a shallow trough of eold water in
which it is partly submerged. Another some¬
what smailer trough is laid on the top of it, and
cold water is arranged to flow through both
during the opération. The charge of 120 kilos
of chips is exhausted in 24 hours and has to be
renewed, but the contents of the condenser
need only be removed every 5 or 10 days. This
is filtered to separate the solid camphor from
the oil which still holds some 20 p.c. of camphor
in solution. This is obtained by fractional dis¬
tillation and the application of cold to the
distillate. The yield of camphor is greater in
winter than in summer, while the reverse is true
of the oil. In summer a charge of 120 kilos of
wood gives 2-4 kilos or 2 p.c. of camphor, and

1*8 litres of oil, in winter 3 kilos or 2-4 p.c. of
camphor and '5 to '7 litres of oil. The oil after
séparation of the dissolved camphor is applied
to illuminating and other purposes. The cam¬
phor is exported in double tubs, one inside the
other, and containing a pecul each. It is drier
and lighter in colour than Formosa camphor,
and often has a pinkish hue. It fetches a some- .

what higher priee in the market.
Crucle Japan or Formosa camphor contains '

from 2 to 10 p.c. of impurities insoluble in •
alcohol. It is refined in this country, on the '
Continent, and in the United States, and also to
some extent in India. In Europe the crude pro-
duct is mixed with a little eharcoal, sand, iron
filings, or quick lime, and sublimed. The opéra¬
tion is generally performed in glass flasks ' bom-
boloes,' in the upper half of which the camphor
condenses in the form of large eoncavo-convex
cakes with a hole in the middle which corre¬

sponds to the opening in the neck of the flask.
To remove the cakes, which generally weigh
from 9 to 12 lbs., the flasks are broken. The
sublimation requires great care owing to the
infiamrnability of camphor vapour, and the
right température to be employed is a' matter of
importance. The flasks containing the crude
camphor are rapidly heated on a sand bath to
120-190° to remove water, then the température
is allowed to rise slowly to about 204°, and
maintained at that for 24 hours. (Cf. Fl. a. H.,
514.)

Purified camphor consists of colourless trans-
lucent masses traversed by numerous cracks,
or, when slowly condensed, of hexagonal crystals.
It can be broken, but is too tough to admit of
being powdered by trituration. This may, how-
ever, be readily effected if a little alcohol be
added, which escapes again during the opéra¬
tion. Camphor is used in medicine for its
stimulant and antiseptic properties, and it is
largely consumed by the natives of India.
Sp.gr. 0-992 (10°) ; m.p. 175° ; b.p. 204°. It
sublimes to some extent at ordinary tempéra¬
tures (cf. Folger, Y. B. Ph. 1880, 232). Dextro-
rotatory (Landolt, A. 189, 334). Réfraction co¬
efficient (Kanonnikoff, J. pr. [2] 31, 348). Cam¬
phor, in common with chloral hydrate and
some other substances, rotâtes in a peculiar
manner on the surface of water (Tomlinson,
P. M. [4] 46, 376 ; Ph. 4, 654 a. 672 ; C. N.
36, 215 ; 37, 72 ; 52, 50). Water dissolves it
very sparingly, but it is readily soluble in,
alcohol, ether, and chloroform. Mixed with
chloral hydrate it forms an oily liquid,

. C10H16O,CCl3CHO,H2O,
which has been employed in medicine (Brown,
Ph. [3] 4, 729 ; Saunders, Ph. [3] 7, 89 ; Caze-
neuve a. Imbert, Bl. [2] 34, 209 ; Zeidler, J.
1878, 645 ; Albright, Am.1 J. Ph. 1886, 282).
Similar combinations take place between cam¬
phor and chloral alcoholate (Zeidler), phénol
(Fliickiger, Ph. Chem. 2, 450), menthol (Kyle,
Am. J. Ph. 1885, 429), and thymol (Symes,
Ph. [3] 9, 598).

Phosphoric anhydride removes water from
camphor, forming cymene C10H,4, together with
other hydrocarbons (Armstrong a. Miller, B.
16, 2259). With pliosphorus pentacbloride it
yields camphor dichloride C]0H16C12. Nitro-
camphor, C10H13(NO2)O, is prepared by réduction
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of chloronitro-camphor (Cazeneuve, Bl. 47, 920 ;
49, 92 ; Sohiff, B. 13, 1403), and this by treat-
ment with sodium amalgam is converted into
amido-camphor C,0H15(NH.,)O (Sehiiï). Mono-,
di-, and trichloro-camphor (Bn. 3, 271). Of
the bromine derivatives, monobromo-camphor
C10H15BrO is employed in medicine, and is an
article of trade. It is prepared by treating
camphor with bromine at 130°, and crystal-
lising the mass obtained from petroleum ether.
It may be purified by recrystallisation (Maisch,
Am. J. Ph. 44, 177 ; Gault, l'Union Pli. 15,
266 ; Keller, J. 1880, 726). From alcohol it
crystallises in colourless prisms or needles, from
petroleum either in long flat prisms or glossy
scales. Monobromo-camphor has a weak cam-
phoraceous odour and taste. M.p. 76° ; b.p.
274° (Perkin, A. Bpl. 4, 125). It is insoluble in
water, but soluble in alcohol, ether, chloroform,
benzene, the fixed oils, and sulphuric acid. By
the action of reducing agents, camphor is con¬
verted into borneol. This may be accomplished
conveniently by adding sodium to an alcoholic
solution of camphor (Jackson a. Menke, Am. 5,
271 ; Jackson, Am. 6, 406). Hot alkaline per¬
manganate (Grosser, B. 14, 2507), or nitric acid
(Kachler, A. 162, 262 ; 193, 143), oxidises cam¬
phor with the formation of camphoric acid,
CbHh(COOH)2.

Camphors isomeric or homologous
with common camphor. Isomerides of
common camphor are : Anise-camphor formed by
the action of nitric acid on anethol, b.p. 190-193°
(Landolph, B. 13, 145) ; Inactive camphor, ob¬
tained by oxidising inactive camphene with
chromic acid (Armstrong a. Tilden, B. 12,1756) ;
Lcevocamphor produced, according to Riban (Bl.
24, 19), by the oxidation of lœvo-camphene (but
v. A. a. T.) and occurring in volatile oii of Fever-
few, Pyrcthrum Parthenium (Sm.) (Chautard,
C. R. 37,166), differs only from common camphor
in its behaviour towards polarised light; and
Garveol (Leuckart, B. 20, 114).

The following are the most important vola¬
tile oils which eontain isomerides of camphor :
Arbor vitce, Thuja occidentalis (L.), Thujol
(Jahns, Ar. Ph. 221, 748) ; Chamomile, Anthé¬
mis nobilis (L.), Anthemol (Kôbig, A. 195, 95) ;
Cowbane, Cicuta virosa (L.) (Trapp, J. 1858,
444) ; Galbanum, one of the products of the
distillation of galbanum (Kachler, B. 4, 39 ;
Môssmer, A. 119, 257) ; German Chamomile,
Matricaria Ghamomilla (L.) (Kachler, B. 4,36 ;
Bizio, J. 1861, 681) ; Hyssop, Hyssopus officinalis
(L.) (Schmidt, Lehrb. Ph. Ch. 2, 830) ; Elecam-
pane, Inula Helenium (L.), Inula, or Alant
Camphor, a liquid with the odour of peppermint,
which when treated with phosphoric anhydride
yields cymene, and with chromic acid, tereph-
thalie acid (Kallen, B. 9, 154) ; Nutmeg, Myris-
tica fragrans (Houtt.), Myristicol (Wright, B. 6,
147) ; Pennyroyal, Mentha pulegium (L.) (Kane,
A. 32, 286), and the nearly related Pulegium
Micranthum (Claus) (Butleroff, J. 1854, 594) ;
Pichurim Beans, Nectandra Pucliury (Nees),
(Millier, J. 1853, 514) ; Sage, Salvia officinalis
(L.), m.p. 174° ; b.p. 205° (Muir, C. J. 37, 678) ;
and Wormwood, Artemisia Absinthium (L.),
Absinthol (Beilstein a. Kupffer, A. 170, 290).

The more important homologues of common
camphor are :

Matico camphor C12H20O, contained in the
volatile oil of matico leaves, Piper angustifolium
(Ruiz a. Pavon), which on standing deposits the
camphor in crystals, m.p. 94°. Conccntrated
hydrochloric acid colours it intense violet, chan-
ging to blue and green (Kiigler, B. 16, 2841).

Cedar camphor C15H2aO, a crystalline mass
obtained from the volatile oil of Juniperus
Virginiana (L.), m.p. 74°, b.p. 282°. Yields
cedrene C15H21, when treated with phosphoric
anhydride (Walter, A. 39, 247 ; 48, 35).

Cubebs camphor C^PL^O, a constituent of
the volatile oil of the old fruits of the Piper
cubeba (L.). The crystals melt at 68'7°-70° (W.),
65° (S.), 67° (S. a. W.). B.p. 148° (S.). Dehy-
drated by sulphuric acid, cubebene C15H21 is
formed (Blanchet a. Sell, A. 6, 294 ; Winckler,
A. 8, 203 ; Schmidt, Z. 1870, 190 ; Schaer a.
Wyss, J. 1875, 497).

Ledum camphor C15H260 (?) obtained from
the volatile oil of Marsh Tea, Ledum paltistre
(L.). Needles, m.p. 104-105°, b.p. 292°. By
the action of phosphoric anhydride, the sesqui-
terpene C15H21 is formed (Rizza, J. R. 19, 319 ;
Trapp, B. 8, 542 ; Hjelt a. Collan, B. 15, 2501).

Patchouli camphor C^ÏÏ^O (?) a crystalline
camphor contained in the volatile oil of Pogo-
stemon patchouli (Pelletier) ; m.p. 54-59°, b.p.
206°. By the action of aeetic anhydride it loses
water and forms patchoulene C15H2( (Gai, C. B.
1869, 68, 406 ; Montgolfier, Bl. 28, 414 ; Maisch,
Am. J. Ph. 1884, 84).

Sandalwood camphor, Santalol Cl5H2sO, a
liquid camphor obtained from the volatile oil
of Santalum album (L.), b.p. 310° (Chapoteaut,
Bl. 37, 303).

Thyme and allied camphors. Thyme cam¬
phor, Thymol C10H,.|O, i.e. C6H3.Me.(0H).Pr.
[1:3:4],

Thymol is a constituent of the volatile oils
of Ajowan, Carum ajowan (Benth. a. Borlt.)
(Haines, C. S. Mem. 8, 289 ; Stenhouse, A. 98,
269, a. 307 ; Millier, B. 2, 130) ; Garden Thyme,
Thymus vulgaris (L.) (Doveri, A. 64, 374 ;
Lallemand, A. Ch. [3] 49, 148) ; Horse Mint,
Monarda punctata (L.) (Arppe, A. 58, 41) and
together with carvacrol in Wild Thyme, Thymus
serpyllum (L.) (Jahns, B. 15, 819 ; Febre, J.
1881, 1028). To extract it the oils are shaken
with a solution of caustic soda, when the thymol
passes into the aqueous portion in the form of a
soluble sodium sait and is thus separated from
the hydrocarbons. The alkaline solution is
acidified with hydrochloric acid, which précipi¬
tâtes the crude camphor. It may then be puri¬
fied by crystallisation from glacial acetic acid or
alcohol. Another plan is to submit the oils to
fractional distillation and to precipitate the
thymol from the heavier portions of the distil-
late by the application of cold.

Thymol has the odour of thyme and a warm
pungent taste; m.p. 50°, b.p. 222° (Stenhouse),
230° (Lallemand). It is sparingly soluble in
water, but very soluble in alcohol, ether, and
alkaline solutions. It forms a liquid with men¬
thol (Kyle, Am. J. Ph. 1885, 429), camphor
(Symes, Ph. [3] 9, 598), berberine (Lloyd, New
Remedies, 1881, 195), but not with chloral
hydrate (Symes, cf. Mazzara, G. 13, 272). If a
solution containing thymol be warmed with half
its volume of glacial acetic acid together with
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more than its volume of sulphuric aoid, a deep
red-violet colour is developed. This reaction is
obtained even in very dilute solutions (Bobbert,
J. Th. 1881, 109 ; Wolff, Fr. 22, 96). For other
test reactions see Stôrmer (Ar. Ph. [3] 25, 36 ;
Ph. Z. 31, 744 ; Hirschsohn, Ph. [3j 12, 21).
For oolour reactions with sugars v. Lindo
(C. N. 55, 239).

Pliosphoric anhydride splits tire thymol
moleeule into propylene C3H6 and m- cresol
CsH,Me.OH[l:3]. Phosphorus pentasulphide
deoxidises it with the formation of p- cymene
C6H,.Pr.Me[l:4] (Fittica, A. 172, 305). Well-
detined saits are formed with sodium C]0H13.ONa,
mercury C10H13.HgOH, and aluminium

(C10H13O)3Al.
By the action of nitrous acid on thymol, iso-
nitrosotliymol C]0H,„(N.OH)O is obtained in
yellow needles (Schiff, B. 8, 1500) and from this
compound nitrothymol Ct0H,3(NO2)O (Sehiff)
and amidothymol C10H13(NH2)O are derived.
Ealogen derivativcs (Bn. 3, 498) ; Methyl ether
C,„HI3OMe (Engelhardt a. Latschinoff, Z. 1869,
43) ; Ethyl ether C10H13.OEt (Jungfleiseh, Z.
1865, 532) ; Acetate, C10H,3.OAc (Paterno, Bl.
25, 32) ; Benzoate, C10H13.OBz (E. a. Z.) ; Car¬
bonate (C10H13O)2CO (Bichter, J. pr. [2] 27,
505) ; Phosphates (C10H,3O)3PO (E. a. Z.).
(Cl0H13O).,HO,PO (Kreysler, B. 18, 1705 ; Dis-
calzo, G." 15, 280), and (C10H13O)(HO)„,PO(D„
Bn. 3, 496).

Thymol is used in medicine as an antiseptic.
Camphors isomeric with thyme cam-

phor. Carvol C,0H13.OH is a liquid isomeride
contained in the following volatile oils : Caraway-
seed, Carum carui (L.) (Volckel, A. 85, 246) ;
Dill-fruit, Peuccdanum graveolens (Hiern)
(Nietzki, N. Handb. Chem. 2, 986) ; Spearmint,
Mentha viridis (L.) (Gladstone, J. 1863, 548),
and Crisped Mint, Mentlia crispa (L.) (Sehmidt,
Lehrb, Ph. Chem. 2, 845). Carvol is distin-
guished from other constituents of volatile oils
by its power of combining directly with sul-
phuretted hydrogen to form the crystalline
hydrosulphide (C,„H140)2H,S (of. Fluckiger, B.
9, 468 ; Bn. 3, 501). Garvacrol, cymophenol
(CsH3.Me.(OH),Pr)[l:2:4] is a thick oil elosely
related chemically to thymol. It is formed by
distilling carvol in presence of solid phosphoric
acid or caustic potash, and occurs in the follow¬
ing volatile oils: Origanum hirtum (L.) (Jahns,
J. 1879,942) ; Satureja hortensis (L.) (Jahns, B.
15, 816) ; S. montana (L.) (Haller, Bl. 37, 411) ;
and Thymus serpyllum (L.) (Jahns, Bn. 3,
500). A. S.

CAMPOBELLO YELLOIV v. Naphthalene
coloueing mattees.

CANADA BALSAM v. Balsahs ; and Oleo-
eesins.

CANADA PITCH or HEMLOCK SPRUCE
EESIN v. Besxns.

CANADOL. Petroleum ether or ligroïn.
That portion of refined petroleum which boils
at about 60° and has sp.gr. of '65 to -70 consists
mainly of normal hexane (v. Pabaffin ; and
Petroleum).

CANARÏN. A yellow colouring matter ob¬
tained by the action of bromine or a mixture of
potassium chlorate and hydrochloric acid upon
potassium or ammonium thiocyanate ; it probably
consists of perthiocyanogen C3HN3S3 (H.

Schmid, D. P. J. 251, 41). (For détails of mode
of préparation v. D. P. J. 253, 130, also S. C. I.
3, 476.) Cloth dyed with canarin resists light
and soap. Neither concentrated acids nor alkalis
destroy it or dissolve it out of the fibre. Bleaeh-
ing powder has no action upon it. Acts as a
mordant for basic aniline dyes.

CANDLES. Candies are among the most
ancient forms of illuminants. The excellence of
a candie dépends on the nature of the wick and
of the combustible matter, and on the manner
and extent in which these are apportioned. In
the following list, the torch must be regarded as
a huge wick with the minimum anrount of com¬
bustible matter ; this proportion being gradually
altered until the présent ratio of about 1 part
wick to 50 parts of combustible matter is reached.
Table showing the stages in the development of

candies.
Torch. Pine branches or slips (Lat. tceda),

saturated, naturally or artifieially, witli
resinous or fatty matter.

Link. Bope-strands steeped in resin, tar, or
pitch ; in olden times, doubtless, with
asphalt or bitumen.

Flambeau. A core of hemp, soakedin resin
and coated with crude bees-wax. Later
the outer coat was of bleaehed wax.

D i p s. Wicks of rush-pith (rush-lights), crude
flax or cotton, and subsequently of twisted
eotton yarn, coated with wax or tallow by
repeated dippings.

M o u 1 d s. (Introduced about the 15th century
by the Sieur de Brez.) Hard tallow, sper-
maceti, stearin, or paraffin, cast round the
wick in a mould.

In addition to these varieties may be men-
tioned rolled, poured, and drawn candies.

Dips, the cheapest, as well as the oldest form
of candie, were made until comparatively lately
of tallow or lrousehold grease. Wax candies
were mostly poured, drawn, or rolled. The great
advantage of the ' dip ' lies in the ease with
which it can be made. The thrifty housekeeper
was wont to set aside the superfluous kitehen fat
for melting day, when part went to make soap
whilst the harder portions were formed into
candies. The fat was thrown into boiling water
and boiled three or four times with a little sait
to ' render ' it. The dirt and impurities being
removed by subsidence, the clean liquid fat was
run through a strainer into the candie pan.
Some skill and experience were required to regu-
late the température of the melted fat. If too
hot, the liquid fat would run off the wicks ; if too
cold, the material would eongeal too quickly and
adhéré irregularly and in lumps to the wicks.
In households these would be rushes, divested of
their peel, with the exception of a thin strip
which was left to give strength to the pith.
These were usually tied in bunches of four, so
that one wick could be held between each pair of
fingers, and thus be immersed in the liquid fat.
A short time was allowed after each dip to cool
the last coat. Four dippings mostly sufficed ;
when the finished candies were hung up in an
airy loft to harden and whiten.

In dips as manufactured on a large scale the
wicks are of twisted cotton, and are strung on
rods, each rod holding eight. The workman.
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holding an end of the rod in either hand, first
immerses the wicks in very hot tallow, in order
that their fibres may be thoroughly saturated, and
then, as each rod is ready, it is slid on to a cross
frame to cool ; when the wicks are re-dipped in
tallow of about 16°C. (60°F.) till the desired
weight is obtained.

Many deviees exist for reducing labour and
ensuring uniformity of resuit in manufacturing
dips. Of these contrivances the 1 Edinburgh
wheel ' is the best known. It consists of a long
pôle, pivoted vertically, and having mortises
eut about its centre through which pass long
wooden bars, each pivoted at its centre on an
iron pin. These bars carry franies at their ex-
tremities, each of which, in their turn, holds,
say, eight wicked rods. The post revolves, and
as each bar with its frame passes over the melt-
ing pan, it is pulled down, so as to immerse the
wicks. The opposite frame restores equilibrium,
and the rotation and dipping are proceedèd with
until the proper weight is obtained, which is
signalled by some contrivance on the post, itself
the object of much invention. Themost perfect
apparatus of this kind was patented a few years
ago, and worked by Price's Candie Company
at the Inventions Exhibition in London in
1885.

Rolled, poured, and drawn candies. Bolled
candies are now almost obsolète. Formerly, the
larger sizes of church candies were made by

Fia. 1.

' rolling ' a cake of warm wax, kneaded until it
was plastic, round a wick, and imparting the
necessary smoothness and uniformity by means
of a rolling-pin. This process has now been
entirely superseded by that of pouring. ' Drawing '
is resorted to only in the case of small sizes and
tapers. In pouring, a similar apparatus to that
used in dipping is employed, but instead of the
wicks being dipped, the melted wax is poured over
them whilst the frame is kept in rotation (fig. 1).
In the larger sizes the wicks have to be reversed
from time to time to ensure a uniform thickness.
The workman ascertains the correct dimensions
by measuring with a piece of tape. After every
two or three pourings, according to the weather,
the hoops are hung in a carrent of air to cool.
When the candies are of the requisite thickness,
they are severed from the frame and placed on a
smooth marble slab. The operator then rolls
them to and fro under a board, on which he leans

with his full weight. By this process, which re-
quires much skill and practice, the irrégularités
are smoothed away, and the candies, in tire
hands of a skilful workman, assume the evenness
of outline of moulded candies, with a peculiar
softness, indescribable, though unmistakable
when once identified. The ends of the candies
are now eut clean with a sharp knife, and their
tips shaped with the finger and a small strip of
wood.

It will be readily seen that this process, which
involves much skilled labour, must render wax
candies very expensive. They are, indeed, the
most costly form of illuminant ; so that but few
private persons can or will afford to burn them.
Their use is confined to churches and, to a less
extent, to carriage lamps, in which formerly no
other candie could be employed, by reason of the
strong spring, although now several efficient
substitutes exist and are coming into favour.

To understand the favour which wax con-

tinued to enjoy long after the introduction of
stearin and parafïin, which are not only much
cheaper, but give a better light, we must take
several circumstances into account. The first
and, doubtless, the most cogent fact lies in the
sharp contrast which formerly obtained between
wax and tallow, a contrast which finds mention
in many a taie of social life, even as far back as
the times of Haroun Alraschid. The candie at
one period was absolutely the only means of
illumination available, and formed a very con¬
sidérable item in the household expenses. As
only the rich could afford this luxury, the wax
candie became intimately associated with the
other signs of wealtli, as essential, indeed, as
arms or silver plate. The introduction of sper-
maceti in the middle of the last century greatly
influenced the use of wax, and this was quickly
followed by the adoption of gas in houses.
Within the last few years the electric light has
replaced both wax and spermaceti in houses
where for centuries no other light was known ;
and before long a wax candie in a private house
will be as rare as a tinder box.

To adapt the bees-wax as it cornes from the
hive to the requirements of the chandler but
little is needed beyond the ordinary cleansing
processes. The clean wax is l'un from the copper
over a rapidly rotating drum into cold water,
by which means it becomes divided into fine
shavings. These are exposed to the influences
of sun and air for several weeks, with occasional
re-meltings and pourings, after which the now
cream-white wax is ready for use.

Drawn candies are made by drawing a con¬
sidérable length of wick through a pan of wax
(fig. 2), maintained at a regulatecl température by
fire or steam. The wick is wound from one drum
on to another. As it leaves the pan it traverses a
plate perforated with holes increasing from half
an eighth to half an inch in diameter, whereby the
superfiuous wax is stripped off, the coated wick
as it emerges being of the diameter of the hole.
When the wick is ail wound off, the drums are

reversed, the end of the coated cotton passed
through the hole next in size, and the opération
continued till the requisite size is obtained.
This is seldom over half an inch, as the risk of
crackingincreases considerably with the diameter
of the cable. In fact, this process is resorted to
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mainly for manufacturing ' spills ' or lighting-
wicks and the little tapers used for decorating
Cbristmas-trees, but here also stearin in the first
and paraffin in the last have gradually displaced
wax.

Fig. 2.

Mould candies.—Before describing the manu-
iaoture of mould candies—the chief variety of
candie now made—it is necessary to devote some
Bpace to the wick, which is to the candie what
the burner is to the gas. Till about 1820, the
only wicks used were made of twisted cotton yarn,
still to be seen in tallow dips. No means for
consuming the wick being employed, snuffers
had to be used to remove the charred and glow-
ing end. Several expédients were devised to
bring the wick automatically into contact with
the air, and thus cause it to be consumed as the
candie burnt. The best of these consisted in
twisting the wick round a rod, and while in a
state of tension, coating one side with size or
other stiffening. This imparted a tendency to
turn outwards and curl over, which to a great
extent obviated the use of snuffers. Mr. Palmer
invented a simple means for achieving the same
resuit more thoroughly. He introduced a fine
thread coated with metallic bismuth into the
substance of the wick, which thread he called
the ' doctor.' When ignited, the easily fusible
métal formed a globule on the end of the cotton,
which by its weight bent the wick out of the
flame into the air, when the oxygen could com¬
bine with the incandescent carbon, whilst the
bismuth was volatilised. So suceessful was this
device, that Palmer's ' Metallic Wick ' candies
achieved great popularity, espeeially for burning
in candle-lamps, for which large candies some-
times weighing two pounds were employed.

But the introduction of ' braided ' or ' plaited '
wicks by Cambeceres rendered such précau¬
tions unnecessary, the flat form of the wick, as
now made, imparting a sufficient tendency to
curve. Now ail except tallow candies are pro-
vided with these cores.

Before the wick can be used by the candle-
maker, it has to be ' piekled,' i.e. soaked in a
solution of certain chemicals, which vary with
the nature and purpose of the cotton. In fact,
the préparation of these solutions forms one of
the chief items in a good candle-maker's éduca¬
tion, and to carry it out thoroughly demands no
little cbemical knowledge. For the wick itself
varies much in its composition, espeeially as re¬
gards the percentage of minerai matter. The
p'.ait, too, will vary in tightness, however care-
fully woven. Then again, a paraffin candie re¬
quîtes a tight plait, to check a too rapid supply
of the liquid fuel. A wax or sperm candie, on
the other hand, where themeltedmaterialisless
mobile, or has a less tendency to smoke, needs
a loose texture. The nature of the combustible,
its melting-point, viscidity, and burning powers ;

the composition of a suitable material from
several sources, the sélection of a wick that in
number of threads, structure, and substance is
adapted to the spécial material chosen, the sub¬
séquent treatment of this with such salts as
will correct or enhance its tendencies ; these are
some of the points which must be eonsidered
before proeeeding with the more mechanical
opérations.

The wicks, which arrive at the faetory from
the cotton-spinner's in hanks, are placed two or
three days before being wanted in the appro-
priate solution. Of these solutions, the object
is to counteraet either ' ashing ' or ' smoking,'
two great evils to which the candie is liable.
Borax, nitre, sal ammoniac, potassium chloride
or chlorate, and, more rarely, phosphorus com-
pounds, are the principal salts employed for this
purpose ; though almost every manufacturer has
bis own receipt. The proportion of the sait to
WAter is usuaÛy about 2 oz. to 1 quart. The wicks
are steeped in the solution for about twenty-four
hours, after which they are placed on a perforated
slielf to drain off the bulk of the liquid and then
transferred to a centrifugal machine rotating at
a speed of nearly 1,000 révolutions a minute,
where the residual water is expelled without the
slightest torsion or other disturbance in the
structure of the threads, which would be almost

inévitable in any other process. The hanks,
still slightly damp, are placed in a cupboard
heated by steam, and finally hung up in an
airy room until required. The amount of sait
remaining in the fibre must, of course, be very
small, but it is quite sufficient to influence
materially the burning of the candie. The wick
is next transferred to the spools, from which it
passes to the machine. This task is performed
by boys, who wind the wick off the hank pre-
viously stretched on a circulai- rotating frame,
on to ' spools ' or bobbins on spindles (fig. 3).
As they wind, they let the wick run through
their Angers, to deteet any knots or other irregu-
larities, which might interfère with the burning
of the candie. The spools are now ready for
transport to the machine. The old ' hand-frame,'
the forerunner and nucleus of the présent compli-
cated apparatus, consists of a cluster of pewter
moulds held together by wooden collars at either
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end. Each mould is traversed longitudinally
by a wick, which is secured by a peg at the top
and wire at the base, and it has to be provided
with a little loop of cotton, througli which a
wire is passed.

The butt-ends of the moulds open into a
trough about two inches deep. Into this the
hot material is poured until it is quite filled, and
the wbole frame is tlien placed in a tank of
water, the température of which varies with the
description of candie, as will be explained pre-
sently. When quite eold, the candies are re-
nroved from the pipes by simply inverting the
frame, the cake of superiiuous wax having been
previously scraped oiï, and the wires and pegs
withdrawn. As the pipes are made slightly
conical, and as the substance shrinks in cooling,
there is seldom any difficulty in emptying the
frame; or if one or two of the candies should
refuse to leave the moulds a slight tap with a
mallet speedily loosens them. This method is
obviously slow and cumbrous, and were it not
that some people will have hand-made goods,
also, that a. few odd sizes for which it would not
be worth while to keep spécial machines can
only be made in hand-frames, there would not
be a frame in a factory. A hand-frame can be
filled and emptied, at quickest, once an hour,
while a machine will do thrice the amount of
work in the same time.

Fia. 4.

Fig. 4 represents a candie-machine of ré¬
cent manufacture, for making candies with
ordinary, i.e. not self-fitting, ends. It consists,
mainly, of a métal tank (g) in which the pipes are
fixed with their butts opening in a trough and
their tips emerging below. The tips are not of
one piece with the moulds, but can slide up and
down, fitting water-tight when drawn home.
The motion is communicated by pistons (d), to
which the tips are soldered, and which are per-
forated longitudinally.

The wieks wound on the spools before-men-
tioned, which rotate on a sériés of spindles at
the base of the machine, pass up these per¬
forations d. The tanks g which surround the
pipes are connected with hot and cold water
cisterns, or preferably with cold water and steam.

To commence the opération the wicks are drawn
through the pistons, tips, and pipes, and tempo-
rarily secured in the troughs. These, and the
moulds opening into them, are now filled roughly,
merely to afîord a starting-point for the wick,
and emptied as soon as the material is cold. To
effect this the trough is scraped clear with a
spud, after which the handle.e is slowly turned.
This by means of rack and pinion gear im¬
parts a vertical motion to the pistons, which
mount up the pipes, carrying the dummy
candies with them, and unwinding the wick
from the spools. As the candies emerge from
the pipes they are received in a clamp frame c,
which is held open by a spring handle. When
the tips are clear of the trough the clamp is
closed, gripping the candies firmly. The handle
is now turned the reverse way, causing the
pistons to descend in the moulds till the tips
close the ends securely. Thus the wicks are
left in the centre of the pipes, held by tbe dum-
mies above and the spools below. Tbe next step
dépends on the nature of the material used. If
stearin candies are to be made tbe tanks are

charged witli tepid water, the température of
which the operator détermines by bis hand in
preferenee to other methods. The reason for
this précaution dépends upon the highly crystal-
line structure of stearic acid, which renders it
liable to crack if chilled too suddenly, or to erys-
tallise if cooled too slowly, whereby the appear-
ance if not the structure of the candie would
be impaired. On this aceount also tbe melted
stearin is stirred while in the melting pans tiil
it assumes the consistency and appearance of
gruel, in which state it is transfèrred to tho
' jacks,' and thence to the moulds. When thcc:
are full they are allowed to rest about twenty-fivo
minutes until they are suflieiently hard to permit
of their being withdrawn witliout fracture. The
troughs are not scraped in this case, as the tops
are hard enough to act as clamps if supported
on side pièces. As soon as the pipes are filled
again and the material set enough to hold the
wick witliout extraneous aid, the upper row of
candies, often whilst still hot, is removed into the
air, where they cool and bleach. This tendency
of stearin to crack was a great obstacle to the
suceess of these candies when they were first in-
troduced. Anrong the various devices employed
to overcome the defect was that of stirring a
small proportion of arsenic into the melted
stearin. This certainly broke the grain, but it
was of course diffused into the • air on burning
the candies. When this became generally known
the préjudice against stearin was such as to
afïeet the success of the new substitute for tal-
low, and to this day stearin candies enjoy but a
comparatively limited popularity in this country.

Paraffin candies, on the other hand, are al-
most unknown on the Continent, whilst stearin
is universally burnt ; but when in 1854 James
Young obtained from shale oil a pure wliite
paraffin, which was subsequently made into can¬
dies under a patent of J. Iv. Field, the immédiate
popularity of the novel illuminant left little doubt
as to what would be tbe material of the candie
of the future. Still, even the most enthusiastic
optimist of that day would have besitated before
accepting the prophecy which to-day has seen
accomplished, that paraffin candies would be
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Bold at half the price of tallow dips, and that
the costermonger would be able to illuminate
his barrow and the driver his cab with a brighter
light and drawn from a handsomer candie than
was formerly within the ricli man's reach.

The main difficulty experienced in beginning
the manufacture of parafîin candies arose from
irant of précaution in regulating the température
while casting. The same machine can be em-
ployed for either paraffin or stearin candies, but
wlien paraffin is about to be used the water in the
tanks is raised to a température of nearly 200°F.,
by passing steam through the pipe. Also the
paraffin itself is heated to about 170°-180°F.,
and poured in a highly mobile state. When the
pipes are filled the hot water is discharged from
the tanks and eold water immediately intro-
duced, thus suddenly chilling the fluid material.
If the exact point be missed failure will resuit.
Thus, if the pipes are colder than the inflowing
paraffin it will congeal as it touches the métal,
nssuming a dull, striated aspect. On the other
hand, if the moulds are suffered to cool slowly
the candies will shrink on to instead of from the
\valls,and will be injured in extraction, if indeed
they can be withdrawn at ail without being
melted out. When the opération is properly
carried out, and the pipes are not worn with
usage, and if, further, the paraffin is highly re-
fined and of a high melting-point, the candies
leave the moulds with a lustre which hardly
diminishes by ordinary handling. This lustre,
combined with the translucency, snowy white-
ness, and ready adaptability to ornament in
shape and colour, gives paraffin the pre-emi-
nence over ail other materials for candle-making.
It lias, however, its disadvantages. The readi-
ness with which it liquéfiés by heat gives a ten¬
dency to ' gutter ' to even the best paraffin
candies. Moreover, paraffins have the peeuliar
property, which is independent of their melting-
points, of becoming plastic after exposure to a
moderate degree of heat. The time required to
develop this tendency varies, it is true, with
the hardness or fusibility of the paraffin, which
ranges from 105°F. to 140°F. ; but even ozokerit,
which is often wrought up to 142-3°F., is affected
by protracted heat. The inferior varieties of
these candies, from the ease with which their
substance melts, are very prone to smoke ; the
wick is apt to be too abundantly supplied with
fuel, and is consequently chilled below the point
at which complété combustion can take place.

By judiciously mixing stearin and paraffin
the candle-maker is able to obviate many of the
defects of the substances whilst retaining their
advantages. Such candies as petro-stearine,
palmitine, and other popular varieties, are made
on this principle.

One of the greatest improvements of the last
quarter of a century in candle-making is the
self-fitting end, by which simple device a candie
will fit any normally constructed sconce without
scraping or using paper, or other expédient to
enlarge or diminish the butt. The self-fitting
end, patented in 1864 by J. L. Field, is now in
universal use. Fig. 5 will give an idea of the
conical butt, while fig. 6 represents the machine
patented by E. Cowles for its manufacture. The
difficulty to be overcome lies in the butt project-
ing beyond the stem of the candie, which renders

Von. l.—T

the ordinary metliod of withdrawal imprati¬
cable. To meet this, the butts are cast in a
separate frame, which can be fitted
to or removed from the pipes at
will. When the machine is to be
filled the butt frame is lowered by
the chain till the butts rest upon
and fit tightly into their respective
pipes. The wieks are then drawn
through the butt moulds with a wire
and clamped in a centric position,
after which the filling is proceeded
with in the usual manner. When
cold the wicks are east loose, the Fia. 5.
tops scraped off, and the upper frame
lioisted off the butts as in the engraving, the opéra¬
tion being concluded as before. It will be noticed
that this apparatus precludes running a continu¬
ons wick, as in the makingof plain ends ; and in
a large factory a serious loss is inourred in the

Fig. 0.

course of the year by the inch or two of wick
snipped off at eaeh opération. A very ingenious
machine for saving this waste is also due to Mr.
Cowles, who invented a split bed-plate holding
the butts. When ready for withdrawal the butt
moulds are raised and opened out by a simple
lever motion, and the candies ean thusbepassed
through without further trouble (figs. 7 and 8).

Anotherimprovement, which has found more
favour on the Continent than with us, eonsists
in perforating the stem of the candie longitudi-
nally so as to afford an internai escape for any
grease which would otherwise have guttered
down the outside. The up-draught of air which
takes place in the tubes has a tendency to en-
sure more perfect combustion. By reason of the
hardness required in their manufacture these
candies must be made with stearin.

E E
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translucent paraffin, however, did uot admit oi
this device. Paraffin candies are now colouredwith
the so-called coal-tar dyes by dissolving the dye
in a small proportion of stearin, which, when
added to the paraffin, colours it to any desired
sliade. Of ornamented candies (fig. 9), one of
the most popular forms is the ' cable ' or spiral

Mueh art has been èxpended on the orna-
mentation of candies. Eefore the introduction
of aniline dyes, candies were coloured with such
pigments as vermilion, ultramarine, and verdi-

pattern. This form, as patentcd by Field, was
made by turning the plain candie in a lathe of
complicated structure, which could fashion over
thirty différent sizes and patterns of candies, e.g.
cabled, spiral, fluted, striped, &c. By grooving
out continuous patterns, replacing the candie in
its mould, and running in coloured stearin, a
number of fanciful devices were obtained, each
of which had their period of popularity. The
' King Alfred's candie ' where the stem is divided
by grooves of this kind into sections burning an
liour each, still enjoys favour.

The demand for cabled candies is now so

large that they are made in moulds, the pistons
while ascending being caused to rotate, so as to
screw the candies out of their spiral moulds.

Night lights are short thiek cylinders of
some one or another of various fats and waxes, in-
closed in paper cases and furnished with small
wicks ; their object being to give a constant and
lasting rather than a bright light. They are
usually cast direct in the cases, but of late,
Price's Candie Co. hâve adopted the plan of
casting the cylinders in a machine similar to a
candie frame, and employing a material so hard
(pressed cocoa-nut stearin) as to retain its form
in hot weather without external support. These
lights are burnt in glass cups, thus shedding their
full light and rendering the précaution of water
unneeessary. Another very popular form of this
illuminator is Clark's 'pyramid' night-light,
which, as its name indieates, is coniform. In
this, the material employed is pressed tallow of
great purity, and the wick is a rush-pith with
two latéral strips of the peel left adhering.
These turn outwards in burning, giving a neat
and shapely flame. The base of the cone is a
dise of plaster of Paris, which holds the wick
upright till the whole of the fat is oonsumed ; a
resuit achieved less surely in the other kinds,
where the wickis of ' inkle ' (flax), held by a little
strip of tin, into which the base of the wax fibre
is fixed.

The strides made in gas and electric illumina¬
tion have not materially affected the prosperity
of candie manufactures. On the contrary, every
year sees a considérable increase in the number

Fig. 8.

coating, which, owing to the opacity of the wax,
gave the appearance of a candie coloured through-
out with but slight effect on the burning. The

Fig. 7.

gris ; these, besides causing a dull, heavy appear¬
ance, ruined the wick by choking it with incom¬
bustible matter. In wax candies this evil was

minimised by confining the eolour to the last
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of candies made. The amount of paraffin worked
up in Great Britain alone in the year 1887 could
not hâve been much under 35,000 tons, judging
from the outputs of the great Scotch companies.
Price's Company turn out over 60,000,000 night-
lights in a year, and other firms contribute their
proportion, while stearin and other candies are
made in immense quantities, one firm alone
irorking about 2,000 tons of tallow annually.

L. P.
CANDLE-NUT is the fruit of the eandleberry

tree, Aleurites triloba, belonging to the family
of spurgeworts or Euphorbiaceœ. The tree
attains the height of 30 or 40 feet, and is a
native of the Moluccas and South'Pacifie Isles,
but is cultivated in many tropical countries. In
India it is known as Indian akhrout. The fruit
of A. triloba is two-celled, fleshy, olive-coloured,
and about two and a half inches in diameter.
Eaok cell contains one nut resembling in app.ear-
ance and taste a small walnut, the shell of which
is very hard. The kernels having been dried
are threaded on reeds, thus forming a candie ;
several of these candies being wrapped in a
leaf of pandanus or screw-pine form a torch.
The expressed oil of the candle-nut is known as
eboc oil, country walnut oil, and artist's oil. It
is palatable, but is chiefly used by painters as a
drying oil. The Cingalese term it kekune, and
the Sandwich Islanders kukui. It is said to be
used by the latter as a mordant to their vege-
table dyes. The refuse from the oil press is
given to the cattle as food. It is imported into
the British Isles, but only to a limited extent.

CANELLA BARK. The dried bark of Canella
alba, obtained from Florida and the West Indies
in large buff-coloured quills or pièces of about an
inch broad. Has a bitter pungent acrid taste
and odour of a mixture of cloves and cinnamon,
due to a volatile oil conta ining eugenic acid
which is also found in oil of cloves. The bark
contains a bitter principle, canellin, together
with resin, mannite, and starch. Used in
medicine as an aromatic bitter and tonic, and in
rheumatism and gout.

CANELLE 01- BISMARCK BROWN v. Azo-
•coioukino mattees.

CANNABIN or INDIAN HEMP RESIN v.

Besins.
CANNABINENE v. Besins.
CANNABIS INDICA v. Besins.
CANTHARIDES. Spanish flies (Cantharis

usicatoria). Dried coleopterous insects used in
medicine, in the form of plasters, " tincture, lini-
nients, &o., on account of their vesicating pro-
perties, due to a peeuliar acrid principle, can¬
tharidin.

Employed also as a stimulant diuretic, as an
aphrodisiac, and as an emmenagogue. Obtained
principally from Hungary, Bussia, and the South
of France.

Cantharidin C10H12O4 is obtained by treating
the powdered insects with chloroform or ether,
and evaporating the extract and treating the
residue with carbon bisulphide to remove fat ;
or by mixing the cantharides with water and
magnesia ; drying, treating with dilute sulphuric
acid, and extracting with ether. Crystallises in
trimetrie plates, melts at 218°, but begins to
sublime at 85°. It is tasteless and inodorous ;
•blisters the skin strongly, espeeially when in

solution or mixed with fat. Appears to be the
lactone ofcantharidic acidC10H14Or,, the alka-
line salts of which may be obtained by heating
cantharidin with aqueous solution of potash or
soda.

CANTON'S PHOSPHOKUS v. Calcium.
CAOUTCHOUC v. Indiabubbeb.
CAOUTCHOUC OIL. An oil which has

proved efficient in preventing rust. It is spread
with a piece of flannel in a very thin layer over
the metallic surface which is to be preserved,
and allowed to dry. To remove it, the article
has simply to be treated with caoutchouc oil
again, and washed after twelve to twenty-four
hours (S. C. I. 1, 315).

CAPSICUM EESIN v. Besins.
CAPBIC ACID or DEC0IC ACID v. Fatty

acids.
CAPE0IC ACID or HEX0IC ACID v. Fatty

acids.

CAPBYLIC ACID or OCTOIC ACID v. Fatty
acids.

CAPSAICIN v. Besins.
CAPUT M0ETUUM. A term employed by

the alehemists to dénoté the residue remaining
in the retort or alembie after the volatile matter
had passed away.

CARAGHEEN M0SS. Irish pearl moss
(Chondrus crispus) ; v. Caeeageen ; Alg.e. .

CARAJURU, CARCURU. or CRAJURU. A
Brazilian dyestuff of a red colour, said to be
identical with chica-red, used by certain Indian
tribes to stain their skins, and which is obtained
from the leaves of the Bignonia Chica. It is a
light, mealy, odourless, tasteless powder, which
acquires a coppery lustre on trituration. In¬
soluble in water, but soluble in alcohol, ether,
and alkalis (Virey, J. Ph. 1844, 151).

CARAMEL. The brown substance produced
by the action of heat on sugar or glucose, and
used^ for colouring liquors, sweetmeats, and
gravies.

Properties.—Amorphous, dark brown, brittle
mass ; porous and déliquescent ; completely so¬
luble iu water, partially soluble in alcohol ; of
a bitter taste and non-fermentable, but often
contains unaltered sugar, which gives it a sweet
taste and renders it fermentable. Melts at about
100°C.

Préparation. — Common sugar is beated, with
constant stirring, in a métal pan capable of con-
taining about ten times the quantity taken, till
the whole mass melts, turns brown, and at last
suddenly froths up, when the heat must be im-
mediately stopped. During the heating much
water and a little acid escape, but no permanent
gas. Not more than 15 p.c. of tbe weight of
the sugar should be driven off, as tbe product is
liable to become insoluble if further heated.

Forpreparation of carameleolours, Asrymusry
recommends the following processes (long kept
secret):

Colour for rum.
Potassium or sodium hydrate . 3 kilos.
Water 6 „

Or potassium or sodium carbonate 4 „

Water 8 „

Dissolve with heat in large iron pan, and add
Glucose 120 kilos.
Or syrup of glucose . . . 130 „

e e 2
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Boil over the fire till irritating vapours begin to
appear, then deorease the heat and stir con-
tinuously till the required shade is produced,
then stop the process by adding 30 to 40 litres
of water in a fine jet.

Coïour for beer or vinegar.
Ammonium carbonate . . 6 kilos.
Water 6 „

Glucose 120 „

Process exactly as above.
Détection of caramel in wines, £c.—10 e.c. of

the liquid to be tested is mixed with 30 to 50 c.c.
of paraldehyde, and enough alcohol added to
make the liquids mix ; if caramel is présent, it
forms a dirty-brown precipitate sticking to the
bottom of the vessel ; the solution is poured off,
the precipitate washed with alcohol dissolved
in a little hot water, and the solution evaporated
to 1 c.c., when différent quantities of caramel
may be compared by comparison of colours to
confirm ; this solution is mixed with one of 2
parts hydrochloride of phenylhydrazine in 20
of water, with excess of acetate of soda. Caramel
yields an amorphous brown precipitate.

Rough test for caramel in beer.—Add a
quantity of tannic acid, and shake thoroughly.
If malt only is présent, the colour is precipi-
tated. Caramel colour remains unchanged.

Little is known of the chemistry of caramel.
Gelis separated it into three amorphous sub¬
stances, caramelane, caramelene, and caramel-
ine, differing in solubility and colouring power,
but not of fixed composition.

CARANNA v. Oleo-besins.
CARAPA BARK. The bark of Carapa

Guianensis, a meliaceous tree found in Guiana
and Hispaniola ; lias a bitter taste, and is used
as fébrifuge. Said to contain an alkaloid, eara-
pine (Petroz and Robinet, J. Ph. 7, 293, 349).

The kernels of C. Giiianensis yield by pres¬
sure a bitter fat oil, used by the Indians for pro-
tecting the skin against the punctures of insects
(Cadet, J. Ph. 5, 49 ; Bouillay, J. Ph. 7, 293).

CARBAMIC ACID CH.,N02 or NH..COOH.
Amidoformic acid. An acid not known in the
free state. Ammonium carbamate is, however,
met with in freshly sublimed commercial ammo¬
nium carbonate, and may be prepared by mixing
gaseous ammonia and carbon dioxide. Obtained
also by the action of alkaline solution of potas¬
sium permanganate on albumen, leucine, tyro-
sine, and glycoeoll.

CARBAZOLE C,.,H0N or <c h'>NH- a
wliite crystalline substance found amongst the
products of the distillation of coal-tar, and occa-
sionally met with in erude anthracene. May be
obtained by passing vapour of aniline or di-
phenylamine through a red-hot tube, or by boil-

c jt .

ing imido-diphenyl sulphide with
roduced copper. Forms white laminae, m.p. 238°,
b.p. 352°.

_

By meiting together carbazole and oxalic
acid, and extracting with hot water and benzene,
dissolving the residue in warm alcohol, filtering
and evaporating, carbazole blue is obtained.
The alcoholic solution of carbazole blue, when
treated with glacial acetic acid and zinc-dust, is
decolourised. Filtered into caustic soda solu¬

tion the leuco- base separates oui as a white
flocculent precipitate. On oxidation with any of
the usual reagents, the blue colouring matter is
again formed. On the basis of this reaction,
and on an analysis which, however, is not
entirely satisfactory, Bamberger and Miiller con-
sider the compound to be a triphenyimethane
derivative of the formula

(HO).C:(C^M«LC^Î,)3.
(B. 20, 1,903-1,907 ; S. C. I. 6, 000.) V. Di-
phenyl.

CARBODYNAMITE v. Explosives.
CARBOHYDRATES. (Kohlenhydrate, Ger.)

C„H2mOm : n, as a rule, = 6 or some whole mul¬
tiple thereof, and m = 5 or 6 or some whole
multiple of them. A terni applied to a large
and important group of bodies forming per se
the chief constituents of plants, and existing,
but to a smaller extent, in animais and animal
products j some of them are décomposition pro¬
ducts of other organic compounds.

Classification.—There is no really satisfac¬
tory classification of these substances, our lmow-
ledge being at présent not sufficiently extensive
to admit of such ; they may, however, be con-
veniently grouped as follows :

Class I. Saccharans, tcC„H10O5. Amorphous.
soluble in water, insoluble in alcohol : yielding
directly bodies mC6H12O0 by the action of acids,
no intermediate compounds being formed.

a-Amylan. Lœvulan.
/3-Amylan. Galactans a, (S, y and 5.
Dextran. Paragalactan.

Class II. Saccharens, mCuH10O3. Possessed
of structure, insoluble in water and alcohol;
yielding C12H2,On compounds by the action of
acids and certain ferments, and finally
by action of acids.

The Celluloses. Starch.
Tunicin. Inulin.

Class III. Saccharins, mC6H10O5. Amor¬
phous, soluble in water, insoluble in alcohol;
yielding by the action of acids C]2H220M, and
finally C6H,.,06 bodies, converted by certain fer¬
ments into CjAL.On bodies.

Maltodex'trin. Dextrin-like products
The Dextrins. from Inulin.

Glycogen.
Class IV. Saccharoses. The Sugars.
Group a, toCi-TL^O,,, Saccharons ; sweet

tasted ; crystallisable, soluble in water and
alcohol (not absolute) ; converted by acids and
some by ferments into C6Hl206 bodies.

Sucrose (cane sugar). Trehalose (Mycose).
Maltose. Melezitose.
Lactose (milk sugar).
Synanthrose (?)
Mellitose (Raflinose).

Group b, mC6H,.,06, Glucoses. Crystallisable.
but with greater difficulty than members of
group a ; soluble in water and alcohol, broken
down by the continuous action of acids, the
products being no longer carbohydrates.
Fermentable by Non-fermentable by Yeast

Yeast
Dextrose. Sorbinose.
_ , „ r Identieal with Dextrose,
Lœvulose. £iocose J E. Fisher (B. 21,938) ;Galactose. Phlorose. J_Eennie j 18S7i C3G).

Arabinose (?).
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Group c, C6H,.2Ob. Probably aromatic com-
poimds having little or nothing in common with
the otlier members of tbe carbohydrate group.

Inosite ) Identical, Maquenne Scyllit.
Dambose. I (C. R. 104,1853-55).
Glass V. Compounds related to the carbo-

hydratesand capable of yielding these substances
by the action of acids, and some of them by
that of certain ferments.

Gums, mucilages, glucosides, pectins.
Tollens (Die Kohlenhydrate, Breslau, 1888)

classifies the earbohydrates according to the
mimber of CB groups contained in the molecule.
Starting with bodies of the glucose type,
C6H12Os, he tenus them TOonosaccharides, the
saccharoses of the cane-sugar type, C,2H220M,
being (Ksaccharides ; raffinose, ClsH320]6, or
CsSH64032, would be a frisaccharide or hexa-
saccharide according as the molecule contains
three or six C6 groups ; Tollens places these com¬
pounds among thepoZysaccharides.the moleeular
weights of which are unknown, but which pro¬
bably contain many C„ groups.

Scheibler (B. 18, 046) has suggested a classi¬
fication of the sugars which is also based upon
the relative magnitude of the molécules ; ail
sugars being described as saccharoses, Scheibler
proposes to alter the termination of the word in
such a manner as to indicate the size of the
molecule. The simpler sugars, CBHi20,„ would
be dextrose, lœvulose, galactose, &c., and sugars
of the cane-sugar type, C,2H22On, saccharo&iose,
maltotase, lactobiose, while raffinose, CJSH32O,0,
receives the syllable tri before the termination,
making the word raffinofriose. This System has
not hitherto found many adhérents.

1. General characters.—Ail the members of
the group, except those mentioned under Class
IV. c., when submitted to the continuée! action
of sulphuric or hydroehloric acid yield as final
products brown or black humous substances,
formic acid, and lœvulinic acid ; this latter acid
is aceto-propionic acid CH2.CO.CH2CH.,.COOH.

2. Certain unorganised ferments, produced
usually during the process of germination (malt-
ing, &c.), and acids convert some of the members
of Class II. into those of Class III., and finally
into those of Class IV. ; this change is accom-
panied by the fixation of one or more water
molécules.

3. The power of reducing solutions (chiefly
alkaline) of the oxides of the heavy metals, such
as those of gold, platinum, silver, mercury,
copper, bismuth, &e., in some cases to metals,
in others to lower oxides, is possessed by ail
the glucoses and by some of the saccharons,
Class IV. a.

4. Solutions of ail the earbohydrates possess
the power of rotating the plane of polarisation
of a ray of light (i.e. are optically active) ; some
rotate to the right, some to the left, the intensity
of the rotation varying with the substance, the
strength of the solution, and the refrangibility
of the ray, &o. (v. Sacchaeimetky).

Mutual relationships.—The mutual relations
of the members of the carbohydrate group
are in many instances fairly apparent. The
amylans are hydrated directly to dextrose by
the action of acids; starch, on the contrary,
yields the intermediate bodies, dextrin and malt-
ose, which are finally converted into dextrose.

The final product of the action of acids on cellu¬
lose is also dextrose, but the relation of cellulose
to the starch sériés is not understood. Dextran
and lœvulan may be the saecharans of the
sucrose, or cane-sugar sériés, but bodies corre-
sponding to starch and dextrin are at présent
wanting in this sériés.

Sucrose yields lœvulose and dextrose, and
lactose or milk sugar, galactose and dextrose,
and in this way other members of the group are
related.

These changes may be expressed by the
following équations :

Hydrolysis of
Amylan yields Dextrose

»(C0H,„05) + îiH20 = n(C6HlaO„)
Starch yields Dextrin and Maltose

n(C6H,0O5) + H20 = to(C„H10O5) + Cl2H,,On
Dextrin Maltose

m(C(iH1(lcy + H20 = C,2H220„
Maltose yields Dextrose
C.JH^O,, + H20 = 2C6H120„.

Sucrose (cane-sugar) Dextrose and Lœvulose
C.JIsA, + HjO = C6H1206 + CbH120„.
Although this équation represents the gene-

rally received theory of the décomposition, there
seems to be some doubt of its correctness

(H. Winter, C. C. 1887, 1,373-1,374).
Lactose (milk-sugar) yields

Dextrose and Galactose

C.AA, + ILO = C,H,X>6 + CbHI206.
In this case also it is highly probable the

reaction is not so simple as it is represented by
the équation.

Inulin yields a sériés of dextrin-like sub¬
stances and finally lœvulose CBH1206. The
décomposition appears to be similar to that
of starch (v. supra). See also Dragendoriï
(Materialien zu einer Monographie des Inulins,
St. Petersburg, 1870) ; Hônig and Schubert
(Sitz. W. 96 [2] 653) ; and (M. 8, 529-560). The
lœvulans (there may be two or more) hold pro¬
bably the same relation to inulin as the amylans
do to starch, and lœvulose takes the place of
dextrose in this group. Some members of the
inulin group are wanting, or are imperfectly
known.

Lactose yields galactose and dextrose by the
action of acids, but whether there are dextrin,
starch, and amylan bodies of this set is not at
présent known. Galactans yielding galactose
direct by the action of acids are probably the
saecharans of the milk-sugar group. Most of
the other members of the C12H..20M group yield
dextrose on digestion with acids, but what rela¬
tion the various members hold one to the other
it is at présent impossible to say.

Fisher and Tafel (B. 20, 2,566) converted dex¬
trose into lœvulose in tbe following manner.
The phenylhydrazin compound with dextrose
'glucosazone' when reduced with
zinc and acetic acid yields isoglucosamin
CgH13NO„ and this base reacts with nitrous acid
with évolution of nitrogen and the production
of a sugar identical in every respect with lœvulose.

A. J. Brown (C. J. 49, 172) indirectly per-
formed the same, and the converse reaction.
Dextrose is converted into mannitol by nascent
hydrogen, and mannitol under the influence of
Bacterium aceti yields lœvulose. Lœvulose in
presence of growing Bacterium xylinum (C. J.
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49, 432) is converted into cellulose, and cellu¬
lose into dextrose by acids.

The gums are acids, andyield, amongst other
products, directly members of Class IV. group 6,
by the action of dilute minerai acids. Some of
the mucilages are gums, otkers belong probably
to Class I.

Constitution.—If we tum from these spécu¬
lations to the considération of the constitution
of the carbo-hydrates, the facts as far as the
glucoses are concerned are fairly clear. The
first broad fact is that alcohols are formed
amongst the products of the action of nascent
hydrogen on these substances. Dextrose and
lœvulose yield mannitol C6H140„ under these
circumstanees, whilst galactose yields the iso-
meric alcohol, dulcitol CBH1206. It has been
proved by Miintz and Aubin (C. R. 83,1213)
that the mannitols obtained from dextrose,
lœvulose, and invert sugar are identical.
AVanklyn and Erlenmeyer (J. 1801, 731, and
1862, 480) have shown that both mannitol and
dulcitol yield secondary hexyl iodide

CH3.CH2.CH2.CH2.CHI.CH?
by the action of hiydriodic aeid ; it is therefore
évident that the glucoses from which these
alcohols are formed must also possess ail their
six carbon atoms united in a normal chain.

We do not think that sufficient stress has
been laid upon the relative proportions of these
alcohols obtainable from the glucoses ; it is well
known that much more mannitol is obtainable
from lœvulose than from dextrose, and the pro¬
portion of dulcitol from galactose is greater than
that of mannitol from either ; further, the pro¬
portion in the most favoured case is far below
the theoretical quantity. Other products are
formed, and even in the most favoured case
(dulcitol) in quantities quite as great as that of
the alcohol. We should have some knowledge
of these products before we build much upon the
production of these alcohols from the glucoses,
and we feel satisfied that the by-products are
much greater than can be accounted for by the
action of alkalis upon the sugars or on the
resulting products. They may, however, be
allied to the pinacones, double tertiary alcohols,
produced by thé action of nascent hydrogen upon
the ketones.

Aceording to the experiments of Berthelot
(A. Ch. [3] 60, 93) the glucoses, at ail events
dextrose, when submitted to the action of acetic
anhydride, yield a body which contains 5 acetyl
groups for every 6 atoms of carbon, but the ex¬
periments are decidedly incomplète ; if we admit
the production of this compound we have no
means of judging how the glucose molecule
enters into the reaction. Colley (C. R. 70, 401)
obtained a dextrose-monochlorhydrin-tetracetate
C6HJ0.C1(C.JH30.,)4 by heating dextrose with five
molécules of acetyl chloride. Other similar com-
pounds have been obtained by the action of sul-
phuric, nitric, and many organic acids upon the
glucoses; they are somewhat diCScult to obtain
in a pure state, but at ail events they point to
the pentahydric alcohol nature of these sugars.

Valuable evidenee as to the constitution of
the sugars is afforded by the products of their
oxidation. Kiliani (A. 205, 192) has shown that
lœvulose yields more than one third of its car¬
bon in the form of glycollic acid on oxidation

by means of silver oxide (other products of the
reaction are carbonic, formic, and oxalic acids) ;
hence he concludes that more than one CH20H
group must exist in that sugar. The reducing
power of lœvulose in alkaline metallio solu¬
tions, and the products of its oxidation by
nitric acid, viz. glycollic acid CH2HO.COOH
and inactive tartaric acid (CO.OH),(CH.HO).,
make together a strong argument in favour of
a ketone constitution for lœvulose (Kiliani, E.
14, 2530). Dextrose, qn the other hand, yields
by oxidation acids retaining ail six carbon atoms,
viz. gluconic acid, C6H120„ and saccharic acid,
C6H10O8, while galactose gives isomers of these,
galactonic and mucic acids, hence dextrose and
galactose cannot be ketones, and taking their
reducing power into considération, an aldehyde
formula would be more probable.

From these facts it is inferred that the
glucoses must have one or other of the following
formulœ assigned to tliem :

CH.OH or a or b
(CHOH), CH.,OH CH.,OH
CO.H (CHOH), (CHOH),

CO ' CO
CHOH CH.OH.
CHOH

In the former we have the structure repre-
sented as mixed aldehydic and alcoholic, in the
two latter as that of a ketone and an alcohol.
Admitting the aldehydic structure, it is difficult
to explain the isomerism of the glucoses; and
further, these bodies do not possess two well-
attested properties of the aldéhydes, viz. they
are not oxidised in the air, and they do not yield
the beautiful violet-red eolouration in a solution
of magenta decolourised by sulphurous acid.

Tollens looks upon the glucoses as constructed
thus :

CH„OH CH.,OH /CH,
,CH, .CH' CHOH /,pïïftH1/ / HOH \ (CHOH),

O (CHOH)4 O (CHOH), 0<^u \C0H
\CH0H \cOH CHOH CHOH

Dextrose? CH„OH CH„OH Sorbose?
Lœvulose ? d'C.

As advantages of these formulœ, he points
out the fact of the many possible variations,
leaving room for the explanation of isomerism
among the glucoses, the stability of the glucoses
in the air, and their oxidation in the presence of
alkaline metallic solutions such as those of
copper, mercury, &c., supposing that in presence
of alkalis they are immediately converted into
aldéhydes or ketones as the case may be.

Kiliani (B. 18, 3066) considers that lœvulose
must be a ketone (this does not preelude Tollens'
hypothesis), and determined that it has the
formula b above given, and not a. Ketones
combine with hydrocyanic acid, and the com-
pounds so produced yield acids by the action of
acids or alkalis. Lœvulose treated in this
manner yields a hydroxyacid containing 7 carbon
atoms, and this, when submitted to the action
of hydriodic acid at high températures, yields
an acid of the fatty sériés by the replacement of
the hydroxyl groups by hydrogen. Now, if the
formula of lœvulose is represented by the
formula b, the fatty acid formed in this manner

should be CHj.^^j^''2^ methyl-butyl-
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acetic acid, if by a,

ethyl-propyl-acetic acid. By preparing both
these acids synthetically and comparing their
properties with those of the acid obtained from
lœvulose Kiliani found that the lœvulose body
was methyl-butyl-acetie acid, and hence con-
sidered that the formula b above was the true
formula of lœvulose. Confirmed by Bornstein
and Herzfeld (B. 18, 3253) and Honig (B. 19,
171) by oxidising lœvulose to formic acid, bioxy-
butyric acid, and glycollic acid.

Kiliani (B. 19,767,1,128) treating dextrose in
the same way as he did lœvulose obtained normal
lieptylic acid, hence he coneluded. that dextrose
bas not the constitution of a ketone alcohol.

But little is known as to the constitution of
galactose ; it may possibly be a physical iso-
meride of dextrose. It differs from that sub¬
stance in yielding dulcitol instead of mannitol
by the action of nascent hydrogen ; it has been
already pointed out that dulcitol and mannitol
both give secondary hexyl iodide on réduction
by means of hydriodic acid, and yielding mucic
acid C6H)0Og on oxidation with nitric acid in¬
stead of the isomeric saccharic acid. From the
compound of galactose with hydrocyanie acid a
vell-erystallised hydroxyacid, galactose-carbonic
acid C;H1406 is obtained isomeric with dextrose
carbonic acid, but eonverted by réduction into
nonnal y-oxyheptylic acid, and finally into
normal heptylic acid, which are identical with
the acids obtained in a similar manner from
dextrose. Kiliani (B. 22, 915) and also Maquenne
(C. B. 106, 286), Van 't Holï and Lebel (Bl.
22, 237, Die Lagerung der Atome im Baume,
Braunschweig, 1877) have occupied themselves
more particularly with this question of physical
isomerism. They have found that ail com-
pounds, without exception, which exhibit optical
activity (rotation of the polarised ray) contain
rvhat they call asymmetrical carbon—that is,
carbon in which ail four affinities are satisfied
by four distinct radicles ; such a carbon atom is
considered as lying in the centre of a tetrahedron,
and eaoh of the four différent radicles with
which it is combined at the four solid angles
thereof. It is seen that two modifications of the
compound are possible, which are related to one
another like an object and its reflected image.

Taking the simplest formula applicable to
the glucoses, the aldehyde formula, which on a
plane surface shows no possibility of isomerism,

we see that it contains four asym-
1. CHHO metrical carbon atoms, viz. those
2. CHHO marked 2, 3, 4, and 5. The carbon
3. CHHO atom 2 is combined with the four
4. CHHO groups CH30, C4H,04, OH, and H ;
5. CHHO carboD atom 3 is combined with
6. CO.H. C2H.02, C3H503. OH, and H ; simi-

larly with the carbon atoms marked
4 and 5 ; hence a large number of modifications
are possible. Such substances would probably
differ but little in their chemical relations, but
show physical différences among which the
optical variations are especially marked.

IVe have but little work to enable us to
anive at a conclusion as to how the glucose
groups are arranged in the saccharoses. Tollens
(B. 16, 921) expresses the opinion that cane-
sugar is

-CH- CH2OH

o (choh)4 (choh); o.
\cH, CH

CH.,OH

Similarly maltose would be
,CH-\ „ CH.

O (CHOH)4 Y (CHOH)4 O.
\CH2 \ CH

There can be no doubt that the molecule of
starch, dextrins and celluloses, contains ruany
C3H]0O5 groups, but we have no evidence bearing
on the arrangement of such groups in the mole¬
cule.

According to O'Sullivan's work (C. J. 1876,
1, 125 ; l.c. 35, 770), the starch molecule
would appear to contain the C„ group at least
twelve times, and Brown and Héron (C. J. 35,
596; and Brown and Morris, l.c. 47, 527) in-
dicate that it would contain twenty such groups.
It seems, however, probable that it is a C,„
or maltose group which oecurs in the starch
molecule rather than a C„ group.

Source. The carbohydrates found in animais
and animal produets are derived from plants ;
dextrose of diabetic urine cornes probably from
starch. If it is yielded by sucrose it would be
interesting to know what becomes of the lœvulose
group. Is it eonverted into dextrose in the
animal System ? Starch and the celluloses may
be the materials whence lactose of milk is de¬
rived, but inasmuch as there is an insufficiency
of mucic acid-yielding bodies in the food-stuffs,
it seems probable the saccharic-yielding group
must in part be eonverted into the mucic acid-
yielding one in the animal. Glycogen, too, has
its origin in starch, and, indeed, possesses many
properties in common with the higher dextrins.

The carbonic dioxide of the atmosphère is
the material with which plants build up the
carbohydrates ; but upon this subject, too, our
definite knowledge is very limited. There are,
however, several hypothèses.

Sachs supposes that leaves, taking up car¬
bon dioxide and giving up oxygen, build up
starch according to the following équation

6C02 + 5H,0 = C„H10O5 +120.
Boussingault and others consider that glu¬

cose is formed first. Von Baeyer (B. 3, 68)
and "Wurtz (B. 5, 534) look upon the forma¬
tion of formaldehyde as the first step in the
building up of the carbohydrates, carbonic acid
being reduced ; thus H2C03 = CH„0 + 02, the alde¬
hyde then undergoing polymérisation.

According to the opinion of Liebig, carbonic
acid is first transformed into formic and oxalic
acids, and from these glycollic, tartaric, malic, &c.
acids are built up, and these by further réduction
yield glucose. This view is supported by Balls
(B. 17, 6), and he considéra that the carbonic
acid supply is not derived directly from the
atmosphère by the leaves, but from the soil in
the form of acid carbonates by the roots.

When the carbohydrates are formed they are
employed in building up the cellulose structure
of the plant, and are stored up in the seeds,
tubers, bulbs, &c. as a reserve to supply the
first food to the young plant upon its start in
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active life. During the early stages of the
growth of seeds the carboliydrates, stareh &c.,
are broken down, oxygen is absorbed (Day, C. J.
38, 645; Hellriegel, J. pr. 64, 94), carbon
dioxide is evolved, and water formed. In some
seeds the breaking down of the stareh is accom-
panied at some stage by the formation of sucrose,
maltose, &e. (Kjeldahl, M. C. L. 3 ; O'Sullivan,
C. J. 49, 58).

_

The more important individual carbohydrates
will be treated of under the name in its place
according to the letter. The members of the
sugar group wiE be found under the head
' Sugar.' O'S. and H.

CARBOLIC ACID Phénol C6H5.OH.
Occurrence and formation.—Carbolic acid

occurs in small quantities in castoreum (Wôhler,
A. 67, 360), in urine (Stâdeler, A. 77, 18), and
is a constant product of the putréfaction of albu¬
men (Baumann, B. 10, 685). It is formed when
organic substances are strongly heated, and is
contained in the tars obtained by the dry dis¬
tillation of bones, wood (Duclos, A. 109, 136),
shale (brown coal), and coal (Runge, P. 31, 69 ;
32, 308 ; Laurent, A. Ch. [3] 3, 195).

The tar producéd in gas manufacture is the
chief and almost exclusive source of carbolic
acid. Owing to the demand for carbolic acid as
a disinfectant and for the manufacture of dyes,
it has become usual in tar distillation to collect
a spécial fraction, the ' carbolic oil,' containing
as much carbolic acid as possible, before collect-
ing the ' creosote oil,' which contains the other
phenolic constituents of eoal-tar. The ' carbolic
oil ' begins to come over when the spécifie
gravity of the distillate attains that of water.
According to Watson Smith (C. J. 1886, 21),
ordinary Lancashire coal-tar yields about 5 p.c.
by volume of crude phénols containing 65 p.c.
by volume of carbolic acid erystallisable at
ordinary températures.

Coke ovens are now constructed so that the
tar producéd during the coking of coal can be
collected; the following data having reference
to the percentage of carbolic acid in such tars
are given by Lunge (Coal Tar and Ammonia,
ed. 1887). The tar from Hiissener's modifica¬
tion of the Carvès oven gave 1-37 p.c. of pure
carbolic acid, the tar from the Simon-Carvès
oven gave 0'05 p.c. of crude carbolic acid, and
similar ovens working with another kind of
coal and at a higher température gave 0'305
p.c. of crude acid. The tar collected from blast
furnaees working with raw coal contains a high
percentage of phenolic constituents, the quantity
of carbolic acid présent is, however, small
(Watson Smith, l.c.).

Carbolic acid can be obtained by fusing
potassium benzenesulphonate with caustic po-
tash ; the yield is proportional to the tempéra¬
ture and quantity of alkali employed, and is
best (96'23 p.c. of that theoretically possible),
when 1 mol. prop. of the former is fused with
6 mol. props. of the latter at 252°. Caustic soda
eannot be employed instead of potash, since only
a poor yield is obtained by its use (Degener,
J. pr. [2] 17, 394).

Préparation.—Carbolic acid is almost ex-
clusively obtained from coal-tar, and is worked
up either from the spécial fraction known as
' carbolic oil ' or from the oils- intermediate in

spécifie gravity (sp.gr. = l'000-l*020) between
the light and heavy oils—cils, that is, distilling
between 170° and 230°. The acid is also pré¬
sent in the creosote oils distilling between 240'
and 270°, but it is not found practicable to
separate it from this distillate with advantage.
The first treatment of the oil consists in rnixing
it thoroughly in an iron vessel at a température
of 40-50° with a quantity of soda ley (sp.gr.
= 1'090-1'095) which has been determined by
previous experiments on a small scale. Naphthal-
ene and other hydrocarbons présent in the oils
are more soluble in strong than in weak soda
ley, hence the importance of using the latter
when the object is the préparation of pure crys-
talline carbolic acid ; for crude acid, however,
stronger ley up to a sp.gr. = l'34 can be used
with advantage. When no more carbolic acid
is extracted from the oils—a point which is
usually reached after about two hours' agitation
of the mixture, and is aseertained by withdraw-
"ing from time to time portions of the liquor and
testing the lower layer with acid, the liquor is
allowed to clear and the lower layer consisting
of carbolate of soda is drawn ofi from the oily
upper layer which contains naphthalene and
some of the higher homologues of benzene. The
carbolate of soda solution (to which the soda ley
washings obtained in the purification of the
benzene and light oils producéd in the distilla¬
tion of coal-tar are added) is then treated with
acid. Lunge, whose treatise on coal-tar and
ammonia (ed. 1887) has been largely consulted
for the purpose of this article, however, states
that a previous purification is sometimes re-
sorted to with the object of removing any dis-
solved or suspended hydrocarbons which would
interfère with the crystallisation of the carbolic
acid ; for this purpose it is suflïeient to pass a
eurrent of steam through the liquid (contained
in an iron vessel provided with a condenser)
until the distillate cornes over clear and free
from oil. The décomposition of the carbolate of
soda is then effected in a lead-lined vessel by
treatment either with hydrochloric, or more
generally with sulphuric acid, until the reaction
becomes distinctly acid. With hydrochloric acid
there is no tendency for crystallisation to occur,
and the liquor may stand for some time to
ensure a complété séparation of the carbolic
acid, but when sulphuric acid is employed it is
necessary to dilute it to sp.gr. = 1-70 (140°Tw.)
to prevent immédiate crystallisation of the
resulting sodium sulphate, and to draw off the
aqueous layer whilst still hot. To purify the
crude carbolic acid so obtained many processes
have been devised (cf. Bickerdike, C. N. 16,
188 ; Miiller, Z. 1865, 270). That most usually
followed is distillation of the acid in wrought-iron
stills connected with zinc worms ; water cornes
over first and the carbolic acid which distils
over in the fractions 175-205° is either purified
by a further distillation in a colrunn apparatus or
by repeated fractionation. The distÛlate so ob¬
tained should crystallise, but if this is not the case,
distillation with a little potassium bichromate and
sulphuric acid will yield a good, white, erystallis¬
able product. It should be mentioned that car¬
bolic acid frequently becomes coloured red on
exposure to the air ; a permanently white acid
can, however, be obtained by completely oxidising
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the substance producing the colouririg matter,
either by exposure to the air in shallow pans or
by gently heating with. potassium bichromate
(i to j p.c.) and sulphuric acid previous to the
final distillation. For very pure médicinal
carbolic acid, one further distillation from glass
vessels is necessary. (Cf. also, Ballard's Sani-
tary Beport to the Local Government Board
for 187S, 51 ; W. J. 1885, 465 ; Calvert, Z. 1865,
530 ; Bèhrens, D. P. J. 208, 363.)

Properties.—Carbolic acid crystallises in long,
colourless needles, lias a characteristic odour,
melts at 42°, boils without décomposition at
182-3° at 760 mm. (Ladenburg, B. 7, 1687), at
183-3-184-1° (Adrieenz, A. 6, 441), at 184° at
7(i0mm. (Lunge, Coal Tar and Ammonia, ed.
1887, 138), and bas a sp.gr. = 1-084 at 0° and
= 1-065 at 18° (Laurent). Ordinary ' pure ' car¬
bolic acid melts at 35° and boils at 188° (Lunge).
Tbepresence of small quantities of impurities
sucb as water or naphthalene materially lowers.
tbe melting-point. The red colour of the ordinary
commercial acid seems to be induced by the
presence of minute traces of metals, particularly
lead (Meyke, B. 16, 2513, cf. however, Ebell, B.
17, Beferate, 69 ; Hager, B. 18, Beferate, 114).
Carbolic acid is a déliquescent substance, and
iu damp air forms a hydrate C,II-.011 + II.O
which melts at 17-2° (Allen, An. 3, 319) ; at the
same time, however, it is not very readily soluble
in water, 100 parts of water dissolving 4-83 parts
at 11°, 5-36 parts at 35°, 6-19 parts at 45°, 7-33
parts at 58°, 11-83 parts at 77°, and at 84° both
liquids mix in ail proportions, whilst conversely
100 parts of phénol dissolve 23-3 parts of
water at 9°, 26-75 parts at 32°, 31-99 parts at
53°, and 40-72 parts at 71° (Alexejeff, B. 10,410).
According to Hamberg (B. 4, 751), however, it
dissolves in 15 parts of water at 16-17°. It is
soluble in ail proportions in alcohol, ether,
benzene, glacial acetic acid, glycérine, olive
oil, chloroform, carbon bisulphide, &c. The
aqueous solution becomes coloured violet by
ferrie chloride and is without action on litmus.
According to Kramers a mixture of benzene,
toluene, xylene, naphthalene, anthracene acid,
phenanthrene is obtained when the vapour of
carbolic acid is passed through a red-hot tube (A.
189,129). Two isomerie mononitrophenols are
obtained by the action of dilute nitric acid (sp.gr.
= 1-34) (Fritzsche, A. 110,150) and at lower tem¬
pératures the para- and at higlier températures
tbe ortho- derivative appear to be chiefiy formed
(Goldstein, B. 11,1943). By the further action of
nitric acid dinitrophenol (lïolbe, A. 147, 67) and
trinitrophenol (picric acid) (SchmittandGlutz,B.
2, 52) resuit. Chlorine (Laurent, A. 23, 60 ; 43,
209 ; Faust and Miiller, A. 173,303 ; Benedikt, M.
4, 233 ; Benedikt and Schmidt, M. 4, 606), and
bromine (Kôrner, A. 137, 200, 205, 208, 209,
210 ; Hiibner and Brenken, B. 6, 171) convert
carbolic acid at the ordinary température into
mono-, di-, and tri- substitution derivatives,
and at higher températures or in the presence of
halogen carriers such as antimony pentachloride
Ac. into tetra- and penta- derivatives. The
nitro-, chloro-, and bromo- derivatives of carbolic
acid are fairly strong acids, and the acidcharacter
increases with the number of nitro- groups or
chlorine or bromine atoms introduced into the
molecule. Iodine yields mono- and di- derivatives

in the presence of mercury (Hlasiwetz and
Weselsky, B. 2, 524) or iodic acid (Korner, A.
137, 213). Sulphuric acid converts carbolic
acid into two isomerie monosulphonic acids
(Kekulé, Z. [2] 3, 197) of which the ortho- acid
is the ehief product at the ordinary and the
para- acid at higher températures. When heated
with ammonium zinc chloride at 280-300°,
carbolic acid yields aniline together with di-
plienylamine and phenyl ether (Merz and Weith,
B. 13, 1299). When fused with caustie potash,
salicylic. acid, metahydroxy-benzoio acid, and
two isomerie diphenols are formed (Barth and
Sclii-eder, B. 11, 1332) whilst fusion with eaustie
soda results in the formation of pyrocateehol
(catechin) resorcinol (resorcin), and phloroglucol
(phloroglucin) (B. 12, 417). The behaviour of
sodium and potassium phenates (carbolates)
when heated in a current of carbon dioxide has
been studied by Kolbe (J. pr. [2] 10, 89 ; cf. also
Schmitt, J. pr. [2] 31, 410 ; Germ. pat. 29,939,
June24,1884); with sodium phenate the réaction
commences below 100°, is most rapid and com¬
plété about 180°, and continues up to the tem¬
pérature of the décomposition of sodium salicyl-
ate with the formation of that compound as sole
product, but with potassium phenate salicylate
is formed only at températures below 150°,
whilst at higher températures the isomerie
potassium parahydroxy-benzoate constitutes
almost the entire product ; in these reactions one
half of the phénol is recovered. When carbolic
acid is heated with phthalic anhydride and a
dehydrating agent such as zinc chloride or
sulphuric acid, it yields phenolphthaleïn (Baeyer,
B. 9,1230 ; A. 202, 68). If the acid is heated
with oxalic acid and sulphuric acid it is converted
into coralline (Zulkowsky, A. 194, 119 ; 202,184),
from which pure aurine can be extracted by
suitable methods (Dale and Schorlemmer, A.
196, 77), whilst benzaurin results from heating
carbolic acid with benzotrichloride (Doebner, B.
12, 1462).

Réactions.—1. In aqueous solution carbolic
acid gives a violet colour with ferrie chloride,
this, however, is neither developed in very dilute
solutions (Sarauw, B. 15, 46) nor in the presence
of alcohol (Hesse, A. 182,161) ; limit of sensitive¬
ness, 1 in 2,000 (Polacci, B. 7, 360).—2. The
aqueous solution on treatment with J vol. of
ammonia and then with a few drops of an
aqueous solution of bleaching powder (1 part in
20 parts of water) gives either at once or on
standing a blue colouration ; limit of sensitive-
ness, 1 in 4,000 (Salkowski, Fr. 11, 316).—3.
Bromine water added to an aqueous solution of
carbolic acid gives either at once or on standing
a yellowish-white, flocculent precipitate of tri-
bromophenol bromide (Landolt,B.4,770) ; limit
of sensitiveness, 1 in 43,700 (ibid.), 1 in 80,000
(Lunge).—4. A solution of carbolic acid assumes
a deep-red colour when boiled with^to i its
bulk of Millon's reagent (a 10 to 15 p.c. solution
of mercurous nitrate containing nitrous acid) ;
limit of sensitiveness, reaction distinct with 1 in
60,000, and still appréciable with 1 in 200,000.
Salicylic acid gives a similar réaction (Plugge,
Fr. 11, 173 ; Almén, J. 1878, 1079).

Quantitativecstimation.—Carbolicacidoccurs
in commerce in différent qualities ; as crade
acid, as liquid acid, and as crystallised acid of
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varying degrees of purity. (a) Testing o£ crude
carbolic acid. 1. The percentage of phénols in
crude carbolio acid can be approximately deter-
mined by shaking it with twice its volume of
10 p.e. soda ley added gradually ; the séparation of
the oily and aqueous layers becomes more accurate
if a known quantity of petroleum spirit equal in
volume to that of the layer of indiffèrent and
resinous substances is added, and the amount
added afterwards deducted. The phénols are
estimated in a portion of the aqueous layer by
treatment with hydrochlorie acid and subséquent
addition of saits to ensure a complété séparation.
Such a correction is, however, hardly called for,
since the phénols vill dissolve about as much
water as the water will dissolve phénols
(Beckurts, Ar. Ph. [3] 24, 572). Beekurts (Ar.
Pli. [3] 24, 580) also states that Koppeschaar's
metlîod (v. infra) gives satisfactory results for
testing liquid carbolic acid wben the specimen
is free from cresols. Casthelaz (Bl. 42, 574)
tests measured samples of crude or liquid carbolic
acid in tubes with water, with sulphuric acid
(1 to 1), and with soda solution (1 part soda ley
(sp.gr. = 1-38) to 9 parts of water) and finally
fraetionates a fourth sample.

2. Testing of the pure acid. The exact
quantitative estimation of carbolic acid is always
made by precipitating it with bromine as
tribromophenol bromide. The composition of
this precipitate was believed to be tribromo¬
phenol (Landolt) until its true nature was as-
eertained by Benedikt (cf. Weinreb and Bondi,
M. 6, 506). Koppeschaar's method (Fr. 15,
233) is the one usually employed, and this re-
quires the following solutions : (a) solution of
sodium thiosulpliate (hyposulphite) équivalent
to a solution of iodine containing 5 p.c. of iodine ;
(6) solution of starch ; (c) bromine water (titrated
with pure carbolic acid), or preferably a solution
of bromine in caustic soda prepared by adding
an excess of bromine to the soda and subse-
quently removing the excess either by boiling
(Allen, S. C. I. 1884, 64), or by evaporating
the solution to dryness and again dissolving in
water; (d) solution of potassium iodide con¬
taining 125 grams in the litre. The process
consista in treating 25 c.e. of the aqueous solu¬
tion of carbolic acid (4 grams in the litre)
with 100 c.c. either of the solution of bromate
and bromide with 5 c.c. of concentrated hydro¬
chlorie acid to liberate the bromine, or of bromine
water in a stoppered bottle, which is then well
shaken, allowed to remain for fifteen minutes,
then treated with 10 c.c. of potassium iodide
solution, again shaken and finally titrated with
the thiosulphate to détermine the liberated
iodine. The réactions involved are the follow¬
ing : 1. C„H5.OH + 4 Br„ = C, H.,Br,.OBr + 4 HBr ;
2. C0H.2Br3.OBr + 2KI i C„H.JBr3.ÔK + KBr + L
(Weinreb and Bondi, l.c.) ; so that, as Beckurts
points out (l.c. infra) the assumption made by
lvoppeschaar in the preceding method that 6
atom. props. of bromine enter into combination
with 1 mol. prop. of phénol is in practice
correct. Beckurts (Ar. Ph. [3] 24, 562) gives the
following as the best mode of estimating carbolic
acid. The solutions employed are (a) A normal
potassium bromide (5-939 grams in the litre) ; (b)
centinormal potassium bromate (1-666 grams in
the litre) ; (c) potassium iodide solution contain¬

ing 125 grams in the litre ; (d) decinormal sodium
thiosulphate (24-8 grams of Na2S203 + 5H.0
in the litre). For the titration 25 to 30 c.c. of
the phénol solution (1 in 1,000) are treated with.
50 c.c. each of the potassium bromate and
bromide solutions, shaken with 5 c.c. of con¬
centrated sulphuric acid, allowed to remain
fifteen minutes, treated with 10 c.c. of the
potassium iodide solution, and finally titrated
with thiosulphate to estimate the amount of
iodine liberated. The calculation is simple :
from the 50 c.c. each of bromate and bromide
solution, 0-2392 gram of bromine is liberated
by the sulphuric acid, and this is capable of
converting 0-0469 gram of carbolic acid into
tribromophenol ; 1 c.c. of the decinormal thio¬
sulphate is équivalent to 0-008 gram of
bromine, a quantity capable of converting
0-00156 gram of carbolic acid into tribromo¬
phenol ; multiplying now 0-00156 by the number
of c.c. of thiosulphate used, and subtracting the
product from 0-0469 gives the weight in grams
of phénol in the quantity of solution originally
taken. This process is accurate whenever solu¬
tions of pure carbolic acid, or mixtures from
which the pure acid can be separated, are to
be tested, but it fails in ail cases (e.g. crude
carbolic acid) when other phénols, particularly
cresols, are also présent. Methods for the esti¬
mation of carbolic acid have also been proposed
by Waller (C. N. 43,152), Degener (J. pr. [2] 17,
390), and Chandelon (S. C. I. 1882, 203), but
these are inaccurate (Beckurts). A method has
been devised by Allen for determining phénols
in carbolic soap (An. 1886, 103).

Uses.—Carbolic acid has powerful antiseptic
properties, and is used on the large scale as a
disinfectant. Large quantities of carbolic acid
are also employed in the manufacture of sali-
cylic acid, whilst in the colour industry a con¬
sidérable demand for the acid exists, inasmuchas
it is the source of picric acid and coralline, and
is used in the préparation of some azo- colours.

Compounds with metals.—Potassium phenate
C6HvOK, formed by dissolving potassium in
carbolic acid (Hartmann, J. pr. [2] 16, 36), or
by heating carbolic acid with caustic potasb
(Baumann, B. 10, 686), crystallises in slender
white needles readily soluble in water, alcohok
and ether. Sodium phenate can be prepared by
similar methods, andis used in the manufacture
of salicylic acid. Compounds with barium (Lau¬
rent) and lead (Calvert, Z. 1865, 531) have also-
|-IÛÛII (ipcppi npn

CARBON. Symbol C. At. wt. 12. Carbon
occurs in nature in the free state, and very
abundantly in combination, notably in the form
of carbonates, and as an essential constituent of
organic bodies. In the free state it is a solid,
infusible, non-volatile substance, without taste-
or smell, exhibiting great diversity in the
physical characteristics of its thvee allotropie
forms, diamond, graphite, and charcoal.

The diamond up to the time of Bergmann-
was supposed to be a kind of rock-crystal, al-
though Newton regarded it as probably an.
unctuous substance coagulated. It was shown.
to be combustible by the members of the
Aeademy del Cimento in 1694, and Lavoisier
proved that the sole product of its combustion
was carbon dioxide. He had previously ascer-
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tained that this gas was a compound of oxygen
and an element to whieh lie gave the naine of
carbone, contained in coal and wood. Graphite,
as its synonyms, blackiead and plumbago (from
the Italian grafio piombino—the writing lead)
imply, was long oonsidered to be a kind of lead,
or as related to antimony ; Scheele regarded it
as a compound of iron and carbon; Kastner
proved that it was essentially carbon.

Manufacture of wood charcoal.—Theearliest
plan of coaling wood, as the manufacture of
charcoal was termed, and is still called, is
carried on as follows. A piece of ground is
levelled at some convenient spot in the forest,
which is termed the ' hearth ' or ' earth.' In the
centre of this a thick pôle or bundle of brush¬
wood is placed, around which the wood is
arranged, some of the pièces being laid horizon-
tally and others set up at an inclination, or
the wood may be placed altogether at any steep
angle, sloping outwards from the centre to form
a flattened cone, which when complété is
nsually called a lieap ; the object, whichever
way the wood is placed, is to obtain a free circu¬
lation of air under the heap to communicate
vith the chimney in the centre, which is formed
by then withdrawing the central pôle or bundle

heap. As soon as the smoke and white flame
cease to escape at the vents, the whole heap
must be closed from the air as carefully as
possible until the charcoal is quite cooled, and
is ready to draw. The fire must never burn too
fast ; the slower the process, if the fire is steady
and regular, the better the yield of charcoal.
Hard close-grained woods take a longer time to
coal than soft open-grained woods, and should
be placed in the heap accordingly. These tech-
nical instructions, handed down in the forests
for âges as secrets from father to son amongst
the ' eoalliers ' in every country in Europe, are
the results of long praetical experience, and
strictly accord with the true principles on which
the process is based.

To carbonise wood under a movable eover-

ing, the plan of Meiler, or lieaps, is employée!
very much in Germany. The wood is arranged
eitlier in horizontal layers, or in nearly vertical
ones, with a slight slope, so as to form conical
rounded heaps of différent sizes. The former
are called 'lying Meiler,' fig. 1, the latter
' standing Meiler ' figs. 2 and 3. Both are dis-
tributed in much the same way.

In districts where the wood can be trans¬

porte! into one place by means of rivers or
mountain slides, a dry flat spacemust bepitched
npon (screened from storms and floods), which
may be walled round, having a slight deelivity
made in the ground towards the centre (v.
fig. 4). Into this space the tarry aeid will
partially fall, and may be conducted outwards

of brushwood. The large wood should, if con¬
venient, be at the bottom of the heap, and the
outside packed as close as possible; the heap
is then covered with small brushwood, and
afterwards with turf, or the material most im-
pervious to air which can be conveniently ob-
tained. A fire is lighted in the centre chimney,
and by leaving openings in the outside covering
at the bottom of the heap, the fire soon extends,
and can be guided to any part by making tem-
porary openings to admit the' air. When the-
heap is sufficiently fired ail the openings are
closed, and lastly the chimney itself. The fire
will always extend most rapidly on the side
facing or towards the wind, and great care must
be taken to watch and check this, by keeping
the covering on that side in good order. The
charcoal-burner must always be careful to spread
the fire as evenly as possible through the heap,
and after it is coaled to stop it down carefully ; he
can always accelerate the process in any part of
the heap, if well built, by opening the outside to
admit air freely, but if he finds this does not
act, from any fault in setting the wood, he had
better open a hole with a bar at the place re-
quired, and light a fire in the hole; this will
soon communicate with the main fire in the-

. 2. Fis. 3.

through a covered gutter beneatli into a covered1.
tank. The mouth of the tank must be shut
during the eoking with an iron or stone slab,
luted with clay. A square iron plate is placed
over the inner orifice of the gutter to prevent it
being choked with coal ashes.

Fig. 4 represents a walled Meiler station ;
a the station, b the gutter, c the tank, which
is covered with the slab d ; e, a slab which
serves to keep the gutter clear of coals. The-
cover of the heaps is formed of earth, sand,
ashes, or such other matter as may be most
readily found in the woods. They should be
kindled in the centre. From six days to four-
weeks may be required for charring a heap,.

<1

Fig. 4.

according to its size, hard wood requiring more-
time, and the slower the process the better and
greater is the product, generally speaking.

Charring of wood in mounds (Haufe or
liegende Werke) (figs. 5 and G) differs from
that in the Meiler, because the wood in the
Haufe is suceessively charred, and the charcoal
is raked out little by little. The product is
said to be greater in this way, and also better.
Uncleft billets, 6 or 8 feet long, being laid over
each other, are covered with ashes, and then.
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Figs. 5 and G.

-within the upper part of the mounds, which
serve to catch and carry off some of the liquid.

Fig. 7 is a vertical section, and fig. 8 a half

reposes ; i a pipe which leads to the cistern k,
l the pipe destined for carrying off the gaseous
matter, mm holes in the iron cover or lid.

The distribution of the wood is like that in
the horizontal Meiler or heaps ; it is kindled in
the central vertical canal with burning fuel, and
the lid is covered with a few inches of earth.
At the beginning of the opération ail the draught
flues are left open, but they are progressively
closed as occasion requires. In eight kilns of
this kind 500 decasters of oak wood are car-

bonised, from which 15,000 hectolitres of char-
coal are obtained, equal to 64,000 lbs. French,
being about 25 p.c., besides tar and 3,000 velts
of wood vinegar of from 2° to 3° Baumé.

At Crouy-upon-the-Ourcq, near Meaux, there
is a well-constructed kiln for making turf-char,
coal. It resembles most nearly a tar-kiln. In
fig. 9, a is the cylindrical coking place vhose
surrounding walls are heated by the flame which
passes through the intermediate space b. The
place itself is divided by partitions of fire tiles
into three stages, through the apertures in which
the fiâmes of the fire, c c, rise, and heat the
exterior of the coking apartment. In order to
confine the heat, there is in the inclosing walls
of the outer kiln a cylindrical hollow space d.

Fin. 7.

F [g. 9. Fig. 10. Fig. II.

carbonised. The station is sometimes horizontal
and sometimes made to slope. The length may
be 24 feet, the breadth 8 feet, and the wood is
laid crosswise. Piles are set perpendicularly to
support a roof made of boughs and leaves
■covered with ashes. Pipes are occasionally laid

bird's-eye view and half cross-section at the
height of the pit bottom, of Chabeaussière's
kiln for making wood charcoal. a is the oven,
■6 vertical air-pipes, cc horizontal flues for ad-

Fig. 8.

mitting air to the kilns, dd small pits which
communicate by short horizontal pipes c e with
the vertical ones, / the sole of the kiln, a circle
of brickwork upon whieh the cover or hood h

where the air is kept stagnant. Tlirough the
apertures left in the upper end at e, the turf is
introduced ; they are then shut with an iron
plate /, which is covered with ashes or sand.
The fireplace opens above this aperture, and its
outlet is provided with a movable iron cover j,
in which there is a small liole for the issue of
the gases. The sole of the kiln consists of a
cast-iron slab h, which may be raised by means
of a hook, i, upon it. This is drawn back after
the carbonisation is completed, whereby the
charcoal falls from the coking space into a
subjacent vault. The volatile products are
carried off by the pipe k, and led into the con-
densing cistern, the gases escaping to the fire¬
place, where they are burned. The iron slab is
protected from the corrosion of the acid vapours
by a layer of coal-ashes.

Charcoal obtained by the action of a rapid
fire in close vessels is not so solid and so good a
fuel as that which is made in the ancient way
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by the slow calcination of pyramidal piles
covered with earth. One o£ the most economical
cvens for makingwood charcoal is that invented
by M. Foucauld, whieh he calls a shroud or
abri. To construct one of these, 30 feet in
diameter at the base, 10 feet at its summit, and
from 8 to 9 feet high, he forms, with wood 2
inches square, a frame 12 feet long, 3 feet broad
at one end, and 1 foot at the other.

The figures 10 and 11 will explain the con¬
struction. The uprights, ai and cd, of this
frame are furnished with three pairs of wooden
kandles a a a, by means of whieh they can be
joined together, by passing through two con-
tiguous handles a wooden fork, the frame being
previously provided with props, as shown in
fig. 11, and covered with loam mixed with
grass. A flat cover of 10 feet diameter, made
of planks well joined, and secured by four cross¬
bars, is mounted with two trap doors, m n

S
Fig. 12.

(fig. 12), for giving egress to the smoke at the
commencement of the opération ; a triangular
hole p, eut out in the cover, receives the end of
the conduit, qks (figs. 13 and 12), of wood
formed of three deals destined to convey the

<j fi

gases and condensed liquids into the easks fgh.
Lastly, a door x, whieh may be opened and shut
at pleasure, permits the operator to inspect the
state of the fire. The charcoal calcined by this
abri has been found of superior quality.

When it is wished to change the place where
the ab-i is erected, and to transport it to a store
of new-felled timber, the frame is talren down,
after beating off the clay whieh covers it ; the
joints are then eut by a saw, as well as the ends
of the fork whieh fixed the frames to one

another. This process is economical in use and
simple and cheap in construction, since ail the
pièces of the apparatus are easily moved about,
and may be readily mounted in the forests. For
obtaining a compact charcoal for the use of
artisans this mixed process of Foucauld is said
to be préférable to either the close iron cylinder
or the pile.

For making gunpowder-cliareoal the lighter
woods, such as the willow, dogwood, and aider,
answer best ; and in their carbonisation care
should be taken to let the vapours freely escape,
especially tuwards the end of the opération, for
when they are re-absorbed they greatly impair
the combustibility of the charcoal.

The charcoal of some woods contains silica,
and is therefore used for polishing metals.
Being a bad conductor of heat, charcoal is

employed sometimes in powder to encase small
furnaces and steam-pipes. It is not affected by
water, and hence the extremities of stakes.
driven into moist ground are not liable to de-
composition. In like manner casks when eharred
inside preserve water much better than eommon
casks, because they furnish no soluble matter for
fermentation or for food to animalcules.

For making crayons of charcoal the willow
is the best wood that can be employed, as the
softness is uniform in ail its parts. The dura-
bility of charcoal may be seen in several of our
old churchyards, where the letters made with
lampblack are still perfeet, though the whitelead
with whieh the body of the stones was painted
is entirely destroyed. This property of earboni
is shown, however, in a more striking manner
by the writings that were found in the ruins of
Herculaneum, whieh have retained their original
blackness for two thousand years. The ancients
wrote with ink made from ground charcoal.

If it be required to purify any carbonaceous
matter to render it fitter for delicate pigments,
this may be done by first calcining it in a close
vessel, and then lixiviating it in water slightly
acidulated by nitric acid.

The incorruptibility of charcoal was well
known to the ancients, and they availed them-
selves of this property upon ail important occa¬
sions.

Some years ago a quantity of oak stakes
were found in the bed of the Thames, in the
very spot where Tacitus says that the Britons
fixed a vast number of such stakes to prevent
the passage of Julius Cœsar and his army.
These stakes were eharred to a considérable
depth, had retained their form completely, and
were firm at the heart.

Most of the houses in Venice stand upon
piles of wood, whieh have ail been previously
eharred for their préservation. In this country
estâtes were formerly marked out by eharred
stakes driven to a considérable depth into the
ground. These are oecasionally found, and
usually the eharred portions are quite perfeet,
although every other part is decayed (Ure)
(v. Wood, destructive distillation of).

Wood charcoal possesses in a remarkable
degree the power of absorbing gases in its pores,
and in many cases of determining their combi-
nation. This power increases with its porosity.
As ordinary charcoal contains atmospheric air
in its pores, it must for this purpose be prepared
by heating it to redness in a close vessel, and
cooling over mercury. Saussure gives the fol-
lowing table for the absorptive power of freshly
ignited boxwood charcoal upon différent gases :

Ammonia gas . . 90 vols.
Hydrochlorie acid gas . 85 „

Sulphur dioxide 65 „

Hydrosulphurie acid . 55 „

Nitrous oxide 40 „

Carbon dioxide 35 „

Flthylene ... 35 „

Carbon monoxide . . 9'42 „

Oxygen.... 9'25 ,,

Nitrogen ... 6-5 „

Hydrogen . . . 1-25 „

Charcoal obtained from the shell of the
cocoa-nut appears to have still greater absorp¬
tive properties, absorbing according to Flunter,
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Ammonia
Carbon dioxide.
Carbon rnonoxide
Oxygen

171'7 vols.
07-7 „

21-2 „

17'9
In conséquence o£ this absorption of gases in

the pores of charcoal, their chemical activity
is greatly increased. When a piece of cbarcoal
which bas absorbed a considérable quantity of
sulphuretted hydrogen is introduced into oxygen,
a violent reaction immediately takes place, water
and sulphur dioxide being set free. If air be em-
ployed instead of oxygen, sulphur is deposited.

This property is utilised in the removal of
fœtid and bad-smelling gases frorn rooms, and in
the sweetening of bad-smelling liquids and of
clothes. For this purpose charcoal of average
porosity is found to be the most efficient, and
it slrould be in moderate-sized pièces, its absor¬
bent power being greater in this state than when
in fine powder or in very large pièces.

Crude alcohol is occasionally allowed to re¬
main for some tirne in contact with'charcoal to
remove fusel oil.

When charcoal is boiled in a solution of
platinum tetrachloride, it becomes impregnated
with platinum and is known as platinised
charcoal. This substance possesses in a
greatly increased degree the power of inducing
chemical combination.

Charcoal containing 2 p.c. of platinum causes
oxygen and hydrogen to unité completely in
about a quarter of an hour, the rapidity increas-
ing with the percentage of platinum, charcoal
containing a larger quantity of platinum acting
like platinum sponge. Platinised charcoal may
be applied to the préparation of air-filters and
respirators, and also as a mild caustic (Sten-
house, C. J. 8, 105).

A further property of charcoal is its power
■of depriving most coloured liquids of their
colouring matters, by absorbing them within its
pores. The colouring of red wine, cochineal,
madder, or indigo, can thus be removed from
solutions.

This property was discovered in 1790 by
-Lowitz, and is made use of on the large scale in
several industrial opérations, particularly in the
process of refining sugar. It is most strikingly
possessed by bone-black or animal charcoal
(i- V-)-

Charcoal of higher deeolourising power is
obtained from blood, horns, hoofs, clippings of
hides, glue, &c., in contact with pearl-ash. A
good deeolourising charcoal is also obtained by
carbonising vegetable matters mixed with chalk,
calcined flints, or other earthy substances.

Charcoal also précipitâtes or absorbs certain
■substances from solution, notably iodine, lime
•and its salts (being used for the purification of
highly calcareous waters), lead-salts and most
metallic subsalts, besides many organic sub¬
stances, as the bitter principles of hop, gentian,
and aloe, tannin, alkaloidsand resins, from their
aleoholic solution.

Gas-carbon (Glance coal) is a very dense form
■of carbon, deposited in the upper part of the
retorts in the manufacture of coal-gas and in
blast-furnaces. It often exhibits the lustre and
sonority of a métal, is very hard, and a good
conductor of heat and electricity. It is used to
'form the négative element in a Bunsen battery.

Xamp-black is prepared on the large scale by
burning fat, oil, resin, tar, &c., with an imperfect
supply of air, either in a brick furnace or in
cast-iron chambers, the products of combustion
being conducted through a flue into a large
chamber, from the ceiling of which a large cloth
hood is suspended, upon which the lamp-black
is deposited. In this way only the loose light
soot is collected, the denser soot remaining be-
hind in the flue.

An arrangement of lamps for the préparation
of an espeeially fine quality of lamp-black from
waste-fat and minerai oils is described in Payen-
Paul, pp. 64, 65.

The lamp-black obtained by these processes
contains about 80 p.c. of carbon, and is always
contaminated with resinous and oily substances,
together with water and ammonium snlpbate,
and small quantities of other inorganic salts.
It can be purified by heating to redness in
closed crueibles to remove organic matter, and
by treatment with hydrochloric acid and sub¬
séquent washing with water to remove the
minerai ingrédients. Commercial lamp-black is,
however, sufficiently pure for the purpose for
which it is usually employed—viz., for painting
and the manufacture of printer's ink.

COHPOUXDS OF CABBON.
Carbon tetrabromide or Tetrabrom-methane

CBr4. White lustrous crystals, of a characteristic
pungent smell, m.p. 91°, b.p. 189'5° (with slight
décomposition). Insoluble in water, soluble m
alcohol, ether, and chloroform. Best obtained
by action of bromine on carbon disulphide in
presence of iodine (Bolas a. Groves, C. J. [21 8,
161 ; 9, 773).

Carbon tribromide or Hexabromide Tetra-

brommethylene dibromide C£ïie. Small rect-
angular prisms obtained by action of bromine
on ethylene dibromide, or by heating C,HBrs
with bromine and water at 170°. Soluble in
carbon bisulphide ; insoluble in alcohol and ether.
Decomposed at 200° into CJBr. and Br„ (Bebout,
A. 124, 271).

Carbon dibromide Tetrabrommethylene CjBï4.
White crystals, m.p. 53°, formed by action of
nascent hydrogen on C-Br6 (Lôwig, A. 3, 292;
Lennox, C. J. 14, 209).

Carbon bromochloride v. Watts' Dictioxabï.
Carbon tetrachloride or Tetrachlormethane

CC14 was first obtained by Regnault (A. Ch. [2]
71, 337), who prepared it by the action of chlor-
ine on chloroform in sunshine CHC13 + CL=
HC1 + CC14.

Dumas afterwards obtained it by the action
of chlorine upon marsh gas (A. Ch. [3] 73, 95).
It is now manufactured by passing carbon
bisulphide saturated with chlorine through a
red-hot tube. The mixture of carbon tetra¬
chloride and sulphur chloride thus obtained is
treated with potash or milk of lime and the
tetrachloride distilled ofï (IColbe, A. 45, 41;
54, 146). The tetrachloride may contain carbon
disulphide if that substance was in excess or if
the heat was insufficient. This may be removed
by leaving the liquid for some time in contact
with potash. Geuther removes the carbon sul-
phide by converting it into potassium xanthale
by dissolving the mixture in alcohol, adding
aleoholic potash so long as the liquid becomes
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darker in colour, and heating gently ; the un-
altered tetrachloride is separated by water and
purifled by washing (Genther, A. 107, 212).

Carbon tetrachloride may also be obtained by
tbe action of antimony pentachloride upon
carbon disulphide. The mixture beeomes hot,
and on cooling deposits crystals of antimony
trichloride mixed with sulphur, whilst carbon
tetrachloride remains in solution (Hofmann,
C. J. 13, 65). Carbon tetrachloride is a thin
transparent colourless oil, with a pungent aro-
matic odour ; b.p. 76-7°, and sp.gr. TG3195j°
(Thorpe, C. j. 1880, 201). It is insoluble in
water, but soluble in alcohol and ether. It
yields chlorine and lower chlorides of carbon on
passing through a red-hot tube (Regnault, l.c.).
When mixed with hydrogen and passed through
a red-hot tube with pumiee, it yields marsh gas
andethylene (Berthelot, A. Ch. 53, 69). Treated
in the same manner with sulphuretted hydrogen
it yields hydrochlorie acid and carbon sulpho-
chloride CSCL (Kolbe, A. 45, 41, and 54, 146).
In alcoholic solution, and treated with potassium
amalgam, it yields chloroform, marsh gas, and
methene chloride (Regnault, l.c.). With phos-
phorus pentoxide pbosgene is produced (Gus-
tavson, Z. [2] 7, 615). With zinc and dilute
acid it is converted into hydrochlorie acid and
chloroform (Geuther, l.c.). Alcoholic potash
slowly couverts it into potassium chloride and
carbonate (Regnault, l.c.) by long-continued
action at 100° in sealed tubes. Alcoholic po¬
tash couverts it partially into ethylene (Berthe¬
lot, A. Ch. 109,118). With phenylamine it yields
carbotriphenyltriamine (Hofmann, Pr. 9, 284,
and 10, 184). It is decomposed at 200° by
molecular silver, being converted into hexchlor-
ethane C2C1„ (Goldschmidt, B. 14, 927). By
heating with aluminium bromide it is readily
■converted into carbon tetrabromide (Gustavson,
Bl. [2] 36, 556).

Carbon trichloride Carbon TiexachXoriclc,
Tetrachlorethylene dichloride C,C16, discovered
by Faraday (Tr. 1826-47), also investigated
by Regnault (A. Ch. [2] 69, 166, and [2] 81,
371) is obtained by the action of chlorine in
sunshine upon various derivatives of ethyl and
ethylene ; on carbon dichloride, on ethylene
chloride (Faraday, l.c., and also Liebig, A. 1,
219); on ethyl chloride, first in the shade,
afferwards in sunshine (Laurent, A. Ch. [2] 84,
328) ; on mono-, di-, or trichlorinated ethyl
chloride (Regnault, l.c.) ; on ethyl sulphite
(Ebelmen and Bouquet, A. Ch. [3] 17, 66) ; on
ethyl oxide (Regnault) ; on hydrochlorate of
ethylamine (Geuther and Hofacker, A. Ch.
108, 51) (in this process some chloride of nitro-
gen is produced) ; by passing the tetrachloride
through a red-hot tube (Regnault, A. Ch. [2]
71, 737) ; by distilling perchlorethylic oxide,
and repeatedly treating the distillate with water
(Malaguti, A. Ch. [3] 16, 6, and 14).

Carbon trichloride crystallises in right
rhombic prisms. Colourless, transparent, and
nearly tasteless, but having an aromatic odour.
Sp.gr. = 2-0 ; m.p. 187°, volatilising even at ordi-
nary températures. Insoluble in water, soluble
in alcohol and ether, and in ail oils. Converted
by repeated distillation into the dichloride and
free chlorine. Burns with a red light in the
liame of a spirit lamp. Mixed with hydrogen

and passed through a red-hot tube it yields di¬
chloride and hydrochlorie acid (Geuther, l.c.).
Metals heated in its vapour form metallic
chlorides, charcoal being deposited. Heated
with an alcoholic solution of potassium sulphy-
drate it décomposés, yielding amongst other pro-
ducts carbon dichloride (Regnault, l.c.). Heated
in sealed tubes with potassium hydrate it yields
potassium oxalate and chloride

C2C16 + 8KHO = K2C204 + 6KC1 + 4HsO
(Geuther, A. 60, 247). The same products to-
gether with hydrogen and ethylene are formed
when it is heated with alcoholic potash in sealed
tubes (Berthelot, A. Ch. 109, 118).

Carbon dichloride Tetrachlorethylene C2C14
(Faraday, Tr. 1821, 47 ; Regnault, A. Ch. [2] 70,
104 and 81, 372), is formed as a liquid coloured
with chlorine when the vapour of carbon tri¬
chloride is passed through a red-hot tube filled
with fragments of glass. It is purified by pass¬
ing it repeatedly through a red-hot tube, then
shalring up with mercury and rectifying at
a low température (F'araday). More easily ob¬
tained by adding carbon trichloride in small
portions to an alcoholic solution of hydrogen
potassium sulphide, as long as sulphuretted
hydrogen is given off. The liquid is distilledand
carbon dichloride separates from the distillate
on dilution with water (Regnault, Z.e.). Mobile
liquid of sp.gr. = 1-619 at 20° (Regnault), 1-612
at 10° (Geuther), b.p. = 122°C. (Regnault), 116°C.
(Geuther), remains liquid at —18° and does not
conduct eieetrieity. Insoluble in water, acids,
and alkalis, but dissolves in alcohol, ether, and
oils. Decomposed at a red heat into the licx-
chlorobenzene C0C16 and free chlorine. When
its vapour is passed over baryta at a red heat, it
is decomposed with vivid ignition into barium
chloride, carbon dioxide, and charcoal. It absorbs
bromine in the sunshine, forming carbon chloro-
bromide C2Cl4Br2. It is converted by continued
heating to 200° with potassium hydrate into
potassium oxalate and chloride, hydrogen being
given off (Geuther, A. 110, 247). It absorbs dry
chlorine in sunshine, forming the trichloride,
but is converted into trichloracetic acid when ex-

posed to an atmosphère of chlorine under water
C„C14+2H„0 + CL = 3 HC1 + C..HC1302

(Kolbe,"A. 54, 181).
Hexchlorobenzene C„C1S, discovered in 1821

by Julin and investigated by Phillips and Fara¬
day, Tr. 1821, and by Regnault (A. Ch. [2] 70,
144) who prepared it by passing the vapour of
chloroform or tetrachlorethylene through a poree-
lain tube filled with fragments of porcelain and
heated to redness ; the crystalline product is
dissolved in ether, filtered, evaporated to dryness
and sublimed. Obtained by Hugo Millier as a
final product of the action of antimony penta¬
chloride or chlorine in presence of iodine on
benzene. For other methods of préparation v.
Watts' Dictionaiit. Forms white delicate needles
with a silky lustre, tasteless, but with an odour
resembling spermaceti ; sublimes without fusion
at 120°.

Insoluble in water, acids and alkalis, but
soluble in alcohol, ether, and hot oil of turpentine.
Decomposed into chlorine and charcoal on pass¬
ing through a red-hot porcelain tube filled with
glass or rock crystal. Burns with a bluish
colour in the ilame. Potassium burns on being
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strongly heated in its vapour. Formerly re-
garded as oarbon monochloride : molecular
formula established by Bassett (C. J. [2] 5, 443).

Carbon tetraiodide Tetraiodomethane CI4.
Dark red oetabedra ; sp.gr. 4-32, obtained by
action of aluminium iodide on a mixture of
carbon tetrachloride and bisulphide (Gustavson,
B. 14, 1705).

Carbon nitride v. Cyanogen, art. Cyantdes.
Carbon oxychloride COCl2. Carbonyl di-

cliloride, Chloro-carbonic acid, Phosgene gas.
First obtained by J. Davy by action of sunlight
on mixture of carbon monoxide and chlorine.
For détails of this mode of preparing it v. Em-
meling a. Lengyel, A. Suppl. 7, 101, and Wilm
and Wischin, A. 147, 450. Also obtained
by passing carbon monoxide into boiling an-
timony pentachloride (Hofmann, A. 70, 139 ;
Butlerow, Z. 1863, 484 ; Kraut, Gm.-K. I. 2,
380) ; by heating carbon tetrachloride with zinc
oxide in closed tubes at 200°, or by mutual
action of carbon tetrachloride and carbon
monoxide at 400° ; or by heating a mixture of
chloroform, potassium bichromate, and sul-
phuric acid. For other methods v. Watts'
Dictionary.

Carbon oxychloride is a colourless liquid
boiling at 8°-2, and of sp.gr. l-432j°. Soluble
in acetic acid and benzene; decomposed by
water : COCl2 + H20 = C02 + 2HC1. With alcohol
forms chlorocarbonic etlicr C0.C10.C.,H5. Com¬
bines with ammonia to form urea and ammo¬

nium chloride.
Carbon monoxide; carbonous or carbonic

oxide ; formic anhydride ; CO. Sp.gr. '9678
(air = l). V.D. 14. (-186°) (Wroblewsld, C. It.
98, 982). S.H.p. -2346. S.H.v. -16844 (Wiede-
mann, P. 157, 1). C.E. -003667 (Begnault).
S. (6°) -0287 ; (9°) -0269 ; (18-5°) -02315 (Bun¬
sen). S. alcohol (2°) -20356; (13°) -20416 ; (16°)
■20566; (24°)-20452 (Bunsen); ya = 1-000301;
Me = 1-00035 ; Mo = 1-000391 (Croullebois, A.
Ch. [4] 20, 136). Does not exactly obey Boyle's
law ; ZZ-= 1-00293 (Regnault, Acad. 62, 26)

MM

liquefied by cooling to —136° at pressure of
200-300 atmosphères (Wroblewsld and Olszewsld,
A. Ch. [6] 1, 112).

Diseovered by Lassonne, and independently
by Priestley. Composition first established by
Clement and Desormes.

Produced by the oxidation of charcoal at higli
températures. By the deoxidation of carbon
dioxide by means of hydrogen, carbon, metals,
&e., at a red heat. In the réduction of metallic
oxides by charcoal or coke. By the dry dis¬
tillation of many organic compounds, and to-
gether with hydrogen and carbon dioxide when
steam is passed over red-hot charcoal. By pass¬
ing electric sparks through carbon dioxide (Buff
and Hofmann, A. 113, 140) or by heating carbon
dioxide to 1,300° (Deville, C. R. 59, 873). By
heating dehydrated oxalic acid, or by heating
dry aîkaline formates and aeetates with formic
acid (Lorin, C. R. 82, 750). By heating an
oxalate or formate or these acids with concen-

trated sulphuric acid.
Prepared by the décomposition of oxalic or

formic acid» or potassium ferrocyanide by con-
centrated sulphuric acid (Fownes).

(1) C..H..O, = CO + CO„ + ILO.
(2) CH..C)., = CO +H20.
(3) K,F"e(CN)8 + 6H„SO, + 6H..0

= 6CO + 2ICSO, + 3(NHJ2S04 + FeSO,.
In the first case the gas is mixed with carton

dioxide, which must be removed by passing
through potash or lime-water. In the last ré¬
action it is quite free from carbon dioxide, but
if the température is too high, a quantity ot
sulphur dioxide is produced in addition to the
carbon monoxide. It is liable also to contain a

small quantity of hydrocyanie acid vapour.
Dry calcium oxalate or barium oxalate is

mixed with about dry lime and strongly heated,
the gas passed through lime and dried : CaC20,
= CaC02 + CO, any carbon dioxide formed being
absorbed by the lime.

Propcrtics.—Colourless, tasteless gas, com¬
bustible, non-supporter of combustion. Absorbed
by carbon, by several metals, and by a solution
of cuprous chloride in hydrochloric acid or am¬
monia. It acts as an energetic reducer. It is a
highly poisonous gas, producing giddiness, and
ultimately asphyxia when inhaled. Aecording
to Leblanc (A. Ch. [3] 5, 223), it is chiefly the
presence of this gas that causes the poisonous
action of air in which charcoal has been burnt.
It combines with the red colouring matter of
the blood-forming carboxyhœmoglobin, and may
be recognised by its absorption spectrum, which
is almost identical with that of oxygenated blood,
and is characterised by two bands between D
and E. On the addition of ammonium sulphide
these disappear in the case of oxygenated blood,
and the spectrum shows one band midway be¬
tween D and E, but remain unchanged if carbon
monoxide is présent (Vogel, B. 11, 235 ; Hoppe-
Seyler, Fr. 3, 439, also Preyer, J. 1867, 802;
Nawrocki, J. 16, 640 ; Gréhaut, C. R. 87, 193).
Carbon monoxide burns ordinarily with a blue
flame, which by previous heating becomes red,
generating carbon dioxide. The température of
its flame in air is about 1,400° (Valerius, J. 1874,
58). When dry it is not changed by the electric
current nor by ignited platinum wire, but when
standing over water it is decomposed hy a
glowing platinum spiral (Buff and Hofmann,
C. J. 12, 273). When not absolutely dry it may
be exploded with oxygen by the electric spark or
by platinum wire heated to 300° or by spongv
platinum at ordinary températures. 2 vols. CO
unité with 1 vol. O, forming 2 vols. C02.

Dixon (T. 1884, 617) has shown that no
action takes place when a spark is passed into
a mixture of perfectly dry carbon monoxide and
oxygen, but that a mere trace of moisture renders
the mixture explosive. The combination takes
place very slowly in presence of small quantifies
of steam, and increases in rapidity with the
quantity of steam présent. Probable reactions ;

2CO + 2H20 = 2CO„ + 2H
2H2+02=2H2Ô.

Hence the steam acts as a carrier of oxygen
to carbon monoxide (v. Dixon, C. J. 49, 94).

Aecording to Armstrong (C. J. 49, 112), the
changes are,

Before explosion OJLO.CO
After „ OH2.OCO.

Small quantities of other gases than steam
were tried : if the gas contained hydrogen, ex¬
plosion occurred, if the gas contained no hydvo-
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gen, no explosion occurred. When a mixture o£
carbon monoxide and steam is heated to about
600° a portion of the earbon monoxide is
oxidised. If ' the carbon dioxide is removed as

it is formed, the whole may be oxidised. L.
Meyer's experiments (B. 19,1,099) seem to prove
that a dry mixture of carbon monoxide and
oxygen can be exploded if a very strong spark is
used, and a sufficiently high température then
obtained, and if the gases are under considérable
pressure. When sparks from an induction coil
are passed througli a mixture of carbon mon¬
oxide and steam, carbon dioxide, a little formic
acid, and sometimes carbon, are formed (Dixon,
C. J. 49, 94). When to a mixture of dry earbon
and hydrogen oxygen insufficient for complété
combustion is added, and the mixture exploded
by the spark, carbon dioxide and steam are
formed in a ratio dépendent upon the shape of
thevessel and the pressure up to a certain limit,
calledthe'criticalpressure.' Abovethis pressure
the ratio of the formation of carbon dioxide and
rater is independent of the shape of the vessel.
The critical pressure becomes lower the larger
the quantity of oxygen used. The ratio
C0 + H2O : C02+H2 remains constant as long as
the vol. of the hydrogen is more than twice that
of the oxygen, provided no steam condense, and
the pressure is above the critical pressure.
When the vol. of hydrogen is less than twice the
vol. of oxygen the above ratio diminishes. The
presence of an inert gas increases the formation
of carbon dioxide and diminishes that of water,
hence it lowers the value of the ratio

CO + H20 : COj + H2.
This ratio is called the ' coefficient of affinity '
of the reaction (Dixon, T. 1884, 617 ; C. J. 49,
94). According to Brodie, when earbon mon¬
oxide and hydrogen are submitted to the action
of the silent discharge marsh gas is formed by
synthesis, when pure and dry carbon monoxide
is circulated through the induction-tube it is
decomposed, carbon dioxide being formed to-
getber with other ' oxy-carbons ' of the formulas
Ct03 and C50, (Brodie, Pr. 21, 245).

Carbon monoxide is converted into carbon
dioxide under the influence of nascent oxygen
from cbromic acid (Ludwig, A. 142, 47), but not
by ozone, either by difïused daylight or in direct
sunshine (Bemsen and Southwark, Am. S. [3]
11, 136). It is likewise oxidised by palladium
charged with hydrogen in presence of oxygen
and water (Traube, B. 15, 2325, 2854 ; 16, 123)
(Bemsen and Iieiser, B. 17, 83) by mixing with
oxygen and passing over platinum-black ; by
nitric oxide (Hasenbach, J. pr. [2] 4,1) by heating
with metallic oxides and with many oxysalts.

Pure carbon monoxide forms a colourless
transparent liquid under 200-300 atmosphères
at -139° and solidifies to a snowy mass in vacuo
at -211° (Olszewski, C. B. 99, 706 ; 100, 350).

Carbon monoxide combines with potassium
at about 80° to form an explosive compound,
KCO (Brodie, O. J. [2] 12, 269). It is rapidly
absorbed by a solution of cuprous chloride in
amu onia or hydrochloric acid, by which means it
may be directly estimated in a gaseous mixture
(cf. Thomas, C. N. 37, 6). It unités directly with
chlorine, forming phosgene gas (Schiitzenberger,
Z. [2] 4, 321). It is absorbed by heated potassium
hydrate at about 200°, forming potassium formate

Vol. l.-T

(Berthelot, A. Ch. [3] 61, 463). Frôhlieh and
Geuther (A. 202,317) recommend passing carbon
monoxide over soda-lime for this purpose. It
combines with sulphur to form carbon oxysul-
phide ; with platinum tetrachloride to form
C303PtCl4 and C202PtCl2 (Schiitzenberger, A. Ch.
[4] 21, 430). It is rapidly absorbed by anhydrous
hydrocyanic acid, cooled by a freezing mixture,
two layers being formed, but the gas is evolved
on removing the tube from the mixture (Bôttin-
ger, B. 10, 1,122). It acts on metallic alco-
holates with formation of acids by synthesis
(Geuther, A. 202, 288 ; Schroeder, A. 221, 34).

Carbon dioxide Carbonic anhydride, car-
bonic acid C02 ; sp.gr. (gas) 1-53 (1-5241,
Begnault) ; sp.gr. (liquid) 1-057 at —34°; -966
at -11° ; -84 at +11° ; -726 at + 22-2° (Caille-
tet and Mathias, C. 11. 102, 1,202). Sp.gr.
Begnault, A. Ch. [3] 26, 257. V.D. 22 ; 22-42 at
800° ; 21-2 at 1180° (Meyer and Goldschmidt, B.
15, 1165). S.H.v. = -33 (eq. vol. air = l),-2169
(eq. wt. air = l) Begnault (C.B. 36, 676, &c.),
Wiedemann (P. 157, 24). = 1-29 to 1-305

S.H.v.
(Amagat, Eôntgen, C. B. 71, 336 ; 77, 1,325).

PV
C.E. =-0037 (Begnault, Magnus, Joly). jjy
= 1-00722 (Begnault, C. E. 20, 975). At 200°
obeys Boyle's law (Amagat, C. B. 68, 1170 ; 73,
183). C.E. liquid C02 very large, 120 vols, at
— 20° beeome 150 at + 30° (Thilorier, A. Ch. 60,
427). Critical température = 30-9° (Andrews, T.
1869, 575). Vap. pressure liquid C02 in atmo¬
sphères (Begnault), — 25° = 17T; —5° = 30-9,
0° = 35-4, +5°= 40-5; 15° = 52-2; 25° = 60;
solid (hammered) under 1-2° (Landolt, B. 17,
309). [-65°] Mitchell,[ —57°] Faraday; [-78°]
35° = 82-2; 45° = 100-4, of solid CO., in atmo¬
sphères (Faraday). —57° = 5-33, —70°-5 = 2-2;
— 99-4° = 1-14; b.p. solid C02, i.e. temp. at
which vap. pressure =760 mm., is much lower
than m.p. Begnault and Pouillet found —78°
to -79° (P. 77, 107). (Thilorier) =-95° to

— 98° ; (Faraday) = — 99°. By evaporating solid
CO, mixed with ether a température of about
—100° is obtained. ju0 = 1-000395 ; = 1-000356 ;

(Un = 1-000496 (Croullebois, A. Ch. [4] 20, 136;
also Chapman andBivière, C. B. 103,37). H.F.p.
(C.O„) =96-96; (CO.O) =67-67 ; H.F.v. (C.O..)
96-96; (CO.O) 67-67; (C.O„.Aq) 102-84;
(CO.O.Aq) 73-84; (C02.Aq) 5-88;

(C02 Aq,mNaOHAq)
(m = 1 = 11-016) (« = 2 = 20-184) (n = 4 = 20-592).
Thomsen—

Solubility of C02 gas in water :

at 0° = 1-7967 at 11°
1° = 1-7207 12°
2°= 1-6481 13°
3°= 1-5787 14°
4° = 1-5126 15°
5°= 1-4497 16°
6°= 1-3901 17°
7° = 1-3339 18°
8° = 1-2809 19°
9° = 1-2311 20°

10°= 1-1847

absorption-coefficient
= 1-7967 - -07761J + -0016424t2.

F F

= 1-1416
= 1-1018
= 1-0653
= 1-0321
= 1-0020
= 0-9753
= 0-9519
= 0-9318
= 0-9150
= 0-9014

IRIS - LILLIAD - Université Lille 1



434 CARBON.

Solubility of CO-, gas in alcohol :
at 3-2° = 4-0442 at 14-2° = 3-2357

6-8° = 3-7374 18° = 3-0391
10-4°=3-4875 22-6° = 2-8277

absorption-coefficient
= 4-32955 - -09395« + -00124«=

(Bunsen, A. 93, 1).
Carbon dioxide was known to Paracelsus and

Van Helmont, and was carefully studied by Black.
Its true composition was first demonstrated by
Lavoisier in 1775. It was liquefied by Davy
and solidified by Tkilorier. It is formed by the
combustion of carbon in oxygen or air. The
presence of moisture is necessary for the com¬
bustion of carbon in oxygen (Brereton Baker, C.
J. 1885, 349). Is a constant product of ordinary
proeesses of combustion. It is also formed by
the respiration of animais, in various processes
of fermentation, and by the decay of animal
and vegetable substances. It is ejected from
fissures in the ground in yolcanic districts, and
from the craters of active volcanoes, and exists
in solution in natural waters, some of which
contain it in such quantifies as to effervesce. It
is found also in mines, quarries, wells, and
caverns, particularly in limestone districts. It
is a constant constituent of the atmosphère,
which contains on the average about 0-034 p.c.
The air in streets often contains as much as 0-05
to 0-09 p.c. In crowded rooms it may reach
•3 p.c. It is further produced by the décom¬
position of carbonates either by the action of
heat or of stronger acids, and is frequently
formed when organic bodies are subjected to high
températures. In the réduction of many metallic
oxides by carbon ; by burning carbon monoxide ;
by heating together carbon monoxide and steam ;
and by the action of steam on calcium carbonate
at red heat ; by heating a mixture of potassium
bichromate and sodium carbonate.

Best prepared by acting on chalk, marble, or
magnesite with dilute hydrochloric acid solution.
The gas may be colleeted over water or by dis¬
placement of air. On the large scalë it is obtained
by heating chalk or limestone to redness in iron
or earthen vessels (in lime burning) or by burn¬
ing charcoal. It is manufactured also as a by-
produet in the combustion of fuel. Also pure
on large scale by heating carbonates with steam
(S. O.I. 3, 568).

It is a colourless, inodorous, heayy gas,
neither combustible nor a supporter of combus¬
tion. Strongly heated potassium or sodium and
brightly burning magnésium burn in carbon
dioxide. It liquéfiés under pressure of 36 atmo¬
sphères at 0°.

Liquid carbon dioxide can be obtained in
large quantifies by an apparatus described by
Thilorier (A. 30, 122). Natterer compresses
carbon dioxide by a specially constructed air-
pump (J. pr. 35, 169 ; v. also Gore, T. 1861, 63).
It is prepared from bisulphates, by the action of
carbonates, the apparatus consisting essentially
of a leaden vessel containing a solution of the
bisulphate and having a stirring apparatus and
gear fixed air-tight to it. By means of a tube
and pump an équivalent quantity of calcium
carbonate (obtained as a waste product in the
manufacture of caustic soda) suspended in water
in a second vessel is forced in and the stirrer set
in motion. The liberated carbon dioxide is dried

and passed into a gasometer from which il is
afterwards condensed. An apparatus is also
described which allows the evaporation and ex¬
pansion of liquid carbon dioxide to take place
round a tube containing a solution of calcium
chloride. The latter is so cooled that it may le
used for the manufacture of ice. The carbon
dioxide thus used is passed over moist sodium
carbonate, converting it into bicarbonate which
may be again used in the carbonic acid manu,
factory.

Liquid carbon dioxide may be bought in iron or
steel bottles containing 8 kilos, (about 4,000 litres
of the gas at ordinary température and pressure),
costing about 1 mark per kilo. It furnishes the
cheapest means for aerating waters, and is used
for raising sunken ships, for driving torpedoes,
extinguishing fires, for cooling purposes, and, as
' Pictet's fluid,' for freezing machines, and by
the firm of Ivrupp, in Essen, for the condensa¬
tion of steel and other metals, and is further
suggested as a motive power for tramcars and
balloons (C. S. I. 4, 610).

Liquid carbon dioxide is colourless, very
soluble in alcohol, ether, and volatile oils, but
does not mix with water. When the pressure is
suddenly relieved, part of the carbon dioxide
immediately vaporises, producing sufficient cold
to solidify the remainder. Landolt allows the
liquid to evaporate freely into woollen bags, and
compresses the solid carbon dioxide in eonical
wooden moulds by wooden pistons (B. 17, 309).

Solid carbon dioxide is a white, flocculent,
snow-like mass, and may be left exposed to the
air for some time without sensible evaporation.
An air or spirit thermometer immersed in it
sinksto -78°; it can, however, be placed on the
hand without any acute sensation of cold. By
mixing with ether its refrigerating power is
greatly increased. The cold produced in tins
manner is sufficient to solidify mercnry, and
to liquefy several gases. The cold may be further
intensified by placing it under the receiver of an
air-pump. (For an apparatus for collecting solid
carbon dioxide, v. Ducretet, C. R. 99, 235.)

Carbon dioxide when quite dry has no action
upon litmus, but if moisture be présent the litmus
is coloured wine-red. The colour disappears
on exposure to air owing to escape of the gas.
Passed into lime-water, carbon dioxide renders
it turbid owing to the formation of calcium car¬
bonate, but if the gas be in excess, the neutral
carbonate is converted into an acid carbonate
and the liquid becomes clear.

Carbon dioxide is rapidly absorbed by a solu¬
tion of caustic potash. Its solution in water has a
sp.gr. 1-0018. It has a slightly acid taste, colours
litmus wine-red, and partially neutralises alkalis
and dissolves carbonates of barium, strontium,
calcium and magnésium, &c. Its solution is
water probably contains carbonic acid E,COr
At ordinary températures, and under 1 atmo¬
sphère, the mass of carbon dioxide dissolve!
inereases as the pressure. But at pressures of
2, 3 or more atmosphères the mass of carbon
dioxide dissolved is less than that calculated by
Dalton and Henry's law (v. Khanikoff and lou-
guinine, A. Ch. [4] 11, 412).

Water which has been saturated with carbon
dioxide under pressure gives it up as soon as the
pressure is removed. This property is madeuss
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of in tke manufacture of effervescing drinks and
aerated waters (v. Aeeated watees).

Under the same pressure the volume of gas
absorbed by water diminishes as the température
rises, the whole of the gas being expelled at
boiling heat. Hence carbonic acid water, hold¬
ing an earthy carbonate in solution, deposits it
vihen the water is boiled. This is the cause of
the furring of kettles, boilers, &e., in which
spring- or river-waters have been boiled.

Potassium burns in carbon dioxide at a red
heat with a red incandescence, depositing char-
coal mixed with potassium carbonate. Sodium
décomposés it in a similar manner as do phos-
phorus and boron in presence of an alkaii.

It is decomposed by the electric spark into
carbon monoxide and oxygen, if hydrogen, or
mercury, or some other métal is présent to com¬
bine with the oxygen, otherwise the carbon
monoxide and oxygen recombine to carbon
dioxide. It is partly changed to carbon mon¬
oxide and oxygen by heating to 1300°C. in a
porcelain tube (Deville, C. R. 56, 729 ; also
Berthelot, C. R. 68, 1035). Partly decomposed
by electric sparks, a condition of equilibrium is
attained when change of C02 into CO + O equals
that of CO + O into CO, (Dixon and Lowe, C. J.
47, 571). Mixed with hydrogen and heated to
bright redness, or submilted to induction sparks,
carbon monoxide ancl water are formed ; if
the water is removed the whole is converted
to carhon monoxide (Dixon, C. J. 49, 94). A
mixture of carbon dioxide and hydrogen passed
over red-hot pumice yields carbon and water
(Dubrunfaut, C. R. 74, 125).

Mixed with sulphur-vapour and passed
through a red-hot tube gives carbon monoxide,
Eulpbur dioxide, and a little carbon oxy- sulphide
(Berthelot, Bl. [2] 40, 362). Passed through a
red-hot tube with sulphuretted hydrogen it forms
carbon monoxide, water, and sulphur (Kôhler,
Bl. 11, 205). Reduced to-carbon monoxide by
hydrogen, charcoal, iron and zinc, or copper
which has occluded hydrogen (Tissandier, C. R.
74, 531, Schrotter, \V. À. B. 34, 27), by potas¬
sium cyanide (Eiloart, C. N. 54, 88), by pro-
toxides of iron and tin (Wagner, Fr. 1879, 559),
and partially by ferrous sulphate, and a little
water in a closed tube (Horsford, B. 6, 1390).

Carbon dioxide is reduced to carbon by
heating with potassium, sodium, or magnésium.
Alkaline carbonates heated strongly with phos¬
phores or boron give carbon dioxide, which is
reduced to carbon (Tennant, Crelles; A. [1793],
1,158; Dragendorff, J. 1861, 111; Leeds, Bl. 12,
1834 and 2131) ; décomposés moist potassium
iodide at high températures, yielding hydriodic
acid (Papasogli, G. 1881, 227). Solution of
carbon dioxide in water yields sodium formate
with metallic sodium (Kolbe and Schmidt, A.
119, 251). Carbon dioxide is assimilated by the
chlorophyll corpuscles of plants under the in¬
fluence of sunlight, carbon being abstracted and
oxygen set free.

The spécifie heat of carbon dioxide is greater
at high than at ordinary températures (Berthelot
aud Vieille, Bl. 41, 566). Aceording to Hoppe-
Seyler (H. 10, 201, and 10, 401), the carbonic
acid and marsh-gas found in water-logged soils
is due to a wide-spread process of fermentation
of cellulose.

For estimating carbon dioxide in air, Ballo
shakes a solution of potash and barium chloride
of known strength with the air, and estimâtes
the quantity of .phenolphthalein which is de-
colourised by it (Ballo, B. 1884, 1097).

Carbon dioxide is used extensively in the arts
for the manufacture of aerated waters, in sugar
manufacture for separating lime from the juice of
the sugar-eane, in bread-making, and for raising
and clarifying beer. It has also been proposed to
use it as a motive power where fuel is expensive
(Herbert, C. C. 1885, 543, 558, 572). It also
possesses antiseptic properties and retards the
putréfaction of meat (Kolbe, J. pr. [2] 28, 61).

Carbon disulphide Tliiocarbonic anhydride,
sulpliocarbonic acid CS2. This compound was
accidentally discovered by Lampadius, in 1796,
by heating pyrites with charcoal. Clement
and Desormes, in 1802, examined the action of
sulphur on red-hot charcoal, when they obtained
a product similar to that of Lampadius. The
nature of the liquid was established by Vau-
quelin.

Manufacture.—Schrotter, in Germany, and
Peroncel, in France, first prepared carbon disul¬
phide on a manufacturing scale. Schrotter em-
ployed a cylinder of Hessian clay in which the
charcoal was heated ; the sulphur was introduced
through a hole near the bottom of the cylinder,
and there was fixed to the upper end of the
apparatus an exit tube for the vapour of the
carbon disulphide formed. This apparatus would
produce about 20 kilos of the disulphide in
12 hours, and it represents the type of the pro¬
cesses since employed in the production of this
substance on the manufacturing scale.

Deiss and Fisher employed cast-iron cylinders
in which the vapour of sulphur passed over
charcoal was heated to redness. Fireclay retorts
were next introduced, glazed internally to pre-
vent the escape of vapour through the pores ;
each cylinder was about 5 feet high and nearly
20 inches diameter. Four retorts were arranged
in a single furnace in such a way that the
fiame of the fire could play entirely round
them. Each retort was divided internally into
two parts by means of a perforated shelf ; the
upper compartiment, which was the larger of
the two, served to contain the charcoal, which
could be thrown in through a spécial open-
ing in the lid without interrupting the working.
A second opening in the top of the retort was
provided with a tube about two inches in dia¬
meter, which led directly into the lower com¬
partiment, and was used to throw in sulphur as
required. The vapour of carbon disulphide which
was formed during the process was conducted
through a delivery pipe connected with a third
opening in the retort into the condensers. The
four retorts having been filled with charcoal and
the lids closed, were heated to redness by a coal
fire. Pièces of sulphur wrapped in cylindrieal
paper packets were then dropped in the pipes
leading to the lower partitions of the retorts.
Two such packets, each containing about 5£
ounces of sulphur, were thrown in at intervais of
about three minutes, the opening at the end of
each tube being closed at each successive addi¬
tion. The charcoal was renewed every seven
hours, and was heated about an hour and
three-quarters each time before the necessary
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température was attained for its combination with
sulphur. The vapour of carbon disulphide
mixed with that of sulphur escaped through the
delivery tubes, passing into the first row of con-
densers, where itwas partiallyeondensed, together
with some sulphur, the undissolved sulphur de-
positing in the solid state, and could be recovered
and used over again. From thence the uncon-
densed vapours passed on into the second row
of condensers, and so on till the last row. The
condensers, amounting to 18 or 20 in ail, were
connected together by pipes, the last of whioh
was connected with the chimney of the Works, or
better, with vessels or tubes containing layers
of pulverised lime to absorb the sulphuretted
hydrogen which would otherwise create a
nuisance in the neighbourhood of the works.

The condensers were made of sheet zinc,
were cylindrical in shape and about 26 inches in
diameter, bottomless, with slotted sides, and
stood in a kind of shallow cistern containing
water a little deeper than the openings, so as to
form a water-lute, permitting the passage of eon¬
densed liquids while closing the exit against
vapours. The lids of these condensers were fur-
nished with rims forming a kind of saucer con¬
taining water to assist in the condensation of
the vapours. Eaeh lid had two openings in the
form of tubulures, into which the pipes were fixed
for the transmission of the vapours from con¬
denser to condenser.

Gérard employed a vessel of cast iron 64 feet
in height, about 4 feet 8 inches in diameter, and

Fia. 14.

sides 1J inch thick. The retort was elliptical in
section, stood upon a brickwork arch, and was

'

heated from below by a fire. Near the bottom
was a pipe fitted with a valve, through which
sulphur could be introduced into the cylinder. At
the upper extremity there was a wide pipe which
could be closed with a lid, and served for the in¬
troduction of charcoal into the apparatus.
Another pipe, cast in one piece with the upper
one, sloped forward and passed into a receiver in
which the sulphur which passed over during the
opération was eondensed, and could be easily re-
moved by opening a valve in a tubulus placed
at a bend in the pipe ; the more volatile sulphur

disulphide passed forward into the condensers.
The condenser consisted of three vessels, cylin¬
drical in form, arranged vertieally one above
the other, and communicating by vertical pipes.
The topmost condenser had an exit pipe for
sulphuretted hydrogen, &c., and the eondensed
carbon disulphide could be drawn off into a
receiving vessel beneath by opening a cock in a
pipe proeeeding from the lower condenser.

The three condensers were contained in a

tank 5 feet high and 5 feet wide, filled with
water, which could be renewed at pleasure.

The addition of sulphur was continued for ten
hours daily in portions of about 3 lbs. at a time
of three minutes' interval. The oven was heated
during the night to volatilise the sulphur, and
the residue of charcoal was used up by mixing
with the new charge. This apparatus yielded in
twenty-four hours about 570 lbs. of carbon disul¬
phide, which in theory requires 480 lbs. of sul¬
phur and 90 lbs. of carbon for its production,
but in practice 530 lbs. of sulphur and 242 lbs.
of wood-charcoal were used. Gérard found it
advantageous to surround the generating vessels
with brickwork, which renders them much more
durable, and capable of lasting about two
months.

It was found in practice that retorts could
not be employed with economy beyond a certain
size, as when they were too large the heating
was irregular, causing considérable waste of
sulphur. When using unrefined sulphur the
retorts needed cleaning every fortnight, but with
purified sulphur they could be kept'working for
two months.

The following account of the présent mode
of manufacture is due to Ignatius Singer (S. C.I.
8, 1889, 93 :—

a is a vertical cast-iron retort, or, better still,
made of earthenware, glazed inside, of elliptical
shape, about 66 inches high, and 20 by 12 inches
internai diameter. It rests on a support, b,
made of fire-bricks, and is protected by a mantle
of best fire-bricks, c, about 4 inches thick, leas¬
ing a space of from ^ to j inch between it and
the retort. The métal of the retort shouldnot
be less than 2 inches in thiclcness. d is the
outer brickwork of the furnace lined on the in¬
side with fire-bricks, d'; ee, fire-grates; i',
ash pits ; F, furnace doors, made of frames, a,
into which a fire-proof slab, b, is inserted. The
furnace doors are suspended by cables running
over pulleys, and are counterpoised, so that they
can be raised or lowered. At d is shown a smafi
peep-hole, through which the température in the
furnace may be watched. In the lid of the
retort are cast two tubes, g and g', of about»
inches internai diameter and not less than 1
inch in thickness, but it is advisable to have
them made somewhat stronger, as the lid will
then outlast several retorts. Over the openings,
g, a vent-pipe or flue, h, is suspended byalerer,
so that it can be raised or lowered at will, one
end of which passes through the roof. When
fresh charges of charcoal are to be introduced
into the generator a, which is done through the
tubulure g', the lid closing the tube a is first
removed, and the vent-pipe h quickly lowered,
which serves the purpose of earrying 00 the
noxious gases that would otherwise be injurions
to the workmen. g' may now be opened, and
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the carbon fed in without the slightest ineon-
venience.

From the tubulure a' issues a pipe, i, inclined
npwards, through whieh the bisulphide of carbon
vapours escape. Most of the free sulphur pass-
ing over will condense here and run back into
the retort. But the partially cooled sulphur
falling on to the surface of the incandescent
carbon would be immediately vapourised again,
at the same time cooling down the top layer of
the charcoal. To obviate this Singer suggests
that an opening should be made in the lower
part of the pipe i, to whieh a hopper can be
fitted, as shown at j, terminating in an earthen-
ware pipe k, reaching nearly to thé bottom of
the retort. By this means the sulphur distilling
over uncombined would be conducted back to
the bottoin of the generator, the pipes would be

less liable to be choked up, while the resulting
product would be purer.

From the lower end of the retort, close to
the bottom, a pipe m branches off, a little
upwards inclined, passing through the brick-
work and terminating in a chamber n, with
door n. During work this pipe is carefully closed
by a lid. It serves the purpose of raking the
ashes out of the retort, whieh is done once
a week. At m a flue is shown, carrying the
noxious gases into the chimney. The ashes
are allowed to cool here before their removal.
Adjoining this chamber is a hearth into whieh
an iron vessel 0 is fitted, for melting the sul¬
phur. It is heated by a flue from the furnace
passing underneath it, provided with a daniper
to regulate the heat. (In fig. 15 this sulphur
vessel is raised so as to make it visible in the

a.vua»*

Fig. 15.

drawing.) A pipe o, closed by a conical valve
to whieh an iron rod o' is attached, connects the
sulphur-pot with the arm m of the retort, by
whieh means the sulphur can eonveniently be
introduced into the latter.

The sulphur flowing down the incline of the
arm m arrives at the bottom of the retort, where
it is volatilised ; the vapours, passing upwards,
combine with the carbon. The generated bi¬
sulphide vapours escape through pipe i, and
then pass down the vertical tube l'into a vessel
r, where any excess of sulphur is deposited.
The lid of this vessel rests in hydraulic seals,
and is conneeted with the inlet and outlet pipes
by a kind of telescopic tube made air-tight by
water. When the vessel p is to be removed, the
lid is raised, the vessel taken away, another
similar one put in its place, and the lid lowered
again. This should be done once a week only,
and never while distillation is going on.

The carbon bisulphide vapours, now freed
from the greater part of uncombined sulphur,
pass through a Liebig's condenser, i, about
thirty feet long, into a receiver, s, partially
filled with water. The crosspiece t, Connecting
the Liebig's condenser with the receiver, is made
so that it can be detached—being secured at v
by flanges bolted together, and at v' by water
seal—for purposes of cleaning, &o. From here
the bisulphide is allowed to run through a syphon
y, direct to the storage tanks. A better plan,
however, is to keep the storage tanks for the
crade product on a high level. whieh greatly

facilitâtes the after-process of purification. In
this case the bisulphide of carbon is allowed to
flow into a montejus, u, as shown in drawing.
A pipe q, reaching nearly to the bottom, is
passed through the cover of the montejus to the
high-level tank. A second pipe, r, connects the
vessel u with a force-pump. On air being
pumped into u through r, the stop-cocks p' and
p- having been shut off, the bisulphide is pressed
up through pipe q into the tank. This is a far
better method than using pumps, as in the latter
it is difficult to prevent leakage, the crude bi¬
sulphide having a very corrosive action on most
metals. For the same reason, the receivers,
tanks, &c., for the crude substance should ail be
lined with sheet-lead, as wrought-iron vessels
soon perish, while copper is even more ener-
getieally acted upon. Cast iron withstands cor¬
rosion inucli better, but is objectionable on
account of its porosity. This miglit be remedied,
however, by giving the vessels repeated coatings
of dilute silicate of soda, both inside and out-
side, the vessels being first slightly heated with
steam and the silicate applied while warm.

Near to the top of the receiver s is a pipe, s,
for carrying off ihe uncondensable vapours—■
chiefly sulphuretted hydrogen. The gases are
conducted into a rectangular vessel, w, where
they are made to circulate in zigzag over a sériés
of shallow trays filled with a vegetable oil, to
absorb any bisulphide vapours whieh have escaped
condensation. The oil can be made to triekle
from a réservoir, », as shown, through a goose-
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necked pipe, which, passing from tray to tray
in an opposite course to tliat of thegases, finally
trickles through x into a receiver, y. When a
sufficient quantity lias accumulated here, the
bisulphide is distilled off and the oil returned to
x. Before the gases enter this absorber they are
' washed ' by making the end of the pipe s dip
into the oil as shown at y, whereby the apparatus
is diseonnected from contact with air. Tlie gases
are now passed through a second vessel, z, simi-
lar in construction to the one just described, only
substituting lime or oxide of iron for the oil, to
absorb the H2S, and are then allowed to escape
into the open air through the pipe z.

Above the retort a, and between it and the
chimney, set at right angles to each other, is
a smaller retort, similar in construction to a, but
only about one-third the capacity of the latter,
and is heated by causing the products of com¬
bustion coming from the furnace to circulate
round it before finally passing into the chimney.
(Only the discharge hole h', corresponding to the
arm m of the retort a, is visible in drawing.)
As the generator a requires fresh charges of car-
bon every eight hours, it is very economical to
keep this small retort always filledwith charcoal,
which by the time it is required will be red hot,
and no more time need be lost than is required
for transferring it from the one into the other
retort. By.this arrangement, part of what would
otherwise be waste heat is utilised, and a great
saving in time and fuel elïected. A still better
plan is to rnake the charcoal on the spot, eight
hours being more than sufficient to char the wood
and to heat it up to bright redness. The spent
dyewoods, tanners' refuse, or sawdust, are ex¬
cellent for the purpose, and as these would not
require crushing—as when charcoal is bought
in lumps—a saving in labour, possibly also in
money, might be made, besides being more
cleanly. By a small outlay the vapours might
be condensed, and pyroligneous acid obtained as
a by-produet.

The apparatus is worked as follows. After
having allowed the brickwork to set and partially
dry for a few days, the tires are started, at first
gently, to prevent the brickwork from cracking,
then gradually increasing the heat until the
retort becomes a dull red colour. The latter is
now filled with small charcoal, and the smaller
retort with chips, sawdust, &c., and the fires are
now urged until the retort and the charcoal in it
have become a ' cherry red.' This heat should
nnver be exceeded, nor should it be allowed to
fall below this, as in either case it would resuit
in a lesser yield of carbon disulphide.

When the proper température is attained, the
two openings in the lid of the retort are closed,
the lids being serewed down tightly, with some
çlay made into a thick paste as a lute. A better
way would be to cast in the top of these tubu¬
lures grooves, and the lids with a rim loosely
fitting into these grooves, forming what is ealled
an hydraulic seal, only using lead in the place of
water. The heat there is sufficient to melt lead,
but not so great as to prevent its use. This
would form a much better lute, and could be
opened and closed in much less time, which, in
the case of bisulphide of carbon manufacture, is
a great desideratum. Having previously secured
ail the joints throughout the apparatus, sulphur

is now l'un in by raising the rod o' in the sulphur
pot. A bubbling will immediately be heard in
the gas-washer at y, caused by the escape of
sulphuretted hydrogen &e. In a few minutes
this bubbling ceases, and carbon bisulphide
begins to distil over. Distillation is now pro-
ceeding, sulphur being charged in every five
minutes, about 1J to 1J Ibs. each time, for seven
hours, when the supply of sulphur is stopped,
and one hour allowed to elapse before fresh
charcoal is filled in. The lid is then removed
from c, and the flue-pipe h lowered. c' may now
be opened, and last of ail the lid h' is removed
from h of the carboniser, and the red-hot char¬
coal raked from the carboniser, by means of a
funnel or hopper, into the retort a. Tlre retort
is now closed, taking care that the opening
communicat'ing with the flue h is the last to be
shut off, and work started again. At the end of
each week neither coal nor sulphur is charged

in for eight hours, after which the wliole appa¬
ratus is cleaned out in the following manner.
The flue h having been lowered on to g as de¬
scribed above, the cover at the end of the
delivery pipe r is removed, and wet bags or pièces
of canvas are tightly rammed down the pipe i,
and past its junction with the vertical pipe i',
so as to isolate the condensers &c. from the fur¬
nace. The ashes are now raked out through t»,
as described above, the retort refilled with fresh
charcoal, and while this is getting heated up,
the other portions of the apparatus are examined,
and where sulphur is présent it is removed.

With one such retort, from 4 to 5 cwt. of
carbon bisulphide ean be made in a day, but it
is much more economical, both in labour and
fuel, to have several retorts—say four—in the
same furnace.

Pyrites may be used instead of sulphur
in the manufacture of carbon disulphide, and
figure 16 shows an arrangement for this pur-
pose devised by Labois. The pyrites is fed
from the hopper a into the distributing bos
B, whence it passes into the roasting com-
partment a by the valve which is worked by a
lever. The sulphur vapour is conducted through
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an opening at R which can be regulated by the
valve v ; it has then to traverse the heatecl coke
in o' as indicated by the arrows, the vapour of
carbon disulphide formed passing out at r', and
thence to the condensing apparatus (Se. Am.
Supt. 12, 4763).

As the latent heat of carbon disulphide
vapour is much less than that of steam, it fol-
lows that the former need be deprived of only a
small amount of heat to insure its condensa¬
tion ; it is, therefore, on this account advisable
to surround vessels from which it is distilled
with bad conductors of heat, otherwise a large
amount of the vapour condenses before reaching
the condensers, and fiows back into the distilling
vessel.

In the manufacture of carbon disulphide the
yield dépends mainly upon the température em-
ployed. Sidot has sliown that by passing a
known weight (40 grams) of sulphur vapour over
10 grams of charcoal contained in a porcelain
tube heated to various températures, varying
amounts of the disulphide are obtained, and he
gives the following numbers, representing the
mean results of three experiments at each of the
températures indicated.

1. At a dull red heat, 5 grams of carbon gave
17 grams disulphide.

2. At a red heat 6-3 grams of carbon gave
29 grams disulphide.

3. At a bright red heat 7'5 grams of carbon
gave 19 grams disulphide.

ïhese numbers show clearly that to obtain
the maximum yield a red heat should be em-
ployed.

Purification of carbon disulphide.—The
crudeproduct, which contains considérable quan¬
tifies of sulphur, may be purified by distillation.
The distilling vessel is ruade of sheet zinc, and
is fitted in a water-bath. The vapours of carbon
disulphide are passed through a wide tube into
a worm surrounded by cold water, and ending
in a lap at the bottom ; the liquid as it con¬
denses is allowed to trickle into a vessel placed
to receive it.

Deiss employed large boilers with flat bot-
toms, which were 10 feet in length, 6j feet in
diameter, and 3j feet high. They had domed
covers, externally coated by badly conducting
material, so as to reduce to a minimum the
amount of carbon disulphide returned to the
boiler by condensation. The boiler was capable
of receiving 5 tons of. crude disulphide at a
single charge, and had six delivery tubes whieh
terminate in six vertically placed condensers. At
the bottom of the boiler there are two serpen¬
tine pipes, through one of which steam is
passed until the crude carbon disulphide boils.
For thepurpose of distilling ofi the last portions
steam is passed through the second serpentine
pipe direct into the boiler, by which means
carbon disulphide vapour and steam pass over
together into the condensers, when the former
accumulâtes in a layer below the surface of the
water. The distillation of 5 tons lasts three or

four days, and the products of the distillation
at différent stages are separately collected, and
serve for différent purposes. In the first por¬
tions foul-smelling constituents predominate,
such as sulphuretted hydrogen ; the inter-
mediate portions are the purest, while the last

portions are contaminated with sulphur. Mucli
of the sulphuretted hydrogen may be removed
by placing a small quantity of caustic soda in
the boiler.

Bonière purified the crude material by run-
ning it into a still containing a strong solution
of caustic soda and heated externally by steam ;
the vapour was then passed through severai
other vessels of a similar kind containing alka-
line liquids, solutions of salts of iron, lead, or
copper, from which it is distilled and condensed.
Millon patented a process which consists in
mixing the disulphide with half its weight of
milk of lime, and then carefully distilling.

Sidot first distils the crude product, and
then agitâtes it with mereury till the shilling
surface of the métal is no longer blackened by
it. Carbon disulphide when pure is not affected
by contact with mereury for any length of time.
Or it may be shaken with 0'5 p.c. of mercuric
chloride, which removes a fœtid compound of
sulphur. The clear liquid is then decanted, 0-02
of its weight of an inodorous fat is added, and
the mixture distilled in a water-bath at a low
température (Cloez).

Another method of purification is to add to
100 parts of commercial product from 2 to 3
parts of dried copper sulphate, and shake the
mixture. The copper sait blackens and settles
down, with removal of the smell of sulphuretted
hydrogen. Absolute purity is obtained by again
rectifying over dry copper sulphate. The latter
can be rendered fit for further use by ignition,
treating with sulphuric acid, and again igniting.
The sulphide may be retained in a state of purity
by allowing it to stand constantly over dry
copper sulphate (S. C. I. 2, 246).

Singer lias employed the following simple
method with very satisfactory results :

A cylindrical vessel, about 30 inches in
diameter and 6 feet high, is provided with a
perforated coil of lead pipe at the bottom. Into
this vessel the impure carbon disulphide is run
to ab.out one-third its height. Lime-water is
then pumped into it by means of a force-pump
through the perforated coil. The lime-water
being specifieally lighter than the carbon disul¬
phide rises to the surface, and while traversing
the body of the bisulphide in a finely divided
spray, the lime combines with the sulphuretted
hydrogen, &c. This washing is continued until
the lime-water, which leaves this vessel through
an overflow pipe near to the top, is perfectly
clear. The carbon disulphide is now run into a
still, about 1 p.c. its weight of a cheap colourless
oil added, and covered with a layer of about one
inch of water, to which some sugar of lead may
be added. The carbonate disulphide is now
distilled in a water-bath and condensed in the
usual way.

Carbon disulphide cornes into the market in
sheet-iron drums, the plates forming the top and
bottom being bent inwards for their better pro¬
tection from blows in moving about,. and in the
upper end there is an opening which can be
closed by a screw stopper. Great care should
be taken in the storing of carbon disulphide on
account of its extreme volatility, the explosive
nature of a mixture of the vapour with air, and
the fact that its products of combustion are
three irrespirable gases, viz. carbon dioxide,
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snlphurous oxide, and nitrogen. The store
room ought to be isolated Irom other buildings,
and should be well ventilated. The vessels in
which the substance is kept ought to be tolerably
large and placed where they are not likely to
receive a blow or get thrown over. When re-
quired for use the carbon disulphide can be
drawn off by means of a siphon.

Properties.—Carbon disulphide is a colour-
less, lieavy, and extremely volatile liquid ; the
commercial product has a répugnant and fœtid
smell, but when purified it has a sweetish
ethereal odour, and an acrid pungent taste. It
is highly refractive, its power in this re¬
spect being 1-645 ; its sp.gr. is 1-29213 £
(Thorpe). Water dissolves about of its
volume of the disulphide, and yields it up
again unchanged on distilling ; the solution in
water possesses the odour of the disulphide, and
has a slight burning taste. The aqueous solu¬
tion acts as an antiseptic. Carbon disulphide
dissolves sulphur, phosphorus, iodine, bromine,
chlorine, camphor, caoutchouc, oils, and fats,
and may be mixed in almost any proportions
with aleohol, ether, benzene, and the fixed and
volatile oils. Sulphur and phosphorus may be
obtained in erystals by the spontaneous evapora-
tion of their solutions in carbon disulphide.
When a rapid stream of air is passed through it,
the vapour, as it rises, is condensed to cauli-
flower-like masses, which make their appearance
on the surface of the liquid (Wartha, B. 3, 80).
When the whole of the liquid has disappeared,
the resulting solid has a constant température of
—12° so long as it remains unvolatilised. Ac-
cording to Wroblewski and Olzewski it solidifies'
at —116°, and remains solid for a considérable
time, emitting a peculiar aromatic odour.

Carbon disulphide boils at 4(i-0°C. (Thorpe),
and the vapour ignites in air at 149°C. When
mixed with three times itsvolume of oxygen, or an
amount of air containing that volume of oxygen,
it is very explosive. The flaire of burning di¬
sulphide of carbon is blue, and gives rise to
sulphurous and carbonic acid gases : CS, + 302
= C02 + 2SO... When carbon disulphide is burnt
in a lamp on the principle of the Bunsen burner,
and spécial précautions taken to prevent explo¬
sions, it produces a flame with an actinie power
superior to that of magnésium (C. B. 79, 1078).

A mixture of the vapour of disulphide of
carbon with nitric oxide burns with a blue
tiame, which is very rich in rays of high refran-
gibility, and on this account has been employed
in photography.

Carbon disulphide is highly poisonous, inhala¬
tion of the vapour producing giddiness, vomiting,
congestion, and finally coma. When taken in
small quantity only, it produces in time very
serious eiïects on the nervous System. In the
workmen employed in its manufacture it causes
weakness, dépression, and loss of memory.
(Solution of ferrous carbonate in carbonic acid
water has been found in some cases effectuai as a

remedy. Carbon disulphide vapour, when passed
through a tube heated to bright redness, is partly
resolved into its elements, carbon depositing and
sulphur passing off with the undeeomposed
compound. When a long thin plate of gold or
platinum wound into a spiral with tin-foil is
immersed in carbon disulphide, the latter is said

to be deeomposedj sulphur combining with the
tin, and carbon being deposited in small erystals
(C. B. 03, 213).

The following table represents its tension
at varying températures (Seyferth) :

45-5°C. . . .1 atmosphère
57-7 .... Il „

66-9 .... 2 atmosphères
74-3 .... 2| „

80-6 .... 3
86-1 ... 3J „

90-9 .... 4
95-5 . . . . 4.J
99-0 .... 5

For table of vapour pressures between 0P and
50° v. Bamsay and Young, C. J. 47, 053 ; also
Herwig, P. 137, 09 ; 141, 83 ; 147, 101.

The vapour of carbon disulphide when
passed over metallic oxides at a red heat yields
the dioxide of sulphur and carbon, together with
metallic sulpliides, which are generally found
erystallised and resemble those found in nature.
Carbon disulphide is one of the most powerful
sulphurising agents known, and by means of it
many sulphides may be produced which are not
otherwise obtainable (Fremy). It couverts oxides
into sulphides when heated with them in sealed
tubes. The vapour is strongly attacked by
nitric acid, yielding sulphuric acid and nitrous
vapours.

A mixture of the vapour of carbon disulphide
and sulphuretted hydrogen gas when passed
over red-hot copper yields copper sulphide and
marsh-gas : CS2 4 2SH, 4 Cu, = 4CuS H- CH,.

The vapour of carbon disulphide when
passed over wood undergoing destructive distil¬
lation alters the character of the earbonacecus
residue, producing a material having high con-
ducting powers for heat and electricity, and
extremely soriorous when struck.

Carbon disulphide is a powerful disinfectant.
Meat and other putrescible bodies liave been
kept in an atmosphère containing the vapour of
this compound for months without change.

Heated potassium burns in the vapour of
carbon disulphide with formation of potassium
sulphide and libération of carbon :

CS., + 2K2 = 2SK2+C.
When brought in contact with a solution of

an alkaline hydrate, carbon disulphide is dé¬
composée!, a carbonate and a sulpho-carbonate
being formed :

60KH 4 3CS„ = 2CS(KS)2 + 30H2 + IÇC03.
In contact with solutions of alkaline sul¬

phides, carbon disulphide also forms sulpho-
carbonates; SKj+CS, = CS(KS)„.

When the vapour of carbon disulphide is
passed over heated calcic hydrate, it is decom-
posed, carbon dioxide and sulphuretted hydrogen
being e'volved.

CS2+ 2Ca(HO)2= 2CaO + CO..+2SH..
This reaction has been utilised in the removal of
carbon disulphide from coal gas, which is the
chief source of the smell in illuminating gas.

Chlorine has but little. action on carbon di¬
sulphide at the ordinary températures, but in the
presence of iodine, the chlorides of antimony, and
molybdenum, &c., chlorine quickly replaces the
sulphur with conversion of the carbon disulphide
into carbon tetrachloride, and if the action is
interrupted before it is complété,-interinediate
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compounds or sulphochlorides are formed
(S. C. I. 6, 728).

Carbon disulphide combines with triethyl-
phosphine P(C2HS)3 to form a solid eompound,
crystallising in red crystals of the composition
PICJBEJ.CSj.

Carbon disulphide is not decomposed by
boiling water under the ordinary pressure of the
atmosphère. Owing to its volatility it may be
made to produce great cold by its own evapora-
tion, and if this takes place very qnickly under
theair-pump a cold of — 60°C. may be obtained.

An aqueous or alcoholic solution of caustic
potash boiled with carbon disulphide yields with
lead salts a black preeipitate of lead sulphide.
This is a delicate test for the substance.

Carbon disulphide may be detected in coal-
gas by passing the gas when completely freed
'from sulphuretted hydrogen over red-hot copper
foil, when the copper aequires an iridescent
lustre, and its nitric acid solution diluted with
water yields after some time a preeipitate with
barium chloride (A. Vogel, Fr. [2] 6, 253).

Carbon disulphide may be regarded as the
analogue of carbon dioxide :

C02 carbon dioxide
CS2 carbon disulphide.

It is also analogous to carbon dioxide in its
chemical eombinations, e.g. while carbon dioxide
combines with metallie oxides forming carbon¬
ates, carbon disulphide combines with metallie
sulphides forming sulphocarbonates :

CO.,+ jSfa,0 = Na2C03
CS2 + Na2S = Na,CS3.

Sodium carbonate and sulphocarbonate pos-
sess a similar constitution, and by the action of
strong acids they should give analogous pro-
ducts, the one carbonic acid, and the other
sulphocarbonie acid. Sulphocarbonic acid is a
yellow oily litpuid, obtained by decomposing its
potassium sait with hydroehloric acid

K,CS3 + 2HC1 = H2CS„ + 2KC1.
Potassium sulphocarbonate is used for tbe de¬
struction of phylloxéra.

Uses.—The low price at which carbon di¬
sulphide can be produced bas rendered its appli¬
cation possible to a large nnmber of useful
puiposes, tbe chief of which is in the prépara¬
tion of vulcanised caoutchouc, and as a solvent
for tbe latter in the manufacture of waterproof
goods, by the déposition of a thin layer of the
dissolved caoutchouc on the fabric. It is ex-

tensively used for the extraction of fat from
crude wool, for the extraction of fatty oils from
oil seeds and pressed residues, and for the
purification of parafiin. It is used in the ex¬
traction of uncombined sulphur, and of bitumen
from minerais. It is employed by the shoe-
maker in making seamless joints ; for the pré¬
paration of caoutchouc cernent ; in the manu¬
facture of aluminium, variouscolours, ammonium
sulphocyanide, &c. It is also used for filling
prisms on account of its high dispersive power.
Attempts have been. made to use it in boilers
instead of water, as it is converted into vapour
with a much less expenditure of beat than
water.

Advantage has been iaken of its poisonous
.properties to expel weevils from grain without
injuring tbe cereal. for this purpose a small

quantity of the carbon disulphide is inclosed in
an air-tight chamber with the grain ; in a few
hours both the larvœ and eggs are killed without
injury to the grain (Doyère). It is also used in
Brazil to expel the Sauba ant from the founda-
tions of houses. It may also be used in the
analysis of oil seeds as a solvent for the purpose
of ascertaining the proportion of oil which the
ground seeds contain.

As carbon disulphide dissolves iodine in large
quantity, but does not appreciably dissolve in
water, it is employed for determining tbe amount
of moisture in commercial iodine.

It is used as a substitute for ether in dissolv-
ing quinine and other alkaloids, for extracting
the aromatie principales from seeds and spices,
and for the extraction of the scent of fiowers.
For these purposes, hôwever, the purest quality
of the disulphide can alone be employed.

A solution of phosphorus in carbon disul¬
phide has been employed in the electrotyping of
very delicate objeets, such as grasses, fiowers,
feathers, &c. Any of these are dipped into the
solution, then, by a short exposure to the air,
the carbon disulphide evaporates and leaves a
thin film of phosphorus on the surfaces ; they
are then dipped into a solution of nitrate of
silver, by which silver is prreeipitated in a very
minute film, upon which, by the eleetrotype
proeess, any thickness of silver, gold, copper,
&o., can be deposited. If a few drops of carbon
disulphide are put into a solution of eyanide of
silver, from which the métal is being deposited
upon the article to be electrotyped, the silver is
deposited bright, whereas without the disulphide
it would be dull.

Deiss, who first employed carbon disulphide
in the extraction of fatty oils from seeds, oil-
cakes, and other pressed residues, used the fol-
lowing arrangement.

Carbon disulphide was introduced into a
large cemented brickwork réservoir, with a man-
hole, which is generally kept elosed, 22 feet
long, 6 feet in diameter, and nearly 6 feet deep,
and lined with lead up to the point to which it
was filled with the disulphide and water, the
latter being added as a thin layer to prevent the
too rapid evaporation of the carbon disulphide.
Immediately above this réservoir is a worm con¬
denser, wliose tail pipe dips into the liquid in
the réservoir below ; on one side of the condenser
there is an extractor having a capacity of 4,400
gallons, and capable of reeeiving a charge of 12
tons of oilcake. This extractor is supplied by
means of a pump with carbon disulphide from
the réservoir below through a pipe leading up
from the réservoir to the extractor. The latter
apparatus has two perforated shelves, one nearly
at the top and the other nearly at the bottom,
between which the substance to be operated upon
is placed. In the space between the lower per¬
forated shelf and tbe bottom of the extractor is
a eoil of pipe through which steam ean be
passed. Just above the upper perforated shelf
there are nine pipes on the same level for the
purpose of carrying tbe vapours produced in the
opération to the condenser. There are also
pipes just above this shelf which are in direct
communication with a still on the opposite side
of the condenser, to which disulphide saturated
with oil is carried, the saturated disulphide
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rising to the surface in the opération owing to
tire différence in the sp.gr. of the carbon disul-
phide (1-29) and oil (about O'OOO). The still in
which this liquid is distilled is about 11 feet
long, 5 feet wide, and 15 inches deep, holding
when half filled about 400 gallons. The liquid
is heated by steam supplied through two pipes
coiled several times round the bottom of the
still, and the vapour of the volatilised carbon
disulphide is led through nine pipes into the
condenser, and thence into the réservoir below
the condenser, and is ready to be used again in
the extractor for macerating a fresh quantity of
material.

The last traces of carbon disulphide are re-
moved front fat or oil in the distilling apparatus
by passing steam direetly into the apparatus
until ail the carbon disulphide is volatilised and
carried away by the steam.

The termination of the extraction in the
macerating vessel is determined by the colour
of the liquid, which can be seen through glass
tubes fixed in the pipes conducting the liquid
from the extractor to still. As soon as this is
colourless the opération is eonsidered complété,
and the contents of the extractor are then dis-
charged by opening a cock in a pipe leading to
the réservoir.

When this opération is over, superheated
steam is passed into the extractor in order to
rernove the last traces of carbon disulphide, and
when the exhausted material has thus been

suiïiciently cleaned, a cock at the bottom of the
extractor is opened and the condensed water let
out ; the lid and upper perforated shelf are then
removed, and the residues spread out in the air
to dry. These residues are used in Pisa for
heating the boiler, which thus supplies steam
for the whole apparatus.

The time taken to fill the extractor with
carbon disulphide is eight hours, the macération
of the material four hours, the emptying of the
contents of the extractor into the réservoir at
the close of the opération two hours, and the
steaming of the oil in the still in order to free it
from carbon disulphide from eight to twelve
hours. Worlcing with an apparatus sueh as
described, about 2.V tons of oil can be obtained
in thirty hours from 25 tons of oilcake.

Extraction of fat from wool.—Morson and
Jerome employ for this purpose a large cylindri-
cal vessel with a close^fitting cover and double
walls, between which hot water circulâtes. The
wool is placed on a perforated shelf near the
bottom of the cylinder, while a perforated plate,
a kind of piston, could be pressed upon the wool
by an arrangement of screws. Carbon disul¬
phide is pumped from a réservoir into the ex¬
tractor, and the disulphide as it becomes satu-
rated with fat is led through a pipe into a still
which is heated by a coil of steam pipe at the
bottom, the vapour being passed to a worm
condenser and the liquid disulphide passed into
the réservoir which is immediately beneath.
By a second arrangement of steam pipes, steam
can be passed direetly into the still so as to
remove the last portions of disulphide. A cur-
rent of air heated to 70° is then forced through
the wool by means of an air-pump. As ail the
parts of the apparatus are in direct communi¬
cation with each other, it is necessary to supply

the diminished pressure in the réservoir. When
air is pumped out of it and sent through a tube
several times bent and the last portion fitted
with a hot-water jacket, the equilibrium of
pressure should be maintained, and this is done
by a supply of air from a gas-holder in connec¬
tion with the apparatus. The last portions of
carbon disulphide are thus swept out of the ex¬
tractor and are carried through a pipe into a
second worm condenser, and thence to the réser¬
voir. At convenient points between the mace¬
rating vessel and the still, as well as at the ends
of the eondensing worms, there are Windows in
the pipes, which serve to form an idea of the
state of the opération, and close to each of
these Windows is a cock from which a little of
the liquid can be drawn and evaporated, in order
to see if a residue of fat remains.

The macerating vessel or extractor is charged
with about 10 tons of wool, and is then reduced
to about half its volume by screwing down the
perforated plate. The carbon disulphide is then
pumped into the extractor, and after filtering
through the wool ascends through the perfora¬
tions and passes into a pipe leading to the con¬
denser. This is continued until the liquid cornes
over colourless, and leaves no residue on evapo-
ration. When the extracting process is finished
the cock admitting carbon disulphide into the
extractor is closed, and a partial vacuum is
formed by drawing air out of the extractor by
the air-pump, the greater part of the disulphide
adhering to the wool being carried with it at
the first few strokes. When this is done the
water jacket is heated by water at 70°C. and the
cocks are so arranged as to allow the heated air
to pass through the wool, and thence into the
open air. By this method a considérable quan¬
tity of fatty substance is obtained from sheeps'
wool which was formerly lost.

The following materials are treated with
carbon disulphide in order to obtain the fatty
ingrédients which they contain :—

1. The dark-coloured tar-like residues of
stearin manufactories, which are products of
the treatment with sulphuric acid. They yield
from 18 to 20 p.c. of fatty acid, which was
formerly almost entirely lost. The residues are
mixed with sawdust to faeilitate the filtration of
the dissolved portion.

2. The dark-brown cart-grease from the axles
of carts, carriages, &o. This is first treated with
sulphuric acid, washed, and dried.

3. Tow and rags used in cleaning machinery.
This treatment of rags &c. has a threefold ad-
vantage; recovery of fat or fatty acids, purifi¬
cation of the rags so that they can be used again,
and the prévention of spontaneous combustion
which these materials are liable to on exposure
to air.

4. The refuse of the préparation of bees-
wax, which on treatment with carbon disulphide
yields a yellow wax useful for many purposes.

5. Sawdust that has been used for filtering
oils after purification with sulphuric acid.

6. The dirty sédiment produced by the treat¬
ment of various oils with sulphuric acid con-
tains about 50 p.c. of oil, which may be ex-
tracted by carbon disulphide after washing
with boiling water, drying, and mixing it with
sawdust.
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7. Boncs from slaughter-houses and kitchens
that are to be used in the préparation of bone-
black yield with carbon disulphide from 10 to
12 p.e. of fat.

8. The expressed residues of oil seeds, such
as rape, sesame, flax, &c., when they cannot be
properly employed as fodder. In ail cases it is
necessaryto break up the oilcakeinto smail pièces
before treating it with carbon disulphide, so
as to ensure thorough pénétration of this sub¬
stance. The residue left after extracting the
fat is hardly suitable for fodder, but is valuable
as a manure.

9. The ' cracklings ' or greaves obtained by
the melting of tallow.

10. The pressed cacao-beans from which no
further cacao butter can be obtained by pressing.

11. The pressed residues obtained in the
préparation of olive oil.

Extraction of bitumen de. from minerais.—
This process, employed by M. Moussu, is in-
teresting from the fact that it can be employed
for the extraction of bitumen from minerai
bodies which contain so small a percentage as
not to pay when obtained by the ordinary pro¬
cess of distillation. It consists of a close réser¬

voir for the disulphide of carbon, over which is
a cooling apparatus which serves as condenser
for the vapour of sulphide of carbon in distilling
after the substances have been operated upon.
Below the réservoir, one on each side, are two
filters provided near the bottom with a movable
and perforated shelf. Minerais are introduced
into the filters upon the shelf through doors
near the bottom, which are then closed and
made air-tight. The liquid carbon disulphide is
now admitted through a pipe at the bottom of
each filter proceeding from the réservoir, and.as
the liquid rises it percolates through the mine¬
rais, dissolving out the bitumen, and when full
flows out at the top through a pipe leading to a
still, where the saturated liquid is distilled, the
vapour of carbon disulphide ascending into the
condenser, and the liquid sulphide of carbon as
it condenses trickles into the réservoir beneath.
The bituminous matters which remain in the
still are drawn off by a cock at the bottom, and
the disulphide which remains absorbed by the
minerais in the filters is expelled by a eurrent
of steam. This apparatus is practically con¬
tinuons, vei'y little loss of the disulphide taking
place at each opération, and as muûh as 12 p.c.
of bitumen can be obtained, whereas only 7 or
8 p.c. could be had by distillation.

Extraction of spices de.—Bonière has de-
Vised an apparatus for extracting the aromatic
principles of various spices and other substances
used for seasoning food by means of carbon
disulphide. It is the same in principle as the
apparatus already described, consisting of a
sériés of wire-gauze sieves arranged one over
the other in an air-tight case. The carbon disul¬
phide is made to pass through the sieves which
contain the substance to be operated upon, e.g.
pepper, dissolving out the active principles, and
as it reaches the top it flows through a pipe into
a boiler. The boiler contains either sait, sugar,
lactin, dextrin, saltpetre, or other material,
according to what is under opération. The
liquid is distilled in the boiler, which has some
peculiarity adapted for this spécial purpose, at

140° to 150°F., by admitting steam into a kind
of jacket, when the disulphide distils over and is
condensed in a worm condenser, wbile the sait
or sugar remains behind, retaining ail the aro¬
matic or acrid principles of the spice.

The pepper is not only exhausted by this
plan, but the sait or sugar retains ail the aro¬
matic principles entirely free from smell or
taste of the disulphide ; the latter compound
remains perfectly pure and may be used again
for the same purpose.

Bergot has constructed an apparatus for
rapidly determining the quantity of oil in seeds
&c. by means of carbon disulphide. It consists
of a glass vessel in the neck of which a cylin-
drical glass vessel is accurately fitted, and at the
side in a tubulure is inserted a small air-pump.
50 grams of the finely ground seed to be ex-
amined are placed in the cylindrieal glass
vessel, and are eovered with a diaphragm
upon which 50 more grams are placed and
eovered with a second diaphragm. Carbon
disulphide is now poured on until the seed is
fully moistened, and after a few minutes a
partial vacuum is made in the apparatus by
means of the air-pump, when the pressure of the
air drives out the disulphide and oil in solution
into the vessel beneath. This is repeated until
the carbon disulphide cornes off colourless and
leaves no oily stain on contact with filter
paper. About 400 or 500 grams of carbon di¬
sulphide are suffieient to -exhaust the above
aniount of seed.

The oily solution thus obtained is then
heated in a saucer over a small water-bath, and
as soon as the disulphide is ail expelled the
liquid is heated to boiling, allowed to cool, and
is then weighed.

The combustion of carbon disulphide fur-
nishes a sulphur dioxide, and it may be burned
with the object of obtaining this gas in a
lamp of spécial construction devised by Ckeandi
Bey. The sulphur dioxide is useful as a
disinfecting agent, is capable of rendering

good service in the bleaching of silk and
woollen goods, and it may also be used for
bleaching sponges, straw hats, and many other
objects. The lamp consists of an external
vessel of tinned copper containing water ; a
second vessel containing the .carbon disulphide
stands in the water in the first vessel. To the

t
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sides of the second vessel three siphons are fixed,
which admit water into it from the first vessel on

to the surface of the disulphide, the weight of
the water forcing the disulphide up a central
tube in which the cotton wick is placed. The
flame can be regulated aeeording to the height of
the water in the first or external vessel, the
pressure on the surface of the disulphide depend-
ing on this, and therefore the size of the flame.

When a room is to be disinfected the lamp is
placed in the centre, and when lighted the
door is hermetically sealed. When ail the di¬
sulphide has burned it will, of course, be replaced
by water through the siphons, and the lamp goes
out of itself. The combustion proeeeds with
great regularity and without any danger. About

lbs. are required for a room of 3,500 feet
capacity (La Nature, 24, 117).

H. L. Greville has extracted with advantage
the carbon disulphide absorbed in the purifiers
of the gasworks. The lime used for this pur-
pose, after being discharged from the purifiers,
is introduced into a boiler capable of receiving a
charge of several hundredweight, fitted with a
perforated false bottom, pressure gauge, and an
arrangement for admitting steam. The yield of
carbon disulphide from one hundred tons of
spent lime is about 1J tons of disulphide of
carbon. In addition to the value of the crude
product thus obtained the lime remaining is,
with a small addition of fresh lime, fit for
further use in the purification of a further
quantity of coal gas. As is well known, oxide of
iron, after continued use in the absorption of
sulphuretted hydrogen from coal gas, contains
about 50 p.c. of free. sulphur. The crude disul¬
phide of carbon, obtained as described, can be
used for the extraction of this sulphur, and the
oxide which remains is revivified, and is 'again
fit for purifying purposes. The sulphur is
recovered by distillation, and the carbon disul¬
phide can be used over again (S. G. I, 2, 488).

The principal seats of manufacture in Eng-
land are London, Manchester, and Ironbridge ;
in Erarice, Paris, Bordeaux, and Marseilles.
Germany has several manufactories, while within
the Austrian dominions there is one in Galicia.

Deiss gives the following estimate of the
cost of carbon disulphide when ruade by his
plan :—

Sulphur in rolls, 733 kil. at 24 fr. 175-92
Charcoal, 160 kil. at 4 fr. . . 16-00
Labour, 2 men, per shift . . 18-00
Euel, coke 28 hect. at 1 fr. 24 c. . 31*25
Rectification, général charges . 13*00
Cleaning the apparatus . . 20*00

274-17

Sulphur recovered, 300 kil. at 24 fr. 72-00

202-17

Produce, 433 kil. of disulphide, or the kil.
costs nearly 47 c.

Carbon disulphide is produced at the rate of
probably not more than 1,500 tons per annum
in the United Kingdom ; it is not imported, nor
is it exported in any considérable quantity.

Carbon monosulphide. CS ? A red powder
obtained by exposing carbon disulphide to sun¬

light. Insoluble in water, alcohol, turpentine, and
benzene (Sidot, C. R. 69, 1,303 ; 74, 180 ; 81,32).

Carbon sesquisulphide C.,S;, ? Low, Z. 9,
173 ; 10, 20, C5S,? Raub. C. C."l870, 579. Ared-
brown powder formed by action of sodium on
carbon disulphide.

Carbon oxysulphide or carboxyl sulphide.
COS. Discovered by Than in 1867 ; occurs in
certain hepatic waters or minerai springs. Pre-
pared (1) by passing a mixture of carbonic oxide
and vapour of sulphur through a hot tube;
CO + S = COS.—(2) By the action of sulphuric
acid upon potassium thiocyanate.

CNKS + 2SOjH.,+ OH„
= COS + S04HK. + S04H(NH4).

(3) By heating together sulphur trioxide and
carbon disulphide; CS, + 3SO3 = COS + 4S0,
(Armstrong).—(4) By heating urea with carbon
disulphide in a sealed tube to 110°C.

COH4N2+ CS2 = COS 4- CNS.NH4.
The oxysulphide is given off together with
hydrogen sulphide on opening the tube, and the
latter is absorbed by passing through lead
acetate (Ladenburg). For other modes of pré¬
paration v. Watts' Dictionaky.

Properties.—Is a colourless gas smelling like
hydrogen sulphide, but with a slight aromatic
odour. It is readily inflammable and forais with
oxygen an explosive mixture. Water dissolves
its own volume of the gas and acquires its cha-
raeteristie smell and taste. A platinum wire
heated to whiteness in the gas décomposés it
into sulphur and carbonic oxide, the latter
occupying the original volume of the gas. It
has a spécifie gravity of 2-1046, and may be
easily poured from one vessel to another. When
burnt in ail-; it produces carbon dioxide and
sulphur dioxide. With caustic alkalis it yields
a mixture of carbonate and sulphide

COS + 4KHO = C03Kj+K2S + 20H2.
It is liquefied at a pressure of 12-5 atmosphères
and temp. 0°C. to a colourless, mobile, and
highly refractive liquid, which dissolves sulphur
and mixes with alcohol and ether, but not with
water. If the pressure is suddenly released,
solid flakes are deposited, and persist for some
time (Ilosvay, Bl. [2] 37, 294).

CARBONADO v. Diamond.
CARB0NITE v. Explosives.
CARDAMOM OIL. The volatile oil distilled

from the seeds of any of the many species of
cardamoms (called also grains of Paradise, 0 uinea
grains, and Malaguetta pepper, ail these names
being used in a somewhat indeterminate sense)
as Amomum Malaçjucta,Elettaria Gardamomum,
Elettaria major 01- Granum Paradisi, cultivated
in Ceylon and Malabar, and to a small extent
in Abyssinia. Sp.gr. of the oil 0*945. It is
nearly colourless, of a strong aromatic smell
and burning taste, and eonsists of a terpene
b.p. 170-178°, terpinene and terpineol C10HlsO,
b.p. 205-220°.

Cardamoms corne to this country as long-
shaped triangular seed capsules, having three
compartments ail filledwith small, rough, angular
yellow-1-ed seeds. The seeds yield about 5 p.c.
of the volatile oil ; tliey contain also a fixed non-
drying oil of a rancid smell. The oil sometimes
deposits crystals isomeric or identical with
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hydrate of camphene. The smaller kind of
cardamoms bave been found adulterated with
dried orange pips, détectable by close inspection.

CARDINAL-RED. Syn. Acid Magenta, v.
taiphentlmethane colouring matters.

CARDOL. A non-volatile oil found in the

pericarp of the Cashew nut, Anaeardium occi¬
dentale.

CARICIN. An oil found in tlie seeds of the

Papaw tree, Carica Papaya (Peckolt, Ph. [3]
10, 343).

CARMINE. The red colouring matter ex-
traeted from the cochineal insect. It is of some-

what variable composition, containing besides
the colouring matter some organic matter from
the insects and a little of the sait used to pre-
cipitate it from solution.

Préparation.—The powdered cochineal is
boiled with water, the solution filtered or al-
lowed to settle, and the colouring matter pre-
cipitated by addition of some sait, such as aluni,
stannous chloride, creamof tartar, Roman alum,
&c. The precipitate is alloived to settle, and col-
lected. Sometimes fish glue or wliite of egg is
added before précipitation. Carminé is some-
what soluble in water and very freely soluble in
alkaline solutions. The whole of the colouring
matter is immediately precipitated by alum in
the form of a lake.

In dyeing with carminé a mordant of alum
or stannous chloride is used. Kielmeyer reeom-
mends the following mixture for printing on
woollengoods; 14 kilos, gum, 17-5 kilos, cochineal
lake, and 2-25 kilos, fustie lake, are mixed and
warmed with 15 lit. water till the gum is dis-
solved, then i kilo, of oxalic acid and 1*75 kilo,
acid sodium oxalate added, and the mixture
allowed to cool, after which 2-25 kilos, sodium
acetate are added. After printing, the fabrie
must be dried for a day or two, steamed under a
sliglit pressure, and washed in a stream.

Détection of carminé in cloth.—Aleohol
takes no eolour from the cloth, but when it is
boiled in solution of aluminium sulpliate the
solution turns red and the colour is unchanged
by the addition of acid sodium sulphate.

The absorption spectrum of carminé in
alkaline solution is remarkable, -sliowing two
dark bands between the lines D and E very
similar to those of blood. Murexide and madder
show no such bands. When wine is coloured
with carminé the characteristie absorptionbands
cannot be seen unless more than 12 p.c. of the
total colour is due to carminé (Gautier), but the
adultération ean be detected by adding alum,
when the colour changes to a rose tint.

It is said that the finest shades of carminé can

only be obtained by working in direct sunlight.
CARMINIC ACID v. Glucosides.
CARMOISIN. Syn. for Azorubin, v. Azo-

coloukino matters.

CARMUEELLIC ACID Cl2H,,10,6. An acid
crystallising in thin plates formée! by the action
of nitric acid on oil of cloves (Muspratt and
Dawson, P. M. [4] 2, 293).

CARNALLITE. A double chloride of potas¬
sium and magnésium KCtëMgCL.^EÇO, found
at Stassfurth, Prussia, in a thick layer under
rock-salt beds, and accompanied by the minerais
Anhydrite, Kieserite, Tachhydrite, Sylvite,
Kainite, and Boraciie.

Analyses by Bose.
1 2

Magnésium chloride. . 31-46 30-51
Potassium chloride . . 24-27 24-27
Sodium chloride . . . 5-10 4-55
Calcium chloride . . . 2-62 3-01

Magnésium sulphate. . 0-34 1-26
Oxide of iron . . . . 0-14 0-14
Water (by dilï.) . . . 35-57 36-26

100-00 100-00
Hammerbacher found traces of caesium, rubi¬

dium, and thallium in Stassfurth carnallite and
in crystals resembling carnallite from a spring
of Nauheim.

Properties.—Amorphous masses of a fatty
lustre on fresh fracture, déliquescent and freely
soluble, leaving a residue of iron oxide.

Used as a source of potassium salts and as a
manure (v. Potassium).

CARNAUBA WAX v. Wax.
CARNINE C7H8N403. A crystalline sub¬

stance found in extract of meat, and obtained by
treating the aqueous extract with lead acetate
solution, and boiling the precipitate with water,
when carnine separates out on evaporating the
filtrate (v. Weidel, A. 158, 353 ; Schiitzenberger,
C. R. 78, 493; Kruckenberg a. Wagner, C. C.
1884, 107).

CAR0NY BARK v. Cusparia bark.

CARRAGEEN. Garageen, Garragheen, or
Carragaheen-, Fr., Gaëmen, Irish or Pearl Moss.
An alga (Chonclrus crispus) found on ail the
western coasts of Europe and on the east coast
of North America. In Ireland it is collected,
dried, and bleached in the sun. Found in com¬
merce as flat, dry, yellow-white pièces 2 to 3
inches long, usually branching, of a very faint
odour and mucilaginous taste, swelling in water
lilce gelatine. Alrnost completely soluble in boil¬
ing water; the solution sets to ajellyon cooling.
Contains a high percentage of nitrogen, and is
of value as a food in diseases of lungs and
général weakness, usually taken dissolved in hot
milk. It has also been applied as a size and for
stiffening silk, also occasionally in making jellies.

Sometimes found largely adulterated with
Gigartina mamillosa, which is less valuable and
recognised by its stalked fruits and channelled
stem (v. Algse).

CARRAWAY OIL v. Oils, essenti.al.
CARRIAGE VARNISH v. Varnish.
CARROT GUM v. Gusis.
CARROTIN. The colouring matter of Daucus

Carota. Found also in the leaves of plants and
in the tomato. Crystallises in small red plates,
insoluble in water, slightly soluble in aleohol,
readily soluble in carbon disulphide. Composi¬
tion unknown.

CARTHAMIN. The red colouring matter of
the Garthamus tinctorius or safflower (order
Compositœ) (Rose Végétal, Bouge Végétal, Pflan-
zenroth, but usually called carthamin, in French
and German), a red dyestuff found in commerce
as dry leaflets with brilliant peacock-green lustre
and a strong smell of lemons. An inferior quality
has a brown-red colour without lustre and an

unpleasant smell.
Préparation.—The flower-heads of carthamus

are placed in linen bags and kneaded in running
water till no more yellow colour appears, then
soaked in very dilute acetic acid and again
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washed in running water. In this proeess the
flowers lose about half their weight.

Stir with solution of sodium carbonate
(161bs. soda to 50 gallons water and 100 lbs.
safflower), let stand till elear, decant the liquid
and press the residue. Add to the solution ob-
tained as described 16 lbs. of fresh clear lemon-
juice and a quantity of linen or cotton rags ; ail
the colouring matter adhères to the rags. These
are removed, pressed, and placed in a solution
of sodium carbonate (10 lbs. soda to 40 gallons
water). The rags are removed from the solution,
whicli now contains ail the pigment, this is then
precipitated with just sufficient lemon-juiee, fil-
tered, and the precipitate dried on paper or por-
celain plates. This proeess produces the fmest
quality of carthamin.

Dyeing with carthamin.—The carthamin is
rubbed up with water and passed through a very
fine sieve into a large volume of water. The
article to be dyed is stirred with this solution
till the desired shade is obtained, then removed,
and dipped in a bath of alum or eommon sait ;
lastly, thoroughly washed and dried.

The best vegetable rouge is made from car¬
thamin by the following proeess. Carthamin
(or flowers of Liatris scariosa) is dissolved in
very dilute solution of sodium carbonate. A
quantity of very finely powdered chalk is added
to the solution, and then just sufficient acid or
lemon-juice to precipitate the colouring matter
which is carried down by the chalk. The pre¬
cipitate is filtered off, dried, and made into a
paste with olive oil. This is called Spanish
vegetable rouge.

The colour of carthamin is quickly destroyed
by light. Its use as a dyestuff has been con-
siderably restricted since the introduction of
eosin and the saft'ranines. Its composition is
C14H1s07 (v. Safflowek).

CARVACR0L v. Camphoes ; also Oils, es-
sential.

CARVE0L v. Camphoes.
CARV0L v. Camphoes.
CASCARA SAGRADA. The dried bark of the

Bhamnus Purshiana (De Cand.), a small species
of thorn-tree inhabiting the Pacific slopes of the
Rocky Mountains. For botanical eharaeters
seeHooker (Flora Bor. Amer. 43) ; Preseott (Am.
J. Ph. 1879,165) ; Moller (Ph. [3] 14, 467) ; Moss
(Ph. [3] 649,19. Cascara sagrada has been long
known as a catharticto thelndians andtrappers
of California ; but it has only recently been intro-
duced into American and European medicine.
Its physiological action is similar to the other
and better known Bhamnus Frangula (Linn.),
but the Purshiana is the more esteemed. Cf.
Kennedy (Am. J. Pharm. 1885, 496).

Preseott has made a very complété proximate
analysis of the bark. It contains three resins,
which may be separated from one another by
solvents, and a crystalline compound, together
with tannic acid, oxalic acid, malic acid, fixed
oil, volatile oil, wax, and a large proportion of
starch. The crystalline compound melts and
then sublimes just above 100°. According to
Limoisin (J. Ph. [5] 6, 80), Cascara sagrada con¬
tains chrysophanic acid, and the resins obtained
by Preseott are its décomposition products.
Emodin, which occurs in rhubarb root together
with a glucoside, yielding chrysophanic acid,

is also, according to Schwabe (Ar. Ph. 18S8,
569), a constituent of Cascara sagrada. This
compound, which is nearly related both in pro-
perties and constitution to chrysophanic acid,
is of a darker orange-red colour (v. Rhcbabb),
and is probably the ' frangulin ' of Wenzell
(Pharm. Bundsch. 1886, 79). Emodin is also
found in PJmmnus Frangula bark (Liebermann
a. Waldstein, B. 9, 1775). Cascara sagrada has
beenfurther examined by Meier and Webber (Ph.
[3] 18, 804) and Zeig (Ph. [3J 20, 173). A. S.

CASCARILLA BARK. The bark of Grotcrn
Cascarilla, or C. Elutcria, or ' seaside balsam,'
a euphorbiaceous tree growing in the West Indies.

Duval obtained from it a substance, casca-
rilline C12H]s04, which Alessandri (Ar. Ph. 220,
690) also isolated by extracting the bark with
oxalic acid, and precipitating the extract with
ammonia. This substance dissolves in liydro-
chloric acid, producing a rose-coloured solution,
which changes through purplish-red, violet, and
greento a sky-bluewithout the addition of water.
Boehm (P. J. T. [3] 16, 366) finds in addition an
alkaloid closely allied to cholin.

CASCARILLA OIL v. Oils, essential.
CASEIN v. Albumixoids.
CASHEW G1IM v. Gums.
CASSAVA. The name given to the starch

obtained from the roots of several species of the
Manihot, nat. ord. Euphorbiaceœ. Of these
the most important is Manihot utilissima, a
native of Central America, but now eultivated
in the West Indies, Africa, and other tropical
countries, yielding bitter cassava. Other species
are M. Garthaginensis and M. Aipi, from which
is derived sweet cassava. Gage, the Brazilian
traveller (1625), mentions the cassava tree;
whilst Humboldt found it to be in cultivation
in South America, and the bread made of it to
be the staple food of the natives. The plants
grow in the form of a bush to a height of five or
six feet. The tuberous roots form clusters of
from three to eight in number, fourteen or fifteen.
inches long, four to five inches thick ; they are
large and fleshy, and sometimes amount to thirty
pounds' weight on one plant. The tubers of
the. sweet variety are eaten when roasted or
boiled.

To obtain the starch the root is ground to
a pulp and pressed in bags. The residual mass
consists of a mixture of albuminous matter,
vegetable fibre, and farina, which is employed
in making cassava bread, whilst the expressed
liquor, after standing, deposits cassava starch.
This starch is exposed to the beat of the sun,
and forms what is known as Brazilian arrow-

root or tapioca flour. It is from cassava starch
that the article commercially known as tapioca
is prepared by stirring it whilst in a damp con¬
dition upon hot plates. The starch granules for
the most part burst during this opération, and
a number of coagulated nodules results, in which
form it is familial' in this country (v. Tapioca).
The milkyjuice in the sweet variety is innocuous,
whilst that in the bitter is highly poisonous,
owing to the presence in it of hydrocyanic acid.
Since, however, the active principle is volatile,
it is easily dissipated by heat ; so that in the
case of the bread made from the residue, no
deleterious elïects survive the cooking of the
cakes.
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Examined under the microscope, granules of
cassava starch show one rounded and one

truncated end ; the hilum is distinct, and placed
near the rounded end. They vary in size from
•0003 to '001 inch in lengtli, and from -0003 to
•0008 in breadth. No différence appears to exist
in the character of the starch of bitter and sweet
cassava ; and in its chemical aspect it in no way
varies from other starehes.

CASSEL EâRTH, or VANDYKE BROWN, v.
Pigments

CASSEL YELLOW. Oxychloride of lead.
A pigment also known as Twrner's Yellow,
Mmtpelier Yellow, Minerai Yellow, and Patent
Yellow.

CASSELMAN'S GREEN. A pigment made
by mixing boiling solutions of copper sulphate
ani an alkaline acetate.

CASSIA. The bark of Cinnamomum cassia,
a tree belonging to the order Lauraceœ or true
laurels. It is grown in China, Java, &c. C.
Cassia furnishes a bark which is much like cin-
namon (G. seylanicum), but thicker, coarser.
Etranger, less delicate in flavour, and cheaper ;
hence it is frequently used to adulterate cinna-
mon. The bark is stripped oiï the branches,
when it rolls up in the form of quills. It is said
to be preferred to cinnamon itself by some
chocolaté makers on aecount of its stronger
flavour. The unopened flower-buds are also sold
under the name of ' cassia-buds,' and possess
similar properties to the bark. Other species of
tbe genus afford aromatic barks, e.g. C. Culi-
lawan, native to Amboyna, the bark of which has
a flavour of cloves ; C. iners, a native of Malabar,
of which also the seeds are used medicinally.
The bark known as clove-cassiais obtained from
Dieypellium caryophyllatum, which is also a tree
of the laurel family growing in Brazil.

The employment of cassia as a sophisticant
of the more esteemed and more costly bark of
cinnamon when in the ground state may usually
be detected by adding tincture of iodine to a
décoction of the powder; when, since cassia con-
tains more starch than cinnamon, the substance
will tum blue ; but, where inferior qualifies of
the true cinnamon have been examined, their
constitution has approached that of the coarser
bark of cassia, and this test has proved un-
certain. Cf. O. Hehner (Analyst, 1879, 225-
228).

Cassia bark is thicker, redder, stronger to the
taste than cinnamon. The powder under the
microscope exhibits a général resemblance to
cinnamon, but it will be seen that cassia differs
from cinnamon in its coarser structure, and
especially in the greater size and number of its
starch corpuscles.

Cassia yields by distillation an essential oil
largely used in perfumery, especially for produc-
ing the scent in Brown Windsor soap [v. Oils,
essential).

CASSIA OIL v. Oils, essential.
CASSIA TORA or TAGEREY-VEREY. This

plant produces grains known in the East Indies,
Arabia, and Japanas Tara, but which are known
in Pondicherry and other parts of Hindostan as
Tagerey-verey. It is regularly used as a com-
ponent of the indigo vat in dyeing, apparently
serving the same purpose as the bran-madder or
molasses used in Europe.

The native dyers use the Tagerey-verey in the
following manner. To dye about 200 yards of
cloth, about lljlbs. of the grain are steeped in
from 5 to 6 gallons of cold water, and then
boiled for about four kours. The grains are
swollen and softened by this treatment, and the
water becomes thiek and gummy. The whole of
this is added to the indigo vat, and allowed to
stand for fifteen hours, when the vat is ready to
dye.

CASSITERITE. Native stannic oxide Sn02
v. Tin.

CASSIUS, PURPLE OF, v. Gold.
CASTILE SOAP v. Soap.
CASTOR 01' CASTOREUM (Bibergeil, Ger.).

A name given to a sécrétion of the beaver (Castor
fiber), contained in pear-shaped cellular sacs
(found near the génital organs of the maie and
female animal), which are eut off and dried, to
prevent the skin being affected by water. It is
a substance analogous to civet and musk, and is
of the consistency of thick honey and unctuous
to the touch. The interior substance is solid, of
a dark brown or black colour. It has a faint smell,
softens when heated, but becomes brittle when
cold. When chewed, it sticks to the teeth like
wax. It has a bitter acrid taste, and a fœtid,
penetrating smell. Its fracture is shining, and
when the substance is genuine it shows frag¬
ments of membrane indicating organie structure.

Three varieties are said to exist, the Russian,
Bavarian, and American or Canadian, the first-
named variety containing about 2 p.c. of the
volatile oil, while the last contains only 1 p.c.

Wôhler obtained phenic and benzoic acids
and salicine from it. Lehmann found bile in a

fresh sample together with alkaline urates,
sebates, and an albuminoidal substance. Laugier,
Brandes, Batka, Bouillon, Lagrange, and Hilde-
brant have also examined it. By extracting it
with 6 times its weight of alcohol a colourless
substance castor in has been isolated. Used in
medicine and perfumery.

CASTOREUM RESIN v. Resins.
CASTORIN v. Resins.
CASTOR OIL v. Oils.
CATECHIN v. Catechu.
CATECHU. This product, formerly called

Terra japonica, is an extraet prepared by boiling
in water the wood, fruit, and leaves of certain
plants growing in India and other Eastern coun-
tries. The décoction is evaporated to a syrup
which solidifies on cooling, and forms a dark-
hrown or brownish-yellow earthy or resin-like
substance. There are several varieties of catechu
or cutch, bearing différent names according to
the conntry or plants from which they are
obtained. The following are those prineipally
employed by dyers and tanners: Bombay catechu,
Bengal catechu, and Gambier catechu.

Bombay catechu is prepared from the wood
and fruit of the catechu palrn Areca catechu.

Bengal catechu is made from the twigs
and unripe pods of Mimosa catcchu.

These two varieties are similar in appearance,
being sold in the form of large blocks of a dark
brown colour, and showing a more or less lus-
trous fracture. They are imported from the
East Iudies, Java, Singapore, Pegu, &c.

Gambier catechu, also called Cubical and
Yellow catechu, is obtained from the leaves of
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the shrub 'Uncaria gambier, and oocurs in com¬
merce in the form o£ small cubes. It is o£ a

paler and yellower colour than the other varie-
ties, it is also more porous and exhibits a dull
earthy fracture. It is imported from Batavia,
Singapore, &c.

Kino or Gum kino is also a variety of catechu,
but of less importance than the foregoing. It is
furnished by Butea frondosa and Pterocarpus
marsupium, and oecurs in commerce in irregu-
lar blocks of a deep reddish-brown colour, and
showing a highly lustrous fracture. In Europe
it is used in medieine or otherwise, but not for
dyeing. AU the above products have a strong
astringent taste, are more or less soluble in cold
water, and almost completely so in boiling
water. Ail are rich in tannin matter, their
aqueous solutions giving voluminous précipi¬
tâtes with gelatin and with sulphuric acid; with
iron salts they give green eolourations. Catechu
is sometimes adulterated with sand, clay, blood,
starch, &c. Good catechu should not contain
more than 5 p.c. ash or more than 12 p.c. of
matter insoluble in boiling alcohol.

Catechu is mainly composed of two principles,
Cateehin and Catechu-tannic acid, toge-
ther with a brown amorphous substance.

Catechin, the most important constituent, is
best prepared from Gambier catechu by first dis-
solving out the catechu-tannic acid with cold
water, and boiling the residue with water and
filtering hot. On cooling, crude catechin separates
out. It is purified by redissolving in hot water,
boiling with animal charcoal to deeolourise it,
filtering hot and allowing to cool, these opéra¬
tions being repeated several times. It rnay also
be purified by fractionally precipitating the hot
solution with lead acetate. The last formed
white preeipitate is washed with water, and
freed from lead by means of hydrogen sulphide ;
the residue is dissolved in boiling water and
filtered hot. On cooling, pure catechin separates
out. Etti's method of purification is to dissolve
the crude catechin in dilute alcohol, filter, and
remove the catechin from the filtrate by shaking
up with ether ; after distilling off the ether, the
residue is dissolved in water and left to crystal-
lise., The deep-red alcoholic solution, whieli
remains after the removal of the catechin by
ether, deposits on evaporating and cooling a red
preeipitate of Catechin-red.

Pure catechin is a white crystalline powder
composed of minute silky needles. It melts at
217°C. and décomposés at higlier températures,
producing pyrocatechin and protoeatechuic acid.
It is only very slightly soluble in cold water,
but readily so in boiling water, alcohol, and
ether. Its aqueous solution is neutral to litmus ;
it gives a dark chrome-green preeipitate with
ferrie chloride, or, if sodium acetate be présent,
an indigo-blue colouration instead. When dis¬
solved in alkaline carbonates the solution
rapidly absorbs oxygen and becomes dark red ;
by addition of an acid, a dark-red amorphous
preeipitate is produced of so-called rubinic acid,
a very unstable substance. If caustic alkalis
were the solvents employed, a dark-brown, almost
black, compound named japonic acid is pre-
cipitated under similar conditions. Even aque¬
ous solutions of catechin slowly undergo the
same altération by mere exposure to air, or it

may be at once efïected by boiling with bichro¬
mate of potash. This property of catechin, of
readily yielding, when submitted to oxidation,
brown insoluble matters, forms the basis of the
application of catechu in dyeing and printing.

When catechin is fused with potassium hy¬
drate it is decomposed, forming protoeatechuic
acid and phloroglucin. This reaction, togethei
with the composition of the anhydrides of cate¬
chin, leads Etti to consider that it contains the
residues of 2 mois, phloroglucin and of 1 mol. of a
hypothetical tetrahydrogenised protoeatechuic
acid, thus : itsem-

pirical formula being Cl9H]sOs. In a later pub¬
lication (Monatsch. f. Chem. 2, 547-557) Etti
changes this formula to C,9H,0Os, and considéra
the body referred to as having been a rnethyl
derivative of catechin, to which latter he now

gives the formula ClsH,8Os. When catechin is
heated to 140°C. with dilute sulphuric acid, it
yields along with a red anhydride large quanti¬
fies of pyrocatechin and phloroglucin, bodies
which are also obtained by careful treatment of
catechin with melting caustic potash. Etti
therefore finally considers catechin to be derived
from 1 mol. pyrocatechin and 2 mois, phloro¬
glucin. The constitution and even the compo¬
sition of catechin cannot, however, be regarded
as definitely settled. Very numerous formulai
indeed have been assigned tp catechin by différent
chemists, the discrepancies being due, according
to Etti, to the différent mode of drying adopted
by the several experimenters, since catechin by
heating or even standing over sulphuric acid
loses not only water of crystallisation but a fur-
ther quantity whereby it yields various anhy¬
drides. Liebermann and Tauchert consider
cateehin as crystallised from water to have the
formula C2)H„0O9 + 5H.,O, eonfirming it by the
analyses of diacetyl-, dichloracetyl-, and mono-
bromacetyl-catecliin, ail of which are crystalline
compounds. When catechin is boiled with
dilute sulphuric acid without access of air, or
with alcohol containing hydrochloric acid, it is
decomposed and yields a brown amorphous sub¬
stance, called catecliuretin, which according to
Etti is identical with the tetra-anhydride of
catechin (2C19HlsOs—411,0) obtained by heating
catechin for half a day with concentrated hydro¬
chloric acid in a sealed tube at 160°-180°C. In
cold dilute minerai acids catechin dissolves
without altération, strong acids, however, dé¬
composé it. Treated with concentrated sulphuric
acid it gives a deep purple liquid. With con¬
centrated nitric acid it yields a substance
analogous to pieric acid. With solutions of
gelatin, tartar ernetic, and starch, catechin gives
no preeipitate. An alcoholic solution of catechin
diluted with water reacts with a solution of
diazobenzene chloride, giving a reddish-brown
crystalline preeipitate (Etti) (Weselsky).

Catechu-tannic acid forms that portion of
catechu which is soluble in cold water. Accord¬
ing to Loewe it may be prepared in the pure
state by boiling pulverised catechu with water
and allowing the décoction to stand for several
days. The precipitated catechin is filtered off,
and the filtrate îs evaporated to dryness ; the
residue is dissolved in alcohol and filtered, and
any lime présent in the filtrate is removed by
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sulphuric acid ; excess of the' latter is then re-
moved by lead carbonate, and a subséquent
treatment with hydrogen sulphide removes any
lead in solution. After precipitating various
resinous matters with ether, the flltered solu¬
tion is evaporated to dryness and the residue
is dissolved in water. The solution is agitated
with ether to remove traces of catechin, and on
evaporation leaves pure catechu-tannic acid.
According to Stenhouse and Groves the most
convenient process for making pure catechin
and catechu-tannic acid is the one founded upon
the solubility of the former and the insolubility
of the latter in dry ether.

According to Etti catechu-tannic acid is
identical with the mono-anhydride of catechin
(2C„H]909—HjO), and with Catechin red, and
may be prepared by drying catechin for several
days in a vacuum over sulphuric acid, and after-
wards heating in an air bath to 127°C. It is
also produced rapidly by boiling a sodium car¬
bonate solution of catechin. Etti has prepared
a dianhydride by boiling the mono-anhydride
with dilute sulphuric acid, also a trianhydride
by a similar treatment of catechin.

Catechu-tannic acid is readily soluble in
water, and in alcohol, but not in dry ether. Its
aijueous solution is precipitated by gelatin, and
with tartar emetic. Ferrie salts produce a
greyish-green precipitate. With alkalis it forms
soluble salts whose solutions rapidly oxidise on
exposure to air and assume a reddish colour.
It does not yield glucose on boiling with dilute
sulphuric acid, and differs, therefore, in this re¬
spect from the tannic acid of gall-nuts. Catechu
maycontain from about 35 to 55 p.c. of catechu-
tannic acid according to its source.

Dyers utilise the colouring properties of both
catechu-tannic acid and catechin, whilst the
calico-printer requires chiefly the catechin.
Catechu is chiefly employed in cotton-dyeing
for the production of browns, the cotton is im-
pregnated with a décoction of catechu, and then
passed through a boiling solution of bichromate
of potash. Catechu is also employed for colouring
and rendering less liable to rotting fishing-nets
and sails ; it is also used for tanning and as an
astringent in medicine.

Literature.—Guibourt (J. Ph. [3] 11, 24, 260,
360 :12, 37,183,267). Delffs (J. pr. Ph. 12,162).
Nenbauer (A. 96, 337). Nees and Seubeck (A. 1,
343). Zwenger (A. 37, 320). Hagen (A. 37, 336).
Van Delben & Kraut (A. 128, 285). Hlasiwetz
and Malin (A. 134,118). Schiitzenberger and Eack
(Bl. [2] 4, 5). Stenhouse (Pr. 11, 401). Sacc
(A. 96, 337 ; C. R. 53, 1102). Gautier (Bl. 28,
147; 30, 567 ; C. R. 85, 342). Liebermann and
Tauchert (B. 13, 694): Etti (A. 186, 327 ; B. 14,
2266 ; Bl. [2], 24, 119 ; Loewe, J. pr. 105, 32, 75 ;
Z. [2], 5, 538). Applications (Bl. Ind. Mulhouse,
12, 354, 373 ; 13, 291 ; 14, 186, 197 ; 22, 311 ;
34, 310 ; D. P. J. 2, No. 1, 1815). J. J. H.

cathartic acid v. Senna leaves.

cathartin v. Senna leaves.

cathartogenic acid v. Senna leaves.

cathartomannite v. Senna leaves.

cai's-eye, african, v. Ckocidolite.
cayenne pepper v. Resins.
cedar oil v. Oils, essential.
cedar camphor v. Cameiiors.
Vol. l.-T

cedra. Cédrat, Fr. The fruit of a species
of orange, citron, or lemon. The peel is very
thick, eovered with an epidermis containing a
fragrant essential oil, used for flavouring pré¬
serves, also used whole for wet comfits, and eut
in quarters for dry comfits. A liqueur is made
from it by gathering the fruit before it is ripe,
and grating the peel into brandy.

celestine or celestite ; native Stron¬
tium suljihate (v. Strontium).

celluloïd is an intimate mechanical mix¬
ture of pyroxylin (gun-cotton or collodion-cot-
ton) with camphor, first made by Hyatt, of
Newark, U.S., and obtained by adding the pyr¬
oxylin to melted camphor, or by strongly com-
pressing the two substances together, or by
dissolving the constituents in an appropriât®
solvent, e.g. alcohol or ether, and evaporating to
dryness. A combination of the two latter
methods, i.e. partial solution with pressure, is
now usually adopted.

The pyroxylin employed is generally the
tetl'a- and penta- nitrated cellulose

C.JT^NCyA. and C12H15(NO2)5O10,
the hexanitrate (gun-cotton) being but seldom
used on account of its explosive properties. Care
is taken to prevent the formation of the hyper-
nitrate by immersing the cellulose in only mode-
rately strong nitric acid, or in a warm mixture of
nitric and sulphuric acids. Thin paper, either
in small pièces or in sheets, is immersed for
about twenty minutes in a mixture of 2 parts of
nitric acid and 5 parts of sulphuric acid, at a
température of about 30°, after which the nitrated
cellulose is thoroughly washed with water to
remove the last traces of free acid, pressed, and,
whilst still moist, mixed with the camphor.

In the process of Tribouillet and De Besancèle
the cellulose, which may be in the form of
paper, cotton, linen, &c., is twice nitrated—first
in the acid mixture employed in a previous
opération, and secondly in a fresh mixture of 3
parts sulphuric aCid, of l-83 sp.gr., and 2 parts
eoneentrated nitric acid containing nitrous acid.
After each nitration the mass is subjected to
pressure and is then earefully washed with
water, to which, at the last, a small quantity of
ammonia or caustic soda is added to remove the
final traces of acid.

The imprégnation of the pyroxylin with the
camphor is effeeted in a variety of ways. The
usual proportion of the constituents is 2 parts
pyroxylin and 1 part camphor. In Tribouillet
and De Besancèle's process 100 parts of pyroxylin
are intimately mixed with from 40 to 50 parts
camphor, and moulded together by strong pres¬
sure in a hot press, and thereafter dried by
exposure to air desiceated by calcium chloride or
sulphuric acid. The usual method, however, is
to dissolve the camphor in the least possible
quantity of alcohol and sprinkle the solution
over the dry pyroxylin, which is then eovered
with a second layer of pyroxylin, and the whole
again treated wit.h the camphor solution, the
addition of pyroxylin and camphor solution
being repeated alternately until the requisite
amount of celluloïd mixture is obtained. The
mass which sinks together in transparent lumps
is worked for about an hour between cold iron
rollers, and then for the same period between
rollers which can be gently heated by steam.

G G
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The laver of celluloïd surrounding the rollers
is then eut away and again pressed, the resulting
cake, which is now about 1 cm. thick, being eut
into plates of about 70 cm. long, and 30 cm.
broad ; these are placed one above the other
and strongly pressed together by hydraulic pres¬
sure at a température of about 70° for twenty-
four hours. The thick cakes are once more eut
into plates of the desired thickness, and placed
in a chamber heated to 30°-40° for eight to four-
teen days, whereby they become thoroughly dried
and are ready to be fashioned into various ar¬
ticles either by being moulded whilst warm
under pressure, or by being eut or turned. Occa-
sionally other liquids, e.g. ether and wood-spirit,
are used in place of alcohol as solvents for the
camphor.

Celluloïd may he readily coloured by means
of various pigments, used either in solution or
in suspension, and added to the mixture of
pyroxylin and camphor before it is subjected to
pressure. 'Marbled' celluloid is made by
pressing plates of the differently coloured "ma-
terial together. Imitation tortoise-shell, used
largely for the manufacture of combs, &c., is
made by squeezing together plates of transparent
yellow celluloid, with similar plates coloured
with various shades of brown, &c.

Celluloid is highly inflammable, but non-ex¬
plosive even under pressure ; hence it may be
worked under the hammer or between rollers
without risk. It softens in boiling water, and
may then be readily moulded or pressed into
various forms. Its spécifie gravity varies slightly
with its composition and with the degree of
pressure to which it has been subjected : it is
usually about l-35. It appears to be merely a
mixture of its .components, since by treatment
with appropriate solvents the camphor may be
readily extracted, and on heating the pyroxylin
burns away whilst the camphor volatilises. On
account of its hardness and elasticity, and the
ease with which it may be worked, polished, and
coloured, celluloid is cxtensively used as a sub-
stitute for horn and ivory in the manufacture of
knife-handles and combs, and for imitating am-
ber, tortoise-shell, coral, malachite, &c. ; v. Bock-
mann, Das Celluloid, Leipzig, 1880 (D. P. J.
235, 203 ; 239, 62 ; W. J. 1878,1162 ; 1881,949).

CELLULOSE, considered physiologieally, is
the main product of vegetable life. It is the
preponderating constituent of ail vegetable tis-
sues, and essential to the cell as the structural
unit. For while the synthesising activity of the
cell is identified with its protoplasmic contents,
its main function is the building up of non-
nitrogenous substances, of wliich cellulose is the
chief ; élaboration of cellulose, in fact, is synony-
mous with growth.

By cellulose we understand the residue from
the exhaustive alternate treatment of vegetable
tissues with alkaline solvents and weak oxidants.
No cellulose is isolated on the large scale except
as the resuit of a ehemical treatment, more or
less drastie, of the fibrous raw materials ; and ail
that we know of cellulose as a chemical indi-
vidual results from the study of products so
obtained. The typical cellulose is the substance
of bleached cotton, the bleaching process, such
as above described, removing the substances other
than cellulose with which it is associated in the

plant. So obtained it is a white substance,
translucent when viewed under the microscope,
but more or less opaque ■ in the mass. This
appearance is a conséquence of the peculiar
form of the cotton fibre, a flattened thin-walM
tube, the fibrillas of which are membranously
disposed. The reactions of cellulose are few. One
of these may be mentioned here as being avait
able for its identification, viz., its property oi
giving a blue reaction with iodine solution in
presence of or after treatment with dehydrating
agents. The sp.gr. of cotton cellulose is 1-45.
Its empirical composition corresponds to the
formula «((UHuO,,), by which, together with
its constitutional relationships, it cornes tobe
included in the group of the carbohydrates.

Cellulose contains minerai constituent^
which remain as an ash after burning away the
1 organic ' portion. This ash usually takes the
form of a complété skeleton, preserving the
structural features of the original fibre. Tkough
small in amount (OT-O-2 % of the cotton),
it is not to be regarded as an impurity, nor its
presence as accidentai. We shall not hâve
occasion, however, to mention the minerai con-
stituents of fibres othenvise than incidentally and
in the aggregate, and in speaking of the fibre
constituents we shall regard only the ' organic '
components.

Another inorganic constituent, essential to
the fibre under ordinary atmospheric conditions,
is its hygroscopic moisture or toater of condition.
The quantity usually présent in cotton is 6-7 p.c.,
varying necessarily with the température and
the dew point. There are many considérations
which lead us to regard this water as ' water of
hydration.'

Cellulose is a typical colloid, and when fully
hydrated takes a gelatinous form in which it is
indistinguishable from other members of the
group, e.g. silica and alumina. With the pro¬
cess of life there is a graduai and molecular dehy-
dration of the tissues, and a progress from the
gelatinous and ' amorphous ' condition to the
specialised forms of maturity. Dehydration of
a vegetable tissue by exposure (after isolation)
to air, but more especially by contact with alco¬
hol, confers in a measure the properties which
distinguish the fully elaborated celluloses. And
vice versd, the rehydration of these celluloses
by artificial means may be regarded as, in a
limited sense, the reversai of the process of
growth. On another view it is sufficiently évi¬
dent that the commerce in water which is so

prominent a feature and condition of plant life
dépends upon a bond of union much stronger
than surface adhésion, in other words upon
molecular attraction, and the relationships which
subsist between plant and soil, upon the capa-
city for an indefinitely wide range of hydration
changes which characterise their colloid con¬
stituents.

These theoretical considérations préparé tho
way for a brief account of the action of hycko-
lytic and dehydrating agents upon our typical
cellulose.

Ammonio-copper reagent (Schweitzer's Ri-
agent).1 A solution of cupric hydrate in strong

1 Although this reagent is known under the naine of
Schweitzer, its action appears to hâve been first studied
by John Mercer (Life of John Mercer, London, 1886),
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ammonia, préparée! in any convenient way so as
to contain no saline impurities, has a very re-
markable action on cellulose. In contact with
it the fibre gelatinises, and finally disappears in
complété solution. Erom this solution various
neutral précipitants, such as salts of the alkali
metals, precipitate a blue, gelatinous, hydrated
compound of copper oxide and cellulose; the
combination, however, is easily resolved by
rashing with weak ammonia or by dilute acids.
By dilution of the viscous solution the cellu¬
lose is precipitated ; the précipitation, however,
requires some days for its completion. It has
been concluded from the effect of simply diluting
tbat the cellulose is not actually dissolved in the
solution, but an investigation of its osmotic
properties proved the contrary (Cramer).

Acids precipitate the cellulose at the same
time that they redissolve the copper oxide ; the
precipitate has the appearance of the gelatinous
hydrate of alumina, and dries, similarly, to a
hard horny mass. The précipitation of the
cellulose by acids is complété ; we may therefore
conclude that its solution by the reagent is
unattended by molecular transformations. Other
celluloses, unlike that of cotton, are only incom-
pletely reprecipitated, a portion remaining dis¬
solved as a hydrated modification ; from this we
infer for them a différent molecular aggregation.
On adding lead acetate to the solution of cellu¬
lose in the ammonio-copper reagent a precipitate
is obtained of a compound of cellulose with lead
oxide, but in variable proportions. The com¬
pound (CaH]0O5.l?bO) is formed by the action of
lead oxide on the above solution.

We are not aware that any explanation of
the solvent action of this reagent has been at-
tempted. We can only assume that the action
of either constituent is spécifie. The aldehyaic
constitution of cellulose (infra) would account
for the part played by the ammonia; that of
the cupric hydrate is probably due to some par-
ticular relationship of its molecular weight in
solution to that of the cellulose or cellulose
hydrate formed. In confirmation of this view
ire may cite in anticipation the intensification of
the hydrating action of solutions of caustic
soda which results from the addition of hydrated
zino oxide.

Technical application : ' Willesden ' paper.—
When the solution in question is evaporated to
dryness a gummy amorphous mass is obtained
containing the cellulose intermixed with copper
oxide. On the other hand, when the ammo¬
niacal solution of copper oxide is evaporated on
the surface of paper, calico, &c., after merely
dipping in the solution, a green varnish-like
compound of cellulose and copper oxide is left,
coating the surface of each fibre, welding and
cementing them togethsr. This compound, in
addition to having antiseptie properties, commu-
nicates water-resisting properties to the fabrics
so treated. Two classes of these ' Willesden '

goods are manufactured : (1) Eope cordage and
netting are dipped in the solution and after-
wards dried, the effect being a superficial con¬
version into the cupro-cellulose compound ; (2)
canvas, ' scrim,' and paper, which are treated in
the reel, being wound from one roller on to
auother, through the cuprammonia solution
and over drying cylinders. Of the paper two

kinds are made, welded and unwelded. In the
former two or more sheets, or welts, are rolled
together, after being superficially gelatinised by
the solution, into one compact homogeneous
sheet. The product is a fabric of great dura-
bility, being scarcely affected by water even when
heated in it for some weeks at a pressure of
60 lbs. per square inch (S. C. I. 1884, p. 121).

The action of the reagent above described is
rather one of hydration than of hydrolysis, and
the action of solutions of the caustic alkalis
(pc.tash and soda) may also be generally so
described. Cotton cellulose is less susceptible
to attack by these reagents than other forms of
cellulose similarly obtained from the raw fibrous
substances (viz. by treatment with either chlor-
ine or bromine in presence of water and dis-
solving out the products of the reaction with
boiling dilute alkaline solutions, or by processes
strictly comparable with this, such as those
employed by the textile bleacher and paper
maker). While these solutions are practically
without action on cotton cellulose through a
wide range of température, the celluloses from
Ehea, jute, Esparto, and even flax (bleached
linen) are attacked and slowly converted into
soluble products by boiling with dilute alkaline
solutions. If this is true with the isolated
celluloses it is à fortiori the case with the
celluloses under the process of séparation from
combination ; and when higher températures
are employed, as in the pressure boilings of the
papermaker and textile bleacher, the extent of
the conversion, i.e. loss of weight, may be con¬
sidérable. Other attendant results are also note-
wort.hy. The drying of the fibres or fabrics
after the processes of purification are complété
must not be regarded as a mere desiccation.
Those which are susceptible of this action of
the alkalis give evidence of the altération sus-
tained, by hardening of the fibres when quickly
dried ; when the hydration has been considérable
the contiguous fibres are agglutinated into wiry
strands. A regulated dehydration by alcohol, or
graduai drying, will be found to obviate the latter
resuit. These considérations are of importance
in their application to the ' finishing processes '
which textile fabrics undergo after bleaching,
andto the behaviour of paper pulps when dried
on the machine. The greater bulk of cotton
goods is dried by the direct application of heat
by passing them over heated drums. Linens, on
the other hand, are stretched on frames in a

loft, in which a médium température (25°) is
maintained, and are pulled out by hand across
the weft during the whole time of drying. Also
in the after-processes of beetling &c. the cloth is
most earefully ' conditioned ' by suitable applica¬
tion of water or exposure to the atmosphère.
The highest qualities of papers also, instead of
being rapidly dried on hot drums, are dried at
only slightly elevated températures by passage
of the web over a long sériés of hollow drums
made of wire gauze, in the centre of which fan!
revolve in a direction contrary to that of the
motion of the paper ; or by the still more
graduai process of exposure, in the form of
sheets, to the ordinary atmospheric tempéra¬
ture (loft-dried paper). Another important
point in connection with the ' conditioning ' of
paper is the altération of tensions on damping
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ihe sheet, as in the ordinary process of printing,
producing in many cases the well known effect
o£ ' cockling.' Papers made from certain pulps,
e.g. ' sulphite cellulose ' (from wood), cannot be
printed except by the dry process.'

The action of concentrated solutions of the
alkalis at ordinary températures was first studied
by Mercer. On treatment with solutions of
caustie soda of sp.gr. l-23-l'28 at the ordinary
température, the cotton fibre undergoes a re-
markable change ; it swells, shrinks in length,
and becomes transparent. The effect on cotton
cloth may be described in Mercer's own words :
' I spotted bleached cambric with single drops
of caustic soda solution (1*3 sp.gr.), and notieed
that the central portion of each drop became
semi-transparent and contracted ; around this
was a l'im neither semi-transparent nor con¬
tracted, which evidently contained but little
soda.' Many interesting particulars of these
phenomena and suggestions of teehnical applica¬
tions will be found in the Life of Mercer already
cited ; also in his spécification of the patent in
which he elaimed the application of the results,
and in the investigations of Crum (C. J. 1863)
of the comparative properties and mieroseopie
features of ordinary and mercerised cotton. We
can only deal here with their more essential
features. The linear contraction in the case of
cloth is about 25 p.c. ; the increase of strength
(measured by the breaking strain on isolated
threads) is about 50 p.c. After the treatment
the cotton shows an increase of weight of 5
p.c., due entirely to excess of hygroscopic
moisture over that of the untreated cotton. Ex¬

périmental evidence shows that the action of
the alkali is the resuit of its combination with
the cellulose, in the molecular proportion, ac-
cording to Mercer, C12H20O10]Sra2O, the combina¬
tion being resolved on washing the fibre, water
taking the place of soda to form the correspond-
ing hydrate C12H20O10H,O ; the percentage in¬
crease calculated for this degree of hydration
being 5-5 p.c. This water of hydration, though
easily expelled on heating, is reabsorbed on ex-
posure to the atmosphère. This fact confirms
the view already advanced as to the ' mole¬
cular ' character of the ' hygroscopic moisture '
of celluloses. The ' mercerised ' cotton, when
exhaustively treated with alcohol for the removal
of the excess of alkali, still retains a proportion
of the latter eorresponding to the formula
2Cl2H20Olo.Na2O (Gladstone). The compound is
easily decomposed by water and by carbonic
acid.

These reactions of cellulose with the caustic
alkalis vary considerably with the tempéra¬
ture of the solution, the variations being
the inverse of those which are usual in che-
mical reactions, the effect being retarded by in¬
crease of température. With solutions of the
strength above indicated the ordinary atmo-
spheric température is most favourable. Weaker
solutions, on the other hand, which are without
action at this température, may be rendered

1 Tlie strength, as determined by the breaking strain,
o£ a paper is further known to sliow considérable varia¬
tions with variations in its hygroscopic conditions, and
therefore in the hygrométrie state of the air, a further
evidence that the relationships of cellulose to water are
molecular (vide Reports of the Papierpriifungs-Austalt,
Berlin ).

active by cooling. Mercer found that the greatest
effect was obtained upon paper by immersion in
a solution prepared by mixing caustic soda solu¬
tion of 1-35 sp.gr. with 70 p.c. of its weight of
snow or ice, the température of the mixture
being below 0°E. It is remarkable tbat the
addition of certain hydrated oxides soluble in
caustic soda, such as the oxide of zinc, also in.
creases the activity of the alkali. Thus a solu¬
tion of 1-1 sp.gr., which bas no sensible action
on cellulose, becomes active when zinc oxide is
dissolved in it in the molecular proportion of
1:4.

This remarkable modification of the cellu¬
loses resulting from the action of the alkalis
has not received the wide teclinical application
which it appeared at the time of its discovery
to promise, not only by reason of the properties
already notieed, but in ' the greatly augmente!
and improved powers of receiving colours m
printing and dyeing ' (Mercer, Z.c.). The only
applications of mercerised cotton which are at
ail noteworthy are in the préparation of piece
goods for turkey-red dyeing and in the manu¬
facture of calico-printer's blankets for machine
printing.

The action of chloride of zinc in strong
aqueous solution is similar to that of the caustic
alkalis, and was included by Mercer in the patent
spécification above cited. The action of dilute
sulphuric acid we find also included, and tire
changes which it and the other minerai acids
détermine must also be considered as changes
of hydration, but iu many respects they are
différent, and in some cases opposite, in charac¬
ter and effect.

Sulphuric acid at sufficient dilution (sp.gr.
1*35), nitrie acid of sp.gr. 1-3, and concentrated
hydrochloric acid, gradually disintegrate cellu¬
lose fibres at ordinary températures ; the first
action, on the other hand, is a toughening, ac-
companied by linear shrinkage. This action is
applied in the laboratory for toughening filtered
papers which are to be exposed to any considér¬
able strain. The most convenient reagent is
nitric acid (sp.gr. 1-3), the action of which is
almost instantaneous (Francis, C. J. 1885,183).
Cellulose exposed to cold concentrated hydro¬
chloric acid is converted in part into soluble
derivatives, but the greater proportion into a
friable modification resembling the original
cellulose in ail other essential features. This
product was investigated by Girard (C. E. 81,
1,105), and termed by him ' hydrocellulose,'1 in-
dicating that it is a hydrated derivative. The
conclusions of Girard, however, appear to be
doubtful, the evidence rather favouring the view
that it is a dehydrated or condensed derivative,
differing, however, but insensibly in empirical
composition from the original cellulose (S. C. I.
4, 7).

A similar disintegration results from the es-
posure of cellulose to high températures. This
has been the subject of spécial investigation by
Scheurer and Grosseteste (B. Mulhouse, 1883,62),
who found that the fibre is unaltered by pro-
longed exposure to températures below and
up to 150° ; but at a few degrees above this
point a very rapid disintegration occurs, showii

1 Altered by Witz to hydraeellulose.
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by the loss of strength of fabrics so exposed.
The action, moreover, was uninfluenced by im-
mersing the fabrics in water, and heating, of
course in closed vessels, to the same tempera-
tore (150°-160°). Oxygen, therefore, plays no
essential part in the eiïect, and the point arrived
at may be deiined simply as the critical de-
hydration température of cellulose. The action
is much accelerated and intensified by the pré¬
sence of acids, even in minute quantity, the
disinlegration taking place at much lower tem¬
pérature (Crace-Calvert : quoted in Crookes'
1 Calico-printing ').'

We have already treated of the action of
sulphuric acid upon cellulose at such strengths
that the changes determined are those of de-
hydration. At higher degrees of concentration
the acid exerts a direct spécifie action, in fact
combination takes place and the products are
acid-ethers or sulphates. The reaction between
the cellulose and acid molécules has been
exhaustively studied by Hônig and Schubert
(lîonatsh. 6, 7 ; Watts' Dictionaky, new éd.,
article Cellulose). The formation of the sul¬
phates is attended by resolution. On de-
composing them either by treatment with water
or alcohol, the corresponding carbohydrate molé¬
cules are regenerated, and these are seen- to be
more and more removed in character from cel¬
lulose, and more to approach the dextrins, the
longer the action of the sulphuric acid and the
higher its température (50 to 40°) in the first
instance. When the action proceeds for a few
seconds only and is then arrested, at the same
time that the sulphate is decomposed, by treat¬
ment with water, a cellulose hydrate is precipi-
tated, which might be described as a starchy
modification of cellulose, or by the term amyloid
applied by the earlier observers to the product.
When the action is prolonged for some minutes,
the carbohydrates similarly regenerated are
soluble compounds forming, as already indicated,
a transition sériés to the dextrins.

Technical applications.—We have to notice
two industrial processes founded upon the re¬
action above described. Unsized papers, con-
sisting of pure bleached cellulose (cotton), when
plunged into sulphuric acid of sp.gr. 1-5 and
rapidly and completely washed, are eonverted
into what is known as parchment paper, a term
which fitly describes the modification undergone
by the paper substance, its ehief external features
being a considérable increase in toughness,
transparency, and water-resisting power; the at¬
tendant results are a considérable linear shrink-
age(20p.c.), and a small loss in weight, due to con¬
version of a portion of the cellulose into soluble
derivatives. The resuit may be summed up as a
superficial conversion of the fibre into amyloid.
The opérations of plunging the paper into the
acid and washing are now carried out upon suit-
a'ole continuous machinery—i.e., the paper is
treated in the web.

A second industrial process, based on the re-

1 A pmrjirj'l application of these acid désintégrations is
the process througli wliich wool (and wool fabrics) are put
forfreeing them from the vegetable substances which find
their vvay into the fleece. After scouring, the wool is
immersedin a highly dilute sulphuric acid, the excess of
solution removed, and the wool then dried in a hot
chamber. The vegetable substances are disintegrated, and
are then easily dusted ont.

action between cellulose and sulphuric acid, is
its conversion into gluc.ose. Bleached cellulose
is dissolved in the strong acid, the viscous solu¬
tion is diluted and boiled, the sulphuric acid is
then removed by précipitation and the solution
evaporated. The product is ' glucose.'

We have spoken of the reaction of the cellu¬
lose with sulphuric acid, in the first instance,
as one of direct combination, with the formation
of a sulphate and with élimination of water.
Cellulose also combines with nitric acid to form
the very iemarkable sériés of cellulose nitrates,
or pyroxylins, .the highest members of which
constitute the gun-cottons ; but in this case the
combination is usually brought about by in¬
direct means, viz., by the action of mixtures of
nitric and sulphuric acids. For although the
combination is direct in the case of the acid of
the highest concentration, the action is difficult
to eontrol, and the acid is diluted by the water
formed and its action proportionately limited ;
the function of the sulphuric acid in the mix¬
tures employed is to combine with this water
and remove it from the sphere of action.

Thus far we have dealt with sueh compounds
of cellulose (hydrates and ethereal salts) as have
the simplest relationships thereto. We have
dealt mainly with the typical cotton cellulose
and have alluded only incidentally to the points
of eontrast of this with other celluloses. These
différences are chiefly seen in their susceptibility
to attack by hydroiytic agents, the action of
which we may now briefiy consider. Hydrolysis
differs from hydration, as the term indicates, in
involving a molecular resolution as the resuit of
combination with water. It is true that, in cer¬
tain of the hydrations already dealt with, there
is a splitting up of the original substance ; thus,
in acidifying the solution of jute cellulose in
the ammonio-copper reagent, a portion remains
dissolved in the acid solution, whereas cotton
cellulose is entirely reprecipitated. But there is
no distinction in essential chemical featuves be¬
tween the soluble and insoluble portions. We have
to do with a soluble hydrated cellulose, just as
we have soluble forms of alumina, ferrie oxide,
and silica. Contrast this, on the other hand,
with the resolution by boiling with the dilute
minerai acids of the cellulose isolated from fresh
grass. Here a considérable proportion of the
aldehyde furfural is split off from the cellulose,
and the resuit is a hydrolysis in the strict sense
of the term.

The hydroiytic agents of the laboratory are,
as is well known, the dilute acids and alkaline
solutions, and their action is powerfully aided by
high température. The reagent may or may
not combine as a secondary resuit with one or
more of the products of the hydrolysis. Thus
the fats—glycerin ethers of the fatty acids—are
similarly resolved under acid and alkaline hy¬
drolysis : the products are glycérine and fatty
acid, when an alkali is employed it combines
with the latter to form a soap. Hence the term
saponification, and its généralisation in the
language of science to include ail such resolu¬
tions whatever the agent employed. Speaking
generally, the celluloses isolated from mature
plants are not susceptible of hydrolysis in the
sense of saponification. Those, on the other
hand, which are isolated from actively growing
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plants, are hydrolysed by boiling with dilute
acids, and the charaoteristie product of the re¬
solution is furfural. Towards alkaline solutions
at high températures, tbe fully elaborated cellu¬
loses show a very considérable power of résist¬
ance, and when attaeked they are rather
hydrated and dissolved than hydrolysed and
resolved. This résistance to the action of the
alkalis, whieh is an aspect of the characteristic
inertness of the group, is an important factor of
their relative values in the arts, as we shall pre-
sently see. It will be seen to be implied in the
empirical définition of cellulose given at the
commencement of this article. We shall find,
however, that when to hydrolysing conditions
that of oxidation is added, cellulose is attaeked
and structurally modified, more or less pro-
foundly, according to the degree of action. Such
oxidations are of great importance technically ;
more particularly those of wliich the products
are so related to the original cellulose that they
may be regarded as derivatives.

Oxycellulose (Witz, Bl. S. I. Bouen, 10,416-
11,189). When cotton is subjected to the action
of a solution of bleaching powder with access of
air— e.g., when a piece of bleached calico is
moistened with the solution and exposed to the
air, the oxidation causes a notable change in
the composition of the fibre substance, and this
is accompanied by disintegration more or less
profound according to the degree of oxidation.
The following percentage numbers indicate the
composition of the resulting oxidised derivatives
of cellulose and the rate of progress of the
oxidation :

12 hours' exposure 22 hours* exposure
C 43-78 43-47 . . 43-00 42-90
H 5-85 6-13 . . 6-28 6-18
0 50-17 50-40 . . 50-72 50-92

Other oxidising agents produce similar re-
sults : thus the fréquent ' tendering ' of cotton
goods in the process of open lime boiling (v.
Bleaching) has been shown by Witz to be a
local conversion into oxycellulose due to the
action of the air jointly with the alkaline solu¬
tion ; ' active oxygen ' in presence of water has
a similar and rapid action, and even by exposure
to air and light, cellulose is slowly converted
into these oxidised derivatives. The distinguish-
ing features of these compounds are as follows.
They are coloured bright yellow by solutions of
the caustic alkalis. On adding cupric oxide
(Fehling's solution) and warming, the oxide is
rapidly reduced and is deposited upon the fibre
in such a way as to produce the effect of an
orange-red dye. The oxycelluloses have a power-
ful attraction for the basic colouring matters,
and this property enables us to diagnose very ex-
actly the condition of oxidation of the substance
(cellulose) of .textile fabrics, as also to detect
any excessive local oxidations. Another feature
of the oxycelluloses is that they are proof against
the action of ail known reducing agents. These
are important points for the bleacher to bear in
mind ; more particularly perliaps, in regard to
fabrics intended for dyeing, since excessive local
action of the bleaching agent, even where it does
not reach the point of tendering the fabric per-
manently, modifies the dyeing capacity of the
fibre. The cotton dyer has the not uncommon
experience of stained goods ; the stains not visible

in the bleached cloth, but ' turning up ' during
the dyeing of the goods. The reappearance of
such ' stains ' after discharging and rédyeing
is evidence that the cloth is in those places
over-oxidised, and therefore, as it were, perma-
nently mordanted.

Another remarkable property of these deri¬
vatives according to Witz (l.c.) is their attrac¬
tion for vanadium compounds, which are with-
drawn by the oxycellulose from aqueous solu¬
tions containing so microscopic a proportion as

i,ooo,o^,ooo,oooth of the element (in the form of
chloride).

B. oxycellulose.—Another oxidation, techni¬
cally perhaps less interesting, but also throwing
light on these problems of the constitution of
cellulose, is that produced by dilute nitric acid
at or near the boiling point. On digesting
cotton with the acid of sp.gr. 1-2-1-3 at this tem¬
pérature, a considérable quantity of oxalic acid
is formed, and after prolonged digestion a resi-
due remains amounting to about 30 p.c. in
weight of the original fibre, which yields but
very slowly to the action of the acid. This
substance, when thrown upon a filter and washed,
combines with the water to form a gelatinous
hydrate. It dissolves in dilute alkalis, but with-
out forming a stable compound with the base.
Its elementary composition is expressed by tbe
formula C)8H20O16(C 43-4-H 5-3 p.c.). Treated
with a mixture of concentrated sulphuric and
nitric acids, it dissolves, and on pouring the
solution into water the compound
separates as a white flocculent precipitate. These
oxycelluloses, distinguished from the preceding
group by the prefix 0, stand, in regard to many
of their properties in very close relationship to the
group of pectic derivatives, which are oxidised
derivatives of cellulose formed by 1 natural '
processes (v. C. S. J. 1883, 22).

The actions of other oxidising agents upon
cellulose have been but little studied. Chromic
and ehloric acids were employed by Witz as
topical oxidants, forming oxycellulose, and pro-
ducing designs which could be developed by
dyeing out in a bath of any basic colouring
matter. Such a process, however, althougb
ingenious and a striking illustration of the re-
sults of his researches, has not led to any
technical development, the colours produced
lacking fastness. The oxidising mixtures em¬
ployed in aniline-black printing, also couvert
the cellulose into oxycellulose, and the dimul-
taneous oxidation of fibre and colour-base is no

doubt a factor of the exceptional fastness of
the black. The oxidising action of ferrie com¬
pounds in presence of light is also worthy of
mention, as it received at the bands of Mercer
an interesting application to the production of
photographie pietures upon cellulose fabrics.

Contrasted with these oxidations of cellulose
in acid or feebly basic solutions are those of
alkaline solutions of the permanganates and
hypochlorites, which have been found to yield
as oxidation products acid bodies isolated in
the form of a syrup, their properties indicating
that they are products of the hydrolysis accom-
panying the oxidation : i.e. acids of the carbohy-
drate sériés of lower moleeular weight than
cellulose.
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Anliyirous oxidations.—Cellulose heated at
high températures with very concentrated solu¬
tions of potask (wkich may be considered as
an anhydrous action) is eonverted into oxalie
and carbonie acids. Such a proeess has been
employed industrially for the production of
oxalie acid (Dale). Treated withchromic anhy¬
dride in presence of concentrated sulphuric acid
it is entirely resolved into gaseous products, viz.
carbonic anhydride with a variable small pro¬
portion of carbonic oxide. The resolution being
complété, a proeess for the ultimate analysis
of cellulosic substances has been based upon
tliis décomposition. The volume of the evolved
gas being measured, the proportions of Carbon
may be ealculated therefrom, the quantity in
unit volume being independent of its composi¬
tion in regard to C02 and CO, since these gases
have the same volume (C. N. 52, 207 ; C. J. 53,
880).

Constitution of cellulose.—Although this
aspect of our subject involves purely scientific
considérations, it cannot be said to be without
practical bearings. Without attempting to dis-
cuss expérimental evidence, we may define it as
a saccharocolloid (v. Kohlenhydrate, B. Tollens),
m(C,H,0O5), of which the typical constitutional
unit or C„ group might be formulated as under :—

CH CHOH CH CHOH CHOH CHS

an expression which fairly généralisés the re¬
actions of cellulose.

Pkysiology of the compound celluloses.
(Vegetable fibres.) While the simplest form of
vegetable life is the cell, and the cell is, more-
over, the universal originating unit, we observe
as we ascend the scale of plant organisation an
increasing variety of differentiations of this sim¬
plest structural unit graduating into the fibres
and vessels of the stems of the higher flowering
plants. Careful observation will show that it is
to the presence of such elongated cells as war¬
rant the désignation ' fibre ' that these stems
mainly owe their powers of bearing strains and re-
sisting fracture. The uses to which these fibres
are put in the arts obviously dépend upon the same
characteristies of form, as well, of course, as the
nature of the fibre substance. So too the ana-

tomy of fibrous stems is necessarily a main
factor of the processes by which they are treated
for the isolation of the fibres. We must here
except from the général anatomical view we are
about to take the most important of the vege¬
table fibres, viz. cotton, which as a seed hair
is distinct physiologically, and differs structu'-
rally from ail other fibres employed for textile
purposes.

The 'ultimate' fibre is a hollow tube, the
valls being tliin and membranous ; it is attached
at one end to the testa of the seed, the other
being free, and there is no adhésion of the fibres
to one another. The préparation of the textile
fibre involves therefore only a mechanical treat-
ment, and that of the simplest kind, for separa-
ting it from the seeds. The other vegetable
fibres employed in the arts are without exception

constituents of complex structures (stems and
leaves) which require a more elaborate mechani¬
cal opération for their séparation, in addition
in many cases to a preparatory chemieal treat-
ment.

The fibres of stems are arranged according
to the two main structural types of growth,
the exogenous and endogenous. In the exogen-
ous stem of annuals (dicotyledonous) they con-
stitute a localised tissue, the bast, which is an
annular ring external to the wood and beneath
the cortex. In the endogenous stem the fibres
proper (bast fibres) are generally aggregated to-
gether with vessels into bundles known as fibro-
vascular bundles, which are scattered more or
less irregularly throughout the cellular matrix.

In regard to the leaf, the two great divisions
of the phanerogams are also contrasted ; the
fibro-vascular bundles of the former are not only
irregularly disposed, but interlaced (reticulate
venation), whereas the leaves of the typical
monocotyledon are charaeterised by a parallel
arrangement of the bundles, and fulfil, therefore,
a necessary condition of séparation for tex¬
tile purposes. Fibres of this class are amongst
the most useful that we have. There is a dis¬
tinction to be noticed, though rather of a techni-
cal than anatomical nature, between the vege¬
table fibres and ' fibrous substances.' By the
former we understand isolated bast fibres or

fibro-vascular bundles, such as can be spun into
a continuous length or yarn. A fibrous substance
is of course any vegetable structure containing
fibres. Many of these do not admit of being
economically treated for the isolation of a textile
fibre, but on the other hand are resolved by
suitable chemieal treatment into a fibrous mass

or pulp, available for paper making. Many of
our most valuable raw materials for this indus-
try are of this nature. We may fuïther dis-
tinguish according to the above classification,
(1) exogenous bast tissues, such as those of the
Adansonia and Broussonetia (paper mulberry)
and entire stems (woods), ancl (2) endogenous
stems (straws and bamboo), and leaves (esparto).
In this more miscellaneous group also we should
include the refuse from the préparation of textile
fibres, such as the root ends of jute (butts), the
waste from the fiax scutching proeess (infra),&c.

We have already excepted the cotton fibre
from the above classification, indicating a struc¬
tural as well as a physiological distinction from
other textile fibres. These are in fact always
obtained and spun in the form not of ultimate
fibres but of bundles of these. The ultimate
bast fibre is also a hollow tube, but more or less
thick walled and with tapering extremities ; in
section it is seen to be cylindrical or polygonal.
The dimensions are remarkably uniform for the
bast of any given plant or species, but exhibit
wide variations from species to species. Thus
the average length of the bast cell of jute is
3 mm., and of fiax 28 mm. The textile ' fibres '
are aggregates of these ultimate fibres, and it is
convenient to employ for them the spécial désig¬
nation of filament. This complex spinning unit
varies in the number and degree of cohésion of
the constituent fibres. These variations even

in the same plant or species are very considér¬
able, but more so as we pass from species to
species. Expressed in another way the textile
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fibres vary very much in regard to fineness and
divisibility of the filaments. These, it is scarcely
necessary to say, détermine in a very important
sense their spinning qualities. The nature of
the fibre substance is a self-évident factor of the
mechanical properties of the filaments ; and
làstly, though less obviously, the length of the
ultimate fibre, which greatly influences the
strength and durability of the yarn.

To the spinner the chemical composition
and properties of the fibre substance may appear
of altogether secondary importance ; but they
are obviously of first importance in regard to
the application of the yarn, as of the goods
woven from it. Supposing them put into use
without further préparation, the durability of
the fa bries will dépend upon their resisting the
disintegrating action of air (oxygen) and water,
reinforced by heat and light. But a large pro¬
portion of the textile fabrics of commerce are
supplied to the consumer in the bleached state,
the process of bleaching consisting in the re-
moval by a more or less drastic treatmen.t with
reagents of those fibre constituents to which the
colour of the raw material is due. These pro-
çesses being the subject of a spécial article, \ve
shall not require to deal with them at ail in
détail. The principles underlying them, how-
ever, have a close and obvious connection with
the properties of cellulose, and the relationships
subsisting between the cellulose of the vegetable
fibres and the non-cellulose constituents with
which each is associated in the plant, and from
this point of view we proceed to give a short
account of the

Chemistry of the eompound celluloses.—
There are rnany reasons for regarding cellulose
and the non-cellulose constituents of vegetable
tissues and fibre substances as united chemi-
cally. Taking cellulose as the constant, the
basis of our classification of the eompound cel¬
luloses will be the nature of the non-cellulose,
the characteristics of which are as distinct as

they are général (Sachsse, Farbstoffe, &e., p. 143).
Physiologists recognise three ' modifications '
of cellulose in the plant, and these we term
eompound celluloses. We shall find the distin-
guishing chemical features of the three groups
of eompound celluloses as well marked as their
funetional corrélations, and the corresponding
classification has a ' natural ' in addition to its
chemical significance. We shall consider first
the group which is of least, because of only
incidental, importance in relation to our subject.

Adipocelluloses. The protective tissues of
plants, which are, moreover, cellular rather than
fibrous, viz., cofk and cuticle, are composed of
a substance of marked water-resisting charac¬
teristics. In this property as well as in empirical
composition the cuticular substance designated
cutose by Fremy resembles many of the waxes.
The following pereentage numbers are the results
of the analysis of the cuticle of the apple puri-
fied from wax and adventitious matters—C 73-66 ;
H 11-37; 0 14-97.

Cork is not a simple substance but contains
a number of products, wax, proteid residues,
and tannins, &c., associated with the matrix or
skeleton substance, which is of the nature of
cutose. Both cutose and eork yield a residue of
cellulose when treated with spécial reagents

(sulphites) for the resolution of its union with
the wax-like non-cellulose. The latter1 is re-

solved by boiling with strong solutions of the
alkalis into two fatty acids, a solid acid designated
stearocutic and a liquid called oleocutic acid.
The investigation of these cuticular substances
hàs not been sufficiently extended to warrant
our entering into further détail in regard to their
composition and properties. We may regard
them as eompound celluloses resolved by alkaline
saponification into cellulose and a mixture of
fatty acids of peculiar properties, but altogether
unknown constitution. They may be conve-
niently grouped under the term adipocelluloses,
which broadly expresses their chemical relation-
ship. As regards their distribution, they occur
chiefly in the epidermal and cortical tissues of
leaves and stems, but the observations of Fremy
lead to the conclusion that they are by no means
confined to these, and there is evidence of their
presence, if only in minute proportions, in the
fibres themselves ; but their occurrence, chemi-
cally speaking, may be regarded as adven¬
titious, the fibre substances belonging to
essentially différent classes of compounds.
These adipocelluloses, moreover, in ail the
technical applications of vegetable materials
which corne within the province of this article,-
have to be got rid of. When the fibres them¬
selves are isolated this is aceomplished for the
most part by the mechanical processes of pré¬
paration, scutching, hackling, &c. When, kow-
ever, the tissue intervening between the fibres
and the cortex or epidermis is of small extent
the séparation is never complété. In flax, for
instance, residues of the epidermal tissue remain
associated with the fibre, and the relative diffi-
culty of attacking these substances by chemical
means is a factor of the laborious process of
bleaching linen goods. In isolating the so-
called New Zealand flax much greater difficulty
is experienced. This fibre consists of the fibro-
vascular and other fibre-bundles of the sword-
shaped leaf of the Phormium tenax, and these
are in such close and intimate contact with the
epidermal tissues that their isolation is always
very incomplète. In those raw materials of the
paper-maker which consist of the stems and
leaves of monocotyledons (straw and esparto),
the epidermal adipocelluloses constitute a sen¬
sible proportion. They are resolved in this case
by chemical means, which require to be much
more drastic in conséquence. The fibrous por¬
tions of these materials, on the other hand, are
made up of a eompound cellulose belonging to
the next group which we shall have to consider,
an important characteristic of which is the com¬
parative ease with which they are attacked and
resolved by alkalis. Although, therefore, the
connections of these cuticular celluloses with
the fibres are for the most part only indirect or
incidental, we see in the typieal instances above
cited, that they have to be taken into account
in relation to a great number of the treatments
of cellulosic raw materials, both mechanical and
chemical.

Pectocelluloses. This, the second division
of the eompound celluloses, is characterised by

1 Accordinpr to Premy it is the cutose itself which is so
resolved, but the author's experiments have always yielded
u residue of cellulose.
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the non-cellulose constituents belonging to the
group of pectic substances.

In composition they are more complicated
than tlie celluloses, ancl they contain less carbon
and more oxvgen. In this and in many of their
properties, they resemble the fl-oxycelluloses
above described. Generally they yield gela-
tinous hydrates, and under the action of hydro-
lytic agents they unclergo a succession of changes
resulting in the conversion of the comparatively
inert members of the sériés pectose and pectin
into highly acid derivatives, such as pectic and
metapectie acids, bodies which, in addition to
being acids, have properties indicating the pré¬
sence of aldehydic groups.

The typical pectocellulose is the flax fibre.
The purified bast of a Iîussian flax was found
by Kolb to contain C 43-7 ; H 5-9 ; O 50-4.

On boiling with dilute alkaline solution about
20 p.c. of its substance is readily converted into
soluble derivatives, of which a considérable pro¬
portion is a body identieal with Fremy's pectic
acid (C = 42-0 p.c. ; H = 4-8, i.e. C]6H2,015). The
fibrous residue fronr an exhaustive treatment
with alkaline solutions, amounting in most
flaxes to about 75 p.c. of the original weights,
is a practically pure cellulose. In this expéri¬
mental account of its constitution we disregard
such adventitious admixtures as cuticular tissue
(adipocellulose) and wood or ' sprit ' (lignocel-
lulose),the influence of which may be calculated
and eliminated from the result ; but the presence
of these in commercial flax introduces complica¬
tions of very great moment in regard to the
spinning of the fibre and the bleachingprocesses
to which flax goods are subjected.

• lignocelluloses. As the name indicates, this
group comprises the substance or substances of
which woody tissue is made up. The simplest
type of these bodies is the jute fibre, the lignified
bast of a herbaceous annual {Gorchorus Tilia-
ceœ), cultivated on an enormous scale in India.

The elementary composition of the purified
bast is expressed by the following percentage
numbers:

Cale. C,aH1800.
C 47-0-48-0 .... 47-0
H 5-9-5-7 .... 6-0
0 47-1-46-3 .... 47-0

On Sachsse's view (Farbstofïe &e., p. 145) it is a
compound of
Non-cellulose (lignin) ClsH.,,O10 (55-5 p.c.C) 25 p.c.1
Cellulose . . C18H80O15(44-4 „ )75 „

The cellulose isolatecl from the fibre, as a pro-
duct of chemical resolution, differs, however,
from the typical cellulose in empirical composi¬
tion, viz. 3C6HioO,.H20, and in being more readily
attacked by oxidising and hydrolytic agents.
While the whole molecule or compound cellulose
agréés in certain typical reactions with cellulose
itself, e.g. solubility in the ammonio-cupric re¬
agent, formation of explosive nitrates and
soluble sulphates, it exhibits equally marked
différences, as follows. It is coloured brown by
iodine, briglit yellow by solutions of the salts of
aromatic bases, deep red by phloroglucol in pre¬
sence of concentrated HC1. The solution in the

1 Recent researclies (C. J. 1889, 199) have shown that
this non-cellulose is a cornplex molecule contaiuing (a) a
ketoneC,BH,8010transitional toaquinone; (b) a furfural
residue ; (c) ail acetic residue. ■

Schweitzer reagent is onlypàrtially rcprecipitated
by acids, precipitate saine as original ; the ex¬
plosive compounds with nitrie acid are yellow,
and their formation is attended with partial
conversion into soluble derivatives in proportion
to the température and the duration of contact
with the acid mixture. It is much more sus¬

ceptible of attack by oxidising and hydrolytic
agents. Of the latter, boiling alkaline solutions
(caustic soda of 2 p.c. Na,0) dissolve 10-15 p.e. of
the weight of the fibre, but without any structural
change-, acid solutions (H2SO, 5 p.c.) dissolve
15-30 p.c., according to the duration of the action.
The characteristic 1 final product of the acid hy-
drolysis is the aldehyde furfural. The attendant
changes in the residual fibre are similar to those
described in the case of cellulose. Where the
hydrolysing action is supplemented by oxidising
or reducing conditions, a resolution of the ligno-
cellulose is brought about. Thus, when digested
with dilute nitric acid (5-10 p.c.) at 60-80°, the
non-cellulose is entirely, and, as might be ex-
pected, the cellulose is in part, converted into
soluble products. The solution is yellow, and
contains a derivative of complicated composi¬
tion C.,jH40(NO2)O23, a highly acid body which
dyes animal fibres to a gold shade, and forms
salts with the earthy bases (C25H32(N02)02sM".1).
It is worthy of note at the same time that the
presence of urea prevents this spécifie action of
nitric acid, diverting it into one of simple hydro-
lysis, as with the stable minerai acids (II.SO,,
HC1). On the other hand, sulphurous acid ré¬
solves the lignocellulose molecule, as also the
bisulphites and sulphites of the alkalis and
alkaline earths. The températures necessary
for the isolation of cellulose are with sulphurous
acid (7-5 p.c. S02) 90-100°, with bisulphites
(4 p.c. S02) 140-150°, with normal sulphites
(4 p.c. S02) 170-180°, the increase of tempéra¬
ture corresponding with the diminution of hydro¬
lytic power by progressive neutralisation of the
acid. It is scarcely necessary to state that the
pressures iuvolved require the use of sealed
apparatus for these digestions. The hydrolysis
is aided by the combination of the reagents
with the soluble derivatives, which are alde¬
hydic in character, preventing the reversai of
the actions which would otherwise occur as the
higher températures are gradually reached.
These reactions reeeive important technical ap¬
plications which will be subsequently described.

But the most characteristic reactions of this
compound are those with the halogens. Iodine
is absorhed, as already stated, but the resulting
brown-coloured compound is not more stable
than the iodide of stareh. Under uniform con¬

ditions the quantity taken up is approximately
constant, and the reaction may be applied to the
approximate estimation of the proportion of a
ligno-cellulose in admixture with a cellulose.
Bromine attaeks the fibre in contact with water,
forming ill-defined compounds, which are dis-
solved by alkaline solutions. The opération
once or twice repeated éliminâtes the whole of
the non-cellulose ; the resulting cellulose amounts
to 72-75 p.c. of the weight of the fibre. Chlorine
does not act upon the dry fibre, even when
the température is raised to 100°, but in pre-

1 Tolleus has obtained xylose as a direct product of the
hydrolysis (Ber. 1889, 1046).
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pence of water combines rapidly at ordinary
températures with évolution of lieat. The
chlorinated derivative is yellow, soluble in alco-
hol, and is precipitated from the solution by
water in flocks. Its composition is expressed
by the empirical formula CIOH17C140B. It gives
with sodium sulphite solution a characteristic
magenta colouration. Boiled with the solution
the chlorinated derivative is entirely dissolved
and a residue of cellulose remains, consisting of
the now disintegrated fibre elements or cells.
This process is the simplest and most rapjid

method of estimating the cellulose in this as in
ail other lignocelluloses. The chlorinated de¬
rivative of the non-cellulose is aromatic in cha-
racter, and resembles the products of chlorina-
tion of the trihydric plienol, pyrogallol.

The results of a proximate analysis of the
raw fibre substances, according to the ordinary
method of successive exhaustion with varieras
solvents (ether, alcohol, and water), are some-
times of value. In the subjoined table we give
a typical sélection of such results compiled from
Dr. Hugo Muller's Pflanzenfaser :

—

Seed Hair

Dicotyledonous Honocotyledonous

Bast fibres Stems

Cotton Flax Hemp Bliea Jute Esparfco Kye Straw

Cellulose1 . 91-35 81-99 77-13 75-83 63-76 48-25 47-69
Wax 0-40 2-37 0-55 0-20 0-38 2-07 1-93

Aqueous extraet . 0-50 3-62 3-45 6-29 1-00 10-19 10-05
Moisture .... 7-00 8-60 8-80 8-74 9-86 9-38 11-38
Ash 0-12 0-70 0-82 2-87 0-68 3-72 3-20
Pectous substances 2 .

- 2-72 9-25 C-07 24-32 26-39 26-75

The chemical characteristics of the eom-

pound celluloses have been sketched in suflicient
détail for the elucidation of the processes to
which they are subjected, and we proceed to
consider such of these as come within the scope
of this article. They may be divided into two
groups : (a) chemical processes natural and arti-
ficial, auxiliarv to the isolation of textile fibres
(filaments) ; (6) the processes of the paper-maker
by which he résolves his raw fibrous materials
into ultimate fibres (pulp).

(a) The purpose of these treatments is to
disintegrate the cellular tissue in which the
fibres are, as it were, imbedded, and thus facili-
tate the mechanical opération of separating the
fibres. Of this group of processes the treatment
of flax is typical. In the mature flax stem the
annular ring of fibres, amounting to about
20 p.c. of the total weight, is cemented together
with the external cuticular tissue and the wood
which constitutes an internai cylinder, into a
coherent whole. The cellular tissue to which
this adhésion on either side is due is composed
of a cellulose which is much more susceptible of
liydrolysis than any of those compound fibre-cellu¬
loses above deseribed, and by exposing the stem
therefore to some hydrolytic agency, it may be
so far disintegrated as to free the fibres, so that
in the breaking and beating of the scutcher the
wood and cortex are broken up and stripped
with the minimum waste of fibre. The simplest
system of préparation is that of dew retting,
which eonsists in exposing the ' straw,' thinly
spread upon grass, to the influence of the weather,
until upon trial the fibre parts easily from the
wood or ' sheave.' An exposure of several weeks'
duration is neeessary. The flax produced upon
this System is of iow quality; notwithstanding
which the method is still largely practised in
Bussia, and to some extent also in Belgium.

1 Determined by exhaustive treatment with bromine
water and boiling dilute ammonia for élimination of non-
cellulose. The resuit is calculated on the air-dry sub¬
stance.

2 These inelude the substances dissolved away by the
above treatment ; they are calculated by différences.

The latter country is distinguished on the other
hand for the exceptional quality of the flax
produced in the Courtrai district, where the
running water steep is largely practised. The
flax is steeped in the slowly running waters
of the river Lys ; the straw is packed for the
purpose in large crates, which are kept sub-
merged by fastening them to stakes in the bed
of the river. The duration of the steeping varies
from 5 to 20 days according to the température.
A neeessary condition of préparation on this
System is that the straw must be at least one
year old, and it is often kept for two years be-
fore steeping. The steeping is frequently re-
peated.

The treatment practised in this country is
that of steeping in stagnant water. A fermen¬
tation is set up, at the expense of the nitro-
genous constituents of the stem, and of those
non-nitrogenous bodies which are more easily
attacked, with the resuit such as we have indi-
cated. Such a process of spontaneous décom¬
position is necessarily difficult to control, and
there have been rnany attempts both to regulate
the fermentation by bringing the conditions
under control, as well as to substitute for the fer¬
mentation other hydrolytic agencies or reagents.

The simplest of such artificial methods is
that of Mr. Michael Andrews of Belfast, of which
an account was given at the Flax Congress at
Vienna 1873 (v. Exhibition Beports, Pr. 4, 656).
This was founded on the well-grounded assump-
tion ' that the most promising System would be
to endeavour to imitate the best results at-
tained by the ordinary method under the most
favourable conditions,' these being secured by
a definite température, uniformly maintained.
The chief features of this artificial System con-
sisted in steeping the straw in vats contained in
a chamber, the température of which was con-
trolled by means of steam pipes, the water
being introduced at the required température
(22-26°), and the heat kept up by the surround-
ing atmosphère of the chamber. In other 'words,
the main purpose of the System was the création
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of an artificîal climate. Under these circum-
stances the fermentation is in full vigour in 24
hours and continues uniformly for some days
(6-10), when it gradually subsides as the opéra¬
tion approaches completion. The average loss
of weight sustained by the straw is 23'7 p.c. and
the average yield of fibre from the retted straw
is 23'5. The scutehed fibre yieids on the aver¬
age 75 p.c. of pure cellulose. The warm water
retting process introduced by Schenk some forty
years ago difiered from the above only in the
means employed to keep up the température of
the vat, which was by the introduction of ' live '
steam. Watts' process (1882) may be described
as one of macération or softening by the appli¬
cation of steam and water, without décompo¬
sition. The straw was placed in close chambers
resting on a perforated bottom. The steam was
driven in beneath, the condensed water being
drawn off from time to time. The duration of
tbe steaming was 10-12 hours. This process
has failed to establish itself, as have also
Sclienk's and Andrews' (Irish Textile J. 1887-8).

A more radical departure in the treatment of
flax is the process recently invented by M. Parsy,
which will be found described in L'Industrie
Textile, 1886, p. 511 ; 1887, p. 163. This con-
sists in a treatment with water and steam at

liigh températures, in a sealed apparatus (diges-
lor). The flax being suitably piled in the
latter, water, or rather waste liquor from a pre-
ceding opération, is introduced at the boiling
température ; the valves being closed, the tem¬
pérature is raised to 125°, and the solution
allorved to remain half an hour in contact with
tbe straw ; it is then blown off, and steam is
admitted under a pressure of 5 atmosphères, the
steaming being continued for one hour. The
steam is then blown off, the straw removed and
artificially dried in a spécial apparatus. We
bave as yet no trustworthy reports as to the
quality of the fibre yielded by this treatment.

There remain to be briefly noticed those pro¬
cesses in which the action of water at and above
tbe boiling-point has been supplemented by
chemical agents contained in solution.

J. E. Dry patented in 1876 (Eng. Pat. No.
4,721) a process of boiling in solutions of soap.
The authors have investigated this process with
the resuit of showing that such solutions have a
spécifie action of the required character, not
possessed by other alkaline solutions (e.g. sodium
hydrate and carbonate) used in équivalent quan-
tity and under the same conditions. But al-
though the straw is effectually retted, the process
is ditiicult to control, and the fibre, although of
exceptionally good colour, appears to be lacking
in spinning qualities. It appeared probable,
however, that under investigation these defects
might be overcome, in which case the only re-
maining point for considération would be the
important one of eeonomy, upon which more
than one of these artificial Systems have broken
dorvn.

A process patented by one of the authors in
1880 (No. 4,984) has been worked with success
upon the closelv related fibre, hemp. In this
case, however, it is not the raw material, but
the scutehed fibre which is treated. It consists
in boiling under pressure (1 to 3 atmosphères)
with a solution (1-2 p.c.) of sodium sulphite.

Under this treatment, a certain proportion of
the fibre constituents are dissolved, with the
resuit of a partial bleaching of the hemp, and
the fibre bundles are partially disintegrated, so
that the fibre can be spun to finer numbers of
yarn, at the same time there is no détérioration
of strength or spinning qualities. The process
has also been tried experimentally on flax straw,
and with favourable results, but not on a suffi-
cient scale to enable a judgment to be formed as
to the probability of its being industrially de-
veloped.

For the séparation of hemp a preliminary
retting is also necessary, but owing to the greater
development of stem in this priant, the opération
of separating the fibre is a purely mechanical one.

In the stem of the tropical jute plant the
development of the bast is also of such a cha¬
racter that it is separable from the wood, after
the steeping, by a simple manual opération,
the stem, i.e. the wood, being broken across, the
fibre and bark are stripped together, the latter
being then broken away by striking and shaking
on the surface of the water. The Ehea fibre is
also freed with comparative ease from the wood,
but the adhésion of the cortical tissues to the
bast renders the isolation of1 the fibres a matter
of some difficulty.

These illustrations are sulficient to indicate the
général principles upon which the processes of
isolating the dicotyledonous textile fibres dé¬
pend.

Bast tissues of perennials, e.g. the Adansonia,
are obtained by the simple process of stripping
the growing tree.

The monocotyledonous textile fibres, e.g.
Manila and Sisal, are separated from the fleshy
leaves which yield them by means of a simple
machine which crushes the soft parenchyma,
the resulting pulp being then washed away from
the fibre.

Next, and last in order, we have those fibrous
substances from which no fibres can be satisfac-
torily isolated until after the material has been
subjected to a chemical treatment more or less
drastic according to the more or less résistant
character of the substances with which the
fibres are associated. These treatments we now

proceed to describe.
(6) In this section we include the boiling or

pulping processes of the paper maker. The raw
materials for the paper-making industry are
largely made up of the rejecta, of ail kinds,
of the textile arts, and the treatment of the
waste products for the isolation of the ma¬
terials differs in many cases only in détail
from the bleaching processes auxiliary to those
arts (v. article Bleaching). These we leave
out of considération. Eegarded from our che¬
mical point of view we may divide papers into
the two classes (1) those which are made up of
a compound cellulose, usually a ligno-eellulose,
e.g. cap and wrapping papers manufaetured from
jute (boiled or pulped with lime), Adansonia
bast, mechanical wood-pulp, &c. ; and (2) those
composed of a pure cellulose obtained from a
compound cellulose by completely eliminating
its non-cellulose constituents. Of the former,
papers made from jute pulp may be taken as
représentative. In this industry the more highly
lignified root ends of the fibres or filaments are
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employed. They are boiled with lime at a steam
pressure of 10-20 lbs. This treatment lias a
very considérable softening and disintegrating
action, removing or facilitating the removal in
the subséquent treatments of the grosser im-
purities (admixtures of bark and cellular paren-
ehyma, encrustingsubstances,&c.), andresolving
the fibre bundles. At the sametimethe essential
ohemieal charaeteristics of the fibre substances
are not afiected, and in the bleacliing process
(treatment with a solution of bleacliing powder)
which follows, it is only the more highly coloured
products of the action of the base which are re-
moved, the final product being a purified ligno-
cellulose of a more or less deep yellow colour.
And in like manner with ail similar treatments
of such compound celluloses. On the other hand
a treatment with caustic solution at high tem¬
pératures effects a complété resolution into
cellulose (insoluble) and non-cellulose (soluble
derivatives), so far at least that the subséquent
bleaching process, by oxidising and removing the
residues of the non-cellulose which remain com-

bined with the cellulose, brings the latter into
such a condition of purity that it no longer gives
the reactions characteristic of the non-cellulose
in the raw material.

In addition to the process of digestion with
caustic soda solution, we have other processes
very différent in character but effecting the
same général resuit—viz. the isolation of cellu¬
lose, therefore also to be included in this second
group of treatments ; these are the various pro¬
cesses of digestion with acid reagents. The
latter are, or have been applied to one class of
raw materials only, viz. the woods ; the alkaline
processes on the other hand are applied to these
as to ail other fibrous substances. For the pur-
pose of a général view we must consider them in
relation to this one class of raw material, viz.
the woods (fir and pine) to which they are each
and ail industrially applicable. The tabulai- view
of these processes subjoined is based upon the
principles enunciated in the earlier part of this
article.

Chemical Processes for Disintegrating Wood.
(A) Water (150°).—Hydrolysis aided by acids

formed from wood. Limit of action determined
by reversai of hydrolysis, i.e. dehydration aided
by oxidation.

(B) Water together with neutral sulphites
(180°).—Simple hydrolysis. Products removed
from sphere of action by combination with base
and sulphite residue. Oxidation prevented by
presence of sulphite.

(C) Agueozis Alkalis. Caustic soda (150—
180°).—Hydrolysis aided direetly by alkali, in-
directly by combination with products of resolu¬
tion.

(D) Allcaline Sulphides (150-180°). Hydro¬
lysis aided by alkaline bases direetly and in-
direetly by combination with products. Reversai
of hydrolysis lessened by presence of reducing
agent.

Agueous Acids.
(1) Oxidising and hydrolytic.

( Nitric acid (60-80°).
(E) •; Hydrolysis aided by combination with

L nitrogen-oxides.

(2) Simply hydrolytic.
/ Hydrochloric acid (100°).

' \ Limit determined by reversai.
(3) Beducing and hydrolytic.
(G) Sulphurous acid (80°-100°).
(H) Bmilphites. Hydrolysis aided primarily

by sulphurous acid, also by combination of pro¬
ducts with bisulphites and prévention of oxida¬
tion.

Of the processes enumerated above, only (C)
and (H), and to a less extent (A) and (D), have
attained to a position of any considérable indus-
trial importance ; we shall consider them, how-
ever, rather in regard to their chemical signifi-
cance.

(A) The water process was studied by Fry
and worked on an industrial scale (1866, v. J.
Soc. Arts, 31, 223)'. The yield of brown pulp—
disintegrated but unresolved ligno-eellulose—
amounted under thé most favourable conditions
to about 70 p.c. of the original wood. The
soluble non-volatile products were powerfully
acid bodies playing no doubt a part in assisting
the hydrolysis which, however, with the accumu¬
lation of aldehydic products and the increasing
tendency to reversai of the hydrolysis with in-
crease of température, rapidly attains a limit of
conversion into soluble products representecl as
already indicated by about 30 p.c. of the wood
substance.

(F) Hydrochloric acid. The action of this
stable acid is one of simple hydrolysis, and re-
sembles the one deseribed above. A process
founded on its action was worked by Bachet and
Machard for some time in Switzerland ; the
wood being boiled with the dilute acid, the
resulting pulp made into a coarse packing paper,
the solution being neutralised and subjected to
an alcoholic fermentation.

(E) Nitric acid. With the oxidising acids,
e.g., nitric acid, on the other hand, a very
différent resuit is obtained. The action of this
acid on the ligno-celluloses, already deseribed,
p. 281, was applied by Coupier and Mellier
(1852) and Barre and Blondell (1861) for the
isolation of cellulose from wood. The process
consisted in digestion with 50 p.c. nitric acid for
24 hours at 60-80 ; washing the resulting pulp
till free from the soluble products, boiling with
a weak alkaline solution to remove residual
nitro-products, and finally bleaching in the
ordinary way. The yield of pulp would be
about 40 p.c. As already stated, the action of
this acid in presence of urea, is exactly that of
the stable minerai acids. Underordinary circum-
stances therefore this simple hydrolysis is re-
inforced by an oxidising action, attended by
combination of the non-cellulose (derivatives)
with the nitrogen oxides resulting from the ré¬
duction of the acid.

(G) Sulphurous acid in aqueous solution
(minimum 7-o p.c. SO„) effects a resolution
which is especially xemarkable from the fact
that the soluble products diiïer in no essential
charaeteristics from the non-cellulose as it exists
in the wood. The names associated with the
industrial development of this process are Tilgh-
mann (1866) and Pictet (1882), the former, how¬
ever, by the suggestion rather than the practical
réalisation. Pictet pulps the wood, by digestion
in a sealed vessel, lead lined, at 80-100° and
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under the corresponding pressure. After 16
hours' digestion the sulphurous aeid is expelled
by plaeing the digester in suitable connection
with a second containing cold water or a more
dilute acid requiring to be brought up to the
requisite degree of concentration. In this
way the sulphurous acid is very completely
(90 p.c.) recovered. The wood is entirely dis-
integrated, 40 p.c. of its substance being con-
vevted into soluble modifications ; the brownisli
pulp when bleached yields a pure cellulose, the
proportion being 40-50 p.c. of the original wood.
In regard to the mode of action of the sulphu¬
rous acid, there is no evidence of its undergoing
any change, we must therefoïé aceount for the
more complété liydrolysis, in comparison rvith
sulphuric and hydrochloric acids, by its tem-
porary combination with the products of hydro-
lysis under the spécial conditions of the digestion.

(H) Bisulphites of calcium and magnésium.
In this section we have a group of processes of
growing importance, with the development of
whieh a number of names are associated, e.g.
Tilghmann (1866), Mitscherlich (1874), Ekman

"

(1881), Franche (1881), G-raham (1882), McDou-
gall and Partington, Flodqvist, Kellner and
others. The several Systems developed by these
inventors are identical in principle, though
differing in such détails as are in many cases of
first importance technically cousidered. The
solutions employed vary somewhat in regard to
sulphurous acid strength (3-5 p.c.) and propor¬
tion of base, so also the températures and
durations of the digestions neeessary for com¬
plété resolution (150-170° and from 30 to 8
hours respectively). Spécial apparatus, viz. a
lead-lined digester, is of course neeessary. In
the préparation of the bisulphite solution, the
source of the acid is either sulphur or pyrites
burnt in suitable ovens; the gas being either
led into towers where it meets a constant, well-
•distributed supply of water flowing over and
•down the columns of basic material (calcined
rmagnesia or lime), or a milky mixture of the
latter with water; or lastly it may be led
through vessels containing the milk of lime or
magnesia kept in a state of agitation by spécial
apparatus.

The pulp yielded by these proeesses is of a
cream to brownish shade of colour, notwith-
standing which, however, it takes a somewhat
large proportion of bleaching powder (15-30 p.c.)
to bring it to a good white (pure cellulose). The
percentage yield varies from 40 to 50, the loss
sustained in bleaching being small. The solu¬
tions from the digestion are of a bright yellow
colour, and contain remarkably stable com-
pounds of the aldehydic products of resolution,
with the bisulphite molecule, together with a
certain proportion of the non-cellulose in com¬
bination with the products of réduction of the
sulphurous acid, e.g. mercaptans. It is the
formation of the aldehyde-bisulphite compounds
which plays the important secondary part in
facilitating the hydrolysis of the ligno-cellulose,
by preventing reverse actions at the high tem¬
pératures whieh are necessitated by the presenee
of the base, as well perhaps as the relatively
small percentage of the aeid.

(B) Normal sidpliites.—Theevidence we have
as to the action of these compounds leads us to

assign to them only an indirect part in the
hydrolysis; by combining with the products of
the aqueous hydrolysis they prevent the reverse
actions which would otherwise occur and so

keep an open path for the continued action of
the water at the high température. For the
resolution of ligno-cellulose by means of solu¬
tion with sodium sulpliite (5 p.c. Na2S03) high
températures (180°) are neeessary. The process
lias this advantage that the digestion can be
conducted in ordinary iron vessels, but there
are disadvantages in point of economy which
prevent its competing willi the bisulphite or
the alkali processes about to be deseribed.

(C) In this group of processes the chemical
agent employed is caustic soda. The strength
of the solution, proportion of this to the fibrous
material, the température and duration of the
digestion vary considerably for the différent
classes of niaterials. Of these, in addition to
wood, we may cite Esparto and straw, as being
two of the most important of the staple raw
materials of the paper manufacture of this
country; the woods, on the other liand, are
extensively employed in America and on the
Continent. In the treatment of Esparto and
straw the quantity of caustic soda employed
varies from 10-20 p.c. of the weight of the raw
material, the température of the digestion from
125° to 150°, and the duration from 8-12 hours.
For the resolution of wood higher températures
150-180° are neeessary. The chemical changes
which take place are exceedingly eomplex, as is
shown in the results of the investigation of the
soluble by-produets (Papier Zeitung, 1878, 226).

The action further differs from that of the
sulphurous acid and bisulphite digestions, in
being extended to a mueh greater extent to the
cellulose itself. The evidence of this is in the
lower yield of pulp. Thus the yield from white
pine by the soda process is approximately 33
p.c., whereas by the bisulphite processes it is
from 45-50 p.c.

The external charaeteristics and paper-
making qualities of these pulps are also very
différent from those yielded by the bisulphite
processes, the chief features of différence being
their greater softness and opacity. The main
point in the economy of this process is the re-
eovery of the soda by evaporation and ealcina-
tion, the organic matter dissolved supplying the
fuel for this latter portion of the process. In-
deed, with the présent low cost of soda and the
small cost of evaporation under the improved
System of modem times, the process has to some
extent revindicated itself over the bisulphite
processes, which for some time threatened to
displace it altogether. The struggle between
these rival Systems has, however, yet another
phase before it. Hitherto the soluble by-pro-
ducts of the bisulphite processes have not found
any industrial application, notwithstanding that
they preserve intact the main chemical features
of the non-cellulose of the original wood. When
such an application has been worked out there
must ensue another readjustment of the re¬
lative industrial developments of the two
Systems.

(D) A process based upon the hydrolysing
activity of an alkaline mixture in which the
sulphides preponderate is now worked with
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sraccess on the Continent. The starting point for
the alkaline mixture is sodium sulphate. By
treatment with lime a certain proportion is caus-
îicised. In this solution the wood is digested at
the température of 150-180°. The solution from
the boiling is afterwards evaporated, calcined,
and treated with lime, by which treatment a solu¬
tion is obtained eontaining sulphide and hydrate
(together with sulphate) in nearly equal propor¬
tions. With the addition of sulphate to com-
pensate for unavoidable loss, the cycle of opéra¬
tions is kept up. The final product is a pulp of
very high quality, similar in ail its eharacteristics
to that yielded by the soda process. The only
feature of différence indeed from the preceding
group of processes is the presence of the sulphur,
which complicates the action by the formation
of organic sulphur compounds which it is
scarcely necessary to add are very malodorous.

The processes above described yield pulps
varying in degree of purity, i.e. percentage of
cellulose, and necessarily also in quality. Those
from the bisulphite processes yield barder and
more transparent papers than those prepared by
alkaline treatments. At the same time their
colour is such that they may be employed
directly, without further bleaching, for a very
wide range of tinted and low white papers. For
fully white papers they require, like the soda
pulps, the ordinary process of bleaching, and
consume from 15 to 25 p.c. of their weight of
bleaching powder.

A process effecting both results i.e. hydro-
lysis and bleaching, in one opération, has
been devised by C. Kellner (Engl. Patent
15,942, 1886). The principle of the process
is a digestion of the wood with a solution
of common sait at 125°, the sait solution being
continuously electrolysed. From the liberated
ions are produeed on the one side caustic soda,
on the other chlor-oxygen compounds of well
known bleaching activity. Two digesters in
communication are employed, and the liquid is
kept in continuous circulation from the elec-
trolysing vessel over the wood in the digesters
and back to the electrolyser. The latter is a
separate vessel in communication by means of
pipes with both digesters. By this process,
which need not be described in further détail,
the inventor claims to produce a ' snow-white '
cellulose at the one opération.

There also remain to be briefly noticed those
Systems of pulping lignified raw materials
which employ chlorine gas as a disintegrating
rather than as a bleaching agent. These dépend
upon the action of chlorination already described.
They are, in fact, the carrying out on a com¬
mercial scale of the laboratory process of isola-
ting cellulose. The process is chiefly applied to
straw and flax (scutching waste). The iàaterial
is partially resolved by alkaline treatment,
washed and exposed for some hours to chlorine
gas. The products of chlorination are removed
by boiling in alkali. A slight subséquent
treatment with bleaching powder complétés the
purification of the cellulose.

Bibliography.—Cellulose. Article, Watts'
Dict. ed. 1888. Pflanzenfaser (Vienna Exhi¬
bition reports, 1873) H. Millier. Encyclopsedia
of Industrial Arts. Article Fibrous Substances
(E. & F. N. Spon). Kurzes Handbuch d.

Kohlenhydrate. B. Tollens (Breslau, 1888)
Etudes sur les Fibres Végétales Textiles (Paris,
1876), Vétillart. Keports of the Forestry Exhi-
bition, Edinburgh, 1884. Reports on Indian
Fibres and Fibrous Substances (London, 1887),
Cross, Bevan, and King. Cellulose : an Account
of the Chemistry of Typical Members of the
Cellulose Group (London, 1885) ; Cross, Bevan,
and Hodgkinson. Paper Making : A Text-book
of (London, 18S7) ; Cross and Bevan.

C. F. C.
CEMENTATION v. Ikon.
CEMENT COPPER v. Coppek.
CEMENT STEEL v. Ikon.
CEMENTS. Under the comprehensive title

of eements may be classed ail substances capable
of uniting two or more substances by adhésion
to their surfaces, and by the cohésion of the par-
ticles of the cernent.

The most important of these are used in the
construction of houses, sewers, piers, bridges,
lighthouses, docks, and harbour works. The
subject may, therefore, be divided into

I. Building cehents.

ii. resinous cements and adhesive ma¬
terials.

Under the head of Building cehents, the
following subjects are treated

1. Lime-burning.
2. Mortar.
3. Plaster of Paris.
4. Hïdraulic mortar.

5. PoZZUOLANA.
6. Hïdraulic cement.

7. OxYCHLORIDE CEMENTS.

8. Artificial stone.

9. CONCRETE.
1. Lime-Burning. To obtain lime, CaO,

it is necessary to décomposé the carbonate
CaCOj by heat. The process is called lime-
burning and the product lime or giiick-lime.

The décomposition begins at about 300°C.,
and the température which is usually employed
is indicated by a bright red heat. It ought not
to exceed 1100°C. The facility with which
lime is burnt dépends upon the porosity of the
limestone and the size of the lumps, Further-
more the expulsion of carbon dioxide is facili-
tated by the introduction of steam into the
mass, a fact which was first demonstrated by
Gay-Lussac, and which is known to practical
lime-burners, who water limestone if by pro-
longed standing in the open air it becomes
dry.

The passage of a large volume of air through
the heated limestone also favours the disengage¬
ment of carbon dioxide. The reason of this is
the peculiarity of the décomposition, which is
dépendent upon the température of the lime¬
stone, and upon the tension of the carbon
dioxide in the atmosphère surrounding the lime¬
stone. Such conditions of décomposition are
characteristic of the phenomenon called disso¬
ciation.

Dorlhac and Saminn have shown that the
same lime when simultaneously burnt in air and
in a current of steam loses 31 p.c. more C02 in
the steam than in the air. They also proved
that lime increases in volume when burnt. A
cylinder 27 mm. long and 17 mm. thick became
after burning 28 mm. and 17'7 mm.
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According to the nature of the limestnne the
lime will turn out to be —(a) a ' fat ' lime, (6)
a ' poor ' lime, or (e) a hydraulic lime.

[f it contains more than 10 p.e. of silica, a
lime must be classed as hydraulic, because the
paste which such a lime forms when slaked with
water will set in water, or in moist places where
it is not exposed to the drying influence of the
air.

The process of lime-burning may be carried
on in four différent ways.

1. Intermittent burning with a long flame.
2. ,, ,, ,, short flame.
3. Continuons burning with a short flame.
4. „ ,, „ long flame.

LIME-kilns.

Intermittent burning with a long flame.—
For calcination rvith a long flame, and inter-
mittentty, the primitive .form of kiln fig. 1
is constructed by making a circulai- hole a in

Fia. 1.

the side of a hill, or on a slope ; the interior
is lined with large stones of the same material
as those to be burnt. At the bottom of the kiln
there is a horizontal passage to the outside.
The end of the passage e in the interior of the
kiln is arched overc, and a fire of wood, or peat,
d is lighted as soon as the kiln has been charged.
The charging of the kiln is so carried out that
the bottom contains the largest lumps of lime¬
stone, and the top the smallest pièces.

A kiln so simple will, as a matter of course,
use more fuel than is absolutely necessary.

Fink's kiln fig. 2 has an internai form which
is ovoid (b) ; between the innerlayer of refractory
brick which lines the furnace and the outer

wall, there is placed a packing of sand (e) or
asheb, which prevents damage to the outer wall
and loss of heat. The hearth of the kiln fig. 3 is
formed of five arches of refractory brick F, with a
space between them of 6 inches ; upon these are
placed rows «f bricks, transverse in direction,
and of material equally refractory; the spaces
which are left allow of the passage of the gases
from the furnace. The bottom of the kiln has
two oppositely situated openings which lead to
the passages where the lime is withdrawn (c) ;
below these are two hearths (aa) with gratings

and ash-pits. The mouth of the kiln can be
closed hermetieally at the end of the opération
by means of an iron cover (d) upon whieh is a
thick layer of sand retained by a rim. The

K
jf aI 1

Fie. 2.

cover is suspended from a cross beam, support-
ing a roof which covers the upper platform of
the kiln, and prevents the rain or snow from

Fig. 3.

lodging on and cooling the kiln, which would be
injurious to the progress of the burning.

The cover may be raised or lowered at will
by a pulley. The fuel used is the most com¬
bustible kind of wood. This furnace is very
much used in certain industries.

Intermittent burning with a short flame.—In
this mode of lime-burning the fuel and lime-
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stone are arranged in alternate layers. Turf |
and eoal are mucli used for tlie purpose. At- !
tenticn must be paid to the packing of the kiln
so as to admit of a free passage, of air tlirough
every part. The interior of the kiln narrows
towards the bottom. A charge is burnt in three
or four days. When eool it is removed from the
furnace in such a manner as to keep the ashes
of the fuel from the lime. The charge con-
traets very greatly as the fuel burns away,
hence the gradually diminishing capacity of the
kiln towards the bottom. Lime skould not be
burnt in this manner except for agricultural
purposes, since the ashes of the fuel impair the
quality of the lime.

Continuons burning. with a short flamc.—
The mixture of alternate layers of limestone and
fuel is more frequently applied to the continuous

A much more perfect form of kiln îb that
of MM. Pavin de Lafarge (fig. 6). The in-
terior is like a hollow spindle, the mouth is
provided with a cover which prevents loss oi
heat, and the interférence of the draught by
gusts of wind is prevented by a flue near tLe

I

than to the intermittent System of lime-burning.
The proportion of fuel to limestone in a charge
varies with the nature of the fuel and the size
of the pièces of stone, but the average is 4 parts
of stone to 1 of fuel. Coke is to be preferred to
coal, being free from bituminous matter and
capable of furnishing a white andpurer product.
The rational shape of a kiln is internally that
of a reversed truncated cone, or at any rate some
form which diminishes regularly, the mouth
being of greatest, and the heartli of smallest
diameter. At the lowest part of the furnace
there is ample provision for removing the burnt
lime.

Figs. 4 and S represent a vertical and hori¬
zontal section of a kiln used in France on the
Paris and Lyons railway. The burnt lime is
withdrawn by four openings (a) placed at the
opposite sides of the kiln. Two suchkilns, with
a total capacity of 34 cubic métrés, or 1,200
cubic feet, furnish on an average 10 cubic métrés
of lime per day or 275 bushels.

Fia. 0.

mouth, in which a valve serves to regulate the
draught and maintain a constant température.
The bottom of the kiln is barred by a grating
fixed conically so as to direct the pièces of lime
and thus facilitate their withdrawal. The opening
to the furnace is provided with a cast-iron door,
which is closed when work is temporarily sus-
pended.

The average quantity of coal burnt is 2 to
4 loads for every 10 of burnt lime. A load of
turf yields an equal measure of lime.

Continuous burning with a long flame.—
There are several forms of kiln for carrying out
this method ; the supply from them is constant,
and may be large in amount, and the eonsumption

e c c

Fig. 7.

of fuel in the best of them is reduced to a mini¬
mum, while an inferior quality of fuel may be
used.

In Swann's kiln fig. 7 two rows of several
connected chambers, a, are so arranged that the
heat from a fire passes from the bottom of the
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first chamber to the top of the next. The pas¬
sages (b) can be closed or partly opened by valves
(c) placed in them, which are manipulated from
outside. The fuel is not mixed with the lime-
stone, but burnt on a movable hearth kept in
constant motion, and self-feeding.

The greatest improvement in lime-burning
consists in the application of the Siemens' gas-
producer to the heating of limekilns. F. Stein-
raann was the first who sueceeded in this
direction.

Figs. 8 and 9 represent a vertical section

Fia. 8.

and plan of his kiln. a a is the kiln, which is
of an annular form ; b b is a reeeptacle for the
burnt lime ; g is the gas produeer ; h, the pas¬
sage for the gas ; c branches off the main
passage ; d, circulât conduits by which the gas
is distributed round the periphery of the kiln
after passing through c ; o is an opening for

Fia. 9.

vithdrawing the lime after it has heen burnt.
It has a fitting of cast-iron and a conical stopper
offire-clay, which is moved by a lever h, which
régulâtes the necessary admission of air for
burning the gas. Air admitted by this opening
is heated by contact with burnt lime, which
mires with the gas in the conduits and causes
its combustion. The six doors k admit to the
central space where the limestone to be used is
previously stored.

Vol. l.—T

SOTS. 465

Before filling the kiln every part must be
dried, otherwise it would be impossible to light
the gas. After the preliminary drying the bottom
of the store for lime is eovered with easily com¬
bustible wood, and spreacl over this is a layer of
charcoal or turf 1 foot to 18 inches thick, after
which alternate layers of limestone and charcoal
are piled up to 20 inches above where the gas
enters. From this point upwards the space is
filled with limestone. Gas is next prepared in
the proclucer by lighting shavings and brushwood
upon the bars, after which the grate is filled with
fuel. When the fiâmes reach the openings c,
the gas is lighted. The first quantity of lime is

removed at latest 3 hours after the introduction
of gas from the produeer. Subséquent quantities
are drawn at intervais of 1, F§, and 3 hours.
After eaeh removal the kiln is again filled up.
Before feeding the produeer with fuel the valve
at v is closed to prevent an explosion by opening
the stokehole n.

A kiln heated by a gas-producer, designed

Fig. 12.

by Yigreux and Leroy-Deselosages, and built
at Champigny, is somewhat différent in détail.
It is represented in the figures 10, 11, and 12.
The body of the kiln is shaped like a cylinder,
surmounted by a truneated cone (fig. 10). Its
interior lining k, fig. 12, consists of blocks of com¬
pact limestone, which resist the action of heat,
and of caustic lime. The bottom of the kiln is
closed by a double grating o, fig. 10, access to which
is obtained from the passage where the lime is re¬
moved. The upper part is eovered, N, and a
flue ai allows the escape of gas. The gas-pro-

H II
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ducer is far enough removed to admit of the
cooling of the burnt lime, c is the stokehole,
and b an opening to the hearth. The gas is led
by d into a circulai' flue f, and being distributed
among the différent burners g regularly spaced
in the perimeter of the loin, feeds in addition
a central hearth J, shaped like a mushroom and
pierced laterally with openings which correspond
with those of the burners. (See horizontal and
vertical sections in figs. 11 and 12.) The central
hearth is supported by an arch of refractory
ïbrick, which rests against .the walls of the kiln.
A valve e, placed in the main flue d, and other
valves h corresponding with each burner, serve
to regulate the combustion of the gas. An in¬
tense and very regular heat may be obtained by
this arrangement.

The kiln at Champigny has a capacity of
10 cubie métrés or 353 cubic feet, and itproduees
6 cubic métrés of lime in the 24 liours, equal to
165 bushels.

There is an average consumption of 4 cwt.
20 lbs. of coke for each ton of quicklime (Génie
Civil, July, 1882).

2. Mortar. By the term mortar is usually
implied a mixture of lime and sand, which dries
when exposed to the atmosphère. It is employed
in the cementing of briekwork and masonry,
also for covering the external walls of buildings.
When mixed for use it should be of the con-

sistency of a soft paste which will fill the inter¬
stices between building materials. It should
adhéré, and in course of time beeome as liard
as stone. The durability and strength of mortar
dépends upon the nature of the lime and of the
sand employed in the mixture. Thus in the
mixing of mortar quicklime is slaked with
water, and in the consistency of cream is mixed
with sand, the latter substance being added to
prevent the mass shrinking as it dries. If the
limestone consists chiefly of pure carbonate
of lime, then the lime obtained therefrom is
termed a ' fat ' lime ; on the other hand, if the
limestone contains magnesia, it forms a thin,
poor mixture with water, and is termed a ' poor '
lime. With 10 p.c. of magnesia a lime is ' poor,'
and with 25 to 30 p.c. is almost useless. The
occurrence of considérable quantifies of mag¬
nesia in limestone prevents it from being satis-
factorily burnt, ancî accordingly it does not slake
properly. The best lime combines with about
one-third of its volume of water, and evolves a
large amount of heat, while it combines with
the water to form calcium hydrate. The tem¬
pérature may rise as high as 150°C., and it is
always sufflcient to drive oiï a considérable
quantity of water as steam. During slaking it
largely increases in bulk, and the hard mass of
burnt lime falls to powder. Should the lime¬
stone contain a certain proportion of silica and
alumina, these substances, when the lime is
being burnt in a limekiln, are likely to combine
with some of the lime to form a slag, and fuse
or form a hard erust upon the surface of the
lump. This covering then protects the quick¬
lime beneath the surface from being acted upon
by water.

Lime cream alone might be used as a cernent,
but on account of the shrinkage which would
take place its use would be attended with diffi-
culty. This shrinking is observed when slaked

lime is simply exposed to tbe air ; it is always
accompanied by the absorption of carbonie acid
and the formation of a calcium carbonate. Cer¬
tain limestones which contain more than 10 p.c.
of silica possess the property, when burnt, of
making a mortar which will harden under water.
The lime obtained from such limestone is termed
hydràulic lime, and mortar prepared therefrom
is known as hydràulic mortar.

Yabieties of Sand.
The nature of the sand to be used for making

mortar is of some conséquence. Sand consists
of the small particles of disintegrated silicious
rocks, and the composition of these particles is
therefore much the same as that of the rocks
from which they are derived. Angular or
' sharp ' sand is to be preferred to that which
consists of smooth round particles like sea-
sand, for the varieties resembling this latter
always yield a brittle mortar. Again, the size
of the particles is of much conséquence. With
sand there is sometimes much dust, but dust
and sand may be separated by washing ; par¬
ticles so fine that they render water turbid can-
not be considered as sand, for sand immediately
sinks to the bottom of the water, and, if clean,
does not interfère with the transparency of the
water.

Sand properly so-called may be distmguished
as coarse sand and fine sand. The former con¬
sists of particles varying in size from the vhth
to Jth of an inch in diameter, fine sand from
^th to ^th of an inch. Sand should be free
from clay, since this latter does not adhéré to
lime. Coarse sand is best suited for ' fat ' limes ;
on the contrary, the finer kinds of sand are to
be preferred for use with hydràulic lime (p. 464).

Aecording to its mode of occurrence sand
suitable for making mortar may be described as
being of three distinct kinds, namely, virgin
sand, or such as is obtained from rocks actually
undergoing disintegration ; fossil sand, or such as
at some previous geological period has been
deposited by water; and, thirdly, river sand,
which is in course of transmission from its
original source to the sea. The first not having
been acted upon by water is frequently con-
taminated with clay ; the second is a ' sharp '
sand, which, when free from clay, is much de-
sired for building purposes ; the third is gene-
rally clean, but the particles are smooth and
rounded by the continuai motion communicated
by the running water.

Sea sand is disadvantageous on account of
the déliquescent salts, calcium and magnésium
ehlorides, which accompany it, and which retain
or attract moisture to walls in which it is used ;
nevertheless it may be employed after thorougk
washing in running fresh water or after exposure
to rain for some months.

The Slaking of Lime.
The slaking of lime may be so conducted

as to produce a paste or to obtain a dry hydrate.
To obtain a paste, lumps of lime are placed in
a pool of water 12 to 18 inehes deep, much of
the water is soaked up by the lumps which are
not immersed completely ; soon the masses
begin to move and with noise to split, at the
same time a small quantity of steam rises,

IRIS - LILLIAD - Université Lille 1



CEMENTS. 467

whieh increases until the wliole crumbles to

powder. At the close of twenty-four hours
hydration is complété, and a komogeneous paste
is obtained fit to be mixed with sand.

To obtain a dry hydrate. The lime may be
slaked to powder in three différent ways :

1. By immersion or soaking in water and re-
moval therefrom.

2. By sprinkling with water.
3. By spontaneous hydration oaused by at-

mospheric moisture.
1. Lime, in pièces the size of an egg, is

placed in a basket of wickerwork or hoop iron,
and is immersed in water for one or two minutes
until hydration has well commenced, when
it is withdrawn. The combination of water
with the lime continues until the mass falls to

powder, expelling a good deal of steam. Before
the lime falls to pièces it should be quickly
heaped together, or emptied into casks or bins
and covered up, in order to concentrate the heat
and prevent the escape of vapour. It swells,
cracks, and becomes reduced to a fine powder.
It is ohvious that this method must be carefully
carried out if a dry powder is to be obtained.

2. If lumps of lime placed in heaps are
watered at intervais, so that the mass is equally
moistened ail through, the slaking proceeds as
in the previous case, but with greater regularity.

3. If lime in pièces of the size of an egg is
exposed to the air for not less than three
months it will fall into powder consisting of a
calcium hydrated subcarbonate. The water con-
tained therein amounts to from 10 to 11 p.c.
This means of slaking is applicable only to
' fat ' limes.

The increase of volume of lime during slak¬
ing is considérable, as shown by the following
statement, which applies to ' fat ' limes only.

100 volumes of quicltlime yield of slaked lime.
' l?at ' lime Hydraulic lime

By slaking to paste, 250 to 300, 140 to 175 vols.
„ to powder, 230, 130 to 150 „

„ spontaneously, 260, 112 to 140 „

It is of considérable importance that the
water used for slaking lime and mixing mortar
bo iree from saline matter. River water is to be

preferred. Water containing calcium sulphate
in solution is injurious to the quality of mortar
and retards its setting. Sea water, which of
course 1s strongly eharged with ehlorides, with
calcium and magnésium sulphates, is stated by
Chatoney to retard the setting of the mortar.
According to Féburier, sea water does not afïect
the hardening of mortar. There can, how-
ever, be no doubt that its use is undesirable for
dwelling-houses, since the salts which remain
in the mortar are déliquescent; they attract
moisture, cover the joints between brick and
plaster on walls with an effiorescence, and render
dwellings unhealthy. On the other hand, for
hydraulic mortars, sea water was used by
Smeaton for the old Eddystone lighthouse and
for many works afterwards, in preference to
fresli water. It has been employed upon im¬
portant works at Flushing, and also by General
Michaud in the Isle of Elba, in each case with
advantageous results.

MOBTAR OF THE ANCIENÏS.
The earliest examples of the employment of

mortar in masonry are presented by the pyramids
of Egypt. An examination of the mortar lying
between the stones of the pyramid of Cheops
has shown it to be identical with that in use in

Europe at the présent day, although its prépara¬
tion must liave taken place more than two thou-
sand years before the Christian era (Vicat,
Traité théorique et pratique de la composition
des mortiers et ciments).

Several analyses of ancient mortars have
been made by Wallace, and the facts to be de-
duced from the results are interesting and im¬
portant. The figures are given in the following
table.

It will be observed that the carbonic aeid
estimated in the first six mortars corresponds
with the amount necessary for the complété
neutralisation of the lime and magnesia. In

Analyses of Ancient Mortars (IF. Wallace).

Origin of the mortar

Silica
and
fine

sand

Alu-
mina

A1203

Lime
CaO

Coarse
sand

Small
stones

Ferrie
oxide
Fea03

Mag¬
nesia
MgO

Sul-
phuric
acid
so3

Car¬
bonic
acid
C02

Pot-
asb
K20

Soda
NaaO

Or-
ganic
mat¬
ter

Water
H20

Total

1, Phœnician Mortars.
Ruins of a temple at

100-23Larnaca, Cyprus 16-20 2-16 26-40 3-37 28-03 0-99 0-97 0-21 20-23 — — 0-56 0-54
Mortar forming the
joints of a buried
watercourse at Lar¬
naca .... 0-96 0-40 51-58 — — — 0-70 0-82 40-60 — — 0-24 3-09 98-39

2. Greek Mortars.
Mortar exposed to the
air, taken from the

99-68Pnyx, Athens .
12*06 2-64 45-70 —

— 0-92 1-0 — 37-0 — — — 0-36
From the interiorof a

temple at Athens . 3-00 0-98 49-65 — — 0-82 1-09 1-04 38-33 — — — 3-07 x>x>ÛOos
3. Roman Mortars.

98-73Villa Adrian, Tivoli . 41-10 14-70 15-50 — — 4-92 0-30 — 11-80 1-01 2-12 2-28 5-20
Wall plaster at Hercu-
laneum exposed to
the action of warin
water 32-36 2-86 20-88 — — 2-32 0-25 — 23-80 3-40 3-49 1-50 1-0 101-86

Roof of the Latin
tombs, Rome . 36-26 16-39 19-71 — — 1-23 0-71 — 13-61 Not — —- 8-20 —

Mosaic on the floor of esti¬
theBath of Caraealla, mated
Rome 30-24 10-64 25-19 — — 3-67 0-90 — 17-97 — — 2-48 5-50 —

n H 2
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the two last speeimens only is the quantity of
carbonie acid insufficient to carbonate the whole
of the lime and magnesia. Either some of the
lime has remained caustic or part of the lime
lias entered into combination with the aluminium
silicate.

Tiie Cause of the Setting and Hardening
of Mortar.

When exposed to the air mortar sets some
days after use. It can then resist the pressure
of the fingers. The hardening follows the
setting, but takes place mueli more slowly.
It has been found in some cases after the
lapse of centuries that mortar has not com-
pletely hardened. The cause of the setting of
mortar is a proeess of drying by exposure to the
air ; on the other hand, hardening is due to an
absorption of carbonie acid, whieh converts the
calcium hydrate into calcium carbonate. Wet
mortar does not absorb carbonie acid readily, it
is only after it has set, that is, dried, that car-
bonation ensues. The proeess commences at
the surface and passes to the interior of the
mass.

If some fresh mortar be plaeed in a glass
tube and carbonie acid be passed in for several
days, it will be found that very little has bsen
absorbed ; the mortar has retained its condition
of a wet paste. If plates of the same mortar be
exposed to the air during the same time they
harden and absorb a much greater proportion of
carbonie acid.

Plates of fresh mortar suspended in an at¬
mosphère of carbonie acid are found after eight
days to be as soft as at flrst, and to have ab¬
sorbed less than 1 p.c. of their weight of car¬
bonie acid. But if they be plaeed in a vessel
containing a jarof sulphuric acid so as tohasten
the drying of the mortar, it is found that they
gain as much as 14 p.c. of carbonie acid in a
single day. Mortar behaves in a similar manner
if moistened with a solution of ammonium car¬

bonate. When fresh it does not harden, neither
does it absorb carbonie acid ; but after it has
once set it becomes very hard, and the absorp¬
tion of carbonie acid is very considérable.

On the other hand, mortar which is dried
artificially as completely as possible, yields a
compact mass whieh is very friable, and which
neither absorbs carbonie acid nor hardens. It
follows from these facts that the hardening of
mortar is intimately connected with the presence
of moisture.

A slow drying, after setting, favours the con¬
version of calcium hydrate into calcium car¬
bonate ; then during the hardening the partieles
which are first solidified soak up a solution of
calcium hydrate which, by graduai evaporation,
deposits the lime which it contains, and this
binds the former partieles together with a solidity
which increases with the slowness of the deposit.
The graduai déposition of calcium hydrate is
favourable to its being acted upon by carbonie
acid and its conversion into calcium carbonate.
It will thus be perceived that the proeess is
somewhat similar to the action of petrifying
waters in which calcium carbonate is dissolved
by carbonie acid, and, as this escapes, a hard
coherent crust of calcium carbonate is deposited.

The admixture of sand is not an essential
condition of hardening, though it greatly facili¬
tâtes it by rendering the mass more porous and
more easily accessible to the carbonie acid in
the air.

Although lime generally appears to be with-
out chemical action upon sand, nevertheless
Petzholdt has found 2-1 p.c. of combined silica
in a mortar one hundred years old, and 6'2 p.c.
in mortar three hundred years old, while the
lime used for the mortar contained no more

than 0T1 p.c.
Petzholdt, by taking a pure lime burnt from

Carrara marble, mixed with (a) artifieial silica
previously ignited, with (b) powdered quartz well
washed, and with (c) white sand, showed that
silica entered into combination with the lime.
Thus

ri ... ,. , Percentage of soluble silics,Composrtion of mortar Aiterlw|ek After6weS
calcined silica (a)

0-59 4-40

0-04 0-G0

o-oo 0-GG

powdered quartz (6) . J
Mixture of ' fat ' lime and 1

white sand (c) . . . /
Baoult has shown that the basic carbonates

of lime have the property of hardening with
water. If, then, we have a déposition of calcium
hydrate upon the partieles of sand in mortar
taking place by evaporation, we may have the
formation from this of a basic carbonate which
will harden with the water set at liberty during
carbonation. Thus it will be seen that the hard-
ness of mortar whieh is not completely car-
bonated may be accounted for. The researches
of Brigadier-General Q. A. Gilntore, A.M., of the
United States, confirm the conclusion arrived at
by G. Bobertson—' The depth to which car¬
bonie acid is absorbed into mortar in a givm
time, and, to a certain extent, the induration
from that cause, varies inversely witli the
liydraulic properties of the lime, which dépend
upon the silica contained in it.'

3. Plaster of Paris. Plaster of Paris is gyp-
sum partially deprived of water by heat. When
again mixed with water it slakes and evolves a
considérable amount of heat ; at the same time
it increases in bulk and eventually forms a hard
mass, which is more or less dry but is always
porous. According to Claudel and Laroque a
cubic metre of plaster in powder becomes 1T8 m.
when it sets. The facility with which it sets, its
whiteness, hardness, and porosity make it appli¬
cable to a number of useful purposes. It was
used to some extent for building purposes by the
aneient Egyptians, as is évident from the analyses
of Dr. W. Wallace of a specimen of plaster from
the pyramid of Cheops.

Analyses of Plaster from the Pyramid of
Cheops.

No. 10. No. 11.
From the From the
iuterior. exterior.

Hydratedcalcium sulphate . 81-50 82-89
Silicic acid.... 5-30 4-30
Calcium carbonate . . 9-47 9-80
Alumina . . . . 2-41 3-00
Ferrie oxide . . . 0-25 0-21
Magnésium carbonate. . 0-59 0'79

Total .... 99-52 100-99
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It is largely usect in Paris for building pur-
poses and for the exécution of décorative plaster
work, for taking casts of statuary, of the human
figure before and after death, for making moulds
for pottery, and making rigid surgical bandages.
When mixed, or ' tempered ' as it is termed, for
use with a trowel, much less water is required
than when it is employed in a fluid state for
taking casts. The trowels used are of copper,
for iron is very readily corroded by plaster, and,
moreover, the material adhères very persistently
to the métal. In order to temper plaster for
taking a cast, the powder is sprinkled little
by little upon the surface of a considérable
quantity of water ; it soon beeomes thoroughly
wetted and sinks to the bottom. No more is
added until the first layer has sunk. When the
whole of the powder has been thus moistened,
the milky liquid is poured off from the pappy
material below, and this is poured into the
mould. By proceeding thus, a small quantity is
lost, but the plaster is of uniform consisteney
and free from air-bubbles, so that the cast is
thoroughly sound.

The Bueninq of Plastek of Paeis.
Historical notes.—The phenomena attendant

upon the baking and hardening of plaster of
Paris were first studied by Lavoisier, who was no
more than twenty-one years of âge when his first
very remarkable memoir on the subjectwas pub-
lished. In the Comptes Rendus of Pebruary 17,
1765, there appears a short note containing a
passage of which the-following is a translation :
'After having removed the water of hydration
from gypsum by heat, if it be presented to it
again (this is commonly known as the mixing
or tempering of plaster), it takes it baek with
avidity, it suddenly assumes a state of irregular
crystallisation, and the small crystals which
form become confused with each other, the resuit
being a very hard mass.' Lavoisier discovered
that baking at too high a température removed
from plaster its peculiar property of setting from
a consisteney of cream to a hard mass, and he
signaiised an important détail in the baking of
plaster which has escaped authors who have since
written on the subject. Water is removed from
gypsum at two stages ; the first three quarters of
combined water are much more easily removed
than the remainder. According to Zeidler gyp¬
sum or plaster commonly employed in stucco
work is not anhydrous, but contains 5-27 p.c. of
water; Berthier stated it to be from 4 to 8 p.c.
and Landrin by recent researches has eonfirmed
these statements. About 1830 Payen found
that when heated in air, plaster began to lose
water at 115°C. and its loss increased more and
more rapidly as the température rose. If heated
above 204°C. gypsum beeomes ' over-burnt ' and
loses its value as plaster, since it refuses to set
when mixed with water.

Gypsum ornatural hydrated calcium sulphate
is burnt for the purpose of removing only so
much of the water as will yield a plaster capable
of readily combinmg with water again when
mixed therewith.

The mode of its préparation affects in a great
measure the qualifies of the plaster ; the choice
of the stone is of importance, the heavier and
denser varieties yielding the best material.

Small quantities of gypsum may be burnt to
plaster by heating in an iron pot over a nre
until water no longer condenses on a cold plate
held over the pot.

In large quantities gypsum is burnt in an
oven or kiln, the précaution being talsen that
the fuel shall not come into contact with the
calcium sulphate in such a manner as to cause

Fia. 13.

its réduction to sulphide according to the équa¬
tion CaSO., + 4C = CaS + 4CO.

Of gypsum kilns the simplest form, most
usually employed, consists of a chamber built of
strong masonry, the roof being a fiât areh with
openings for the escape of steam and products
of combustion. Fires of brushwood are lighted

Fio. 14.

in a sériés of small arched fire-places, the arches
being 3 feet above the floor. The gypsum,
broken into lumps about the size of an egg, is
piled above these arches half way towards the
roof. The whole structure is covered by a tiled
shed. See figs. 13 and 14.

The equal heating of ail parts of the material
is a point to be carefully attended to. The
form of kiln used at Montmartre for burning
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Paris gypsum is shovm in fig. 15. e is the
fire-place with an open arch o£ refractory fire-
brick, ii is the door for drawing the charge.

Seanegatty's kiln is of improved construction.
A domed chamber is divided unequally by an
arch springing from about a foot above the
floor. The gypsum is placed in the upper part

Fig. 15.

of the chamber. The space beneath the arch is
in connection with the fiue of a furnace, the
fiâmes from which are driven by the draught on
to the under surface of the arch, through open-
ings in which the hot air and products of com¬
bustion pass into the upper lialf of the chamber

Fig. 16.

charged with gypsum, and finally escape from
openings in the top of the dome. See figs. 16
and 17.

The chemistry of the jprocess.—Payen by ex-
perimenting upon large quantifies of gypsum
made the following observations :—

1. The lowest température at which gypsum
can be burnt is 80°C. and a long time is required
to obtain plaster therefrom under this condition.

2. A température of 110° to 120°C. yields the
best préparation for teehnical purposes.

3. In order that gypsum may be burnt
equally ail through it should be reduced to
powder or be broken into small pièces.

M. le Chatelier, in a work published in
1887, quotes Payen's statement of the most
suitable température, and points out that dif¬
férent authors have not been in accord in tbeir
recommendations, which embraco températures
varying from 110° to 300°C.

To investigate the matter tlioroughly he
heated small quantities of gypsum in tubes
placed in a paraffin bath heated gradually and
progressively. A thermometer placed in tbe

Fig. 17.

powdered gypsum marked its température and
each successive rise of the mereury on the scale
was registered by a chronograph. When a pro-
cess of dehydration took place the mereury
halted owing to the absorption of beat due to
chemical change. In a rise from 100° to 200°
the mereury halted for two intervais. The first
hait occurred at a température of 128°, the second
at 163°G. While absorption of heat during the
former interval is undoubtedly due to dehydra¬
tion, the second might be caused by a purely
physical change in an anhydrous compound.
The température showed that these changes
were unequally marked in degree ; hence it
became necessary to settle the question by de-
termining the loss of weight at or about the two
températures.

The resuit proved that dehydration is in¬
complète at 155°, and that it is complété at
194°C. The quantity of water contained in pure
gypsum CaS04.2H„0 is 21-4 p.c. The two periods
when a hait is made in the température curve
correspond to two distinct phases of hydration.
The quantity of water lost during the first phase
is perfectly definite, and corresponds to the
formation of a hydrate with the composition
denoted by (CaSO.,)i.H20. It contains 6'2 p.c. of
water. The halting point marks the passage
to the higher range of température notiiied by
Lavoisier as necessary for the expulsion of the
last fourth of the water of hydration. The
proportions of water found by Landrin and by
Zeidler in good plaster—namely, 7 and 5'27 p.c.
respectively, differ but little from the theoretical
quantity, which is 6'2 p.c. It now became ne¬
cessary to détermine whether plaster is a chemi¬
cal compound or a mixture of anhydrous calcium
sulphate with the sulphate containing two
molécules of water.
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A saturated solution of calcium sulphate, if
heated in a sealed tube to a température lying
between 130°and 150°C., yields extremely delicate
long rectangular prisms.

By taking an excess of gypsum mixed with
water a larger yield of these crystals is obtained.
The tube was broken wliile yet warm, the water
for the most part evaporated, and the crystals
were thrown into alcohol to prevent their eom-
bination with more water. The analysis of
these crystals yielded—■

Composition of Plaster of Paris.
Found Calculated for (CaS04).2H20

Water . 6-7 6'2 per cent.
CaSOj . 93-3 93-8 „

100-0 100-0

The compound, therefore, possesses the com¬
position (CaSOjo.ELO.

The same hydrate is found in boilers fed
with sea water, as shown by the following
figures :

Analysis of a Boiler Incrustation from a Trans-
atlantic steamer.

CaOCOj
Fe.,Os
H.,0
CaS04

Per cent.
0*3
2-0
5-8

91-9

1000

The température at which this compound is
completely dehydrated lies between 160° and
170°C. Broken up and mixed with water it
hydrates and hardens.

It has thus been demonstrated that ordinary
pure plaster of Paris o£ good quality is not
anhydrous calcium sulphate, as hitherto con-
sidered, but a definite hydrate (CaS04).,.2H.,0.

It has been shown by Debray, by experiments
on hydrated salts, that their décomposition is
limited to a given température by a definite
vapour tension, and that the différent hydrates
of the same sait are characterised by différent
tensions at the same température. It was
therefore eoncluded that the températures of
décomposition of the two hydrates of calcium
sulphate would be preeisely those for which
their vapour tensions are equal at atmospheric
pressure, and consequently the température of
décomposition would be lowered by diminishing
the pressure. Experiment gave facts directly
contradictory to these views, and, indeed, proved
that the température of décomposition is com¬
pletely independent of pressure. It follows,
therefore, that the phenomenon of two stages of
dehydration in this case is not one of dissocia¬
tion. The température of dehydration was
found to vary with rapidity of heating, and when
operating on a large scale, M. Lacauehie,
director of the plaster works at Argenteuil,
gave the number 125°, which differs very little
from that of Le Chatelier—namely, 128°C.

It is now ascertained that the température
for baking gypsum differs from its température
of dissociation, being always higher, that it is
independent of pressure, that it is not theoreti-
cally capable of any précisé définition, but that

it varies within small limits and lies between
120= and 130°C.

On the Setting op Plasteiî op Pakis.
As Lavoisier stated, plaster of Paris which

has been baked recombines with water when
mixed therewith. The quantity of water
added influences the setting of the plaster, but
even a large excess does not prevent it. A
mixture of no considérable consistency will
harden in time if the plaster is good, the
hardened mass becoming more porous than if
mixed with a smaller proportion of water. It is
generally admitted that when plaster sets there
is not merely a process of hydration, but also a
crystallisation of the hydrate. As the quantity
of water, or more properly, of aqueous solution,
in which the crystals can form is limited, the
crystals interfère with each other and interlace,
forming a eonfused mass. This account of the
phenomenon is, however, incomplète, inasmuch
as it accounts neither for the mass crystallising
nor for the hardening of such a mass of crystals.
Landrin (Annales de Physique et de Chimie, 5th
sériés, 3, 441) has studied the question of
the setting of plaster by the aid of the micro¬
scope, and his views may be summarised thus :
1. Burnt plaster in contact with water becomes
converted into a crystalline hydrate; 2. Water
which surrounds the crystals dissolves a certain
proportion of the hydrated calcium sulphate;
3. The heat of chemical combination which
yields the crystalline hydrate evaporates a por¬
tion of the water ; a crystal is then formed,
which détermines the crystallisation of the whole
of the dissolved sulphate. It may be remarked
that for this action to take place it is necessary
for the solution of calcium sulphate to be in a
condition of supersaturation ; a crystal of the
hydrated sait would then act in the same way as
a crystal of sodium sulphate containing 10
molécules of water when dropped into a
supersaturated solution of the same sait. A
sudden change from the liquid to the solid state
oecurs.

Now this theory renders evaporation an in¬
dispensable condition to the setting of plaster.

Le Chatelier (Becherches Expérimentales
sur la Constitution des Mortiers Hydrauliques)
recognises this point, and demonstrates the in-
accuracy of such a theory by plaeing plaster
mixed with water in a flask which, being
hermetically sealed, admits of no evaporation.
Nevertheless, the plaster sets as readily as if
exposed freely to the air. He further remarks
that the quantity of plaster which could thus
erystallise by evaporation is a negligible
quantity of the whole mass which sets.

Le Chatelier's views are as follows ;

The chemistry of hydration being expressed
by the équation

(CaSO,,)2.H20 + 3H..0 = 2(CaS0.,.2H20),
it appears from an experiment rnade by Marignae
that the compound (CaSO.,)2.H20 dissolves when
shaken up with water and forms a clear solu¬
tion, which after a short interval becomes tur-
bid and deposits crystals with the composition
CaSO.,.2H20. The solution at first formed is
five times as strong as that made from the
dehydrated sulphate ; it appears, then, that
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what immediately enters into solution is the
compound (CaS04),,.IL,0—it becomes hydrated,
its solubility is then diminished, and the solu¬
tion becomes supersaturated with the sait
CaS04.2IL0. When the supersaturated solu¬
tion has deposited its excess of crystals it dis¬
solves more of the plaster (CaS04)-.H,,C), and
this after hydration is deposited in the same
manner as the former quantity. The process
is then repeated and continued until every par-
ticle of plaster has passed through the changes
of solution, hydration, and crystallisation. When
hydration is very slow the supersaturation is
feeble ; when it is rapid, supersaturation, on the
contrary, is considérable.

If this explanation is correct, the points
where crystals are formed are not necessarily
where the solution is in contact with grains of
plaster ; and it is a fact that while plaster of
Paris is setting under the microscope large
needle-shaped crystals are seen to grow out of
elear spaces filled with liquid, hence the plaster
must have entered into solution before it became
hydrated. An analogous case of solution of a
dehydrated sait, followed by hydration, super¬
saturation, and crystallisation, eausing the
formation of a hard mass, is afforded by several
very soluble substances. De Coppet (C. B. 73,
1324) has shown that anhydrous sodium sul-
phate yields solutions which are highly super¬
saturated even when care is exercised to prevent
any rise of température in the liquid (Le Cha-
telier, l.c. 18). If a tube, about half an inch
in bore and a foot long, be divided into an
upper and a lower half, by placing within it
a screen of wire-gauze, it may be filled with
water, and the upper division eharged with
pièces of fused sodium sulpliate the size of
peas, which remain suspended in the liquid.
To prevent rise of température the tube is im-
mersed in water, and after some hours the
hydrate Na^SO^lOïLO is deposited in crystals at
the bottom cf the elear solution, and these
crystals grow until the tube is entirely filled
with a hard mass.

That crystals in the form of delicate prisms
are produced in the setting of plaster has been
proved in many ways. 1. They have been ob-
served under the microscope. 2. Plaster mixed
with water containing alcohol sets so slowly that
they are easily observed during formation. 3.
Plaster mixed with potassium sulphate forms
long prisms during setting, which are easily
visible to the unaided eye.

Plaster contains 7 to 8 p.c. of oombined water,
and the proper quantity of water required to
make plaster set properly may be calculated frorn
the foregoing équation as about 13 parts for 100
of ordinary plaster ; if the quantity taken be so
small as even 33 parts for 100 of plaster the set¬
ting follows so rapidly, almost instantaneously,
that it is useless. That is to say, it is necessary
to add at least more than 20 p.c. over the
calculated amount because the plaster itself is
porous and it dries rapidly.

If gypsum be over bumt, that is to say, dehy¬
drated completely, it will not set in the usual
manner when mixed with the proper quantity of
water. Landrin has shown that if a minimum of
water be used, say 33 p.c., then the plaster will set
to unusual hardness after alapse of some twelve

hours. If over-burnt plaster be exposed to the
air it absorbs 8 p.c. of water very rapidly, but
further hydration proceeds very slowly. Such
plaster when properly mixed with water sets
slowly, but with a normal hardness.

These facts are readily understood when we
consider that the compound (CaS04)2.H,0 is the
only calcium sulphate which sets properly. It
is évident that the mode of crystallisation which
occurs in the setting of plaster must influence its
hardness. La Chatelier states that the crystals
which form are frequently, if not always, little
delicate prisms united by one of their ends round
central points so as to build little spherical con¬
crétions. Le Chatelier considers that the me-

chanics of hardening of mortars and cements
can searcely be without analogy, and may pos-
sibly be identical in opération, with other knovn
modes of hardening. These are hardening by
compression of a powder, by desiccation of a
powder or colloid substance such as gelatine, by
fusion and solidification, by crystallisation.

These may be referred to two simple and
more général phenomena :

Mutilai adhésion of solid particles, brought
within a minute distance of each other ;

Mobility of these particles enabling them to
approach.

In the case of plaster of Paris mobility is con-
ferred upon the particles by their being dissolved
previous to crystallisation ; they are brought close
together by the solution being supersaturated.
As soon as crystallisation has taken place, the
crystalline mass will be so much the harder the
greater the internai cohésion of the crystals and
the greater their mutual adhésion.

Cohésion, which is a primordial property of
matter, is widely extended. Plaster can be
scratched by the nail ; quartz is so hard as to
scratch steel. Adhésion, unlike cohésion, is a
complex phenomenon, and consequently very
variable. These variations almost entirely ac-
count for the différence in hardness which ana¬

logous cements and mortars présent. Adhésion
varies with the chemical nature of the substances
in contact. The adhésion of a crystal of calcium
sulphate to a plate of glass is nil ; on the con¬
trary, that of barium silicate is so great that the
crystals break rather thanbecome detached there-
from. It varies with the more or less polished
state of the surfaces in contact.

The total efïect of adhesioD is evidently pro-
portional to the extent of surfaces in contact. It
is so much the greater as—first, the volume of
empty spaces arising from excess of water used
in the mixing is less ; secondly, as each crystal
for a given weight of matter affords a greater de-
velopment of surface—the form of elongated
prisms recognised by Le Chatelier in crystals of
plaster and ail similar products is eminently
favourable to adhésion ; thirdly, crystals should
be so grouped as to increase the volume of the
empty spaces while diminishing their number
and isolating them from each other. A structure
like pumice is particularly favourable. But very
slight variations in external conditions, such as
the nature of the solvent, the température, and
the number of points or rough surfaces from
which crystallisation may be favoured, exert a
considérable différence on the strength of mortar,
plaster, and cements.
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Processes for Hardening Plaster.
Alumplaster. Severalnew plastic substances

have lately corne into use, ealled alum plaster,
French cernent, and English cernent, or stucco.

Greenwood's process is carried out in the
following manner. Plaster stone, previously
burnt in the usual manner, is steeped in a solu¬
tion containingfrom 8 to 10 p.c. of alum. After
soaking for some minutes it is drained, and dried
in the air. It is then submitted to another burning
at a uniform and constant température carried
to dull redness, but not exceeding this limit.

Such plaster softens in "water, so that it
easily takes an impression from the fingers.
Kecently a material has beenprepared by baking
an intimate mixture of raw plaster with powdered
alum.

Casts executed in such plaster solidify gradu-
ally, but they finally acquire a hardness similar
to that of alabaster or marble ; furthermore, the

The following is a tabulated statement of the
analyses of various kinds of plaster used through-
out France, from wliich it will be seen that they

material présents a translucent appearancewhich
causes it to resemble these substances. Exposed
for months to the air, the casts remain uninjured
and lose none of their hardness. According to
Elsner, several hours in boiling water does not
sensibly affect their hardness.

Various explanations have been given of the
cause of this change in plaster, but according to
Landrin (C. E. 1874), it is not to be accounted
for by the formation of double sulphates of lime
and alkali, nor by the crystals of calcium sul-
phate being imbedded in alumina, but rather by
the calcium carbonate in the plaster stone being
converted by the alum into calcium sulphate. A
liquid containing 8 to 10 p.c. of sulphuric acid acts
as satisfactorily as an alum solution.

Specimens of such cements have been ana-
lysed and shown to be almost pure calcium sul¬
phate. Compare the following two sériés of
analyses of plasters

contain varying but considérable proportions of
earthy carbonates.

Landrin's Analyses of Alum Plasters.

Description of specimens
Constituents found

CaSO. CaCO, SiO„ HsO Total

Alum plaster, French cernent . 96-75 1-05 0-72 1-18 100
„ „ English cernent, No. 1 98-19 0-41 0 1-40 100
„ ,, ,, ,, No. 2 98-02 0-37 0-42 1-19 100
„ „ Stucco 98-05 0-36 0-51 1-08 100

The chemical Composition of various kinds of Plaster of Paris.1
Analyses of Plaster of Paris mode by M. Durand-Claye.

Constituents found

Nature and source of the plaster Residue A1„03
insoluble and CaSO. CaC03 MgC03 HaO
in acids FesOa

Vitry (Seine), ordinary 4-9 2-5 70-9 10-2 5-05 6-45
fine .... 3-7 2-7 72-6 12- 5-45 3-55

Villejuif (Seine) 4-8 0-6 77-95 8-5 1-9 625

Bondy (Seine), ordinary 1-4 1-5 79-05 9-9 2-3 5-85
„ fine ... 2-4 1- 83-4 6-9 2-3 4-

Bomainville (Seine) .... 0-6 0-8 87-7 2-4 2-7 5-8
Bois le Comte (Seine et Marne) . 1-2 0-35 85*75 4-3 — 8-4
Lamarclie 1-6 88-45 3-75 — 6-2
Bussière 1-05 0-45 84- 7-15 0-4 6-95
Roquevaire (Bouches du Ehone) 11-2 31 70-55 6-7 565 2-8
Bassin de la Couze (Dordogne) . 4- 1-4 71-60 14-1 5-05 3-85
Hérépian (Hérault) .... 4-2 1- 81-6 — — 13-2
Partel (Aude) 0-7 0-4 86-85 5-3 — 6-75
Malancène (Vaucluse).... 0-6 — 92- 0-35 — 6-15

Poligny (Jura) 0-8 — 93-5 3-4 — 2-3
Grasse (Alpes-Maritimes) . 0-1 0-2 95-65 — — 4-05

1 Encyclopédie Chimique. Eremy. Article Mortiers et Ciments, par M. Duquesnay, p. 179.

Stticco. A mixture of plaster with a solution
of size ; when hardened can be polished. This is
called stucco. By mixing with the size certain
metallic compounds, such as ferrie hydrate,
chromic oxide, manganic oxide, cupric hydrate,
and basic cupric carbonate, stucco may be made
of différent colours. By appropriate treatment

the appearance of coloured marbles may be given
to the stucco.

Keena's cernent.—Keating, and previously
Keene, have produced hard cements by mixing
plaster of Paris with 1 part of borax and 1 part
of cream of tartar with 18 parts of water. After
the plaster is impregnated with the solution it is
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iliied and burnt at a low red beat for six hours.
Borax alone answers the purpose equally well.
The plaster hardens more slowly as the solution
is more concentrated. By using 1 volume of a
saturated solution of borax and 12 volumes of
water, tbe plaster sets in a quarter of an hour ;
with 8 volumes of water, it sets in an hour ; and
with 4 volumes of water, setting is delayed for
several hours.

Silicated plaster. Knaur and Knop sponge
over the surface of plaster casts a solution pre-
pared thus. To a potash ley made by adding
1 part of potash to 5 of water some milk-whey is
added, as free as possible from fatty matter;
4 parts of this are mixed with a syrupy solution
of potassium silicate. Dark stains sometimes
appear on the surface, caused by the action of
sulphur in the whey upon iron compounds in
the plaster, but these disappear upon drying.

The application endows the plaster with great
hardness and with an agreeable tone, far superior
to its usually chalky appearance.

Stearine melted at not too high a température
bas been employed as a bath in which plaster
casts are immersed. The porosity of the plaster
enables it to absorb a certain quantity of the
stearine which solidifies on cooling.

4. Hydraulic Mortars. Ail mortars which
set under water or in damp places are said to be
hydraulic. They may be divided into three
classes :

1. Ordinary hydraulic mortars, composed of
hydraulic lime and sand.

2. Mortars made with ' fat ' lime or hydraulic
lime and pozzuolana, with or without
sand.

3. Mortars made .with slow or quick-setting
cements, with or without sand.

Natural limestones, which on being caleined
are capable of forming a mortar which possesses
the important property of hardening under water
and of resisting its continued action, are calied
hydraulic limestones, and limes prepared there-
from are hydraulic limes. The real cause of
such water-setting and resisting properties of
mortars and cements was discovered and applied
by the engineer Smeaton about the year 1756.

It is worth while to emphasise the impor¬
tance of this discovery by a quotation : ' Smeaton
overset the préjudices of more than 2,000 years,
adopted by ail former writers, from Vitruvius
in ancient Borne to Belidor in France and
Semple in this country, who agreed in main-
taining that the superiority of lime consisted in
the hardness and whiteness of the stone, the
former of which may or may not be accompanied
by water-setting properties, and the latter of
which is absolutely incompatible with them '
(Préfacé to Sir C. N. Pasley's Observations on
Limes, Calcareous Cements, Mortars, Stuceos,
and Concrète).

When limestones contain clay, or in certain
cases magnesia, they yield hydraulic limes.

Silicated mortars. The following table, pre¬
pared by Durand-Claye from the analyses of
Vicat and Berthier, indicates the degree of hy-
draulicity belonging to limes with différent
degrees of impurity in the form of clay.

These limes are distinguished from ' fat ' and
even from ' poor ' limes by slaking more slowly,
with only a slight rise of température and but

little or no disengagement of vapour. This
increase in volume rarely exceeds one-tbird tbeir
original bulk. They harden under water it
made into a paste, at periods which may be 15
or 20 days after immersion if slightly hydraulic;
6 to 8 days if hydraulic ; and 1 to 4 days ii
highly hydraulic.

Proportion of clay
to 100 parts of cal¬
cium carbonate in
the limestone.

Lime feebly hydraulic contains 5-3 to 8-2
„ fairly „ „ 8-2 to 14-8
„ hydraulic ,, 14-8 to 191
„ highly hydraulic „ 19'1 to 21-8

Limit of hydraulic lime 21-8 to 26*7
(Dictionnaire de l'Industrie, E. O. Lamie, 1883.)

Usually hydraulic mortar is prepared from a
silicious limestone, such as would fall under the
description before given, or from a mixture oi
a ' fat ' lime with silicious materials such as

pozzuolana.
Three very important works have been con-

structed with lime the composition of which
is known, namely, the old Eddystone Lighthouse,
ereeted by Smeaton, the Liverpool Docks, and
works on the Suez Canal at Port Said.

Mortar for the Eddystone Lighthouse was
mixed with one of the strongest of hydraulic
limes from Aberthaw in Glamorganshire. It
contains:

Aberthaw Limestone.
Calcium carbonate . . 86 2 p.c.
Clay 112 „

Water, alkalis, &c. . 2-6 „

10'0'(T

Composition of Hydraulic Mortars.

Description of Mortar

Aberthaw
lime

Slaked
Poicdev

Pozzuolana Saud

bushels bushels bushels
1. Eddystone 2 2
6. Stone mortar 2 1 1
3. Ditto, 2nd quality 2 1 2
4. Eace mortar 2 1 3
5. Ditto, 2nd quality 2 î

2
3

2. Backing mortar 2 i 3

Mortar for the Liverpool Docks was prepared
from blue lias obtained near Holywell, Fliutshire,
N. Wales.

Blue Lias Lime (Muspratt).
Calcium carbonate . . 71-55 p.c.
Magnésium carbonate . 1-35 „

Alumina .... 3'52 „

Silica .... 2010 „

Ferrie oxide . . . 2-21 „

Alkalis .... 0-79 „

Water and loss . . . 0-50 „

99-82

Constituents soluble in hydrochlorie
aeid 74-73 p.a

Insoluble 25-27 „

100-00
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Hydraulic Mortar for Liverpool Docks.
Slaked Lias Sea Furnace

Lime Sand Asiles

Ist Quality 1 measure 1 measure £ measure
2nd Quality 1 „ 2 measures £ „

In each case the bnrning and slaking o£ the
lime was most carefully attended to, and the
mortar received the most careful manipulation.

The Port Said Canal works, were constructed
of concrète bloeks made with Theil lime, in the
proportion of 325 kilos, of lime in a dry powder
to 1 m. 3 cm. of sand.

■ Composition of Lime from Theil (Ardêche,
France).

Lime . . . . 65T0 p.e.
Magnesia . . . . 0-65 „

Silica combined . . . 19-05 „

Silicious sand . . . 0-30 „

Alumina .... 1-60 „

Ferrie oxide . . . 0'55 „

Sulphuric acid . . . 030 ,,

Loss on burning . . 12-45 „

100-00

The setting of hydraulic mortars will be
dealt -.vith under hydraulic cements.

Dolomitic mortars.—Sir Charles Pasley was
thefirstwhodiseovered that oalcined magnésium
carbonate was in itself a slow-setting cernent.
Deville has shown that dolomites yield a lime
which has the property of forming hydraulic

mortars, and Crace-Calvert has fnrnished
analyses of several such stones.

Analysis of Dolomitic Limestoncs (Crace-
Calvert).

—

From
Craig
Eract

Port
Eynsor

ncii's
Moutb

Magnésium carbonate 61-15 55-23 15-86
Calcium carbonate 21-41 33-99 72-23
Ferrous carbonate 8-76 3-85 3-21
Silica.... 5-58 5-58
Alumina 2-07 2-27 / 2'
Organic matter and

water 1-10 3-40 6-0

100-07 104-32 100-00

5. Pozzuolana. Pozzuolana is, strictly
speaking, a mixture of silicates of yolcanic
origin, originally discovered at the foot of Mount
Vesuvius, near the village of Pozzuoli. A large
proportion of the silicates are decomposable by
hydrochlorie acid. For purposes of construc¬
tion, when mixed with ' fat ' lime, its valuable
properties hâve been known for centuries.
Vitruvius and Pliny described it, and extensive
Koman works in which it was employed are
standing at the présent day. The mortar de¬
scribed by'Vitruvius, with slight variations, is

Analyses of Pozzuolani and Trass (Vicat and Hervé-Mangon).

Source

Constituants p.c.

Mixed
sand Silica Alumina Ferrie

oxide Lime Magnesia Water

Sot esti-
mated, or
volatile
matter

Alkalis

Yesuvius, brown 2-50 44 10-5 29-5 10 traces 2-5 1
dark grey 1-5 44-5 16-5 15-5 10 3 3 6

„ light grey 2-5 42 15-5 12-5 9-5 4-4 3-33 10-27
„ lava, 1868 — 39 14-0 13-0 18-0 3-0 11-0

Borne, St. Paul's Caves . 5 47-66 14-33 10-33 7-6G 3-86 7-03 4-13
Auvergne, black 0 47-9 34-20 8-2 3-9 3-2 — 2-6

„ reddish brown — 47-1 39-0 7-0 trace 2-2 — 4-7
„ brick red — 46-05 17 20-55 8-55 trace 1-6 6-35
„ Gravenvère — 48-0 36-40 8-10 trace 2-4 4-80

Trass, Andernach — 48-94 18-95 12-34 5-41 2-42 — 11-94 —

„ Dutch .
— 46-6 20-6 12-0 3-0 — 12 8 5-0

„ Ehenish 8-75 46-25 20-71 5-48 2-15 1-0 9-25 - 6-3

used very generally throughout Italy and at
Toulon and other French ports. Its compo¬
sition is as follows :

12 parts of pozzuolana, finely powdered.
6 „ quartzose sand, well washed.
9 „ ' fat ' lime, recently slaked, to

which is added
6 „ fragments of broken stone, porous

and angular.
Varieties of pozzuolana may exist in ail

volcanic localities.
Trass. On the Ehine the Eornans are sup-

posed to have used, instead of pozzuolana, a
volcanic procluct of the Eifel district ealled
tufa. The Duteh used the same material, and
called it trass, or tyrass, which means a binding
or adhering substance. It has been employed

on hydraulic works for more than 200 years,
for in 1682 Van Santen erected a mill on the
Ehine for grinding trass. This material is shown
by the table of analyses given above to be sub-
stantially of the same composition as pozzuolana.

Santorin earth.—Another useful description
of tufa çovers the entire island of Santorin (the
ancient Thera), in the Greek Archipelago. From
time immémorial, up to as recent a date as 1866,
this island has been subject to volcanic dis-
turbances. The earths obtained therefrom are

valuable for the making of cements, and they
are undoubtedly similar in character to pozzuo¬
lana and trass, but they consist of an active
cementing material, a fine grey earth consisting
of partially hydrated silicates, mixed with pumice
and partieles of obsidian, which have no more
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action than sand. Each analysis shows that
Santorin earth differs from pozzuolana and trass
chiefly by containing a much larger proportion
of silica and less lime. Santorin earth has been
used for a long time on the shores of the Mediter-

ranean. It was largely employed in hydraulie
structures at Trieste, Venice, and Fiume. Elsner
says that so long as it is immersed Santorin
mortar remains hard, but when dried in the air
it soon crumbles away.

Analysis of Santorin Earth (Feichtinger).
l. Portion which floats on water, and is ^th of the whole, consisting of pumice.

II. The greater portion of the earth, a fine light grey powder, which can be separated from III. hy levigation.
III. Consistiug of partiales of ohsidian of various colours, and with Sharp e "

i I. Pumice II. Pine particles III. Coarse particles

Constituents soluble in HC1 :

Lime 0-40 0-84 0-68
Magnesia 0-25 0-48 0-35
Ferrie oxide .... 0-28 0-54 1-86
Alumina 0-75 1-31 1-64
Silica trace 1-68 trace 3-17 trace 4-53

Constituents insoluble in HC1 :

Silica 72-84 71-44 63-07
Lime ..... 2-15 1-80 315

Magnesia 1-33 1-36 1-58
Alumina 11-51 8-56 14-03
Ferrie Oxide .... 4-07 3-30 6-87
Potash 1-28 1-86 1-87
Soda 2-65 95-83 3-74 92-06 3-86 94-43

Water 2-25 2-25 4-61 4-61 1-14 1-14

99-67 99-84 100-10

Silica soluble in dilute caustic alkali was

présent in the following quantifies :
I. 5-2 p.c. II.* 28-4 p.c. III. 3-4 p.c.
Arènes.—A species of ochreous sand which

goes by this name is found abundantly in France,
in the Department of Dordogne, and in several
localities on the tributaries of the Loire and
the Somme. On account of the large proportion
of clay which many of them contain, they can
be formed into a paste with water without any
addition of lime, and are often used in that state
for the walls of buildings as well as for mortar.
Mixed with ' fat ' limes they give excellent mor-
tars, which gain great hardness under water. In
rapid setting they compare favourably with the
most energetic hydraulie lime. The property of
quickly setting is greatly increased by burning.

Analysis of Arènes from St. Astier, Dorclogne
( Vicat) :

Mixed sand . 4-13 p.c
Silica . 38-54 11

Alumina . 20-0 11

Ferrie oxide . 12-0 11

Lime and magnesia . . 4-8 11

Water . 17-0 11

Volatile matter and loss . 3-85 11

100-32

Artificial Pozzuolane. Many substances of
natural occurrence which do not possess hy¬
draulie properties may, by burning, be con-
verted into what may be termed artificial poz¬
zuolane ; that is to say they form quick-setting
hydraulie mortars if mixed with ' fat ' lime.

** II. This is the portion which forms the hinding
material when mixed with lime, while I. an'd III. merely
play the part of sand in mortar.

Such substances are :—

a. Baked clay.
b. Burnt schist.
c. Galcined basait.
d. Sand and burnt arènes.
e. Argillaceous sanclstone.

Ordinary clay eonsists of silicate of alumina
more or less mixed with calcium carbonate and
ferrie oxide. When heated to dull redness 'or
between 600 and 700°C., it acquires hydraulie
properties. It is essential that it be exposed to
the air during heating, and that the carbonie
acid be expelled from the calcium carbonate
and the combined water from the clay. The
température should not exceed 700 or 800°C.
(Vicat). Many Eoman structures in Britain
appear to have been built with mortar made of
such materials.

Blue schist burnt in a lime kiln becomes
converted in friable porous masses of a pale-
green colour (Baggi).

Basait calcined in a kiln until it commences

tofiux is converted into apozzuolana (DeCessart).
Sand and baked arènes. In some places

sand and arènes are found adjoining or mixed.
Their property of setting is much improved by
baking.

Argillaceous sand. In the neighbourhood of
La Fère, M. Ménard has found sand with an

argillaceous gangue which acquires the pro¬
perties of pozzuolane by baking on an earthen-
ware plate at a moderate température.

6. Hydraulie Cements. Hydraulie cements
are of two kinds. Those which may be called
natural cements are formed by burning a natural
product such as an argillaceous limestone
unmixed with lime in the works ; artificial
cements are such as may be obtained by burning
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a mixture of chalk or 1 fat ' lime with elay.
In 1796 James Parker obtained a patent for
vorking up argillaeeous limestones, found near
London, into a quick-setting cernent, called by
a trade name ' Eoman cernent.'

Roman cornent. Tkis cernent is forrned by
burning septaria, or clay nodules fonnd on cer¬
tain parts of the coast of Kent and Essex.
When calcined and pulverised, septaria are in a
suitable condition to be employed as mortar for
hydraulic purposes. The Thames Tunnel was in
fact built by the aid of such mortar, and indeed
until the introduction of Portland cernent in
1824, it was universally used for engineering
and other works at home and abroad. This
cernent lias since been made'in several parts of
England and Scotland, and the original name
having been dropped, local liâmes have been
given to the cements. Knauss has investigated
some of these by analysing the material from
which they are prepared, the cernent ready for
use, and cubes of the cernent after it has set.
Such cernent requires mueh care in its prépara¬
tion and great outlay for plant. It deteriorates
somewhat by keeping, but it is particularly
suitable for work wherein great expédition is
necessary or désirable. The Thames Tunnel
would not have been built if this material or a

similar quality of cernent had not been easily
• procurable.

The great end to be attained in the produc¬
tion of Eoman cernent is complété expulsion of
carbon dioxide from the limestone or chalk.
This is indicated when the stone is reduced to a

minimum of weight, so that there is a maximum
of burnt lime and no trace of vitrification from
over-heating. When freshly ground it should
never exceed 80 lbs. per impérial bushel.
Thorough pulvérisation is essential.

Médina cernent. This is a variety of the
former, made from a stone found in the Isle of
Wight; it possesses in high degree the pro-
perty of quickly setting. Such cements are
valuable for protecting joints, made with slowly
setting Portland cements, from the action of the
waves and running water.

Knauss's analyses are given on the following
page. It may be remarked that they are valu¬
able for the reason that they give the composition
of the stone, of the cernent made therefrom,
and of cubes formed from the cernent ; which is
important, since limestones from the same quarry
and cements from the same source sometimes
have a différent composition.

Giitschenberger analysed a cernent from the
neighbourhood of Heidelberg with the following
resuit :

Lime
Magnesia .

Ferrie oxide
Alumina .

Manganous oxide
Alkalis
Silica .

p.c.
44-22
17-77

3-07
5-75
2-33
4-72

22-14

100-00

The stone from which this cernent is pre¬
pared by burning can be made to yield two pro-
ducts, according as it is burnt at a low or a

high température. (1) When burnt at a tem¬
pérature below 400°C. the magnesia is rendered
caustic, but not the lime. (2) When the stone
is burnt at a high température it almost fluxes.

In (1) the conditions are such that magnesia
acts as the hydraulic agent, while in (2) it is
the silicates of lime and magnesia. An excellent
cernent burnt at a high température contained
100 (Si02.B203), 304 (CaO.MgO) ; the proportion
100 (SiOo.RjOj), 304 CaO would be almost useless.

The Peocess of Making Cements.

Portland cernent. This is a material of
artifieial origin, produced by baking a judicious
mixture of chalk and fine clay of a peculiar
nature. Unlike Eoman cernent, it is most valu¬
able when heaviest, and it furthermore differs
in its slowness of setting. These cements of
greatest density set the slowest, and ultimately
acquire the greatest amount of strength and
hardness. The name Portland cernent was

given to it by the inventor, John Aspdin, of
Leeds, in 1824, from its close resemblance, when
set, to the stone from the Portland quarries.
The proeess of manufacture was as follows.
Quicktime in powder was mixed with an equal
weight of elay and kneaded with water into a
plastic mass. It was dried, broken in pièces,
and burnt in a limekiln till ail carbon dioxide
was expelled. After being reduced to powder it
was ready for the market. Sir Charles Pasley
must, however, be considered the founder of the
cernent industry in England. In the year 1826
he obtained a cernent by burning river mud from
the Medway, impregnated with the salts from
sea-water, with an admixture of limestone or
chalk. There is little doubt but that the sodium
salts are converted into silicates, together with
the lime, and the alumina of the elay beeomes
calcium aluminate, and that the sodium silicate
is of benefit in the setting of the cernent. At
the présent day the mud of river mouths and
delta formations is largely employed for the
purpose of making cernent.

The proeess of making Portland cernent is
usually as follows. Chalk or limestone, and clay
or river mud, in equal proportions, are intimately
mixed, the mixture is dried in the air, and then
burnt in a shaft kiln. The kiln is 40 to 90 feet
high, and 7 to 12 feet in diameter. At 4 feet
from the ground is a strong grating, through
which lumps of limestone mostly fall. The
kiln is so arranged that fuel and cernent stone'
occur in alternate layers. Coke is the best
fuel. After heating to redness for an hour, the
mass assumes a yellow-brown colour, and at a.
higher température it beeomes dark brown.
Gradually the lime beeomes causticised, and
attacking the clay beeomes converted into a
calcium silicate and calcium aluminate. At a

white heat the mass beeomes grey in colour,
with here and there a streak of green. Beyond
this stage the powder is blue-grey or greyish
white, clear and sharp, and very similar to glass
powder. The more basic the mixture the more
durable the cernent. A mixture in which clay
prédominâtes is always more or less a weak
cernent. The more intimately the lime and
clay are mixed the better is the cernent, because
a greater amount of lime is converted into sili-
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Analyses of SydrauUc Cernent Stones and Cements (Knauss).
I. Limestone II. Limestone

Pnburnt Burnt Set Cubes Pnburnt Burnt Set Cubes

Constituents insoluble in
HC1 :

| Quartz
^ ! Siliea

i Ferrie oxide
( Aluruina . .

(a)
6-0

10-5
1-2
2-5

(S)
6-2
0-3

} 1,3

9»
8-4
3-8

2-5

(«1
12-3
90
1-9
2-4

(6)
8-3
0-5

1-7

00
3-1
1-2

0-6

Insoluble eonstituents . 20-2 7-8 14-7 25-6 10-5 4-9

Co
I

„

nstituents soluble in
ICI:
,Silica
Ferrie oxide
Alumina .

Lime....
Magnesia .

Potash
Soda ....
Carbon dioxide .

YWater

0-7
11-6

4-3
29-3

3-3
0-8
0-2

26-8
2-8

19-4
9-2
7-3

48-2
2-7
0-8
0-2
3-4
1-0

8-4
6-6
5-9

42-8
1-9
1-0
0-3

11-8
6-9

0-6
6-3
1-1

32-4
2-7
0-9
0-2

28-4
1-8

17-4
12-4
4-6

46-1
3-7
0-9
0-1
3-6
0-7

17-6
9-5
6-6

36-6
1-7
1-1
0-2

13-5
8.3

Soluble eonstituents 79-8 92-2 85-3 74-4 89-5 95-1

Total 100-0 100-0 100-0 100-0 100-0 100-0

In. Moderately hard, yellowish brown limestone ricbly studded witb calcspar, Kent.
I&. Slieppy cernent prepared from la.
le-1 -f TT7. Ha. A limestone similar in appearance to la. from Essex.n<._} Cubes prepared from 16 and 116. m Harwiob cernent from lia.

III. Limestone. V.

TJnburnt Burnt Set Cubes - - -

Constituents insoluble in
HC1 :

("Quartz
A S1C)2 ....

1 Fe203 . . .

(M2O3 ....

M
9-2
8-1
2-1
3-8

(6)
11-0

2-8

| 2-4

Ce)
7-8
1-2

0-4

4-6
6-6
2-2
2-5

3-2
4-1
2-1
1-8

6

4-9
1-3
1-2
1-3

Insoluble constituents . 23-2 18-2 9-4 15-9 11-2 8-7

Co
I
nstituents soluble in
ICI:
8i(X ....
Fe203....
ALOj
CaO ....

MgO ....
K„0 .

Na20....
CO

TLÔ ....

0-5
2-3
1-0

38-5
1-1
0-7
0-3

31-4
0-4

9-1
7-1
9-8

49-6
1-6
0-8
0-2
2-7
0-9

9-2
6-1
9-5

40-0
1-6
1-0
0-2

14-4
8-6

1-4
1-7
3-1

35-3
5-9
0-8
0-4

34-2
1-3

0-8
3-1
0-8

40-2
4-4
1-1
0-3

36-4
1-7

11-9
3-6
5-6

47-4
9-4
1-5
0-3

11-0
0-6

Soluble constituents 76-8 81-8 90-6 84-1 88-3 91-3

Total 100-0 100-0 100-0 100-0 100-0 100-0

111(7. A bluish-grey hard limestone from YorksMre. Va. Two limestones from Horb in WUrtemburg,
lllb. Whitby cernent from Illa. y&. Hydraulic lime from Vu and b.
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cate and aluminate. Portland cernent mixed
with water stiffens in a few minutes, and after
the lapse o£ a day is tolerably hard. After a
montk it becomes so hard that it emits a sound
after being smartly struek.

The form of kiln used in burning cements is
generally in section that of two truncated cônes
with the broad base of the one applied to that of
the other. See figs. 18,19, and 20.

Their capacity usually admits of 25 to 30
tons of cernent being burnt at each firing.

The period of firing continues from twenty-

four to fifty hours, and that of cooling for two
to three days. They are lined with refractory
fire-bricks, very solidly constructed and braced
together with iron hoops or bars. The tempéra¬
ture they liave to withstand is much higher
than that of a lime-kiln.

In fig. 18 are shown the élévation and vertical
section of the cement-kilns of MM. Demarle and
Linquety in use at Boulogne. In the baking of
cements much earbon monoxide and sulpliur di-
oxide areproduced, and in orderto remove these
noxious gases the kiln shown in figs. 19 and 20 is

Fig. 18.

in use at the works of Mr. Campbell, Wouldham
Valley, Kent. The body of the kiln m is inclosed,
below the covered headthe peripheral wall is per-
forated and the gases escape into a surrounding
circular channel c o. A passage b or f, g, h,
leads from this channel to a coke fire p, and thence
to a packing of coke in the flue h, over which
water from a pipe o, drips and removes much of
the sulphurous gas. The earbon monoxide being
présent in large proportion is burnt at the coke
fire p by air admitted by the ventilator v.

The following interesting account of cernent
manufacture is taken from the Engineer, vol.
liv. p. 98, 1882 :

' In the new harbour works of the South-
Eastern Bailway Company, at Folkestone, arti-
ficial blocks, made of pebbles from the sea
beacli, bound together with Portland cernent,
are largely used. The Portland cernent is ob-
tained from the Folkestone Cernent Works,
about half a mile from the harbour, the raw
materials being obtained close by. The works

stand upon an inclined plane ; chalk is brought
from the cliffs above, and clay is wound up to
them by a stationary engine, from a clay-pit
100 or 200 yards from the place of manipula¬
tion.

' The materials for the manufacture of Port¬
land cernent vary in différent districts. On the
Thames, white chalk and alluvial mud found in
the marshes adjoining the Medway are used ; on
the Medway, grey chalk and the same mud ; in
the lias districts, the limestone shales and clays
of the deposits are the most suitable. At Folke¬
stone grey chalk and the gault clay which under-
lies the grey chalk, as already stated, are the
raw materials.

1 At Folkestone the différent beds of grey
chalk and gault clay vary considerably in com¬
position. When free from water the chalk con-
tains from 84 to 95 p.c. of carbonate of lime,
the rest being clay ; and the clay, in a dry
condition, contains from 10 to 30 p.c. of car¬
bonate of lime. The chalk upon an average
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contains 20 p.c. of water, the clay 25 p.o. The
first object to be attained is to reduce these sub¬
stances to a fine state of division, and at the
same time intimately mix them together in
such proportions that when deprived of water
the mixture shall contain from 75 to 76 p.c. of
carbonate of lime. This is done by what is
known as the wet process. The raw materials
are fed in measured proportions into a wash-
mill, which is a circulai' trougn in which a
number of harrows revolve, driven by a steain
engine of 14 h.p. A stream of water is con-
stantly flowing in, and the action of the harrows,
aided by the attrition of the particles against each
other, reduces the whole to a state of " slurry " or
slip, which contains from 60 to 70 p.c. of water.
In this state it flows into the settling tanks or
" backs," each of which contains sufficient slurry
to rnake 800 tons of cernent. Here it is allowed
to subside, the supernatant water being drawn
ofî from time to time. One settling tank is
filled at a time, and then left for six or seven
weeks for the solid matter to settle, the surface
water meanwhile being drawn oiï from time to
time by a small sluice. The bottoms of the
tanks are of the natural porous earth of the
locality, and help a little to drain ofî the water
by absorption.

' To réturn to the wash-mill. No coarse par¬
ticles of chalk must be allowed to pass into the
backs, as their presenee would endanger the
cernent. To guard against this the slurry is
caused to flow away from the wash-mill through
strainers of fine eopper-wire gauze. Catchpits
are placed between the strainers and the backs
to intercept any coarse particles that may have
escaped. The process is a continuous one, a
stream of water with successive charges of chalk
and clay constantly going in, and a stream of
slurry continually flowing out. The rate of flow
has to be carefully regulated, so as to secure a
proper mixture. Some of the beds of clay are
easily washed down, while others are most
tenacious and difïïcult to break up. Some of
the chalk is soft and is easily washed ; other
beds, notably that ealled the " burr chalk"—
which is a kind of junction bed between the
upper and lower chalk deposits—are harsh and
gritty in the breaking up. The mechanical con¬
dition of the slurry is continually examined
during the process of washing, by wasliing a
small known quantity through a fine sieve, and
drying and weighing the residue. The compo¬
sition of the raw materials being known, their
accurate mixture in the required proportion is
simply a matter of calculation. To guard,
however, against possible error, the percentage
of carbonate of lime in the slurry is constantly
determined. If the percentage is not correct
the proportions are altered, while occasional
stirring of the backs ensures a uniform product.
Many methods of analysis may be adopted.
The lime may be determined directly, but the
opération involves much time and tedious work,
espeeially where, as in a cernent works, many
déterminations have to be made. For ail practi-
cal purposes a détermination of carbonic acid in
a dried and gently ignited sample of the slurry is
sufficient. From this the percentage of carbonate
of lime can be readily calculated.' A form of
apparatus which gives the required resuit in

from fifteen to twenty minutes, and involves
only one weighing, viz. that of the quantity
taken for the détermination, is Scheibler's Calci.
meter. The carbonic acid displaces an equal
volume of air which is colleeted over water, its
volume read ofî, and the weight of an equal
volume of carbonic acid is calculated, with the
usual corrections for température and atmo-
spheric pressure. Another method, which isvery
accurate, is to absorb the carbonic acid in a Q
tube filled with potash-pumiee, or soda-lime, the
tube being weighed before and after the opéra¬
tion. ' When sufficiently stifî to be dug out, the
slurry, still containing from 40 to 50 p.o. of
water, is removed from the backs in waggons to
the drying floor. This is heated by the waste
gases from a range of coke ovens, in which just
sufficient coal is coked to dry sufficient slurry in
twenty-four hours to load one kiln. The kilns
are seven in number, from each of which 18 tons
of cernent clinker are drawn. The process of
burning is an intermittent one. The kiln is
charged with alternate layers of coke and dry
slurry, lit at the bottom by means of thirty
baskets of coke laid upon brushwood faggots.
These kilns are subject to great wear and tear,
but injury ismaterially lessenedby coating their
sides with slurry before each charging. A charge
is usually burnt ofî in thirty-six hours, after
which it is allowed one or two days to cool. The
charge is then drawn. The fuel and slurry are
distributed in the kiln according to the judgment
of the burner. At these works one ton of cernent
is burnt with twenty bushels of coke.

' It may be mentioned here that slurry pre-
pared with a somewhat lower percentage of
carbonate of lime than that previously mentioned,
say from 72 to 73 p.c., would require less fuel to
burn it, and the resulting clinker would be more
easily ground, but the cernent would have a low
tensile strength. On the other hand, a higher
percentage would largely increase the quantity
of fuel required, give a dense hard clinker very
ditficult to grind, and the cernent would be liable
to crack, and fly when used. The product from
the kilns is a hard blue-grey clinker, from which
ail underburnt portions are carefully picked out.
The clinker is crushed by one of Hall's multiple
action stonebreakers, taken by an elevator to a
chamber above the mill, from whence it descends
to the millstones. After being finely ground it
is spread out in the warehouse for a few days,
when it is packed in casks or sacks for delivery.

' Portland cernent is usually tested as to its
tensile strength, and every English engineer
who buys it applies his own tests, instead of
adopting one général and fixed rule, as in
Germany. At Folkestone the manager tests
what strain the cernent will bear after being kept
for seven days under water. The test demanded
by Mr. Brady at the Folkestone new harbour
works is that it shall bear a strain of 810 lbs. on a

sectional areaof 2^ square inches seven days after
moulding.'

During the process of grinding, samples are
continually taken for the purpose of being tested.
During the year 1881 the average of the tests at
the Folkestone Works gave a tensile strength of
497 lbs. on the square inch of sectional area.

' The total output of Portland cernent at the
Folkestone Works is 120 tons per week.'
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Analysis of a Sample of Slicrry taken from
the Backs.

The slurry dried at 100°C. contained :
Constituents insoluble in hydrochloric acid :

Silica .... 14-956
Ferrie oxide . . . 1-943
Alumina.... 5-167
Lime .... *173
Water of combination and

organic matter . . 1-203

Constituents soluble in hydrochloric acid ;

23-442

Constituents soluble in bydrochloric acid
Constituents insoluble in hydrochloric acid

Total .

Silica •230
Ferrie oxide . . •493
Alumina •230
Carbonate of lime . . 75-357
Magnesia •201
Sulphuric anhydride •057
Potash •070
Soda . . •127

76-765
23-442 p.c.
76-765

100-207

Analysis of some Samples of Portland Cernent.
1 2 3 4 5

Insoluble residue . 1-260 2-566 2-894 4-909 1-674
Silica .... 20-990 18-917 21-307 18-583 23-832
Alumina 8-869 8-763 6-593 7-226 6-058
Ferrie oxide . 4-998 4-412 5-386 5-108 3-127
Lime .... 61-351 62-472 61-459 61-040 63129
Magnesia •669 •841 •449 1-565 1-206
Sulphuric anhydride •886 •929 1-422 •763 •398
Fotash .... ■978 1-100 ■437 •754 —

Soda «... — — •429 •271 —

100-000 100-000 100-376 100-219 99-424

No. 1. The Polkestone Cernent Company's,
Mareh, 1880.

No. 2. The Folkestone Cernent Company's,
September, 1881.

No. 3. From works on the Thames, 1881.
No. 4. A sample which possessed a strength

of 500 lbs. on the square inch, made from a mix¬
ture of blue lias limestones.

No. 5 is especially interesting. The cernent
was made from refuse from the Channel Tunnel
boring at the end of 1881, and possessed a high
tensile strength.

' Cernent whenthrown on toasieve with 2,500
holes per square inch, should not leave more
than 20 p.c. of residue.'

Cernent Manufacture, Cliff, Kent, Messrs. Francis & Co.—Table showing thepercentage composition
ofthe materials and products, and the changes due to burning, grinding, and mixing with water.

Clay Slurry Cernent
Gauged cernent

7 daya old
carried 980 lbs.

Sand 0-87 1-24 0-98 1-16
Silica 54-14 11-77 20-45 18-77
Ferrie oxide .... 7-76 213 4-37 3-08
Aluminia .... 14-68 4-45 8-05 7-04
Magnesia ....

— — 1-48 1-52

Magnésium carbonate .

Lime .....
4-48 2-87 1-48 1-52
— — 62-13 54-89

Calcium sulphate .
— — 2-13 1-73

„ carbonate 2-01 69-97 — —

IVater and carbonic acid 15-03 5-29 — —

Water and organic matter — — — 9-45

98-97 97-72 101-07 98-96

Cause of the Setting of Cements.
Cements which contain silica, lime, and alu¬

mina set and harden from the opération of other
«hemical reactions than those which can be given
for the hardening and setting of mortar made of
' fat ' lime and sand or plaster of Paris. In the
first place, both the material and the conditions
are différent, and preclude the same causes from
opération. The subject is one of great difficulty ;

Von. I.— T

(The Engineer, yol. liii. p. 57, 1882.)
researches, some of an elaborate nature, carried
on during the last hundred years, have not
entirely satisfied our want of knowledge of the
cause of the setting of cements, whether of
natural or artificial origin. Fremy has arrived
at the conclusion that calcium aluminate in
hydrating beeomes hard, and attributes the
setting of cements chiefly to this cause. He also
considers that pozzuolane consist essentially of

I I
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an alumina silicate which becomes hydrated,
and which is then acted upon by calcium
hydrate. It is this action which causes the
setting, and not the hydration of the alumina
silicate. Cements he considéra to be mixtures
of artificial pozzuolane with free lime. Feich-
tinger has also developed the view that the free
lime in cements combines with the silicates and
causes the setting and hardening. Schulat-
schenko criticises Fremy's statement that poz-
izuolani and free lime constitute cements, and
[quotes Feichtinger, who shows that water dé¬
composés the lime compounds in cements ; and
even the most dilute acids aet in the same way.
After washing Portland cernent for iifteen days
with liydrochloric acid diluted with 20 volumes of
water, there remained nothing but pure silicates.

If Portland cernent is mixed with a eoncen-

trated solution of ammonium carbonate, the
greater part of the lime is converted into car¬
bonate, and the mixture will not set. Eemove
the ammonium carbonate by washing, dry the
cernent, and mix it with water, still it will not
set. If, however, some slaked lime be added,
then the mixture sets. If the same cernent be
placed in water and subjected to a stream of
carbon dioxide, the lime becomes carbonated,
and the setting property of the cernent is de-
stroyed ; it may, however, as in the previous
case, be restored by the addition of a little
slaked lime.

The Besearches of M. le Chatelier.—In the
Annales des Mines, February 1888, there is an
account of long-continued work on this subject
which may be said to be of an entirely novel
character. When a thin section of a piece of
Portland cernent is examined in the microscope
by the aid of polarise! light, several crystalline
substances are observed, together with a non-
crystalline or amorphous matter. As these sub¬
stances could not be separated mechanically so as
to be submitted to chemical analysis, M. le
Chatelier compare! their optical properties with
those of similar substances synthetieally prepared.

The following is a description of the eon-
stituents of cernent which présent the most
striking features :

1. A substance which lias no action on po-
larised light. This is a calcium aluminate, rich
in lime, and sometimes mixed with free lime.
A tricalcic aluminate Al2Os.3CaO has been ob-
tained and found to be the only calcium com-
pound besides lime itself which crystallises in
the cubic System.

2. A substance acting feebly on polarised
light, and having a very distinct crystalline
form. This is a calcium silicate, considered
to be the principal, if not the only, active con¬
stituent of cements ; it is always the most im¬
portant constituent, and sometimes cements are
entirely composed of it. It is considered to be
a calcareous peridote 2Ca0.Si02 ; it crystal¬
lises in the substance 3 when cements are heated
to fusion.

3. A strongly coloured brown substance which
acts upon polarised light. It is the feeblest of the
substances in cernent ; it constitutes the gangue
of the substance 4, and in a state of fusion is
the cause of its crystallisation. Its composition
is that of a calcium alumino-ferrite, poorer in
lime than the tricalcic aluminate. Its composi¬

tion is 2(AlFe)203.3Ca0. It has Deen prepared
directly and examined. It slowly alters iu
water, and undergoes but little change when it
sets.

4. Small cryslals having a strong polarising
action. These are not abundant, and are of
little importance, since they are unaltered by
the action of water. They are supposed to be
compounds of magnesia, for it has been proved
that ail the basic compounds of lime are altered
by water, the eontrary being the case with tliose
of magnesia.

The effective constituents of cements are,
first, the calcium ortho-silicate 2CaO.Si02;
secondly, one or more calcium aluminates and
ferrites.

The action of water on cements causes tbe
formation of several compounds; that which
plays the chief part in the hardening process is
a substance crystallising in hexagonal plates
analogous to the crystals of calcium hydrate
CaH202. No sufficient quantity has been ob-
tained to make it possible to détermine its com¬
position. It is derived from the calcium ortho¬
silicate, and is much more abundant in cements
which are entirely free from alumina. In quickly-
setting aluminous cements long needles are found
which interlace and are of considérable dimen¬
sions. In dry air they become dehydrated, and at
50°C. they fall to powder. They are the resuit of
the action of water on the tricalcic aluminate.
This substance Al203.3Ca0 dissolves in pure water
in the proportion of 3 decigrams per litre, and in
sait water rather more freely, but with partial
décomposition. These observations explain tbe
practical différences between slowly and quickly-
setting cements ; the latter, always being highly
aluminous, set as soon as the mass of interlaced
hydrated crystals is formed, in a manner which
is analogous to the setting of plaster of Paris («.
p. 471).

Besides these, Le Chatelier has discovered
some other products of the reactions occurring
in the setting of cements which do not act upon
polarised light, but he has not been able to
assign them any composition nor any part in
the process of setting.

Calcium ortho-silicate,2Ca0.Si02, possessesa
remarkable property, a knowledge of which serves
to explain a phenomenon frequently observe! in
the manufacture of cements. Heated to fusion,
it forms a semi-translucent stony mass, which,
on being cooled slowly, disintegrates, and is
finally reduced to an impalpable powder, con-
sisting of minute twinned crystals. The un-
equal dilatation of the opposed faces of the
twins is undoubtedly the cause of the disinte-
gration. If the cernent be not so strongly
heated the twins are not formed, and the mass
is not reduced to powder by cooling. There are
certain minerais which, when heated, produce
cements, such as monticellite, a magnésium
calcium silicate; this does not undergo these
changes on heating and cooling. To sum up
this work in a few words :

1. Cements contain, when of good quality,
no free lime.

2. The constituents of cements are :

a. A tricalcic ortho-silicate 3CaO.SiO,.
b. A tricalcic aluminate 3CaO.Al2Os.
c. Atricalcicalumino-ferrite 3CaO.2(AlFe).0j.
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3. The calcium compounds, when the cernent
is tempered with water, are first decomposed,
yielding- calcium hydrate.

4. When the tricalcic compounds are decom¬
posed, there are formed a hydrated crystalline
ortho-calcic silicate and a hydrated calcium
aluminate, while the calcium alumino-ferrite,
which slakes and swells like quieklime, is of
little importance.

In some measure, a fact which is known to
cement-makers corroborâtes Le Chatelier's yiews
of the absence of free lime in cernent. Good
cernent does not expand when set, whereas if an
excess of lime be présent, the cake of cernent
cracks in conséquence of the expansion of free
lime during slaking. •

5. The setting is caused, as in the case of
plaster of Paris, by the cernent becoming a eon-
fused mass of crystals of the hydrated com¬
pounds mentioned.

G. The only hydrated calcium silicate obtained
synthetically has the formula 2(Ca0.Si02).5H20.
The only hydrated calcium aluminate which can
exist in presence of an excess of lime has the
composition 4Ca0.Al203.12H.20.

The formation of the hydrated silicate and
aluminate in cernent takes place according to
the following reactions :

2(SiO„.3CaO) + Water
= 2(Si02.Ca0).5H20 + 4CaH202

and

Al203.3Ca0 + CaIL02 + Water
= Al20„.4Ca0.12H20.

Between the setting and the hardening of
cernent there is no marked distinction as far as

the chemical process is concerned ; it will be

necessary to say merely that the setting is only
the commencement of the hardening process.
It is characterised by a progressive diminution
in the fluidity of the mortar. The setting is
complété when the nail makes no impression on
the mass. In an aluminous cernent the hydra-
tion of the aluminate will in great part cause
the setting, and the hydration of the calcium
silicate the hardening. The fineness of the
powder and the porosity of the material will
affect the progress of the hardening.

Landrin's Besearches.—In ascertaining the
properties of silica prepared in différent ways it
was found that insoluble silica, separated by
acids from basic silicates and ignited at a low
red heat, possessed the power of combining with
lime and abstracting it from lime water. Gela-
tinous silica and soluble dialysed silica behave
in like manner. The quantity taken up is 36 to
38 parts for 30 of silica, which corresponds with
4Ca0.3Si02. Such silica in a dry state, if
mixed with lime, acts in the same manner as

pozzuolane, and is referred to as hydraulic
silica. Kieselguhr, if gently ignited, is hy¬
draulic when mixed with lime. Pozzuolane owe

their properties to the hydraulic silica they
contain, and so likewise does the Theil lime.

If Theil lime be shaken with water free
from carbonic acid, after a period of 12 or 15
days the soluble portion is found to contain (1)
a large excess of lime capable of being carbo-
nated; (2) soluble calcium aluminate ; (3) alka-
line silicates.

The composition of the insoluble residue is
shown by Landrin to be a pozzuolana and a
calcium aluminate, thus :—

Analysis of Tlieil lime (Landrin).
"Water and

Carbonic acid Silica Ferrie oxide
and alumina

Lime Magnesia Total

Loss at a red heat .

Soluble in water .

Insoluble in water.

4-40
4-70

21-70
1-05
1-95

35-10
30-06

0-36
0-68

4-40
41-21
54-39

4-40 26-40 3-0 65-16 1-04 100-0

Silioa . . 21-70 \ Pozzuolana, or
Lime . . 26-88 J ' pozzo-portland ' 48-58
Alumina & 1 Calcium aiumi.
ferrie oxide 1-95 >

Lime . . 3-18 J nate ' • •
Magnesia . .....

J" Insoluble .
Total as above Soluble

LWater and C02 .

5-13

0-68

54-39
41-21

4-40

100-00

The Theil lime contains lumps which when
calcined yield an excellent Portland cernent ;
this property is attributed to the very large
proportion of 1 pozzo-portland ' it contains. By
heating to nearly a white heat, according to
Landrin, mixtures of various silicas, even quartz,
combine with lime. The mixture must be
fritted but not fused; it then présents the
following properties :

1. On cooling it falls to powder.
2. It entirely dissolves in hydrochloric acid.

3. Tempered with the smallest quantity of
water it sets in 15 or 16 days, but never attains
great hardness.

4. The hardness becomes comparable with
that of the hardest stone if the water contains
carbonic acid.

On the Détection of Adultkbations in

Portland Cement.
R. Fresenius and W. Fresenius undertook a

number of experiments at the request of the
German Association of Cement Makers, on ac-
count of the increasing adultération of cements.
Numerous substances, such as ground shale,
limestone, and other things, are readily de-
tected, and therefore are not so often employed
as formerly, but other substances of nearly the
same composition as Portland cement have
taken their place.

Experiments were made with 12 samples of
pure Portland cement from différent parts of
Germany, England, and France, and these were
compared with 3 kinds of hydraulic lime, 3 of

11 2
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weathered slag-dust, and 2 of . ground slag.
The cements were of varions âges and liad been
exposed to the air for différent periods. There
appeared to be, in many respects, a greater dif¬
férence in the behaviour of the various pure
Portland cements than between these and the
adultérants, but the following déterminations are
sufficient to distinguish betrveen them and to
detect the presence of adultérants in Portland
cernent :

(а) The spécifie gravity.
(б) The loss on ignition.
(c) The alkalinity of water in whieli the

substance has been placed.
(d) The action of dilute acid.
ie) The action of potassium permanganate.
(/) The action of gaseous carbon dioxide.
(a) Por the spécifie gravity the method of

Dr. Scliumann rvas employed. The apparatus
consists of a glass flask of 100 to 150 c.c.
capacity, in the very short neck of rvhieh is
placed, like a stopper, a tube of 40 c.c. capacity,
graduated to j^ths c.c. The vessel is filled to
the zéro point rvith turpentine, and a weighed
quantity of the solid is introduced gradually by
means of a funnel. The weight divided by the
increase of volume gives the spécifie gravity.
The end of the graduated tube should be loosely
corked to prevent evaporation, the température
should be kept constant, and the vessel should
be carefully shaken to remove ail air from the
solid. The spécifie gravity of pure Portland
cernent is never lorver than 3T, rvhile that of
the adultérant examined is alrvays lorver. The
results were the same when the cernent rvas

very finely ground.
(b) About 2 gramswere heated in a platinum

crucible over a Bunsen burner for 20 minutes.
The différence betrveen Portland cernent and
hydraulic lime is very considérable.

(c) The substance was finely powdered and

passed through a sieve of 5,000 meshes to the
square centimètre. One gram rvas shaken rvith
100 c.c. of distilled rvater at the ordinary tem¬
pérature for 10 minutes. The solution was
passed through a dry filter, and 50 c.c. was
titrated rvith decinormal hydrochloric acid. The
différence betrveen cernent and hydraulic lime
is in this case considérable, that between the
cernent and the slag less so.

The results with lime are the highest, and
with the slag lowest.

(d) One gram of the ground substance of the
same fineness as in (c) rvas shaken rvith 30 c.c.
of normal hydrochloric acid and 70 c.c. of
rvater for 10 minutes ; 50 c.c. of the filtrate were
titrated with normal caustic soda. The results
with the slag are considerably lorver than rvith
the other substances.

(e) The détermination of the sulphur présent
in the form of metallic sulphides alrvays came
out lorver in a mixture of cernent and slag than
rvhen the two rvere analysed separately, because
in the cernent the iron was présent as ferrie,
and in the slag as ferrous oxide. The action of
potassium permanganate was therefore studied.
One gram of the substance finely powdered was
treated with 150 c.c. of a mixture of 1 part of
dilute sulphuric acid (sp.gr. 1T2) and 2 parts of
rvater, and the solution rvas titrated rvith potas¬
sium permanganate.

The numbers with slag were much higher
than with cernent or lime, and were equallj
reliable with the slag alone or with a mixture of
slag and cernent. Hence the quantity of slag in
the mixture can be determined.

(/) About 3 grams of the finely powdered
substance (as in (c) and (d)) were placed in a
weighed tube and subjected to the action of
carbon dioxide, dried over sulphuric acid for
about 2 hours, or until the weight became
constant. The increase in rveight gave the

Description Spécifie
gravity

n.

Loss on

ignition

m.
Alkalinity of
aqueous solu¬

tion from 0-5 gr.
in decinormal

acid

IV.

1 gr. takes of
normal acid

Y.

1 gr. reduces of
potassium

permanganate

YL

of carbomo
anhydride

Portland cernent A
>. » B

,, c
„ D
» E

E

» » G
„ H

» » J
„ K

»» »i B
M

Hydraulic lime A
» „ B

» «
AYeathered slag A

» .. B
» o

Ground slag I
II

3-155
3-125
3-155
3-144
3-144
3-134
3-144
3-125
3-134
3-144
3-154
3-125
2-441
2-551
2-520
3-012
3-003
2-967
3-003
2-873

1-58
2-59
2-11
1-98
1-25
2-04
0-71
1-11
1-00
0-34
1-49
1-25

18-26
17-82
19-60

0-76
1-92
1-11
0-32
0-43

c.c.

6-25
4-62
4-50
5-10
6-12
4-95
4-30
4-29
4-00
4-21
4-60
5-50

20-23
22-73
19-72

0-91
0-70
1-00
0-31
0-11

c.c.

20-71
21-50
20-28
21-67
19-60
20-72
22-20
20-30
19-40
20-70
18-80
20-70
21-35
26-80
19-96
14-19
13-67

9-70
3-60
8-20

mgr.
0-79
2-38
0-93
1-12
0-98
1-21
0-89
1-07
2-01
0-98
2-80
2-33
1-40
0-93
0-98

74-60
60-67
44-34
64-40
73-27

mgr.
1-4
1-6
1-8
1-0
1-6
1-1
0-0
0-7
o-o
o-o
0-3
0-0

27-8
31-3
47-7

3-6
3-5
2-9
2-4
2-2
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îmount of carbon dioxide absorbed. A small
calcium-chloride tube was placed at the end
of tlie weighed tube to absorb any water tliat
might be evolved. The hydraulio lime was
found to absorb by far the largest quantity of
the gas.

The numbers in the case of a pure Portland
cernent should be as follows :

(a) Sp.gr. not lower than 3*1.
(b) Loss on ignition, between 0-3 and 2-59

p.c., certainly not much more.
(c) Alkalinity of an aqueous solution made

from 0-5 grams of cernent, corresponding to
i c.c. or 6-25 c.c. of decinormal acid.

(d) Volume of normal acid neutralised by
1 gram of the powdered cernent, 18-80 c.c. to
21-H7 c.c., the lowest limit is not much below
18-8 c.c.

(c) Weight of permanganate reduced by 1
grain of cernent, 0-79 to 2-8 milligrams, or not
much more than 2-8.

(/) Weight of carbonic anhydride absorbed
by 8 grams of cernent 0- to 1-8 milligram.

The tests a, c, d and e, are applicable to the
détection of slag, and a, b, c and /, to the détec¬
tion of hydraulie lime.

Expérimental mixtures of 9 parts of pure
cernent with one part of hydraulie lime, and
with 1 part of slag respectively, showed that the
adultération could in every case be detected by
this method of examination. It may be con-
sidered that the purity of a cernent is proved if
the numbers obtained on analysis fall within
the limits quoted above (Zeitschrift fur ana-
lytische Chemie, 23, 175 ; Abstract J. Soc. Ch.
Ind .3,1881).

K. Weber, employing a magnifying power of
50-G0 diameters, after adding acetic acid, found
the cernent partieles to be clearly crystalline,
whilst those of slag-powder were amorphous.
The method, however, fails -with partieles which
pass a sieve of 5,000 meshes per square centi¬
mètre. Dr. Heintzel proposes a fusion test for
manganèse as a means of detecting the admixture
of slag-powder, since fine cernent contains a
minimum of manganèse, whilst slag is compara-
tively rich in it.

7. Oxychloride Cements. In 1853 Sorel dis-
covered the fact that zinc cliloride mixed with
zinc oxide united therewith to form a very hard
cernent. A solution of magnésium chloride in
like manner sets with magnesia, the product
being in both cases an oxychloride. The mag¬
nésium cernent is of dazzling whiteness and
great durability. It possesses the property of
easily agglomerating sand in the proportions up
to 20 parts for one of magnesia. The Union
Stone Company of Boston, U.S., preparemagnesia
by burning magnesite, MgC03, at a moderate
température. "VVhen reduced to an impalpable
powder, the magnesia is mixed with powdered
marble or other similar material. The mixture
is moistened with a solution of magnésium
chloride of sp.gr. 1-162 to 1-263 in sufficient
ijuantity to yield a plastic paste ; this is pressed
into moulds and left to harden, and at the end
of 8 days it is fit for building purposes. Mag¬
nésium cernent mixed with emery powder is
used for making emery wheels and hones.

According to a recent patent, No. 7,301, May
6,1881, fibrous asbestos is mixed with magnesia

and then saturated with a solution of magnésium
chloride. It may be moulded into any form,
but is especially applicable for use as boards or
sheathing for roofings, wearing surfaces of car-
brakes, and for building purposes.

8. Artificial Stone. The various substances
classed under this description were ail pre-
ceded by the material invented by F. Bansome,
which was prepared from a paste of silicious sand
or limestone with sodium silicate. The mass

hardens, but is damaged by moisture unless the
sodium salts are removed. The blocks are

thefefore steeped in a solution of calcium chlor¬
ide whereby a calcium silicate is formed and
sodium chloride is dissolved away. A modifica¬
tion of this process consisted in adding to a
solution of an alkaline silicate, soluble silica
obtained from near Farnliam in Surrey, sand,
and lime or materials containing lime. The
ingrédients are thoroughly mixed and placed in
moulds. The insoluble calcium silicate is formed
throughout the mass and in time a stone of
great hardness is obtained. More recently it lias
been proposed by Bansome (Patent 6,517, April
18, 1884) to mix slag sand with caustie or slaked
lime, or with spent oxide from gas-works, the
sulphur in the latter being removed by a spécial
process.

Artificial paving stones are made of sand
and cernent, or of coarsely powdered granité and
cernent. Similar mixtures have been used
for the construction of water-cistems in one

piece, and crystallising tanks for chemical
works.

Artificial lithographie stones, according to F.
Wirth (Patent 3,808, February 23, 1884), may
be prepared as follows :—

Cernent is mixed and made to harden as

quickly as possible, with warm water if neces-
sary. This is allowed to form thin plates which
are repeatedly moistened with water and heated
till they shrink.

The plates are ground to powder and mixed
with unset cernent. The powder is compressed
at 20 atmosphères in a mould, air is exhausted
therefrom and water admitted, &c.

Stones thus produced are said to be superior
to the natural Solenhofer stone..

9. Concrète. Concrète is an artificial stone

eomposed of a mixture of sand, gravel, powdered
granité, or sandstone with Portland or other
cementing matériel, tempered so that the whole
will set into a hard mass.

Mr. Bindon Stoney built the North Wall of
the Liffey, at Dublin, of concrète blocks weigh-
ing no less than 330 tons apiece, and measuring
23 feet at the base, 26 feet deep, and 10 feet
upon the face. They were built on a strong
platform formed upon the shore to earry this
enormous weight, and were allowed to remain
long enough for them to harden before being re¬
moved. They were fioated to their places and
lowered to the base previously prepared for them
under a large diving-bell 20 feet square. In
fine weather they might be laid on an average of
one block at every tide. Bridges and houses
have been built without a joining, that is to say
of one piece, with concrète ; roads and streets
have been made of it, and M. Coignet built 20
miles of sewers in Paris with it. Harbour works
everywhere are more or less constructed of it.
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A variety of concrète called béton is macle in
France. The différence between concrète and
béton is this : while concrète is made by mixing
dry cernent and stones or gravel together and
then adding water, béton is prepared by mixing
a mortar of cernent and sand, and the aggregate
of gravel or other material. Concrète or béton
may be prepared with the follo.wing cementing
materials : (a) hydraulie lime, (6) hydraulic
lime and trass, (c) hydraulic lime and pozzuo-
lana, (d) Eoman cernent, (e) Portland cernent.

Composition of différent concrètes :
Dublin, North Wall. Portland cernent 1

part, Liffey gravel 10 parts.
Biarritz, Harbour of Befuge. Portland

cernent 1 part, sand 2 parts, broken stone 3
parts.

St. Jean de Luz. Portland cernent 1 part,
sand 2| parts, stones 3 parts.

Trieste, quay walls. Santorin earth 7 mea-
sures, slaked lime 2 measures, broken stones 7
measures.

Trieste, quay walls. Santorin earth 14 mea¬
sures, lime 5 measures, broken stones 12 mea¬
sures.

Copenhagen, sea-forts. Portland cernent 1
part, sand 4 parts, fragments of stones 16
parts.

The durability of concrète dépends upon the
excellence of the cernent, the skill with which
the concrète is mixed, and the suitability of the
aggregate. Most disastrous accidents bave hap-
pened through the decay of sea-walls and har¬
bour works.

The decay of cements. The decay of cements
exposed to sea-water appears in certain cases to
have been due to the replacement of lime in the
cernent by magnesia derived from the salts in the
sea-water. Magnesian cements, that is to say,
Portland cements, containing a good deal of
magnesia, have been recommended, but accord-
ing to Lechartier such cements are not to be
relied on, since they undergo a change in volume
and disintegrate.

For harbour works engineers would do well
not to approve of cements containing more than
1 p.e. of magnesia.

II. Besinous Cements and Adbesive Materials.

The most important of the resinous cements
are those termed mastics, which Vicat invented
to supersede asphalt, a material which had been
used in some of the most ancient structures.

The mastics are made of tar boiled with
différent materials such as lime or powdered
brick. The composition which appears to have
been of the most tenacious character was com-

posed of 16 parts by weight of tar, and 36 parts
of red brick cernent. (Bapport sur un Mémoire
de M. Yicat, intitulé Becherches sur les mastics
résineux, A. 27, 79.)

Lime boiled in tar is used to cernent stones
such as Yorkshire flags, for the purpose of ren-
dering them air-tight to corrosive gases in the
construction of absorbing towers and acid tanks
in chemical works.

Unlike piaster of Paris and hydraulic cements,
which are more or less crystalline when set,
most other adhesive materials are colloid sub¬
stances and may be divided into fchree classes.

î. Resinous Cements.
1. Those which soften by heat and harden

when cold : sealing wax ; marine glue.
2. Those which are dissolved but which

harden by evaporation of the solvent. The
solvent may be either a hydrocarbon or a hydro-
carbon derivative as alcohol or chloroform.
Caoutchouc in chloroform ; Canada balsam-,
Darmnar resin ; Balsams, that is to say resins
found in solution in hydrocarbons of the terpene
class.

II. Oleaginous Cements.
3. Mixtures containing oils which harden by

oxidation when exposed to the air. Wliite leai;
Red lead; Putty.

III. Qummy and Gelatinous Cements.
4. Those which do not soften by heat but

soften in water. Gum arable ; Dextrin; Géla¬
tine; Glue.

5. Those which are either gelatinised or dis¬
solved in water, or in some aqueous solution,
and harden by absorption of the water by the
materials cemented. Starchpaste ; Gelatinein
water; Liquid glue; Gélatine in acetic aeid;
Albumen; Albumen and lime.

Gum, glue, and paste are cements, the uses oi
which are well known.

Diamond cernent is a préparation of isinglass
and gum ammoniacum dissolved in alcohol (».
Gum kesins). It is employed to mend glass and
china.

Sir John Bobinson's cernent is thus de-
scribed :

' If it be wished to dissolve good isinglass in
spirits of wine, it should first be allowed to soak
for some tirne in cold water. When swelled itis
to be put into the spirit, and the bottle contain¬
ing it being set in a pan of cold water may be
brought to the boiling point, when the isinglass
will melt into a uniform jelly, without lumps or
strings, which it is apt to have when not swelled
in cold water previously to being put into spirits.
A small addition of any essential oil diminishes
its tendency to become mouldy.

' If gelatine which has been swelled in cold
water be immersed in linseed oil and heated it
dissolves, andformsaglue of remarkabletenacity,
which, when once dry, perfectly resists damp,
and two pièces of wood joined byit will separate
anywhere else rather than at the joint. Ordinary
glue may be thus dissolved, and sometimes a
small quantity of red lead in powder is added.'

Shellac dissolved in alcohol, or in a solution
of borax, or still better in naphtha, forms a good
cernent. White of egg alone, or mixed with
finely sifted quicklime, will answer for uniting
objects which are not exposed to moisture. The
latter combination is very strong, and is much
employed for joining pièces of spar and marble
ornaments. A similar composition is used by
coppersmiths to secure the edges and rivets of
boilers, only bullock's blood is the albuminous
rnatter used instead of white of egg. Another
cernent in which an analogous substance, the
curd or caseine of milk, is employed, is made by
boiling slices of skim-milk cheeses into a gluey
consistence in a great quantity of water, and
then incorporating the mixture with quicklime
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on a slab with a muller, or in a marble mortar.
When this compound is applied warm to broken
edges of stoneware, it unités tkem yery firmly
aftei- it is eold.

A cernent which gradually indurates to a
stony consistence may be made by mixing 20
parts of elean river sand, 2 of litharge, and 1 of
quicklime, into a thin putty 'with linseed oil.
When this cernent is applied to mend broken
pièces of stone, as steps of stairs, it acquires
after some time a stony bardness.

The iron-rust cernent is made of from 50 to
100 parts of iron borings, pounded and sifted,
mixed with 1 part of sal ammoniac, and when it
is to be applied, moistened with as much water as
will give it a pasty consistency. Formerly
flowers of sulphur were used, and much more
sal ammoniac, in making this cernent, but with
decided disadvantage, as the union is affected by
the oxidation, and conséquent expansion and
solidification of the iron powder, and any hete-
rogeneous matter obstructs the effeet. The best
proportion of sal ammoniac is 1 p.c. of the iron
borings. Another composition of the same kind
is made by mixing 4 parts of fine borings or
filings of iron, 2 parts of potter's clay, and 1 part
of pounded potsherds, and making them into a
paste with sait and water. When this cernent is
allowed to concrète slowly on iron joints it be-
eomes very hard.

For making architectural ornaments in relief,
a moulding composition is formed of chalk, glue,
and paper paste. Even statues have been made
with it, the paper aiding the cohésion of the
mass. Some French statuettes are so made.

Mastics of a resinous or bituminous nature
which must be softened or fused by heat are the
following.

Varley's cernent consists of 16 parts of whiting
sifted and thoroughly dried by a red heat, adding
when cold a melted mixture of 16 parts of black
resin and 1 of beeswax, and stirring well during
the cooling.

Singer's cernent for electrical and chemical
apparatus consists of 5 lbs. of resin, 1 of beeswax,
1 of red ochre, and 2 tablespoonfuls of Paris-
plaster, ail melted together. The ochre and the
plasterof Paris should be calcined beforehand,
and addedto the other ingrédients in their melted
state. The thinner the stratum of cernent that
is interposed, the stronger, generally speaking,
is the junction.

Boiled linseed oil and red lead mixed together
into a putty are often used by coppersmiths and
engineersto secure joints. The washers of leather
or cloth are smeared with this mixture in a pasty
state.

The resin mastic is sometimes used by
jewellers to cernent cameos of white enamel or
coloured glass to a real stone, as a ground to
produce the appearanee of an onyx. Mastic is
likewise used to cernent false backs or doublets
to stones to alter their hue.

Melted brimstone,either alone or mixed with
resin and brickdust, forms a tolerably good and
very cheap cernent.

Plumber's cernent consists of black resin 1
part, brickdust 2 parts, well incorporated by a
melting heat.

The cernent for coating the fronts of buildings
consists of linseed oil boiled with litharge, and

mixed with porcelain clay in fine powder,
to give it the consistence of stiff mortar. Pipe-
clay would answer equally well if well dried,
and any colour might be given with ground
bricks or pottery. A little oil of turpentine to
thin this cernent aids its cohésion upon stone,
brick, or wood. It lias been applied to sheets
of wire cloth, and in this state laid upon
terraces, in order to make them water-tight ; but
it is little less expensive than lead.

The bituminous or black cernent for bottle
corks consists of pitch hardened by the addition
of resin and brickdust.

In certain localities where a limestone im-
pregnated with bitumen occurs, it is dried,
ground, sifted, and then mixed with about its
own weight of melted pitch. When this mixture
is getting semi-fluid, it may be moulded into large
slabs or tiles in wooden frames lined with sheet-
iron, previously smeared over with common lime
mortar, in order to prevent adhésion to the
moulds, which, being in movable pièces, are
easily dismounted so as to turn out the cake of
artificial bituminous stone. This cernent is
manufactured upon a great scale in many places,
and used for making Italian terraces, covering
the floors of balconies, fiât roofs, water réservoirs,
water conduits, &e. When laid down, the joints
must be well run together with hot irons. The
floor of the terrace should be previously covered
with a layer of Paris plaster, or common mortar,
nearly an inch thick, with a regular slope of one
inch to the yard. Such bituminous cernent
weighs 144 pounds the cubic foot ; or a foot of
square surface, one inch thick, weighs 12 lbs.
Sometimes a second layer of these slabs or tiles
is applied over the first, with the précaution of
making the seams or joints of the upper corre¬
spond with the middle of the under ones. Oc-
casionally a bottom bed, of coarse cloth or grey
paper, is applied.

An excellent cernent for resisting moisture is
made by incorporating thoroughly 8 parts of
melted glue, of the consistence used by carpenters,
with 4 parts of linseed oil, boiled into varnish
with litharge. This cernent hardens in about
forty-eight hours, and renders the joints of
wooden cisterns and casks air and water tight.
A compcund of glue with one-fourth its weight of
Venice turpentine, made as above, serves to
cernent glass, métal, and wood to one another.
The gluten of wheat, well prepared, is also a
good cernent. White of eggs with flour and
water well mixed, and smeared over linen cloth,
forms a ready lute for steam joints in small
apparatus.

White lead ground upon a slab, with linseed
oil varnish, and kept out of contact of air, alïords
a cernent capable of repairing fraetured articles
of ail kinds. It requires a few weeks to harden.
When stone and iron are to be cemented together,
a compound of equal parts of sulphur and pitch
answers very well.

lapidaries' cernent is made of resin, tempered
with beeswax and a little tallow, and hardened
with red ochre or Spanish brown and whiting.

Opticians' cernent, for fixing glasses for grind-
ing, is made by mixing sifted wood ashes with
melted pitch; the ashes absorb the oil in the
pitch, and the adhesiveness of the pitch is
thereby reduced. The proportions are some-
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what varied with the température of the season
and the qualities of the pitcli; but generally
about 4 lbs. of wood ashes to 14 lbs. of pitch are
employed, and the cernent, if too hard and brittle,
is softened with hog's lard and tallow.

Japanese cernent is said to be prepared by
intimately mixing rice flour with cold water, and
then boiling the mixture ; it is white, and dries
nearly transparent.
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CERADIA v. Oleo-besins.
CERASIN v. Gums.
CERASINE. Syn. Fast Red, Roccellin, Or-

seilline 4, Rubidine, v. Azo- coloueing hattebs.
CERASINOSE C6H,,0„ or C5H10O5 obtained

by Saohsae and Martin by the action of sulphuric
acid on cherry-tree gum. It is converted by acids,
and long standing in solution, into arabinose
(Martin and Saehsse, Phytochemische TJnter-
suchungen, Leipzig, 1880). The body is probably
a mixture o£ arabinose and galactose (O'S. & H.).

CEREALS. The grain-bearing plants of
which a brief account will be given in this
article, are wheat, oats, barley, maize, rice, and
millet. We shall consider: 1. The proximate
composition of the harvested grain and straw,
their parts and products ; with some reference to
the influence of climate, season, and manuring on
this composition. 2. The composition of the ash,
with the altérations due to season and manuring.
We shall conclude with a brief reference to the
chemical life-history of these crops, and the
amount of plant food which they remove from
the soil.

I. Proximate composition. 1. Whole grain.
The following table shows the average compo¬
sition, as far as at présent ascertained, of the

various cereal grains. As climate has a consi¬
dérable influence on the character of a seed, the
composition of the grain of différent countries
has been given separately in some cases, when
sufficient material existed for such a statement.
The analyses marked 'Konig' are taken from
his ' Chemische Zusammensetzung der men-
schlichen Nahrungs- und Genussmittel,' 1882,
supplemented in some cases by later analyses
published in the Jahresbericht. Those marked
' Richardson ' from Am. 6, 302 ; or from Bul¬
letin No. 9, Department of Agriculture, Wash¬
ington, 1886. Those marked ' Johnson ' from
Report of Conneeticut Agricultural Station,
1884. Those marked ' Church,' are from his
Food Grains of India, 1886.

In caleulating the ratio of nitrogenous to
non-nitrogenous substance, it is assumed that
the fibre is undigested by man. The fat is multi-
plied by 2-5 and added to the carbohydrates,
the sum giving the total non-nitrogenous sub¬
stance in the food reckoned as starch. This total
is then divided by the amount of nitrogenous
substance. The ratios would probably be wider
if we could take into account the relative pro¬
portions of nitrogenous and non-nitrogenous
matter digested by man.

Average Composition of Cereal Grains.

Ratio of

—

Number
of

analyses
Water Nitrogenous

substance
Fat

Carbo¬
hydrates

Fibre Ash Authorities
nitrogenous

to non-

nitrogenous
substance

"Wheat (European, excluding ;
Russian) . . . j

„ (American) mean

208

407

23*7

10-2

12-3

12*2

1-8

2-2
3-6

1-4
1*2
2-8
1-8
1*9

67-9

71-7
78-7
64*8

2*5

1*8
3*1
0*4
2-7
5-5
2-0

1-8

1-9
3-6
0-8
1*7
2-2
1*8

(Konig
1 (oliiefly)
Richardson

1: 5-9

1:6-3

„ „ highest p.c. .
— 12*5 18-0 »»

„ „ lowest p.c.
„ (East Indian) . .

Spelt, with husk . 12

7-7
12-5
12-1

7-7
13*5
11-0

68-4
66-4
67*9

Church
Konig
Konig

Richardson

1:5-3
1 : 67
1:6-3
1: 7-0Eye (European) .... 48

57
15-0 11*5 74*5 1-5 2-1

„ (American) mean. . . 8*7 11-3 2*9
1*4

77-5 1*9 3-7
» „ highest p.c. — 10-0 15-6 68*7 1*1 1-3

"

„ „ lowest p.c. 7*0 8-8
58-0

67-4
11*1

6*3

j Konig
Oats, with husk (European) 170 12-3 10*4

5'2

5-9

3*0

3'2
{ (chiefly)
Richardson

1: 6*8

1:7*6
„ „ (American) mean 100? 6-4 10*8 8-1 67-1 1*4 2*2 w 1: 6*1
„ without husk „ „ 179 6*9 14-3 il*2

6-5

71-9 2*1 2-9
» », t, highest p.c. — 11-1 19-4 62-8 0-9 0-9

Konig
—

„ „ „ lowest p.c.
Barley (European)

— 4-7 9*1 2*2 65-0 5-3 2-7 1: 6*4
125 13-7 ll'l 1-6 66-8 4*6 3-6 Miircker 1 : 8*4

„ (Saxon) .... man y 15-0 8*4 2-7 73-2 3-5 2-8 Richardson 1 : 8*2
„ (Canadian) . . . 12 8-0 9*8 2*7 72*8 3*8 2*9 „ 1:7*0
„ (United States) mean 60 6-5 11-3 3-5 76*8 4-7 4*4 »

—

„ „ highest p.c. — 9-2 14-9 2-1 6'J-O 2*6 1-5 „
—

„ „ lowest p.c. — 4-5 8-8 2'7 75-4 1-6 2'2 „ 1:7*0
,, without husk (UnitedStates)

Maize (European) ....
15 6-3 11-8 4-5 68-4 2'5 1-5 Konig 1:8*1
27 13-3 9-8 5*2 70-7 2-1 1*5 Richardson 1:8*0

„ (American) mean 114 10-0 10-5 7*5 75-7 3*1 3-1 „
—

„ „ highest p.c. .
— 15-1 13-7 3-9 66*0 0*8 1*0

Konig
—

„ „ lowest p.c. — 7-4 7-0 1-8 72*7 5-8 4-2 1:13*1
Eice with husk .... 1 9*6 5-9 0-4 79-2 0-2 0-4 Johnson 1:10*8

„ cleaned (American) 10 12*4 7-4 0-6 78-3 0-4 0-6 Church 1 :10*9
„ „ (East Indian) .

— 12-8 7-3 2-0 73-9 4-0 1-2 Kinch 1:12*9
„ „ (Japanese)

Millet, Soi'ghum vulgare.
— 12-8 6*1 2*0 72*3 2-2 1*7 Church 1: 8*3
— 12-5 9-3 4-2 71-7 1-7 1*8 various 1: 8*2

„ „ tcirtciricum . 7 11-1 9-5 3'8

4-7

56*9 12*8 3*1 1:6*5
„ Panicum miliaceum with husk
„ „ „ without husk

2

6

13-2

11-6

10-2

12*4
65-6 3*3 2-4 ( Konig

t (chiefly) 1:6*2

„ „ miliare 10-2 9*1 3-6
3*0
0-6

69-0 4*6 3-5 Church 1: 8*6
—

72*5 2'2 1*9 Church 1: 9*5
„ „ frumentaceum .

— 12-0 8-4
74*3 1*5 2-0 Church 1:7*9

„ „ colonum without husk — 12-0 9*6
„ Paspalum scrobiculatum with

husk ..... 11-7 7-0 2-1 77-2 0-7 1-3 Church 1:11*8

„ Pennisetum typhoideum with husk _ 11-3 10-4 3-3 71-5 1*5
1-5

2-0
1*2

Church
Church

1:7*7
1:75

„ Setaiia italica, without husk . 10*2 10-8 2*9 73*4
„ Elemine coracana with husk . 12-5 5-9 0-8 74-6 3-6 2-6 Church 1:13*0
„ „ „ without husk .

— 13-2 7-3 1-5 73-2 2-5 2-3 Church 1:10*6
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The oereal grains containing, for an equal
weight, the largest supply of nutriment, are oats
(deprived of husk) and maize ; some of the
millets tbat are rick in fat may equal maize,
but the average composition of the millets is at
présent imperfectly ascertained. The grains
rickest in nitrogenou3 substance are the kernel
of oats, and the wheat of hot dry climates,
notably tliat of South Eussia. Some analyses
of the kernel of P. miliaceum also show
14-15 p.c. of nitrogenous substance. The
relation of nitrogenous to non-nitrogenous sub¬
stance is seen from the table to vary from
1: 5-3 in the case of Indian wheat, to 1 : 10-9 in
the case of cleaned rice, and to even a wider
ratio in the case of some of the millets. The grains
richest in fat are oats and maize ; a few of the
millets perhaps equal maize. The notable pro¬
portion of fat in oats and maize is of considérable
importance, as fat is a constituent generally défi¬
cient in cereal grains. Cleaned rice is pre-eminent
among the cereals for its high proportion of
starch, and low proportion of ash. It is of
little use to compare the percentage of ash found
in différent grains, as any seed having a thick
liusk or bran will yield more ash tlian one not
so covered ; for dietetic purposes we should com¬
pare, not the seeds, but the fiour or meal pre-
pared from them.

Most cereal grains exhibit a wide range of
composition, depending on 1. the variety of the
species; 2. the charaeter of the soil; 3. the
conditions of the season when grown : this
last condition is perhaps the most important.
Cereals having a thick husk (as oats), vary
greatly in composition aceording to the propor¬
tion of husk to kernel; with sueh grains the
higher the weight per bushel, the larger will be
the proportion of kernel. An abundant supply
of nitrogenous food in the soil, espeeially if the
most essential ash oonstituents, phosphoric acid
and potash, are déficient, will tend to increase
the proportion of nitrogenous substance in the
grain. The supply of nitrogen and ash oonstitu¬
ents from the soil is comparatively little affected
by season, but the assimilation of carbon from
the atmosphère by the crop is directly dépen¬
dent on the length of the period of growth, and
on the conditions of light, heat, and moisture
during that period. Prématuré or imperfect
ripening thus implies a deficiency of starch in
the grain, and consequently a high proportion
of nitrogenous substance. With the same food
supply from the soil, and a longer or more
favourabie season for growth, the yield of grain
will be much more considérable, and the pro¬
portion of starch it oontains much greater.
Wheat exhibits an extraordinary variation in
its percentage of nitrogenous substance. Sliri-
velled grains are more nitrogenous than plump
eues from the same crop. Spring-sown wheat,
having a shorter period of growth, is generally
more nitrogenous than autumn-sown wheat.
The largest proportion of nitrogen is reacked
when the soil is rich, and the elimate hot and
dry, bringing about a prématuré ripening ; the
crop is then small, but the grain highly nitro¬
genous. Sueh is the case in South Eussia, and
in parts of India. Laskowsky (A. 135, 346)
found in South Eussian wheat 21-56 p.o. of
nitrogenous substance, as a mean of 24 analyses : :

the maximum was 24-16 p.c. Millon, Péligot, v.
Bibra, and Eitthausen bave also found abnormally
high perceutages of nitrogen in this wheat. The
barley of South Eussia is also remavkable for its
high nitrogen. Wheat grain is distinguished as
hard or soft, aceording to its clear and horny or
opaque and mealy charaeter. In grains from
the same source the clear will always be found
more nitrogenous than the mealy (Church). )

Hard wheat is generally more nitrogenous than '
soft wheat, but soft wheat is not necessarily
poor in nitrogen. Illustrations, from the expéri¬
menta of Lawes and Gilbert, of the variation in
the nitrogen of wheat grain and straw grown in
différent seasons and by différent manures, will
be found in the tables on page 498.

While wheat furnishes the best example of
the conditions whieh produce a nitrogenous
grain, the cultivation of fine malting barley
excellently illustrâtes the conditions necessary
for the production of a grain rich in starch. Fine
malting barley should contain but 8-9 p.c. of
nitrogenous substance ; sueh grain can only be
produeed in temperate climates, and on soil
supplying only a moderate amount of nitro¬
genous food. The barley of highly manured
soil, or of climates too hot or too cold, will fail
to contain the large proportion of starch de-
sired.

The amount of nitrogenous substance in the
cereal grains given in the table is obtained by
multiplying the nitrogen by 6-25 ; in the analyses
given by Church, the multiplier is 6-3. The
nitrogen is thus reckoned as présent in the
form of albuminoids. A small part of the
nitrogen is, however, not albuminoid, but exists
probably as amides. But few déterminations
bave yet been made on the proportion of true
albuminoids in cereal grains, and the analyses
hâve been made with différent, and in some
cases imperfect methods. The mean proportion
of albuminoid nitrogen found for 100 of total
nitrogen has been as follows ;

Wheat (6 analyses) . . 90-1 p.c.
Rye (1 analysis) . . . 77-1 „

Oats (28 analyses) . . 94-3 „

Barley (7 analyses) . . 94-3 „

Maize (4 analyses) . . 87-3 „
Eice (1 analysis) . . . 91-7 „

Millet, P. italicum (1 an.) . 90-0 „

„ P. miliaceum (1 an.) . 96-7 „

„ S. saccharatum (1 an.) 88-0 „

„ S. tartaricum (I an.) . 90-7 „

Eye, maize, wheat, and some of the millets,
thus appear to stand below oats and barley as
to the proportion of nitrogen existing as albu¬
minoids. In the ease of rye and wheat this is
doubtless due to the low proportion of albu¬
minoids existing in the bran of those grains.
Grain which has been damaged by damp, and
partially germinated, contains a smaller pro¬
portion of albuminoid, and a larger proportion
of amide nitrogen than sound grain. Thus malt,
mean of six analyses, contains only 79-2 p.c. of
its total nitrogen as albuminoids.

The flour of wheat and spelt yields the well
known gluten when kneaded in a stream of
water. Aceording to Bénard and Girardin
(J. Ph. [5] 4, 127), thepaste should notbewashed
for at least three hours, as the quantity of gluten
inereases on standing. Frear (Am, 6, 402) found
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a great increase during the first 30 minutes, but
a tendency to deerease after 45 minutes or one
hour. Aecording to Sidney Martin no gluten
is obtained if the flour is kneaded with water at
the température of 2° ; the most favourable
température is about 30°. The flour also yields
littlê gluten if treated at first with a large quan-
tity of water. If the albuminoids of the flour
have been coagulated by long heating at 60°,
no gluten is obtainable. The quantity of gluten
generally rises and falls with the total nitrogen
in the flour, but without much regularity. ïtitt-
hausen obtained from 33 flours, having a wide
range of composition, from 7-08-18-54 p.c. of
pure gluten. He found that an average of 78-3
p.o. (extremes 88-67 p.c.) of the nitrogen of the
flour was found in the gluten. The gluten of
soft wheats is friable and not fitted to produce
an elastic dough ; the gluten of hard wheat is
far more tenacious.

The nature of the albuminoids in cereal
grains has been carefully studied by Ritthausen
and Kreusler (Die Eiweisskôrper der Getreide-
arten, Hùlsenfruchte, und Oelsamen, 1872).
The method was to extract the meal with water,
with spirit, and finally with a highly dilute
solution of potassium hydrate. From wheat
gluten, spirit extracted albuminoids which Ritt¬
hausen named gluten-fibrin, gliadin (Glutin,
Pflanzenleim), and mucedin. The portion in¬
soluble in spirit yielded to potash water gluten-
casein (Pflanzenfibrin, Zymon). To gliadin the
elastic character of gluten is attributed ; it
was found most abundantly in hard wheat. Rye
yielded mucedin and gluten-casein. Oats yielded
principally oat-legumin (Pflanzen-Casein, Aven-
ine), and a small quantity of oat-gliadin. Barley,
gluten-casein, gluten-fibrin, and mucedin. Maize,
maize-fibrin (Zein), and a body similar to con-
glutin. Albumin was more or less certainly
indicàted in most of the cereals.

The investigation of the albuminoids has
been conducted by methods differing from those
employed by Ritthausen, and with entirely
différent results, by Denis, Weyl, Vines, Martin,
and others. That the gluten of wheat does
not consist of a substance originally présent in
the flour, but has been formed from the albu¬
minoids of the grain by the action of water, is
certainly indicàted by the facts relating to the
production of gluten already stated ; it is
further confirmed by the action of a 10-15 p.c.
solution of sodium chloride, which extracts
freely the albuminoids of the flour, but is without
efïect on gluten. Alcohol of 80 p.c., again, ex¬
tracts no albuminoids from wheat flour, unless it
has previously been treated with water (Martin),
but dissolves a considérable amount from gluten.
Weyl concludes that gluten is formed by a
ferment, the action being started by the presence
of water.

The investigators just named ail conclude
that globulin is a chief constituent of the albu¬
minoids of seeds ; the caseins obtained by Ritt¬
hausen are regarded as globulin changed into
albuminate by the action of dilute alkalis or
acids. Aecording to Martin, wheat, rye, and
barley ail contain a globulin of the myosin type,
insoluble in water, but soluble in a 10-15 p.c.
sodium chloride solution, from which it is pre-
cipitated by heat (even at 35°-40° if long con- j

tinued), or by saturation with sodium chloride.
These cereals also contain an albumose, soluble in
water, and not precipitated on boiling. For the
full reaction of these bodies we must refer to
Martin's original papers. The gluten produced
by the action of water on wheat flour consists of
insoluble albumose and gluten-fibrin ; the former
is soluble in 80 p.c. alcohol, and comprises the
gliadin, mucedin, and gluten-fibrin of Ritthausen.
The insoluble albumose has apparently been
derived from the soluble albumose of the flour,
and the gluten fibrin from the globulin. The
principal papers on the subject are by Weyl
(H. 1, 72 ; B. 13, 367), Vines (Ph. 3, 93), Martin
(P. Ph. S. Feb. 2, 1887 ; B. M. J. 2,1886, 104).

The conclusions thus arrived at respeeting
the formation of gluten have recently been
traversed by Johannsen (Compt. rend. Labora¬
toire de Carlsberg, 1888, 199). He prepared an
artificial flour from gluten and starch, and found
that it behaved as regards température, and the
action of sait and metallic solutions, precisely
as a natural flour. He concludes therefore that
the ferment theory of the formation of gluten
is superfluous.

Nïiclein must probably be included among
the nitrogenous bodies présent in cereal grains ;
no déterminations of its quantity have apparently
been made.

The fats contained in the cereal grains are as
yet but imperfectly investigated. Aecording to
J. Kônig (Nahrungsmittel, 325), their elementary
composition is as follows :—

— O H 0

Wheat (fiuid) . 77-19 11-97 10-84
Rye 76-71 11-79 11-50

Barley (solid) 76-29 11-76 11-95
Oats (fluid) 75-71 11-68 12-61
Maize „ 75-70 11-35 12-95

The fat of rye contains, aecording to Kônig,
oleic, palmiiic, and stearic acids, a part of which
is apparently in the free state. Ritthausen did
not find stearic acid. He found a little choles-
terin both in rye and wheat. In maize oil,
Allemann found the three acids already named.

The immature grains of wheat, rye, oats,
and barley contain, aecording to Miintz (Annales
de la Science Agronomique, 1884, 8), a large
amount of synanthrose, which as ripening pro¬
gresses is replaced by starch. Thus 100 parts of
dry rye grain contained :

Synanthrose Starch

10 days after blooming 45-0 24-6
19 30-5 37-7
29 ,, ,, 19-1 47-4
41 15-3 56-8
53 13-1 64-0
59 6-9 68-8

The last date was the time of harvest. The
synanthrose apparently continues to deerease
after the grain is harvested. The proportion in
rye bran (4-2 p.c.) is greater than in the white
flour (2-3 p.c.). In wheat, oats, and barley

j synanthrose was found in large quantity in the
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nnripe grain, but none in that fully matured.
In unripe maize, fruit-sugar (equal parts dex¬
trose and lteyulose) was found in place of synan-
throse. Unripe wheat and barley contains, ac-
cording to Miintz, a ferment, which, when the
grain is bruised, slowly converts synanthrose
(and sucrose) into dextrose and lrevulose.

The carbohydrates of the cereal grains hâve
been the subject of numerous investigations ;
the conclusions arrived at have not unfrequently
been inaccurate, the investigator too often rely-
ing on qualitative reactions for the purpose of
identification. Certainty in tbis difficult braneh
of investigation can only be attained when
the carbohydrate has been separated in a
pure state, and its optical properties, and the
products of its hydrolysis, bave been deter-
mined.

In the ripe grain of cereals starcli forms by
far the largest constituent. In most published
analyses its proportion is overstated, being eal-
culated from the glucose obtained on boiling
with acid. The only accurate metbod for deter-
mining starcb is by treatment with pure diastase,
and estimation of the maltose and dextrin pro-
duced (C. J. 45, 1). O'Sullivan found by this
method 55-4 p.c. starch in white wheat ; 44-46
p.c. in rye ; 35-38 p.c. in white oats ; 39-57 p.c.
in barley; 54-58 p.c. in yellow maize; 75-77
p.c. in rice.

The starch contained in the glutinous rice of
Siam is, according to Kreusler und Dafert (A. a.
11, 478), coloured red-brown by iodine. This rice
contains a considérable amount of sugar, 8-65
p.c. of the dry substance.

Dextrin appears in many analyses among the
minor constituents of cereal grains. It has been
usual to designate thus any carbohydrate soluble
in water, insoluble in alcohol, and reducing
copper only after boiling with acids. The
presence of dextrin in ungerminated grain can-
not yet be considered as established.

Amylan is the name given by O'Sullivan to
two gummy bodies of little solubility, having the
percentage and composition of starch. Barley
contains 2-4 p.c., chiefly of the less soluble
a-amylan ; wheat and rye 2-2-5 p.c. of /3-amylan
and 0-5--10 p.c. of a-amylan (C. J. 41, 24). The
sinistrin found by Kiihnemann in barley (B. 8,
389) is possibly identical with amylan.

Gum is mentioned in many analyses of
cereals. Miintz, for instance, in the paper re-
ferred to above, and again in C. E. 102,681, speaks
of gum as occurring in wheat, rye, and barley,
especially in the last two, in which the amount
is given as 2-3 and 2-8 p.c. Until, however, the
Bubstance in question is isolated and fully ex-
amined, the actual existence of arabic acid can

hardly be considered as proved.
The presence of sucrose in cereal grains may

be taken as fully established. O'Sullivan found
0-8-1-6 p.c. in barley, and in wheat 0-5 p.c.
(C. J. 49, 64) ; other chemists have recognised
the same sugar in oats and maize. During ger¬
mination the proportion of sucrose in barley is
considerably increased. Besides sucrose, other
sugars, both dextrorotatory and lœvorotatory, are
apparently présent in ripe grain, but have not
yet been accurately discriminated.

Raffinose has been found by O'Sullivan in
barley (C. J. 49, 70).

There is apparently a considérable amount
of unidentified carbohydrates in cereal grains.
Eichardson found the total quantities of carbo¬
hydrates soluble in cold water in the various
cereals to be on an average—for rye 12-3 p.c.,
barley 10-6 p.c., oats 9-5 p.c., wheat 5-8 p.c., and
maize 4-4 p.c. Eye thus appears especially rich
in soluble carbohydrates ; according to Eitt-
hausen it contains mucilage.

The total pectic bodies (pectose, pectine, and
pectates) occurring in cereal grains have been
determined by Schloesing's method by several
Ereneh chemists. Miintz (C. E. 102, 624, 681 ;
Ann. de l'Institut nat. agron. 2, 88) found in
barley 0-9 p.c., in rye 0-7 p.c., in wheat 0-5 p.c.,
in oats 0-4 p.c., in maize 0-2 p.c. Miintz re¬
gards the presence of pectic bodies and of gum
in feeding stuffs as of considérable physiological
interest, as these bodies yield galactose among
the products of their hydrolysis, and he supposes
that sugar of milk is formed in the animal by the
union of glucose and galactose,which are the pro¬
ducts which sugar of milk yields on hydrolysis.

The amount of cellulose présent in cereal
grains is greatly underrated in ordinary analyses.
The ' fibre ' mentioned in the table on p. 490 is
merely the residue left after boiling with dilute
acid and alkali, a treatment which converts
a considérable portion of the cellulose into
glucose. Miintz, by dissolving out the cellulose
with Schweitzer's copper reagent, reprecipitating
with acid, and weighing, obtained from oats
15-5 p.c. of cellulose, and from maize 2-7 p.c.,
while the ordinary déterminations of fibre gave
respectively 9-80 and 1-94 p.c. The fibre con¬
tained a higher percentage of carbon than is
proper to cellulose, thus indicating the presence
of lignose.

The composition of wheat grain in différent
stages of growth has been ascertained by
Heinrich (Wolff's Aschen Analysen, 1880, 1).

2. The parts and products of cereal grains.
The relative composition of the parts of cereal
grains is readily understood if we bear in mind
a few facts relating to their structure. The
chaff surrounding the seed in ail cases consista
very largely of woody fibre, it yields a con¬
sidérable amount of silicious ash, and contains
a very small proportion of nitrogen ; it is, in
fact, similar to straw in its composition. With
some seeds, as oats and barley, the chaff is ad¬
hèrent to the grain, and consequently forms part
of the milling products ; in other seeds, as wheat
and rye, the chaff is not adhèrent, and is absent
from the milling products. The seed, free from
chaff, may be divided according to ehemical
composition into four main portions.

(1) External fibrous layers, characterised by
a considérable proportion of woody fibre and ash,
and more or less rich in fatty matters and
nitrogen.

(2) A layer beneath these, especially rich in
albuminoid substances.

(3) The endosperm, forming the bulk of the
grain ; this in cereals is extremely rich in starch,
contains a very small proportion both of ash
constituents and fat, and is generally poor in
nitrogen.

(4) Theembryo ; this far exceeds ail the other
parts of the grain in its contents of nitrogenous
matter and fat.
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In the table below the average composition
is given of some of tbe principal parts and pro-
clucts obtained from cereal grains. The analyses
marked ' "Woliï ' are from Mentzel u. Lengerke's

Kalender, 1888. Those marked ' Johnson ' are
from the Report of the Connecticut Agricultural
Station for 1888. References to the other
authorities have been already given.

Parts and Products of Cereal Grains.

—

Ffumber
of

analyses
Water

Nitro-
genous

sub¬
stance

Fat
Carbo-

hydrates
Fibre Ash Authorities

Wheat flour, finest 10 13-3 10-2 0-9 74-8 0-3 0-5 Ivônig
„ „ coarsest . 27 12-7 11-8 1-4 72-1 1-0 1-0 >>

„ „ (American), mean 25 12-5 11-3 1-2 74-1 0-3 0-6 Johnson
„ „ „ highestp.c. — 13-6 14-1 2'0 78-1 1-2 —

„ „ „ lowest p.c. — 10-3 8-6 0-6 68-3 o-o —

Jï

„ germ 4 8-5 27-6 11-5 45-6 2-0 4-8 Richardson
„ bran (European) — 13-0 14-0 4-3 52-7 10-0 6-0 Various
„ „ (American) 68 12-4 15-4 3-8 53-5 9-3 5-6 Johnson
„ cliaff

Dinkel bran
14-3 4-5 1-4 34-6 36-0 9-2 Wolff

— 13-0 14-0 4-3 54-9 8-2 5-6 »»

„ chaff — 14-3 3-5 1-3 32-6 40-0 8-3

KônigRye flour, fine — 14-0 10-2 1-6 72-6 0-6 1-0
„ „ coarse. — 14-8 11-1 2-1 67-7 2-6 1-7

Wolff„ bran .... — 12-4 14-7 3-2 58-7 6-2 4-8
„ chaff . . . .

— 14-3 3-6 1-2 29-9 43-5 7-5
. JJ

Oatmeal . 9 9-4 15-0 6-6 63-8 3-0 2-2 Kônig (chiefly)
„ (American) . 6 7'8 14-7 7-1 67-5 0-9 2-0 Johnson
„ husk . .

— 9-4 2-7 1-3 52-2 27-9 6'5 Wolff
„ „ (American) .

Barley pearl
100 5-2 2-5 68 8 17-9 5-6 Richardson

4 14-9 7-6 1-0 75-1 0-6 0-8 Various
„ husk — 14-3 3-0 1-5 38-2 30-0 13-0 Wolff
„ malt — 7-5 9-4 2-3 69-8 8-7 2-3 >»

„ malt germs (combs). — 11-8 23-3 2-1 42-8 12-4 7-6 »1

„ brewer's grains — 76-1 4-9 1-5 12-9 3-5 1-1 J)

Maize meal (American) 60 15-6 9-2 3-8 68-0 2-0 1-5 Johnson
Rice feeding meal — 10-0 11-9 12-1 47-0 9-0 10-0 Various

„ husk . . . .
— 9-7 3-4 1-4 27-0 42-8 15-7 Wolff

Millet, P. miliaceum, husk . 11-2 4-8 2-3 29-0 40-8 11-2
, »

„ S. tartaricum, husk .
— 5-7 3-9 0-9 55-7 25-8 8-0 }»

Products of Grinding Barley.

Water îïitrogenous
substance Fat

Carbo-

hydrates
Fibre Ash

Coarse dust 14-2 7-0 1-7 46-8 24-6 5-7
Fine 13T 17-6 6-0 50-5 8-5 4-3
Pearl „ 133 12-1 3-4 67-2 1-8 2-2

„ barley .... 14-7 7-3 1-2 75-1 0-6 1-1

Some Products of Bolling Wheat.

Water Nitrogenous
substance

Fat Carbo-
hydrates Fibre Ash

Whole wheat .... 9-6 12-8 2-3 71-8 1-6 1-9

Bran middlings ....
Feed „ .

Flour, low grade ....
„ baker's ....
,, patent ....

8-2
8-5

12-6
13-3
130

16-5
16-5
14-2
11-0
10-0

5-5
5-0
2-3
1-3
0-9

56-8
62-1
69-0
72-4
7 5-6

6-1
4-1
0-8
1-5
0-2

6-9
3-8
1-1
0-5
0-3

The relative composition of the différent
parts of any grain can only be shown by a sériés
of analyses made on the products from the same
sample. Detailed analyses of the products ob¬
tained in grinding wheat between mill-stones
have been made by Lawes and Gilbert (C. J. 10,

31), and by Dempwolf (A. 140, 343). The nu-
merous products obtained in America by crushing
between rollers have been analysed byRichardson
(Am. 6, 388, and Bulletin, 9, 78). As illustra¬
tions of the relative composition of successive
layers of grain, both with and without adhèrent
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chaff, we hâve given the analyses by Church of
the products obtained in the préparation of pearl
barley; and also a sélection of the analyses
made by Riehardson of the numerous produets
obtained by crushing wheat.

The ' coarse barley dust ' represents the ex-
ternal layers of the grain, including chaff ; the
'pearl barley' consists wholly of endosperm.
The external layer is seen to be richest in fibre
and in ash ; the second layer richest in nitro-
genous matter and in fat ; whilst the endosperm
is richest in earbohydrates, and poorest in ail
other constituents. The wheat products exhibit
the same général order of composition, from the
external bran to the finest flour, with the différ¬
ence that there is in this case no fibrous chaff
poor in nitrogen to form the chief constituent
of the outermost layer. The rice meal men-
tioned among the products of cereal grains con¬
sists of the outer layer of the grain, with some
husk separated during cleaning ; it is seen to
be rich in fat, and far more nitrogenous than the
cleaned rice.

The général composition of the embryo of
wheat, as separated by the roller System, has
been given in the table on p. 494. Individual
analyses showed as much as 33-25 p.c. of nitro¬
genous substance, and 15-61 p.c. of fat. A
detailed examination of the embryo has been
made by Riehardson and Crampton (B. 1886,
1180). It contains 15-18 p.c. of sugar, of which
80-90 p.c. is cane sugar. There is besides a
highly dextrorotatory amorphous sugar, not re-
ducing copper, but changed by yeast into a re-
ducing sugar. The wheat embryo also contains
allantoin (less than £ p.c.) ; a drying oil ; and a
waxy, non-saponifying fat. Lenz (J. A. 1870-2,
2, 4) found in the embryo of wheat 28-4, in that
of îye 20-7, in oats 26-5, in barley 28-4, and in
maize 17-6 p.c. of nitrogenous substance. In the
dry embryo of barley, Haberlandt found 22-42 p.c.
offat. Haberlandt (J. A. 1866, 107) separated
the embryo and endosperm of maize, and found
them to contain when dried at 60° :

—
Nitrogenous

substance
Fat

Embryo....
Endosperm .

22-77
13-34

30-90
1-32

The greater part of the fat of the seed was
thus contained in the embryo. Wagner and
Meyer (J. A. 1883, 374) found in the embryo of
rice 15-67 p.c. of nitrogenous substance, and
24-42 p.c. of fat.

We have just seen that some of the outer
Average Compositi

layers of cereal grains are especially rich in ni¬
trogenous matter ; a larger proportion of this is,
however, non-albuminoid, than is the case with
the nitrogenous matter of the endosperm. Thus
Church found that in pearl barley 92-4 p.c. of the
nitrogen was albuminoid, while in ' fine dust '
only 65-3 p.c. was in that condition.

Wigner (Analyst, 1878, 289, 303, 358) found
the albuminoid nitrogen of wheat flour, rnean of
fifteen analyses, to be 90-2 p.c. of the total ; while
in the bran from the same grain the proportion
was 68-1 p.c. Other chemists have found a larger
proportion of albuminoid nitrogen in wheàt bran,
five analyses giving a mean of 82-5 p.c. of the
total nitrogen. In rye bran one analysis showed
67-5 p.c. In rice meal two analyses gave 93-6 p.c.
The smaller proportion of the nitrogen existing
as albuminoids must, of course, be taken into
account in estimating the nourishing value of
the coarser meals and flours.

In malt six analyses show a mean of 79-2 p.c.
of total nitrogen as albuminoids. In malt
sprouts (malt dust or combs) eight analyses give
a mean of 72-7 p.c. In brewers' grains two ana¬
lyses show 97'6 p.c., the amide bodies having
been dissolved out during mashing.

Wheat bran, according to Mège-Mouries (C.
R. 37, 351 ; 38, 505 ; 42, 1122 ; 48, 431 ; 50,
467), contains a nitrogenous ferment capable of
converting starch paste into dextrin, sugar, and
lactic acid. This ferment he names cerealin.

The earbohydrates of the various parts of
cereal grains are, of course, identical with those
in the whole grain. Muntz found wheat bran
especially rich in pectic bodies, the amount
reaching 2 p.c. The proportion of true cellulose
he found to be 20-5 p.c. The ' fibre ' in the same
sample was by the usual mode of estimation only
5-16 p.c.

3. Straw. The proximate composition of
cereal straw given below is taken from Wolff's
table of average compositions ; that of maize cob
is the average of seventeen American analyses.

The composition of straw is considerably
affeeted by the character of the season, and to a
smaller extent by that of the soil and manure.
Illustrations of the influence of season and
manuring upon the proportion of nitrogen and
ash constituents in wheat straw will be found on

p. 498. When the grain is prematurely or im-
perfectly ripened, the straw is much richer in
nitrogen than when the development of the seed
has been complété ; in the latter case, a large
part of the nitrogen and important ash consti¬
tuent of the stem and leaf will have passed into
the seed, in the former case they remain in the
straw. Eor the same reason straw eut while yet

n of Cereal Straws.

Water Nitrogenous
substance

Fat
earbo¬

hydrates
Fibre Ash

Wheat straw .... 14-3 3-0 1-2 36-9 400 4-6
Spelt straw 14-3 2-5 1-4 31-8 45-0 5-0

Rye straw 14-3 3-0 1-3 33-3 44-0 4-1
Oat straw . . . . . 14-3 4-0 2-0 36-2 39-5 4-0

Barley straw (winter) . 14-3 3-3 1-4 32-5 43-0 5-5
„ „ (summer) 14-3 3-5 1-4 36-7 40-0 4-1

Maize straw 15-0 3-0 1-0 36-7 40-0 4-2

„ cob ..... 10-8 2-4 0-5 54-7 30-4 1-3
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green is more nutritious than straw fully
ripened. The part of the straw poorest in nitro-
gen is the stem ; the leaf and empty ear are
richer.

Few déterminations of albuminoids have been
made in straw ; the variations are considérable.
One analysis of rye straw showed no non-albn-
minoid nitrogen. Three analyses of oat straw
showed 66T, 78-2 and 94-4 of albuminoid nitrogen
per 100 of total. Two analyses of barley straw
showed 90-3 and 92-0 p.c. Two analyses of rice
straw 87-6 and 88-5 p.c. Two analyses of millet
straw 70-9 and 93-5 p.c. of the total nitrogen.

The fat of oat and rice straw has been ex-

amined by Kônig (L. V. 13, 241). The saponifi-
able portion of the fat from oat straw consisted
of cerotic,palmitic, and oleic acids; the unsaponi-
fied portion contains ceryl and other alcohols,
with cholesterin.

According to Miintz, wheat straw contains a

The characteristics of the grain ash are a
very high percentage of pliosphoric acid and
potash; magnesia stands next in order among
the constituents, it is espeeially abondant in
maize andsome of the millets. Soda appears in
very small quantity in good analyses made on
clean seed; the sodium salts are frequently ex-
ternal, and may be removed to a considérable
extent by washing the grain. Silica is présent
in very small amount when the grain is free from
husk, as in wheat or rye, while grains with a
husk contain a large quantity. The ash of oats
and barley appears of very différent composition
from that of wheat, owingtothe large proportion
of silica présent; when, however, these grains
are deprived of husk, their ashes beeome quite
similar to wheat in composition. Chlorine is
absent in many analyses of grain ash, and the
amount is always very small. The quantity in
the ash is probably somewhat below that origi-

little glucose, 0-27 p.c. in one instance ; 1-2 p.o,
of pectic bodies ; and 0-5 p.c. of gum. It con¬
tains no starch. The chief constituent is cellu¬
lose, with its incrusting lignose. The amount of
total fibre in straw is greatiy underrated in
ordinary analyses ; the soluble earbohydrates
shown by analysis consist, in fact, in greatest
part of cellulose which has been converted into
sugar during boiling with acid. Miiller (Die
Pflanzenfaser, 97) found 49T7 and 49-22 p.c. of
true cellulose in wheat and rye straw. Miintz
found 49-44 p.c. in wheat straw by dissolving the
cellulose in Schweitzer's fluid and reprecipita-
ting.

II. Composition of the ash. 1. Ash of whok
grain. The average composition of the ash of
cereal grains is shown in the following table.
The figures are taken from Wolfï's Asohen-
Analysen, 1880, excepting the analyses of P.
italicum and S. saccharatum by Kellner.

nally présent in the grain. The sulphuric acid
in the ash is apparent in excess of the sulphates
originally présent in the grain. Wolff (Aschen-
Analysen, 1871, 12, 22, 30) found no ready
formed sulphates in wheat, barley, or oat plants.
Scheven found a small quantity of ready-formed
sulphates in barley plants, and a larger quantity
in the ash. Arendt found sulphates in the leaves
of oat plants. The total quantity of sulphur in
cereal grains has been determined by several
chemists. The results obtained by Way are very
high. The more reeent déterminations of Wolfi
(v. supra) show the following amounts of sul¬
phur in 100 parts of dry substance. Wheat
grain, 0-157; oat grain, 0-155, 0-160; barley
grain, 0-160-0-173. Knopp found in maize grain,
0-100-0-146. Manganèse is frequently présent
in small quantity in the ash of cereal grains.
In the ash of wheat grain grown at Rothamsted
the average amount is about 0-26 p.c. of Mns04.

Composition of the Ash of Cereal Grains.

Number Pure Ash 100 parts of pure asti contain
of in dry

Analyses Grain K20 NaaO CaO HgO Fe303 P2Os SOa Si03 Cl

Wheat (winter) 110 1-96 31-2 2-1 3-3 12-1 1-3 47-2 0-4 2-0 0-3
Spelt, with chaff . 2 4-29 15-6 1-0 2-6 6-5 1-6 20-7 2-9 46-7 0-6

„ without chaff 4 1-68 30-1 4-8 4-3 12-4 1-5 45-2 — 1-0 —

Rye (winter) . 36 2-09 32-1 1-5 2-9 11-2 1-2 47-7 1-3 1-4 0-5
Oats, with husk . 57 3-12 17-9 1-7 3-6 7-1 1-2 25-6 1-8 39-2 0-9

„ naked .

Barley, with husk .

4 2-07 2S-0 — 7-5 10-1 1-5 47-7 — 1-2 0-3
57 2-61 20-9 2-4 2-6 8-8 1-2 35-1 1-8 25-9 1-0

„ naked 3 2-13 28-5 1-8 3-1 12-0 1-9 47-1 2-9 3-6 —

Maize .... 15 1-45 29-8 1-1 2-2 15-5 0-8 45-6 0-8 2-1 0-9
Rice, with husk 2 8-21 17-5 5-5 4-0 10-8 1-8 40-6 0-9 18-3 0-9

„ without husk
Millet, P. miliaceum,

5 0-39 21-7 5-5 3-2 11-2 1-2 53-7 0-6 2-7 0-1

with husk . 3 3-43 11-4 1-3 0-6 9-6 1-1 21-9 0-2 53-0 0-5
Millet, P. miliaceum,

without husk 1 1-46 17-4 5-3 17-0 1-5 49-2 1-3 8-3 —

Millet, P. italicum, with¬
out husk . 1 1-26 20-6 3-3 2-4 14-1 0-4 39-6 3-3 11-6 3-7

Millet, S. saccharatum,
with husk . 1 2-72 14-9 8-4 0-7 13-2 0-4 24-8 0-8 36-8 o-i

Millet, S. saccharatum,
without husk 1 5-26 ? 21-4 4-9 2-6 14-5 1-8 49-7 2-5 0-2 1-4

Millet, S. tartaricum,
with husk . 1 1-86 20-3 3-3 1-3 14-8 1-9 50-9 — 7-5 —
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2. Ash ofparts and products of cereal grains. I bution of the ash constituents in the différent
—The following ash analyses of the parts and I parts of the seed.
products of cereal grains illustrate the distri- |

Ash Analyses of Parts and Products of Cereal Grains.

Number
of

analyses

Pure
ash in

dry

In 100 parts of pure ash

K„0 Na„0 CaO HgO Fe303 P.O. S03 SiO„ Cl

Wheat flour, fine. 9 0-51 34-4 0-8 6-9 8-1 0-5 49-8
„ „ coarser . 7 1-27 30-8 0-9 5-1 12-2 0-8 50-2 0-3 0-1

„ bran 4 6-16 28-5 0-7 2-9 16-7 0-6 50-3 0-1 0-5 —

„ chaff 1 10-73 9-1 1-8 1-9 1-3 0-4 4-3 .—. 81-2 —

Spelt chaff . 1 9-50 9-5 0-3 2-4 2-5 0-5 7-3 2-3 74-2 —

Bye flour . 1 1-97 38-4 1-8 1-0 8-0 2-5 48-3 — — —

„ chaff . 1 9-65 6-3 0-3 4-2 1-4 0-2 6-7 0-2 80-3 0-5
Oat bran 3 4-04 14-2 0-8 4-0 3-0 1-2 4-6 3-8 66-9 1-5

,, chaff . 6 8-31 6-3 4-1 5-6 2-1 1-5 1-9 4-9 70-7 1-2

Barley, ' fine dust ' 2 2-43 26-0 1-9 2-7 13-1 2-2 51-1 1-5 14 —

„ 1 coarse dust ' . 1 5-63 16-8 1-4 3-7 6-3 1-7 18-5 1-9 48-7 1-3

„ awn , 1 13-95 7-9 1-0 10-6 1-3 1-5 2-0 3-1 72-2 0-7
„ malt combs 3 7-35 30-81 1-8 2-9 2-8 1-6 27-0 4-0 22-1 6-9
„ brewer's grains 2 4-54 3-27 0-6 14-0 10-0 1-1 37-2 — 33-2 —

Maize cob, empty 1 0-52 50-9 1-3 3-7 4-4 0-2 4-7 2-1 284 5-4
Bice feeding meal 2 G-08 11-1 2-1 2-2 174 5-5 43-1 0-4 18-9 —

„ husk ... 1 17-10 1-5 0-3 0-5 0-1 0-5 2-7 0-4 93-2 0-2

In fine wheat flour, representing the interior
and more starehy portion of the grain, the pro¬
portion of ash is very small, and this ash is
richerinpotashandlime, and poorerinmagnesia,
than that of the whole grain. In wheat bran
the proportion of ash is about 12 times greater
than in fine flour, and the ash is poorer in potash
and lime and richer in magnesia than that of
the whole grain. The percentage of phosphorie
acid in the ash tends to increase towards the
exterior of the grain. This increase is rather
considérable in the analyses of wheat products
byLawes and Gilbert (C. J. 10, 31), but is only
slight in the results obtained by Dempwolf (A.

140, 343). The same général relation between
the ash of the interior and exterior layers of the
grain is indicated in the ash analyses of barley
' fine dust,' which consists chiefiyof the external
layer of the kernel, and in the analysis of rice
' feeding meal,' which represents the skin of the
rice with a portion of the husk. The ash of the
chaff and husk of the grain is entirely distinct
in composition from that of the seed itself ; it is
extreniely rich in silica, containing more of this
constituent than the straw itself.

3. Ash of straw.—The average composition
of the straw ash of cereals is given by Wolff as
follows :—

Ash Analyses of Straw.

—

Numher
of

analyses

Pure
ash in

dry

100 parts of pure ash contain

K30 Sa30 CaO MgO PeBOa P.O. S03 SiOa Cl

Wheat straw (winter). 18 5-37 13-7 14 5-8 2-5 0-6 4-8 2-5 67-5 1-7
„ ,, (summei) 7 4-45 28-9 2-7 6-9 2-5 0-7 5-2 3-1 47-6 2-2

Spelt „ (winter). 2 5-85 10-4 0-5 5-7 1-9 0-8 5-1 2-3 71-8 1-1

Bye „ . 25 4-46 22-6 1-7 8-2 3-1 1-9 0-5 4-3 49-3 2-2
Oat „ . 38 7-17 26-4 3-3 7-0 3-7 1-2 4-0 3-2 46-7 4-4

Barley „ . 30 5-35 23-3 3-5 7-2 2-6 1-1 4-2 3-9 51-0 3-2
Maize „ . 1 5-33 36-3 1-2 10-8 5-7 2-3 8-3 5-3 28-8 14
S. saccharatum straw 1 3-70 15-3 7-3 17-1 1-5 1-5 9-2 3-9 43-3 0-9

The quantity of ash credited to oat straw is
probably excessive, as many of the specimens
had grown in rich soil. Next to silica the chief
ingrédient of straw ash is potash ; the amount is
very variable. In straw ash the lime ccnsider-
ably exceeds the magnesia ; the relation ob¬
serve! in the grain ash is thus reversed. Soda
and chlorine are always présent in straw ash.
The remarks already made as to the sulphates
in grain ash apply equally in the case of straw.
The total sulphur found by Wolff in wheat straw
amountedto 0-084 and 0-111" p.c. ; in oat straw
to 0-092 and 0-109 p.c. ; in barley straw to 0T00,

Vol. I.—T

0-101, and 0-151 p.c. of the dry substance. Silica
is by far the most abundant constituent of straw
ash ; it is very variable in amount. Winter
wheat ancl spelt appear to contain a larger pro¬
portion than the spring sown cereals. The silica
in the living plant is insoluble in cold water,
save a portion in the lower part of the stem
(Arendt).

The presence of a large quantity of silica in
graminaceous plants is one of their distinguish-
ing charaeteristics, and clearly indicates a power
on their part of assimilating the silicates of the
soil. Silica was long supposed to be essential to
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the nutrition o£ graminœ, and to be the material
which chiefly determined tbe stifïness o£ the
straw. ïhe experiments of Sachs, Knop, and
many other recent investigators, on the growth
of oats and maize in solutions containing no
silica, have shown that silica is not essential to
plant growth or to the, development of the seed,
nor does its absence materially affect the stiffness
of the straw. The silica of the graminœ is in
fact to be regarded to a great extent as an exere-
ition thrown off on the surface of the plant, and
Jespecially accumulating in the upper portion.
'Someyerycarefulrecent experiments ofKreushage
and Wolff (L. V. 30, 161) indieate, howeyer, that
silicates are not altogether useless to the plant.
Oat plants grown in solutions containing sili¬
cates did not yield any distinctly greater weight
of total produce than others grown without sili¬
cates ; but the former yielded a larger proportion

of corn. There was. in fact, a more thorough
transference of organic and cinereal constituées
frorn the roots, stem, and leaves, to the seed,
during the ripening period, when the plant was
supplied with silica, than when it was without
it. As phosphates also favour seed formation,
it appears possible that the presence of silica
économisés phosphates ; but this is not yet esta-
blished in a practical manner.

The harvested straw of cereals really con-
sists of several distinct portions of the plant, as
the stem, leaf, and ear. Each of these bas a
characteristic composition. The following table
gives the analyses by Bretschneider of the ash
of the stem, leaf and leaf-sheath, and ear with
seed, of an oat plant in three stages of growth.

The leaf is seen to contain twice as much
ash as the stem. The stem ash contains a

much larger proportion of potash, also moie

Percentage Composition of Ash of varions parts of Oat Plant.

Stem Leaf with pheath Ear with seed

June 29 July 8 July 28 Aug. 6 June 29 July 8 July 28 Aug. 6 July 28 Aug, 6

Ash in dry . 5-34 4-76 5-03 505 11-11 10-14 12-21 11-37 4-29 «2

ICO .... 31-5 29-7 37-0 33-7 20-8 17-6 10-1 7-7 15-9 ll'ô
Na,0 .... 11-9 9-4 7-7 8-9 9-3 7-8 3-1 2-8 0-5 2-0
CaO .... 4-0 4-6 4-0 5-2 8-3 9-5 8-7 9-7 4-3 41

MgO .... 4-1 5-1 4-7 4-2 4-7 5-5 4-8 4-6 5-4 6-8
Fe.,03 .... 0-4 0-5 0-2 0-3 0-4 0-5 0-3 0-4 0-2 0-4

11-1 11-2 6-3 3-4 5-1 5-4 3-2 2-3 16-9 20-5
S03 .... 3-0 2-1 4-3 5-2 4-2 3-5 2-0 2-7 1-5 2-4

Si02 .... 30'8 34-7 31-2 35-4 4C-4 49-3 67-2 69-5 54-6 519
Cl .... 3-5 3-6 6-0 4-2 1-2 1-3 0-8 0-5 0-6 04

Nitrogen Pure
ash in

In 100 parts of pure ash
in dry dry K20 NaaO CaO MgO EeaOa P„0, so„ SiO, Cl

TJnmanured, mean 16
years 1-90 2-01 32-96 0-62 2-83 10-33 1-03 49-71 1-31 1-16 0-06

TJnmanured, highest
percentages . 2-17 2-36 35-49 1-18 3-39 11-67 1-37 52-56 2-40 2-51 0-21

TJnmanured, lowest
percentages . 1-65 1-88 29-66 0-41 2-54 9-14 0-51 45-55 0-65 0-45 000

Farmyard manure,
mean 16 years 1-83 2-01 31-57 0-59 2-59 11-11 0-84 51-70 0-79 0-79 0-03

Farmyard manure,
highestpercentages 1-562-19 2-20 35-46 0-84 2-88 12-77 1-23 54-69 2-35 0-11

Farmyard manure,
lowest percentages 1-52 1-85 27-22 0-28 2-34 10-13 0-43 47-05 003 0-49 o-oo

Nitrogen and Ash Constituents of Wheat Straw.
TJnmanured, mean 16

years 0-50 6-44 14-56 0-59 3-89 2-12 0-84 3-79 3-14 69-41 1-89

TJnmanured, highest
percentages .

0-85 8-33 20-68 2-12 6-10 3-50 1-64 5-96 4-76 76-37 3-19

TJnmanured, lowest
percentages . 0-33 4-82 10-54 0-26 2-52 1-03 0-32 2-98 2-05 62-72 1-08

Farmyard manure,
65-75 3-16mean 16 years 0-44 6-52 18-33 0-51 4-13 1-52 0-52 3-79 3-00

Farmyard manure,
highestpercentages 0-73 7-91 25-62 0-94 5-46 2-14 0-85 6-21 4-62 73-07 5-02

Farmyard manure,
lowest percentages 0-25 4-90 12-86 0-00 3-20 1-06 0-18 2-98 2-04 57-87 1-81

Nitrogen and Ash Constituents of Wheat Grain grown at Bothamsted.
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soda, aild more phosplioric acid and chlorine
than the leaf ash. Tlie leaf ash is richer in
lime and much richer in silica. Arendt lias
separately analysed the différent parts of the
oat stem, and the upper and lower leaves. The
total ash is much more abondant in the upper
than in the lower portion of the stem, and in
the earlier stages of growth nearly ail the con¬
stituants of the ash show a similar distribution.
As maturity advances, silica accumulâtes to a
considérable estent in the upper stem. Silica is
also more abundant in the upper than in the
lower leaves. The extremity of the leaf is, accord-
ing to Norton, richer in ash than the base. The
ear, as the seed develops, becomes the part
richest in phosphoric acid. For détails we must
refer to the original papers, the principal of
which will be presently noticed.

4. Effect of season and manuring on the ash.
We shall best illustrate the variations which
these conditions produce in the ash constituents
of cereals by giving examples of the composition
of wheat grain and straw grown at Rothamsted
(C. J. 45, 305).

Wheat lias been grown continuously in Broad-
balk field since 1844, one plot entirely unmanured,

• another with 14 tons of farmyard manure each
year, the remaining plots with other manures.
The table on p. 498 gives the mean composition
of the ash of the wheat grain and straw grown
without manure, and with farmyard manure,
during a period of sixteen years (1848-63) ; also
the highest and iowest percentages of each ash
constituent during that period. The figures
thus illustrate the extent of variation produced
by season during sixteen years, both without
manure, and with an abundant manuring.

The variations in the ash constituents of the
grain are seen to be but small; they dépend
chiefly on the degree of development which the
seed attains. The variations exhibited by the
straw are far more considérable, many of the
constituents being almost twice as abundant in
some years tban in others. The causes of varia¬
tion are frequently complicated. They dépend—

(1) On the conditions regulating the supply
of asli constituents. A dry season during growth
is sure to détermine a paucity of ash constituents
in the crop, while a wet growing season enables
the crop to take up a large supply.

(2) The général conditions as to light and
beat détermine the amount of carbonaceous
matter produced, and thus directly influence
the proportion of ash constituents in the final
crop. The produce of a warm season, under
equal conditions as to rain supply, will always
contain a smaller proportion of ash constituents
than the produce of a cbld season.

(3) The conditions as to light and heat at
certain stages of growth have a décisive influence
on the relative composition of the straw and
corn. If the season is favourable to the forma¬
tion of seed, the leaves, stem, and roots are gra-
dually exhausted of phosphoric acid and potash,
which are transferred to the seed. In a season

unfavourable to the production of seed the phos¬
phoric acid and potash remain to a great extent
in the straw.

(4) The degree of development reached by the
grain affects its composition. Very immature
grain is rieh in potash and poor in phosphoric

acid. On the other hand a grain ripening under
unfavourable conditions and yielding a low pro¬
portion of flour and much bran, will berelatively
rich in mtrogen, phosphoric acid, and magnesia,
as may be seen by comparing the ash analyses
of flour and bran already given. In seasons of
the best development thereis noexcess of potash
or phosphoric acid in the grain. Hard wheat
is generally richer in phosphoric acid than soft
wheat, and spring-sown richer than autumn-
sown.

(5) The amount of rain at harvest time will
eonsiderably influence the proportion of soluble
ash constituents found in the straw and chaff,
dead tissues being far more subjectto the action
of water than living ones. À maximum content
of alkali salts in the straw is determined by a
wet summer and a dry harvest.

The influence of différences of manuring on
the composition of the ash of wheat grain and
straw is shown by the adjoining table. The
figures are in every case the mean of four
analyses, representing the composition of the
corn and straw in 1852, 1856, 1858, and 1803.
The same manures were applied every year
without intermission to the same plot of land,
and wheat continuously grown. The mixed
cinereal manure consisted of superphosphate,
and the sulphates of potassium, sodium, and
magnésium.

The influence on the composition of the
grain of widely différent supplies of ash con¬
stituents to the sôil is seen to have been very
small. The quantity of grain produced was
indeed very différent with the différent manures,
reaching a maximum where a full supply both of
ash constituents and ammonia was furnished to
the crop, but the proportion of ash constituents
in the grain varied but little. With no ash
constituentssupplied (ammonium salts only), the
phosphoric acid is at a minimum. With a nearly
complété manure without potash (ammonia and
superphosphate) potash is at a minimum.

The composition of the straw is far more
affeeted by différence of manuring than that of
the corn ; the.greatest différence observed is in
the proportion of potash. A plant may take np
alkalis from the soil far in excess of its re-

quirements; these, however, are not stored in the
seed, but will be found in the straw.

III. Life history. The composition of the
différent parts of cereal plants, and of the
whole plant in différent stages of growth, have
been studied by the following investigators : —

Wheat, by Anderson (Trans. Highland Soc. 10,
383), Pierre (J. A. 1864,127 ; 1866, 163 ; 1868-9,
263 ; A. a. 2, 59), Woliï (Aschen-Analysen, 1871,
12), Ritthausen u. Arendt (ibid. 13). Rye, by
Schulz-Fleeth, Ritthausen, Heiden Gruber u.
Fritsehe (ibid. 16), Dehérain et Meyer (A. a.
8, 23). Oats, by Norton (Am. S. [2] 3, 222,
318), Breitschneider (J. pr. 76, 193), Arendt
(J. A. 1858-9, 124), Fittbogen (J. A. 1864,
128), Wolff (Aschen-Analysen, 1871, 29), Ritt¬
hausen (ibid. 30), Dehérain, Meyer et Nautier
(A. a. 7, 197, 208 ; 8, 380). Barley, by Seheven
(J. pr. 68, 193), Wolff (Aschen-Analysen, 1871,
21), Fittbogen (ibid. 1880, 12). Maine, byLeclerc (ibicl. 1S80,18), Barrai (ibid. 19), Grandeau
(ibid. 19), Hornberger u. Raumer (J. A. 1882,
159),Portele (L.V. 32, 241). Millet (S.italica1, by'
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Nitrogen and Ash Constituants in Wheat Grain grown at Rothamsted with varions manurcs.

Pure In 100 of pure ash
Manuring asli

gen
in dry

in dry K.O Na,0 CaO MgO l-ea03 P.O. so. Si03 Cl

Ammonium salts 2-03 1-75 32-0 0-44 3-7G 11-5 0-61 48-9 1-69 1-01 0-19
Ammonium salts and

superphosphate . 1-92 1-85 30-3 0-49 3-83 11-2 0-95 51-3 1-02 0-90 0-03
Ammonium salts, super¬

phosphate and potash . 1-85 1-86 31-7 0-35 2-92 11-1 0-S7 51-5 0-73 0-72 0-02
Ammonium salts and

mixed cinereals . 1-87 1-88 31-5 0-51 2-79 11-8 0-61 51-5 0-50 0-84 0-01
Mixed cinereals 1-74 2-02 31-4 0-50 2-82 11-0 0-61 52-1 0-67 0-90 0-01

Nitrogen and Ash Constituants in Wheat Straw variousVy manured.
Ammonium salts . 0-58 5-09 14-0 1-18 6-G8 1-75 0-56 2-68 4-55 66-8 2-38
Ammonium salts and

superphosphate . 0-46 5-40 9-2 1-41 6-61 1-82 0-S2 3-09 3-35 72-3 1-90
Ammonium salts, super¬

phosphate and potash . 0-34 5-45 20-6 0-44 4-83 1-44 0-73 2-73 3-34 62-3 4-59
Ammonium salts and

mixed cinereals . 0-51 5-47 19-6 0-76 5-15 1-42 0-74 3-25 3-62 62-1 4-41
Mixed cinereals 0-44 6-83 14-3 1-23 3-76 1-33 0-75 3-98 4-01 69-2 1-87

Ash Constituants of Grain per 1000 of dry substance.
Ammonium salts .

— — 5-65 0-08 0-66 1-99 0-11 8-46 0-31 0-17 0-03
Ammonium salts and ■

superphosphate .
— — 5-68 0-09 0-71 2-05 0-17 9-44 0-20 0-16 o-oi

Ammonium salts, super¬
phosphate and potash .

— — 6-01 O-OG 0-54 2-03 0-15 9-52 0-15 0-13 O-Ol
Ammonium salts and

mixed cinereals .
— — 5-99 0-10 0-52 2-18 0-11 9-62 0-10 0-16

Mixed cinereals — — 6-35 0-10 0-56 2-22 0-12 10-51 0-13 0-18 -

Ash Constituants of Straw per 1000 of dry substance.
Ammonium salts .

— — 6-99 0-57 3-34 0-87 0-27 1-30 215 34-48 1-24
Ammonium salts and

superphosphate .
— — 4-85 0-77 3-59 1-00 0-44 1-65 1-78 39-08 1-05

Ammonium salts, super¬
phosphate and potash .

— — 11-50 0-25 2-64 0-79 0-36 1-43 1-81 33-69 2-GO
Ammonium salts and

mixed cinereals .
— — 10-90 0-40 2-82 0-77 0-39 1-76 1-99 33-70 2-51

Mixed cinereals — — 9-GO 0*83 2-57 0-91 0-53 2-74 2-72 47-46 1-24

Metzdorf (J. A. 18G0-61, 13G), S. saccharatum,
by Meunier (A. a. 7, 73).

IV. î'ood requirements. Tlie

plant food removed from the soil in pounds per
acre by average crops of wheat, barley, oats, aad
maize, is about as follows :quantity of

Tlxe, Weight and Average Composition of Cereal Crops in pounds per acre.

Weight of crop Total
pure
ash

Nitro¬
gen Sulphur Potash Soda Lime Mag-

nesia

Phos-
phoric
acid

Chlo-
rine Silica

At
harvest Dry

Wheat grain 30 bushels.
„ straw.

Total crop .

Ibs. .

1,800
3,158

Ibs.
1,530
2,053

Ibs.
30

142

Ibs.
33
15

Ibs.
2-7
6-1

Ibs.
9-3

19-5

Ibs.
0-6
2-0

Ibs.
1-0
8-2

Ibs.
3*6
3-5

Ibs.
14*2
6-9

Ibs.
o-i
2-4

Ibs.
0-6

96-3

4,958 4,183 172 48 7-8 28-8 2-6 9-2 7*1 21*1 2-5 96*9

Barley grain 40 bushels.
„ straw . .

Total crop.

2,080
2,447

1,747
2,080

46
111

35
13

2-9
3-2

9-8
25-9

1-1
3-9

1-2
8-0

4-0
2-9

16-0
4-7

0*5
3*6

11-3
56-8

4,527 3,827 157 48 6-1 35*7 5-0 9*2 6-9 20-7 4-1 68-6

Oats grain 45 bushels .

„ straw .

Total crop.

1,890
2,835

1,025
2,353

51
140

38
17

3-2
4-8

9*1
37-0

0*8
4*6

1-8
9-8

3*6
5-1

13-0
6'4

0*5
6-1

19-9
654

4,725 3,978 191 55 8-0 461

6*5
29-8

5-4 11-6 8*7 19*4 6*6 85'3

0'5

~

Maize grain 30 bushels.
„ stalks &c. .

Total crop-

1,080
2,208

1,500
1,877

22
99

28
15

1-8 0-2 0-5 3-4 10-0
8-0

0-2

3,888 3,377 121 43 - 36*3 - - - 18-0 -

E. W.
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CERESIN. Ceresin occurs in commerce in the
form o£ thin round niasses several inches in
diameter, harder than wax, of a dazzling white
colour ; inodorous, and transparent at the edges.
The fracture is somewhat similar to that of ivax,
but ceresin does not become plastic in warm
water. The melting point is between 75° and
803. It is not attacked by acids, either in tlie cold
or when heated ; nor by alkalis, whieh do not
saponify a trace of it. It is entirely volatilised
at a high température without altération.
Ceresin is apparently a paraffin ; it does not
appear to be obtained from coal-tar, but from
Galician ' earth-wax ' i.e. ozolcerite. It is used
as a substitute for beeswax (S. C. I. Il,
372).

CERIN C20H32O ? A crystalline substance
présent in cork to the extent of about 2 p.c. and
extracted by chloroform. Insoluble in water.
By treatment with nitric acid yields ceric acid.
Kiigler, Ar. Eh. [3] 22, 217 ; Dôpping, A. 45, 289.

CERINE v. Wax.
CERISE. A trade name for a variety of

aniline red and acid magenta.
CERIUM METALS AND EARTHS. A con¬

sidérable number of metals are included under
this heading. Each invariably occurs with a
number of metals of the same group, and, on ac-
eount of the great resemblance between their
reactions many of them can only be separated
by the most laborious fractional précipitation or
crystallisation, or are only distinguished by
means of the spectroscope.

A minerai gadolinite from Ytt erby was shown
in 1794 by its discoverer Gadolin to contain a
new oxide to which Eckeberg gave the name
ytlria. Klaproth in 1803 isolated from a
Swedish minerai ochroite a new oxide which he
called ceria. This so-called yttria. was shown
by Berzelius in 1819 to contain ceria, and
Mosander subsequently found lanlhanum, didy¬
mium, terbium, and erbiurn in that earth.

A number of other oxides have since been
isolated from the earths associated with cerium.
Marignac has separated the colourless oxide
ytterbia from gadolinite, and has shown its pré¬
sence in the rose-coloured oxide then known as

erlia. Two other oxides were separated during
the fractionation of erbia by Clève, and called by
him holmia and thulia. Holmia appears to be
identical with Soret's X and with Delafontaine's
phillipia. It has been shown by Boisbaudran
to consist of two substances, for one of
which he retains the name holmia, while
he names the second dysprosinm. An oxide
mosandria separated by J. L. Smith from North
Californian samarskite, appears to be a mixture
of terbia and Marignac's Ya (Boisbaudran,
Marignac). Crookes has also observed the pré¬
sence of yttria in mosandria. A new earth ob¬
tained by Delafontaine in 1878 has since been
divided by him into two constituents, one of
which he names decipia, while the other ap¬
pears to be identical with Marignac's Y^, and
with an oxide separated from samarskite in
1879 by Boisbaudran and named samaria.

A new métal discovered by Nilson in 1879
during the séparation of ytterbium and erbium
is named scandium. Its atomic weight (44) and
itsproperties correspond with those of the element
ekaborcm predicted by Mendeléeff.

Tlialen in 1S68 and Clève in 1882 had ob¬
served a new line in a fraction separated from
didymia. Brauner in 1882 suspected the pré¬
sence of at least three bodies in didymia, and
Auer von Welsbach in 1885, by many hundreds
of fractional crystallisations of didymium
nitrate, separated it into two distinct substances,
one giving leek-green salts and a dark-brown
oxide, to whieh he gave the name praseo-
dklymmm, and a second, which he called neo-
didymium, yielding splendid amethyst salts
and an oxide which when ignited was blue.

Crookes, Boisbaudran, and Demarçay next
sliowed that praseo- and neo-didymium them-
selves consist of several elements.

From speetroscopic evidence Crookes con¬
sidère that yttrium consists of not less than
five njetals, while according to Kriiss and
Nilson most of the other cerium metals are

cornplex bodies. There appear to be, in erbium
two, in dysprosium three, in samarium two or
perhaps three, in holmium four, in thulium two,
and in didymium nine or ten distinct bodies.
Whether these constituents are further divisible
has still to be determined.

The principal minerais in which these
metals occur are from Siberia, Scandinavia, and
Greenland, and are principally silicates, but
phosphates, tantalates, titanates, and fluorides
also exist. Cerite occurs at Bastnàs, orthite in
Greenland, gadolinite at Ytterby, wOhlerite, at
Hitterô and Brevig, fargue mite at Arendal and
Y'tterby, euxenite at Hitterô, thorite at Brevig,
Hitterô, and Arendal. Samarskite and columbite
occur in comparatively large quantities in North
California and other localities in the United
States and in Quebec.

These metals are also found in small quan¬
tities, generally associated with calcium, in the
ashes of plants, and in bone ash, various lime-
stones, apatites, scheelites, &c. Yttrium and
samarium appear to be almost universally dis-
tributed (Crookes). Strohecker (J. pr. [2] 33,
132) has stated that from 9-13 p.c. of cerium
hydroxide, together with small quantities of the
other earths, occur in the red clays of Hainstadt,
and attributes the orange red to ' leather '
colour of the bricks made from it to the pré¬
sence of these earths. Blomstrand (J. pr.
[2] 33, 483), and Schertel (B. 19, 1368), do not
confirm the presence of these earths.

CERITJM. Symbol Ce. At. w. 139-9 (H.
Robinson, Brauner). Metallic oerium may be
prepared by electrolysis of the fused chloride.
It resembles iron in colour and lustre, and melts
below the melting-point of silver but above that
of antimony. It is ductile and malléable, its
sp.gr. after fusion under sodium chloride is
6-728. Cerium tarnishes in moist air and
slowly décomposés water with formation of the
hydroxide. It burns more readily and more
brilliantly than magnésium, and combines
directly with the halogens.

Cerium forms three oxides, cerium sesqui-
oxide Ce203, cerium dioxide Ce02, and cerium
trioxide Ce03.

Cerium sesquioxide is a bluish-green powder
which is not reduced when heated in hydrogen.
It dissolves in acids with formation of cerous

salts.
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Cerous chloride Ce.,Cl6. The. anhydrous
chloride is an easily fusible déliquescent sait
soluble in water with évolution of heat. At
dull redness it is decomposed by oxygen with
libération of chlorine.

Cerous sulphate Ce.,(SOJ3. The acid sulphate
of cerium has been used for the development of
aniline black. Aecording to W. Kruis (D. P. J.
212, 847) andBiihrig (D. P. J. 231, 77), its effect
is superior to that of vanadium. As the pré¬
sence of the associated metals is not injurious,
1 kilo, of finely divided cerite may be at once
treated with its own weight of sulphurie acid
and digested at a gentle heat with occasional
stirring. Much heat is developed and a portion
of the sulphurie acid is volatilised, leaving a
dry grey mass which is powdered, mixed with
2Ô0-300 grams sulphurie acid, digested at a
gentle heat for some days, and expelled by heat-
ing the free acid on a sand bath. The grey
powder is thrown in small portions into cold
water with constant agitation and fréquent addi¬
tion of ice to keep down the température, the
mixture is digested with occasional stirring for
a day or two and the liquid is decanted ; the
residue is again treated with water to remove
ail soluble constituents.

One kilo, of cerite produces about 20 litres of
solution, which may be used directly or may be
evaporated, the clear rose-coloured crystals ob-
tained being dissolved in cold water. Of the
above solution 10 c.c., containing about J grarn
of cerium sesquioxide, is sulEcient to develop
over 110 litres of the printing solution, contain¬
ing over 6 kilos, of the aniline sait.

The cloth being printed, is aged at 3S-43°
for about eight hours, the deep blue-black
colour characteristic of the cerium sait being de¬
veloped in a weak alkaline bath.

Cerous bromide, iodide, fluoride, sulphide,
&c., and many double salts are also known.
The insoluble cerous oxalate and the soluble
double citrates, tartrates, and lactates of cerium
and potassium, sodium, or ammonium, are used
medicinally.

Cerium oxalate has proved a useful sedative
in sickness and hysteria. It is said to be a
good spécifie against sea-sickness.

Cerium dioxide is soluble in acids, forming,
in the case of hydrochloric acid, cerous chloride
with évolution of chlorine. It dissolves in nitric
acid, and on addition of ammonium nitrate a
double crystalline sait, ammonium ceric nitrate
2Ce(N03)4. 4NH,N033H.,0 is produced.

CEROSILINE v. Wax.
CEROXYLIN v. Wax ; also Resins.
CERULEÏN v. Alizakin and allied coloue-

ixg mattees.

CERTJSITE. Native lead carbonate v. Lead.
CERYL ALCOHOL v. Wax.
CETINE v. Wax.
CETYL ALCOHOL v. Spekmaceti.
CEVADINE v. Vegeto-alkaloids.
CEYLON MOSS v. Algie.
CHAGRAL GUM v. Gums.
CHALCANTITE. A native copper sulphate,

found at Capo Calamità as a crust or efflores-
cence on iron ores.

CHALCOITE. Cuprous sulphide, v. Coppek.
CHALCOTRICHITE. Native oopper suboxide,

v. Coppek.

CHALK v. Calcium.
CHALK, FRENCH. Steatite or soap stone.
CHAMOMILE OIL v. Oils, essential.
CHAMOTTE. A mixture of fire-clay and

burnt pottery used for making fire-bricks,
crucibles, pipes, &c.

CHARCOAL v. Cakbon and Fuel.
CHAVICIC ACID v. Pepper resin, art. Resiï,
CHAVICIN v. Pepper resin, art. Resin.
CHAY or CHAYA ROOT. The root oi

Oldenlandia umbellata, used in India as a sub¬
stituts for madder.

CHEESE. The eurd of milk compresse!
into a solid mass. Cheese may be préparai
from the milk of any animai, but it is usuallv
obtained from that of cows. The casein of
fresh milk is precipitated by rennet and carries
with it most of the fat as well as some portion
of milk-sugar. Cheese may also be made from
sour milk without the addition of rennet, the
lactic acid contained in it being sufficient to
precipitate the casein ; but for the most part
fresh milk is employed. The time of coagula¬
tion dépends upon the strength and quantity of
the rennet used and upon the température of
the milk, an average of 80°F. being the most
suitable, although this varies slightly aecord¬
ing to the warmth of the weather. In the
ordinary course coagulation is complété in
from forty to sixty minutes. If the necessary
time is not given, the curd will be soft and
difficult of séparation from the whey ; if, on the
other hand, the time is exceeded, the curd will
be tough and leathery. When colouring matter
sueh as annatto or saffron is employed, it is
usually added at the time of introclucing the
rennet. When the milk is completely coagu-
lated, the curd is broken down by means of a
knife or an apparatus of wire meshes, aftei
which the whey or residual liquor is drawn off.
The curd is then allowedto stand about an hour,
during which time a certain amount of acidity
is induced. This acidulation may also be
effected by other means, such as heating the
mixture of curd and whey to a température of
98°F., or by adding a small quantity of sour
milk to the fresh milk at the time of adding the
rennet. The quantity of sait used is regulated
by the richness or poverty of the fat, since less
is required to prevent excessive fermentation in
a rich than in poor curd. After being collecte!
and bound into the required shape, the curd is
pressed for two or three days and finally dried
and ripened in a curing room, in which the tem¬
pérature is kept as nearly as possible at 70°ï.
Any variation from this température is pre-
judicial.

There are, however, numerous slight varia¬
tions of practice in the préparation of cheese
which in their effect produce a marked distinc-
tiveness and resuit in a very large number of
kinds : such variations consist, e.g., in the
quality and condition of the milk employed,
the température maintained during the opéra¬
tions involved, and the amount of fermentation
permitted.

The essential constituents of cheese are

casein and milk-fat, with variable proportions
of water, lactic acid, and minerai matter, in-
cluding a small proportion of sait added in the
manufacture.
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Description

Stilton
American (red) .
American (pale).
Roquefort .

Gorgonzola
Cheddar (médium)
Gruyère
Cheshire .

Single Gloster .

Dutch

Water

23-57
28-63
31-55
32-26
31-85
35-60
33-66
37-11
35-75
41-30

100 parts contain

Fat

39-13
38-24
35-93
34-38
34-34
31-57
30-69
30-68
28-35
22-78

Casein

genous
matter

32-55
29-64
28-83
27-16
27-88
28-16
30-67
26-93
31-10
28-25

Free
acid

lactic

1-24

0-27
1-32
1-35
0-45
0-27
0-86
0-31
0-57

3-51
4-49
3-42
4-88
4-58
4-22
4-71
4-42
4-49
7-10

Proportion
of fat iu

100 parts of
dry clieese

51-19
53-57
52-49
50-75
20-39
49-02
46-26
48-78
44-12
38-80

Proportion
of fat in
100 parts
of casein
and fat

52-50
5212
53-34
54-24
53-08
50-49
47-07
50-84
45-24
42-41

Sait
per

0-67
0-72
0-82
3-04
2-11
1-43
0-81
1-69
1-28
4-45

Percentage com¬
position of fat

Soluble
acids

4-42
4-26
4-81
4-91
4-40
4-55
4-41
5-55
6-68
5-84

The ripening process in eheese whereby it
usually acquires a more agreeable fiavour is es-
sentially a fermentation of a slow character.
The amount of water decreases as ripening pro-
ceeds, but the percentage of fat is not percep-
tibly altered nor the total amount of nitrogen,
although the albuminoids beeome gradually
soluble, being converted into caseo-glutin, a sub¬
stance soluble in hot alcohol, whieh appears to
be identical with Ritthausen's glutin : hence we
may conclude that although ripe cheese is more

digestible, it has lost some of its nutritious
matter.

Oleomargarine and Lard Cheese. The suc-
cess attending the sale of margarine as a sub-
stitute for butter has led manufacturer, espe-
cially in America, to introduee foreign fats of
animal or vegetable origin in the production of
cheese as a means of utilising skim-milk ; the
cream which has been abstracted being re-
placed by lard, oleomargarine, and by cotton-
seed oil.

Analyses of Oleomargarine ancl Lard Cheeses (Bell).

—

100 parts of cheese contain
Per cent,
of sait

100 parts of fat contain
Melting
point of

fat
"Water Fat

Casein and
free acids Ash

Insoluble
fatty acids

Soluble
fatty acids

Oleomargarine
Lard .

30-95
31-30

28-80
24-66

36-27
38-87

3-98
5-17

1-14
1-55

92-43
92-88

2-16
1-55

77°F.
92 °F.

In flavour and character these samples
closely vesembled milk-fat cheese. Comparison
of the results of the analysis of the two samples
with tliose yielded by genuine cheeses in the
former table conclusively proves the admixture
with foreign fat. The low percentage of soluble
acids indicates that more than one-half of the
fat has not been derived from milk. The blue
and red moulds which attack cheese are vege¬
table fungi ; the former belonging to the species
termed Pénicillium glaucum, while the latter
has been called Sporendonema casei, but is pro-
bably not autonomous. The cheese-maggot is
the larva of the fly Piophila casei ; the cheese-
mite is Acarus siro.

CHELENTITE. A minerai from Schnee-
berg.

As S Bi Cu Fe Co Ni Insol, Sp.gr.
76-14 1-31 0-0G 1-63 5-10 12*66 3-02 0-32=99'8G 6-3
75-05 1-30 0-90 1-52 5-23 12'27 3'00 0-52 = 99-79 —

76-00 1-32 — 1-60 5-22 12'61 3-05 — =99'80 —

(L. W.McCay, Z. K. 9, 606).
CHENEVIXITE. A minerai from the

American Eagle Mine, Tintic Mining District,
Utah, containing :
Asa0, CuO CaO MgO Fe,0, A1aO, HaO SiO„
35-14 26-31 0-44 0'16 27-37 0-66 9'33 0"40=99'81

Hardness 3-5 (Hillebrand, C. J. 50, 517 Z. 11,
286).

CHERRY LAUREL, OIL OF, v. Oils, essen-
TIAXj.

CHERRY TREE GUM v. Gums.
CHERT. Feuerstein, Hornstein, Ger. A sili-

cious minerai allied to chaleedony and flint.
Similar terms are applied to hornstone and to
any impure flinty rock, including the jaspers.
It is worked extensively from carboniferous
limestone quavries in ïlintshire, especially at
Halkin and Talacre. It is used in potteries for,
paving the mills in whieh flints are groundj
The following is an analysis of a sample from-
Vizzin, Sicily, given'by Ricciardi (G. 11, 319) :—

Interior

Si03 AlaOs FeO CaO HaO S.G. at 22°
96-31 0-30 0-25 0-47 2-81=100-14 2-572

White crust metamorphosed by beat
Si03 A1„Os FeO CaO HaO S.G.at22°
97-02 0-32 3-39 0-55 1-68=102-96 2-520

CHESSYLITE or CHESSY C0PPER. Kup-
ferlasur, Ger. A blue carbonate of copper found
native at Chessy, near Lyons (v. Coppeb).

CHIAN TURPENTINE v. Oleo- eesins.

CHICORY. The plant Cichorium Intybus,
nat. ord. Composites ; the name is an Anglicised
French word, the original being chicorée. It is
indigenous to England where it is commonly
known as wild succory ; and in its cultivated

IRIS - LILLIAD - Université Lille 1



504 CHICORY.

state it is also found there ; but is obtained in
larger quantities from Holland and Belgiurn.
The roasted root was very extensively used as an
adultérant to coffee, the législature finally re-
quiring that its mixture with coffee must be
notified to the purchaser. It is entirely desti-
tute of the properties which render coffee an
agreeable and nerve-stimulating beyerage, while
on the other hand it possesses médicinal pro¬
perties of a diuretic and laxative character
which render its excessive use deleterious. In
its préparation, the root is eut in slices of half
an inch in length ; dried in a Min ; and subse-
quently roasted as required in the same way as
coffee ; and finally ground. About 2 lbs. of lard
is added to each hundredweight of the root
during roasting either to induce a resemblance
to coffee or to render the powder less hygro-
scopic.

CHILI SALTPETRE. Soclùim nitrate, v.
Sodium.

CHINA BLTTE. Syn. Water Blue, Cotton
Blue, Opal Blue, v. Tkiphenyl hethane colour-
KQ MATTERS.

CHINA CLAY or KAOLIN v. Clay.
CHINA GRASS. Bhea Bamie fibre. This

substance is the fibre of two (or perhaps more)
species of the genus Boehmeria, nat. ord. XJrti-
caccœ, shrubs allied to the nettle (Urtica), but
possessing no stings, namely, Boehmeria nivea
or Urtica nivea with a white underleaf, and
B. utilis with a green underleaf. It is the
Tchou-ma of China and the Rheea of Assam.
The plants grow to a height of from three to five
feet, throwing up numerous straight shoots as
thick as the little finger and covered with short
soft hairs. Its leaves grow upon longfoot-stalks
and are broadly heart-shaped, about six inches
long by four broad. It is a native of China and
Sumatra, where, as in India, it has long been
cultivated.

Its manufacture into mats used for making
sails, foot-mats, &e., is carried on in Southern
China, where three crops of Tchou-ma are taken
each year, of which the second is the best. For
this purpose the grass is sorted into bundles,
which are soaked in water for two or three days
and then dried in the sun. If a red colour is
desired the grass is steeped in a décoction of
sapan wood, if yellow in a décoction of the seeds
and flowers of the common Chinese plant mi-fa
or in one of Sophora japonica, to which a little
alum is added as a mordant. Other vegetable
dyes are also employed ; but of late years aniline
colours have in a measure taken their place.

By processes of manufacture an exceedingly
fine fibre is produced on separating the filaments
of the stalk, a fibre distinguished by its strength,
which is nearly three times that of Bussian
hemp, by its length, which is greater than that
of any bast product, and by its lustrous, silky
appearance. Great efforts have been made, with
more or less suceess, to render the use of the
fibre in European textile manufactures eommer-
cially profitable. It will be seen from the fol-
lowing remarks that there are difficulties in the
way. In the first place the method of separat¬
ing the bast by hand was tedious, and could only
be performed whilst the stems were quite fresh,
thus limiting its production to the immédiate
neighbourhood of the plant's growth. In China

the bark is stripped from the stems and the fibre
scraped off with a knife, aprocess which removes
the whole so-called grass if performed while the
stem is still quite fresh, but leaves a large por¬
tion if it has become at ail dry. Even under
the best conditions a very skilful operator can
collect only two pounds of grass per day, the
average quantity obtained being only half a
pound to one pound. It is further found that
owing to the large amount of pectinic substances
contained in these urticacece, the long steeping
or retting processes used with flax and hemp
cannot be practised on account of the ensuing
excessive fermentation, which injures the fibre.
Experiments made in India with unskilled
workers gave about four ounces per day each as
the resuit of their labour. Attention has conse-

quently been given to mechanical processes for
separating the fibres from the bark in the green
and in the dry state. With this in view the
India Office some years ago submitted samples
of the dried article to Dr. Forbes Watson, who
reported that he did not find it at ail difiicult to
obtain the fibre from stems which were quite
dry. The difficulty in the case of India is that
the best crops are obtained during the rainy
season, when it is ail but impossible to dry the
stems except by expensive artificial means;
while, as above pointed out, the liability of the
plant to ferment resulted in the spoiling of the
crops when its treatment was delayed. The
Government of India has followed up its in-
quiries and encouraged inventors to compétition
in producing a machine capable of dealing with
the green crop. It may be said that this en¬
couragement has resulted in an approximation
to suecess ; thus, in one instance of a machine
consisting of a cylinder with beaters revolving
at a high speed against the stems upon which
meanwhile a jet of water is poured, Dr. Watson
estimated the cost of producing the fibre to
average il. to 51. per ton. The yield from the
machine was from 1 to 2 tons of green stalks
per day, estimated to produee about 100 lbs. of
cleaned fibre.

In the treatment of green stalks by hand the
Favier's process consists in subjecting the plants
to the action of steam for fifteen to thirty
minutes, after which the bark is easily stripped.
Those stems also which have been standing
some time after being eut can also be treated
without leaving any appréciable amount of fibre
on the stalks.

The opération of scutching the dried stems
présents no difficulty when steam power is
applicable and when the quantity of material to
be treated is sufficiently large. The next pro¬
cess, however, of 'ungumming' has given a little
trouble. Since China grass contains from 22 to
28 or, in some cases, up to 35 p.c. of gum ; it is
necessary to remove this constituent of the fibre
before it can be spun into yarn. For this pur-
pose many partly mechanical and partly che-
mical processes have been devised. It may
sufficiently describe the lines which these various
Systems take to say that they resemble generally
the processes adopted in the scouring and bleach-
ing of cotton goods—that is to say, by subjecting
the material to pressure under the application
of steam, and to alternate treatment of alkaline
and acid agents.
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Chiua grass has little or no attraction for
dyes, and consequently tlie methods adopted in
the dyeing of cotton or of jute are applicable to
it. It is found tliat minerai colours, such as
chrome yellow and orange, destroy the peculiar
lustre of china grass ; the yellow dye obtained
with cadmium sulphide, however, is not open to
this objection. Alizarine mordanted with Turkey
red oil destroys the lustre, whilst aniline colours
fixed with the same mordant do not. Rosaniline
derivatives and azo- colouring matters may be
used satisfactorily. It is recommended that the
grass should be dyed immediately after retting
and before spinning to preserve the character-
istic sheen.

The textiles formerly associated with China
grass were such articles as handkerchiefs and
'

grass cloths,' imported direct from China ; but
under the influence of recent efforts to introduce
the manufacture as well as the growth of China
grass into Europe, other developments must be
noted. Thus at the manufactory of Zittau, in
Saxony, the fibre has already found extensive
application in tapestry and dress goods, table-
cloths, damasks, lace, fancy knitting yarns, &c.

CHINA INK v. Indian ink.

CHINA STONE. A granitic rock, having its
felspathic constituent more or less decomposed,
but not completely kaolinised. As the felspar
still retains part of its alkali, and as some mi-
caceous minerai is generally présent, the stone
is fusible ; hence it is largely used in the manu¬
facture of porcelain, and when free felspar is not
introduced it formsthe only vitrifiable constituent
of the paste. China stone is sometimes known
as1 Cornish stone ' in conséquence of its being
largely worked in Cornwall, where it was dis-
covered by W. Cookworthy, of Plymouth, about
1750. He first noticed it at Tregonning Hill,
near Breague, and described it under the local
name of ' growan ' or ' moor stone.' It is now
obtained principally from the neighbourhood of
St. Stepheus, near St. Austell. The rock requires
no préparation, but is sent direct from the quarry
to the potteries. Notwithstanding the altered
condition of the felspar, it is used locally as a
building stone, and found to be durable.

The conditions under which the china stone
has been formed are obscure. Its occurrence

sometimes in narrow bands, and its altered cha-
racter at great depths, render it improbable that
the décomposition has been due to the superficial
action of meteoric agents, such as water and
carbon dioxide. Daubrée, Smyth, Le Neve
Poster, Collins, and other observers in Cornwall
bave held that the granité has been decomposed
probably by means of compounds containing
fluorine rising from below ; a view supported by
the fact that the china stone and kaolin occur in
association with veins of tin ore and various
fluorine-bearing minerais (Daubrée, Géol. ex-
périm. 1879, p. 64).

Cornish stone consists usually of quartz,
altered orthoclase, and gilbertite ; frequently as¬
sociated with lepidolite, or lithia-miea, known to
the Cornish quarrymen as ' shell,' and occa-
sionally with schorl, or black tourmaline, and
fluor-spar as accessory constituents. The gilbert¬
ite (hydrated silicate of aluminium and potas¬
sium) seems to have been mistaken by some ob¬
servers for talc (hydrated silicate of magnésium),

as the china stone has been frequently described
as an altered talcose granité. The following
analyses of the china stone of St. Stephens,
Cornwall, were made by J. B. Hannay, and are
given by J. H. Collins (Hensbarrow Granité Dis¬
trict, Truro, 1876, p. 31) :
Silioa . 73-39 69-50 71-66
Alumina. . 16-50 17-85 18-79
Lime . 0-50 2-66 1-70
Magnesia . 0-31 0-12 0-35
Potash (with a little soda) 7'66 7-98 6-60
Iron . trace trace trace

Manganèse . — trace trace
Fluorine. . 0-74 0-71 014
"Water . 1-25 1-30 0 91

100-35 100-12 100-15

It has been proposed by Collins to distinguish
china stone under the name Petunzite, a word
suggested by the Chinese pe-tun-tse. In the
early part of the last century a Jesuit missionary
named D'Entrecolles residing at King-te-chin,
sent to Béaumur, in Paris, samples of the
raw materials used in China. These were the
first specimens of their kind that kad ever
reached Europe, and they led to the foundation
of the manufacture of porcelain at Sèvres. The
china stone was described by D'Entrecolles as
pe-tun-tse, and the china clay as kaolin ; but it
appears that the former name, if not both, must
have been erroneously applied. Aecording to
the Chinese sekolar, Stanislas Julien (Hist. et
Fabric. de la Poreel. Chin., Paris, 1856, préfacé
p. xx),pe-tun signifies ' white paste,' while tse is
merely a diminutive applied to the material
when worked up into small cakes. Hence, pe-
tun-tse is really the name of small blocks of
white clay or preparèd paste, and not of the gra¬
nitic rock. Nevertheless. custom in this country
has justified the use of the terni pe-tun-tse as
synonymous with china stone. F. W. R.

CHINESE BLUE (.Porzellanblau, Ger.).
Several compounds are sold under this name, of
whieh the following are examples ; ultramarine
and flake white ; cobalt blue and white lead ;
and a double cyanide of irou (Prussian blue),
v. Pigments.

CHINESE GREEN or LOKAO. This colour¬
ing matter is obtained in China from différent
varieties of buckthorn (Rhamnus), and is brought
into commerce in the form of thin blue slabs,
easily broken, but difficult to pulvérisé. It is a
lake containing the colouring matter lokaïn,
with from 26 p.e. (Cloez and Guignet, B. 5, 338)
to 47 p.e. of clay andchalk (Kayser, B. 18, 3417).
To obtain the pure colouring matter lokao is
extracted with ammonium carbonate solution ;
ou the addition of alcohol to the filtrate, a deep
blue precipitate of the ammonia compound of
lokaïn C72H4S027 is formed. From the solution of
this compound in water, oxalic acid précipitâtes
lokaïn, which, when dried, is a pulvérulent
bluish-black substance insoluble in water, al¬
cohol, ether, chloroform, and benzene. Friction
imparts to it metallic lustre. The monammo-
nium sait forms small crystals with bronze-like
lustre, from which the diammonium sait
CJ2Hlll027(NH1)2 is obtained by moistening tbem
with ammonia and subséquent drying over
sulphurio acid. The barium sait C42H|6Ba027 is
insoluble in water and alcohol. The potassium
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sait OjijHjjKjOj, forais a dark-blue amorphous
precipitate from aloohol. Soluble compounds of
lokaïn show perfeot absorption of the spectrum
in the red and yellow portions only. Boiling
dilute acids décomposé lokaïn into a earbohydrate
lokaose C6H1208, and lokanic acid C38H36021 ;
the latter is a bluish-violet crystalline powder
insoluble in water, alcohol., and ether, containing
1 molecule of water, which is given off at 120°.
The ammonium sait C38H35021NH4 is a deep-blue
powder soluble in water, with a violet colour ;
the barium and lead salts are dark-blue powders
insoluble in water and alcohol. Soluble com¬

pounds of lokaïn in very dilute solution show
a charaeteristie perfeet absorption in the yellow
and yellow-green portions of the spectrum.
Lokaose reduces Pehling's solution with half
the power of glucose, from which it also differs
by its optical inactivity. The décomposition of
the lokaïn is expressed by the équation G42H4S02;
= C36H3b021 + C„H|2O0. Beducing agents convert
blue solutions of lokaïn and lokanic acids into
blood-red solutions, which become green on ex-
posure to the air.

Lokanic acid is deeomposed by cold concen-
trated sulphuric acid according to the équation
C36H3802l — 5H20 = This latter sub¬
stance forms a red-brown powder; its barium
compound C38H2|BaO,6 is also a red-brown sub¬
stance. Concentrated potash solution (50 p.c.)
décomposés lokanic acid into a brown powder
and phloroglucinol ; the former body is termed
delokanic acid C15Hj06, the following équation
representing the reaction :

= 2C,5H0O0 + CnH503+ 6H20
(R. Kayser, l.c. ; S. C. I. 5, 162).

CHINESE LAKE or SCARLET LAKE v.

Pigments.
CHINESE TALLOW. A white vegetable

tallow covering the seeds of Stillingia sebifera,
used for candle-making.

CHINESE WAX v. Wax.
CHINESE YELLOW (King's yellow) v. Pig¬

ments.

CHINOLINE v. Quinoline.
CHINOLINE BLUE v. Quinoline blue.
CHIOLITE. A double fluoride of aluminium

and sodium 3AlF3.5NaF closely akin to cryolite
AlFs.3NaF. Found at Miask (Brandi, J. M.
1882 ; 2nd Réf. 201 ; C. J. 44, 29).

The following analysis is given by Brandi
(A. 213, 1) :

Al Na F
17-66 24-97 57-30 = 99-93
17-64 25-00 57-30 = 99-94

CHITIN v. Glucosides.
CHLOANTHITE. A minerai from Sehneeberg

containing
As S Bi Fe Cu Ni

68-40 1-06 0-21 0-69 4-20 24-95 = 99-51
Sp.gr. 6-44 (J. 37, 1904).

CHLORAL Trichloracetaldehyde CCl3.CHO.
Chloral was first prepared by Liebig, who

obtained it by the continuous chlorination of
absolute alcohol (A. 1, 189). It was further ex-
amined by Dumas (A. Ch. [2] 56, 125), who
determined its composition, and by Stadeler
(A. 61, 101). Although a chlorinated aldehyde,
it cannot be prepared by treating acetaldehyde
with chlorine, unless water is présent together
with calcium carbonate to neutralise the hydro-

gen chloride formed, since butyric chloral results
when dry materials are employed (Pinner, B,
4, 256).

Préparation.—Absolute alcohol is treated con-
tinuously with dry chlorine in the cold, care
being taken to avoid a rise of température at
first ; afterwards, when the absorption of the
gas diminishes, the température of the alcohol is
gradually raised to about 60°, and the current
continued until the action is complété and chlor¬
ine is no longer absorbed by the syrupy liquid.
In this reaction chloral alcoholate is formed,
and on digestion at 60° for several hours with
twice its volume of strong sulphuric acid this is
deeomposed into alcohol and chloral, the latter
of which separates as an oil and can be purified
by distillation over calcium carbonate. Ethylene
dichloride, ethylidene chloride, and chlorinated
ethylene dichloride (b.p. = 115°) are also formed
as by-products in this reaction (Kràmer, B. 3,
257). According to Page (A. 225, 209) the
chlorination proceeds more rapidly, and the
yield of chloral is greater if a small percentage
of ferrie chloride is previously added to the
alcohol ; ethyl chloride is produced in the ré¬
action, and instead of the alcoholate a mixture
of chloral and chloral hydrate results.

Théories to explain the formation of chloral
have been proposed by Lieben (B. 3, 910), and
by Wurtz and Vogt (C. R. 74, 777 ; compare
also Jacobsen,3. 15, 601).

Properties.—Chloral is a colourless pungent
liquid, which solidifies at —75° (Berthelot, Bl.
29, 3), and is readily soluble in water, alcohol,
and ether. Its b.p. = 97-7° (cor.) and sp.gr.
= 1-54175 at 0° (Passavant, C. J. 39,55 ; Thorpe,
C. J. 37, 191) ; b.p. = 96°-97° at 750 mm., and
sp.gr. = 1-5121 at (Bruhl, A. 203, 11). Nas-
cent hydrogen reduces it to aldehyde (Per¬
sonne, A. 157, 113), which it closely resembles
in reducing ammoniacal silver nitrate solution
(Stadeler, A. 106, 253), and in forming crystal¬
line compounds with alkaline bisulphites (ibid.) ;
with ammonia (Personne, l.c. ; C.B. 71, 228);
with hydrogen cyanide (Bisehofï and Pinner,
B. 5, 113 ; A. 179, 77) ; and with amides and
aminés (Wallach,B. 5, 251). When heated with
aqueous alkalis it décomposés into chloroform
and an alkaline formate, and a similar reaction
occurs when alcoholic potash or soda is em¬
ployed (Kelculé, A. 119, 188). Puming nitric
acid converts it into trichloracetic acid, and, ac¬
cording to Grabowski (B. 6, 225), fuming sul¬
phuric acid combines with it in the cold, but on
heating converts it into chloralide C5H,C1s0j
(compare Grabowski, B. 8, 1433 ; Stadeler, A.
61, 114 ; Wallach, A. 193, 1).

When pure, chloral is perfectly stable, but
traces of impurities, and particularly of sul¬
phuric acid (Byasson, C. R. 91, 1071) convert it
into metachloral—a white amorphous substance
insoluble in water, alcohol, and ether—which,
on distillation at 180°-250°, is reconverted into
ordinary chloral (Eolbe, A. 54, 183 [footnote]).

Chloral hydrate CCl3.CHO+ H20, or
CC13.CH(0H)2,

is formed by dissolving chloral in water. On
the manufacturing scale it is prepared, according
to Detsényi (D. P. J. 209, 224, with figure) by
passing chlorine into alcohol of at least 96 p.c.
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Wberi 120-150 lbs. of alcoliol are employed the
current must be maintained for 12-14 days,
during which time the température rises to
60—70°, and the product aequires a density of 41°B.
The crude product so obtained is purified by
heating it with an equal weight of concentrated
sulphuric aeid in copper vessels lined with lead.
Considérable quantities of hydrochlorie aeid
escape at first, and when the évolution lias
ceased the product is distilled, chloral passing
over in the fraction 95-100°. This is redistilled
in similar vessels, and the distillate mixed with
the requisite quantity of water; the hydrate is
then either allowed to solidify in cakes or is
poured into vessels one-third filled with chloro-
form, to crystallise. It may be crystallised with
advantage from earbon bisulphide or turpentine
(Fliickiger, Z. [2] 6, 432).

Properties.—Chloral hydrate crystallises in
monoclinic tables (Groth, B. 5, 676), and has a
peculiar odour and sharp taste. Its m.p. = 57°
(Meyer and Dulk, A. 171, 75), b.p. = 97'5°, and
sp.gr. = 1-818 (in powder) and =1-848 (crystal¬
lised) (Schroder, B. 12,562). It dissolves readily
in water, alcohol, ether, chloroform, turpen¬
tine, and light petroleum, and its solubility in
carbon bisulphide is given by Fliickiger (l.c.) as
1 in 45 at 15-18°, and 1 in 4-5 at the boiling-
point. Concentrated sulphuric aeid décomposés
it into chloral and water, and alkalis act upon
it as upon chloral. A modification of the
hydrate, melting at 80°, is obtained by rapidly
evaporating an acetic aeid solution of anhy-
drous chloral over sulphuric aeid (Meyer and
Dulk, l.c.).

Physiological action. — Compare Liebreich
(B. 2, 269) ; Personne (C. R. 78, 129) ; Byasson
(C. R. 78, 649) ; Tomaszewicz (abstracted, C. J.
1874, 814) ; and Tanret (J. Ph. [4] 20, 355).

Estimation.—4 grams of the sample are
dissolved in water, and any free aeid removed by
shakingeither with chalk or barium carbonate and
filtering. The filtrate is treated with a moderate
excess of normal caustio soda solution, and
titrated back with normal aeid in the usual way,
litmus being used as an indieator. Each c.o. of
the normal allsali used corresponds to 0-1475
gram of chloral or 0-1665 gram of chloral hy¬
drate (Meyer and Hafiter, B. 6, 600).

Another method in which milk of lime is
used to effect the décomposition of the chloral
has been proposed by Wood (Ph. J. [3] 1, 703).

Chloral alcoholates. Chloral combines with
absolute alcohol forming chloral etliylalcoliolate
CCtj.CH(OH).OEt (Martius and Mendelssohn, B.
3, 444), identical with the final product of the
action of chlorine on absolute alcohol (Lieben,
B. 3, 907). This crystallises in neeclles, melts
at 44-46° (Meyer and Dulk, A. 171, 78), at 46°
(Lieben), boils at 115°, is sparingly soluble in
water, and décomposés into chloral and alcohol
on treatment with concentrated sulphuric aeid.
Other alcoholates hâve been desoribed by Jacob-
sen (A. 157, 244).

Butyric chloral CH3.CHC1.CC12.CH0.
Krâmer and Pinner, by passing dry chlorine
into acetaldehyde or, preferably, paraldehyde,
cooled at first, but afterwards heated at 100°,
obtained a compound which was at first regarde!
as crotouic chloral C3H3C1302, but is now identi¬
fie! as butyric chloral (A. 179, 26 ; B. 3, 383 ;

8, 1562). It is a colourless oil, having a charac-
teristic chloral odour, boils at 164°-165° at
750 mm. (Briihl, A. 203, 20), and resembles
chloral in forming compounds with walev, am-
monia, amides and hydrogen cyanide

CHLORALUM v. Disinfectants.
CHLORANIL v. Tetrachloequinone,
CHLORATE OF POTASH v. Chloeink
CHLORATE OF SODA v. Chloeine.
CHLORIDE OE LIME v. Chloeine.
CHLORIDE OF POTASH v. Chloeine.
CHLORIDE OF SODA v. Chloeine.
CHLORINE. Symbol Cl. At. w. 35-37.

Chlorine was first obtained by Scheele in 1774 by
the action of hydrochlorie aeid upon manganèse
dioxide, and was termed by him ' dephlogisticated
marine aeid air.' The idea that it was a com¬

pound substance prevailed until 1809, when Gay-
Lussac and Thenard suggested that it was pro-
bably an elementary body, a supposition con-
firmed by the investigations of Davy in 1810
(T. 1811, 1, 32). Davy gave it its présent
name, from x^<»pis greenish-yellow, in allusion
to its characteristic eolour.

Chlorine is never found free in nature; it
exists mainly in combination with sodium, po¬
tassium, calcium, magnésium, &o. Sodium
chloride occurs as rock sait in large quantities
in Galicia, Tyrol, Transsylvania, Spain, and in
England (particularly in Cheshire) (v. Sodicii).
Potassium chloride is found as sylvine (q. v.),
and in association with magnésium chloride as
camallite KCl.MgCl2.6H20 (g. v.) in the sait beds
of Stassfurt. Other naturally oceurring chlorides
are matlockite PbCL.PbO, hom silver AgCl,
atacamite Cu2C1(OH)3, calomel HgCl, &c. Ferrie
chloride Fe2Cl„ and sal ammoniac are occasion-
ally found native as products of voloanic action.
Alkaline chlorides are also found in considérable
quantity in sea-water and in many natural
waters.

Sodium and potassium chlorides are présent
in most animal sécrétions, and free hydrochlorie
aeid is met with in the gastric juice. Many
plants, especially those growing in proximity to
the sea, contain notable quantities of chlorides.

The readiest mode of preparing chlorine for
laboratory purposes consists in heating manga¬
nèse dioxide with hydrochlorie aeid, or by heat¬
ing a mixture of manganèse dioxide, common
sait, and sulphuric aeid.

MnO„ + 4HC1 = Cl2 + MnCl, + 2H..O.
2NaCl + MnO„+ 2H2S04

= Cl2 + Na-BOj + MnS04 + 2H20.
Both these processes are used on the large scale
for the préparation of chlorine (v. infrà).

Many other peroxides and certain oxysalts may
also be used for the préparation of chlorine ; thus
red lead and potassium bichromate generate the
gas when heated with hydrochlorie aeid.

Pb304 + 8HC1 = Cl2 + 3PbCl2 + 4H,0.
K2Cr„07 + 14HC1 = 3CL + 2KC1 + Cr2Cls + 7H„0.

KC103 + 2HC1 = Cl" + C102 + KC1 + H..O.
Chlorine is also formed when the heated vapours
of nitric and hydrochlorie aeid react upon each
other : 2HC1 + 2HN03 = C1.+ N20, + 2H.O.

Certain chlorides, e.g. MgC^ in air, PbCl4,
AUCI3, &c., evolve chlorine when heated.

(For other processes v. infra.)
At ordinary températures and pressures

chlorine is a greenish-yellow gas, which becomes
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darker in colour as it is warmed ; under strong
pressures the eolour beeomes orange-yellow.
Even when largely diluted with air the gas pos-
sesses a charaoteristic pungent and irritating
smell ; it eannot be respired, as it rapidly
attacks the membranes. The gas is incom¬
bustible in air, although it may be made to
burn in hydrogen ; ordinary illuminating fiâmes,
e.g. o£ coal-gas, tallow, wax, &c., burn in ehlor-
ine with séparation of carbon and formation of
hydrochloric acid gas,

The sp.gr. of chlorine shows a graduai dimi¬
nution up to 240°, when its density beeomes
normal, viz. 2-4502 (.Jahns, B. 15, 1238).

40° 80° 120° 100° 200° 240°
2-4844 2-4776 2-4708 2-4G41 2-4572 2-4504

The absorption spectrum of chlorine shows
numerous dark lines in addition to complété
absorption in the blue and violet.

Chlorine is readily liquefied to a dark
greenish-yellow liquid of sp.gr. 1-33, b.p. 33-6°.
It ean be solidified at a low température. Liquid
chlorine is not miscible with water ; its refractive
index is lower than that of water, and it is a
non-conductor of eleetricity.

Chlorine gas is readily soluble in water, its
absorption co-efficient between 10° and 41-5°
according to Sehônfeld (A. 93, 26 ; 96, 8) is

3-0361 - 0'04619G£ + -0001107f2

by means of which the following table showing
the volume of chlorine at 0° and 760 mm. ab-
sorbed by 1 vol. of water at varying tempéra¬
tures is caleulated

10° 15° 20° 25° 30° 35°
2-5852 2-3681 2-1565 1-9504 1-7499 1-5550

(v. also Pickering, C. J. 1880, 139).
The volume of chlorine absorbed from a

mixture of that gas with an indiffèrent gas, as
hydrogen or carbon dioxide, is greater than that
caleulated from the law of partial pressures
(Eoscoe, C. J. 8,14).

Chlorine-water has the characteristic
smell and colour of the gas ; in daylight, and
especially when exposedto sunshine, it gradually
loses its colour owing to the action of the chlor¬
ine on the water, the main reaction being

H,0 + CL = 2HC1 + O.
On cooling a saturated solution to 0° it de-

posits crystals of so-called chlorine hydrate
of a light yellow colour, which becorne almost
white when cooled to - 50°. By gently heating
the crystals in a sealed tube they are readily
resolved into water and free chloride which may
be thus obtained as a liquid.

Chlorine is an active chemical agent, and
combines with many substances even at the
ordinary température. Phosphorus ignites
spontaneously in the gas forming phosphorus
trichloride, which, in contact with excess of
chlorine, is ultimately converted into phos¬
phorus pentachloride. Finely divided arsenic,
antimony, copper, tin, lead, and iron burn in
chlorine forming the respective chlorides. Cer¬
tain of these reactions are modified if the chlor¬
ine is absolutely free from moisture. Wanklyn
(C. N. 20, 271) found that sodium might be
melted in dry chlorine without action, although
the métal readily burns in chlorine as ordinarily
prepared. Cowper (C. J. 43. 153) found that
Dutch métal, zinc, and magnésium were unacted

upon by dry chlorine ; silver and bismuth were
only slowly attacked.

Suiphur dioxide, ethylene, and carbon mon-
oxide readily unité with chlorine. Chlorine
rapidly attacks many organic substances form¬
ing addition products as in the case of ethylene,
or substitution products as in that of marsh gas.
Chlorine has, indeed, a very strong aHinity for
hydrogen ; a lighted taper plunged into an atmo¬
sphère of chlorine continues to burn with a dull
lurid flame accompanied by much soot. If a
piece of paper moistened with oil of turpentine
C,„H1S be thrust into a jar of the gas, it takes
tire and burns with a cloud of smoke. By reason
of its tendency to unité with hydrogen chlorine
acts indirectly as an oxidising agent in presence
of moisture. Many metallic protoxides are con¬
verted into peroxides by the action of the gas
in presence of water, the hydrogen of wlrich
combines with the chlorine to form hydrochloric
acid, whilst the liberated oxygen attacks the
metallic oxide. If a stream of chlorine is led
into an alkaline solution containing suiphur, or
a suiphur compound in solution or suspension,
the suiphur, in presence of water, is rapidly
oxidised by the nascent oxygen to the state of
sulphuric acid. The oxidising action of chlorine
is frequently made use of in chemical analysis.
By virtue of its oxidising action chlorine de-
stroys many organic colouring matters, and is
hence used directly or indirectly for bleaching.
It is also used as a disinfectant.

Industrlal Préparation of Chlorine,

Chlorine is always prepared by the action of
hydrochloric acid on substances capable of
oxidising the hydrogen, thus setting the chlorine
at liberty. The hydrochloric acid is nearly
always employed in the free state, as it is ob¬
tained in the technical process of manufactur-
ing sodium sulphate by decomposing common
sait by sulphuric acid. But sometimes local cir-
cumstances still compel the direct use of a mix¬
ture of sodium chloride and sulphuric acid with
manganèse peroxide even for manufacturing
purposes ; and reeently a large number of pro¬
posais have been made for manufacturing chlor¬
ine from hydrochloric acid in the nascent state
as it is by suitable means obtained from mag¬
nésium chloride or other chlorides.

The substance which supplies the 1 active '
oxygen for liberating chlorine from hydrochloric
acid is nearly always manganèse dioxide, either
in the native state or artificially prepared by
atmospheric oxygen from the residual liquors of
the chlorine process (Weldon mud, v. infra).
There are, liowever, processes for employing
atmospheric oxygen directly for that purpose,
one of which, the Deacon process, has been
practised on a large scale for many yeavs past,
while others, such as the Péchiney-Weldon pro¬
cess, cannot as yet be said to have passed the
expérimental stage.

Raw SIatekials for the Manufacture of

Chlorine.

1. Hydrochloric acid (technically also called
Muriatic acid).

The solution of hydrochloric acid used for
the manufacture of chlorine ought to be as
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strong as possible, especially i£ employed with
native manganèse ore, as dilute acid, or that
which has been neutralised to a certain extent,
acts too slowly, even at higher températures.
Suppose that this limit is reached at 6 p.c. HC1,
it is évident that much more is utilised of 33 p.c.
than of 20 p.c. acid, namely, in the first case
33 - 6 = 27, or =82 p.c. of the total HC1; in
the second case 20 - 6 = 14, or A* = 70 p.c. of the
total HC1. Usually the free acid left in the still
liquors from native manganèse amounts to much
more than that, thus making a much greater
différence between more or less higlily concen-
trated acid.

When working with recovered manganèse
(Weldon mud), the différence is not so striking,
but it still exists, and the greater dilution of the
liquors caused by the employment of weak acid
is also a serious drawback. Hydrochloric acid
below 20°T\v. = 20 p.c. HC1 ought never to be
employed for chlorine making. It is quite
évident that the yield of chlorine from a given
quantity of sait must be greater if the hydro¬
chloric acid is employed in a concentrated state
than vice versâ.

In the Deacon process the hydrochloric acid
is used as gas, and as it cornes from the decom-
posing pots. The roaster acid is not used in
this process, because it is top much diluted with
air and is too impure (v. infra).

The impurilies of hydrochloric acid are
usually of no conséquence ; but that which is
employed for decomposing Weldon mud ought
to be as free from sulphuric acid as possible,
because the latter acid forms calcium sulphate
with the calcium chloride présent in the mud,
which greatly increases the quantity of deposit
in the neutralising wells, and causes a loss of
manganèse unless speeially treated. In the
Deacon process the presenee of sulphuric acid
in the gaseous hydrochloric acid is even more
objectionable. The hydrochloric acid from the
pots contains much less sulphuric acid than that
from the roasters, and in the Deacon process
only the fermer can be used, the roaster-acid
being worked up according to Weldon.

It has been proposée! to purify the hydro¬
chloric acid from sulphuric acid by adding
calcium chloride (Weldon and Strype, E. P. 222,
1881) or barium chloride (Wigg, E. P. 1220,1882)
to it. In the latter case the BaS04 may be re-
converted into BaCl, by furnacing with CaCl2, or
else it may be used as a paint (as ' permanent
wbite ').

2. Sodium chloride (common sait) along with
sulphuric acid is sometimes used for making
chlorine at bleach works, &c., where local cir-
cumstanees cause this process to be cheaper
than the use of hydrochloric acid (v. infra).

3. Calcium chloride and magnésium chloride,
as they are produeed iu the manufacture of
alkali by the ammonia process, iu working up
the mother liquors from the manufacture of sea-
salt, aud in the mother liquors from the Stassfurt
potassium chloride &c., are the subject of many
proposais for extracting chlorine, the more im¬
portant of which will be noticed hereafter.

4. Manganèse ore was formerly the only sub¬
stance practically employed for liberating Cl from
MCI, and is even now indispensable, to a certain
extent, for making up the losses of manganèse in

the Weldon process, and in ail cases where the
manufacture of chlorine is carried on in a com-

paratively small way, so that the modem pro¬
cesses for its production do not pay. Only such
manganèse ores are available for this purpose
as eontain a somewhat considérable quantity
of ' active oxygen ' in the shape of MnO,. The
lower oxides of manganèse also yield chlorine as
far as they eontain more oxygen than MnO ; but
they consume too much acid for this purpose, as
will be seen by the following équations :

MnO, +4HCl = MnCl, + 2H..O + 2C1,
Mn,03 + GHC1 = 2MnCL + 3H..0 + 2C1,
Mn304 + 8HC1 = 3MnCl^+4H20 + 2C1.

The following ores of manganèse are the
most important :

Pyrolusite MnO,. It erystallises in rhom-
bic prisms, but is mostly fouud in indistinctly
erystalline masses of a fibrous structure. Its
sp.gr. is 4-7-5-0 ; its colour is dark steel-grey to
light iron-grey, with semi-metallic lustre. It is
very soft and soils the fingers, but there is also
a hard variety of Mn02, called polianite.

Braunite Mn„03 is mostly found associated
with pyrolusite. It is generally indistinctly
erystalline, of iron-black or brownish-black
colour, and does not soil the fingers, being
almost as hard as felspar. Sp.gr. 4-8-4-9.

Brown manganèse ore (Manganite) Mn,0.„
2H,0. Sp.gr. 4-3-4-4. Hardness between pyro¬
lusite and braunite. Colour similar to braunite,
but fracture brown, wkilst that of braunite and
pyrolusite is black.

Hausmannite Mn304. Sp.gr. 7-8. Colour
and fracture similar to the preceding, but has
more metallic lustre.

Psilomelane generally occurs in kidney-
shaped and other forms of a shelly, rarely of a
fibrous, structure.

Its composition is complicated ; its powder
imparts a red colour to concentrated sulphuric
acid. Colour, iron- or blue-blaek ; fracture,
brownish-black ; hardness, considérable. Sp.gr.
4-1-4-2.

Wad is chemieally similar to the preceding
ore, but is very soft and porous, so that it is
very easily acted upon by HC1. Sp.gr. 2-3-3-7.
Brown to brownish-black. It is probably the
produet of décomposition of other manganèse ores,
and is very important for praetical purposes.

Analyses of the various manganèse ores are
given in Lunge's Sulphuric Acid and Alkali,
3, 115-119. More recent analyses are given by
Lill and Schneider (S. C. 1.1883, 414).

Formerly the manganèse ore for chlorine-
making (technically called ' manganèse ') came
principally from central Germany. The mines
of Ilmenau and Elgersburg even now yield very
fine pyrolusite, such as is used by glass-makers ;
those near Giessen, in the Nassau and Siegen
conntry, were, however, quantitatively much
more important for chlorine-making. This
' German manganèse ' is very soft and, even
after washing at the mines, rarely contains much
more than 60 p.c. MnO,. This as well as the
French manganèse (from Eomanèche, in the
Saône-et-Loire Department), has lost most of
its importance since the development of the
mines in the Huelva District, which yield man¬
ganèse ore from 70 to upwards of 85 p.c. MnOj.
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A considérable quantity of rich ore now cornes
from Chili. These mines now supply nearly ail
the requirements of the chemical trade. Other
beds hâve been discovered in the noi'th of Spain,
in the north of Italy, in New Zealand, Cuba,
West Virginia, &c.', but since the consumption of
manganèse has been very much restricted by the
'receut progress of chlorine-making, most of the

' beds do not pay for working. For the analytical
methods for testing manganèse ore v. Manganèse.
They show in the first instance its percentage
of active oxygen, that is, the oxygen présent
over and above that necessary to form MnO,
which is the only oxygen capable of evolving
chlorine from HC1. This percentage is, how-
ever, expressed in terms of manganèse dioxide
MnO». As shown above, the lower oxides of
manganèse require much more hydrochloric
acid to furnish the same quantity of chlorine ;
more acid may be taken up by iron oxides,
alkaline earths, alkalis, &c., occurring in the
ore. Even the insoluble matters, as barium
sulphate, silica, or silicates, are frequently in¬
jurions because they mechanically obstruct the
action of HC1 and may cause a considérable
quantity of Mn02 to be protected against the
acid by a coating of silica &c. Hence the value
of manganèse ore is not directly proportionate
to its percentage of Mn02, but the Mn02 is
valued more higlily the higher the percentage.
The custom of the trade is to assume a normal
strength of 70 p.c. Mn02, and to add or deduet
so much pro p.c. up or down, with a maximum
of 65 p.c. Mn02.

Spécial attention must be paid in testing to
the presence of carbonates (CaC03, BaC03, &e.).
These not merely waste hydrochloric acid, but
the carbonic acid is most objectionable in the
manufacture of bleaching powder. Ores con-
taining upwards of 1 p.c. C02 are not considered
merchantable ; they can, however, be sufflciently
deprived of carbonates by crushing and treating
with dilute acids.

The physieal state of the manganèse ore is
also of importance. The soft varieties are pre-
ferred to the hard ones because they are more
easily dissolved and require less acid and steam
than the latter.

The manufacture of chlorine from common
sait, sulphuric acid, and manganèse ore. - This is
still sometimes carried out in countries where
there is no manufacture of hydrochloric acid ;
this acid, both on account of its much lower
concentration and of the greater difficulty of
carriage, may then eost much more for its real
chemical équivalent than a corresponding quan¬
tity of sulphuric acid. Where, therefore, in
such cases, chlorine must be produced for
bleaching, for the manufacture of fine chemicals,
iSîc., the direct reaction

Mn02 + 2NaCl + 3S04H„
= MnS04 + 2NaHS04 + 2H2Ô + C12

is employed. It would not be practicable to
employ only suificient acid to form Na2SO.„
and there must be even an excess of sulphuric
acid above that shown in the reaction (corre¬
sponding to 87 MnO„, 117 NaCl and 297 S04H2),
if the other materials are to be fully utilised.

Usually equal parts of manganèse ore and
common sait are ground up together, and are
cbarged into a leaden or stoneware still, some¬

times provided with a mechanical agitator. The
requisite quantity of sulphuric acid, previously
diluted with its own volume of water, is gradually
added by means of a funnel-tube, and heat is
applied, preferably from without, by means of
a steam-jacket, till nearly ail the chlorine has
been evolved. The residue remaining in the
still is practically worthless.

There are also Systems of stills where the
décomposition of NaCl by S04H2 is carried on
separately from that of MnO., by the HC1 formed
in the first part of the process, but these pré¬
sent no great advantages over the direct mixture
of the materials, unless the first opération is
carried on as an independent manufacturing
opération on the large scale, as in the manu¬
facture of sulphate of soda or ' saltcake.'

The manufacture of chlorine from manga¬
nèse and liguid hydrochloric acid is carried out
either in vessels made of stoneware, or in stills
made of acid-proof natural stone. Stoneware
stills can be made only of moderate size, and
hence are mostly used for producing chlorine on
a médium scale, not for manufacturing bleaching
powder ; but even for the latter purpose they
were preferred by some of the largest French
Works, so long as they employed only native
manganèse, owing to their cleanliness and the
more thorough utilisation of the acid. In most
cases where chlorine is employed for bleaching
or for manufacturing fine chemicals, and where
this is done with native manganèse (as must be
the case outside of alkali works) such stills are
to be recommended. Fig. 1 shows one of the

best-known forms .of stoneware stills, intended
for heating from the outside in a water or steam-
bath, made of wood or masonry. The man¬
ganèse is placed into the perforated cylinder,
which holds about 1 ewt., and is put in and out
by means of specially shaped tongs, through the
large opening. The small necks serve for in-
troducing the acid and taking away the gas.
At the end of the opération the still-liquor is
drawn off by a syphon, or by a discharge-pipe
passing through the steam-jacket. Since the
acid is not diluted by steam-water, it is much
better exhausted than in the large stone-stills
described below. Such small stills permit of
careful and economical working, so far as ma¬
terials are concerned, and they necessitate hardly
more labour than large ones.

These stoneware stills are sometimes heated
by blowing steam into them, but this plan cannot.
be recommended, as the above-mentioned ad-
vantage is thus saerificed,. and, moreover, such
stills easily crack.

Another description of small chlorine stills,
shown in fig. 2, has been found very efficient,
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and is not So liable to give trouble by cracking
as those geuerally used. There is a stoneware
cylinder open at the top, with a sieve for hold¬
ing the manganèse and an outlet pipe closed by
an indiarubber tube and clamp. This cylinder
is covered by a lead (or stoneware) bell, which
reaches nearly down to its bottom. This bell

can be raised or lowered by means of pulleys
and balance weights ; it is provided at the top
with an acid tunnel and two gas-outlets, one of
which serves for the ordinary work, whilst the
other one serves to carry off the gas in case of
an interruption of the former. These gas-pipes
are coupled with their continuations in such a
way that they can be easily disconnected when
the bell is raised for re-charging the stills. The
whole is immersed in a wooden tub, partly filled
with water which serves as an hydraulic lute ;
but it is best to prcvide the rim of the inner
cylinder with an india-rubber ring, upon which
the top of the lead bell rests, so that there is
hardly any communication between the gas-
space and the water in the tub. The latter is
heated to the proper point by a steam-pipe dip-
pingintoit, so that it serves as a water-bath,
and, being very hot, it can absorb next to no
chlorine from the still.

Fig. 3 shows a contrivance which allows of
instantly Connecting or disconnecting the chlor¬

ine pipes and the main pipe, and which at the
same time shows how stop-cocks can be dis-
pensed with for such purposes. There is a Y-
shaped lead-pipe a, wfiose upper arms are con-
verted into hydraulic lûtes by soldering an outer
pipe bb on to them. The ends of the gas-pipes,
both that leading from the stills c, and that
leading to the gas-main d, are widened out into
cups dipping into the water which fills the
annular space at b. When the bell (fig. 2) is
raised, the gas-pipe c will rise out of the
hydraulic lute, and on lowering the bell it will

dip into the lute again. In order to interrupt
at will tbe connection with the gas-main with-
out raising the bell, the indiarubber pipe c is
raised so that the water contained in it gets up
to the junction of the two branches of a, and
seals them hydraulically.

Stone stills must be made of silicious sand-
stone or other stone not acted upon by acids
and not liable to crack by rapid changes of
température. Such stone is found at South-
owram, and is known as ' Yorkshire ilag.' A
variety of stone superior to it in resisting
changes of température is found at Heworth
near Newcastle-on-Tyne, but this requires boiling
in tar for several days to make it imperméable
to acids. In Germany there are also several
stones adapted to this purpose, but none equals
in excellence the volvic lava from the department
of Puy-de-Dôme (France). This lava can behad
in thick blocks or thin slabs, and requires no
boiling in tar to make it acid and heat-proof.

It should be noticed that prolonged submer¬
sion in boiling tar is certainly an excellent way
of tougkening both stones and earthenware
(fire-elay), provided they possess a certain
degree of porosity. It makes them resist both
acids and changes of température, and at the
same time hardens them very much, so that
they must be worked into shape previous to that
treatment.

Sometimes chlorine stills and acid tanks are

liewn out of a block of stone (especially volvic

Fig. 4.

lava), but this is a costly opération, and in ease
a single crack occurs the whole vessel is lost.
It is, therefore, more usual (in England probably
universal) to build up chlorine stills (like acid
tanks, condensers, &c.) from stone slabs joined
in a suitable manner and held together by iron
binders. Such a still is shown in fig. 4, which
represents it eut through in the middle. The
bottom is formed by a stone 10 to 12 inehes
thick, with grooves for the sides to fit in. The
sides are stone slabs, 5 to 6, or even 8 inches
thick, and joined at the corners either 'on the
bevel,' or on the 'feather and groove ' principle.
In the former case the stones are ail dressed in
the same way, and are held together by cast-iron
corner pièces, drawn together by long screw bolts;
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in the latter case the end stones must projeet
both ways over the sides, the latter fitting into
grooves o£ the end stones (as is shown in the
figure). The lid consists of one or more stones
laid in a rebate. The joints are made tight by
dressing a small groove into the two adjoining
faces, and either placing a §-inch indiarubber
cord in the channel thus formed, or else filling
it with an acid-resisting cernent. Such cernent
may be ' black stuff,' that is, coal-tar and fire-
clay, kneaded or ground together to the consis-
tency of thick putty, and moulded into balls which
are pushed into the joints and stemmed with an
iron rod. This cernent gets as hard as the stone
itself, and stands the hot acid very well. The
stones are in any case bedded in such black stuff,
and some more of it is stemmed into ail joints.
Sometimes the joints are made tight by running
into them a mixture of melted brimstone and
sand or ground clay. Temporary joints, not in-
tended to harden, can be made with a putty of
linseed oil and pipe-clay.

The diagram shows how the still is fitted with
the following parts. A false bottom a ; a pipe b,
for the introduction of hydrochlorie acid, sealed
at the bottom by the acid itself ; a leaden steam -

pipe c, connected at the bottom with a stone or
stoneware steam column d, and at the top by
the loop e with a tap / (the loop proteeting the
tap to some extent against the action of the
chlorine) ; the earthenware or leaden gaspipe g,
whose connection with the gas main h can be
opened or shut oS at will by putting more or
less water into the pot i. The man-hole for
charging the still and the discharging-hole must
be assumed to be provided in that half of the still
not shown in the diagram.

These stills are made from 7x5x3 feet, in-
side measurement, and upwards.

Fig. 5 shows a still of the bevel-joint type,

Fia. 5.

seen from above, with the cover removed. a, a are
the flags forming the false bottom, one of which,
a', is made to stand up, c is the steam-stone, a b
c d are the rods binding the stones together by
means of the cast-iron corner pièces 6, b.

In order to work the stills, those of smaller
sizes, where the manganèse is contained in a
sieve, are usually first charged with the requisite
quantity of acid. The sieve containing the man¬
ganèse (about 1 cwt.) is then put in, the cover is
at once put on and made tight by water-luting or
cementing, and the évolution of chlorine begins

forthwith. When it slackens, heat is gradually
supplied by turning on the steam till the acid is
exhausted. The stills are then allowed to cool
down, usually till the next morning. They are
then opened, the sieve is lifted out, the manga¬
nèse remaining in it is washed and replenished
by more ore, the liquor is siphoned or run out
of the still, fresh acid is run in and a new start
can be made at once.

The large stone stills are cleaned out after
■

every opération, and are then charged with from
6 to 10 cwt. of manganèse, broken up into pièces,
which must be smaller in the case of hard ores,
but should not be too small, lest too rnuch is
washed down below the false bottom. The still
is then closed and acid is run in, at first quickly,
afterwards gradually, so that it takes several hours
to run in the full charge. AU this time chlorine
is given off, much heat being generated in the
process, of course much more with concentrated
than with somewhat dilute acid. When tlie
évolution of gas becomes slow, steam is injected
into the still, but very cautiously, as otherwise
the water might be thrown out of the lûtes, and
only at intervais, for instance for ten minutes
every hour. Too much steaming causes too
rapid an évolution of chlorine, and the volatili¬
sation of much acid and water. The température
of the stills ought never to get above 90°C. It
is préférable not to steam ail the stills of a set
at the same time, but in regular rotation, to pro¬
duce a more continuous eurrent of chlorine.
Steam of moderately high pressure (40 to 50 lbs.
to the square inch) is préférable to weaker steam,
because it causes less condensation of water.

Chlorine stills ought to be kept going at least
twenty-four hours, but large stills are better kept
going for forty-eight hours, which will utilise
more of the acid. Even then the liquid, when
let out, emits an intolérable stench of chlorine
so that this opération is one of the most irk-
some, both for the workmen and those people
who live near the works. Moreover, the ' still'
liquor,' even after being freed from its muddy
constituents by settling, is one of the worst
nuisances for any watereourse into which it may
be run. In alkali works ail this nuisance has
been completely overcome by the introduction of
the Weldon process, where the still liquor from
the fresh manganèse ore is run into the Weldon
stills, instead of into the drains. At other works
where chlorine is made on too small a scale to
permit of applying the Weldon or other modem
processes, the still liquor ought to be colleoted
in a closed tank, and neutralised by chalk before
running it away, even in a very diluted form.

The chlorine evolved in the stills is always
contaminated with hydrochlorie acid and water.
For most purposes these must be removed as
far as possible, which is done by conveying the
gas in a long string of earthenware or lead
pipes, externally cooled by air (or, if needful,
by water), so that the water along with the acid
condenses into a liquid. This will be greatly
promoted by passing the gas through a small
column charged with lumps of manganèse, where
some more chlorine will be given off. Where
there is very much acid in the chlorine, as is the
case in the Deacon process and in ail recent pro¬
cesses for utilising magnésium chloride <$rc., the
acid is first removed by washing the gas with
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watcr in an ordinary acid condenser, and the
moist gas can then be dried, if needful, by pass-
ing it through a leaden coke-tower charged with
sulpburic acid of 150°T\vaddell.

The first reaction taking place in the chlorine
stills is : MnO, + 4HC1 = MnCl4 + 2H.,0 or (more
probably) 2MnO, + 8HC1 = Mn,Cl0 + 4H,0 + 2C1.
(There is some discrepancy of opinion as to
which of these two chlorides of manganèse is
formed. Compare W. W. Fisher, C. N. 37, 250 ;
D. S. Pickering, ibicl. 39, 225; Berthelot, C. R.
91, 251).

These chlorides, MnCl4 or Mn,Cls, form a
dark-brown solution which quickly décomposés
even at the ordinary température into MnCl, and
free chlorine, so that the ultimate resuit is :
MnO,+ 4HC1 = MnCl,+2ELO + 2C1; but this re¬
action is only completed at about 100°C., and
with a certain exeess of hydrochloric acid. Theo-
retically for 100 MnO,, or an équivalent quantity
of manganèse ore, almost exactly 170 dry HC1
=530 acid of 32°Tw. ought to be eonsumed;
practically, at least 10 p.c. more is used, and
with low strength acid, hard manganèse, direct
steaming, &c., twiee the theoretical quantity of
acid may be eonsumed.

Still-liquor and the processes carried out for
ulilising it.—The waste liquor run from the
stills contains chiefly manganous chloride, ferrie
chloride, the chlorides of other metals présent in
the ore, free hydrochloric acid, and a little
chlorine. P. W. Hofmann gives the following
analysis of a still liquor, probably from outwardly
heated stills :

MnCl, 22-00
Fe,Cls ..... 5-50
BaCl, 1-06
HC1 6-80
Free Cl 0-09
H,0 64-55

Black's analysis of still-liquor from ordinary
stone-stills, in a well-condueted Works, shows
how incompletely the acid is utilised there :

HC1 = 6-6220 = 6-622 p.c. HC1
A1,C1„ = 0-6200 = 0-500 „ „

MnCl.=10-5700 = 6-120 „ „

Fe,Cls = 0-4551 = 0-310 „ „

H,0 =81-7329
13-552

Even if ail the Mn had been originally présent
as ilnO,, only an equal quantity of HC1 to that
found as MnCl, (6-12) had escaped as chlorine,
so that there was originally

13-552 + 6-12 = 19-672 HC1
présent. Accordingly the HC1 usefully employed
was only 62-2, that combinedwith FeandAl 4-1,
that found uncombined 33-6 p.c. of the whole.

The free acid is tested for in daily practice by
a very simple plan. To a measured volume of
still-fiquor, standardised caustic soda liquor is
run in from a burette till the formation of flakes
of Fe,(OH)6, which do not dissolve on shaking,
indicate the saturation of the free acid.

Owing to the great nuisance caused by run-
ning the still-liquor into ordinary drains or into
the local watercourses, where it destroys ail fish,
damages the masonry, &e., very many proposais
have been made for utilising it, partly only with
a view to employing the free acid, partly for
making the manganèse available for other pur-

vol. i,—27

poses, and partly for regenerating MnO, from
them (compare Lunge's Sulphuric Acid and
Alkali, 3,189-197).

Since ail tbese proposais have become obso¬
lète by the development of the Weldon process,
we shall here only mention the Dunlop process,
which was patented in 1855, and has been prac-
tised at St. Rollox for thirty years or more with
great suceess. It consists in removing the
free HC1 and Fe,Cl„ by agitating the liquor with
ground chalk (exactly as in the Weldon process),
pumping the neutral solution of MnCl, and
CaCl, into large horizontal cylinders fitted with
agitating gear, mixing it with the quantity of
ground chalk required for converting the MnCl,
into MnCO,, and producing this conversion by
agitating under a steam pressure of 2-2| atmo¬
sphères. The precipitate of MnC03 is settled
out, washed, pressed, partially dried, and then
oxidised by being exposed to a current of air in
an oven heated to about 300°C., which is always
kept moist. In 24 hours the process is complété.
The paste is now found to consist of 72 p.c.
MnO„ 26 p.c. MnO, and 2 p.c. CaCO.,. This
process is only remunerative where fuel is cheap,
and as it requires very costly plant it has never
spread beyond the place of its origin, where it
has also at last had to give way to the Weldon
process, and is now only employed for the pro¬
duction of an artificial oxide of manganèse for
glassmaking.

The Weldon process for making chlorine.—
The process bearing the above name has, like
most other important inventions, been perfected
by many successive improvements. Many of its
features had been foreshadowed by former in-
ventors ; but without the indomitable energy of
the late Walter Weldon, and the efficient prac-
tical help rendered to him at Messrs. Gamble &
Co.'s works at St. Helen's, it would have re-
mained futile like ail its predecessors. Weldon's
first attempts were made in 1866 ; in 1869
chlorine was first actually manufactured by
Weldon mud. By carefully studying ail the
conditions of the reaction on the large scale, at
last ail obstacles were overcome and the fullest
practical success was secured. This achievement
alone entitles Mr. Weldon to be called one of
the greatest benefactors to chemical industry.

The leading idea of the Weldon process is
the following. We start with a solution of
manganous chloride—i.e. ordinary still-liquor.
This is deprived of free acid and ferrie chloride
by agitation with calcium carbonate under
ordinary atmospheric pressure. To the neutral
settled solution of MnCl, and CaCl, is added
milk of lime more than sufficient for precipi-
tating ail manganèse as Mn(OH)„ so as to leave
about half as much lime in exeess, both lime
and manganous hydrate being partly suspended
and partly dissolved in a solution of CaCl,. This
pasty mixture is treated with a strong current of
ail-, at a slightly raised température, when the
oxygen acts upon it, forming principally a com-
pound of MnO, and CaO. By adding a further
quantity of MnCl, and blowing in more air the
quantity of CaO is reduced, the ultimate limit
in ordinary cases being a compound of ICaO
with 2MnO, ; sometimes, however, mud contain-
ing less than 0-5 base has been obtained. The
oxidation is now stopped; the thin paste or
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mud is run into tanks, where it separates into a
thicker mud and a supernatant clear solution of
CaCl2. The latter is run to waste, the former,
now called 'recovered manganèse' or'Weldon
mud,' is still liquid enough to be run into a
spécial kind of still, where it is decomposed by
hydrochloric aeid, yielding chlorine gas and a
mixed solution of CaCl2, MnCl2, and a little
uncombined HC1 (much less than in the old
process of working with native ore). This
•solution serves again as the starting-point for
the recovery of Mn02 in the way just described.

It will be seen that in this process it is the
atmospheric oxygen supplied by the blowing
engine which efiects the libération of Cl from
HC1. The manganèse compounds serve merely
as carriers of oxygen, exactly as the nitrogen
oxides in the manufacture of sulphurie acid, and
are used over and over again, but a small loss
of these oxygen carriers cannot be entirely
avoided in practice.

Long before Weldon's patents existed it had
been, of course, known that precipitated man¬
ganèse protoxide could be more highly oxidised
by means of atmospheric air. But Weldon was
the first to find ont that oxidation of MnO to
Mn02—a compound of distinctly acid properties
—can only take place in the presence of a base
which combines with it at the moment of its
formation. If the only base présent be Mn(OH)2,
then the Mn02 will combine with it to form
either MnO,Mn02, or else 2Mn0,Mn02, accord-
ing to the température. Thus, when MnO
is the only protoxide présent, one half of it
at most can be oxidised into Mn02, the other
half being required to furnish the necessary
base for combining with Mn02. If, however,
another soluble protoxide be présent, the Mn02
combines with this instead of with MnO. The
only other protoxide practieally available is
lime, which is suffieiently soluble in a solution
of calcium chloride. If instead of MnO,Mn02,
we produce CaO,Mn02, there is, of course, no
advantage gained with respect to the consump-
tion of acid, since in either case 6HC1 are re¬
quired to liberate 2C1. But the advantage lies
in this, that the absorption of oxygen by
Mn(OH)2 in the presence of dissolved lime is
enormously more rapid than in the absence of
a soluble base. The product of oxidation of
Mn(OH)2 by itself would be much more costly
than native manganèse.

It is not possible to employ a full équivalent
of lime to each of Mn(OH)2, so as to form
CaMnOs, because there cannot be présent sufii-
cient CaCl2 to hold it in solution. Hence only
enough Ca(OH)2 is used to convert 0-6 of the
Mn into calcium manganite, the other (H of
the manganèse présent is converted into man¬
ganite of manganèse, MnMnOa.

When thus 60 équivalents CaMn03 and
40 MnMn03 h ave been formed, a further quantity
of neutral solution of CaCl2 and MnCl„ ('final
liquor ') is mixed with it, and the injection of
air is continued. At the température employed
MnCl, can act upon half of the lime of Ca.Mn03,
forming a compound of one CaO with two
Mn02, and Mn(OH)2, which is at the same time
oxidised to Mn304 or Mn203. The final product
is a thin black mud, consisting of a solution of
CaCl2, holding in suspension a mixture of man-

ganites of manganèse with an acid manganite of
calcium.

The following is the description of a Weldon
plant, according to recent designs. On the dia-
gram fig. 6, dd are the mud-stills, of which
there should be three or four, and which will be
described in détail hereafter. There is, besides,
an ordinary still e, which serves for dissolving
native manganèse ore, to make up for the loss
in recovery, and which is so fixed that its waste
liquor can be discharged directly into one of the
mud-stills. gg are the neutralising wells into
which the manganèse liquor from dd is dis¬
charged, and where it is mixed with ground chalk
or limestone dust by means of the agitator f, in
orderto remove the free HC1 and the iron. h is
a cast-iron pump with gun-metal piston, valves,
&c., which forces the neutralised liquor into the
chloride of manganèse settlers aa. The suction
pipe which clips in the acid liquor is very quicMy
corroded unless it is made to turn on a swive!
so as to lift it out before running acid liquor
into the well. The settlers aa (of which there
must be at least two, or better, more) are made
of wrought or cast iron, which is not acted
upon by tbe neutralised liquor. In one of these
tanks the muddy liquor is allowed to settle
while the other one is being filled. They are
provided with cocks or valves, continued inside
into swivel pipes or indiarubber tubing, by which
the liquor can be run off from any part of the
tank without disturbing the sediment. The dis¬
charge pipes unité outside in an iron pipe, which
divides again into two branches, one for each of
the two oxidisers b (only one of which h
shown here), into which they enter at about two-
thirds or three-fourths of their height. Each
settler also has a large conical bottom valve
for removing the mud from time to time, by
means of the pipes g, g.

If the settlers aa are each 18x12x6 feet,
they hold, when full, about 50 tons, and then
weigh altogether upwards of 100 tons. They
must, therefore, be very firrnly mountecl on a
strong timber framework'of 12 or 14-inch beams,
resting on the same foundation as the man¬
ganèse mud settlers.

The oxidisers b in which the recovery
proper takes place are wrought-iron cylinders
open at the top, with a flat bottom, fixed at
such a height that there is sufficient fall for the
manganèse mud into the settlers co, and from
these again into the stills d. They are chavged
with settled MnCL liquor from aa to about two-
thirds of their height, and with milk of lime
either directly from the tank j by the pump s,
or, preferably, from a_ tank fixed above the
oxidisers and fitted with separate regulating
valves for each oxidiser. This tank (not shown
here) should be provided with a branch of the
air-pipe or with a separate injeetor for stirring
up its contents. The 7-inclï pipe d conveys
compressed air (furnished by the blowing en-
gines l and the air-vessel m) into the oxidisers ;
it is carried over the top of b down to the
bottom, and there branches out into a cross of
pipes n, perforated with a number of holders for
dividing tbe current of air. Each oxidiser also
has a 2-inch steam pipe (not shown here) which
equally passes over the top down to the bottom
and there branciies out into a perforated cross,'
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None of ihe pipes are directly eonnected with
the sliell of e, as the shaking during the blowing
would loosen the joints; the only fixed connec¬
tion which cannot be dispensed with, that with
the MnCb liquor pipe from aa, should be made
yielding by interposing an india-rubber pipe of
eqnal width (4 inches). Lastly, there are dis¬
charge valves a, eonnected with a common pipe
b, which sends out a branch with 4-inch
valves cc over each mud-settler cc. These mud-
settlers, of which there must be at least four,
better six, are fitted with 2-inch swivel-pipes p
for running ofi the CaCl2 liquor, communicating
with a pipe or shoot e, îeading to a catch-well,
and at the bottom with a 4-inch pipe / with
sluice-valves gg; from which each of the stills dd
is fed by a pipe and sluice-valve h.

The engine is here shown as a horizontal
twin-engine. Others prefer vertical blowing
engines, and generally the larger they are made
the better. For each ton of bleacliing-powder
to be made, about 300,000 cubic feet of air, or
one hour's worlc of 40 to 45 horse-power, may
be taken as necessary. The exhaust steam
should be utilised for heating up the feed, the
milk of lime, &c.

(Tliis figure is taken from one of Mr. Weldon's
publications, where it is stated as the ordinciry
rate of supply, whilst in spécial cases much less
than that, down to 158,000 cubic feet of air,
were required. The figure of 300,000 cubic feet
would certainly prove an extremely incomplète
absorption of the oxygen (less than 5 p.c. of that
injected), and it would require much more than
45 horse-power per hour.)

The milk of lime is made in the two iron
cylinders j and j', each about 6 feet high and
7 or 8 feet wide ; j serves for slaking the lime
and preparing the milk, j' for storing it and
supplying it to the lime-pump ic. A donkey-
engine bolted to j drives the agitators of both
cylinders. j has a perforated cage in which the
quicklime is put in order to be slaked by the
water contained in the cylinder.

The neutralising wells go are sunk in the
ground, and are surrounded by a clay puddle.
They are made of large stone slabs in an octago-
nal shape, or of freestones in a circular shape,
always of course so as to be altogether acid-
proof. It is most important that there should be
no loss of liquor from this well.

The eblorine stills belonging to this plant
(Weldon stills or mud stills) are very much
larger, especially much higher, than the ordi-
nary manganese-ore stills. The shape usual at
small works is of square section about 7 feet x
7 feet, and 8 or 9 feet high. For large works
they are made octagonal (as shown in fig. 6, and
more in détail in figs. 7 and8),sometimes 12feet
wide and high. The bottom is made in two
pièces, held together by corner brackets and
bolts aa. The sides, also in two tiers, are joined
in the corners by indiarubber eords or bands ;
they are bound together by the brackets bb and.
screw bolts, or by cable chains, drawn up tight
by coupling screws, and pressing on wooden
posts outside of the still-sides. The cover is
usually made dome-shaped. We note the funnel
for manganèse mud, d, the steam-stone c resting
in the socket p, the discharge-cock /, the gas-
pipe l, the acid-supply pipe e, about half-way up

the lieight of the still. There must be also a
man-hole, a stoneware cock with a giass tube
for a liquor gauge, and a small testing-cock, ail
of them not shown in the diagram.

We shall now deseribe the round of opéra¬
tions, beginning with the running of spuat liquor

Fig. 7.

from the mud stills into the neutralising well.
The latter should be covered over, a pipe Ieading
the gases (never free from chlorine) into a high
chimney—if necessary, through a milk of lime
tower. The liquor is here neutralised with
ground chalk or limestone dust, of which no

Fig. 8.

more than is absolutely necessary should be
employed. This is best effected by grinding the
calcium carbonate with water (or preferably with
still-liquor itself) into a milk, and running this
in, with constant agitation, till no more C0, is
given off and till there is no more acid reaction
upon litmus paper. This opération will remove
the free HC1 and the Fe2Cl6, causing a procipitate
of Fe.,(OH)6, but MnCL, is not acted upon here.
(Further on we shall mention the proposai ol
G. E. Davis for neutralising the still-liquor, pre-
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viously freed from sulphate of lime by subsidence,
by fresh manganèse mud, whose base would tlius
be removed to a great extent.)

The neutralised liquor, along with ail the
mud, is now pumped into the liquor-settlers at
the top of the timber staging, where it must be
completely elarified before being run into the
oxidisers. Any matter remaining in suspension
greatly interfères with the recovery proeess, and
especially causes very troublesome frothing in
blowing. The muddy deposit remaining in the
settlers is run ofi from time to time through
the bottom valve. This deposit formerly caused
the principal loss of manganèse in the Weldon
proeess, by mechanically keeping a quantity of
JInCh in suspension and wasting it. But this
can be avoided by removing the MnCl2 from that
deposit as much as possible, either by systematic
washing or by a filter-press, and reintroducing
this MnClj into the proeess. It is, of course,
désirable to keep the bulk of the deposit as small
as possible by not employing more calcium car¬
bonate than is really necessary, and by employ¬
ing hydrochloric acid eontaining very little sul-
phuric acid, which by the formation of CaS04
very much increases the bulk of the insoluble
matters. We have seen above that the hydro¬
chloric acid is sometimes specially purified for
this purpose by means of CaCl2 or BaCh. Prin-
cipally by attending to a thorough exhaustion of
this settler-mud—of course, together with eare-
fully attending to ail other manufacturing dé¬
tails—the consumption of fresh manganèse ore,
which at first often amounted to 10 p.c. of the
weight of bleaching powder made, lias in the
best works been brought down to 1 p.c.

The washed mud, which contains Fe,(OH)6
and a little MnCl2, may be employed for puri-
fying coal-gas from H..S. It has been employed
by G. Lunge for deodorising the drainage from
old soda-waste heaps ; by spreading out the re-
sulting mass, eontaining PeS and MnS, in
contact with air, it may be revivified and used
over again.

The elarified liquor drawn off from tbis de¬
posit is essentially a solution of MnClz and CaCh.
The latter is not merely an accidentai admixture,
but it is absolutely necessary to the success of
the proeess that the proportion of CaCl2 to
JlnCÎj should not fall below | to 1. This seems
to be owing to the circumstance that a solution
of CaCh keeps much more Ca(OH), in solution
than water, in the shape of an oxychloride, and
that this is necessary to expedite tlie subséquent
reactions. Normal MnCL liquor contains enough
MnCl2 to form about 3| lbs. MnCb per cubic foot.

The liquor is run into one of the oxidisers
till this is rather more than half full ; the other
half serves for eontaining the miik of lime, the
'final' liquor,' and, above ail, the froth formed
during the opération.

While one of the oxidisers is being charged
and heated up, the other one is under blast, so
that the opération is a continuons one. The
liquor must be heated up to 55°C. by blowing in
sieam, but, when continuously working, it often
has that température to begin with, at least in
summer, owing to being heated in the stills.

The next opération is adding mille of lime.
The lime employed for the Weldon proeess
ought to be as pure as possible, and ought

especially not to contain more than 1 p.c. of
magnesia. It ought to be particularly well
bumt and slaked, and completely separated from
unburnt or unslaked (dead) particles by being
strained through a fine wire. Those particles
cannot.aid in the recovery of Mn02, and they
remain in this as injurious ' base.' The slaking
takes place by directly introducing the quicklime
into hot water, throwing it into the cage within
the vessel j (fig. 6), and agitating ail the time.
The coarser impurities remain behind in the
cage, the finer ones in a drainer interposed be-
tween j and j'. The finished milk of lime in j'
contains from 20 to 22J lbs. of CaO per cubic
foot, and is pumped into the top cistern, from
which it can be let down in a preferably regular
stream, provided that it is kept agitated in that
cistern itself (cf. supra).

In order to begin an opération, one of the
oxidisers is half-filled with well settled MnCb
liquor (of which a stock must be in reserve for
' final liquor '), and is heated up to 55°. The blast
is put on slowly, and milk of lime, of which the
initial level in the store tank has been earefully
noted, is run in till ail manganèse has been pre-
cipitated as Mn(OH)„. This point is ascertained
by fréquent testings, both by trying whether red
litmus paper turns blue (from an exeess of lime),
and by filtering a small sample and ascertaining
by the addition of strong bleach liquor whether
the filtrate turns brown in conséquence of eon¬
taining some MnCl2. When this reaction ceases,
the flow of lime is at once stopped, and the
quantity consumed so far is read olï on a gauge.
This is merely done to be able to fix upon the
further quantity of lime, which ought to be from
one-third to one-fifth of that first used. The
exact quantity of excess lime to be used must
be ascertained at each works by independent
trials, as it varies according to the nature of the
raw materials, &c.

The ' excess-lime ' is run in immediately after
the first, and the blast is now at once put on
with full strength ; otherwise a ' thick batch '
would be produced, whilst a ' red batcli ' (eon¬
taining Mn304) is formed when the blast is put
on too soon. The oxygen contained in the blast
now acts upon the mixture of. manganous and
calcium hydrates, and forms a manganite of
calcium, CaMn03, along with manganite of
manganèse, Mn2Os.

This means that at this stage each molecule
of Mn02 is combined with a full molecule of
'base,' either CaO or MnO ; but this amount of
hase must be reduced because otherwise too
much acid is consumed, ail the more as the
base is swelled by MnO, CaCO.,, and Fe,03 présent
as impurities, since first of ail the base must be
saturated before the Mn02 can be acted upon.
Although there is no theoretical impossibility
against it, there seems to be no practical way of
getting the base below 0-5, or even quite down to
that point ; 0-6 is considered very good, and 0'7
is the more usual amount. Sometimes batches
have been found to contain only 0'5 p.c. base, of
course ineluding the impurities. In many cases
this may be owing to the testing methods em¬
ployed, which do not permit any very high degree
of aceuracy, and, as carried out in the works'
laboratories, might easily cause an error amount-
ing to 0T base or more. But it cannot be denied
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that such a low base has also been notice! by
observers of indubitable competency, so that it
must be assumed that, exceptionally, calcium
manganites can be formed of a more acid type
than Ca0,2Mn02.

With 0-7 of base, the Weldon mud consumes
5-4 HC1 for each 6 HC1 that would be required
for Mn,03 ; pure MnO,would only require 4 HC1,
but native manganèse ore praetically requires
much more acid than Weldon mud, in spite of
the base of the latter, since it is so much more
difficult to dissolve.

It is, however, not possible to arrive at a
proper resuit by the simple blowing of air into
the mud of calcium and manganous hydrates.
With 0-6 équivalent of excess of 1 .me, the degree
of oxidation obtained is usually about 86 p.c„
the product before the addition of ' final liquor '
consisting of 0-14 équivalents of Mn02 combine!
with 0'14 MnO, 048 Mn02 with 0'48 CaO as
CaMn03, and 0'24 Mn02 with 0-12 CaO as
CaMn205. There is thus 0'74 total protoxides
to 0'86 Mn02, or 086 équivalents of base per
1 équivalent of MnO,. In order to reduce the base,
some more chloride of manganèse liquor is run
in ('final liquor '), up to the point that a filtered
sample gives the reaction upon MnCl,. In this
case 0'24 eq. of MnCl, will have been used,
taking away half of the lime in the 0-48 eq.
CaMn03. If the blowing in of air is now con¬
tinue! until the absorption of oxygen ceases,
the 0-24 eq. of MnCl, added will have been con-
verted into Mn3Oj or Mn„03, according to tem¬
pérature. In the former case the base will be
reduced from 0-86 to 0-7, but at the same time
the average degree of oxidation from 86 to 75-8
p.c. ; in the latter case the base will be 0'632, the
degree of oxidation 79 p.c.

It should be notice! that these calculations
only refer to the eombined base, but do not
include MgO, CaC03, Ee„Os, &c. which must be
included in the ordinary method of testing for
total base. With good work the total base does
not exceed 0-7.

In actual practice it is not possible to add the
lime exactly as indicated by theory, for when the
bleaching powder reaction in the filtered sample
has ceased, decidedly more than 1 eq. of CaO
has been added to 1 of MnCl2, Mn(OH) being
soluble to a certain extent in CaCl2 ; nor do ail
the molécules of lime instantly act upon MnCl2,
but they will do so afterwards. Actually from
1*1 up to l'45 eq. of CaO is used at first, and
this is brought up to 1*6 by the ' excess iime.'
With that quantity a well-settling mud is ob¬
tained, from which a good deal of CaCl, solution
can be drawn off, thus obtaining stronger man¬
ganèse mud for the stills. Usually 12-14. cwt.
of lime per ton of bleaching powder are required
for the recovery process (i.e. about as much as in
the bleaching powder chambers).

The opération of blowing is carried out in
this way. Tests are taken from time to time ; it
is ascertained whether the alkaline reaction con¬

tinues, which ought to be the case perceptibly
for at least an hour after the commencement of
the blowing ; also, whether the oxidation pro-
ceeds any further or not. When the latter is the
case, some more MnCl2 liquor is run in, without
stopping the blast, until a filtered sample yields
the browir réaction with bleach liquor. After a

few minutes this reaction ceases, ail dissolve!
MnCl, having been precipitated. Then a little
more final liquor is added, and the blowing is
eontinued, and this is repeated till it takes a
somewhat long time to ' blow out ' the manganèse.
This must be certainly performed before runnieg
the batch into one of the settlers.

It has been found decidedly préférable to apply
a very strong current of air by means of a
powerful blowing engine ; in this way the work is
not merely done in much less time, but with a
smaller absolute amount of air than with
smaller engines. The time should not exceed 21
hours, nor the quantity of air 300,000 cubic feet
per ton of MnO,. With very deep oxidisers even
better results can be obtained.

The manganèse mud, as it runs from the
oxidisers, must be coneentrated before entering
the chlorine stills, since it would otherwise be-
come indefinitely diluted by the acid, the milk
of lime, &o. This is done by allowing it to re¬
main some time in the mud-settlers at the base
of the oxidisers, where in a few hours it separates
into a thicker mud and a clear solution of CaCL.
The latter is run off by means of a swivel-pipe,
and before running into the waste drain it is
made to pass through a catch-well, where any
MnO, carried away may be saved. The thicker
manganèse mud remaining behind, containing
up to 17 lbs. MnO, per cubic foot, is still liquid
enough to be run in pipes and through sluice-
valves into the chlorine stills.

The working up of the manganèse mud takes
place in this way. First, a charge of hydro-
chloric acid is run into the still, say 2 feet deep;
in lieu of part of this, still-liquor from native
manganèse ores may be employed. Then man¬
ganèse mud is run in slowly by means of a
sluice-valve. Since in this fine state of division
the action between MnO, and HC1 is praçticaUy
instantaneous, a perfectly uniform current of
chlorine can be obtained by regulating the flowof
manganèse mud. When the liquid taken out at
the test-cocks begins to assume a dark colour, a
little steam is blown in. The end is reached when
the liquor, in spite of a sufficient température, is
clear but coffee-coloured, and on pouring upon
chalk produces only a slight effervescence. It
ought not to contain more than 0-5 p.c. free HC1
if teste! like ordinary still-liquor (cf. supra).
If the saturation of the HC1 is driven too
far, there is danger of some MnO, remaining
behind, and getting lost with the mud from the
MnCl, settlers. Each opération in the stills lasts
from 4 to 6 hours ; the liquor is then run into
the neutralising well, and the round of opérations
begins anew.

The yield of chlorine by the Weldon pro¬
cess is mostly expressed in terms of the quan¬
tity of the sait required to be decomposed for
manufaeturing 1 ton of 37 p.c. bleaching powder.
This dépends to some little extent on the
management of the Weldon process itself, good
saturation and thick mud consuming less HC1
than vice versâ, but much more upon the pre-
vious opération of condensing the HC1 in the
salt-cake process. Where open roasters are
employed and only the pot-acid is used, 1 ton of
bleach generally requires from 70 to 80 cwt. of
sait, although sometimes 63 cwt. are found
sufficient. With close roasters, where the
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roaster acid is used as well, and with a very well
managed process, 1 ton of bleach can be made
from about 50 cwt. of sait, or even a little less,
but the average is 60 cwt. of sait (Weldon, S. C.
1.1883,108).

If the yield is calculated from the hydro-
chlorio acid itself, from 3i to 4 tons of strong
acid, or say, 24 cwt. of HC1, is consumed for
1 ton of strong bleach. Since the chlorine con-
tained in the latter only amounts to 7j cwt., the
Weldon process utilises little more than 30 p.c.
of the HC1, the remainder going to waste in the
shape of CaCl.,.

The consumption of coal, npt including the
burning of limestone, amounts to 16 cwt. per
ton of bleach, on an average of ail works, some
requiring considerably less ; that of lime is
about 13 to 14 cwt. for the oxidisers and as

much for the chambers, and about 5 cwt. of
limestone or chalk-dust for neutralising. The
cost of labour is hardly greater thanwhen using
native ore without any recovery.

The total cost of bleaching powder by the
Weldon process in 1883 is stated by G. E.
Davis as follows (S. C. I. 1883, 155) :

£ s. d.
Fuel . . 0 4 6
Lime for oxidiser . 0 10 8
Lime for powder . 0 10 8
Limestone dust . . 0 2 2

Manganèse . . 0 3 0

Wages . . 0 15 0
Casks , . 0 17 0

£3 3 0

This does not include interest on capital,
management, wear and tear, dépréciation, &c.,
nor is there any value put upon the hydro-
chloric acid.

Chlorine Peocesses ejiploying Atmospheeic
oxygen foh the liberation OF chlorine.

The Deacon process.—After many unsuccess-
ful attempts made by Oxland (1840), Jullion
(184G), Binks (1860 and 1862), Dufrené (1865),
aud others, the labours of H. Deacon and P.
Hurter, in the years from 1868 on, produced an
entirely successful chlorine process which is
founded on the direct oxidation of the H in HC1
by atmospheric oxygen, and which utilises much
more of the HC1 than any process employing
either native or recovered MnO„. Some pro¬
cesses patente! after theirs (Henderson, 1871,
Weldon, 1871, Wigg, 1873, &c.) proceed on the
same lines, but have not been practically suc¬
cessful.

The Deacon process starts from the well-
known fact that a mixture of hydroehloric acid
and oxygen at a certain température, especially
in contact with porous substances, partially
changes into chlorine and water :

2HC1 + O = HjO + 2C1.
This décomposition is very much assisted by the
employment of substances which serve as oxygen
carriers, and of these the salts of copper (pre-
viously employed by Vogel 1855, Gatty and
Laurent, 1860, Mallet, 1866) have been found
most useful. Probably in ail cases cupric
chloride is formed, which at once splits up into
cuprous chloride and free chlorine. The C^Cl»

combines with oxygen to form oxychloride,
CuO.CuCL,, and this acts again upon HC1,
yielding water and reforming cupric chloride,
so that the reactions can begin over again :

(1) 2CuCL = Cu..Cl„ + Cl-
(2) Cu2CL + 0 = Cl—Cu—O—Cu -Cl

(3) Cu,OCl2 + 2HC1 = H20 + 2CuCl,
Theoretically ail the HC1 would thus he con-
verted into chlorine, but in practice under the
most favourable eircumstances only half of this
décomposition is effected. The undecomposed
HC1 is, however, not lost, but is recovered and
can be utilised for other purposes, e.g. for the
Weldon process.

Hurter (S. C. I. 1883, 105 and 107)
has studied the thermal conditions of this
change. He points out that a direct décom¬
position of liquid hydroehloric acid by oxygen
in the free state is an impossibility, whilst in
the gaseous state HC1 can be decomposed di-
rectly by free oxygen ; for :

Liquid.
2H + 2C1 = 78,640 thermal units (calories)

2H +0 = 68,360 „

Deficiency 10,280
Gaseous.

2H + 2C1 = 44,000 thermal units
2H +0 = 58,700

Excess 14,700
But although, as we see, in the gaseous con¬

dition the reaction 2HC1 + O = H.O + Cl2 evolves
beat, it is a slow and very incomplète reaction.
The case becomes, however, quite différent by
bringing in the assistance of copper compounds,
of which cupric chloride is most active, owing
to its capability of dissociation, that is, of eon-
verting heat into chemical energy. At a tem¬
pérature approaching 400°C. it splits up into
cuprous chloride and chlorine, with absorption
of heat (37,500 calories).

2CuC12=Cu2C12 + C12
103,260 cal. = 65,760 + 37,500 calories absorbed.

If the cuprous chloride at a high température
is exposed to a current of oxygen, it forms
cupric oxide with évolution of heat :

Cu2Cl2 + 20 = 2CuO + Cl2
65,760 cal. = 74,320-18,560 calories evolved.

If CuO is changed into GuCL by HC1, there is
also heat evolved :

CuO + 2HC1 = CuCL + H,0
37,160 + 44,000 = 51,630 + 57,000 - 27,470

evolved.
Thus the total amount of heat evolved

during the cycle of reactions is greater than that
absorbed during the dissociation of cupric
chloride. Once the dissociation has begun, the
cycle of reactions must continue as long as HC1
and O are présent. But, similarly as in other
processes of dissociation, the évolution of chlorine
ceases immediately when the chlorine exerts a
certain pressure (tension). The higher the tem¬
pérature the greater may be this pressure until a
température is reaehed at which CuCl2 can no
longer exist. At the température of its com¬
plété dissociation, a current of hydroehloric
acid a,nd air will no longer be affected by the
presence of copper.

From a diagram constructed by Hurter,
showing the affinity of technically availabla
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elements to oxygen, chlorine, and hydrogen, it
appears that no other métal than copper forms
two oxides and two chlorides, in which the com-
bination is of so loose a character. It is there-
fore almost a certainty that a cheaper and
equally efficient catalyte eannot be found, and
that the Deacon proeess is the best for the
direct conversion of gaseous HC1 into free
chlorine.

Deacon's proeess deals with the gaseous
hydroehloric acid, as it is evolved in deeom-
posing common sait by sulphuric acid, without
condensing it into liquid acid. This is evi-
dently a great advantage in one way, but it lias
the drawback that in the beginning of each
opération mueh more HC1, and hence more Cl,
is got than afterwards. This want of uni-
formity is less felt with the mechanical sait-
cake furnaces, e.g. Mactear's, which, however,
yield the HC1 too much diluted with air and
inert gases. In praetice only the gases from the
decomposing pots, say 68-70 p.c. of the total
HC1, are used for the Deacon proeess, those
coming from the roasters being too dilute and
containing too much sulphuric acid. In order
to equalise the opération to a certain estent,
two pots can be combined in this way, that only
the strong gas escaping in the first stage of the
décomposition of NaCl is passed through the
Deacon apparatus ; when half the time is over,
the gases are turned into an ordinary acid con¬
denser, and those from the second pot freshly
charged are turned into the Deacon apparatus.
It does not appear that this is usually followed.

The quantity of air necessary to form chlor¬
ine enters through the joints of the doors and
dampers. It is regulated by the speed of the
aspirator (a Root's blower) which is placed at
the end of the whole apparatus and produces
the movement of the gases through it. Usually
there are 4 vols, of air to 1 vol. of HC1. An
excess of air is less injurious than a deficieney
of it, in which case there is an incomplète de-
composition, and the acid condenser, which is
not caleulated for more than the regular quan¬
tity of HC1, will easily let some HC1 pass through,
thus causing double damage.

The gases leaving the pot are first cooled by
a long string of pipes and a scrubber ; thus
much of the water and about 1 or § of the HC1
is removed. A patent by Deacon and Hurter
(Pat. 2,104,1888) provides for cooling the gas and
drying it in a sulphuric acid tower before it
enters the décomposer, such complété drying
being very advantageous for the proeess.
The gases now enter the heating apparatus.
This is a furnace, 16 feet x 16 feet, in which
twenty-seven vertical pipes, 12 inches wide and
9 feet high, are arranged in two sets of twelve
each, connected like the ' breeches-pipes ' in the
blast-heating stoves, formerly used in iron works
and now replaced by brick heaters.

The gases are here heated up to 500° ; the
waste heat of the furnace is sufficient for heating
the décomposer, which does not possess any fire
of its own.

The gases now pass into the décomposer
(fig. 9). This is an upright cast-iron cylinder, 12
to 15 feet wide. It contains a cylindrical ring
of broken bricks, supported by cast-iron shutters.
The gases enter at the circumference at A, pass

radially across the decomposing-mass d into tho
inner space, and are led away through the pipe o.
The annulai' space between the shutters is 3 feet
wide, and is divided into six compartments, one
of which is emptied every fortnight. This is done
by means of the discharging doors cc below the
cylinders. Fresh decomposing-material is then
thrown in from above through ee ; this material
consist of burnt clay broken up into lumps, freed
from dust, and dipped into a solution of cupric
chloride. The mass contains about 0'6-0'7 p.c. of
metallic copper. After the active substance bas
served once, that is, for ten to twelve weeks,itis
thrown away. Each cwt. of clay produces abont

Fia. 9.

10 to 12 cwt. of bleach. It has been found use-

less to attempt utilising the contact substance
by re-dipping it in the copper solution or in any
other way. The cost of copper for the contact
substance does not exceed ls. per ton of bleach
produced.

The température both in the heating appa¬
ratus and in the décomposer must be most care-
fully regulated, for which purpose spécial pyro-
meters have been constructed (cf. Hurter od
Pyrometers, S. C. I. 1886, 625). In the décom¬
poser it ought to range from 480 to 500°C.

AVhen the gases leave the décomposer they
consist of a mixture of HC1, free Cl, and steam.
In the best case 4 of the HC1 is converted into
Cl, but sometimes only J. They are now cooled
by passing through a long string of earthenware
or glass pipes, and are then freed from HClby
washing with water in the ordinary acid con¬
densera, consisting of stone coke towers, com¬
bined or not combined with acid cisterns,
Woulfe's jars, &c. By properly managing this
proeess, most or ail of the acid can be obtained
in the strong state, as required for the Weldon
proeess and other purposes. At least this is
done in Germany ; in F.ngland the acid obtained
is usually too weak. Deacon and Hurter (Pat.
2,311, 1888), therefore, now pass the gases upa
tower filled with flints, in which Weldon mud
is run down, which absorbs the hydroehloric acid
with évolution of chlorine.

The gases can now be employed directly for
making bleach liquor or chlorate liquor from
milk of lime. If, however, bleaching powder is
to be made, they must be freed from water by
passing tliem through a lead tower packed with
coke, in which sulphuric acid of not less than
140°Tw. is kept trickling down. The removal of
water is very necessary for dealingwith this gas,
which, owing to the great excess of nitrogen and
oxygen présent, contains at most 10 p.c. of
chlorine, and cannot be absorhed in ordinary
hleaching-powder boxes, but must be treated in
apparatus speeially constructed for this pur-
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pose (cf. infra). In winter it is easier to dry
them than in summer, so that it is also easier to
make strong bleach ; but this oan be done in
summer time as well by employing sulpburie
acid of 150°Tw., o£ which each apparatus re¬
quires 5 to 6 tons per twenty-four hours.

The results to be obtaineà by Deacon's pro-
cess are stated a little differently by yarious
manufacturers, which cannot excite any surprise,
as so much dépends upon care and skill. Hurter
(S. C. I, 1883, 109) states that he obtains for
every 50 tons of sait passed througb the decom-
posing pans 17 to 18 tons of bleaching powder.
with a décomposer of average activity. Eschell-
mann (S. C. I. 1883, 108) gives an average of
18 tons of bleaching powder for every 54 tons
of salt-cake, that is, 1 ton of bleach for 54 cwt.
of sait. Weldon (S. C. I. 1883, 108) gives 1 ton
of bleach to 60 cwt. of sait.

Ail this does not include the roaster-acid and
that condensed before and after the décomposer ;

by utilising this in a Weldon apparatus, another
6 to 7 tons of bleach can be obtained.

The heating of the apparatus requires 8 to
10 cwt. of coal per ton of bleach. The total
consumption of coal (ineluding the concentration
of the sulphuric acid employed in the drying
tower?) does not exceed the weight of bleach
produced.

The amount of wages for attending to the
superheating and décomposer, for slaking lime,
charging the chambers, packing the bleach, and
pveparing the contact substance, averaged, in
1883,14s. to 15s. per ton of bleach.

During the first years of its existence, the
Deacon process had to contend with many draw-
backs, principally owing to two circumstances.
Tirstly, the contact substance frequently did not
yield satisfactory results ; its renewal caused
very awkward delays, and the redipping mostly
did not sufficiently revive its former activity.
This has been overcome in the way stated above,
by systematically changing the contact substance
and throwing it away as it cornes out of the dé¬
composer. Secondly, the Deacon gas formerly
owing to the cubical shape of the décomposer,
which didnot prevent fire-gases from being drawn
into it, frequently contained very much carbonic
acid, which spoiled the bleaching powder, so that
most works could only produce weak bleach.
This has also been entirely remedied by making
the décomposer in the form of a cylinder, thus
avoiding a large number of joints and ineon-
venience in expansion and contraction.

Ail the difficulties which formerly impeded
the success of the Deacon process have been
overcome long sinee, and although it still re¬
quires very careful handling, it is . now quite
under control. Its great advantages are, firstly,
the very superior yield of chlorine, secondly,
the fact that there cannot possibly be a nui¬
sance caused by it, ail the gases being drawn
through the apparatus, so that the pressure
within is below that of the atmospheric air.

The reason why, in spite of this, the Deacon
process has corne to a comparative standstill
(it isin work in about4 English, 2 Germanand 2
Trench works) seems to be that it requires a great
deal of capital outlay, which most manufacturers
do not like to incur during the dépression of prices
in the alkali trade, and while several other new

chlorine processes seem to be on the eve of
attaining an even greater measure of success.

Hargreaves, Bobinson, and Hargreaves
(E. P. 5,673, 1884) propose, as an improvement,
to mix HC1 gas, whilst hot, with a small quan-
tity of eopper chloride vapour, and to pass it
through the Deacon apparatus, by which means
the rate of décomposition is increased. The
chlorine formed is passed into a bleaching-
powder chamber of spécial construction, con-
taining mechanical agitators, along with some
strong chlorine, obtained by absorbing some
of the weak chlorine in milk of lime and libe-
rating the Cl again by HC1 in stone stills.

Chlorine produced from hydrochloric acid
and air hy other contact substances. Many
sucb substances have been the. objects of pro¬
posais, some of which are inséparable from the
manufacture of chlorine from metallie chlorides,
that is from HC1 in the nascent state. A géné¬
ral investigation on the mutual action of HC1
and O in the presence of certain metallie com-
pounds (of Cu, Ee, Mn, and Cr) has been made
by Lamy (Bl. 1873, 20, 2). We must refer to the
original, and will only mention that he found
copper salts much more efficient than others, and
that with these the décomposition is at its maxi¬
mum at about 440°.

The proposais to employ ferrie chloride
(Thibierge, 1855, and others), or chromic oxide
(Hargreaves and Bobinson, 1872) have not had
any practical success.

Nickel oxide has been proposed by L. Mond
(E. P. 8,308, 1886). He passes HC1 over heated
NiO, when the chlorine combines with the base.
The product is then in the same apparatus ex-
posed to dried and heated air, whereby NiO
is reformed and Cl is given off. In order to in-
crease the active surface, pumice stone is im-
pregnated with the chloride, and after drying
the mass is exposed to the action of the gases
in cylinders made of earthenware or enamelled
iron. The gaseous HC1 and air being previously
heated, the retorts do not require very much
additional heat from without, and therefore can
be made of a large diameter. It is claimed for
this process that it converts the HC1 completely
into chlorine, and that impure HC1, which is
unfit for the Deacon process, is here quite suit-
able.

Chlorine from the residual liquors of the
Ammonia-Soda process. The principal, un-
doubtedly at présent the only reason, why the
ammonia-soda process has not superseded the
Leblanc process, is the fact that the chlorine of
NaCl in the former process goes to waste in the
form of CaCl2. Very numerous proeesses have
been proposed and tried to avoid this loss by
preparing HC1 or free Cl from the liquors of the
ammonia-soda process. We shall bere only
treat of those processes by which free chlorine
is obtained.

1. Chlorine from ammonium chloride.
Instead of first decomposing NH.,01 by lime, and
thus obtaining NH3 and CaCl2, Mond proposes
to recover chlorine directly from NH4C1, of
course along with ammonia (D. P. 65, 66, 1,048,
1,049, 3,238, ail of 1886). The solution of
ammonium chloride is boiled down to dryness ;
the dry NH,C1 is volatilised and the vapour is
passed over nickel protoxide heated to about
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400°, or combinations of NiO with fixed acids
(silieic, phosphoric, boric, &c.) at a somewhat
lower température. The chlorine then combines
with the NiO, forming an oxychloride, while
the ammonia passes on and can be utilised in
any convenient manner. The oxychloride is
now treated, either with superheated steam of
450°, or with dried air heated to 500°C. In the
former case HC1, in the second free Cl, is given
off (forming 5 to 7 p.c. of the escaping gases),
whilst NiO remains behind and can be used
over again for the first proeess. As some NH3
remains behind at the first stage, which would
be destroyed in the second, it is to be recovered
by the aid of a vacuum, or by driving it out by
tneans of an inert gas.

For carrying out this proeess, a number of
cast-iron retorts are set obliquely in one common
furnace, and heated by direct fire, or by generator
gas. The retorts pass through the walls of
the furnace at both sides, and are at each end
provided with covers and openings for the inlet
and outlet of the gases. Since cast-iron is too
much acted upon, the retorts are to be enamelled
or lined inside with fire-clay, graphite, carbon,
A'C.

The Verein fur chemische Industrie at
llainz (E. P. 3,322, 1886) passes the vapours of
ammonium chloride over any oxide of man¬
ganèse, at a température not reaching red heat.
If MnO is used, the reaction will be

MnO + 2NH,C1 = MnCl2 + 2NH3 + H20.
If now air is passed over the resulting MnCl2, MnO
and Cl are obtained ; MnCl, + 0 = MnO + 2C1.

Chlorine from calcium chloride.
Lalande and Prud'homme (Bl. 17, 290; 26, 74)
showed that, if alkaline or earthy chlorides are
mixed with silica, boric, stannic, phosphoric
acid or alumina, if this mixture is made red-
hot, and dry air is passed over it, then chlorine
is given off, e.g. :

2NaCl + Si02 + 0 = Na2Si03 + 2C1.
It has long been known that chlorides are

decomposed by silica or silicates in the presence
of steam, and that HC1 can be got in this way,
but so far as the manufacture of hydrochloric
acid is concerned, the expense of this proeess
must be always too great (cf. Hurter, S. C. I.
1883, 105). Itmay be différent where the direct
production of chlorine is aimed at.

E. Solvay (Patents No. 77, 1877 ; No. 838
and 839, 1880 ; No. 7,258, 7,259 7,266, 8,724, of
1885 ; 13,389, of 1886) mixes the chlorides with
silica, alumina, or clay, and exposes this mix¬
ture to a current of dry air at an intense heat ;
silicious clays or infusorial earth are much pré¬
férable to sand. The silicious substances used
are first freed from C02 by acid treatment, and
are used in such excess that the mixture does
not fuse. The air used is purified frommoisture
and C02. The iron vessels used are covered
with preservative coatings of certain mixtures
of soda, clay, and vitrifiable products. There is
also a cupola furnace mentioned, the waste heat
being employed for heating up the air by means
of a recuperator. The last patent describes a
continuons furnace, consisting of a sériés of
kollow vertical columns of small diameter, made
of fire-proof material, so constructed that ail
parts can freely expand or contract. These
coluinns are heated from the outside by means

of a gas-producer. The matter to be heated is
put in at the top, and the decomposed matter is
continuously drawn out at the bottom ; air pre-
viously dried and heated is admitted at the
bottom and is drawn away at the top of the
column, charged with chlorine.

The residue from this opération was formerly
proposed to be utilised for the manufacture of
cernent. It is now proposed to use this sub¬
stance, consisting of CaO, A1203, and SiO;, with
solid NH4C1 and heat the mixture to 350°C.,
when ail NH3 is liberated and there remains au
intimate mixture of CaCl2 with A1,03 and SiO.
well adapted to evolve chlorine under the in¬
fluence of air and heat. The same silica and
alumina may thus be used over and over again.

Twynam (E. P. 731, 1885) first forms an
oxychloride by adding lime to the CaCl2 liquor,
and subjects this to the action of air and heat.

Tagnet (G. P. 30,839) heats the dry residue
from CaCl, liquor with pure silica and Mn02.

Chlorine from magnésium chloride.
It is well known that MgCL is much less stable
than CaCl, ; on evaporating its solution beyond
a certain point it begins to give off HC1, and this
is continued while the mass is being dned and
calcined. The'resuit is, however, not a mere
splitting up of MgCl2 + H20 into MgO + 2HCl,
but there is always a considérable formation of
oxychloride, and there are, moreover, great prac-
tical obstacles to the carrying out of this reaction
for the recovery of HC1. Passing steam over
the mass during the heating greatly facilitâtes
the évolution of HC1, and ultimately there may
be thus a practieally complété décomposition
into MgO and HC1, but the expense of this pro¬
eess is too great, and the hydrochloric acid made
in this way is too dear. As in the case of CaCl,,
the problem seems to offer much more chance
of success, if the direct production of chlorine is
aimed at, by passing heated air over MgCl,, either
by itself or mixed with some substance intended
to facilitate the reaction.

In his patent of 1872 Solvay had proposed
to employ MgO instead of lime for decomposing
the ammonium chloride liquors of the ammonia-
soda proeess, and recovering MgO and HC1
from the MgCl,. This, we have seen, can hardly
be expected to pay ; therefore the direct pro¬
duction of Cl from liquors obtained in this kind
of manufacture has been the object of further
attempts. In pursuance of these, the mag¬
nésium chloride obtained from the mother
liquors of sea-salt making, and especially that
resulting in enormous quantities in the Stassfurt
potash industry, has been brought in for the
same object.

We have already mentioned the processes oî
Lalande and Prud'homme, and that of Solvay,
of 1887, which apply to MgCL as well as to
CaCl2. Some other proposais are those of
Bamdohr (1882) and J. Townsend (1881).

The most persistent efforts in this direction
have been made by Weldon, who was later on
joined by Péchiney.

In 1872, simultaneously with Solvay's just-
mentioned plan, Weldon brought out his ' mag¬
nésium manganite ' proeess, which was aetually
carried into practice a few years after, but aban-
doned again. It consisted in boiling down the
mixed solutions of MgCl2 and MnCl2 to dryness,
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and then calcining the mass in the presenoe of
'air. Here HC1 and Cl are given off, and tlie
residue is a eompound of MgO with MnO„, wliich
is treated for chlorine in an ordinary Weldon
still.1

We liave thus a oombination of tlie MgCl,
proeess îvitli the manganèse reeovery, more in-
tended for the latter than for the independent
wovking up of MgCL.

This proeess was tried on an industrial scale,
as well as the simple décomposition of mag¬
nésium chloride by heat, at the Geràrd's Bridge
Works at St. Helens, but had to be abandoned
beeause the furnace-beds were too quickly de-
stroyed by the MgCl2 solution penetrating into
them. This led Weldon, in 1881, to the idea of
addir.g to a concentrated solution of a chloride or
mixture of ohlorides, the oxide of the same métal
or metals, and then treating by heat and air
solid masses of the mixture.2 This improvement
is embodied in the patents No. 964 to 968 of
IbSl. One of these already embodies the plan
of working with an oxychloride of magnésium
formed by adding magnesia to a very strongly
concentrated hot solution of MgCh in such pro¬
portions that a hard solid mass is obtained whicli
does not appreciably soften when heated. From
1 to 2 équivalents of MgO are generally suffieient
for a solution containing 6H20 to lMgCl. The
resulting oxychloride is now heated in a eurrent
of air in a specially constructed furnace.

This proeess was taken up by Messrs.
Péchiney & Cie., of Salindres, and lias received
a great many improvements in the course of
being worked out on a large scale, for which crédit
is to be given to M. Péchiney and liis engineer M.
Boulouvard. These improvements refer partly
to apparatus and partly to changes in the pro¬
cédure. (Patents No. 4,079 and 5,868, 1883 ;
9,301, 9,305, 9,306, 9,307, 9,688, 11,035, and
11,036, of 1884 ; 9,227 and 9,831, of 1885.) In
tlie course of these labours it tumed out that
probably the principal importance of that proeess
would lie, not in its application to the liquors
of the ammonia-soda proeess, but in producing
chlorine from the enormous quantifies of mag¬
nésium chloride obtained in a concentrated
solution as a hitherto worthless by-product of
the manufacture of potassium chloride at
Stassfurt.

The proeess as it was carried out at Salindres
in the latter part of 1887, on an expérimental
scale of il ton of chlorine per day, lias been fully
described, with many illustrations, by Dewar
(S. C. I. 1S87, 775). We here give only a sum-
mary of that description, as no doubt further
improvements will be made (and have indeed
been promised) before the proeess is made to
work on a larger scale, a plant corresponding to
6 tons of chlorine per diem having been taken
into hand.

First opération.— Magnesia is dissolved in
HC1. This magnesia is a portion of that which
results from the fifth opération ; the HC1 results
in part from the same opération, and the re-
mainder from the décomposition of salts.
(Where MgCh is the starting-point this opéra¬
tion is of course left out.) There is in this

1 Détails in Lunge's Aïkali, 3, 237-547.
a This idea lias again been patented in a slightly

Diodiôed lorui by J. VYilson, No. 3,098 of 1885.

opération a considérable rise of température and
a tendency of the mass to boil over. This is
prevented by slowly running HC1 into a well,
similar to the neutralisera in Weldon's old
proeess, adding tlie magnesia little by little,
and stopping the opération for a short time
whenever the heat approaches the point of
ebullition. Lastly, enough MgO is added to
precipitate part at least of the foreign oxides
(Fe203, ALO,), and a little CaCL,, to transform
part of the MgS04, resulting from the sulphuric
acid contained in the hydrochloric acid em-
ployed.

Second opération.—Préparation of the mag¬
nésium oxychloride. The clarified liquor re¬
sulting from the first opération is evaporated
down to the point at which it contains no more
than about six équivalents of water, and is now
converted into oxychloride in an annular sheet-
iron vessel, slowly revolving on rollers on a
horizontal plane, three mechanical stirrers
keeping the mass agitated. Here magnesia,
about By eq. per eq. of the MgCl2 employed, is
gradually mixed with the latter, whereupon,
with évolution of much heat, the mass solidifies
in the form of pièces of différent sizes. This
oxychloride contains 35-00 MgCl2 ( = 26-16 p.c.),
19-84 MgO ( = 1-346 eq. of the MgCl), 41-16 H20,
4-00 impurities.

Third opération.—Breaking, crushing, and
sifting the oxychloride. It should be reduced
to pièces not larger than a walnut, but free
from dust. The latter is sifted out, and can be
reintroduced into the first or second opération.

Fourth opération.—Drying the oxychloride
of magnésium. The less water it contains the
more free chlorine and the less HC1 will be
formed in the décomposition by heat and air.
The température in drying must, liowever, not
exceed 250° to 300°C. Since dust must be
avoided, the drying eannot be promoted by
mechanical agitation, but it is done on a train
of wagonettes, with shelves one above the otlier,
on which the oxychloride is spread in layers of
5 to 6 centimètres thiclmess, and which circu-
late in a fiue in a direction opposite to that
traversed by the hot gases. The filling of the
wagonettes is performed by a mechanical appa¬
ratus. During this opération the oxychloride
loses 60 to 65 p.c. of its water, and it disengagés
5 to 8 p.c. of its chlorine in the state of HC1.
Thus 100 of original oxychloride is reduced to
73-36, the raw product containing p.c. 41-45
MgCl2 ( = 33-30 Cl), 28-36 MgO ( = 1-511 eq. per
eq. of MgCl,), 21-62 H20, 5-47 impurities. The
drying lias thus caused a loss of 6-6 p.c. of the
chlorine originally présent. This loss will hardly
exceed 8 p.c.

Fifth opération.—Décomposition of oxy¬
chloride by heat and air. This takes place in a
set of furnaces consisting each of four narrow
perpendicular decomposing chambers, 3x1x0-08
métrés inside, having very thiek walls. These
furnaces are, each in its turn, heated up to a
bright red heat by Connecting them with a mov-
able regenerative burner fed with gaseous fuel.
When the proper température has been reaehed,
the burner is disconnected and moved on to the
next furnaee, whilst the first furnace is charged
with about 8 cwt. of magnésium oxychloride in
small pièces. This substance is now rapidly
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heated by the heat stored up in the walls of the
furnace, a current of heated air traversing the
cliambers at the saine time, so that décomposi¬
tion ensues, and a mixture of gases and vapours
containing both HC1 and free chlorine passes
away along with uneonsumed air. The residual
oxide remaining at the end, and containing from
15 to 19 p.e. of the chlorine charged, is drawn
out, and the chambers are now ready to be again
conneeted with the regenerative burners to be
heated up for a second opération.

The issuing gases contain from 81 to 85 p.c.
of the chlorine charged, of whieh slightly more
than half is in the state of free Cl, theremainder
as HC1.

The maximum percentage of chlorine in the
gases is from 6-25 to 7-78. They are drawn off
from the furnace by means of an apparatus eon-
sisting of two bells plunging into a solution of
calcium chloride and alternately moving up and
down, so that the action is a continuous one.
This aspirator acts at the end of the condensing
apparatus interposed between itself and the fur¬
nace. The condensing apparatus consists of
three parts :—1. A refrigerator consisting of a
stone tower, in which are arranged, in an inclined
position, glass tubes through which cold water
is kept flowing. Here most of the water,' with
but little HC1, is condensed. 2. A set of stone
'bombonnes.' 3. An ordinary condensing tower
packed with coke. The HC1 is completely con¬
densed, the mixture of products from ail three
apparatus forming an acid of about 18°Tw. The
residual gases containing ail the free chlorine
are at présent utilised by being absorbed in milk
of lime for the manufacture of chlorates.

The final resuit is at présent that, of 100
parts of chlorine put in work, there is :

Lost in the various manipula¬
tions 5'00

Lost in drying . . . 6-37
11-27

Entering again into the process :
Remaining in the residues . 13-30
Condensed in the state of HC1 35-29

48-59
Produced as free chlorine , 40-14

100-00
It is believed that the loss of Cl can be

diminished, and the proportion of free chlorine
can be increased, by greatly increasing the tem¬
pérature of the furnace, which at présent is
about 1,000°C.

In the original paper there are detailed cal-
culations concerning the présent and the pro¬
bable future cost of chlorine by this process
whieh we leave out, as they must necessarily be
overtaken by the facts before this ié in the hands
of readers. The upshot of the whole is that the
natural place for the adoption of this process is
Stassfurt, which would then almost monopolise
the chlorine trade.

The most recent patents referring to the
manufacture of chlorine from magnésium chlor¬
ide are those of Heinzerling and Schmid (G. P.
41,990) ; Konther (G. P. 41,351) ; Kingzett (S.
C. I. 1888, 292) ; Schloesing (Pat. 11,821,1887) ;
Bramley (Pat. 8,289, 1887) ; Mond and Éschell-
mann (Pat. 17,273,1887) ; Solvay (G. P. 44,865).
A yery complété synopsis and criticism of the

recent processes for manufacturing chlorine
(and hydrochloric acid) by means of magnésium
chloride lias been given by Eschellmann (C. I.
1889, 2 ; comp. ib. p. 100).

Various proposais for the manufacture of
chlorine.—Chlorine, by the action of air on
heated chloride of iron or on a mixture of s«l-
phide with common sait, has been frequently
patented—Thibierge, 1855, Macfarlane, 1863,
Longmaid, 1845, Swindells and Nicholson, 1852,
Deacon, 1871.

Chlorine produced by passing HCl gas ovcr
heated peroxide of iron or manganèse is the
subject of a patent by H. Burns, No. 15,418 oi
1886.

Chlorine bypermanganates has been the object
of patents by Tilghman (1847), Condy (1866),
Tessié du Motay (1871 and 1873).

Chlorine from chromâtes and HCl has been
proposed to be made by MacDougal and
Rawson (1848), Peligot (A. Ch. (2) 411, 267),
Gentele (1861), Shanks (185S), Claus (1867),
Aubertin (1873).

Chlorine by heating metallic chloridcs with
Mn0o and S04H., was patented by Binks in
1853."

Chlorine by the assistance of nitric acid or
nitrates. Baggs and Simpson (1864) proposed
making chlorine from aqua regia. Dunlop (1847)
patented the préparation of chlorine along with
nitrous acid, by heating together common sait,
nitrate of soda, and sulphuric acid; the nitrous
acid is absorbed by vitriol and the chlorine is
passed on to bleaehing-powder chambers. This
process has been working for many years at St.
Rollox ; it was patented again by Roberts and
Dale in 1868, and a patent running on similar
lines is that of J. Taylor (No. 13,025, 1884).

Other processes employing nitrates or nitric
acid, which bave not had any practical success,
are those of Banks (1839), Tessié du Motay (Bl.
22, p. 48), Schlôsing (C. R. 55, 284). The
newest patents are those of MacDonald, No. 62,
1887, and Just, No. 14,857 and 14,859, of 1888.

Chlorine by the electrolysis of sodium chloruk
has been the subject of many proposais. We
only mention the patents of C. Watt (1851),
Dickson (1862), Fitzgerald and Molloy (1872),
Berger-Spence, and Watt (1882), Geisenberger
(1883), Richardson and Grey (1884). Naudin
and Bidet (Bl. 40, 214) liave made a scientific
investigation of this process, which does not at
présent offer any prospects of success, so far as
the aetual manufacture of chlorine compounds
is concerned. It may possibly be différent with
the direct utilisation of the nascent chlorine for
bleaching purposes, but these processes (which
are equally in the expérimental stage) do not
belong to the présent section. About L'Herrnite's
process which produees a bleaching liquor from
magnésium chloride by electrolysis, v. infra.

Chloride of lime or bleaching powder. By
far the greatest part of the chlorine produced
on a manufacturing scale is converted into
chloride of lime or bleaching powder. Otherwise
most of the hydrochloric acid produced in
the process of decomposing common sait by
sulphuric acid would be wasted ; that portion of
it which would be required by those preparing
chlorine for bleaching purposes &c. would cost
any consumer not in the immédiate neighbour-
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hood of the works much more than the finished
chloride of lime does now.

The first to suggest the industrial applica¬
tion of ehlorine to bleaching was Berthollet,
in 1785, and in 1789 was produced the liquor
eallsd ' Eau de Javel,' manufactured by pass-
ing ehlorine into a solution of potash. This
for the first time enabled the bleacher to buy
his ehlorine in an available form, but it was
too dear for most purposes, and so was the
kindred liquor made from soda. Both, espe-
cially the latter, have still some application in
spécial cases, but their part is very small in
comparison to that played by the analogous
compound, manufactured with the cheapest of
ail bases, lime. The use of this was first sug-
gested by Charles Tennant in 1798, and this
was ail the more important as the allralis were
at that time enormously dearertban they are at
présent. At first Tennant used milk of lime,
and thus obtained the solution known under
the name of ' bleaeh-liquor,' and extensively
manufactured even now. In 1799 he toolc out

his patent for absorbing ehlorine by dry hy¬
drate of lime, and the compound thus formed,
'bleaching powder,' was sold by the St. Bollox
Works, established in the same year, at 1407. per
ton.

Composition of bleachingpowcler.—The union
of ehlorine and lime seems to take place in a
very direct way, and the composition and many
of the properties of the new substance formed
also seemed to favour the assumption that it was
merely a compound of CaO and Cl2 ; the name
'chloride of lime ' was given to it on this
assumption. Long before our présent théories
made it unlikely that CaO could combine as
such with ehlorine, Balard, in 1885, propounded
the theory that bleaching powder was a com¬
pound or mixture of équivalent proportions of
calcium liypochlorite and chloride

Ca(OCl)2 + CaCL,
mixed with an excess of calcium hydrate. This
theory, supported by Gay-Lussac in 1842, in
point of fact explains nearly ail the properties of
bleaching powder, and does so entirely, if the
combination between the liypochlorite and the
chloride is understood to be not a mechanical
mixture, but a real compound, which, according
to our présent théories we must regard as

ni

Ca^ocp that is, calcium combined with the
négative radicles of both chloride and hypochlor-
ite; the latter salts, however, do not yet exist as
such in the dry state, but are only formed when
the compound is brought into contact with water,
2 molécules of Ca(OCl)Cl splitting up into 1 of
Ca(0Cl)2 and 1 of CaCl2. This view, first men-
tioned (without substantiating it) by Odling, has
been very strongly supported by the investiga¬
tions of Lunge, carried on with Schâppi and
Naef in the years 1880-1884, which proved that
calcium chloride as such does not form a con¬

stituent of dry bleaching powder, and that the
excess of lime always found in it can be reduced
to so small a quantity that none of the théories
formerly advanced in order to explain the con¬
stant presence of such excess of lime can be
upkeld.1

1 The literature on the constitution of bleaching powder
previous to 1880 is collecte! in Lunge's Sulphuric Acid and

The préparation of lime for bleaching
powder.—The lime intended for manufacturing
bleaching powder must be made from as pure a
limestone as possible, and should be most care-
fully burned. The Tyneside manufacturers burn
it themselves, mostly from Bouen cliff (which is
brought to the Tyne as ballast in colliers). In
Lancashire it is obtained ready burnt from
Buxton ; this lime, on slaking, leaves ail the
unburnt pièces behind. Lime containing clay
gives badly settling bleach ; iron and manganèse
colour it ; magnesia seems to interfère with its
stability. Bleach made from ' fat ' lime keeps
much better than that made from poor lime.

Where the bleach manufacturer burns his
own lime, it is generally not done in ordinary
lime-kilns, but in horizontal furnaces where the
fuel is kept apart from the lime. Gas produeers
are very useful for this purpose.

The burning ought to be continued so long
that the lime contains less than 2 p.c. CO,. If,
however, the burning is overdone, the lime is
' dead,' it slakes badly and is no more fit for
making bleach than underburnt lime. The lime-
kilns mostly used by the Tyne bleach manu¬
facturers hold about 10 tons and require 5 tons
of coal for burning. The burning takes 4 days,
after which the openings are well plastered up
and the kiln is allowed to cool down for about
2 days before taking out the quicklime.

The burnt lime is slaked by spreading it on a
brick floor and gradually sprinkling water over
it till it has completely fallen to powder, after
which, it is occasionally turned over. Ail un¬
burnt or unslaked pièces must be taken out,
and the whole must be sifted through a re-
volving sieve covered with wire-gauze of 25
holes per linear inch. The finer the lime is
sifted the better it absorbs the ehlorine. The
hydrate of lime is kept in an air-tight place till
it is perfectly cool, during which time any un¬
slaked particles will also be converted into
hydrate.

Calcium hydrate contains 24-5 p.c. of water,
and the product prepared as above ought to
approach this composition as nearly as pos¬
sible ; in winter it may contain 0'5 p.c. more.
Only then will the strongest bleaching powder
be obtained. This is the experienee obtained at
Aussig, but it appears that in Lancashire, both
for Weldon ancî Deacon bleach, there is as
much water used as will allow the hydrate to
be sifted (from '24-5 to 27 p.c.).

The bleaching -powder chambers. — The
chambers or ' boxes ' in which the lime is ex-

posed to the action of ehlorine were formerly
often made of tarred wood, masonry, or stonc
flags, the latter being frequently provided with
shelves inside. For the ordinary strong ehlorine
gas, these have been in England universally
replaced by large chambers of about ft. in
height, so that a man can work inside them, of
a width of from 10 to 20 ft. and more, and up
to 100 ft. long. Their sides and top are usually
made of 5 or 6 lb. sheet lead, fastened by straps

Alkali, 3, 91-112 ; of later papers, apart from those meu-
tioned above, we quote Lunge and Schiippi, D. P. J. 237,
63 ; Chemische Industrie, 1880, 246 ; Kraut, A. 214, 354,
and 221, 108 ; Lunge and Naef, A. 219, 129 ; Lunge, A.
223, 106 ; T. O'Shea, J. O. S. 43, 210 ; Dreyfus, Bl. 41, 600 ;
Lunge and Scboch, Ber, 1887, 1,474.
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on a timber frame-work, exaûtly like vitriol
chambers. In Lancashire they are frequently
made of cast-iron tianged plates bolted together,
and protected by oil-paint against the action o£
tlie gas ; but these chambers are more expensive,
and are apt to contaminate the bleach with iron ;
they are also difficult and costly to repair. On
the Continent chambers made of stone flags,e.g.,
of volvie lava, are still frequently met with.

The floor is made of large stone flags, or of
coal-tar asphalt, the joint between the sides
and the edge of the floor being specially pro¬
tected by a skirting board and asphalt poured
behind it.

The chambers must be fitted with doors
(generally made of iron protected by paint),
with glass panes in two opposite doors for ob-
serving the colour of the gas, with ' lûtes ' for
introducing the gas, and with some contrivance
for removing the gas remaining at the end of
the opération (v. ivfra).

It is préférable not to erect the chambers
on the ground-level, but upon pillars, like
vitriol chambers, leaving about 10 ft. of clear
space from the ground. In this case the
packing of the finished bleach into easks can
be done without the men entering the cham-
ber, by means of trap-doors in the chamber-
floor, with wooden hoppers attached underneath,
below which the casks are placed, the bleach
being pushed down into them from without by
means of wooden rakes.

Sometimes several chambers are combined
to form sets, so that the gas always enters first
into a nearly finished chamber, and the exeess-
gas into a freshly charged chamber, where it is
entirely taken up.

Jahne (I). J. 283, 287 ; S. C. I. 1887, 367)
gives a number of observations made with a set
of four chambers connected in this way.

Many proposais have been made for mechani-
cal absorbing apparatus for chlorine (Lunge,
l.c. 164-165), but none of them seems to have
met with permanent success; sometimes the
working parts are worn out after a short time,
and sometimes the bleach produeed in them is
too weak. Of course it cannot be said that the
construction of a mechanical chlorine absorber
for dry lime is an impossibility, but it must be
difficult to construct unless a perfectly regular
stream of chlorine gas is at command and
efficient means are employed for artificially re¬
moving the heat given ofï during the absorption.
New apparatus for the treatment of gases by
solids have been patented by Mond (G. P. 45,740)
and Hasenclever (Pat. 17,012, 1888).

The manufacture of the bleaching powder in
the chambers takes place in this way. The
hydrated lime is spread upon the floor in a layer
of 3 or 4 inches in depth ; its surface is drified
into furrows by means of a wooden tooth-rake,
to assist absorption. Ail joints are plastered up
with lime-putty, and the gas is admitted, leaving
at first an air-hole open, which is only closed
when chlorine issues from it. The gas is at
first very quickly absorbed, as may be seen by
its colour when looking through the glass-panes,
afterwards much more slowly. If there is not
sufficient care taken to keep it free from acid and
moisture, lumps are formed which are very in-
jurious. Towards the end an excess of gas

must be put into the chamber, and on this ac.
count it is préférable to lessen the pressure by
Connecting the first chamber with a second one
charged with fresh lime.

When the lime will not absorb the chlorinn
as fast as it enters the chamber, this is left to
itself for 12 hours, or better stili for 24 hours,
after which time the chlorine will • nearly always
have been absorbed.

It is difficult to get full strength bleach by
one opération ; there is always a superficial
crust which prevents the gas from penetrating
right through. It is therefore necessary to tura
the stuff over with spades, and drilling the
surface again, whereupon the treatment with
gas is repeated. Sometimes this must be done
even a third time, before the appearance of the
product and the laboratory test show it to be
finished. It ought then to consist of pretty
heavy flakes, easily crushed, but not dusty,
which can be kneaded with the fingers into a
tough paste. The laboratory test of a sample
carefully taken from various parts of the cham¬
ber ought to be at least 36 p.c., better 37 p.c.,
as the bleach Ioses at least 1 p.c. in packing.
With impure, badly burnt, badly slaked, ot
badly sifted lime, with moist chlorine or such
as contains Carbon dioxide, no strong bleach can
be expected, and when trying to force this by
' gassing ' too much, it will be found that the
strength actually goes back, calcium chlorate
and ehloride being formed.

As it is indispensable to employ an excess ol
chlorine in order to finish the bleach, there must
be always a great quantity of unabsorbed gas in
the chamber at the end, and if no spécial pré¬
cautions are taken in this respect, the opening
of the doors will cause an intolérable nuisance.
This ought to be prevented in any case. It can
be done by drawing the gas out of the chamber,
either by chimney draught or by mechanical
means, and making it to pass through a milk-of-
lime or even through a hydrate-of-lime absorber.

Probably the best means for this end is the
plan patented by Brock and Minton (E. P. 7,199,
1866 ; comp. 23rd Report on Alkali &c. Works,
58-60) who, before opening the door, sprinkle
lime into it by means of a wooden hopper and
fan fixed in the roof, in such quantity that the
free chlorine is entirely absorbed without bring-
ing down the strength of the chamber below the
required point. There is thus also an addi-
tional yield of bleach. Lime in fine powder is
put into the hopper fixed in the roof of the
chamber, and is admitted into the latter by
means of a valve. A vertical shaft, inside a
box between the hopper and the valve, is made
to turn by a handwheel, and, being armed with
blades, forms a fan or distributor, which draws
air from the chamber, mixes it with the descend-
ing lime, and causes this to pervade every part
of the chamber. One such machine is sufficient
for a chamber of 100 ft. length, but generally
three are provided. This treatment reduces the
amount of chlorine in the chamber-air to less
tban 1 grain per cubic foot (0'82 on the average),
without materially reducing the strength of the
bleach, which at Messrs. Sullivan & Co.'s
Works still tests 37-5 to 38 p.e. after packing:
For a chamber of 10 tons bleach, finished with
a considérable excess of chlorine, 4-5 cwt. of
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lime dust are thrown in, which produce 6 cwt.
oi bleach. It requires an hour or two to settie,
but the whole of the opérât ion is completed in 3
hours. The d'oors can then be talcen down
witkout any strong smell being perceptible with-
in a few feet of the chamber, and packing can
at once be proceeded with. The extra bleach
produced mueh more than pays for the treat-
rnent.

For testing the amount of chlorine in the air
of bleaehing-powder chambers previous to open-
ing the doors, several kinds of apparatus have
been proposed—e.g. that of Ballard (21st Report
on Alkali &c. Works, 37 ; 22nd do. 55) and of
Stark (S. C. I. 1885, 311). Ballard's apparatus
consists of a cylindrical glass jar, closed at
the top by an indiarubber cork through which
the nozzle of a 4-ounee enema bail (finger
pump) passes, as well as an elbow tube reach-
ing down to the bottom. The lower end of
this tnbe is closed at the lamp so as to leave
an opening fine enough for a needle only to pass
through. The horizontal branch of this tube is
inserted in the side of the chamber at a point
about two feet from the bottom. When com-

pressing the bail, the air is driven out by a
small hole made in the nozzle just above the
cork; this is now closed by the finger, and on
relaxing the pressure the bail will expand, and
will cause 4 ounce measures—that is, ^ of a
cubic foot—of chamber-air to enter into the jar
and bubble through the test solution eontained
therein. This is continued till the end of the
reaction is indicated by the test-liquor turning
blue. The latter consists of 3'485 grains of ar-
senious acid, dissolved in sodium carbonate and
rendered neutral by sulphurie acid, 250 grains
potassium iodide, 50 grains precipitated chalk,
10,000 grains of water, 6-10 drops ammonia.
For each test 400 grains are used, adding a little
stavch paste at the time of using. When 2£
grains of chlorine per cubic foot is présent in
the chamber-air, ten aspirations of the chloro-
meter will cause a bine colour to appear ; if
more aspirations are needed, there is less chlor¬
ine présent and vice versâ. Stark's apparatus
attains the same end, not by the finger pump
(which is certainly a somewhat rough instru¬
ment), but by a gas-burette on the Orsat
prineiple.

The following raies are reeommended by the
Chief Inspector of Alkali &o. Works (Mr. A. E.
Fletcher), in his twenty-first Report, p. 12 :

I. Bleaehing-powder chambers should con-
tain not less than 200 square feet of floor space for
every ton of powder made in them per week. If
there is less space the work, and especialiy the
packing, must be hurried too much.

II. The chambers should be so arranged and
connected together that the residual chlorine
from a finished chamber may be drawn into one
containing fresh lime, unless some other means
be employed for absorbing it (such as Brock and
Minton's plan described above). The air finally
discharged into the atmosphère or into a flue or
chimney must not contain more chlorine than

grains per cubic foot.
III. No chamber should be opened when the

air in it contains more than 2^ grains of chlorine
per cubic foot. In testing for this, the air
should be drawn from a point not more than

2 feet above the chamber floor, and taken from
the draught end.

IV. No chamber maybe opened until the air
in it has been tested, and the resuit of such test
entered in a book.

V. No chamber may be opened except in
daylight.

It is very important to prevent the tempéra¬
ture from rising too much during the absorbing
process. Contrary to some assertions, bleaching
powder is ail the better the cooler the chambers
are kept. For this reason lead or iron boxes i

are préférable to brick or stone chambers, and
it is always easier to make strong bleach in
winter than in summer. It is stated that, even
during the heat of summer, strong bleach can
be made by diluting the chlorine with 50 p.c. of
air by means of an air-pump ; in this case the
rise of température is never too high, there i3
no crust formed on the top, and the bleach can
be regularly kept at 38 p.c. This is also the
object of a patent by Opl (G. P. 23,587, 1883),
who uses chambers cooled by water from the
outside, as well as diluted and specially purified
chlorine, for making the strongest bleach.

The absorption of weak chlorine, that is,
chlorine diluted with very much nitrogen and
oxygen, as it is obtained in the Deacon process,
and in most of the processes proposed for deal-
ing with calcium and magnésium chlorides,
cannot be carried out in the ordinary chambers.
The most efficient plant for this purpose seem3
to be that worked out by Deacon himself. The
absorbing space is immensely increased, and at
the same time the process is made a continuous
opération by employing a large number of cham¬
bers, each of them provided with a number of
shelves, and Connecting them in such a way that
the fresh chlorine gas always enters the chamber
in which the bleach is nearly finished, and the
last gas, then containing only traces of chlorine,
is passed through a chamber just ebarged with
fresh lime. These chambers cannot very well
be made of any other material than of stone,
slate, sandstone flags, volvic lava, &c. The
distributing pipes are of cast iron. The cham¬
bers are arranged in pairs, the gas being made
to pass down the one half and up the other half
of the pair.

Practically a set of Deacon chambers for
produeing 25 tons of bleach per week consists
of seven double chambers with sixteen shelves
each, with a total area of 1,250 square feet,
upon which 18 J cwt. of calcium hydrate can be
laid ■§ inch deep (which is the greatest thick-
ness practically applicable in this case). Every
sixteen hours one of the pairs of chambers
cornes in turn to be drawn and recharged.
Hurter (D. P. J. 223, 200, 417 ; 224, 424) has
proved that it is more advantageous to convey
the gas in a downward than in an upward direc¬
tion. He has also sliown that such chambers
would not be applicable to strong chlorine, as
then the température would rise to 70° or 80"
C., but in the présent case the inert gases, of
which there are about 90 p.c. présent, prevent
the température rising to any hurtful extent.

Solvay (E. P. 7,259, 1885) treats the dilute
chlorine obtained from his process from calcium
chloride, by placing the lime in a layer of suit-
able thickness on beds of porous minerai matters,
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suoli as pebbles or asbestos cloth, and causing
the diluted chlorine to pass downwards through
the same. If tbe gases pass upwards, ehannels
are soon formed and irregularity ensues.

The yield of blcaehing powder may be taken
as 1J times the weight of the calcium-hydrate.
With very good work, 106 parts of strong
bleach can be obtained from 100 Ca(OH)2. The
amount of Mn02 required for making 100 parts
of bleach. testing 30 p.c. in the chamber, is by
theory, 44 parts, i.e., 63 parts of 70 p.c. ore.
Practically never less than 75, and on an aver-
age 90 parts of 70 p.c. ore is eonsumed, prin-
cipally owing to the incomplète utilisation of
the ore.

The quantity of hydrochloric acid varies
even more with the method employed. 100
parts of 36 p.c. bleach contain as much chlorine
as 37 parts dry HC1 = 116 acid of 32° T\v., or
the quantity obtainable from 65 parts of com-
mon sait (testing 92 p.c. NaCl). When working
with (native or recovered) MnO„, even theory
requires doubling those quantities, as MnCl2
must be formed ; the Deacon process and others
theoretically utilise ail the chlorine of NaCl ;
but in ail cases practically a large excess of acid
has to be employed. In ordinary practiee 1 ton
of 36 p.c. bleach can be made by the old process
from 4 tons of sait, but in France, working very
carefully with small stills, very much better
results are stated to be attained—namely, 1 ton
of bleach from 3 tons of acid of 36°Tw.

The results obtainable with the Weldon and
Deacon processes have been stated in another
place.

Bleaching powder must be packed in very
well-made casks, preferably made of hard wood,
and lined with strong brown paper, both round
the sides and at the ends. The latter are some-

times secured by a coat of plaster of Paris.
This is done in order to prevent the access of
air, whieh quickly deteriorates the powder both
by its moisture and its carbonic acid. J. C.
Steele (E. P. 3,902, 1881) recommends packing
it in boxes made of shavings, paper, or paste-
board, pasted up and then well soaked in melted
wax or paraffin (of course only for retail pur-
poses).

The packages must be kept in cool, dry
places ; both rain and sun would quickly spoil the
bleaching powder, even if packed in good casks.

Properiies of bleaching powder. — Good
bleaching powder is a pure white powder, often
mixed with lumps which, however, ought to be

transformed to the eore, and which are often
removed by riddling. It has a peculiar smell,
quite différent from that of chlorine, and not
owing to hypochlorous acid, since it is just
as perceptible in alkaline solutions, or on the
skin after washing with soap, &c. It may pus-
sibly be due to the action of the compound upon
organic matter.

In the air bleaching powder attracts mois¬
ture and carbonic acid, and gradually changes
into a pasty mass. Mixed with a little water, it
forms a stiiï paste, with a perceptible swelling
and rise of température ; this is probably caused
by the transformation of 2CaOCl2 into Ca(OCl),
and CaCl2.

Bleaching powder décomposés gradually even
in closely stoppered bottles or well proteeted
casks. The presence of light, heat, moistuve,
and carbonic acid greatly accelerates this change ;
so does shaking, e.g. in transit. Hence the
strength of bleach is usually only guaranteed at
the place of shipment, but it ought not to lose
above 2 or at most 3 p.c. by a few weeks'
journey.

Experiments on the rate at which bleaching
powder loses its available chlorine have been
made by J. Pattinson in 1874 (C. N. 29, 143),
and 1886 (S. C. I. 1886, 587). He expert
mented in the first case with samples kept
in loosely corked bottles, sheltered from direct
sunlight, and found that these lost on an
average 0-33 p.c. monthly from February to
April, 0-86 from June to September, 0-28 from
November to January. The greatest loss oc-
curred in August, vis., 1*4 p.c. per month. In
the course of twelve months the strength ol
28-7 p.c. bleach came down to 20*8 ; that of
37-6 p.c. to 28*2 or sometimes not lower than
32*3 p.c.—thus showing that weak bleach, con-
trary to the formerly général assumption, is no
more stable than strong.

On the second occasion he examined the
bleach by storing it both in casks (markedA,
B, and C) and in bottles, both of them kept in a
cellar where the variations of température only
ranged from 5° to 17°C. (of course, as he points
out, in praetice the bleach will mostly have to he
stored in places where the température in
summer reaches 21-27°C., so that the loss of
chlorine will be greater than in his experiments).
The change produced by keeping for twelve
months (detailed statements are given for each
month in the original) was as follows (in per
cent.) :—

Original available
Chlorine .

Loss of available
Chlorine

Loss of total
Chlorine

Material serving for
manufacture

Casks Bottles Casks Bottles

A. 37*00 3-20 2-30 1-36 0-86 Irish limestone
B. 38-30 3-20 1-80 1-45 0-43 ditto
C. 36-00 3-10 1-80 1-71 0-68 French cliff

If, however, it is taken into account that
the bleach in the casks absorbed carbonic acid
and water from the atmosphère during the year,
and thereby increased in weight, it is found that
the loss both of available and total chlorine is
but slightly greater in casks than in bottles.

The small quantity of chlorate originally présent
(about J p.c.) was found to have vanished com-
pletely after four months. Some HOC1 must
hence have been driven out by C02, and a little
more CaOCl2 (as well as the chlorate) must have
given up oxygen in order to form CaCl2.
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The experiments made by Lunge and Lan-
dolt (J. S. D. andC., 1885, Nov. 25), with bleaeh-
liquor have also shown that the action of the
air is nothing like so injurious to the stability ol
such solutions as that of the light, which ought
to be excluded by ail means. Solutions kept in
the dark, in closed yessels, remained practically
unchanged up to the twenty-fourth day, and up
to the thirty-third day, when the experiment was
finished, the strength had only decreased from
29-58 to 29-12 p.c. Kept in open vessels in the
dark, they remained unaltered up to the twelfth
day; on the thirty-third day they had lost 3-30 p.c.
But when kept in closed yessels in diffused day-
light, the décomposition set in at once, and on

The following are the analyses of bleaching
powder made in the author's laboratory, by
Schâppi, from perfectly pure lime and with the
greatest care, so as to obtain the strongest pos¬
sible product ;—

Available chlorine . 43-13
Chlorine as chloride . . 0-29
Lime .... . 39-89
C02
HjO (direct estimation) . 17-00

Calculated as :

CaOClj + H.O . . 88-08

CaC03 .... . 0-96
CaCl2 .... . 0-45

Ca(0H)2 .... . 6-74
HjO not combined . . . 3-77

100-00
The small quantity of unchanged calcium

hydrate is proof for the opinion that this is merely
lime mechanically protected against the action

liquid chloride of lime or Bleach-liquor.
Formerly many bleachers used to maketheir
chloride of lime by passing chlorine gas into or
over milk of lime. This is now done at suth

VOL. I.-T

the thirty-third day only 8-52 p.c. remained of
33-02 p.o. originally présent. Solutions of
chloride of magnesia behaved similarly to those
of chloride of lime ; those of zinc or aluminium
hypochlorite, as might be expected, were mueh
less stable.

A few experiments made by Thiimmel (Ar. P.
22, pt. 1 (1834)), also proye that light has much
more action on bleaching powder than exposure
to air.

The following complété analyses of the
samples of bleaching powder inyestigated by
J. Pattinson (v. supra) may serve as an example
of the best descriptions of the commercial
article :—

of chlorine by the bleaching compound CaOCl2,
previously formed.

A. E. Eletcher, in a paper read before the
British Association in 1887, gives the following
figures for the production of bleaching powder in
the United Kingdom, including chlorate of
potash (taking 1 ton of this = 5 tons of bleach¬
ing powder, which is certainly too low, 7 or 8
tons being the real équivalent).

Tear Tons Year Tons

1877
1878
1879
1880
1881

105,529
105,044
115,290
131,606
135,826

1882
1883
1884
1885
1886

135,170
141,868
128,651
132,761
136,234

According to I. Levinstein (S. C. I. 1886,
356), the export of bleaching powder from Eng-
land and its value were as follows :—

alkali Works as are conveniently near bleach
works, so that the cost of carriage of bleach-
liquor is not considérable, and is more than
counterbalanced by the gain of fully saturating

M M

A
made of Irish limestone

(from Larne)

B
made of Irish limestone by

another manufacturer

O
made of French

clifiÉ

Available chlorine . 37-00 38-30 36-00
Chlorine as chloride 0-35 0-59 0-32
Chlorine as chlorate 0-25 0-08 0-26
Lime .... 44-49 43-34 44-66
Magnesia 0-40 0-31 0-43
Peroxide of iron 0-05 0-04 0-02
Alumina.... 0-43 0-41 0-33
Oxide of manganèse trace trace trace
Carbonic acid. 0-18 0-30 0-48
Siliceous matter 0-40 0-30 0-50
Water and loss 16-45 16-33 17-00

Total chlorine

100-00 100-00 100-00

37-60 38-97 36-58

1883 1884 1885

Exported quantity, tons .

Value
Market value per ton, from

ditto to .

ditto in 1886 .

80,030
£480,278
£4 7 6
£9 10 0
£5 12 6

80,030
£661,406
£9 10 0
£7 10 0

75,407
£507,345
£6 10 0
£6 5 0
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the lime, and especially that of saving tlie trouble
and loss in dissolving the bleaching powder pre-
vious to using it.

On a laboratory scale the chlorine would be
passed into the milk of lime. On the large seale
this cannot be conveniently done, and is replaced
by bringing the chlorine into contact with a con-
tinually renewed surface of the absorbent. This
might be done in towers on the principle of aeid-
condensers, but there are some drawbacks to
this, and the général plan is to employ cast-
iron vessels provided with mechanical agitators
so constructed that the liquid is not merely cir-
eulating round and round, but that its surface is
continually renewed. In most cases these are
cylinders standing on their base, with a vertical
agitating shaft and horizontal arms ; horizontal
agitating gear is much more efficient, but is more
troublesome, owing to the necessity of passing
the axle through stuffing-boxes in the sides of
the vessel. Even with the ordinary upright cy¬
linders, the absorption of chlorine is quite com¬
plété, if three or more vessels are used in
succession, so long as the agitator is at work,
but the absorption ceases almost the moment
the agitation ceases, from one cause or another.

In making bleach liquor, the agitators are
oharged with a milk containing about 1 to 1J
lbs. of slaked lime per gallon of water. The
chlorine must not be evolved too fast, because
this causes too great a rise of température. The
rule is not to exceed 32°, or at most 37°C. ; over
this point the hypochlorite is very quickly
changed into chlorate (comp. Potassium chlor¬
ate). It is very désirable that the absorbers
should be surrounded by a cold-water jacket, to
avoid that contingency. When the sp.gr. has
risen to 1-040, the opération is stopped by turning
the gas on to the next agitators ; the first vessel,
after the charge has been run off and it has
been refilled with fresh milk of lime, will now
be the last of the sériés.

Well-finished bleach liquor contains a very
small quantity of free lime, generally with a
slight excess of CaCl2 or of Ca(C103)2. The bulk
of the chlorine is présent as Ca(OCl)2 + CaCl2.

A much more active, but very quickly decom-
posing bleach liquor is obtained by employing,
in lieu of Ca(OH)2, calcium carbonate, in which
case free hypoehlorous acid is formed.

CaC03 + 4C1 + H20 = C02+ 2HOC1 + CaCl,.
Such liquor, to be made from the lime-mud ob¬
tained in caust: -ising soda, has been patented by
Deacon (1872). It is also produced in some pro¬
cesses for dealing with weak chlorine by Weldon
and Solvay, in which case it is afterwards to
furnish strong chlorine by decomposing it with
acids ; but this has never been practised on a
working scale, and would be undoubtedly too
expensive.

Chloride of potash (Eau de Javel). This
liquor was first made in 1792 at the Javel Works
near Paris, and was the first bleaching compound
known. It was then made by passing chlorine
into a solution of potashes (crude potassium
carbonate) in eight parts of water. This liquor
is rarely made now, because it has been replaced
by the cheaper compound made from soda, which
has now mostly usurped its name.

Chloride of soda (Eau de Labarraque, usually
called Eau de Javel ; Chlorozone). This liquor

can be made by passing chlorine into a solution
of sodium carbonate in 10 parts of water till the
liquid begins to effervesce and bleaches litmns.
In that case it contains more or less free liypo-
chlorous acid, according to the équations :

Na2CO„ + 2C1 + H.,0 = NaCl + NaHC03 + H0C1
Na2C03 + 4C1 + H20 = 2NaCl + C02 + 2H0CL
Quite a différent solution is obtained ly

adding to a solution of bleaching powder sodium
carbonate or sulphate till no further precipitate
is caused. The lime is then precipitated as
CaC03 or OaS04, and a mixed solution of NaCl
andNaOCl remains. If in lieu of ordinary soda
ash, bicarbonate is employed, the resuit will le
very similar to that obtained with free chlorine;

CaOCl, + NaHCO-, = CaC03 + NaCl + H0C1.
The precipitate in this case settles better than
with Na2C03.

The liquors containing free HOC1 have mué
more bleaching power than those containing
sodium hypochlorite, but they keep very badly,
the HOC1 partly volatilising and partly losing
its oxygen. Such a liquor is also obtained ly
passing C02 into the ordinary neutral chloride
of soda solution (Barnett and Slade's patent,
1872).

As an inodorous ' bleach-liquor,1 C. A.
Martin (D. J. 245, 46), proposes to atld to a
solution of bleaching powder portions of the
following solutions—(1) 500 grams KNO, in 1#
litres of a 5° solution of aluminium sulphate;
(2) 100 grams salicylic acid in 1 litre spirit; (3)
500 grams UNO-, and 500 grams Na2S04 in o litrei
water. The resuit is stated to be increased

effieacy of the bleaching solution, together with
the absence of the usual odour of chlorine-
bleached goods.

The name ' chlorozone ' has been given ly
Count Dienheim-Brochocki to a number of pré¬
parations, patented in 1876 -and subsequently
down to 1885, produced by passing chlorine
along with atmospheric air into a solution of
caustic soda, either in such a way that ah is
converted into NaCl + HOCl, or that a mixte
remains containing NaOH. Lunge and Landolt
have shown 1 that the action of air is ni!, and
that the advantages claimed for chlorozone are
quite illusory. This is fully confirmed ly
Storch.2 It is very unlikely that the most
recent patent of the inventor of chlorozone
(G.P. 34,016), which involves the aid of electricity
for ' ozonising ' the oxygen given off (by bad
work) in the treatment with chlorine will lead
to a différent resuit.

Bleach-liquors containing magnesia, zinc, m
alumina, ail of them obtained by adding tbe
sulphates of these bases to a solution of bleach¬
ing powder, are sometimes used for spécial
purposes because they have a more rapid action
than chloride of lime. Their properties have
been fully investigated by Lunge and Landolt in
the above-mentioned memoir. They are never
manufactured for sale, but prepared by the users
themselves.

A very efficient bleach-liquor is prepared,
according to L'Hermite, by the electrolysis of
magnésium chloride. It is possible that this is
only due to the formation of free H0C1, lot

1 Journ. Soc. Dyers and Colourists, Nov. 25,1885.
3 Ber. d. oesterr. chem. Gesellsch. 1885, p. 102; Piscbeb
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much more than that is olaimed for the L'Her-
mite process by Bevan and Cross (S. C. I. 1887,
170; 18S8, 292), whose conclusions have been
very strongly contested by Hurter (ib. 1887, 337 ;
1888, 726 and 737). Comp. also Jurisch (C. J.
1888,100). The whole subject, however, belongs
more to the domain of bleaching than to the
manufacture of chlorine compounds.

Potassium chlorate. This sait is ahvays
manufactured by the process first indicated by
Liebig : i.c. saturating milk of lime with chlorine
under such conditions that calcium chlorate is
formel, and af terwards decomposed by potassium
chloride. For lime sometimes magnesia is sub-
stituted (v. infra). The reactions are:
(1) 6Ca(OH)„ + 12C1 = ôCaCls + Ca(C10,)„ + 6H..O.

(2) Ca(C103)? + 2KC1 = 2KC10S + CaCL,. ,
Hence only one-sixth part of the chlorine em-
ployed is, even by theory, converted into
chlorate.

Tlie first reaction is the formation of calcium
hypochlorite and chloride, that is, ordinary
bleaoh-liquor; thus:

(3) 2Ca(OH)., + 4C1 = Ca(OCl)2 + CaCl, + 2H,0.
Under certain conditions the calcium hypo¬
chlorite is subsequently changed into a mixture
of chlorate and chloride :

(1) 3Ca(OCl)2 = Ca(C103)2 + 2CaCl2.
There is, however, a concurrent change, which
must be avoided, as it involves a great loss,
namely, the splitting up of hypoehlorites into
chloride and oxygen :

(5) Ca(OCl)2 = CaCl, + 20.
The conditions under which these changes

occur, which were, of course, knownin a général
way before, have been exactly investigated by
lunge and Landolt (S. C. I. 1885, 722). They
operated with a strong bleach-liquor, composed
according to the above équation (3). When
gradually heating this by itself for three hours
up to 60°C. there was no perceptible change.
Chlorate begins to be formed by équation (4),
when heating another hour to 70°, more so when
heating another two hours to 90° ; but even
after two hours' full boiling (altogether seven
hours' heating), not mueh above \ of the avail-
able chlorine originally présent bas been em-
ployed for the production of chlorate, according
to équation (4). Oxygen begins to be given ofi
from the first, and in the end the reaction (5)
prevails over (4). Hence the conversion of
hypochlorite into chlorate by mere heating is a
very unfavourable process.

A second way of converting hypochlorite into
chlorate consists in saturating the solution
with chlorine. This even at 15° causes 70 p.c.
of the CaOCl2 to pass into chlorate. On gradu¬
ally heating the solution the reaction is quiek-
ened as soon as the température exceeds 40°,
and it is complété at the boiling-point. Hence
the presence of an exoess of chlorine is a pre-
ventative against the réaction (5).

Most probably the excess of chlorine aets as
follows :

(6) Ca(0Cl)„+4Cl+ 2H„0= CaCl„ + 4HOCl.
(7) 2Ca(OCl)2 + 4HOC1

= CaCl2+ Ca(C103)2 + 4Cl + 2H20.
That is, the free chlorine aets only as a carrier
of oxygen from two molécules of calcium hypo¬
chlorite upon a third ; the first two are redueed
to chloride, the third is oxidised to chlorate, and

the free chlorine is fully regenerated in the end.
The conclusions to be drawn for practiee from
Lunge and Landolt's experiments are as follows.
The complété conversion of hypochlorite into
chlorate is not effected either by mere heating or
by a mere excess of chlorine, but both must act at
the same time. A very large excess of chlorine
is useless, perhaps even injurious. On the large
soale the beat generated by the reaction suffices
to complété the process. It is very injurious
to allow the liquor to get heated unless there is
an excess of chlorine présent, because there is
then a considérable loss of chlorate from the
escape of oxygen.

Practieally, chlorate of potash is manufactured
in the following way.1 Milk of lime is exposed
to the action of chlorine in vessels provided
with agitating gear, so that continually new
surfaces are offered to the action of the gas
which in this case is quickly absorbed, and com-
pletely so if the gas partially taken up in the
first vessels is ultimately brought into contact
with fresh lime contained in the last vessel.
Formerly the absorbing vessels were made of
stone, in an octagonal shape, and hence were
called ' oetagons,' which name is sometimes
even now used for the" cylindrical cast-iron
vessels which have universally displaced the
real stone oetagons. Such cylinders (as shown
in fig. 10) are, e.g. 10 feet wide and 5 feet 6 inches

e-«*j "S »
'

i rj

Fig. 10.

high, provided with a central vertical shaft a
and agitating arms 6, so contrived that they
cause the liquid to well up and continually bring
new portions of it to the surface. The shaft
passes through an opening in the cover so eon-
structed as to form a water-lute c, and a cup d,
fastened on the shaft and dipping in the lutc,
prevents the escape of the gas round the shaft.
Similar 6-inch lûtes, ee, serve for introduoing and
taking away the gas. There is also a manhole/,
fitted with an inner margin of strong sheet lead,
reaching 6 or 7 inches downwards and forming
a water-lute when the cylinder is iilled. Apart
from this the manhole is always open, so that
observations oan be made at any time, samples
drawn and hydrate of lime put in. Sometimes
a water jaeket is applied outside. Three, or
(better) more cylinders form a set working to-
gether, so that the fresh gas can be ahvays
turned upon that cylinder which is nearly

1 According to Mr. E. K. Muspratt (S. C. X. 1886,
4087), this manufacture was commeuced at St. Helens in
1847.
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finished, whilst the eylinder charged with fresli
lime reeeives the last gas. From the last cylin-
der there should be pipes leading to a small box
charged "with hydrate of lime, in case of any
accident happening to the agitating machinery,
when the absorption of chlorine in the cylinders
would very soon cease. In lieu of this, a oolumn
charged with milk of lime can serve as well.

An excellent plan is the following, by which
10 tons of chlorate are made per week at a large
works. There are five absorbing vessels, con-
structed as horizontally-placed semi-cylinders
with raised sides, a horizontal agitating shaft
passing through simple stuffing-boxesin the two
plane ends. These vessels are made of cast-
iron ; they are surrounded by a water-jacket
leaving a space of a few inehes for cooling
water. Two of these vessels (a and b), about 7i
feet long, 5 feet wide, and 6 feethigh, areplaced
on the same level, the third, o, is placed a little
higher, the fourth, d, and then thefifth, e, again
a little more so. The fresh gas is passed into
either a or b (one of them being eut off for
emptying), then successively into c, d, and e.
When a is finished the gas is turned. into b,
the contents of a are run off, those of b into a,
c into b, d into o, e into d, and fresh milk of
lime is put into e. AU this is going on at the
same time, the Connecting taps being opened
simultaneously. e is directly open to the air,
and no smell whatever is perceptible there. The
stuffing-boxes, which are packed with hemp,
must be pretty frequently renewed.

At Kuhlmann's works there is an absorbing
apparatus, made of iron lined with lead, in
which the gas is foreed through the liquid,' and
is made to ascend in a spiral line by means of a
spout turned bottom upwards, mechanical agita¬
tion being provided in the same sense. This
apparatus produces excellent absorption, but
wears out very quickly..

The milk of lime must be prepared in such a
way that the finished liquor beeomes of a certain
strength, which is, however, not the same at ail
works. The spécifie gravity of the milk of lime
itself should not exceed 16° or 17°Tw. ; that of
the finished liquor 28° to 32°Tw. Some manu¬
factures go as far as 40°Tw.

The reaction causes an élévation of tempéra¬
ture which up to a certain extent is useful ; but
it must not be allowed to get too high, because
in this case oxygen is evolved, and there is a
eorresponding loss of chlorate. In no case can
the theoretieal proportion of 1 chlorate to 5
chloride be attained ; there is always some HC1
carried on with the chlorine, and probably on
the large scale the évolution of oxygen cannot be
entirely avoided ; but with good work the pro¬
portion can be kept at 1:5-5 oreven 1:5-4.

Part of the lime can be replaced by weak
bleaching powder which sometimes contains a
good deal of chlorate; but this must not be
heated before being saturated with chlorine,
as otherwise much oxygen is lost (cf. supra).
Some weak bleach contains much more CaCl.,
than CaCl206, and is not at aU suited for this
purpose.

As the reaction proceeds, froth appears on
the surface and the liquid beeomes warm. In
the first agitator the température should be
from 65 to 70°C. ; if it gets hotter, water-cooling

is resorted to, or else the gas is eut off for
a while. Afterwards the liquid turns pink, and
the froth mostly vanishes again. The opéra,
tion may be considered as finished when a sample
taken out settles quickly and eompletely, leaving
little sediment, smells of chlorine and bleaches
litmus paper. On adding hydrochloric acij
in the cold it should not give off chlorine (as
hypochlorite would do). The pink colonr is
caused by calcium permanganate; it appears
with Deacon bleach as well, since ail lime con.
tains sufficient manganèse to produce the ré¬
action. The opération lasts two or three dajs
with strong chlorine, and twice as long mil
Deacon chlorine.

The contents of each agitating vessel, as they
are finished, are run into settlers provided with
drop-siphons, and thence into the concentvating
pans. In the settlers their volume and strength
is accurately noted, in order to calculate the
quantity of potassium chloride (technieallycalled
' muriate of potash ') required. This is done
either from the results of a laboratory test, or
from the indications of the hydrometer which
must be compared with the former at each
single works, the conditions not being the same
everywhere. The potassium chloride should be
of the strongest kind (95 p.c.), and a small ex-
cess of it should be used. Some add it to
the agitating vessels, under the (probably mis-
taken) idea that KC10S décomposés less easily
than Ca(C103)2. Usually it is only addedinthe
concentrating pans.

The mud left in the settlers is, of course,
washed or filter-presser! ; the washings can be
used for making fresh milk of lime.

The liquor as it runs away from the settlers
still smells of chlorine. This is a nuisance, and
it also acts upon the vessels, but the addition ot
a small quantity of a reducing agent like sodium
thiosulphate, or even tank-waste, entirely de-
stroys the free chlorine.

The boiling-down pans are usually made of
either wrought or cast-iron, and are heated by
direct fire. Some employ leaden pans, undertbe
idea that these are less aeted upon than iron;
but the investigations made by Lunge (S. C. I.
1885, 4), have proved that lead is really
much more acted upon and the loss of chlorate
is the same as when working in iron. Ko diffé¬
rence was found in this respect between wrought
and cast-iron. Since wrought-iron pans are not
liable to crack and are more easily repairedwhen
partly worn out, they would seem préférable.

The boiling down is sometimes continued np
to 70°Tw. (measured hot), in which case tle
mother-liquors after crystallisation are not worth
working up. Or else the first concentration is
only carried to 50-55°Tw., and the mothet-
liquor is again boiled down to about 7o°Tw. in
winter or 80°Tw. in summer. The salts obtained
by the second opération must he recrystallised
twice before becoming marketable.

There is always a great deal of mud found in
the pans, partly from incomplète settling fc,
partly formed by the action of the liquor on the
métal. This mud must be removed by settling
or by a filtering-drum before running the liquor
into the coolers.

The coolers for the first salts are generall;
made of iron, since in no case can a pure pro-
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duct te obtained at this stage. They are best
made lite those used fur soda-crystals, with a
plug-bole for running olï the mother-liquor.
They ought to be numerous enough to permit
of the liquor remaining in them 9 or 10 days in
winter and 14' days in summer. Here the orude
chlorate of potash crystallises in long acicular
crystals, totally unlike the thin plates in which
the same sait crystallises when pure, but in
reality possessing exaetly the same faces, only
developed in différent fashion. They are easily
distinguishable from the large transparent
prisms of hydrated calcium chloride which
appear if the concentration has been too great.
They must be broken up after draining, and the
adhering mother-liquor washed off with a little
water, always taking care not to lose any
crystals in the proeess.

The mother-liquor is a nearly saturated solu¬
tion of CaCl,, with a little KC1 and NaCl,
and with about 30 grams of KC103 per litre.
With bad work much more chlorate is left in
the liquor, none of which can be recovered. In
the very best case 10-12 p.c. of ail chlorate
manufactured is lost througlî this cause, usually
much more (25-30 p.c.). Usually it is not even
attempted to reeover the chlorine from these
liquors by heating with hydrochloric acid—they
are simply run to waste. But, with due care,
the mother-liquors can be quite well worked for
chlorine by taking care to run the hydrochloric
acid in pari passa, with the liquor ; but the
température in the still must never get up to
60°, otherwise explosions easily occur througlî
the formation of hypochlorous anhydride.

The great loss of chlorate in the ordinary
proeess has given rise to the proeess of Mus-
pratt and Eschellmann, where magnesia is sub-
stituted for lime (Eng. Pat. Nos. 3,960,5,183, and
5,186 of 1883; No. 1,900 of 1885). A detailed
description of this proeess has been given by
Higgins (S. C. I. 1887,- 218). The magnesia is
obtained by burning Greek magnesite at not
too high a température ; when overburnt it is
useless for the absorption of chlorine. The
MgO is very finely ground, suspended in water,
and exposed to the action of chlorine in the
ordinary octagons. The réaction is not so vio¬
lent as with lime. The température of a finished
octagon is usually 43°C., and it never exceeds
60°C., but this matters ail the less as no hypo-
chlorite is formée! in this way, the reaction pass-
ing on at once to chlorate. In the finished
liquor the proportion of chlorate to chloride is
very near to the theoretical, viz. 1: 5'1 or less ;
this constitutes an important advantage over the
lime-process, 7 p.c. less chloride being formée!.
No pink colour appears with verypure magnesia,
but it does when it contains manganèse. The
strengtli of this liquor varies from 1-20 to 1-25.

The octagon liquor is now boiled down to
75°-80°Tw., when on cooling about 50 p.c. of
the chloride will crystallise out as MgCl2,6H20.
The mother-liquor contains 1 mol. chlorate to
2'8 chloride. Potassium chloride is now added
to it in as nearly as possible the theoretical
quantity, and the potassium chlorate crystallised
out. The mother liquors being much less in
quantity than with lime, and KC103 being less
soluble in MgCl., than in CaCl2, the magnesia
mother-liquors contain much less chlorate than

lime liquor (on an average 19 grams, down to
10 grams per litre), and the yield of KC103 rises
to 90 p.c. of the total.

The mother-liquor is treated with HG1 to
destroy the chlorate at a température not ex-
ceeding 60°, with due précautions against explo¬
sions. The still-liquor is now neutralised with
MgO ; there is then a solution of kieserite
(MgSO.,) run in to décomposé the calcium chlor¬
ide présent, and the gypsum, along with iron
oxide, is settled out. The liquor is now con-
centrated in east-iron pots (wrought-iron is
acted upon too much) ; the iron dissolving in
the liquor is oxidised to the ferrie state, and is
precipitated by MgO ; the settled liquor is run
into barrels where it sets to a hard mass con-

taining 47 p.c. of MgCl,. This magnésium
chloride is sold to cotton sizers.

This proeess would, of course, only become
général if the magnésium chloride obtained as
a by-product could be profitably decornposed for
chlorine, as it is not saleable by itself in very
large quantifies, and could not compete in price
with the Stassfurt article.

Such utilisation for the manufacture of
chlorine had been intended by Weldon, who first
proposed magnesia for the above purpose, and it
is again mentioned in a patent of J. Wilson
(No. 5,975,1884). Twynam (No. 4,397,1881) pro¬
poses dolomite, under the idea that double chlor¬
ide of potassium and magnésium (carnallite)
will crystallise out of the mother-liquor after
the chlorate. (This seems quite hopeless, since
the principal question is not that of saving
KC1, but KC103.)

•Another proeess for greatly reducing the
loss of chlorate in the mother-liquors is that of
Péchiney (cf. Weldon, S. C. I. 1882, 41, to which
paper the author has added his own observa¬
tions) . He concentrâtes ordinary chlorate liquor
made from lime of a density of 25° Baumé, up
to 48°B. (hot), and cools it down to at least
12°C., but not below 10°C. Of its 5'5 mol. of
CaCl2, 4-3 are thus caused to crystallise out as
CaCl2,2H20 (probably it should be 6H20), but if
the température were allowed to fall below 10°,
calcium chlorate would crystallise as well. The
crystals are separated by a hydro-extractor, and
the mother-liquor is now eonverted into potas¬
sium chlorate by addition of KC11 ; there being
only 1-2 CaCl2 présent to 1 KC10;), the mother-
liquors cause a very much smaller loss than
in the ordinary proeess. Péehiney's proeess is
specially suited, and was originally invented, for
the manufacture of sodium chlorate (cf. infra).
It is evidently only possible to work it in the
eold season.

The erude chlorate of potash is always puri-
fied by recrystallisation (' finished '). For this
purpose it is redissolved in a mixture of water
and of the mother-liquor obtained in the finish-
ing proeess, which is done in a lead-lined vessel,
with the aid of steam, preferably indirect (dry)
steam. The solution is made at a full boiling
heat, sometimes with the addition of very small
quantity of sodium carbonate and of sodium
sulphide, in order to precipitate any iron and lead
présent as chlorides ; it is made up to 25°Tw.,

1 The intermediate formation of a calcium oxychloride
described in Péehiney's patents and Weldon's paper has
since been given up.
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and, afler good settling and straining tlirough
canvas, the liquor is run into the eoolers. These
are always rnade of wood lined with lead ; they
are either of a deep pattern, with wooden laths
plaeed inside for the crystals to adhéré to, or
else they are made quite shallow, but eovered
over to prevent any too rapid cooling. The
crystallisation lasts from 8 to 14 days, aecording
to the season.

The erystals are drairied, preferably by
means of a hydro-extractor, in which the last
opération, the washing, ean be also effeeted with
great ease and eonapleteness. This is imperative,
sinoe it is required that chlorate of potash slrould
shorv little or no trace of chlorides ; 0'05 p.c.
being a maximum sometimes stipulated. So
long as there is PbCl2 présent, this cannot be
very easily effected, but the lead can be removed
in dissolving, as stated before. The mother-
liquors and washings are used over again till
they become too impure, when they go back to
the boiling-down pans. The crystals are dried
on a hollow iron plate, covered with sheet lead
and heated by steam.

Chlorate of potash is either sold as ' crystals '
or 1 ground.' For the former purpose the crys¬
tals, as they corne from the drying plates, are
sifted through a sieve with eight holes to the
linear inch, or less, as the case may be. The
powder is best ground while still slightly warm.
The mills may be of any description, horizontal,
edge runners, rollers ; but the chlorate during
grinding ought not to corne into contact with
iron, nor with any organic substances (straw,
wood chips, &c.), or dangerous explosions may
occur. It must be sifted through a revolving
sieve, made of miller's gauze, with mechanical
bruslies. The powder ought to be snow-white
and without any grittiness, like fine flour. The
crystals ought to be in thin, large, brilliant
transparent plates; excessive drying will make
them opaque. Both are usually packed in 1 cwt.
kegs, laid out with blue paper.

Formerly it was generally assumed that 1
part of chlorate of potash required 7 or 8
times as much chlorine as 1 part of bleaching
powder, but with the new processes the yield
is, of course, better than that. There is, how-
ever, even now a manufacturing loss of about
30 p.c., or at least 25 p.c. One ton of chlorate
in the ordinary process requires about thirty
tons of hydroehloric acid of 30°Tw. ; if the
mother-liquors are utilised for producing chlor¬
ine without this, forty tons of acid will be
used. This refers to Weldon chlorine ; by com-
bining the Deacon and Weldon process, and
utilising the mother-liquors as before, the con-
sumption of acid ought not to exeeed 22 tons.
One ton of chlorate requires, moreover, 17-18
cwt. of 90 to 95 p.c. muriate of potash, 2J to
3 tons of lime, and 15 or 16 tons of coal. "The
wages are but insignificant in proportion to the
value of the article.

Chlorate of potash is prineipally employed
for the manufacture of lucifer matches, for pyro-
technical puiposes, for fuses, for some descrip¬
tions of gunpowder, and other cases where it is a
constituent of explosive materials. It is also
largely employed, on account of its oxidising
properties, in dyeing and calico-printing, in the
manufacture of alizarin, &a. Moreover, it is

used in laboratories for preparing oxygen, and
in medicine, especially for gargling. The quantity
manufactured in the United Kingdom in 1887 is
estimatedat 7,000 tons. Somewhat considérable
quantities are also made in France, Germany,
and Austria.

Sodium chlorate. This compound, which
formerly was only a chemical curiosity, lias
become of technical importance, since it was
found that it is much more suitable for the
préparation of aniline black than potassium
chlorate, owing to its greater solubility.

At first when a demand for it sprang up, it
was made from potassium chlorate by means of
hydrofluosilieic acid (cf. Lunge's Alkali, 3, 320),
and was sold at two or three times the price of the
potassium sait. It was at that time tkought
that it could not be prepared from the calcium-
chlorate liquor of the ordinary process, just be-
cause NaC103 is very soluble, and cannot be
separated from Cad, by crystallisation. But
this difficulty can be avoided, as we shall see.

The process of Bottomley and Molesworth
(Pat. No. 3,005, 1881) consists in treatingakot
saturated solution of potassium chlorate with
one of bitartrate of soda, and separating the
precipitated potassium bitartrate from the solu¬
tion of sodium chlorate. This was also to be
done with the ordinary calcium chlorate liquor;
in whieh case, of course, calcium tartrate would
have been obtained. Since some loss of tartaric
acid could not possibly be avoided, this process
would be even more expensive than the first
mentioned.

The real manufacture of chlorate of soda by
a cheap process was first carried out by Péchiney,
by means of his above-mentioned process of re-
moving most of the calcium chloride from the
crude liquor by crystallisation. The purified
liquor, thus aceumulated during the colder part
of the year, is mixed with a solution of ordinary
sodium sulphate, previously neutralised by lime.
The opération is carried out in this way. An
excess of solution of Na2S04 is added to the
chlorate liquor with continuous agitation ; tlien
more chlorate liquor is gradually run in, till the
Na2S04has been completely converted into CaS04.
This condition, as well as that of a certain
température, must be strictly observed in order
to obtain the calcium sulphate in a crystalline
form. The mixture is run into a tank contain-

ing a canvas-covered false bottom, and it is
filled up to this with liquor from the last opéra¬
tion. After filling the remainder of the tank,
the whole is allowed to stand for a few hours,
after which the liquor is run olï, but not below
the filtering canvas. This process prevents the
gypsum from passing through the filter ; it is
then put into a hydro-extractor, and in this is
completely freed from sodium chlorate, with the
help of washing by water. The solution of
sodium chlorate is now concentrated by evapora-
tion, during which most of the sodium chloride
separates in the solid form and is fislied out.
The remaining solution on cooling yields crystals
of sodium chlorate which are purified by re-
crystallising and washing the second crystals.
The mother liquor always goes back into the
process. The purified sait contains no more
than 0'16 p.c. NaCl. Nearly ail the chlorate
contained in the liquor is really obtained by this
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process, instead of the unayoidable loss occurring
with chlorate o£ potash.

Chlorate of soda is also manufaetured by
Messrs. Muspratt by means of their magnésium
chlorate liquor, freed from nearly half the MgCL
by evaporation and crystallisation (cf. supra). To
tliis liquor sodium carbonate or hydrate is added,
till ail the magnesia is precipitated as MgC03
«r Mg(OH)2, in order to be used over again in
the process. The remaining solution of NaC103
aud NaCl is concentrated by evaporation, with
fishing out the NaCl, and after attaining 100°
and 106°Tw. is allowed to cool down ; the sodium
chlorate crystallises out and is purified in the
usual manner.1 G. L.

Hydrochloric acid. Commercial hydrochloric
acid is a more or less pure solution of hydrogen
chloride HC1 in water.

Hydrogen chloride is a eolourless gas, of
sp.gr. 1-2596 (air = l), and molecular weight
35-457. By weight it consists of 2-74 parts of
hydrogen and 97-26 parts of chlorine. It ean
be condensed into a liquid by cold and pressure ;
the tension of this liquid is 26-2 atmosphères at
0° and 40 atmosphères at 12-5°C.

The heat of formation of a gram molecule of
HC1 is 22001 calories.

Hydrogen chloride has a great affinity for
water and is greedily absorbed by it. The solu¬
tion is the ordinary hydrochloric acid which,
when somewhat concentrated, emits fumes of
HC1 on exposure to the air. The following
table by H. Deicke shows the maximum solu-
bility of HC1 in water at varying températures.

1 cub. cent, dissolves at the température t° :

1°

Vols. HCl at 0°
and 760 mm.

dissolved in 1
vol. HaO

Spécifie gravity
of the satu-

rafced solution

Percentage of
HCl by weight
in the solution

o°o. 525-2 1-2257 45-148
4 494-7 1-2-265 44-361
8 480-3 1-2185 43-828

12 471-3 1-2148 43-277
14 462-4 1-2074 42-829
18 451-2 1-2064 42-344
23 435-0 1-2014 41-536

The behaviour of aqueous solutions of HC1
under varying conditions of température and
pressure has been principally studied by lloscoe
and Dittmar (Q. C. J. 12, 128). We shall men¬
tion here only the fact that concentrated hydro¬
chloric acid on lieating loses both gas and
water and gradually becomes weaker, until a
sp.gr. of 1-101 and a percentage of 20-24 HC1 is
attained at a boiling température of 110°C. ; the
acid in this state distils without change, pro-
vided the atmospheric pressure is 760 mm. At
a lower pressure the acid distilling unchanged
is stronger, at a higher pressure it is weaker.
A similar, but not identical limit is attained
when strong acid is exposed to the air at ordi¬
nary températures.

1 Siuce the above article was written, a very ex¬
haustive treatise on the manufacture of chlorate of potash
lias been published in German by Dr. W. Jurisch : Die
Fabrikation von chlorsaurem Kali (Berlin, 1888). A few
notes from this book are incorporated in the text of this
article.

The following table gives the percentages of
HC1 in aqueous hydrochloric acid at various
spécifie gravities and at a température of 15°C. :

Deg.
Twaddell

Spec.
gravity

Percen¬
tage of

HC1

Grammes
HC1

per litre

X cubio
foot

weighs
lbs.

1 cubic
foot con-

tains lbs.
of HC1

1 1-005 1-12 11-32 62-66 0-70
2 1-010 2-12 21-45 62-97 1-34
3 1-015 3-12 31-67 63-29 1-97
4 1-020 4-11 41-99 63-60 2-61
5 1-025 5-11 52-41 63-91 3-26
6 1-030 6-11 62-93 64-22 3-92
7 1-035 7-10 73-55 64-53 4-58
8 1-040 8-10 84-27 64-84 5-25
9 1-045 9-10 95-09 65-16 5-93

10 1-050 10-09 106-01 65-47 6-61
11 1-055 11-09 117-02 65-48 7-31
12 1-060 12-09 128-14 66-09 8-00
13 1-065 13-08 139-36 66-40 8-69
14 1-070 14-08 150-68 66-71 9-40
15 1-075 15-08 162-10 67-03 10-11
16 1-080 16-07 173-62 67-34 10-83
17 1-085 17-07 185-24 67-65 11-55
18 1-090 18-07 196-96 67-96 12-28
19 1-095 19-07 208-78 68-27 13-02
20 1-100 20-06 220-70 68-59 13-76
21 1-105 21-06 232-68 68-90 14-51
22 1-110 2206 244-80 69-21 15-27
23 1-115 23-05 257-02 69-52 16-04
24 1-120 24-05 269-34 69-83 16-79
25 1-125 25-05 281-76 70-14 17-57
26 1-130 26-04 294-28 70-46 18-35
27 1-135 27-04 306-90 70-77 19-14
28 1-140 28-04 319-62 71-08 19-93
29 1-145 29-03 332-44 71-39 20-73
30 1-150 30-03 345-36 71-70 20-54
31 1-555 31-03 .358-34 72-02 22-35
32 1-160 32-02 371-44 72-33 23-16
33 1-165 33-02 384-64 72-64 23-99
34 1-170 34-02 397-94 72-95 24-82
35 1-175 35-01 411-34 73-26 25-65
36 1-180 36-01 424-84 73-57 26-49
37 1-185 37-01 438-44 73-89 27-34
38 1-190 38-01 452-14 74-20 28-20
39 1-195 39-00 466-00 74-51 29-06
40 1-200 40-00 479-84 74-82 30-00

The Mancfactuke of Hydkochlokic Acid.

Before the ammoniacal soda process had
revolutionised the economical conditions of

alkali-making, hydrochloric acid (' muriatic acid '
or ' spirits of salts ') was manufaetured by two
entirely différent modes. Nearly ail of it was
made as a by-product in the manufacture of
sulphate of soda for the Leblanc process, in
some cases only beeause the law compelled it to
be condensed. A very large portion of this acid
was obtained in too weak a state for sale or for
most uses, and very much of it was actually
run to waste. Most of it was used up imme-
diately at the same works, principally for the
production of chlorine, and only eomparatively
little found its way into the général trade. This
state of matters brougbt about a close local con¬
nection between alkali works and ail thosa
industries consuming a large quantity of kydro-
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chloric acid, the latter being accounted of very
little value.

There remained, however. a certain number
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of uses of bydrocliloric acid which could not be
thus localised, and since the carriage of this
substance is both troublesome and expensive,
it was found economical to manufacture hydro-
chloric acid on those spots where there was a
somewhat large consumption, under such cit.
cumstances that it formed the principal product;
namely, by decomposing common sait with
sulphuric acid in cast-iron cylinders exactlj
similar to those used in the manufacture of
nitric acid, employing such an excess of sait
that the more costly ingrédient, sulphuric acid,
was fully utilised and a good yield of strong
hydroehloric acid was obtained. The residual
product, a mixture of sodium sulphate with 20
or 30 p.c. of common sait, was sold by the name
of ' cylinder-cake ' to glass-works at a very lot
price, and was frequently hardly saleable at ail.
This circumstance, connected with the great
expense of labour, coals, and repairs, has made
the cylinder proeess of manufaeturing bydro¬
cliloric acid unremunerative for some tirae
past.

During the last few years ail the conditions
of alkali-manufacturing have changed, and the
hydroehloric acid must now be considered as a,
or even as the; principal product of Leblanc
alkali works. None of the latter can now eiist
without fully utilising its hydroehloric acid in
one way or another, and undoubtedly most of
the Leblanc works would have to stop if their
expenses were not principally paid by the hydro¬
ehloric acid, whose value has considerably risen
at the same time that that of soda ash has de-
clined. This fact has naturally caused constant
endeavours to be made to produce hydro¬
ehloric acid, or directly chlorine, from the wasfe
liquors of the ammonia-soda works and from
other materials hitherto neglected as worthless.
In so far as these endeavours refer to the direct
production of chlorine they are described in that
article ; those referring to the production of
ordinary hydroehloric acid will be mentioned
at the close of the présent article.

Hydroehloric acid obtained in manufacturai)
sodium sulphate (salt-cake). When sait was
first decomposed in order to obtain sodium snl-
pliate for the Leblanc proeess, the hydroehloric
acid evolved during this proeess possessed no
value and was simply allowed to eseape into the
air. This continued to be the case even after
that manufacture had attained a comparatively
large extension, but the damage caused to the
neighbourhood by the acid gases soon brougbt
about the intervention of local authorities and
courts of law, and manufacturées were com-

pelled to seek means for condensing the acid
This was first successfully done by Gossage's
coke-towers in 1836, but in the great majorityof
works there was still a considérable loss of acid
gases, as was proved by a Belgian Parliamentary
Commission in 1856. But it is decidediy
owing to Lord Derby's Alkali Aet of 1863 (wkich
has been followed by several other Acts) that
British alkali-makers were compelled, ultimately
for their own good, to adopt thoroughly efficient
means for condensing their hydroehloric acid,
and this has benefited ail other manufacturais
countries as well.

In fact the reports made by the inspectai
under the Alkali Acts form an invaluable record
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ot ail the various steps taken for improving the
condensation of hydrochlorio aoid, and these
reports have contributed towards tlie spreading
of a better knowledge of tkat process and to
cause manufacturera to improve it up to the
highest- standard of efficiency.

The Alkali Acts of 1863 made it incumbent
upon tbose decomposing sait to allow no more
than 5 p.c. of the hydrochlorio acid to escape into
the atmosphère. An additional Act of 1874 pre-
scribedthatno more than 0-2 grain of HC1 might
be présent in a cubic foot of the gas escaping from
the factory into the air. This corresponds to
0454 gram HC1 per eubic metre, or about three
ten-millionths by volume. The latter clause ap-
plies to the ehimney gases as well, and not merely
to those escaping directly from the condensing
apparatus. Although this requirement was at
first declared by many to be impossible of fulfi.1-
ment, the actual results proved at once that it
was quite possible, and the escapes registered by
the Alkali Inspectera have averaged far below
the limits assigned by the Acts. Thus, in 1885,
the average escape of HG1 in ehimney gases has
been 040 grain per cubic foot, or 2-39 p.c. Of
the total amount produced in 1886, the figures
bave been respectively 0-10 grain and 243 p.c.

The principles to be followed in condensing
hydrochlorio acid are very simple, but, as is
usual in such cases, much care is required in
planning and working the apparatus for effi-
ciently earrying them out to their fullest extent.
There is, of course, only one way of condensing
hydrogen chloride, namely, bringing it into con¬
tact with water, which is a most energetic ab¬
sorbent for it, and thus forming ordinary hydro¬
chlorio acid, that is, a solution of HC1 in water.
But this extremely simple process is complicated
by the fact that the hydrogen chloride evolved
in the décomposition of eommon sait is always
more or less, and sometimes to a very considér¬
able extent, mixed with air or with the gases
formed in the combustion of fuels ; that this
mixture itself is at a high température, and that
an additional amount of heat is generated by the
absorption of HC1 in water. This makes it
incumbent upon the manufacturer, (1) to bring
the acid gases into the most extended possible
contact with water, and (2) to cool them down
to a limit compatible with good condensation.

According to a very ingenious theory of Th.
Schloesing (patent of February 13,1878) the con¬
densation of HC1 by water can be effected most
completely and in a very small spaee indeed if
the action takes place at a température above
the boiling-point of the acid formed, but as this
process, when tried in France, has yielded an acid
not exceeding 25°Tw., it has been given up as
unpractical. The hot dilute acid collecting at the
bottom of the condenser is of too small a value.

The importance of thoroughly cooling the
gases before and during the actual process of
condensation was soon recognised in the prac-
tical working of the Alkali Act, and was univer-
sally acknowledged until quite recently, but it is
contested now to some extent (v. infra).

The task of cooling the gases présents, of
course, very différent degrees of difficulty ac¬
cording to the way in which the décomposition
of sait has been earried out. Where this has
been done in iron cylinders, or in the ordinary

shallow iron decomposing-pans, the gases evolved
are only moderateiy hot, and are, moreover,
mixed with very little air, so that they can be
easily cooled down to the required extent. The
gases evolved from mufile-furnaees (' blind
roasters'), from the Hargreaves apparatus and
in other similar cases are already much hotter,
and these require a more efficient plan of cool¬
ing. Hottest of ail are the gases given off in
'

open roasters,' in the Péchiney-Weldon process
&c., and the cooling must be earried out accord-
ingly.

The means employed for a préliminary cool¬
ing are the following :

1. Passing the gases through a long channel,
outwardly cooled by air, consisting of pipes
made of earthenware, glass, or cast-iron, or flues
made of stones, bricks, &o.

2. Cooling the conducting-pipes &c. out¬
wardly by a current of water.

3. Injecting into the gas a quantity of water
sufficient to cool it to a certain extent by
its own rise of température and evaporation,
but not sufficient to condense more than a small
portion, consisting ehiefiy of sulphuric acid
earried away as an impurity, into the liquid
form.

These processes are applied to the acid gases
in very différent manners, according to the heat
they originally possess and the degree to which
they are diluted with inert gases. The concen-
trated and but moderateiy hot gases from ordi¬
nary decomposing-pans are sufficiently cooled
by conveying them through a certain length of
earthenware pipes before they enter the con¬
densera. Where the condensera are placed near
the furnaces, the necessary length of piping is
attained by taking the gases in a perpendicular
row of pipes upwards and then downwards
again. Sometimes as much as 250 or even 300
feet of piping is employed in this way, and the
température can be thereby lowered from 170°C.
down to 30° or 40°C. Such pipes are made in
two différent ways ; either of fireclay or some
other porous substance, in which case they
must be boiled in coal-tar for 24 hours, in order
to make them tight and at the same time re-
sist the action of varying températures ; or
else they are made of stoneware which is by
itself air-tight and acid-resisting. The latter
description of pipes is much thinner, and is,
therefore, better adapted for cooling the gases.
Even glass pipes of about 12 inches diameter
are usefully employed for this purpose, and have
found very much favour, but they are of course
more easily cracked than earthenware pipes, and
should be protected against the action of rain
and snow. These pipes are made slightly taper-
ing, and are joined together by putting the
thinner end of one into the thicker end of the
next pipe. Sometimes a fine jet of water is
allowed to enter at the hotter end, in which case
very much of the acid is condensed already
in the pipes. Such pipes are shown in fig. 11.

The hotter gas evolved from muffle furnaces
(blind roasters) or the Hargreaves apparatus is
generally first subjected to a preliminary cooling
in flues made of bricks set in tar-mortar, or
much better of acid-resisting stone. Such flues
should not be earried underground, as in this
case their cooling action is very slight and there
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may be great escape of acid before it is recog-
nised. They should be fully exposed to the sight,
and at the same time to the cooling action of
the air. Brick-flues are very liable to leak

through the joints ; they act better if made of
grooved bricks in a circular shape, as shown in
fig. 12. In any case they must be kept tight by
a good coating of tar.

Fig. 11.

Stone flues are sometimes made in a circular
shape, and these consist of two stones hollowed
out to suit, as shown in fig. 13, or else they are
made in the shape of shallow troughs, as shown
in fig. 14. Such flues are specially adapted to
the plan of running a small stream of water or
weak acid along their bottom, which greatly
promûtes the condensation of acid.

Fig. 13. Fig. 14.

The hottest gases, as those evolved from
open roasters, Maotear furnaces, and the like,
may be first conveyed through a sériés of cast-
iron pipes. Such pipes can be employed with-
out any danger while the gases are hot, and
they exercise a most excellent cooling action.
But as soon as any acid can condense in them
in a liquid form, they are at once acted upon
and corroded. They must, therefore, be em¬
ployed merely for a preliminary cooling, down
to about 120°C., and the further conveyance of
the gas must take place in stone or earthenware
pipes. These iron pipes are usually cast in
9 feet lengths, 2 or 2J feet wide, and 1 inch
thick. As they have to be cleaned out now and
then, they are best provided with plain ends,
and are joined by means of a loose ferrule,
cemented on both sides with tar and china-clay,
which ferrule in case of need can be slipped
sideways after softening the cernent by heating,
so that each length of pipe can be lifted out
separately.

Of course the surface of the stone tanks,
stoneware receivers, Connecting pipes and con¬
densera themselves, promûtes a further cooling
action, and, in order to aid in this the con-

neeting-pipes are frequently carried upwards
and downwards to increase their cooling surface,
as is seen in the apparatus shown further on,
fig. 20. During the last years, there bas been
a tendency among the English alkali works
to discard ail preliminary cooling-pipes, and to
leave ail the necessary cooling to the action of
the condensers themselves, which are made of
such large size thaï they suffice for ail purposes.
It should be rememoered that the heat brought
along by the gases is often much less than that
produced by the absorption of HC1 by water in

Fig. 12.

the condensing-tower itself, which cannot of
course be dealt with by any apparatus for pre¬
liminary cooling.

The cooling of the gases by the simple action
of air is admittedly a somewhat uncevtain
proceeding, since it dépends so much upon
the temporary atmospheric conditions. In hot
countries it is, of course, very slight in summer
time. It is then sometimes supplernented by
running a stream of water down the outside of
the connecting-pipes, tanks, &c., or even by
immersing the pipes completely in water. The
latter plan is rather risky on account of leakage
and cracking. Or else the gases are passed
through a refrigerator, consisting of a stone
tower, in the interior of which glass-tubes are
arranged through which a stream of water is
kept flowing. A very ingeniously constructed
apparatus of this kind lias been patented in
connection with the Pécliiney-Weldon chlorine-
process (cf. S. C. I. 1887; 784).

One of the most efficient plans for cooling
the gases is to bring them into contact with
water itself, whose evaporation absorbs a large
quantity of heat. This can be regulated in
such manner that either very little liydro-
chloric acid is condensed, and the resulting
liquid consists prineipally of sulphurio acid,
ferrie chloride, and othev impurities, or that
a certain quantity of hydrochloric is condensed
and employed directly, or for the purpose of
feeding other condensing apparatus. To this
class of. cooling contrivances belongs the plan
previously mentioned of running a little water
along the bottom of the cooling pipes or flues.
It is also carried out by injecting a spray of
water, divided into a fine mist, into stone tanks,
plaeed between the furnaces and condensing.
towers (Newall and Bowman's Patent, June 15,
1874), and most frequently in the way shown in
fig. 15. This figure represents a small tower,
say 4x4x8 feet inside, made of stone flags in
the usual manner. The hot acid gases enter
near the bottom, below a stone grating on which
there is a packing of earthenware dishes, or
some équivalent contrivance for dividing the
current of the gases and spreading the water,
run in at the top, over the inside of the tower.
The stream of water kept up here is only suffi-
cient to keep the packing always in a moist
state ; much of it evaporates, and passes on
with the gas from the top of the small tower,
while a certain quantity of hot liquid collects at
the bottom, and is found to consist almost en-
tirely of the sulphuric acid carried away from
the furnaces. Thus the gases are both cooled
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and are to a great extent purified at the same
time. On issuing from the tower, they are
sometimes conveyed through a somewhat con¬
sidérable length of piping, so that further eooling
by the air takes place before they enter the
condenser ; if this string of pipes is carried in
an ascending direction, the liquid eondensing
therein will ahvays run back into the small
tower, and by its evaporation increase its eooling
action.

The condensation proper is alrvays effected
by bringing the acid gases into extended contact
with surfaces of water which, by its great ab-
sorbing power for HC1, retains this gas in the

Fia. 15.

shape of liquid hydrochloric acid and ultimately
washes it out of the gaseous mixture so that the
eseaping gas is almost absolutely free from HC1.
This process is only then carried out in a
rational manner, if it succeeds on the one liand
in eSeeting a complété condensation of the acid,
that is, a complété removal of the HCi from the
gases, and if, on the other hand, it furnishes
hydrochloric acid of sufficient strength for direct
application or for sale.

The apparatus employed for eondensing
hydrochloric acid is principally of two différent
kinds. In the first kind the gases are made
to travel in a large, undivided stream over a
somewhat large quantity of water, whose great
affinity for hydrogen chloride will attract this
compound to such an extent that most of it is
removed from the gases, provided the water
surface is large enough and the apparatus is
arranged in a rational manner, as will be de-
Ecribed hereafter.

This process may be carried out in a few
large stone cisterns, or in a considérable number
of stoneware jars (receivers, Woulffe's bottles,
bombonnes, touries). It is very efficient in its
way, and its application is very much to be
recommended as the first stage of condensation,

since by its aid the acid is obtained in the most
concentrated state, and the outward eooling
action on the surface of the vessels is also very
favourable. But it is hardly possible to exhaust
the acid gases in this way anything like com-
pletely„and the second description of condensing-
plant ought therefore to be applied as well.

This consista in dividing the current of
gases into a great manyfine jets which are made
to change their direction as often as possible,
and bringing these into contact with water,
spread out in very thin layers over a very large •
surfaoe. Usually one and the same contrivance
effects both the purpose of dividing the gaseous
current and of spreading the feeding-water over
a large contact surface. This has been first
attained in Gossage's coke-towers, patented in
1836, which up to this day are employed in the
great majority of alkali Works. Recently other
contrivances have been proposed as more efficient
than coke-towers, and producing complex con¬
densation in a much smaller space, but the
général principle is the same.

The comparative efficiency of various modes '
of treating liquids with gases has been dis-
cussed theoretically by Hurter (S. C. I. 1885,
639, and 1887, 707).

In ail the best condensing-plants both the
just-mentioned kinds of apparatus are com-
bined ; first the bulle of the acid is condensed
by means of the weak acid coming from the
tower, and then the gases are completely de-
prived of hydrogen chloride by means of a coke
tower or équivalent apparatus. Hence in a well-
arranged plant no weak acid is produced at ail
as a final product.

We shall now describe the apparatus used
for eondensing hydrochloric acid aceording to
the most approved prineiples, pointing out the
various ways in which the end can be attained.

The apparatus must begin with the pipes or
flues conveying the gases from the decomposing-
pans and saltcake furnaces. As we have seen
above, these must be of various kind aceording
to the nature of the gases ; their length, width,
and material is iniiuenced thereby. Wliere no
' cooling-tower ' (v. infra) is employed, the extent
of piping is generally greater than in the
opposite c^se, say at least 100 feet for pan gas
or 200 feet for roaster gas ; but recently, as we
have seen, this length has been diminished.
Pan gas is conveyed in 12-inch pipes, made of
glass, fireclay, or stoneware ; roaster gas from
mufle furnaces in flues made of brickwork or

stone, to be followed by earthenware pipes of
from 15 to 18 inches diameter ; gas from open
furnaces for a certain length in cast-iron pipes
of 2 feet diameter, afterwards also in earthen¬
ware pipes.

Preferably, in lieu of such long pipes or
flues, a shorter range is laid down, and the
gases, while still hot, are passed through a cool¬
ing-tower of the kind deseribed above, say 4x4
feet wide and 6 to 8 feet high inside, in which
they are brought into contact with enough
moisture to cool them down to a great extent,
and to condense most of the sulphuric acid
accompanying the hydrochloric acid. From
here they are conveyed in a string of earthen¬
ware pipes, or in two parallel strings, to the
stone cisterns or jars, where the strongest acid
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is made. In England it is usual to employ for
this purpose stone tanks or cistems, say 5x7
feet wide and 3 or 4 feet high inside, of which

Fig. 16.

generally from three to six are combined. Such
tanks are sometimes hollowed out of a single
piece of stone, but this is in most places too

Fia. 17.

costly ; they are, therefore, usually oomposed of
single flags, 4 to 6 inches tliick, held together
either by ' bevel joints,' as shown in figs. 16 and
17, or by feather-and-tongue joints, as in fig. 18.

The flags are bound together by strong iron

ties, as shown in tha diagrams; the joints are
made tight either by thick india-rubber cord,
laid between the faces of each two stones, or by
a mixture of tar and fireclay ('black stuiï').
The stones to be used for this purpose must be
acid-proof, and able to resist heat. Some de¬
scriptions of stone can be used without any
spécial préparation, as the silicious sandstones
from Southowram in Yorkshire, or those from
Herdecke in Westphalia, or the volvic lava from
the Puy-de-Dôme ; other stones, which are too
porous, must be boiled in coal-tar for a week or
so, after having been properly dressed by the
stonemasons, before being put together. A set
of such tanks is shown in fig. 19.

In France, Germany, and other countries
large cisterns of this kind are sometimes used as
well ; but at the majority even of the large worlts
stoncware jars (receivers), in the shape of large
Woulffe's bottles (bombonnes, touries), are pre-
ferred, aa, as shown in fig. 20. Of these a long
row, or sometimes two parallel rows, are com¬
bined in such manner that the acid gases pass
onward from tlie furnace towards the final tower
through the elbow pipes cc, and the liquid acid
travels the opposite way, rising in each receiver
from the bottom through the pipe c, and over-
flowing at d into the next receiver. Thus a con-
tinuous slow stream is established, and the sur¬
face of the liquid in aa is eontinuously renewed;
and as the streams of acid and water flow in an

opposite direction, they act upon each otlier in
the most advantageous way; the strong acid
arriving at those receivers which are nearest to
the furnace is met there by the most concentrated
gas, and can thus absorb still more HC1, in
spite of the high température existing there,
the HOl présent in the atmosphère checkingtlie
volatilisation. On the other hand, the gases,
when deprived of most of their HC1 at the oppo¬
site end of the row, there meet with fresh water
or very dilute acid, which absorbs HC1 even from
such weak gases. In only one place the set of

Fig. 18.

receivers is fed with liquor, namely, at the end
farthest from the furnace, and equally, only in
one place the finished acid runs off, namely, at
the end nearest to the furnaces.

The size of each individual receiver varies
from about 50 to 100 gallons, rarely niuch more
or less. The number employed in a set varies
from 40 to 100, but if the larger number is
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employed, they are generally arranged in two
parallel rows, which, after a certain time, when
the greater part of the HC1 has been absorbed,
merge in a single row, as seen in the plan, fig. 21.
The last of the receivers was formerly left open
to the air, or was connecte! with a chimney;

but it has been found much better to connect it
with a coke-tower or similar apparatus, for a
reason to be explained just now.

These stoneware jars are sometimes cooled
from the outside by a stream of water ; but this
causes them to crack more easily than is other-

Fig. 19.

Fig. 20.

Vfise the case, and it is usually omitted. But it
is very useful to aid the air-cooling by making
the Connecting elbows very high, as shown in
fig. 20. These jars should be of the very best
stoneware, which is able to resist somewhat
violent changes of température. Fig. 21 shows
a whole set of receivers as arranged for a pan and
fumace, with a small coke-tower to finish with.

The advantages of the System of jars are,
that there is a large cooling-surface, and that the
stock of acid présent in them is to some extent
a regulator for the variations in the supply o£
acid gases, which variations in most methods of
decomposing sait are a very serious difficulty in
the way of rational condensation ; in continuous
pvocesses, like Hargreaves' direct saltcalce pro-
cess, or Mactear's mechanical decomposing pan,
the case is différent. These advantages are to
some extent shared by the stone cisterns de-
scribed above, but the stoneware receivers of the
hombonne kind are superior to them in this
respect, that their far more extended surface and

thinner walls seeure a better cooling by air, and
that they produce a more regular flow of liquid
and gas in opposite directions. They are there-
fore better adapted than the stone tanks for
producing the maximum quantity of strong
acid, testing from 32 to 36°T\v., according to the
season, and on this account are preferred by
many manufacturera, while others, and nearly
ail the British ones, prefer the stone cisterns as '
being less liable to cracking, to escape from the
joints, and to other troubles in keeping them in
order. For that reason many English manufac-
turers reject even the cisterns, and confine them-
selves exclusively to large coke-towers, but they
cannot easily bring up their acid heyond 28°Tw.

Neither stone tanks nor even a very long row
of jars attain the object of completely condensing
the HC1 contained in the gases. When the per-
centage of HC1 in the gas has beeome very small,
the area of contact with water, as offered in that
kind of apparatus, is much too restricled to be
wholly efficient; the stream of gas sweeping over
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the surface of the liquid yields to it but very little
more of aeid, aud the gas leaving the row of
tanks or reeeivers contains far more hydrogen
chloride than is compatible with the requirement
of preventing an undue pollution of the atmo¬
sphère. This had been recognisedlong before the
law had interfered to establish a limit to the
escape of HC1, and a solution of the difficulty
had been found in the System of coke-towers. By
these a practically complété condensation is
effected, with or without the co-operation of
tanks or jars ; but the latter is always désirable

where acid of great and uniform strength is
sought to be obtained, especially for sale. Such
towers are usually known by the name of coi:-
denscrs.

Coke-towers are érections of stone, more
rarely of bricks or of acid-proof stoneware,ij
the shape of perpendicular shafts, mostly (except
with pipes) of a square (for very wide towers of
an octagonal) section, and of somewhat consider.
able height, varying from about 40 to as much as
100 feet. The seetional area in the case of square
stone or brick towers is rarely less than 5x5 feet.

Fig. 21.

or more than 7x7 feet ; but recently they have
been made up to 14 feet diameter, of octagonal
shape. They are provided with a grating a few
feet over the bottom, on which rests the coke
which forms the ' packing ' of the tower. This
coke, which must be of as hard a quality as
possible (only the best oven-coke is applicable
for this purpose), is disposed in such a way that
the gas is as much as possible divided in a large
number of channels (none of them being so wide
that the bulle of the gas can pass up through it),
and that the current of gas is constantly deviated
in this course. For this object long pièces of
coke are laid parallel in a row ; the next row is
made to cross the lower one, and so forth. The
size of the pièces is gradually diminished from
bottom to top. It is also suitable to place the
largest pièces outside, and smaller pièces towards
the centre of the tower, where there is less friction
against the sides, and the current of gas moves

more quickly. By this arrangement there is
effected both a great division and constant mix¬
ture of the gases, and at the same time a suitable
spreading of the feeding-water over a very large
surface. The water (or sometimes weak aeid) is
fed in at the top by some contrivance assuring a
uniform distribution over the whole area of the
tower ; and in dropping down it keeps the ir-
regular surfaces of the coke moist ail over, thus
presenting a very large area of contact between
the gases and the liquid. In conséquence of the
large area of the tower and the long and circuitous
way the gases have to make through it, they ara
ultimately deprived of ail their soluble parts,
consisting principally of hydroehloric acid, and
leave the tower in a state fit to be disekarged
into the atmosphère without any damage to the
neighbourhood.

It is, however, necessary that a condenser
should fulfil certain conditions, if it is to do its
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work properly. In the first instance its size must
te proportionate to the work done ; if the gases
pass too rapidly through it, there mil not be
timo enough to effect a complété washing out of
the acids. But it is hardly possible to lay down
a strict rule as to the minimum of eondensing
space for a given quantity of sait decomposed.
At some works a condenser 5 x 5 x 50 feet serves

two pans and acts better than that of another
works, where each single pan is provided with a
condenser of the same size. Everything dépends
upon the way in which the condenser is packed,
on the regularity of work in the pan and fur-
naees, on the proper régulation of the feed, on
the draught, even upon the outward atmospheric
conditions ; and it is unnecessary to say that
nothing like the same amount of condensing-
space in the shape of coke-towers is required if
the main work of condensation has been pre-
viously done by cooling-pipes or flues, cooling-
towers, aeid-tanks, and Woulffe's bottles.

Of recent years (v. supra) there has been a
growing tendency in England to do away with ail
cooling-pipes, cisterns, wash-towers, &c., and to
adopt the System of very large stone towers to
do the whole work of condensation for two or

even more pots and furnaces. Such towers are
made hexagonal or octagonal in shape, from 10
to 14 feet diameter, and from 45 to 70 feet high,
and these, with very hot gases and a single eon¬
densing shaft are found to be very efficient, eon¬
densing up to 99.J p.c. of the hydrochlorie acid
made. There is such a condenser at the Weston
works, which, without cooling-pipes or other
adjuncts, condenses the gases from five saltcake
pots and furnaces, decomposing 300 to 320 tons
per week. The escape from it is 0'10 to 0-15
grams HC1 per cubic foot ; the acid made by it
stand3 28°Tw. cold.

Of two eondensing plants, one of which was
provided with 320 feet length of 12-inch glass
cooling-pipes, and a eondensing space in the
shape of a eoke-tower of about 50 cubic feet per
ton of sait per week, while the second plant,
without any cooling-pipes, had 66 cubic feet per
ton of sait per week, the second aeted at least as
well as the first. The last-mentioned cubic
space is certainly sufficient for ail purposes, for
eondensing the acid from both pots and roasters.

Brick towers are not to be recommended, as
it is next to impossible to keep the numerous
joints tight against acid oozing out. Golumns
of stoneware pipes cannot be made of a large
area, and, therefore, are not very well adapted
to large works, at least if intended for coke-
towers ; but they do very good service at smaller
works, or as supplementary to a large eondensing
plant of stoneware receivers, or if provided with
more efficient ' packing ' than coke (v. infra).
The material mostly employed for coke-towers is
acid-proof sandstone or, in France, volvic lava,
just as for acid-tanks (cf. supra). The system of
joining the flags together is the same as shown
in figs. 16 and 17 or fig. 18, but there is also
another System shown in fig. 22, in which the
flags are kept together by means of grooves
worked in the stone, and without the aid of any
ironwork, which is always a source of anxiety in
acid-condensers.

The coke-towers are generally placed at a
high level, and are, if necessary for this purpose,

put upon high pillars, for the purpose of running
the acid from them by natural gravitation either
into chlorine stills, or first, through the acid-
tanks or receivers, and only then to the stills or
into store cisterns for sale. They must of course
have a very secure foundation, in the construc¬
tion of which not merely the great weight of the
tower must he eonsidered, but also the probability
that there will be now and then leakages of acid
which may soften the ground and make the
foundation unsafe. This can be avoided by
asphalting the ground in such a way that any'

Fig. 22.

acid running down cannot penetrate into the
soil, and is conveyed to a safe distance. Any
damage done to the foundation, even if it
amounts to much less than would cause the
érection to break down altogether, is extremely
injurious, because it will almost unavoidably
lead to the tower getting out of level, in which
case the gases will always tend to rise on the
higher side, and the water will prineipally de¬
scend on the lower side ; thus the necessary
contact is not attained, and the action of the
condenser is most injuriously affected.

Sometimes two eondensing towers are con-
nected ; but it is not advisable to do this in such
way that the gas rises in one and descends in
another, for in this case the gas and the water
in the second tower must travel in the same

direction, which is not at ail good for their
intimate contact. In this case we miss the
salutary action of opposite streams of gas and
liquid explained above in connection with the
' bombonnes ' System. The two towers should,
therefore, be connected in such way that the
gas, aseending the first tower, is conveyed down-
wards in a pipe and is made to ascend in the
second tower as well.
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Fig. 23.

being at a mathematical level. Recently most
manufacturera have done away with these acid-
wheels, and have introduced troughs provided
with a number of overflows ail at the same level,
feeding the same number of 1 lûtes,' o, c.

Sometimes other materials are substitutcd
for coke as a packing of condensers. In the
case of the gases of open roasters fired with
coal, a coke packing would soon be stopped up
with soot ; in this case the condensers are loosely
packed with bricks, which leave sufficient spaces
between them, and which can be cleaned
ilushing them out with a stream of water, but
only weak acid can be obtained in this way. On
the other hand, many inventors have tried to
substitute for coke a packing made of earthen-
ware, moulded in spécial shapes, but these at-
tempts were usually not made in a very rational
way, and were soon given up. The most recent
form of apparatus intended for replacing coke-
towers is the ' plate-column ' of Lunge and
Rohrmann, shown in fig. 25 in sections ; fig. 26
shows a piece of one of the plates as seen from

The condensers are often left without any
connection with a chimney, and then act as
chimneys themselves ; this is especially fre-
quently done with pan condensers. But it is
préférable to connect them with a powerful
chimney, and to regulate the draught by similar
means to those employed for vitriol ehambers.
In this case the analytical control of the escape,
being effected near the ground level, is much
easier to keep up to the standard of eiliciency.

It has been already stated that the feeding of
the condenser with water must take place in sueh
manner as to supply the whole area of it with
moisture. This can be done in various ways.
The plan formerly considered as most efficient
is that of a distributing wheel (shown in figs. 23
and 24),worked bythe pressure of the feed-water
itself. This causes the stream of water to reach
successively every one of the holes on the top of
the condenser, and thus secures a uniform action,
without depending upon the top of the tower

above, on a larger scale ; and fig. 27 the same in
section.

It consists of an érection of earthemvaie
pipes, a, b, c, filled with a sériés of perforated

Fig. 24.

Fig. 25.
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plates, e, e, thé perforations being made to
alteraate in successive plates, so that eacli hole
conesponds to a solid place in the plates just
above and below. The plates are covered with a

I'ig. 20. Eio. 27.

network of small ledges, so that each hole is in the
centre of a minute cistern, as shown in fig. 26.
The rim of the holes is somewhat raised, but
not as high as the square ledges. This arrange¬
ment has the following action. The water, fed
on the top by the distributing arrangement n,
forms a very shallow layer (about jç inch deep)
in every one of the tiny basins formed by the
network of ledges. The water dropping down
from âbove forces the contents of each small
ksin through the hole, where it forms a drop,
wkich, on falling down,meets the point of union
of four small basins, and, in splashing about,
forces their contents through the four respective
holes on to the plate next below, and so forth.
Thns each plate is kept moistened with a con-
tinuously l'enewed surface of water, standing in
a very shallow layer npon it, and adhering to
the sides of the holes and the bottom of the
plates as well. The ascending gases are divided
into very many (more than 1,000) small and
perfectly equal jets, which must change their
direction with each successive plate, owing to
the alternation of the holes. This, as well as
the innumerable shocks the gases sutïer in is-
suing from the holes of one plate against the
solid plates of the next higher plate, produces an
incessant intimate mixture of the gases. No
false channels can exist here in which the gases
and liquids can travel separately without eoming
into proper contact with each other, such as
are never absent in coke towers. Thus the
most favourable conditions are produced for a
mutual action of the gaseous and liquid sub¬
stances, and in conséquence of this the conden¬
sation takes place in a fraction of the space
required for a coke condenser. Such plate-
columns are best put behind a certain number of
tanks or jars, in which the gases are well cooled
beforehand, and the bulk of the acid is con-
densed. The remainder being taken out in the
plate columns, the acid condensed in these is
made to flow through the tanks or jars, and is
got up to strength here.

At some works, wash towers or ' post-con-
densers' are used—that is, spécial condensing
towers, in which the gases are subjected to a
final washing before issuing into the atmosphère.
The acid made here is too weak for any prac-
tieal use, and is mostly run away. Sometimes
it is pumped up, and used for feediug the proper
condensing towers, but it is always a trouble-
some process to pump a substance like hydro-
chloric acid, even in a diluted state. Under
ordinary circumstances no post-condensers ougbt
to be required at ail, especially if the buik of
the acid is condensed beforehand in tanks or

stoneware receivers ; the work put upon the
condensing towers is not too much to be fully

Vol. I.- T

done in them, and the acid flowing away from
them, although too weak for direct use, is
brought up to full strength in the tanks or
receivers, so that no weak acid whatever need be
run away, as we have seen above when mention-
ing the recent large-sized kind of condensers.

The worlcing of the condensing plant is far
the easiest where the évolution of gas is con-
tinuous and going on at an even paee, as in the
Hargreaves process or with Mactear's furnaces.
In this case the feed of water need only be set
once for ail, and no further supervision is neces-
sary. This regularity of work rnakes condensa¬
tion a comparatively easy task in the above
cases, although there ail the HC1 is greatly
diluted with inert gases. It is very difierent
with ordinary saltcake pans and furnaces, where
most of the gas cornes oS at the first stage of
the process, and the percentage of HC1 in the
gas présents very great variations. The feed of
water must be frequently altered to suit these
changes, and the case would be even worse if the
somewhat large quantity of liquid contained in the
condensers and tanks did not act as a regulator.

Of course a constant control must be exer-

cised in order to satisfy the requirements of the
law. The exits of the condensers, where these
are not connected with a chimney, the Connect¬
ing pipes with the chimney, where such exist,
and ultimately the ehimneys themselves, must
be tested at least once a day, but preferably by a
eontinuously acting aspirator, in order to ascer-
tain the amount of acid escaping, distinguishing
between HC1 and S02. The rules laid down by
the Alkali Makers' Association for this purpose
are as follows. A continuons test over 24 hours
in one chimney, with intermittent daily bellows
test at nine o'clock, or other specified time, to
be taken and recorded. The observing ap-
paratus to consist of three bottles or tubes, con-
taining not less than 100 c.c. of absorbing liquid
of a depth of 3 inches in each. The aperture of
the inlet tube of the first bottle not to exceed

Jj inch in diameter, of the second and third
Absorbing liquid : water free from chlorides,

speed of aspiration, as near as possible, ^ cubic
foot per hour. Mode of testing : decinormal
silver nitrate (10'8 gram Ag per litre), with
chromate indicator. The variations of tempéra¬
ture and barometric pressure to be noted, and
corrections made to 60°!?. and 30 inches Bar.
The results to be stated in grains per cubic foot.1
To this the remark must be made that the
chromate indicator does not act when S02 occurs
in the gas, as is frequently the case ; this can be
remedied by oxidising the SO- by means of
potassium permanganate.

The yield of hydrochloric acid, at the very
best conducted works, is 148 parts of acid,
standing at 34 to 36°Tw. (1-70 to T80
sp.gr.) for 100 parts of saltcake. This is very
nearly the theoretical yield, and at most works
a smaller quantity—say, 140 or 130 parts—
of strong acid is made.

The concentration of the acid varies both
with the construction of the apparatus and with
the season. With coke condensers alone it is
difficult to make acid above 28°, or at most
0°Tw., even from pan-gas, and in winter;

1 For more exact prescriptions sec Lunge and Hurter's
Alkali Makers' Pocket Eook, 104 and 105.

N N
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but where tanks or jars are provided, not merely
the pan-gas, but even the gas from close roasters,
is made to yield acid of 36°Tw. in the cold
season, and some get up to 383Tw. In summer
it is difficult to exceed 34°, but the strength
ought not to fall below 32°Tw. (measured at
15°C.). The gas from open roasters is rarely
made above 24° or 26°Tw., even where they are
fired with coke ; and when firing them withcoals
the acid obtained is only 23 or 3° strong.

The impurities found in commercial hydro¬
chloric acid are, chiefly, sulphuric acid, ferrie
chloride, arsenic, and either free chlorine or sul-
phurous acid. The acid condensed from the pan
gas is always much purer than that from the
roaster gas. The quantity of sulphuric acid
sometimes amounts to 2 p.c. and upwards ; it is
very troublesome in the Wehlon, and even more
in the Deacon, chlorine process and in some
other applications of hydrochloric acid. Most
of it can be kept out by employing a small
' cooling tower,' as described above ; and its
complété removal is easily effeeîed by a cautious
addition of barium chloride, in which case the
precipitated barium sulphate, if collected in a
clean state, forms a saleable by-product as
a white paint for staining wall-papers, &c.
Even calcium chloride removes much of the
sulphuric acid—sufficiently so for the Weldon
process (Strype's Patent, 1882).

The following proposais have been made for
removing the sulphuric acid from the hydro¬
chloric acid during the condensation itself, or
immediately after, in order to utilise the roaster
acid—otherwise not suitable for the Deacon pro¬
cess—for this cheap mode of obtaining chlorine.

Solvay passes the impure gases into a con¬
centrated solution of calcium chloride, which
retains the hydrochloric acid as well as the
sulphuric acid, and allows the inert gases to
pass away. On heating the solution, pure HC1
is given off, and can be used as such. This is
greatly promoted by passing a stream of air
through the hot solution, the mixture of air and
HC1 being very suitable for the Deacon process.

Hasenclever (E. P. 3,393 of 1883) mixes the
impure acid, previously condensed, with hot
sulphuric acid, and accelerates the libération of
HC1 by blowing in air or stirring. The diluted
sulphuric acid is used over again after being
concentrated by evaporation. This process is
also especially adapted to the Deacon process,
and seems to be very successful ; but it involves
the concentration of a very large aniount of sul¬
phuric acid.

Lunge and Naef (1887) attain the same end
by blowing hot air or roaster gas through the
previously heated impure acid, thus volatilising
pure HC1 along with the air required to convert
it into chlorine by Deacon's process.

Deacon and Hurter (1889) pass the impure
gases through rock sait, which causes the sul¬
phuric acid to be retained in the shape.of sulphate
of soda, HC1 being given off.

Arsenic gets into the hydrochloric acid
through the sulphuric acid employed in its
manufacture ; the arsenic is thereby converted
into AsClj, and passes as such into the conden-
sing apparatus. Many plans have been proposed
for its removal—most frequently a treatment
with sulphuretted hydrogen or with sulphides.

Bettendorf (D. P. J. 194, 253) précipitâtes the
arsenic from concentrated hydrochloric acid
by stannous chloride, distilling it afterwârdj,
Duflos dilutes the acid to sp.gr. 1T3, and digests
it with strips of sheet copper at 30°C. fortwenty-
four hours, and repeats this treatment with
freshly scoured copper. This removes ail the
arsenic and the free chlorine, and reduces the
ferrie chloride to ferrous chloride, which te-
mains behind on distillation. Beckurts (Fischer's
Jahresb. 1884, 348) distils hydrochloric acid with
ferrous chloride and removes the first 30 p.c.,
containing ail the arsenic.

Even sélénium is sometimes found in such
quantifies in hydrochloric acid as to be trouble¬
some in its application (Davis, S. C. 1. 1883,157).
Hydbochlobic Acid fkoji otheb Sodeces this

the Leblanc Pkocess.

Hydrochloric acid from calcium chloridt.
In connection with the ammonia-soda process,
in which the chlorine of the sait passes into the
state of calcium chloride, very many proposais
have been made for treating the latter substance
so as to obtain HC1 therefrom. Most of these
have at the same time for their object the direct
production of free chlorine, and the hydrochloric
acid is in this case merely an accidentai, but
unavoidable, by-product. (These processes are
described earlier in this article.) In this place
we mention only some of the proposais for ob¬
taining HC1 from CaCl„, none of which bas had
any practical success.

Solvay treats calcium chloride, mixed with
silica or aluminium silicates, in a current of
superheated steam (Patents of 1877 and following
years).

Hydrochloric acid from magnésium chloriè.
This sait, which occurs in enormous quantités
as a waste product of the Stassfurt potassium
industry (200,000 tons in 1887), and which is
sometimes obtained as a by-product in other
technical opérations, yields very much hydrogen
chloride when its solution is concentrated beyoni
the point where the compound MgCl26IL,0 wonld
be formed. Both the production of hydrochloric
acid and the direct production of chlorine from
magnésium chloride have been the object of in-
numerable attempts, a synopsis of which is given
by Eschellmannin Chemische Industrie, 1889,2,
et seq. He also describes there an extended sériés
of laboratory expérimenta by which he studiedthe
décomposition of MgCl2 + H.0 into MgO + 2HCi.
It is well known that the reaction is not as simple
as is represented by that équation, a large quan-
tity of magnésium oxychloride being formel
On heating the liquor up to 250°C., just one-thirl
of the HC1 is set free, and up to 350°C. the action
proceeds no further. Above that température
the décomposition sets in again, and at about
550° half of the HC1 bas been removed, leaving
a residue of the composition MgO,MgCl,. A com¬
plété décomposition can be procluced only by
supplying more steam, since ail the water is
driven out long before driving out the HC1. This
can be produced in one of the following ways

1. Heating the MgCL2,6aq from without, ail
introducing superheated steam into the heated
sait. This was patented in various ways -by
Clemm in 1864, Weldon in 1871, Heinzerling
and Schmid in 1887. This admits of easy con-
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densation o£ the HC1, but heating from without
is hardly practicable, and the contact between
the steam and the sait is never intimate enough.

2. Mixing the MgCl2,6aq with such salts as
lose their water only at a high température,
heating that mixture, and ultimately recovering
the salts employed.

This was attempted by Eschellmann (1881)
with the aid of Ivieserite or Epsom salts ; by
Konther (1887) with calcium chloride. The
expense is, however, too great.

3. Heating the MgCl2,6aq by a direct flame,
employing either coal containing much water or
directly mixing steam with the products of the
combustion of fuel.

To this class belong the patents of Solvay
(1877-1888), Bamdohr (1879), Weldon (1881),
Kamdohr and Blumenthal (1881), Vogt (1885),
Salzbergwerk Neustassfurt (1885 and 1888). The
advantage in this case is the economical use of
the beat by the direct contact of the fuel gases
with the magnésium chloride ; but there is the
great drawback that the HC1 is mixed with a
large amount of impurities and inert gases, and
its condensation to pure strong acid is very diffi-
cult of attainment. Most of these patents refer
at the same time to a direct production of
chlorine, by means of an oxidising flame, and
some of them to the production of magnesia as
a technical product. As a means of manufac-
turing hydroehloric acid by itself, none of these
processes can compete with the ordinary Leblanc
process. The most promising of ail new pro¬
cesses, that of Weldon and Péchiney, is not in-
tended for hydroehloric acid, but for chlorine,
where description of it will be found.

Other Stassfurt products, the minerais car-
nallite and kainite, are the subjectof a patent of
Solvay's (1888), who recovers from them both
HC1 and Cl by the same means as he employa
for calcium chloride (cf. supra).

Hydroehloric acid from the ammonium
chloride of the ammonia-soda process (cf. this
for many détails). Mond (1883) heats the ammo¬
nium chloride with so much sulphuric acid that
the acid sulphate is formed and ail HC1 is ex-
pelled. The acid sulphate is converted by means
of ammoniacal vapours into the neutral sait of
commerce. 0. N. Witt (1886) expels the HC1
from NH.,C1 by means of syrupy phosphoric
acid, which forma ammonium phosphate. On
heating this at a higher température, the am-
monia is driven out as well, and the phosphoric
acid is regenerated. Jurisch (D. P. J. 267, 431)
has shown that this process is not practicable,
because there is no material known which resists
the fusing phosphoric acid, and only 63 to 86
p.c. of the NH3 is recovered.

Mond passes the vapour of ammonium chlor¬
ide over nickel oxide, heated to at least 350°C.,
which absorbs the HC1 and allows the NH3 to
pass on. After a certain time the process is
changed by raising the température to 500° or
600°C. and decomposing the nickel chloride by
steam, when HC1 is driven off and NiO regene¬
rated. (Several patents taken out in 1886.)

The convcyance of hydroehloric acid mostly
takes place in glass carboys with basket or wire
hampers, sometimes in earthenware carboys of
the same size (about 10 or 12 gallons). Gutta
percha vessels, which were formerly in use at

some places, have been discontinued on account
of their great expense. At some manufactories
in Germany the acid makers employ for railway
transit very large earthenware jars, holding
about a ton each, supported by somewhat elastic
woodwork, in order to resist the unavoidable
shocks in shunting &c. Ebonite tanks have also
been used occasionally. At a large Erench
Works they use iron cylinders, lined with ebonite,
holding eight tons each, with great success.

The applications of hydroehloric acid are very
numerous, but most of it serves for producing
chlorine. The acid is, moreover, used for
preparing the chlorides of various metals, for
extracting the phosphates from bones &c., for
purifying bone-char (it must be quite free from
sulphuric acid for this purpose), in dyeing and
tissue-printing, for preparing carbonic acid, for
neutralising the alkaline ' melt3 ' in the manu¬
facture of alizarin, resorcin, &c., in manufac-
turing many other coal-tar colours, for recover¬
ing sulphur from alkali waste by Mond's and
Schaffner's process (now obsolète), and for in-
numerable other purposes. G. L.

CHLOROFORM Trichloromethane CHC13.
Chloroform was discovered by Liebig in 1831

(P. 23, 442), and independently, about the same
time, by Soubeiran (A. Ch. [2] 48, 131). Besides
its well-known use as an anœsthetic, for which
purpose it was introduced by Simpson in 1848
(Edin. Monthly J. Med. Se. 8, 415), it is largely
employed as a solvent in chemical manufactures.
It is also a valuable antiseptic, and in medicine
its applications are numerous, especially in the
case of spasmodic diseases.

Formation.—1. By the action of alkalis on
chloral CCl,,CHO + NaHO = CHC13 + HCOONa
(Liebig, P. 23, 442 ; A. 1,199 ; 162, 161).—2. By
acting on alcohol with bleaching powder. The
hypochlorite of the bleaching powder probably,
in the first instance, converts the alcohol into
aldehyde, then into chloral, liberating calcium
hydroxide, which latter, reacting on the chloral,
converts it into chloroform and calcium formate :

(а) 4CH3CH30H+2CaCI 303=4CH30H0+20aC!3+4H.0.
(б) 4GH3CH0 + 6CaClB0.j=4CCI3CÏÏ0 + GCa(01I)s.
(c) 4CCI3CH0+2Ca(0H)3 = 40H0I3+ 2;HCOO)3Ca.

(Liebig ; Soubeiran, A. Ch. [2] 48, 131 ; Sou¬
beiran a. Mialhé, A. 71, 225). A very similar
reaction takes place when a mixture of alcohol
and an alkaline chloride is submitted to electro-
lysis, whereby chloroform is also produced
(Patent, S. C. I. 1885, 243). Methylie cannot be
substituted for ethylic alcohol in these processes,
for it yields no chloroform when treated with
bleaching powder (Belohoubek, A. 165, 349).—
3. Chloroform is produced by the action of chlor¬
ine or bleaching powder on acetone or acetic
acid (Liebig) or acetophenone (Orndorff a. Jessel,
Am. 10, 363). With acetone the reaction is

2CO(CH3)o+ 6CaOCL
= 2CHC1S + 2Ca(OH)2+3CaCl,-t- (CH3C00)2CA

(O. a. J.).—4. By heating trichloroacetic acid
with water, alkalis, or ammonia

CClaCOOH + H.,0 = CHClj + C02 + H.,0
(Dumas, A. Ch. [2] 56, 115 ; A. 32,101 ; Beckurts
a. Otto, B. 14, 589).—5. Chloroform is also
produced by reacting upon turpentine and the

: terpenes with bleaching powder (Chautard, J.
1851,501).—6. By the action of nascent hydrogen
on carbon tetraehloride (Geuther, A. 107, 212).—

ik2
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7. Together with methyïene chloride by treat-
ment of methyl oliloride with chlorine in sunlight
(Regnault, A. 33, 328).—8. From iodoform by
tire action o£ phosphorus pentachloride (Gautier,
Bl. [2] 13, 127).

Manufacture. — Chloroform is chiefly pre-
pared by distilling a mixture of bleaching powder,
water, and aleohol, with or without the addition
of slaked lime. The diluted aleohol is warmed
in a still to which a condenser is attached, and
then the bleaching powder and lime is added,
and the température raised till chloroform begins
to come over, after which the heat evolved by
the reaction itself suffices to complété the dis¬
tillation. Sometimes an évolution of oxygen
has been noticed during the progress of the
reaction. This arises from décomposition of
part of the hypochlorite by heat (Bechamp, A.
Oh. [5] 22, 347). Operators differ as to the best
proportions of aleohol and bleaching powder to
be employed (cf. Kessler, J. Ph. [3] 13, 162 ;
Simmerling, Ar. Ph. [2] 53,23 ; Belohoubek, l.c. ;
Brit. Pharm. 1885, 108). For small quantities
the directions of the Pharmacopoeia may be
followed. The apparatus used for manufacturing
on a larger scale usually consists of a generator
with an attached condenser and receiver, a wash-
ing apparatus and tanks, ail made of iron, and a
copper still for the final rectification (cf. Chem.
Z. 10, 338). The generator is cylindrical, 1*4 m.
high, and 2 m. in diamefer, and is constructed
of boiler plate 13-14 mm. in thickness. It is
fitted with an agitator, a man-hole through which
the charge is introduced, a tube 75 cm. in dia-
meter Connecting with the condenser, and two
other tubes, the one for the introduction of water
and the other for steam. A tube passes through
the plate at one place closed at the lower end
and filled with oil to hold a thermometer. There
is also arranged, outside the generator, a leaden
tube connected with the water supply, by which
a small current of water can be spread over the
generator when, as sometimes occurs, the tem¬
pérature of the reaction rises too high. The
tube leading to the condenser should be short,
and should have as great a dip as possible. Be-
tween the condenser and the receiver is inserted
a piece of glass tubing, by méans of which the
évolution of chloroform may be observed. The
receiver is a cylindrical tank made of boiler-
plate about 15 mm. in thickness and is about
75 cm. high and 40 cm. in diameter. The
washing apparatus consists of a narrow high
cylinder with a rounded bottom in which is fitted
an agitator in the shape of a ship's screw. This,
when working, keeps up a movement of the
liquid from below upwards. Taps are placed in
the sides to draw off the alcoholic washings.
The final rectification is conducted in a copper
still, the arm of which leading to the condenser
is made as short as possible.

Three parts of 85 p.c. aleohol diluted with
60 parts of water are added to the generator,
and then, while the agitator is in motion, 12
parts of bleaching powder, which should contain
not less than 35 p.c. of available chlorine. Steam
is applied till a température of 40° is obtained,
when it is shut off. The température still rising,
the agitator is stopped when about 45° are in-
dicated, after which the heat of the reaction
causes a further increase in température which

generally does not exceed 60°. If it should rise
higher than 60° the cooling apparatus must te
made use of. The beginning of the reaction is
marked by a fine rain of chloroform, aleohol and
water being driven rapidly through the con¬
denser tube, and the air contained in the appa¬
ratus being energetically expelled. The chloro.
form soon follows, the agitator being set in
motion to assist towards the close of the distilla¬
tion. When the product on being examine!
ceases to separate in layers, when, in fact, it
consists of a solution of chloroform in aleohol,
it should be collected separately. This is cou-
tinued until, on the addition of water to the dis-
tillate, no further séparation of chloroform takes
place. After the chloroform has ail come over
a quantity of weak spirit is recovered. The crude
chloroform is then thoroughly washed in the
washing apparatus, and finally rectified from
the copper stilj. The washings, together with
the various spirituous distillâtes, are utilised in
subséquent opérations (cf. Ch. Z. 10, 338).

In England chloroform is prepared not only
from ' rectified spirit,' but also from the dnty-
free ' methylated spirit,' a mixture of rectified
spirit with 10 p.c. of wood naphtha. The latter
product can be sold at a much lower price than
the former. It has been doubted whether it is
applicable to purposes of inhalation, but the
weight of evidence is in favour of the view that
' methylated ' chloroform when properly purified
may be employed as an anaesthetic with pre-
cisely the same degree of safety as chloroform
prepared from rectified spirit. Indeed, it seems
impossible, either chemically or physiologically,
to distinguish the one from the other.

Other reactions employed for the manufac¬
ture of chloroform are : the action of bleaching
powder on acetone, of which method particulars
are given with drawings of apparatus by Sadtler
(Ph. [3] 20, 84) ; the electrolysis of solutions of
chlorides of the metals of the alkalis or alkaline
earths in aleohol or acetone, the whole being
kept heated during the opération (Patent, S. C. I.
1885, 243); and the destructive distillation of
acetates, and subséquent treatment of the distil-
late with hypochlorite (Patent, S. C. 1.1885,611).

The chloroform prepared by any of the above-
mentioned processes is not of so high a-degree
of purity as that produced by the action of
alkalis on previously purified chloral, and re-
quires purification before it is adapted for pin-
poses of inhalation. The first step is usually to
wash it with water, which removes traces of
ethylic aleohol. Then it is left for a short time
in contact with sulphuric aeid (Gregory, Pr.
E. 1850, 391) which must be free from nitrous
compounds (cf. Christison, Ph. 10, 253 ; Ked-
wood, Y. B. Ph. 1870, 119). This acid has
no action on chloroform itself unless the opéra¬
tion be unduly prolonged, but it chars most of
the impurities which are commonly présent. In
the next place the product is allowed to stand in
contact with recently ignited carbonate of sodium
(cf. Thorpe, C. J. 37, 196) or with oxide of
manganèse, or it is washed with lime water and
afterwards dried over chloride of calcium. In
any case it is finally distilled at a température
not above 64° (cf. Werner, Ar. Ph. [3] 12, 450;
Thorpe, l.c. ; Remys, Ar. Ph. [3] 5, 31;
Michaelis a. Mayer, D. P. J. 261, 496). Chloro-
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form is liable to décomposition in presence of
air and sunlight. Among the products formed
are hydrochloric acid and chlorine (Marson, Ph.
8, 69 ; Abraham, Ph. 10, 24), and sometimes
earboxyl chloride (Regnauld, J. Ph. [5] 5, 504),
Such decomposed chloroform may be purified
by ivashing with hyposulphite o£ sodium and
subséquent distillation (Shuttleworth, Ph. [3]
3, 1016; cf. Remys, Ar. Ph. [3] 5, 31). The
addition of 1 p.c. of ethylic alcohol is largely
practised topreventthe décomposition of chloro¬
form (cf. Brit. Ph. 1885, 109; Jolies, Ch. Z.
11,786). ,

Properties. — Chloroform is a liquid having a
sweet taste and an agreeable ethereal odour.
When inhaled it produces anœsthesia. As an
antiseptic it prevents the growth of rnicro-
organisms ; but does not affect the action of
soluble ferments (cf. Patent, S. C. I. 1880, 331).
For antiseptic applications v. Robin (C. R. 30,
52), Augendre (C. 11. 31, 679), Barnes (Ph. [3]
5, 441), Salkowski (Ch. Rep. 1888, 106), also
Ph. [3] 18, 315, 350 a. 855. Chloroform is
very sparingly soluble in water, 1 vol. dis¬
solves in 200 (cf. Chancel a. Parmentier, C. 11.
100, 773). It mixes in ail proportions with
alcohol or ether. It may be made into an emul-
sion with water by means of saponin (Patent,
S. C. 1.1887, 382). Sulphuric acid does not dis¬
solve it. Chloroform is an important solvent ;
dissolving fats, resins, india-rubber, sulphur,
phosphorus, iodine, alkaloids, many alkaloidal
salts, as well as numerous other organic com-
pounds (cf. Pettenkofer, J. 1858, 363 ; Schlim-
pert, 1859, 405 ; Nowak, Ar. Ph. [3J 3, 281 ;
Hesse, Ph. [3] 4, 049).

M.p. -70° (Berthelot, Bl. 29, 3). B.p. 61-2
(cor.) (Thorpe, C. J. 37, 196 ; cf. llegnaull, J.
1863, 70 ; Pierre, A. Ch. [3] 33, 199 ; Schiff,
A. 220, 95). Sp.gr. 1-52037 j (Thorpe, cf.
Pierre; Schiff). V.D. 4-199 (Dumas), 4-230
(Eegnault). Coefficient of expansion -0012302
(Thorpe). Chloroform is not inflammable even
with a wick at ordinary températures. It
may, however, be made to burn, with a green
smoky flame, when boiling, or by means of a
wick when diluted with alcohol. Heated to
redness its vapour is decomposed, yielding
chlorine and various chlorides (Iîadsky, J. pr.
46, 170 ; Ramsay a. Young, S. C. I. 1880, 232).
By treatment with zinc and sulphuric acid,
methylene chloride CH2CL is formed ; with
alcohol or ammonia and zinc-dust, methane
(cf. Perkin, C. N. 18, 106) ; with aleoholic
potash, formate and chloride (Eegnault) together
with carbonic oxide (Geuther, A. 123, 121),
or in closed tubes, ethylene (Berthelot, A. Ch.
[3] 54, 87) ; with aleoholic potash in presence of
monamines, isonitriles (Hofmann, B. 3, 769) ;
with sodium alcoholate, methenyltriethylic
cther, CH(OEt)3 (Williamson a. Kay, C. S. Mem.
7,224) ; with concentrated hydriodic acid when
heated, methylene iodide CH2I2 (Lieben, Z. [2]
4, 713) ; with red-hot copper (Berthelot, C. R. 1,
805) or potassium amalgam (Kletzinsky, Z. [2]
2,127), acetylene C2H2.

Chromic acid eonverts chloroform into phos-
gene, C0C12. Repeatedly distilled in a current
of chlorine, hydrochloric acid and carbon tetra-
chloride are formed (Regnault). Ordinary nitric
acid has little or no action (Soubeiran), but

fuming acid in closed tubes at 100° slowly
eonverts it into chloropicrin, C(N02)C13 (cf. Mills,
C. J. [2] 9,641). Bromine and iodine derivatives
v. Paterno (G. 1, 593), Friedel a. Silva (Bl. ("2J
17, 537),Bolas a. Groves (C. J. 9, 779). Sodium
reacts on chloroform in contact with atmo-
spheric air, forming formate and chloride together
with free carbon and other products (Kern, C. N.
31, 121). Potassium décomposés chloroform
vapour with libération of carbon and formation
of chloride (Liebig; cf. Heintz, P. 98, 263).
Caustic potash solution has no action on chloro¬
form even when boiled with it ; but heated in
closed tubes formate and chloride are formed

(Dumas). Similar products together with carbonic
oxide are obtained by treatment of chloroform
in closed tubes at 180° with ammonia and water

(André, C. R. 102, 553). At a red heat ammonia
reacts on chloroform, forming lrydrocyanic and
hydrochloric acids (cf. Heintz). Chloroform
combines with sulphuretted hydrogen and with
water at 0°, forming the erystalline compounds
CHC13(H,S).,(H„0)23 (Loir, J. 1852, 560; Por-
crand, A". Ch. [5] 28, 12) ; and CHC13(H20)18
(Chancel a. Parmentier, C. R. 100, 27).

The following reactions have been made use
of in the détection or estimation of chloroform :

—1. The reaction between chloroform and mon¬

amines in presence of aleoholic potash. A small
portion of the liquid to be tested is added to a
mixture of a monamine, anilin for instance,
together with some aleoholic potash, and heat
applied, when if traces even of chloroform are
présent, the characteristic disagreeable odour of
an isonitrile is distinctly perceived.

OIÏ01s + NH„Ph + 3KHO^ (îfO).Pll+3KC1+ 3HaO.
This test, which serves to distinguish one part of
chloroform in 5,000-6,000 of alcohol, further
distinguishes between chloroform and its allied
derivativessuch as ethylidene chloride CH3.CHC12
(Hofmann, B. 3, 769).—2. A delicate colour re¬
action takes place between potassium phenate
and chloroform. An aleoholic solution of phénol
is mixed with caustic potash and evaporated to
dryness. If chloroform be now added a splendid
red-purple colour is developed (Guareschi, G.
1873, 401 ; Raupenstrauch, Ph. [3] 19, 668).—
3. If chloroform be added to a solution of caustic
soda with an excess of resorcinol and heat be
applied to boiling, a yellow-red colour is developed
which when largely diluted shows a yellowish-
green fluorescence (Schwarz, Pr. 27, 668 ; Rau¬
penstrauch).—4. a-or/3- naphthol dissolved in
concentrated canstie potash solution, and warmed
with a little chloroform gives a rich blue liquid
which changes in the air to green and brown
(Lustgarten, M. 3, 715).—5. Fehling's solution
is reduced by chloroform, thus :

CHC13+2CuO + 5KHO = Cu^O + 3KC1 + K3C0.+3H20.
This reaction furnishes a means of indirectly
estimating chloroform (Baudrimont, J. Ph. [4]
9, 410).- 6. For the estimation of chloroform in
aleoholic solution v. Thresh (Ph. [3] 11, 319).—
7. Chloroform is detected in blood by distilla¬
tion from a water bath, and its décomposition
into chlorine and other products when the gases
evolved are led through a tube heated to redness.
The libération of chlorine is observed by its
action on starch and iodide of potassium paper.
(Ragsky, l.c. ; Duroy, J. Ph. [3] 20, 401 ;
Ludeking, C. N. 55, 149).—8. To detect it in
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cases of fatal poisoning Yitali distils the intes¬
tines and passes hydrogen through the distillate.
The hydrogen, carrying with it portions of any
chloroform which may be présent, is burned at
a jet and in the flame is fixed a copper wire.
Very minute quantifies of chloroform generate
hydrochloric in the flame suflicient to act on
the copper and impart a bright green colour
(Giorn. Farm. Ch. 30, 529). - 9. For applications
of the naphthol colour test to forensic analysis
v. Lustgarten (Z.c.).

Détection of impwrities.—Chloroform for in¬
halation should leave no residue or unpleasant
odour on evaporation, should be neutral to test-
paper, and give no indication of hydrochloric
acid when tested with nitrate of silver. A much
more delicate method of detecting free acid is
to add to 5 c.c. of chloroform 1 drop of a solu¬
tion of phenolphthaleïn and 1 drop of a centi-
normal solution of caustic potash with 1 c.c. of
water. The mixture is shaken and set aside.
If free from acid the red colour should not dis-
appear in twenty-four hours (Yalpius, Ar. Ph.
[3] 25, 998). The presence of alcohol in chloro¬
form may be deteeted by the darkening in colour
of sulphuric acid shaken with it (Gregory, Pr. E.
1850, 391) ; by the formation of iodoform (Hager,
Ph. [31 1, 683) ; by the tint of the solution which
it gives with iodine (Siebold, Ph. [3] 10, 213) ;
by the addition of Hofmann's violet which is
quite insoluble in pure chloroform (Regnauld,
J. Ph. [4] 29, 402) ; by its reducing action on an
alkaline solution of potassium permanganate
(Yvon, J. Ph. [5] 5, 225) or manganate (Jolies, Ch.
Z. 11, 786 a. 1394), or on chromie acid (Cottell,
J. Ph. [3] 13, 359). The fact that chloroform foi-
inhalation purposes usuallycontains alcohol,pur-
posely added to increase its stability, materially

. lessens the value of these tests in practice (cf.
Dott, Ph. [3] 12, 769). Aldehyde may be deteeted
by many of the tests for ethylic alcohol, and
also by warming with potash, when its presence is
indicated by a darkening in colour (cf. Regnauld,
l.c. ; Scholvien, Ph. Z. 32, 686). A. S.

CHOLESTERIN C.,6H4)0. Discovered by Con-
radi in 1775 in gall-stones. Found in human
bile, in blood, and in the brain ; in epidermis
and in hair ; also présent in various morbid pro-
ducts of the animal body, e.g. cérébral concré¬
tions, scirrhous matter of the mesocolon, hy-
dropic liquid of the stomaeh, testicles, &c. Also
found in horn and hoofs ; in whalebone, tortoise-
shell, feathers and bristles, &c. Its most abun-
dant source is, however, the fat of greasy wool
(wool grease), in which it was first deteeted by
Hartmann and Schulze.

Cholesterin may be deteeted in fats &c. by
dissolving the substance in acetic anhydride and
adding coneentrated sulphuric acid, when the
solution becomes first pink and eventually blue.

Cholesterin erystallises in thin white naereous
monoclinic laminœ m.p. 145° and of sp.gr. 1-067.
Has a neutral reaction, and is without taste or
smell ; insoluble in water ; sparingly soluble in
cold but readily dissolved by boiling alcohol.
Also soluble in ether, chloroform, acetone, wood
spirit, benzene, oil of turpentine, and in the
neutral fats and fatty acids. Sublimes unchanged
at 200°, but is decomposed at a higher tempéra¬
ture. Cholesterin appears to be an alcoliol
homologous with cinnamic alcohol, and com¬

bines with the fatty acids, forming esters or com-
pound ethers similar to the glycerides.

This substance is found in commerce under
the naine of lanolin, and is used mainly for
médicinal purposes, and, owing to the ease with
which it is absorbed by the skin, as a substitute
for vaseline, lard, or in the composition of pias-
ters, ointments, and salves. Has also beeu em-

ployed in the manufacture of cosmetics and
pomades, and for softening leather. Lanolin is
obtained from wool-oil, which contains about
70 p.c. of cholesterin and 30 p.c. fatty acids,
by saponification by means of caustic soda,
whereby an emulsion is obtained which on
dilution with water gives so-called ' wool-milt.'
On treatment in a centrifugal machine impure
lanolin separates out as a cream, and may be
precipitated by lime. The purified product is
afterwards kneaded with about 30 p.c. of water,
in which state it is found in commerce.

Anhydrous lanolin absorbs about 100 p.c. of
water ; does not become rancid, and is antiseptic.

CHOLINE v. Vegeto-alkaloids.
CHONDRIN. A substance allied to and mnch

resembling gelatin. Obtained by boiling carti¬
lage with water. When dried it is a hard,
horny substance, which softens to a jelly in cold
water, and is entirely dissolved by boiling water.
It is precipitated from its aqueous solution by
nearly ail acids, in excess of certain of which
it redissolves, and by alum, lead acetate, copper
and iron sulphate, and mercuric and mercurous
nitrates. These reactions are said to distinguish
it from gelatin.

By Morochowitz chondrin is regarded as a
mixture of gelatin, mucin, and salts (v. Glue).

CHRISTOPHITE. A minerai from St. Agnes,
Cornwall, containing 37*6 Zn, 26-2 Fe, 1-4 Su,
34-7 S (Collins, Min. Mag. 1879,91).

CHROMATE OF LEAD v. Lead.
CHROMATOMETERS v. Colorimeters.
CHROME, VIOLET. Syn. Mauveine, Per-

kiris violet ; v. Azines and coloubing mattebs
dereved froai them.

CHROMI1TM. (Fr. Chrome-, Ger. Chrom)
Symbol Cr. At. w. 52-45 (Péligot,Berlin). Chro-
mium occurs principally as chrome iron ore
or chromite. As sesquioxide Cr.,03 it is found
in small quantifies in chrome-ochre, generally
mixed with clay and associated with chromite,
in France and Siberia. As chromate of lead
it occurs in crocoisite and malanchroite PbCi'O,,
and as a basic chromate of lead in the rare

minerai phœnicite 3Pb0.2Cr03. The greenish
colour of the emerald, verd-antique marble,
serpentine, and many other minerais, is due to
the presence of chromium sesquioxide.

Préparation.—Metallic chromium may be
prepared by several methods. Deville pro-
duced it in combination with a small quantity
of carbon, in ingots weighing as much as 100
grams, by the ignition of a mixture of chromium
sesquioxide and sugar in a lime crucible, at
the highest température of a blast furnace.
Thus formed it is a shining, steel-grey métal,
capable of taking a good polish, sp.gr. about
59, as hard as corundum and less fusible than
platinum (Deville). It may be heated to red-
ness in air without change, but when heated
with nitre or potassium chlorate it becomes con-
verted into potassium chromate, in the latterIRIS - LILLIAD - Université Lille 1
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«ase with incandescence. It is insoluble in
nitric acid or cold dilute sulphuric acid, but
rapidly dissolves in the latter when heated ;
soluble in hydrochloric acid. When hei.tel it
combines with chlorine with incandescence.

Chromium combines with most non-metals.
It décomposés steam at a red heat.

Wôhler (A. 111, 230) prepared chromium by
fusing a mixture of the violet chromium ses-
quichloride with twice its weight of zinc
under a layer of equal parts of potassium and
sodium chlorides. The mixture of zinc and
chromium so produced was treated with dilute
nitric acid to remove the zinc, and the chromium
remained as a light greenish powder consisting
cf minute octahedra belonging to the quadratic
System (Bolley), of sp.gr. 6'81 according to
"Wôhler, 7'3 according to Bunsen.

When sodium amalgam is shaken up with a
solution of cliromous or chromic çhloride or
iodide, a liquid amalgam of chromium and mer-
cury is produced. This is heated in a current
cf hydrogen to evaporate the mercury, and the
chromium obtained as a spongy powder. lleadily
soluble in dilute nitric or sulphuric acids,
sparingly so in hydrochloric acid. When heated
on platinum foil it suddenly becomes incan¬
descent, with the production of chromium ses-
quioxide (Moissan).

Alloys. With aluminium a white crystal-
line alloy resembling tin may be produced, by
fusing in a crucible a mixture of 1 part of po¬
tassium chloride, 2 parts chromic chloride, and
1 part aluminium. The alloy produced contains
about 63 p.c. of chromium and 29 p.c. of alu¬
minium, with silicon and iron if présent in the
aluminium. When heated in air the alloy
changes colour like steel. It is less fusible than
nickel. Nitric acid or caustic alkali solution is
irithout action upon it, but it dissolves in hydro¬
chloric acid with évolution of hydrogen. When
heated with concentrated sulphuric acid a green
mass is produced, with formation of hydrogen
and précipitation of sulphur, but no évolution of
sulphurous oxide.

With iron the alloys of ■ chromium are of
great interest. The presence of chromium in
iron or steel produces a much finer texture,
greater hardness, tenacity, and elastieity, and
greater smoothness of fracture. Chromium can-
not be used to replace carbon in steel, as has
been asserted (Boussingault).

When crystalline, the tendeney of these
alloys is to produce needles instead of plates, as
in the case of manganèse.

Chromium steel is usually prepared by the
addition of a definite quantity of an alloy of
chromium and iron of known composition. This
alloy is produced by fusion in a plumbago
crucible of a mixture of chrome iron ore with
6 or 8 p.c. of charcoal or anthracite nnder a flux
of calcium or sodium fluoride and lime, or of
chalk and borax, according to the amount of
earthy matter présent in the ore. An alloy of
iron containing carbon and 15 p.c. of chromium
is hard and tough, of slightly lamellar, white,
silky fracture ; with 25 to 30 p.c. of chromium
the alloy is white and brilliant, with fine needles
disseminated through the mass. When this pro¬
portion is exceeded the needles become smalier,
and the métal is more brittle and less fusible,

until, with 68 p.c. of chromium, the alloy is
hardly fusible at the highest température of a
wind furnace.

The presence in steel of 2 to 4 p.c. of chro¬
mium and 1-2 to 1*4 p.c. of carbon renders it
so hard, that it is bored with difliculty by good
steel drills. This alloy, when tempered above
redness, has a fracture resembling porcelain.

It is stated that the presence of 65 p.c. of
chromium destroys the magnetic properties of
iron. By fusing a mixture of 315 parts of
chrome iron ore, 200 of powdered charcoal, aud
70 of lime in a plumbago crucible, Sergius
Kern obtained an alloy containing 74 p.c. of
chromium and 25 p.c. of iron, hard enough to
eut glass, aud of silver-white fracture (v. Bous¬
singault, C.,B. 86, 1,303, and A. Ch. [5] 15,
91-126, and S. Kern, I). P. J. 231, 505).

An amalgam of chromium and mercury is
produced by shaking up sodium amalgam in a
solution of chloride or iodide of chromium.
When the action ceases, the amalgam is heated
with boiling water to remove the sodium. On
heating the amalgam the mercury is volatilised,
leaving the chromium as a sponge or powder.

Détection of chromium. — When heated
strongly ail compounds of chromium impart a
green colour in both the reducing and oxidising
fiâmes to a borax bead. On ignition with po¬
tassium nitrate ail chromium compounds pro¬
duce a yellow colour due to the presence of
potassium chromate. If this is dissolved in
water, the addition of a solution of lead acetate
produces a precipitate of chrome yellow.

Solutions of chromic salts or salts of ses-

quioxide of chromium have an acid reaction.
With caustic alkalis they produce a green pre¬
cipitate of hydrated oxide partially soluble in
excess of the reagent, but repreeipitated on
boiling the solution. With carbonates a green
precipitate is produced, likewise soluble in
excess.

Chromâtes (in whieh the chromium exists as
an acid) are usually strongly eoloured. Soluble
chromâtes are reduced, when warmed with sul¬
phuric acid and a reducing agent suc'h asalcohol,
with the production of a green colour. The
chromium is then présentas a base, and may be
preeipitated as already mentioned. When heated
with hydrochloric acid they are also reduced
with évolution of chlorine and formation of
chromium chloride and chloride of the métal
présent as chromate.

Solutions of chromâtes, containing no free
acid except acetic acid, give a yellow precipitate
with a sait of lead, a red precipitate with silver
nitrate, and a yellow precipitate with a sait of
barium.

Estimation.—When présent as a base, chro¬
mium is usually estimated as sesquioxide Cr203.
For this purpose the solution is heated nearly to
boiling, ammonia solution added in slight excess,
and the température maintained until the liquid
is perfectly colourless, indicatingthat the hydrate,
which is slightly soluble in excess of ammonia,
is completely preeipitated. The precipitate is
well washed by décantation and transferred to
a filter, washed thoroughly with hot water, dried,
and ignited. The oxide produced contains 68'63
p.c. of chromium. The précipitation is not com¬
plété in presence of organic matter, and when a
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glass vessel is used, the precipitate alwaya con-
tains a small percentage of silica. Chromium,
whèn présent as a ehromate, cannot be estimated
directly by that method. It requires to be first
reduced to a base. For this purpose hydroehloric
acid and a small quantity of alcohol are added,
and the solution heated until the odour of alco¬
hol is dispelled. The chromium may then be
preeipitated as above. For the direct estimation
of chromium in chromâtes, the précipitation
with acetate of lead is most satisfactory. The
solution is mixed with sodium acetate and acidu-
lated strongly with acetic acid. A solution of
normal lead acetate is then added, and the pre¬
cipitate of I'bCrO, is collected on a weighed
filter, washed, dried at 100°C., and weighed.
It contains 16T9 p.c. of chromium or 31-06
p.c. of chromic anhydride CrO,. The fol-
lowing scheme may be adopted for the esti¬
mation of chromium in chrome iron ore. A
few grams of the carefully sampied minerai are
ground in an agate mortar and passed through
a fine muslin sieve. The dust so produced is
further ground in small portions until ail gritti-
ness on passing a little between the fingers has
disappeared and the ore cakes as an impalpable
powder round the pestle. About 0-5 gram of
the powder is weighed into a platinum cru-
cible of about 50 c.c. capacity, covered with
twelve times its weight of recently fused hy-
drogen potassium sulphate (potassium bisul-
phate), and gently heated to just fuse the
sulphate. After keeping at this température for
fifteen or twenty minutes the heat is gradually
increased until the crucible bottom becomes red-
hot. The fused mass should not be allowed to
rise above half way up the crucible. The mix¬
ture soon fuses quietly, and evolves dense fumes
of sulphurie acid ; the heat is gradually increased
to bright redness. In about half an hour 6 parts
of powdered anhydrous sodium carbonate are
added and the mixture again fused for an hour
at a red heat, 6 parts of nitre being added in
small portions. The température is then raised
to a full red heat for about twenty minutes ; the
crucible cooled and transferred to a porcelain
basin where the mass is boiled out with water.
The solution is filtered, and the residue washed
with hot water until the filtrate cornes through
colourless. The filter and its contents are dried,
the precipitate detachsd and plaeed with that
still remaining in the basin, the filter paper
burned, and the ash also added. To ascertain
if the fusion has been satisfactory this residue is
digested with moderately strong hydroehloric
acid, when the whole should dissolve. Any in¬
soluble black residue indicates either imperfect
grinding or insufficient fusion. It must be col¬
lected on a filter, dried, and the whole ignited in
a crucible and treated with potassium bisulphate
&c., as in the first instance. The aqueous extract
after fusion is mixed with the main solution.
To the liquid, a few grams of ammonic nitrate
are addsd, and the whole evaporated to dryness,
taken up with water, and filtered from the alu-
mina, silica, &c., into a porcelain basin. An
excess of sulphurous acid solution is then added,
and the solution heated until that gas is nearly
expelled. The ehromate having thus become
reduced to chromium sulphate a slight excess of
ammonia is added, and the solution boiled until

colourless. The preeipitated chromium hydrate
is washed by décantation with hot water, trans¬
ferred to the filter and washed with hot waterffl
times. The use of the suction pump will be ot
great assistance in this opération. The precipi¬
tate and filter are then dried, transferred to a
weighed platinum crucible and heated gently
until the paper is charred. The crucible lid is
then plaeed at the edge of the crucible so that
the dame may reverberate into the crucible, ani
the whole igni t ed stronglyfortenorfifteenminutes.
The weighed precipitate should show no yellowisl
colour on treatment with a few drops of water;
if such a colour is produced it indicates imperteel
washing of the precipitate from alkaline salts.
The oxide contains 68-63 p.c. of chromium.

COHPOUNDS OF CHBOMIUH.

Chromium forms five distinct oxides : chrom-
ous oxide CrO ; chromic oxide or sesquioxide
Cr„03 ; chromic anhydride Cr03 ; an oxide
Cr0.Cr203 intermediate between the two first,
corresponding to the magnetic oxide of iron;
and Cr203.Cr03 or chromic ehromate, which ap-
pears to be a combination of chromic anhydride
and the sesquioxide. Three definite sériés of
compounds are known, corresponding to the
three first-mentioned oxides. (1) Chromous com¬
pounds, or salts of the protoxide. (2) Chromie
compounds, or salts of the sesquioxide. (3)
Chromâtes, in which the chromium acts as an
acid. Of these, the chromous compounds areof
no industrial importance.

Chromic oxide Chromium scsquimdt
Cr203. This compound is produced by the oxi-
dation of metallic chromium and by ignition of
chromic anhydride and certain chromâtes.

Wôhler prepared this oxide in fine, small
rhombohedral crystals by passing the vapoor
of chromyl dichloride through a tube heated to
redness. The crystals are isomorphous with
corundum and of equal hardness ; their sp.gr. is
5'21. The finest coloured amorphous chrominm
oxide is produced by the ignition of mercurotis
ehromate Hg2Cr04 in a covered crucible ; mer-
curie oxide and oxygen escape, and the oxide
remains as a green powcler. For the préparation
of this substance on the large scale a great num-
ber of methods are recommended.

Boil a solution of potassium bichromate with
half its weight of flowers of sulphur so long as
the green hydrate is preeipitated. The addition
of a little potash solution, by forming potassium
sulphide, accelerates the décomposition. The
precipitate is filtered from the solution containing
potassium sulphate and washed. The sulphur
retained in the precipitate may be removedby
gentle ignition. Instead of performing the re¬
action in the wet way, the mixture may be ignited
in a crucible, and the résultant mass digested
with water (Lassaigne, A. Ch. [3] 14, 299). In
place of sulphur, Wôhler (P. A. 10, 46)mixesthe
bichromate with ammonium chloride, and creats
as above.

According to Barian (Eev. Scient. 20, 425) a
very pure colour, suitable for colouring fine por¬
celain, is produced by igniting in a crucible a
mixture of 4 parts of potassium ehromate and
1 part of starch. The mass is washed free from
potassium carbonate and re-ignited.
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Chromic sesquioxide is a green pigment of
great permanence. It is not acted upon by
chlorine or sulphur gases or by an intense heat.
At a white heat it melts, and erystallises on
cooling.

Hydrogen and carbon monoxide are without
action, but it is reduced to the metaliic state on
intense ignition with carbon.

This oxide is largely used under the names
chrome green and ultramarine green for impart-
ing a green colour to glass, porcelain, &c. as a
pigment, in oil and water colours and in printing,
nnd as a mordant in ealico printing and dyeing.
Certain hydrated oxides are also used under
varions names ; their colours are generally
speaking brighter than that of the anhydrous
oxide, but they usually contain small quantifies
of other substances besides the oxide and water.

Guignet's Green ; Pennettier's Green ; Eme-
ralcl Green ; Veridian Cr2032H20. ïhis pig¬
ment appears to be identical with that formerly
manufactured in secret by Pennettier. Aecord-
ing to Guignet's method (Eep. C. P. A. 1859,
198) 3 parts of boric acid and 1 part of po¬
tassium bichromate are heated to dull redness
in a reverberatory furnaee. The mass swellsup,
evolves oxygen and becomes of a finegreen colour ;
it contains the borates of potassium and chro-
mium, or a double borate of those two metals.
It is boiled with water, whereby the borate of
chromium is decomposed .into boric acid and
hydrated chromium sesquioxide, potassium
borate also remaining in solution. The pre-
cipitate is well washed, dried, and finely ground.
It usually contains boric acid even after thorough
washing. The washings and mother liquors are
evaporated for the recovery of the boric acid.

According to the C. Z.9,851, theprocessnow
used on the large scale is as follows. The boric
acid is first purified by solution in hot water,
treated with animal charcoal, and recrystallised.
The crystals are dried in a centrifugal machine.
The mother liquor may be employed three or four
times for recrystallisation of fresh portions of
acid, but becomes then too impure for further
use. Eight parts of the purified boric acid are
mixed with 3 parts of potassium bichromate, ail
powdered, and 45 kilos. (100 lbs.) of the mixture
heated to dull redness on the bed of a reverbera¬
tory furnaee for about 4 hours. The fused
mass is washed repeatedly by décantation and
the residue placed on cotton filters, drained and
passed through colour mills. After grinding it
is again washed with hot water, filtered and
pressed.

The two first washings are mixed and eva¬
porated to 13°B. in.leaden pans, treated with
hydrochlorie acid to couvert the potassium
borate into potassium chloride and boric acid, and
the latter erystallised out. The mother liquors
are evaporated to 20°B. and erystallised. The
crystals areredissolved, treated with sulphuretted
hydrogen to preeipitate the lead which lias been
dissolved from the pans, filtered, and recrystal¬
lised. In this manner about 65 p.c. of the boric
acid is recovered.

Guignet's green is unacted upon by light or
concentrated boiling alkalis ; hot hydrochlorie
acid slowly dissolves it. When heated to 200°C.
it becomes anhydrous. It is a fine green pig¬
ment largely used for the same purposes as the

ordinary oxide. It may be used in place of the
dangerous arsenical greens. When mixed with
chromate of lead it is employed for the produc¬
tion of a pale green colour in landscape painting.
The annual production is about 300,000 kilos.
(294 tons).

Arnaudon's Green. A green pigment has
been prepared by Arnaudon (Eep. C. A. 1859, 200)
as follows. A mixture of 1 part of ammonium
phosphate with rather more potassium bichrom¬
ate is dissolved in the minimum of boiling
water, and evaporated until the mass solidifies
on cooling. It is then thrown in small pièces
into a flat vessel- and heated to about 180°C. ;
water and ammonia vapour are given off. After
half an hour the température is raised to 200°C.
for a short time. Too high a température injures
the colour. The mass is well washed with hot
water and the residue dried and powdered.

This pigment appears to consist mainly of a
hydrated sesquioxide, but phosphoric acid is
always présent. It possesses a very fine colour,
is permanent and non-poisonous. It is equal in
appearance to Schweinfurth green and may re¬
place that pigment with advantage.

According to Bong (B. 29, 201), a blue pig¬
ment, retaining its colour at high températures,
suitable for colouring porcelain, &c. is produced'
by igniting strongly, in the air, an intimate mix¬
ture of 5 parts boric acid, 15 parts alumina,
20 parts magnésium carbonate, and 2 parts
barium chromate.

Chromic chloride or CrCl3 or Cr2Cl6. The
anhydrous chloride is obtained by heating a mix¬
ture of carbon and chromium sesquioxide in a
current of chlorine. It forms pale violet scales
of sp.gr. 3-03, slowly soluble in hot water, readily
soluble in presence of a trace of chromous,
cuprous, or stannous sait. Chromic chloride may
be prepared in solution by dissolving the hydrate
in hydrochlorie acid. It is deposited from solu¬
tion by spontaneous evaporation, in crystals
containing Cr202Cl,4HC1.10H,0 (Péligot). In
ealico-printing, a neutral solution of chromic
chloride, prepared from potassium bichromate,
is frequently used. The following method is
recommended by De Karrur. Dissolve 9 lbs. of
potassium bichromate in 5 gallons of boiling
water. Préparé also a solution of 9 to 11 lbs. of

' white arsenic in 24 gallons of boiling water, and
mix, with constant stirring, with the solution of
bichromate. A greenish preeipitate of chromic
hydrate soon separates ; it is cooled, filtered, and
washed with boiling water. The preeipitate is
added in portions to a solution of hydrochlorie
acid (diluted until it no longer fumes), with con¬
stant stirring, until a portion remains undissolved.
A solution of soda is then added and well mixed,
until the hydrate begins to preeipitate. The
dark-green solution being thus neutralised is
evaporated to 46°B. and is ready for use.

Chromic fluoride CrF3.4H20. This product
is used in the printing and dyeing of woollen
goods. It is a fine erystalline green powder,
very soluble in water. In most cases it may be
used in the place of acetate or nitrate of
chromium for printing. Alizarin dyes, cceruleïn,
galleïn, &c. and logwood extracts, are fixed as
perfectly as with acetate of chromium. One
advantage in using it is that it is solid. For
wool, ' fluorchrome ' is a very good mordant,

IRIS - LILLIAD - Université Lille 1



554 CHROMIUM.

sinee the fibre combines with the cliromic oxide.
Thus alizarin dyes and logwood dye wool mor-
danted with it very well (G. Stein, C. Z. R. 12,
94 ; S. C. I. 7, 385).

Chromic sulphates. Both basic normal and
aeid sulphates of chromium exist, but are of no
commercial interest. The double sulphates of
chromium andpotassium, sodium andammonium,
are, however, of importance. These are known
as chrome alums ; they crystallise in fine octa-
hedral srystals containing 24 molécules of water
isomorphous with those of ordinary alum and of
corresponding composition.

Potassium chrome alum Chrome alum
Cr2(S04)3K2S04.24H,0.

This substance may be prepared by mixing solu¬
tions of chromic sulphate and potassium sulphate
in molecular proportions.

The best method is to add 5 parts of strong
sulphuric aeid to a solution of 3 parts potassium
ehromate in 30 parts of water with the addition
of a reducing agent, preferably a current of sul-
phurous oxide gas :

K2Cr.,07 + H..SO, + 3S02 + 24H..O
= K2S04.Cr2(S04)24H20 + H20.

When the sulphurous oxide is substituted by
other reducing agents, such as alcohol, a larger
quantity of sulphuric aeid is required.

Chrome alum is obtained in large quantifies
as a by-product from the oxidation of organic
substances, by a mixture of potassium bichromate
and sulphuric aeid, as in the oxidation of an-
thracene to alizarin, in the manufacture of
aniline violet, &c.

It crystallises in fine dark-purple octahedra,
especially in presence of excess of aeid, is soluble
in 7 parts of cold water, forming a reddish blue
solution, which when heated to about 70° be-
comes green. It returns to its original colour
after standing some weeks.

When heated to 25-30°C. the crystals lose
half their water and become lilac-coloured,
at 100° a further quantity of water escapes and
the crystals turn green ; at 350° they become
anhydrous, but are still soluble in water ; at a
température slightly above 350° they become
greenish yellow, insoluble in water (Lôwe) and
only slowiy soluble in acids.

Chrome alum is used in dyeing, calico print-
ing, and tanning.

Sodium chrome alum Na2S04Cr2(S04)3.24H20,
corresponds to the potassium sait but is more
soluble in water.

Ammonium chrome alum

(NH4)2S04Cr2(S04)3.24H,0
is prepared like the preceding alums. It is less
soluble in water than potassium chrome alum.
It melts at 100°C.

Chromium chlorate Cr2(C103)3 is used to
some extent in calico printing (Despierres and
others, D. P. J. 228, 260-263). It may be pre¬
pared by the addition of a solution of potassium
chlorate to chrome alum ; the chromium then
becomes convertèd into chromium chlorate and
the potassium into sulphate. Aecording to
Lauber and Weinreb (D. P. J. 257, 290) it is
best prepared by the following process. Dis¬
solve 60 parts of chrome alum in 80 parts (by
weight) of hot water ; add 20 parts of soda dis-
solved in 60 parts of water, and wash the pre-
cipitated hydrate. Bedissolve the precipitate in

10 parts of cold sulphuric aeid of 66°B., filteiit
necessary and add 22 parts of potassium chlct-
ate dissolved in 50 parts of water. The solu.
tion is evaporated slightly and the potassium
sulphate crystallised out ; the more soluble
chlorate of chromium remains in solution.

Chromic anhydride Chrmràc aeid CrO,.
This important oxide is best prepared by the de.
composition of a ehromate by sulphuric aeid.
A cold saturated solution of potassium ehromate
is added to from 1 to parts of concentrated
sulphuric aeid, with constant stirring. On cool-
ing, if the aeid used be strong enough, crimson
crystals of chromic anhydride separate ; if neces¬
sary the solution is evaporated until the crystals
are formed on cooling. The liquid is poured ofi
and the crystals drained on porous tiles or
pressed between porous plates. They may be
reerystallised by dissolving in water and evapo-
rating to a syrup. The excess of sulphuric aeid
may be removed by the cautious addition of
barium ehromate to the solution of the crystals,
or the crystals may be gently fused, when the
heavier oxide sinks to the bottom of the vessel
and the sulphuric aeid above slowiy evaporates.
The motherliquors from the chromicanhydride are
used for a fresh préparation until the percentage
of potassium sulphate becomes excessive ; they
are then precipitated by the addition of lead
acetate with the production of a light-coloured
' chrome yellow ' containing much lead sulphate.

Aecording to Zettnow (P. 143, 468) the
largest yieid is. obtained as follows :—300 kilos,
of potassium bichromate are dissolved in 500 c.c.
of water and 400 c.c. of strong sulphuric aeid
are added. The mixture is allowed to stand for
10 or 12 hours, the solution deeanted from the
deposited crystals of potassium sulphate, and
heated to 80° or 90°C. ; 150 c.c. of sulphuric aeid
are then added, followed by suffieient water to
redissolve the chromic anhydride at first de¬
posited, and the solution evaporated until the
oxide commences to crystallise. The mixture
is allowed to stand for 12 hours, deeanted from
the crystals and evaporated with the production
of a second and third crop of crystals. The
crystals are drained, introduced into a crucible,
mixed thoroughly with 50 c.c. of nitric aeid of
notless than 1-46 sp.gr. (weaker aeid would dis¬
solve the crystals) and drained for some hours
on a tile. The opération is repeated if necessary
with 25 c.c. of nitric aeid. The whole of the
sulphuric aeid and sulphate having been thus
removed, the crystals are heated on a sand bath
and the nitric aeid evaporated. In this mariner
Zettnow has obtained from 85 to 30 p.c. of
the theoretical yield of pure dry chromic an-
hydride.

Duvilliers (C. B. 75, 711) préparés this oxide
by dissolving 100 parts of barium ehromate in
100 parts of water and 140 parts of nitric aeid
of sp.gr. 1-38 (40°B.) and heating the solution
until it becomes red. 200 parts of water are
then added and the whole boiled for 10 minutes;
cooled, and the barium nitrate allowed to crystal¬
lise out. The solution is deeanted, evaporated
to the bulk occupied by the original amount of
aeid used, and a further crop of crystals of
barium nitrate removed. The solution, which
contains only about 1 part of barium nitrate for
200 parts of the anhydride, is evaporated nearlyIRIS - LILLIAD - Université Lille 1
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to diyness, a little water added, and the evapora-
tion repeated until ail the nitric aeid is driven
off. The anhydride is then erystallised out and
dried as usual.

Barium ohromate is digested for some time
with about lialf the amount of dilute sulphurie
acid required for complété précipitation with the
production of chromic anhydride and barium
bichromate and précipitation of barium sul-
phate. Sufficient sulphurie acid is then added
to just precipitate the barium, and the solution,
which only contains chromic anhydride, is de-
canted from the precipitate and the solution
evaporated (Meissner). According to C. Watts
the barium chromate is best treated with excess

of strong nitric acid, the precipitated chromic
oxide filtered through asbestos, and the nitric
acid driven off by heat. Chromic anhydride is a
powerfullyacid substance crystallising in scarlet
rhombic prismatic needles of sp. gr. 2-788 (Zett-
now). They are stated to melt at 192°C. but
remain liquid at 172°, the température rising to
195°C. when the mass solidifies.

When heated to 250° they décomposé into the
chromate of chromium Cr03Cr203 with évolution
of oxygen. Above that température the whole
is converted into chromium sesquioxide. By
the action of light on a solution of this oxide,
oxygen is evolved and the chromate of chromium
precipitated as a brown powder.

Chromic anhydride is very soluble in water.
100 parts of water at 26°C. dissolve 62 parts
of the oxide. It dissolves in acetic acid and
ether without décomposition ; is almost insoluble
in sulphurie acid of 1-77 sp.gr. but dissolves in
stronger or weaker acid ; is insoluble in nitric
acid of sp.gr. 1-46.

Chromic anhydride is a powerful oxidising
agent. Warm anhydrous alcohol inflames when
dropped upon it, and even dry ammonia gas is
oxidised with production of water and nitrogen.
A solution of the anhydride in acetic acid is
largely used as an oxidising agent in organic
work.

It has the property of producing a per¬
manent yellow colour with silk or wool, but not
with cotton. The chromium in such material
may be converted into lead chromate upon the
fibre or further dyed by logwood, &c. Chromic
anhydride usually contains sulphurie acid and
sulphates or nitrates ; Moissan has found 24 p.c.
of sulphurie acid in samples of the commercial
article.

Chromâtes. Chrome iron ore. Ail chromâtes
are prepared, directly or indirectly, by the action
of oxidising agents upon chrome iron ore or
chromite FeO.Cr203. This important minerai is
found in a large number of localities, principally
in Baltimore, Norway, and the Shetland Islands ;
also in Asia Minor, Siberia, and, New South
Wales. Large deposits of iron ore are found in
New Caledonia containing sometimes 5 p.c. of
chromium sesquioxide in a form soluble in aeid,
probably as chrome ochre.

Chromite belongs to the spinelle group of
minerais. It is isomorphous with magnetic iron
ore FeOFe20s, and may be considered as that
substance in which the sesquioxide of iron is
replaced by sesquioxide of chromium; samples
of some chromite ave magnetic. A portion of the
chromium is usually replaced by aluminium, and

some of the iron by magnésium, though this is
sometimes absent. The composition of chromite
varies extremely ; an ore containing 50 p.c. of
the sesquioxide is of very good quality. Of
seven samples from varying localities analysed
by Clouet, the chromium sesquioxide présent
averaged 44 p.c. A crystalline sample from
Baltimore analysed byAbich showedCr„0360 04,
FeO 20-13, A1203 11-85, MgO 7-45.

Chromite is black or brownish-black, and
infusible before the blowpipe. It will scratch
glass, but is itself scratched by a good steei
knife.

A scheme for the analysis of chromite has
been given under the estimation of chromium.

Potassium chromâtes. Both the normal and
acid chromâtes are of importance in the arts.
The acid or bichromate, containing the larger
proportions of the active constituent Cr03, is
generally prepared on the large scale.

A great number of processes have been
adopted for the treatment of chromite for tilis
purpose ; they ail dépend upon the oxidation of
the chromium sesquioxide into chromic anhy¬
dride.

The ore is heated to redness and plunged
into cold water to facilitate the powdering,
stamped, gvound in a mill, and finely sifted.

In former times the ore was mixed with
about two-fifths of its weight of potassium
nitrate and ignited on the bed of a reverberatory
furnace, the oxygen required for the oxidation of
the sesquioxide into the anhydride and the
potassium for, ts conversion into potassium
chromate being both provided by the nitrate. A
great saving was introduced by the substitution
of atmospheric oxygen as the oxidising agent in
place of the nitre, the potassium being supplied
by potassium carbonate or, as proposed by Watt,
by potassium sulphate. The mass, however,
was very liable to fuse and the heavy particles
of chromate to sink through the liquid and
escape the action of the blast. This difficulty
was overcome by Stromeyer, who introduced
lime into the mixture, thus rendering the mass
porous and non-fusible and much increasing the
rapidity and completeness of the action.

Tilghmann (Patent 1847) makes use of fel-
spar as the source of alkali. For this purpose
1 part of chrome ore is mixed with 4 parts of
felspar and 4 parts of lime or 7 parts of chalk.
The mixture is heated to bright redness, but not
to fusion, in a reverberatory furnace for about
twenty hours, with constant stirring. The
chromate thus produced is removed as de-
scribed later.

The ore may also be mixed with potassium
chloride, and heated to whiteness with fréquent
stirring while a current of superheated steam is
passed over the mass ; the iron is stated to pass
away almost entirely as chloride (Swindells,
Ch. G. 1851, 419).

Jacquelain (A. Ch. [3] 21, 478) prefers to
produce calcium chromate in the furnace and to
convert it subsequently into the required chrom¬
ate by double décomposition. He thus avoids
tbe loss of alkali always experienced in the
ordinary process. The ore is finely powdered,
preferably levigated and dried before use, mixed
ultimately with chalk in the required proportions
and heated to bright redness on the bed of a ro-
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verberatory furnace for nine or ten hours, with
occasional stirring (at least once an hour). The
product is ground in a mill, guspended in hot
watèr, and treated with sulphuric aeid until
slightly aeid ; bichromate of calcium is thus
produced. A little ehalk is stirred into the solu¬
tion to precipitate the iron as oxide, and a
solution of potassium carbonate or other sait,
according to the chromate required, is added.
The calcium is thus preeipitated as carbonate
and the bichromate required remains in solution.
The solution may also be used directly for the
production of chrome yellow &c.

According to Booth's method (Pat. 1852)
D. P. J. 131, 137) the ore is rnixed with one-fifth
of its weight of charcoal or coal and ignited in
a reverberatory furnace like that used for puddling
iron, out of contact with the air. The product
is thrown into vats, and the reduced iron dis-
solved out by dilute sulphuric aeid, the residue
being treated in the usual manner for the pro¬
duction of chromatès. The weight of oil of
vitriol used amounts to about two-thirds that of
the ore. It is stated that the value of the ferrous
sulphate obtained repays the extra labour in-
volved.

Atcherley (Hoffman's Ber. û. Entw. C. I.
[1] 725) gives a description of the manufacture
of potassium bichromate as usually practised on
the large scale, of which the following is the
abstract:—

The ore is stamped, ground in a mill, and
passed through a sieve of eighty meshes to the
inch.

Potash lye is prepared by soaking 7 cwt. of
burned limestone (eontaining but little silica and
magnesia) in a solution of 2J p.c. of potassium
carbonate free from chloride (which would hinder
the crystallisation of the product), dried, ignited,
and powdered.

It is then mixed with 4J cwt. of the ore, and
spread in a layer 2 inches deep upon the pre-
viously heated bed of a reverberatory furnace,
at the end nearest the tire. The furnace is
about 9 feet long and 6 feet broad. The heat
is maintainedat bright redness, and the mixture
turned over every 15 minutes ; in about 2 hours
it is gradually pushed towards the farther end
of the furnace, and its place supplied by a fresh
charge. The opération is completed in about
4 hours, when the mass is greenish yellow and
contains chromâtes of potassium and calcium,
lime, potassium silicate, and ferrie oxide. It is
broken into coarse powder and lixiviated in
wooden pans, placed steplike one above another,
with a hot solution of potassium sulphate, which
converts the calcium chromate into potassium
chromate with précipitation of calcium sulphate.
The liquid is allowed to run from one vat to an¬
other, until at last a saturated solution of potas¬
sium chromate is produced. This is run into a
depositing vat lined with lead and treated with
sufficient sulphuric aeid andwaterto convert the
normal sait into the bichromate, and the solution
cooled.

As the solution of normal chromate was

saturated and contained about 1 part of sait in
2 parts of solution, the bichromate solution
formed is supersaturated, that sait requiring
neai'ly five times as much water for solution as
the normal chromate ; about three-quarters of the

total amount in solution is thus deposited on
.cooling. The crystals are redissolved in sufficient
water to form a solution of 1-120 sp.gr. and
crystallised in deep iron pans at a température
of 21°C.

Potassium chromate IÇCr04 is prepared, as
already described, from chrome ore. It may be
produced by the addition of potassium hydrate
to a solution of the bichromate. It crystallises
in anliydrous yellow rhombic prisms isomor-
phous with those of potassium sulphate. 100
parts of water at 0°C. dissolve 59 parts oi
potassium chromate ; at 100° 79 parts are dis-
solved. The solution has a fine yellow colonrol
great tinctorial power ; a distinct yellow tinge is
imparted by 1 part in 400,000 parts of water.
It is insoluble in alcohol and ether, and is very
poisonous. Its sp.gr. is 2-71 (Kopp).

When heated to redness with reducing agents,
such as sulphur, it is reduced to chromiua
sesquioxide. The addition of an aeid, even
carbonic aeid, détermines the décomposition
into bichromate of potassium. This change is
not brought about by the less heat of formation
of chromâtes than of salts of the decomposing
acids, but by the greater heat of formation of
bichromate than of chromate of potassium
(Berthelot, C. H. 96,399). According to Sckwartz
(D. P. J. 186, 31) the addition of the calculated
quantity of sulphuric or other aeid is not suffi¬
cient to produce the complété décomposition of
normal into aeid chromâtes ; a considérable
excess is required.

Potassium chromate is not largely used, the
bichromate, on account of its greater richness
in chromic aeid, being generally preferred. The
général uses and oxidising properties, however,
described under bichromate of potassium, also
apply to the normal chromate.

Potassium bichromate, generally known as
' Bichromate,' or ' Bichrome,' K.,Cr,0,. This
important sait is prepared in large quantifies
by the methods already described. Considerably
over 10,000 tons are annually produced in Great
Britain.

It crystallises in anhydrous, fine, red, square
tables derived from triclinic prisms of sp.gr.
2-692, and of intensely metallic, bitter taste.
They melt at about 400°C. (Tilden and Slien-
stone), and resolidify on cooling without change.
At bright redness décomposition ensues, and
the normal chromate and chromic sesquioxide
resuit.

100 parts of water at 0°C. dissolve 4-6 parts;
at 20° 12-4, and at 100°C. 94-1 parts of the
sait (Allnard, A. 133, 292).

Potassium bichromate is used in the prépara¬
tion of ail chrome pigments ; of ' discharge ' for
turkey red, &c. ; for the production of a large
variety of colours in çalico-printing and dyeing ;
in the manufacture of safety matches, Se. In
solution with sulphuric aeid it is used as a
bleaching agent for tallow, palm oil, &a. ; in
the oxidation of anthracene to alizarin, and in
the manufacture of aniline violet. For the use
of potassium bichromate in tanning leather «I
Donald (S. C. I. 1884, 615). When mixed with
organic substances it is reduced on exposure to
light ; gelatine under such circumstances is
rendered insoluble. This reaction with gelatine
is of great importance, and may be applied to
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inany purposes, It is taken advantage of in the
' Carbon ' prooess of photography. The gelatine
is mixed with a pigment of any colour, and the
paper carrying this film is sensitised by floating
on a solution of potassium bichromate. On ex-
posure under a négative the gelatine in those
portions exposecl to the light becomes insoluble,
and retains the pigment, while the portions pro-
tected by the darker parts of the négative are
alniost unacted upon, and may be dissolved in
warm water. In this manner photographs of
any desired colour, and of great beauty and per¬
manence, may be produced ; but in the actual
process a large number of détails require atten¬
tion, rendering the method somewhat diliicult.

Sodium chromâtes. The normal chromate
Na,Cr0410H20 and the bichromate Na2Gr20J2H20
are prepared by methods corresponding to those
used for the potassium salts. According to
Nac. Walberg (D. P. J. 259, 188) they are pre¬
pared on the large scale as follows : 6 parts of
powdered chrome ore (44 p.c. CrO:i) are mixed
with 3 parts soda ash (92 p.c. Na2C03) and
3 parts of chalk, and heated in charges of 1 ton
in a reverberatory furnace for eight bours. The
mass is lixiviatedto produce a solution of 45°B.,
boiled down to 52°B., and allowed to erystallise
in leaden pans. The crystals are lirst dried by
a centrifugal machine, and finaliy heated to
30CC. in a drying chamber, where they crumble
to a yellow anhydrous powder containing about
96 p.c. of the normal chromate.

For the production of bichromate these
crystals are dissolved to a solution of 40°B. and
treated with suiiicient chamber aeidto détermine
the conversion into the bichromate, the rightpoint
being found by potassic iodide and starch paper.
Sufficient neutral sodium chromate is then added
tobring the percentage of Crû., to about 72-5.
The liquor is cooled in Iead tanks to 1°C., arti-
ticially if necessary, and the sodium sulphate
crystallised out. The liquor is drained olï,
filtered if necessary, and evaporated to dryness
in an iron pot, with constant stirring. The
residue is powdered while still hot. If the
amonnt of Cr03 be allowed to exceed 72'5 p.c.,
the product is damp and cannot be stored in
wooden casks. An analysis of this substance
showed Cr03 72'3, Na20 26'20, S031*40.

Normal chromate of sodium forms fine large
efflorescent crystals of the composition

Na„CrO410H2O,
isomorphous with Glauber's sait. Unlike the
chromate of potassium, it is less soluble than
the bichromate.

Bichromate of sodium ICCr2072H20 crystal-
lises in thin, six-sided prisms with bevelled
edges of a fine hyaeinth-red colour, and is very
soluble in water.

The chromate and bichromate of ammonia
are prepared by mixing in proper proportions
solutions of ammonia and of chromic acicl.

Lead chromâtes. The neutral chromate of
had PbCr04 is best produced by the action of
a solution of lead acetate on a solution of a

chromate. Thus produced, it is of a fine lemon-
yellow colour, insoluble in water and dilute acids.
When heated to 250°C. it becomes a reddish
brown, at a higher température it fuses, and
finaliy evolves oxygen with the formation of
chromic sesquioxide and a basic lead chromate.

On account of tliis évolution of oxygen on heat-
ing, this substance is frequently used in organio
analysis.

Lead chromate is soluble in cold lime water
or caustic alkali, but is unattacked by hot lime
water. For this reason, in immersing calico
coloured with chrome yellow in lime water, for
the production of an orange colour, care should
be taken that the solution is hot.

When heated with caustic alkali a portion of
the chromic oxide is removed, with the pro¬
duction of a basic lead chromate of colour

varying from orange to vermilion.
The normal chromate is largely used as

a pigment, and for calico printing, &e., as Chrome
Yellow, Paris Yellow, Leipsic Yellow ; when
mixed with baryta or other substance to lower
the colour, as Cologne Yellow, aud, when mixed
with Prussian blue, as Green Cinnabar.

The basic chromate is used under the names

Chrome Red, Austrian Cinnabar, Persian Red.
By an appropriate mixture of the normal and

basic chromâtes, or by différences in the prépa¬
ration, any shade between lemon-yellow and
vermilion may be produced. Such colours are
known as Chrome Orange. Many methods are
in use for the préparation of these pigments.
The finest chrome yellow is produced by pré¬
cipitation ; the lead acetate used should not
be basic, or the product will be of an orange
colour; the solution should be dilute, and the
lead sait should be in excess ; the presence of
excess of chromate is liable to ' turn ' the
yellow—i.e. to produce an orange tinge. The
substances used should be comparatively pure.

For the lighteror ' Cologne yellow ' the solu¬
tion of chromate is mixed with an appropriate
quantity of alum or of sulphuric acid before
précipitation. The lead chromate is thus pre-
cipitated, together with any desired amount of
sulphate, and. the colour eorrespondingly lowered.
The bichromate solution may also have baryta,
gypsum, or kaolin stirred in before the addition
of the lead. Bouthron Chatard gives the com¬
position of ordinary Cologne yellow as CaS04
60 p.c., PbS04 15 p.c., PbCr04 25 p.c.

Biot and Delisse first preeipitate lead sul¬
phate from a solution of the acetate, and digest
3 parts of the washed preeipitate with 1 part
of normal potassium chromate dissolved in hot
water. The chromate is thus wholly converted
into chrome yellow, mixed, or perhaps combined
with the lead sulphate, and a ' Cologne yellow ' ofi
good colour is produced. The colour is said to
be equal to that obtained when double the quan¬
tity of chromate has been used. Its covering
power is, however, stated to be inferior to that
of the preeipitated yellow.

Liebig uses for this purpose the sulphate of
lead obtained in dye-works &c. as a by-produet.
The pigment, on account of the basic cliaracter
of the sulphate, is of an orange colour.

Anthon substitutes lead cliloride for sul¬
phate, treating 100 parts of freshly preeipitated
chloride with 27 parts of bichromate.

Runge mixes 45 parts of litharge, 6 parts of
sait, and 50 parts of water ; the mass becomes
white, and swells considerably ; more water is
added to prevent it from hardening. In three
or four days the whole has been converted into
lead oxycliloride ; a solution of 15 parts of po-
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tassium bichromate is then poured on, and the
mass well stirred and washed. A corresponding
prooess is used with carbonate of lead, the colour
produced being préférable to that when chloride,
sulphate, or oxide of lead are used.

According to the Textile Colourist, the
method generally adopted for the préparation
of chrome yellow is as follows. For the prépa¬
ration of the lead acetate four wooden tubs,
8 feet in diameter and lè feet high, are arranged
one above another, so tlïat the liquid may pass
downwards from one to the other. They are
filled with granulated lead, and strong wood
vinegar poured on the uppermost ; after remain-
ing there for a few minutes it is run into the
second, third, and fourth for an equal time.
The surface of the lead is thus thoroughly acted
upon, and becomes heated and oxidised by the
air. The vinegar is then passed through a
second time, remaining in each tub for an hour ;
on leaving the fourth tub a saturated solution of
acetate is produced.

Bichrome is dissolved in 10 or 12 parts of
water in steam-cased copper pans, and sufficient
acetate added to just precipitate the chromate
eompletely. The precipitate is settled, washed
by décantation, filtered, and dried slowly on
boards. The filtration should be performed as
rapidly as possible because the pigment swells
eonsiderably while drying, and this should take
place on the boards.

By mixing some chromate of lead with the
lead acetate solution a dark lemon colour is
produced, and by the addition of caustic potash
to the precipitate a much redder pigment may
be obtained.

For the production of a fine vermilion pig¬
ment Liebig and Wohler's method may be used.
A mixture of equal parts of potassium and
sodium nitrates is just heated to fusion, and
chrome yellow, in small fragments, is dropped
in ; ebullition takes place and the mass becomes
black. The heating should be continued until
ebullition ceases. The chrome yellow has then
become converted into basic chromate of lead
and potassium chromate. If the température
used be too high the product becomes brown
and is spoiled. The supernatant yellow liquid
is poured from the heavy basic lead sait, which
is then well washed in water. The washings
should be poured oiï as quickly as possible, or
the action is liable to be reversed and the normal
chromate reproduced in part, with a correspond¬
ing réduction of colour.

The red chromate may also he produced by
boiling chrome yellow with half an équivalent of
lime or of caustic alkali, or by the addition to a
solution of lead acetate of potassium chromate
to which an équivalent of potassium hydrate
has been added.

For the production of a fine ' Persian red '
Prinvolt digests 25 parts of lead carbonate in a
cold solution of 10 parts of potassium chromate
for 2 days. A red crystalline precipitate of basic
lead chromate is thus produced, while potassium
bicarbonate remains in solution. The mixture
is boiled for half an hour, whereby a portion of
the red precipitate becomes decomposed with
the formation of normal lead chromate and of
potassium chromate, turning a violet-red colour.
This is filtered off, washed, and digested with

one part of sulphuric acid dissolved in 100 parts
of water, with the production of ' Persian red.'

The colour of the varieties of chrome red is
due principally to the size of the crystals, those
pigments of which the crystals are largest being
of the most intense colour.

Calcium chromate CaCr044H.,0 is largely
produced in the manufacture of chromâtes from
chrome iron ore. It is soluble in water and
alcohol. It becomes anhydrous at 200°C., and,
being then almost insoluble in water, is used as
a pigment. It has a fine straw colour, and is
used for distemper work ; is permanent, but of
slight covering power.

A bichromate of calcium is known, contain-
ing CaCr,0,3H.,0.

Barium chromate BaCr04 is a canary yel¬
low powder, known as Yellow UltramariM or
Lemon Yellow. It is produced by the addition of
a chromate to a solution of a sait of barium.

Barium chromate is insoluble in water and
acetic acid, soluble in hydrochloric and nitric
acids. On treatment with a boiling solution of
chromium anhydride it dissolves, and crystallises
on cooling as a yellowish-red powder, consisting
of the bichromate BaCr.,0;2H„0.

Barium chromate is used as a pigment; it
is stated to become greenish on exposure to
light.

Bismuth chromâtes. On the addition of
potassium bichromate to a neutral solution of
bismuth nitrate a yellow flocculent precipitate,
soluble in acids, is produced, which becomes
crystalline, having then the composition

3Bi,032.Cr03
(Lowe). On heating it becomes partly decom¬
posed and turns greenish. From an acid solu¬
tion of bismuth nitrate the precipitate formed
consists of Bi„03.2Cr03 (Lôwe ; Muir), and is
quite insoluble in water. Bismuth chromate is
used as a pigment and in calico-printing.

Zinc chromate, Zinc Yellow, or Buttercup
Yellow ZnCr04, is a beautiful, stable, yellow
pigment, produced by the addition of hot neutral
solution of zinc sulphate to potassium chromate.
According to Wagner, English-zinc yellow bas
the composition

Cr03 14-94, ZnO 75-35, CO„ 3-61, H.,0 6-19.
CHROIiIOMETERS v. Colormeteks.
CHRYSAMIN v. Azo- coloueino siat-eers.

Chrysamin not only dyes cotton without a
mordant, but may, according to Knecht, even
serve as a mordant for methylene blue, safra-
nine, and aniline green. Galland has used
chrysamin and similar colours, sueh as benzo-
purpurin and azo-blue, as mordants for varions
dyes, with the following results. Two minutes'
immersion in a bath containing 1 gram chrys¬
amin, 2-5 litres water, and 25 grams sodium
phosphate for each square metre of the fabric,
gave a canary-yellow shade. The best results
were obtained with triphenylearbinol derivatives,
particularly with Victoria blue, its dark-blue
lîhades resisting better than the others a soap
bath for 1£ hours at 70°C. The shades obtained
with aniline violet do not resist a soap bath so
well, and if produced by magenta, methylene
blue, malachite green, Bismarck brown, or safra-
nine, they are entirely decomposed by a soap
bath at 70°. Other colours, such as Coupiei's
grey, the phthaleïn derivatives—eosin, erythro-
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BÎn, cœruleïn ; anthraquinone derivatives—ali-
zarin blue and the natural colours, logwood,
Lima extract, cochineal, &c., are not fixed so
well, or not at ail, and are ail entirely destroyed
by soap. Benzo-purpurin and azo-blue beliave
towards aniline and anthracene colours, as also
to the natural colours, like chrysamin, but the
shades produced by the latter are faster (S. C. I.
5,532).

CHRYSANILINE Diamidophenylacridine
C|,H1sN3 is obtained as a by-product in the manu¬
facture ot rosaniline by the arsenic aeid method,
and was isolated by Nieholson (D. P. J. 168, 133)
by treating the residue with steam, wherebychrys-
aniline passes into solution and can be precipi-
tated therefrom by addition of nitric acid. It
was further examined by Hofmann (B. 2, 378),
who prepared its methyl-, ethyl-, and phenyl-
derivatives. Its composition and constitution
were first established by Fischer and Korner
(B. 17,203 ; A. 226,175 ; compare also Anschiitz,
B. 17, 433), who refer its formation in the
rosaniline melt to a condensation and subsé¬
quent oxidation of orthotoluidine and aniline,
since they have effected its synthesis by heating
with arsenic acid at 180°-200° the orthodipara-
triamidotriphenylmethane obtained by Benouf
(B. 16, 1304) by the action of dehydrating
agents on a mixture of orthonitrobenzaldehyde
and aniline.

Propcrtics.—Chrysaniline crystallises with
2 mol. of H,0 from 50 p.c. alcohol in golden-
yellow needles, and from benzene with 1 mol.
of benzene of crystallisation in golden-yellow
scales; the latter melt when placed in a bath
heated at 150°-160°, but when slowly heated
lose the associated benzene, and melt, like the
former, at 267°-270°. It is insoluble in water,
and sparingly soluble in alcohol. On oxidation
with chromic acid it yields acridine (A.), and
when diazotised is converted into phenylacridine
(m.p. = 164°). Chrysoplienol C,„HuN20, a yel-
low dye, is obtained when it is heated at 160°-180°
with concentrated hydrochloric acid, and crystal¬
lises from dilute alcohol with 2 mois, of H..0 in
ruby-red needles. Chrysaniline forms two sériés
of salts ; of these the sparingly soluble nitrate is
the most characteristic : it crystallises in ruby-
red needles, and is employed under the name
phosphine as a valuable golden-yellow dye
for silk and wool.

CHRYSAROBIN C30H26O7. This substance is
a constituent, to the extent of 84 p.c. (Attfield),
of araroba or Goa powder, the pith of a tree
belcnging to a species of Ocesalpina (Holmes, Ph.
(3] 5, 801), and was first extracted therefrom
by Attfield (Ph. [3] 5, 721), who believed it to be
chrysophanic acid, into which, indeed, it is
readily converted on oxidation (Liebermann and
Seidler, A. 212, 36). Chrysarobin is extracted
from Goa powder by hot benzene, and when
crystallised from glacial acetic acid forms small
yellow laminse. It can be repeatedly crys¬
tallised without altération, but is oxidised to
chrysophanic acid when air is passed through
its solution in aqueous caustic potash. It is dis-
tinguished from chrysophanic acid by dissolving
in concentrated sulphuric acid with a yellow,
and in concentrated aqueous caustic potash with
a dark-green colour, whilst dilute aqueous potash
does not dissolve it ; chrysophanic acid, on the

contrary, yields a red solution with concentrated
sulphuric acid and dilute aqueous potash (Lie¬
bermann and Seidler, B. 11, 1603) v. Abaeoba
powdee.

CHRYSAZIN v. Alizaein and allied coloue-

ing mattebs.

CHRYSEÏNIC ACID v. Naphthalene.

CHRYSENE C18H12 or <^'®>
This hydrocarbon occurs in the highest boiling
portions of coal tar, and in the tarry products
obtained in the dry distillation of wood, fats,
and oils (Laurent, A. Ch. [2] 66, 136). Syn-
thetically, it can be prepared by passing the
vapour of benzylnaphthylmethane through a
red-hot tube (Graebe and Bungener, B. 12,1078).

Purification.—Chrysene is extracted from the
mixture of solid hydrocarbons consisting chiefly
of pyrene and chrysene, which boil at a higher
température tban anthracene and constitute the
last portions of the distillate from coal tar, by
repeated digestion with carbon bisulpkide in the
cold. This treatment removes ail the hydro¬
carbons présent in the mixture except chrysene
(présent to the extent of 18 to 19 p.c.), and this
is further purified by crystallisation from coal
oil (boiling point = 150°), from which it sépa¬
râtes in golden-yellow scales. The yellow
colour, due to an impurity, cannot be removed
by repeated crystallisation, but is destroyed by
boiling with alcohol and a small quantity of
nitric acid (Liebermann, 158, 299).

A second method . for obtaining chrysene
from crude greenish-yellow anthracene (m.p.
= 207-208°) has been described by Schmidt
(J. pr. [2] 9, 250, 270). For this purpose 40-50
grains of the anthracene are dissolved in 5
litres of strong (95 p.c.) alcohol, and the solu¬
tion after filtration is boiled with 30 grams
of nitric acid (sp.gr. = 1-4) in a reflux apparatus
for some time. On cooling red needles of a
sparingly soluble compound of chrysene and
dinitroanthraquinone ClsHl„,C11H6(N0„)..0.2 sepa-
rate out, which when treated with tin and
hydrochloric acid décomposé into chrysene and
réduction compounds of dinitroanthraquinone.
The hydrocarbon is then obtained pure and
colourless by crystallisation from benzene.

Propcrtics.—Chrysene crystallises in scales,
or in well-defined, colourless rhombic plates,
rnelts at 250° and boils at 436°. It is a

sparingly soluble substance ; for example, 100
parts of absolute alcohol dissolve 0'097 parts
at 16°, and 0T7 parts at 18°, and 100 parts of
toluene dissolve 0'24 parts at 18°, and 5'39 part3
at 100° (v.Beehi,B. 12,1978), whilst ether, carbon
bisulphide, benzene, and acetic acid dissolve it
only to a slight extent at the ordinary tem¬
pérature, but more readily on boiling. The
solutions, like the pure hydrocarbon, show a deep
reddish-violet fluorescence. Chrysene combines
with dinitroanthraquinone and with picric acid
(trinitrophenol) to form characteristic com¬
pounds; the picrate ClsH12,C(iH.2(N02)3.0H ob¬
tained by adding chrysene to picric acid in
benzene solution crystallises in long red needles
and is décomposée! by alcohol (Liebermann,
Schmidt). When heated with concentrated sul¬
phuric acid chrysene yields a sulphonic acid,
and when treated with nitric acid under vary-
ing conditions yields mono-, di-, and tetra- nitro-
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derivatives (ibid.), whilst chlorine and bromine
convert it into substitution-derivatives (Schmidt).
On oxidation with cbromic acid in acetie acid
solution, chrysene is eonverted into chrysoyuin-
one C1sH]0O2, which crystallises in^yellowish
red needles, melts at *235°, yields azines on
treatment with ortho-dianrines (Liebermann
and Witt, B. 20, 2242), and is characterised by
dissolving in ooncentrated sulphuric acid with a
blue colour.

CHRYSEOLIN v. Azo- coloueing mattees.

CHRYSOBERYL. Béryllium aluminate v.
Aluminium.

CHRYSOCOLLA. The Greek name for borax.
Now applied to copper silicate v. Coppee.

CHRYSOGEN. An orange-coloured sub¬
stance, containing more than 94 p.c. of carbon, -

and said to be a hydrocarbon, discovered by
Fritzsche (Z. 1866, 139) in crade anthracene. It
is sparingly soluble in the ordinary organic
solvents. In sunlight its solutions become
rapidly bleached, and yield a colourless crys-
talline compound which on fusion becomes
orange-yellow.

CHRYSOÏDINE v. Azo- colouking matteks.

CHRYSOÏN v. Azo- coloueing mattees.

CHRYSOLINE v. Azo- coloueing mattees.

CHRYSONAPHTHAZINE v. Azines.
CHRYSOPHANIC ACIB C]:,H10O4 (De la

Rue and Millier, C. J. 10, 298 ; Thann, A. 107,
324). This acid occurs in the roots of various
species of Rheum and Rumex (H. Grothe, P. 113,
190). It can be obtained from rhubarb root, in
which it occurs together with emodin, by ex¬
traction with benzene. After removal of the
benzene by distillation, the residue is treated
with aqueous caustic soda whereby emodin and
other impurities are removed whilst the acid
remains undissolved (Liebermann and Fischer,
183, 158). Chrysophanic acid may also be ob¬
tained from chrysarobin by oxidation with air
in alkaline solution ; the acid is then precipi-
tated by the addition of a minerai acid, and
crystallised from petroleum spirit (Liebermann
and Seidler, B. 11, 1003).

Chrysophanic acid crystallises from alco-
hol in golden-yellow needles, and melts at
162°. It dissolves in 1125 parts of alcohol (80
p.c.) at 303, and in 224 parts at the boiling-
point, and is soluble in hot benzene, acetic
acid, and amyl alcohol. When heated with
zine-dust it yields methylanthracene. Ooncen¬
trated sulphuric acid and aqueous alkalis dis¬
solve it, forming red solutions. (V. also Cascara
Sageada.)

CHRYSOPHANIN v. Senna leaves.

CHRYSOPHENIN v. Azo- coloueing mat-

ters.

CHRYSORETIN v. Senna leaves.

CHRYSOTOLUAZINE v. Azines.
CHRYSOTOLUIDINE C„,H21NS. A yellow

orystalline base of unknown constitution
(cf. Hofmann, B. 2, 380) occurring in the
residue obtained in fuchsin manufacture by the
arsenic acid inethod (Girard, De Laire, and
Chapoteaud (C. R. 63, 904 ; 64, 416). The
hydrocliloride is a yellow dyestuiï.

CIDER, or CYDER, is a beverage produeed by
the fermentation of the juice of apples, and is

made in several counties of England, in Kot-
mandy, Holland, portions of Germany, and ol
the United States of America.

The best apples for the purpose are rather
tough, piquant, and astringent. The kinds pre-
ferred are, in Devonshire, the Foxwhelp, Royal
Wilding, Skryme's Kernel, White Normandy
Beech, and Yellow Styre; in Herefordshire,
varieties of the Foxwhelp, known as the New,
Old, Bastard, Red and Black Foxwhelp, Dymock
Red, White Musk, Norman Cider, and others ;
in America the Harrison, the Red Streak, and
the Virginia Crab. The apples now used for
making the best qualities of cider are especial
varieties, and are not suited for any other pin-
pose. The kinds are roughly distinguished as
'early' and 'late,' aceording to the period of
their maturity, so that by a judicious assortment
in the orchards, the mill may be almost con-
stantly kept at work. The soil in which the
trees are grown should be strong and rich
in phosphates, and should be syslematically
manured to ensure continuous heavy bearing,
For this purpose a compost is recommended
consisting of bone-dust 1 part, pure dissolved
bone 1 part, kainit 2 parts, charcoal-dust 20
parts.

The fruit having been gathered at the period
of maturity, is plaeed in heaps until it becomes
sufficiently ripe and mellow to be erushed; by
this means an equal degree of ripeness is attained.
Wherever possible the fruit should be kept
under cover, since exposure to rain washes away
a large proportion of those forms of torulie
occurring naturally on ail kinds of fruit, and so
essential to carrying on the process of fermenta¬
tion. A certain proportion of the sugar is also
liable to be carried away by rain.

Of course it is possible to make good cider
from only one kind of fruit, but a mixture ol
différent varieties of sweet and bitter-sweet gives
more satisfactory results. Ail the fruit should
be sound, for it is fatal to the manufacture of
the finest cider that apples in every variety of
condition should be promiscuously mingled. As
an early writer says : ' This error or neglect hath
not only been the occasion of much thin, raw,
phlegmatical, soure, and unwholesome cider,
but hath cast a reflection on the good report
that cider, well made, most richly deserves.'

The methods employed in extracting the
juice were until recent years of a primitive
character. Mashing in a trough with pestles
wielded by hand was the usual practice, or the
fruit was thrown into a stone trough studded
with nails, in which a cylinder of wood or
stone similarly spiked was made to revolve by
the aid of one or two horses. This form of
mill still exists in many places. Where large
quantifies of fruit have to be dealt with, it is
passed between rollers of wood or stone, exert-
ing not only a pressing, but also a tearing action
upon it. Some makers have designed these
machines so as to disintegrate the pulp rvithout
bruising the seeds, under the belief that the
flavour of the pips injures that of the cider. In
grinding it is customary to sprinkle a little
water over the apples, and, as the pulp is re¬
moved from the machine, to place it in wicker
mats or in bags of hair-cloth, in which the juice
is expressed from it. Sometimes water is

IRIS - LILLIAD - Université Lille 1



CIDER. 661

added to the solid portion remaining after the
first expression, from which an inferior quality
oJ cider results; occasionally even a third
variety is made by again soaking and pressing
the 'cake' or'ckeese.' Einally the residue is
mixed with chaff and given to the eattle, or
dried to form fuel, or thrown to.the manure
heap, thence to be returned to the orohard.

The prévalent practice in England is to
remove the pulp or ' pommage ' at once from the
mill and to proceed to the pressing without
delay. In America, however, it is customary to
allow the pommage to stand in open vats for
24 to 48 hours or longer, whilst in Germany
and in some parts of Normandy, it is left for
from o to 12 days until fermentation is well
established. It is claimed that by this delay
the flavour, perfume, and colour of the fruit is
conveyed to the liquor and to the résultant cider.
As in the case of the pulping mill, the ap-
paratus for pressing has been much improved of
îate years, the aim being to secure a graduai and
not too foreible pressure. As it proceeds, the
liquor, at first turbid, becomes later quite clear.
The juice is placed in hogsheads of 50 gallons
in Devonsliire or of twice that capaeity in Here-
fordshire, and fermentation rapidly sets in.

The proeess of fermentation should be
carried on at a moderately low température if
possible, never exceeding 40°F. Under favour-
able conditions, at this température the sugar
is rapidly converted into alcohol and carbonie
acid, large volumes of gas being given ofï,
whilst at the same time a strong frothy head
is thrown up. This consists principally of the
lighter portions of tissue and other particles
which have been pushed to the surface by
the rising bubbles of gas. As soon as a certain
proportion of alcohol is produeed the fer¬
mentation becomes less active, the greater por¬
tion of matters in suspension begins to sub¬
side, and the liquid becomes moderately clear.
At this stage it is racked off quickly into fresh
casks where the secondary fermentation is
carried on at as low a température as possible.
The alcohol produeed in the primary fermenta¬
tion now acts in a very bénéficiai xvay, for
where a normal quantity is présent, not only
does it serve to hold in check, or possibly pre-
vent altogether, the development of organisais
tending to produce acetous or possibly lactic
fermentation, but it also takes up and helps to
hold in solution the essential oils of the pips
and skins of the fruit, which during the grind-
ing and pressing had been released from the
ruptured cells which contained them. By this
means the cider acquires a delicious fruity
aroma eminently characteristic of pure un-
sophisticated cider.

If, however, the apple juice, or must, be dé¬
ficient in sugar, so that but little alcohol is
produeed and ail the available sugar is used up
in the primary fermentation, then after raeking
a certain amount of flatness ensues in the
liquor and a great tendency to acetous fermen¬
tation is developed, so that in a short time we
have a liquid consisting praetically of a mix¬
ture of acetic acid with the malic acid originally
présent, and possessing a sourness more intense
than vinegar. Under sueh circumstances it is
advisable to add invert sugar to the pressed
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must in such proportions as to bring the total
quantity of sugar up to the normal.

Up to the présent time little or nothing is
known with regard to the species of yeast
which carry on the proeess of fermentation of
cider, but undoubtedly some one or more of the
différent varieties of Saccharomyces Pastorianus
as well as S. ellipsoideus and S. apiculatus con-
tribute largely to this, and it is extremelyprobable
that a careful study of the yeast produeed during
cider fermentation, and a judicious sélection of
certain forms or types of cells for carrying on '
.the various stages of fermentation, would resuit
in the production of a liquor far superior to that
which is at présent known as cider, and calcu-
lated to take a very high rank among fermented
beverages.

The strongest and best cider will keep in
cask for 4 or 5 years, but the présent custom is
to bottle it in the spring following the autumn
in which it has been made ; by this means a
much greater richness is obtained.

The following table represents the mean of
many analyses of fresh apple-juice from the
best fruit :

Water . . . ... . 800-00
Sugar capable of being converted into") nrv

alcohol / 17d'UU
Tannic acid or tannin . . . 5-00
Mucilage or pectosine (soluble pectin, \

gum) ....../
Eree acids (malic, tartaric, &c.) . , 1-07
Albumen and fermentable matter . 5'00
Saline matters (lime, malates of)

potash and of lime, phosphate of l 1-75
lime) J

Pectic acid, colouring matter, fixed )
acid, volatile oils, and insoluble sub- > 2-18
stances in suspension , - . J

1000-00

The best and soundest cider should contain
from 8 to 10 p.c. of alcohol (Hogg), with from
2 to 3 p.c. of sugar. The presence of a con¬
sidérable amount of tannin and tannic acid
causes the albumen and pectin to be deposited,
thus fining the liquor ; it régulâtes fermentation
and prevents ropiness. Henee it is the custom
with some cider makers to add a small quantity
of good fresh hops to the must either before or
after the primary fermentation has set in.

Another constituent of apple-juice is malic
acid, and what tartaric acid is to the grape
malic acid is to the fruit of our English gardens.
But there the comparison ends, for whereas
when grape-juice begins to ferment, directly an
appréciable quantity of alcohol is formed, the
tartaric acid begins to be thrown out of solu¬
tion in the form of argol, and this proeess of
élimination of the acid from the wine goes on
as long as additional quantifies of alcohol are
formed. Now, if we could by any means
manage to get rid of the malic acid in cider
under somewhat similar conditions, a natural
apple-wine of high-class merit might be manu-
factured in this and other apple-growing coun-
tries and which might very favourably compete
with many of the grape-wines at présent in the
market.

Cider, by careful manipulation, can be made
to contain a very high percentage of spirit, light

OOIRIS - LILLIAD - Université Lille 1



562 CIDER.

and clean in character, free from fusel oil and
rich in compound ethers, of fragrant aroma and
delicate flavour, which when oarefully distilled
is capable of becoming a first-class brandy.

CINCHAMIDINE v. Vegeto-alkaloids,
CINCHONAMINE v. Vegeto-adkaloils.
CINCHONIBINE v. Vegeto-alkaloids.
CINCHONIDINE v. Vegeto-alkaloids.
CINCHOMERONIC ACID v. Bone oïl.

CINCHONINE v. Vegeto-alkaloids.
CINEOL v. Camphors; Santonica.
CINNABAR. Mercuric sulphide, Vermillon,

v. Mercury; Pigments.
CINNABAR, GREEN, v. Chromium.
CINNAMEÏN v. Balsam of Peru, art.

Badsahs.
CINNAMALDEHYDE Cinnamic aldéhyde

C6H5.CH:CH.CHO is contained, together with
a hydrocarbon, in oil of cinnamon and oil
of cassia. It may be extracted from oil of
cinnamon by shaking the oil with a concen-
trated solution of sodium bisulphite, filtering off
the crystalline bisulphite-eompound, washing
the latter with alcohol and distilling it with
dilute sulphuric acid, when the cinnamaldehyde
passes over with the steam. The cinnamalde¬
hyde is extracted from the aqueous distillate
with ether, and after expelling the ether, is
purified by distillation under a pressure of from
40 to 50 mm. (Peine, B. 17, 2109). It is best
obtained by allowing a mixture of 10 parts of
benzaldehyde, 15 of ordinary aldehyde, 900 of
water, and 10 of a 10 p.c. solution of caustic
soda to stand at a température of about 30° for
from 8 to.10 days, shaking from time to time :

C,H5.CH0 + OH„.CHO=C.H..CH :CH.CHO+HaO.

The solution is extracted with ether and the
ethereal extract treated as in the foregoing
method (Krszysica, B. 17, 2117). Also formed
when a mixture of calcium cinnamate and cal¬
cium formate is distilled (Piria, A. 100, 105).

It is a colourless oil with a pleasant aromatic
smell of cinnamon. It décomposés when dis¬
tilled under ordinary pressures, especially with
access of air, but may be distilled without de-
composition in a current of steam or under
reduced pressure. It boils at 120-130° under a
pressure of 20 mm. (Peine, B. 17, 2110). Sp.gr.
1-0497 2j° (Bruhl, A. 235, 18).

By oxidation it yields first cinnamic acid
and afterwards benzaldehyde and benzoic acid.
It gives the usual reactions of the aldéhydes.

F. E. J.
CINNAMIC ACID C6H5.CH:CH.COOH. (Acide

cinnamique, Fr. ; Zimmtsdure, Ger.) The
séparation of a solid acid from oil of cinnamon
on keeping was first observed towards the end
of last century, but the acid was confounded
with benzoic acid, until Bizio, in 1826, showed
that it was a distinct acid. It was first
thoroughly investigated by Dumas and Peligot
(A. 14, 56).

Occurrence.—In liquid storax, partly free,
partly as cinnamyl cinnamate (styracin) ; in
tolu and Peru balsams together with benzoic
acid and benzyl cinnamate; in some sorts of
gum benzoïn ; and in the leaves and stalks of
Globularia Alypum and G. vulgaris, and in the
leaves of Enhiantlius japonicus.

Formation and Préparation.—It is formel
by heating benzaldehyde with acetyl chlorideat
120-130° (Bertagnini, A. 100, 126) :

C,H3.CH0+CH3.C0Cl=CeHs.CH:CH.C0sH+HCl.
Perkin showed that it might be more readily
obtained by heating a mixture of benzaldehjde,
acetic anhydride, and anhydrous sodium acé¬
tate :

C.H..CHO H- (CH3.CO)aO=CBHs.CH:CH.COaH+C3KtO,
(C. N. 32, 258 ; C. J. 1877, 388). The cinnamic
acid employer! in the préparation of artificial
indigo was at first manufactured by this metliol;
but the process was afterwards improved bj
Caro (Ger. Pat. 17,467, and 18,232), who showed
that cinnamic acid could be prepared by heating
benzal chloride with dry sodium acetate, thus
avoiding the use of the expensive acetic anhy¬
dride : C6H5.CHCh+2CH3.C02Na

= C6H5.CH:CH.CÔ2H + 2NaCl + C^O»
1 part benzal chloride, and from 2 to 3 paris
of finely powdered, fused sodium acetate (for
which potassium acetate, or a mixture of the
potassium and sodium salts may be substituted)
are heated at 180-200° for from 10 to 20 hours
in an autoclave furnished with a meckanical
stirrer. The melt is mixed with water, rendered
alkaline with caustic soda, and steam-distilled
to remove volatile oils, after which the solution
in the retort is filtered hot, and the cinnamic
acid is precipitated with hydrochloric acid,
filtered off after allowing the solution to cool,
pressed, and finally purified by recrystallisation
from boiling water or alcohol. A method
patented by the Farbwerke vorm. Meister, Lucins
and Bruning (Ger. Pat. 18,064) in which lead
acetate is substituted for sodium acetate ofiers
no advantages over the foregoing.

It may also be prepared from benzylidene-
acetone CsH5.CH:CH.CO.CH3, which is readily
obtained by the condensation of benzaldehyde
with acetone under the influence of dilate
caustic soda (Claisen, B. 14, 2471). When this
compound is oxidised by warming it with
sodium hypobromite, it is converted into cin¬
namic acid (Farbwerke vorm. Meister, Lucius
and Briining, Ger. Pat. 21,162).

By employing substituted benzaldehydes,
benzal chlorides, or benzylidene-acetones in the
foregoing reactions, substituted cinnamic acids
may be obtained.

Cinnamic acid may be extracted from storax
by boiling in a retort 1-5 kilos, of storax with
2 lit. of caustic soda of 24°B. until no more oily
drops distil over with the steam. In this pro¬
cess the styracin is hydrolysed, forming sodium
cinnamate and cinnamyl alcohol, the latter
being volatile with the steam. The aqueous
liquid in the retort is separated and the residue
repeatedly extracted with boiling water, after
which the cinnamic acid is precipitated from
the united aqueous solutions by hydrochloric
acid and purified by recrystallisation (Beilstein
and Kuhlberg, A. 163, 123). Precipitated cin¬
namic acid may be readily freed from adhering
resin by recrystallising it from hot light petro-
leum.

Properties and Réactions.—Forms slender
needles or large transparent prisms melting at
133°. Boils at 300° (cor.). If rapidly distilled
it scarcely suffers any décomposition, but by
slow heating it is brolcen up into styrolene
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0,H5.CH:CH2 and carbon dioxide. Sparingly
soluble in cold, more readily in boiling water ;
easily soluble in aleobol. Forms crystalline
salts closely resembling those of benzoic acid.
Oxidising agents convert it first into berizaldehyde
(distinction from benzoio acid) and afterwards
into benzoio acid. When taken internally it is
oziâised to benzoic acid and reappears in the
urine as hippuric acid. By fusion with caustic
potash it yields a mixture of benzoate and
acetate. Unités with nascent hydrogen to
form hydrocinnamic (/8-phenylpropionie) acid,
vith bromine to form a dibromide, and with the
hydracids to form /3-halogen-hydrocinnamic
aoids—thus jS-chlor-hydrocinnamic acid

C6H,.CHC1.CH2.C02H.
Substituted cinnamic acids. Of the substi¬

tution derivatives of cinnamic acid the only one
of industrial importance is orthonitrocinnamic
acid, which is prepared in the manufacture of
orthonitrophenylpropiolic acid {v. Indigo, abti-
nciii). On a large scale cinnamic acid is first
conveited by heating with alcohol and concen-
trated sulphuric acid into ethyl cinnamate.
The latter substance, which being a liquid is
more easily manipulated in the nitration process
titan the solid cinnamic acid, is run in a thin
stream into the calculated quantity of cold
mtrosulphuric acid. The mixture of ortho- and
para-nitrocinnamic ethers thus formed is dis-
solved in warm alcohol. On cooling, the para-
compound crystallises out, whilst the ortho-com-
pound remains ip solution. The two ethyl salts
are hydrolysed by heating with sulphuric acid.
In this process the two isomerides are formed in
approximately equal quantity.

Orthonitrocinnamic acid
CfiH4(N02).CH:CH.C02H

is insoluble in water, sparingly soluble in cold,
more readily soluble in boiling alcohol, from
which it is deposited in crystals melting at 210°.

The para- compound melts at 285-286° and
is very sparingly soluble even in boiling alcohol.
It cannot be used in the préparation of artificial
indigo, and the attempt made to utilise it in
the rosaniline manufacture bas not proved
industrially successful. F. R. J.

CINNAMON. Theinner bark of shoots of the
Cinnamomum zeylanicum, nat. ord. Lauracece,
or true laurels. According to Percival it is im-
ported principally from Ceylon ; but in part
also from Madras, Tellicherry, and, rarely, from
Java. The bark-peelers seleet such branches as
are three years old, and not more than two or
three inches in diameter nor less than half an

inch. The bark in drying rolls up into quills,
many layers being inclosed in one quill. It is
used as a condiment and yields a highly per-
fumed essential oil, q. v., employed in the pré¬
paration of chocolaté and for purposes of per-
fumery. Both the bark itself in its powdered
state and the oil derived from it are frequently
adulterated by cassia, v. Cassia.

CINNAMON BROWN or BISMARCK
BROWN v. Azo- coloueing mattees.

CINNAMON, OIL OF, v. Oms, essential.
CITRIC ACID C6H807. Occurrence.—This

acid commonly ocours in the juice of mafiy
fruits, and in the sap of many plants.

Synthesis.—The acid has been prepared
artificially by Grimaux and Adam (C. J. 38,801).

A saturated solution of dichloracetonic acid was

neutralised with sodium carbonate, and heated
with two molécules of potassium cyanide. The
resulting solution of dicyanoaoetates was satu¬
rated with hydrochloric acid gas and heated in
a water bath for 15 hours, the eitric acid was
then separated as calcium citrate by neutralisa¬
tion with mille of lime.

Properties.—The crystallised acid of com¬
merce has the formula C6H80;H20. The crystals
are large prisms belonging to the trimetric.
system. Their sp.gr. according to Buignet is
1-553. They deliquesee in damp air, and in
jrerfectly dry air slowly lose the whole of their
water. Différent crystals (probably diflerently
prepared) may lose water at very différent rates
(Warington, C. J. 28, 928 ; Grosjean, 43, 331).
According to Marchand (J. pr. 23, 60) crystals
obtained from a saturated boiling solution have
the formula 2(C6Hs0j)H20. According to alater
investigation by Sarandinaki (B. 5, 1100) the
crystals from a solution long boiled are anliy-
drous. Citric acid is optically inaetive. The
ordinary crystallised acid dissolves in abolit half
its weight of boiling water. Aqueous solutions
of various strengths have, according to Gerlach
(F. 1869, 295), the following sp.gr. at 15° :

Acid p.c. Sp.gr. Acid p.c. Sp.gr.

1 1-0037 34 1-1422
2 1-0074 35 1-1467
3 1-0111 36 1-1515
4 1-0149 37 1-1564
5 1-0186 38 1-1612
6 1-0227 39 1-1661
7 1-0268 40 1-1709
8 1-0309 41 1-1756
9 1-0350 42 1-1814

10 1-0392 43 1-1851
11 1-0431 44 1-1899
12 1-0470 45 1-1947
13 1-0509 46 1-1998
14 1-0549 47 1-2050
15 1-0588 48 1-2103
16 1-0632 49 1-2153
17 1-0675 50 1-2204
18 1-0718 51 1-2257
19 1-0762 52 1-2307
20 1-0805 53 1-2359
21 1-0848 54 1-2410
22 1-0889 55 1-2462
23 1-0930 56 1-2514
24 1-0972 57 1-2572
25 1-1014 58 1-2627
26 1-1060 59 1-2683
27 1-1106 60 1-2738
28 1-1152 61 1-2794
29 1-1198 62 1-2849
30 1-1244 63 1-2904
31 1-1288 64 1-2960
32 1-1333 65 1-3015
33 1-1378 66 1-3071

A 25 p.c. solution boils at 101°-8, a 50 p.o.
solution at 105o-8 (Gerlach, J. 1859, 48).

At 15° the solubility of the crystallised acid
in alcohol is as follows :

100 of 80 p.c. alcohol dissolve 87-
90 „ „ „ 52-85

» 100 „ „ „ 75-90
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100 parts of anhydrous ether dissolve 9T of the
erystallised acid.

Décompositions.—When heated to 175°, acét¬
one and carbonic oxide are evolved, tlie residue
is aconitic acid, CfiH„Oa ; the same acid is formed
in small quantity when a solution of citric acid
is long boiled (Dessaignes). When heat is con-
tinued beyond 175° an oily distillate appears,
which yields crystals of itaconic acid C5H604.
By further heating, itaconic acid is transformed
into an uncrystallisable oil, citraconic acid,
C5H403. Heated with sulphuric acid, carbonic
oxide and acetone are given off, and an acid is
formed not precipitated by baryta.

Solutions of citric acid are rapidly destroyed
by fungi. According to F. Watts (C. I. J. 1886,
215) the action of Saccliaromyces mycoderma on
lime juice is to convert the citric acid into car¬
bonic acid and water. According to I. Macagno
(G. 11, 4.43) an alcoholic fermentation in lemon
juice does not affeet the citric acid, but under
the influence of bacteria the citric acid dis-
appears, and acetic and propionie acids are
formed.

Salts.—Citric acid is tribasic, and forms in
conséquence three classes of salts. The salts
with the alkali metals are readily soluble in
water ; the neutral salts of the alkaline earths
are only sparingly soluble.

Calcium citrate Ca3(C6H50j).,2H20 does not
lose water at 100°. When precipitated in a
crystalline state its solubility in water is 1 in
1180 at 14°, and 1 in 1730 at 90°-100°. When
thrown down in an amorphous condition the
solubility is greater, 1 in 707 at 18°, and 1 in
1123 at 100° (C. J. 28, 939).

When a solution of citric acid contains a

ferrous, ferrie, or aluminic sait, in not too great
proportion, it may be made strongly alkaline
with polash or soda without producing a preei-
pitate. Such a solution may also be boiled with
chalk without precipitating iron or aluminium,
although a large part of the citric acid falls as
calcium citrate. (With tartaric acid in the place
of citric, iron is to a small extent precipitated
by chalk in the cold, and entirely on boiling.)
If, however, the ferrie sait bears a large propor¬
tion to the citric acid, the whole is precipitated by
chalk, even in the cold (C. J. 28, 990).

Détection.—Citric acid is best recognised
when in a pure state by its yielding on heating
an oily sublimate, which afterwards crystallises
(itaconic acid). A solution of citric acid, neu-
tralised with ammonia, gives no precipitate in
the cold with calcium chloride, except after long
standing ; but on boiling, calcium citrate is pre¬
cipitated. Calcium citrate, precipitated in the
cold, is freely soluble in solution of ammonium
chloride, and is precipitated therefrom on
boiling. Alkali citrates do not reduce silver
salts on boiling as tartrates do, or only to a
trifling extent.

Kiimmerer (Fr. 8, 298) recommends the
détection of citric acid by the formation of a
crystalline barium sait. To the free acid, or
to the alkali sait, excess of barium acetate is
added, and the whole heated on a water bath for
several hours; the barium citrate,

Ba„(C6H507)47H.A
will then be found in microscopic monoclinic
prisms.

The tests for adultération will be given at
the close of this article.

Estimation.—When the quantity of citric
acid in a solution is determined by alkalimetry,
phenolphthalein should be used as the indicator;
in coloured solutions red-brown turmeric paper
(Thomson, C. I. J. 1887, 195) has been recoin-
mended. If neutral litmus paper is used, tbe
alkali must be standardised with citric acid.
The quantitative détermination of citric acid ky
précipitation as calcium citrate will be described
under the analysis of lemon juice.

Baw Matekiai,.

Citric acid is prepared from the fruit juice oi
three species of Citrus—the lemon, bergamot,
and lime ; the first of these is the principal
source of citric acid. Concentrated lernon juice
is chiefly imported from Sicily; a very little
cornes from Naples or Sorrento. Concentrated
bergamot juice is prepared in Calabria, and es-
ported from Messina. Concentrated lime juice
is imported in small quantity from Montserrat
and Dominica. The lemon juice from Sicily is
prepared by pressing the inferior fruit, from
which the rind has previously been removed,
for the manufacture of essence. The so-called
' single ' juice is then boiled down till its sp.gr.
equals 60° on the eitrometer (sp.gr. 1-24); it
then forms a dark brown, rather syrupy liquid.

The total quantity of concentrated Sicilian
and Italian juice imported to England in 1881
was équivalent to rather more than 3,400 pipes
of 108 gallons ; the amount used for the manu¬
facture of citric acid was probably équivalent to
3,200 pipes. Of lime juice, about 2,000 puu-
clieons of 110 gallons were imported in an un-
concentrated condition, and used for the pré¬
paration of beverages. About 200 pipes of
concentrated lime juice were imported, and em-
ployed for the manufacture of citric acid.

Lemon juice has its greatest acidity early
in the season (November). The juice of the fine
fruit, exported as lemons, has a sp.gr. 1-03-
1*04 ; it contains free acid equal to 11-13 oz.
of citric acid per gallon. The inferior fruit
pressed in Sicily yields a juice containing at the
beginning of the season about 9 oz. of free
acid per gallon, and at the end of the season a
good deal less.

There are other différences between the juice
of fine lemons pressed in England, and the
Sicilian juice employed for the manufacture of
citric acid. The former contains very little
eombined organic acid, only about 2-5 p.e. of
the total organic acid (free plus eombined)
présent. In unconcentrated Sicilian juice the
eombined acid is about 7-9 p.c. of the total.
Again, the English pressed juice contains hardly
any organic acid save citric, only about 1 p.c. of
the total organic acid being unprecipitable as
calcium citrate. In Sicilian juice about 8 p.c.
of the total organic acid is unprecipitable as
calcium sait.

The concentrated lemon juice from Sicily
is reekoned of standard quality when its sp.gr.
is 1-24, and its acidity is equal to G4 oz. per
gallon of nominal citric acid. In dealing with
trade analyses it must, however, be borne in
mind that the ' erystallised citric acid1 of a
trade certifieate is not the erystallised acid of
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commerce, but an acid containing only half the
actual amount of water, an acid in fact having
the atomic weight 201 instead of 210

(C6H80:,H20).
No reason can be given for this practice, which
should certainly be abolished. In the présent
article ail quantities of citric acid will be ex-
pressed in terms of the common crystallised
acid.

The concentrated lemon juice from Sicily
contains pretty uniformly 7-8 oz. per gallon
of combined organic acid, equal to about 10 p.c.
of the total organic acid (reckonecl as citric) pré¬
sent. Of the total organic acid about 10 p.c. is
not precipitable as calcium, sait, and is therefore
not citric acid ; this proportion is, however, by
no means constant. Purchases of lemon juice
are unfortunately still made on the basis of
acidity, and not on the amount of precipitable
acid présent. Analyses of 895 pipes of concen¬
trated lemon juice by Mr. Grosjean bave been
published (C. J. 43, 333). The average propor¬
tion of precipitable acid was 99-2 p.c. of the free
acid, but the range of variation was considérable,
individual parcels of juice giving 81-1, 85-8, and
103-6 of precipitable acid p.c. of free.

ConcentratedBergamot juicehasa similar
sp.gr. to lemon juice, but a lower acidity; it
generally contains free acid equal to about 51
oz. of citric acid 'per gallon. The quantity
of combined organic acid is apparently similar
to that in lemon juice, namely 7-8 oz. per
gallon ; but the proportion of combined to total
is higher, 12-13 p.c. The proportion of unpre-
cipitable acid is about 13 p.c. of the total. Mr.
Grosjean's analyses of 90 pipes of bergamot
juice, show a mean of 98-4 of precipitable acid
for 100 of acidity, the extremes being 95-4 and
101-4.

The unconcentrated Lime juice of Mont¬
serrat has a mean sp.gr. of 1-036 ; it contains
according to Conroy (Ph. J. 1883,606) an average
of 7-84 p.c., or 12-54 oz. per gallon of free
acid. The extremes observed were 6-70-10-05
p.c., equal to 10-7-16-1 oz. per gallon. The
juice yields 0-43 p.c. of ash. It contains only a
trace of sugar. Warington found the combined
acid in two samples 5 p.c. of the total ; 10 p.c.
of the total acid was not precipitable.

Concentrated lime juice is a viscid liquid,
sp.gr. 1-32, and with an acidity averaging about
94 oz. of citric acid per gallon. The com¬
bined acid is about 8-9 oz. per gallon. The
unprecipitable acid is about 10-14 p.c. of the
total. The precipitable acid bears a lower pro¬
portion to the free than is the case with either
lemon or bergamot juice, the published analyses
showing a mean of 93-8 of precipitable acid for
100 of free.

The nature of the organic acids, other than
citric, présent in lemon, bergamot, and lime
juice has not been determined. A little formic
acid and acetic acid have been detected in con¬

centrated juice, but the principal acids other
than citric are clearly non-volatile and have
soluble calcium salts. The acids most probably
présent are malic and aconitic.

Besides lemon juice, some crude Calcium
citrate, prepared in Sicily by precipitating
lemon juice with chalk, is exported into England.
It contains about 64 p.c. of citric acid.

Methods or Analysino Jdice and Citrate.

1. Acidity. The commercial analysis of
juice is confined to the détermination of acidity.
It is most important that the alkali (sodium
hydrate) used should be actually standardised with
citric acid, and the same indicator employed
in standardising as in subséquent analyses.
Powdered crystals of citric acid are taken, water
carefully determined in one portion, while
another is used for standardising the alkali. In
determining water, the powdered acid should be
heated for some hours at about 60° before ex-

posing it to 100°; if this is not done the acid
will melt, and lose the rest of its water with
great difficulty. Warington recommended déli¬
cate litmus paper for determining the neutral
point. F. Watts has since employed films of tur-
merie tineture on a white tile (C. I. J. 1886, 214).
Thomson recommends red-brown turmeric paper.

2. Combined organic acids. The juice is
neutralised with a known quantity of stan¬
dard alkali, evaporated to dryness in a platinum
basin, the residue gently ignited, the black ash
treated with a known quantity (excess) of stan¬
dard sulphuric acid, the whole boiled and filtered.
The amount of unneutralised acid is then deter¬
mined with alkali. We have now the neutral-
ising power of the ash in terms of alkali ; by
subtracting the alkali added when neutralising
the juice we obtain the amount of alkali cor-
responding to the bases of the organic salts
wliich became carbonates on ignition. From
the amount of these bases their équivalent in
combined citric acid can be calculated.

3. Precipitable citric acid. This is for the
manufacturer the only trustworthy method of
analysis, but is in fact seldom adopted. War¬
ington proceeds as follows :—15-20 c.c. of un¬
concentrated juice, or about 3 c.c. of concen¬
trated juice, are exactly neutralised with sodium
hydrate, the solution (about 50 c.c.) is brought
to boiling in a sait bath, and a measured quan¬
tity of calcium chloride solution known to be
rather more than sufficient for ail the organio
acids présent added. After boiling for half an
hour the preoipitate is colleeted on a small filter,
and washed with hot water. The filtrate ancl
washings are then concentrated to 10 c.c. and
the solution finally neutralised with a drop of am-
monia. The second precipitate is colleeted on a
very small filter, the filtrate being used for getting
the precipitate on to the paper, which is finally
washed about five times with a little hot water.
The précipitâtes in their papers are then burnt
at a low heat in a platinum basin, and the neu¬
tralising power of the ash determined with stan¬
dard hydrochloric acid and alkali. The amount
of citric acid which the base is équivalent to
can then be calculated, three molécules of base
being reckoned as équivalent to one molecule of
citric acid.

4. Analysis of calcium, citrate. The excess
of chalk présent is first determined by boiling
about 4 grams with dilute standard hydrochloric
acid ina eovered beaker, and then adding standard
alkali till feebly alkaline. Two grams of the
citrate are then gently ignited in a eovered pla¬
tinum crucible, and the neutralising power of the
ash determined by solution in standard hydro¬
chloric acid, and titration with alkali. jBy de-

IRIS - LILLIAD - Université Lille 1



566 CITRIC ACID.

dueting from tke neutralising power of tlie ash
that due to the chalk previously determined, we
find the amount of base whieh bas to be calcu-
lated as citrate. Tkis method présupposés
that citrates are the only organic salts présent.
If it is preferred, the citrate may be dissolved
in hydrochlorie acid, the solution boiled, neu-
fcralised with soda, the calcium citrate preeipi-
tatedbyboiling in the salt-bath, and its quantity
determined as in the case of juice.

The information here given respecting juice,
calcium citrate, and the methods of their ana-
lysis, will be found in greater détail in C. J.
28, 925 ; 43, 331.

Pkocess or Manufacture.
The manufacture of citric acid from concen-

trated lemon juice is extremely simple. Aproper
quantity of whiting (levigated chalk) is mixed
with water, and heated by steam in a wooden vat
provided with a revolving agitator ; the concen-
trated juice is then slowly pumped in, care being
of course taken that the whiting is finally in
small excess. The liquor never becomes neutral,
however long boiling may be continued, or how¬
ever great is the excess of whiting présent ; the
adjustment of juice and whiting is therefore
effeeted by ascertaining if the liquor effervesces
with more whiting, or the precipitate effervesces
with more juice. The amount of unneutralised
acid is about 1-2J p.c. of the original acidity of
the juice. Pure citric acid is readily neutralised
by whiting, malic and aconitic acid are not ; the
final acidity is thus possibly due to the presence
of these acids. Citric acid, however, is not
neutralised by chalk if phosphates, and espe-
eially ferrie phosphates, be présent; this fact
will also explain the resuit. It is not advisable
to neutralise completely by the use of lime, as
vegetable impurities are then thrown down which
are afterwards difficult to separate.

The precipitated calcium citrate is washed
with hot water on a filter. It is next brought
by the addition of water to the state of thin
cream, and decomposed, with constant agitation,
by the addition of a small excess of sulphuric
acid (sp.gr. 1-7). The occurrence of an excess
of sulphuric acid is known by the liquor afford-
ing a precipitate with a strong solution of calcium
chloride after some minutes' standing.

The citric acid liquor is then separated from
the gypsum, which is washed on a filter. The
liquor is evaporated in shallow leaden baths by
steam beat. Much gypsum is at first deposited,
from this the clear liquor is run off and further
concentrated. When strong enough to crystal-
lise, the hot liquor is run into a wooden tub
provided with an agitator, and the liquor is kept
in constant motion while cooling ; by this pro-
cess, known as ' granulation,' the citric acid is
obtained as a crystalline powder. The mother
liquor is again concentrated, and ' sait ' again
obtained by granulation. The process may be
repeated a third time. The liquor is then too
dark and impure for further crystallisation, and
is known as ' old liquor.' The granulated citric
acid when drained, and if necessary slightly
washed, is redissolved, decolourised by heating
with animal charcoal (previously freed from
phosphates by hydrochlorie acid), again concen¬
trated to the crystallising point, and poured into

| leaden trays about 3 inches deep ; the crystah
here formed are the citric acid of commerce

Citric acid tkusprepared always containsatrace
of lead.

The ' old liquor ' is diluted with water, and
the citric acid it contains precipitated with ai
excess of whiting, exactly as in the case of the
original juice. The liquor is never neutralise!
by the whiting ; this may be either due te
aconitic acid formed during the heating of the
citric acid liquors, or to the presence of ferrie
or aluminic phosphate derived from the whiting.

Any considérable excess of sulphuric acid il
the liquors, or any overheating, must be avoided,
as occasioning décomposition of citric acid.
The presence of iron or aluminium in the whiting
also occasions loss, as citric acid holding iron or
aluminium in solution is not precipitated bj
calcium carbonate. In conséquence of the non-
précipitation of iron or aluminium from citric
solutions by whiting, the citric liquors of the
factory remain nearly pure, however long the
work may bave been continued, a resuit very
différent from what happens in the case of tar¬
tane acid ; the purity of citric acid liquors is
however obtained at the expense of some loss
of citric acid. In a well-conducted factory the
total loss during manufacture will amount to
12-15 p.c. of the citric acid in the juice.

The total quantity of citric acid made in the
United Kingdom in 1887 was between 400 and
500 tons, of which about half was -exported.
About 15 tons were imported from Sicily ; this
was the only import. The acid is chiefly used
by calico-printers ; it is also employed in the
préparation of effervescing drinks and in medi-
cine. For some further particulars see J. Soc,
Arts, 1876, 366.

Adultération.—Citric acid is at tirnes adul-
terated with tartaric acid. To detect adultéra¬
tion Cailletet (C. J. 36, 674) adds 1 gram of the
powdered acid. to 10 c.c. of a cold saturated
solution of potassium dichromate. If the solu¬
tion remains unchanged in colour for ten minutes
tartaric acid is absent. If tartaric is présent
the solution becomes brown. Pusch (C. I. J.
1885, 552) places I gram of the acid in a test-
tube with 10 grams of pure oil of vitriol. The
test-tube is placed in a water bath, and kept at
100° for one hour. If citric acid only is présent
the colour is lemon yellow. If tartaric acid is
présent the colour becomes brown. Both these
tests are very delicate, and readily show Irai
p.c. of adultération. Tartaric acid may also be
detected by adding a little solution of potassium
acetate to a strong solution of the citric acid,
and stirring.

The quantity of tartaric acid in an adul-
terated sample may be determined by adding 10
p.c. of potassium chloride to a strong solution
of the acid, and precipitating the tartaric acid
with citrate or acetate of potassium, with the
précautions deseribed under estimation of tar¬
taric acid. B. W,

CITROU, OIL OF, v. Oils, essential.
CITRONELLA OIL v. Oils, essential.
CITRONINE v. Naphthalene colootb»

matters.

CIVET. An odoriferous substance resembling
musk or ambergris obtained from the pouches
situated between the anus and génital organs
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of Viterra civetta of N. Africa, V. Zibetha of
Asia, and V. Basse of Java. Is of the con-

sistence of honey, and of a yellowish or brown
colour. Contains stearin, ole'in, mucus, resin,
volatile oil, and yellow colouring matter (J. Ph.
1821, 537).

CLARET G, CLARET RED, v. Azo- colouking
lutteks.

C1AUSTHAIITE v. Sélénium, Occurrence-,
also Lead.

CLAY. (Argille, Fr. ; Thon, Ger.) The term
clay is applied to certain hydrated silicates of
aluminium, resulting, for the most part, from
the décomposition of the felspar in granité.

Econoinically, any argillaceous earth which
possesses suflicient ductility and plasticity, when
intimately mixed with water, to be fashioned
like paste or wprked in a potter's lathe, is called
a clay.

Clays are generally sedimentary deposits,
of every geological âge from the Recent to the
Silurian or even Cambrian, and are of every
degree of hardness, from the soft drift which
may be dug with a spade to those of the older
formations which require to be blasted. The
plasticity diminishes as the geological sériés is
descended. Those clays, however, which are
hard and rocky when first wrought, soon disin-
tegrate on exposure to atmospheric influences
and become plastic and ductile. Clay usually
emits the peeuliar odour known as ' argillaceous '
when breathed upon or moistened; this is
especially noticeable in the impure varieties.

Plasticity is an essential quality of clays.
When powdered they are readily difiusible
through water, forming a plastic ductile mass
which may be moulded into any required shape,
the more finely divided varieties possessing this
property in a higher degree. At 100°C. clay loses
its hygroscopic moisture, and contraets ; the
water is, however, reabsorbed on moistening.
No chemically combined water is driven off
even at 300°C. At a red heat, however, it be-
comes anhydrous and loses its plasticity, becom-
ing rigid, porous, and incapable of taking up
water except mechanically. Clays seldom occur
in a state of purity, usually containing mica,
quartz, undecomposed felspar, sesquioxide or
protocarbonate of iron, lime, magnesia, organic
matter, &c. The presence of much carbonate
of lime constitutes a mari. The colour varies
according to the constituents, from white, in
the pure clays, to black, red, blue or purple, the
nsual colour being yellow or grey. The colour
of the clay, however, is no criterion of the
appearance of the burnt goods. The ultimate
colour dépends almost entirely upon the amount
of iron présent and the heat used in burning.
Yellow clays contain hydrated sesquioxide of
iron; they occur, usually, in surface deposits
or where red or grey clays have been weathered.
On ignition the anhydrous sesquioxide of iron
is formed, with the production of a red colour.
Red clays and maris contain the anhydrous
iron sesquioxide ; the red Keuper maris contain
about 3 p.c., and the clay used for the Beauvais
pottery contains about 20 p.c. of that oxide.
Their colour is merely intensifled by burn¬
ing. Grey clays which contain iron pyrites lose
sulphur, with formation of the sesquioxide,
and become red ou ignition ; those containing

ferrous carbonate evolve carbon monoxide, pro-
ducing the sesquioxide, and also become red
When containing less than 1A p.c. of iron, they
produce various shades of cream and buff ; with
3 or 4 p.c. and upwards, they are used in the
manufacture of terra eotta, encaustie tiles, &c.
The presence of much organic matter, unless
the balcing is performed with free aecess of air,
reduces the colour eonsiderably on aceount of
its reducing action on the ferrie oxide. Car¬
bonate and oxide of lime and magnesia have
a corresponding effect ; in fact, ground ehalk
is frequently added to clay which would burn
red, for the production of yellow bricks. Igni¬
tion, so long as the iron remains in the form
of oxide, serves to intensify the colour, but if
sufficiently high to induce combination between
the iron and silica, the colour is much reduced.
The behaviour of clays under heat dépends
on the amount of lime, magnesia, and ferrie
oxide présent. Clays which are very refractory
become more fusible when mixed with small
quantities of these oxides. The presence of
excess of silica decreases the fusibility.

Glay is acted upon slowly by hydrochloric or
nitric acids, but is soluble in strong sulphurie
acid, with formation of aluminium sulphate,
especially after geutle roasting. After strong
ignition, however, it becomes insoluble. Even
after ignition, it is dissolved by hydrofluoric
aeid with formation of aluminium fluoride,
while the silicon passes ofï as silicon fluoride.

The presence of clay in soils exerts an im¬
portant action on the growth of plants. Am-
monia is retained by clay in such a manner that
it cannot be removed except by an excessive
amount of washing ; in fact, clay will remove
ammonia and many organic substances from
manure, but still retains them in a form readily
available for plants.

Kaolinite Al„032Si02,2H20 is the essential
constituent of ail clays. It is found in Devon
and Cornwall, in Anglesea and in the United
States &e., massive and in veins.

When pure it is perfectly white, but it is
frequently grey, yellow, brown, or greenish.
Under the microscope it is seen to consist of
thin translucent, flexible, inelastie, six- sided
scales, isolated or aggregated in bundles. It
bas an earthy fracture and a pearly lustre, and
is more or less unctuous and plastic according to
the fineness of the particles. It is infusible iu
the porcelain furnace.

Kaolin, China clay, porcelain clay, Cornish
clay, is the purest variety of clay. It was
formerly obtained from a mountaiu in China,
known as Kau-Ling (high ridge), whence its
name.

It results from the décomposition of felspars
containing but little iron, more especially from
the soda felspars in granité.

Kaolin is worked in Cornwall and Devon,
near St. Austell, on Dartmoor, at Bovey Tracey,
at Balleswidden and other St. Just mines, at
St. Yrieix near Limoges, &c., being produced
principally by the weathering of pegmatite, a
variety of granité containing but little mica aud
quartz.

It is a soft, friable, sectile, white minerai,
showing the hexagonal crystals of kaolinite
under the microscope, is somewhat meagre to
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the touch, and forms a paste difficultly with
water. When heated it hardens, but does not
fuse in the porcelain furnace. The purest
varieties are white, but it has frequently a brown,
yellow, or grey eolouring, or is dark from the
presence of carbonaceous matter. The clay
used by the Chinese is exceptionally pure.

Masses of soft granité are found in some
instances decomposed to a depth of 100 feet,
available for the workman, but the finer varieties
are those which have been washed out and
separated from the coarser impurities by water.

It always contains quartz, mica, undecom-
posed felspar, &c. For the séparation of these
impurities it is levigated with a stream of water,
and the finer particles of kaolin which remain
suspended after the impurities have been de-
posited are settled in ' pits ' 30 or 40 feet in
diameter and 7 to 10 feet deep. When these
have become filled with the clay it is removed
to stone tanks, often over 60 x 30 x 6 feet in size,
and settled to a tenacious cream. It is thence
removed to the ' dry,' where it is spread on
porous tiles in a layer 9 inches thick at the fire
end and 6 inches at the stack end, and dried
before being worked up.

A white vitrinable variety of partially de-
composed granité is largely used by the porce¬
lain makers under the names porcelain stone,
China stone, and Cornisli stone, and by the
Chinese as Petuntze. The uses of kaolin are

various. About one-third of the output is used
in the manufacture of porcelain, it is largely
used in paper-making and for filling the pores
of calico, and in the manufacture of alum, alu¬
minium sulphate, and ultramarine.

The fine mica and sand separated in the
/ levigation of the kaolin are also used, the former

for weighting coarse papers, paperboards, &c.,
and the latter with Portland cernent as a con¬

crète (v. J. H. Collins, J. Soc. Arts, 1876, 565).
The following analyses show the composition

of washed kaolin :

Analyst Ebelmen and Salvetat Richardson

Locality Chinese St. Trieix Cornish

Silica .

Aluminium .

Oxide of iron
Lime .

Magnesia
Potash and soda .

Water .

50-5
33-7

1-8

0-8
1-9

11-2

48-37
34-95

1-26

trace
2-40

12-62

46-32
39-74

0-27
0-36
0-44

|12-67
99-9 99-60 99-80

Pipe-clay (potter's clay) is a soft clay used
without any addition in the manufacture of
tobaeco pipes. It is nearly free from iron, lime,
and magnèsia, and is therefore very refraetory.
It differs from kaolin in containing somewhat
more silica. The followihg analyses by Weston
show the composition of that worked at Poole
in Dorsetshire. Silica 48-99, alumina 32-11,
potash 3-31, lime 0-43, magnesia 0-22, ferrous
oxide 2-34, moisture 2-33, combined water 9'63 ;
total 99'36,

Fire-clays are extremely refraetory clays.
Ihey usually underlie beds of çoal, whence their

name, ' underclay.' They are dark in colon
and contain roots of stigmariœ &c. The beds
vary in thickness from a few inches to sevenl
feet, are co-extensive with the coal seams,aii
are sometimes worked in conjunction with them,
forming a valuable adjunct to a colliery, espe-
cially when worked on a large scale.

The following analyses show the composition
of fire-clay. No. 1 is of Stourbridge clay, by C.
Tookey ; No. 2 is of Eisenberg clay, goods maie
of which were unaltered at the fusing point oi
platinum ; and No. 3 is from the same locality,
goods made of it swelling at that température
(C. Bischof, D. P. J. 261, 35).

1 2 3

Silica (combined) . 5-11 30-53
„ (free) .

Alumina
j. 65-10 84-59 34-19

22-20 5-40 24-02
Magnesia 0-18 0-09 0-40
Lime , . 0-14 0-20 0-37
Potash . . . 0-18 0-61 2-40
Iron oxide 1-92 0-21 0-87
Phosphoric acid . 0-06 — —

Water (combined). 7-10 — —

„ (hygroscopic) 2-18 — — '■

Organic matter 0-58 — —

Loss on ignition .
— 3-74 7-38

-99-66 99-95 100-06

Fire-clay is usually greenish grey and dense,
breaking into rocky masses and fragments. At
the outerop, where it has become weathered, it
acquires a yellow colour and is found unsuitable
for the best qualities of fire goods. Only those
underclays which are very free from lime,
magnesia, and iron are suitable for fire goods.
The process of mining fire-clay resembles that
of coal. Shafts are sunk to the seam and
plant is erected as in coal mining, but on s
smaller scale. Headings are driven out and a
' face of work ' is opened if worked on the
' long wall ' principle, or, as is the case in some
districts, it is worked by 'pillar work.' The
raising and working of fire-clay form an impor¬
tant industry in this country.

When brought to the surface, it is laid in
heaps or spread in layers of a few feet in thick¬
ness, and allowed to weather and ' ferment ' for a
few months before use.

The elays of Stourbridge are the most re¬
fraetory, but good fire-clays are obtained in
Glasgow, Northumberland, Lancasbire, War-
wickshire, South Wales, and other localities.

Fire-clay is principally used in the manufac¬
ture of fire-bricks, gas retorts, crucibles, glass-
house pots, saggars, &c., and, when ground, as
a furnace-lining. Glazed sanitary pipes are
made from an inferior fire-clay, and receive a
salt-glaze at the end of the burning.

Certain silicious fire-clays, which are corn-
paratively free from iron, are used in the manu¬
facture of a common culinary ware, the treat-
ment they receive being similar to that of the
finer clays employed in pottery.

The raw material is brought from the mine
or quarry, spread in thin layers and weathered
for several months. It is then placée! in tanks
and worked with paddles, by hand or machinerjr,
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and converted into a pulp or ' slip.' The finer
portion is then pumped into flat tanks heated
îrom below, and the water evaporated until the
slip is of sufficient consistency to be eut into
slabs and conveyed to the moulds or potter's
lathe. The coarser particles remaining in the
tank bottom are rejected.

Plastic clay. This term is applied to those
beds of the Lower Tertiary or Eocene strata
which oceur between the London clay and the
chalk. They may be recognised at Woolwich,
Keading, Blackheath, Bognor, Isle of Wight, in
the neighbourhood of Paris, &c. It is red,
mottled, or purple, burning to a red. Some of
our earliest pottery was manufactured from
this clay, and it is still worked in Hampshire
and in the Isle of Wight.

Slate clay occurs in Devon and Cornwall,
differing considerably in différent districts. It
is massive, interspersed with mica, and of green
orgi'eyisli colour. In one form it occurs hard,
and readily cleavable into slabs or slates, and
is used for roofing &c. ; in another form, the
'killas ' of the Cornish miner, it has an earthy
fracture, is soft and frangibie, and crumbles
down when immersed in water for some time.
When free from lime, magnesia, and iron, it is
ground, reduced to a paste, and made into fire-
bricks. :

Chippings from the slate quarries are used
in mnking a strong. durable brick. They are
reduced to a powder, forced into the required
shape by a powerful press, and burnt in the
ordinary manner.

Common clays are of very variable composi¬
tion and colour, and are widely distributed.
They oceur in surface deposits as drift or
boulder clay, or stratified, as in the older for¬
mations.

Brick-making is an exceedingly important
industry. In Great Britain alone the annual
production is estimated at thirty millions.

The common clays of the eastern, east mid-
land, and some of the southern counties, usually
produce light-coloured bricks, but the majority
of clays burn to a red.

The clay used should be free from stones,
but frequently contains a considérable amount
of sand, sometimes 20 or 30 p.c. It is usually
weathered, and well ground before use.

In some of the Midland counties vast de¬
posits of red clays and maris are found, from
which ' blue bricks ' are made. These clays
contain more iron, are denser, and require
stronger machinery for working than red-brick
clays. They are also subjected to a longer and
more intense firing. The brick, after being
moulded, receives a coating of mill dust before
being dried, and sait is thrown upon the fires at
the end of the baking to produce a better glaze,
and to rencler the brick less absorbent. Blue
bricks, from their great strength and imperish-
ability, are largely used in engineering work.
The following analysis by Henry shows the
composition of a clay which produced good red
bricks : Silica 50:40, alumina and iron oxide
24-00, carbonate of limé 2-70, carbonate of
magnesia 1-30, water &a. 21-60.

Chemical analysis of clay.—About 2 grams
of the finely powdered, air-dried soil is weighed
in a large porcelain crucible or a watch-glass and

heated at 100°C. for some days. Tire loss found
on weighing is calculated as moisture, or ' hy-
groscopic water.'

About 2 grams of this powder is then heated
in a dish (platinum, if possible) with excess of
concentrated sulphuric acid, for 8 or 10 hours,
and evaporated to dryness.

The cold residue is boiled with water, the
solution filtered, and the insoluble matter,
eonsisting of sand, free hydrated silica, ancl the
silica which was combined with the alumina, is
washed, dried, and weighed. It is then boiled
repeatedly with sodium carbonate solution in a
dish and filtered, and the residue, which eon-
sists of sand only, is washed with hot water,
then with water acidulated slightly with hydro-
chloric acid, and finally with pure water, dried,
ignited, and weighed. This weight, subtracted
from that of the total silica, gives the amount
of combined silica and of free hydrated silica
(which seldom exceeds 1 p.c.).

When titanium dioxide is présent in the
clay, a known weight of the residue from the
treatment with sulphuric acid is heated with
hydrofluoric and sulphuric acids, and the greater
part of the silica volatilised as fluoride. The
residue is fused with potassium bisulphate, dis-
solved in cold water, filtered if necessary, and
boiled. The titanium dioxide is then repreci-
pitated ; it is washed, dried, ignited, and weighed.

The filtrate from the treatment with sul¬
phuric acid is treated with excess of lead nitrate
solution, and, after standing for some hours is
filtered from the precipitated lead sulphate. The
excess of lead is removed from the filtrate and
washings by a stream of sulphuretted hydrogen,
and the solution evaporated to dryness and
gradually heated to about 250°C. until nitric
acid is no longer evolved. The residue consists
of alumina, ferrie oxide, and calcium, magnésium,
and alkaline nitrates. It is moistened with
concentrated ammonium nitrate solution, and
heated on the water-bath until ammonia fumes
cease to escape. The residue is treated with hot
water, and the insoluble alumina and ferrie
oxide washed, dried, ignited and weighed. The
alumina and iron may be separated in this residue
as described under Estimation, art. Aluminium.

The filtrate is treated with ammonium oxal-
ate, and filtered after twelve hours or more, the
preeipitate is ignited and weighed as caustie
lime. The filtrate is evaporated to dryness,
ignited to expel ammonium salts, and treated with
excess of oxalic acid. A small quantity of water
is added and again evaporated to dryness, and
ignited gently, to convert the magnésium oxal-
ate into magnesia and the alkaline oxalates
into carbonates. It is repeatedly treated with
small quantities of water and the magnesia
filtered off, dried, ignited, and weighed.

The filtrate is treated with a few drops of
hydrochloric acid, evaporated, and gently ig¬
nited, and the small quantity of alkaline ehlor-
ides weighed. If it is desired to separate the
potassium and sodium, the former may be pre¬
cipitated by platinum chloride, or they may be
indirectly determined by means of a weak stan¬
dard solution of silver nitrate.

Ail the reagents used should be very pure
and dbsolutcly free from alkaline salts. The
ammonium nitrate and oxalate, and the. oxalic
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acid should volatilise, leaving no white stain, on I The production of the finer clays in three
ignition on platinum foil. | districts during the last four years is as follows :

Cornwall Devonshire Dorsetshire

Kaolin and
China stone Value China clay Potter's clay Value Potter's clay Value

1883
Tons

313,053
£

234,789
Tons

35,889
Tons

12,306
£

36,070
Tons

134,539
£

67,270

1884
1885
1886

298,796
312,413
290,270

224,097
234,310
217,710

58,487
31,734 I 58,503
32,180 31,927

39,479
39,490
43,177

120,000
122,864
122,557

60,000
46,074
45,958

Exports of Clay from the United Kingdom.
1885 1886

Quantity Value Quantity Value

Tous £ Tons £
Russia 11,125 11,082 8,875 9,018
Norway and Sweden 8,446 7,611 6,320 5,946
Germany .... 27,972 27,390 26,306 27,172
Holland .... 32,480 31,345 31,267 29,685
Belgium .... 34,958 33,668 31,026 30,224
France 31,869 31,310 32,338 32,598
Spain 4,794 5,531 4,188 4,479
Italy 4,822 4,872 8,446 8,161
United States 15,025 21,581 21,776 31,212
Other Countries . 12,014 16,670 13,815 18,646

Total .... 183,505 191,051 184,357 197,141

CLAY IRONSTONE v. Inox, okes of.
CLAY SLATE v. Slate.
CLEVELAND IRONSTONE v. Ikon, okes of.
CLICHY WHITE, a white lead manufactured

at Clichy, in France, v. White lead, art. Lead.
CLOVES, OIL OF, v. Oils, essential.
COAL v. Fuel.
COAL GAS v. Gas, coal.
COBALT. Symbol Co. At. w. 58-7 (Rothoff,

Dumas, Russell, Winckler, Weselsky, Lee).
Cobalt usually oecurs combined with arsenic

or sulphur, and almost invariably associat'ed
with nickel and other metals. Free cobalt
occurs only in meteorites.

The most plentiful and important ore of
cobalt is smaltine or tin white cobalt, consisting
of arsenide of cobalt, nickel, and iron. It occurs

abundantly at Schneeberg and many other
localities where bismuth is found (v. Bismuth),
in Bohemia, very pure at Tunaberg in Sweden,
and free from nickel in Colorado. As triarsenide
it forms Skutterudite CoAs3. Sulpharsenide of
cobalt occurs as cobalt glance, grey cobalt, or
cobaltine, abundantly at Yena (Sweden) and in
Norway ; in smaller quantifies in Silesia and
Cornwall. As hydrated arsenate it forms cobalt
bloom or erythrite Co3As2OsAq, found frequently as
a peaeh-coloured incrustation on other arsenical
ores, being produced by their décomposition.
As sulphide, cobalt occurs in small quantifies in
cobalt pyrites and in linnalite.

Black earthy cobalt is a hydrated oxide of
cobalt and manganèse. It is essentially a variety
of wad (hydrated manganèse oxide) containing
sometimes as much as 40 p.e. of cobalt, and is
imported into England from Missouri for the
manufacture of smalt. Surface deposits con¬

taining oxides of cobalt and of nickel occur at
New Caledonia with veins of chrome ore ând
nickel and magnésium silicates ; it is smelted
on the spot and imported as a regulus to
England. Cobalt occurs in small quantifies in
many other minerais ; as oxide in black oxide
of manganèse ; as arsenide in mispickel, some¬
times to the extent of 10 p.c. ; in selenide of lead,
and in cerite and Flemish coal.

Extraction.—Metallic cobalt is not at présent
used to any extent in the arts, though its utility is
becoming more fully reeognised. It may be pre-
pared by the ignition of the oxide withcharcoal;
it then contains earbon. Pure cobalt is prepaied
by igniting the oxalate of cobalt Co(COj)2, when
the carbon and oxygen pass off as carbonic an¬
hydride, leaving the pure métal as a powder.
A button of the fused métal may be obtained
by fusion of the oxalate alone, or of the oxide
mixed with charcoal under a layer of powdered
glass containing no lead or other reducible
métal; the fusion is preferably performed in a
lime crucible at the highest température of a fur-
nace. Cobalt is also produced as a grey metallic
powder by igniting the oxide at a red beat in
a current of hydrogen. If too low a température
has been used, the métal produced is pyrophoric,
igniting and becoming reoxidised in contact with
the air.

Properties.—Cobalt is a white, slightly red-
dish métal, similar in properties to iron. It is
the most magnetic métal after iron, its magnet-
ism, according to Pouillet, not being destroyed
at a red heat.

Pure cobalt is harder and more tenacious
than iron ; from a button of the métal prepared
from the oxalate, Deville has obtained cobalt

IRIS - LILLIAD - Université Lille 1



COBALT. 571

wire of nearly double the tenacity o£ iron.
Valeneiennes states that cobalt, after fusion and
annealing, may be rolled into spiral bands like
good iron (C. B. 70, 607). Cobalt melts at
1,500°C. (Pictet)—i.e., about the température at
whieh English hammered iron fuses. Its sp.gr.
varies between 8-5 and 8'9. It is slowly soluble
in hydroohloric and sulphuric acids, with évolu¬
tion of kydrogen, quiekly soluble in nitrio aeid.
The powdered métal combines, when lieated,
with chlorine, bromine, and iodine. It décom¬
posés steam at a red heat.

Cobalt may be deposited as a fine lustrous
coating on metals by the electrolysis of a neutral
solution of the double sulphate of cobalt and
ammonia, using a weak current and an anode of
cobalt (A. Gaiffe, C. B. 1878). The presence of
ammonic chloride appears to hinder, wlrile am-
monic sulphate assists, the déposition. The
deposit of cobalt is harder, more tenacious, and
of greater beauty than that of nickel (Troost).
Cobalt plating is stated to be praetised as
1 snperior nickel plating.'

For the properties of cobalt eontaining other
metals, v. AUoys of cobalt.

Détection— AU ores and compounds of cobalt
impart a blue colour to a bead of borax on ig-
nition ; if présent in too great excess the bead
appears black. Heated on charcoalwith reducing
flux, ail substances eontaining cobalt produce
metallic partieles which are attracted by a mag-
net (distinction from ail other bodies except iron
and nickel).

Salts of cobalt, when strongly ignited with
alumina before the blowpipe, give a fine blue
colour (Thenard's blue). Sulphuretted hydrogen
produces no precipitate in an acid solution, but
gives a black precipitate of sulphide in alkaline
solutions. In a solution eontaining free acetic
acid, potassic nitrite produees a yellow precipi¬
tate (v. Cobalt yellow), the whole of the cobalt
being thus precipitated on standing in a warm
place for some time.

Estimation.—Ores eontaining cobalt are
usually very complex ; they almost invariably
contain nickel and many other metals from
which the séparation is difficult. The following
schemewill serve for the estimation of both cobalt
and nickel in any minerai, though in the case
of certain ores it may be somewhat simplifled.

From 2 to 7 grams of the finely-ground ore
are weighed, and, if much sulphur and arsenic
are présent, roasted in a porcelain crucible in
a muffle. The residue is boiled with hydrochloric
acid eontaining a little nitric acid until the metal¬
lic oxides are dissolved ; the solution is diluted,
nearly neutralised with ammonia, and boiled with
sodium acetate solution, whereby the iron and
aluminium are precipitated as acetates eontaining
the greater part of the arsenic (as arsenate of
iron) and a little nickel and cobalt. The solution
is filtered, and the precipitate redissolved in hy¬
drochloric acid and reprecipitated as before, the
precipitate being this time free from nickel and
cobalt. The two filtrâtes are mixed, just neu¬
tralised with ammonia, and sulphuretted hydro-
gen gas passed; thus the cobalt, nickel, zinc,
copper, bismuth, &c. are precipitated as sul-
phides, leaving the manganèse and the alkaline
and earthy metals in solution. The precipitate
is filtered, washed, dried, and roasted, the oxides

so produced dissolved in hydrochloric acid, and
treated with sulphuretted hydrogen ; the copper,
bismuth, lead &e. are thus precipitated and fil¬
tered off.

The solution is boiled till free from sul¬
phuretted hydrogen, and the two metals eo-
precipitated by the addition of potash to the
boiling solution ; the precipitate is filtered and
washed, nearly dried, and separated as far as
possible from the filter. The precipitate is di-
gested in a dish with dilute hydrocyanic acid,
then with potash solution, and again with hydro¬
cyanic acid, and warmed until no further solution
occurs. A minute quantity of residue is left,
consisting of paracyanogen and a small quantity
of the oxides of nickel and cobalt ; it is added
to that still remaining on the filter paper, and
the whole washed, dried, ignited, and weighed.

The solution eontaining the two metals is
boiled to expel the excess of acid, and consists
of cobalticyanide of potash and double cyanide
of nickel and potash. Precipitated yellow mer-
curie oxide is added, and the solution boiled for
some time. The nickel is thus precipitated,
partly as cyanide and partly as sesquioxide. It
is filtered, washed, dried, ignited, and weighed
as protoxide of nickel NiO. The filtrate is nearly
neutralised with nitric acid, and a neutral solu¬
tion of mercurous nitrate added in excess. The
cobalt is thus precipitated as cobalticyanide of
mercury, which is washed, dried, and ignited in
an open crucible until of constant weight. The
product consists of Co304.

Prom the proportions of cobalt and nickel
thus found, the amount of each in the residue
on the filter paper &c. which has been weighed
may be calculated, and added to the amounts
direetly determined.

(See further, Hadow, C. N. 2,85, and Crookes,
Select Methods in Chemical Analysis, 2nd edit.
253-275.)

Alloys of cobalt. Cobalt unités with incan¬
descence on fusion with antimony or arsenic,
forming brittle, iron-grey alloys. The principal
ore of cobalt, smaltine, consists of an arsenide of
cobalt CoAs2 ; it is tin-white, hard, very brittle,
and melts at a red heat. A triarsenide occurs

as skutterudite CoAs3.
With copper, cobalt is stated by Valeneiennes

to produce very ductile alloys which, when
annealed may be hammered out and which melt
at the same température as copper. A some¬
what ductile violet alloy is produced by fusion
of tin with cobalt.

With gold even a small quantity of cobalt
produces a brittle alloy, that eontaining 1 part
gold and 17 parts cobalt is dark-yellow and very
brittle (Hatchett).

With iron a very brittle alloy is formed. A
fusible alloy is produced with platinum, and a
silver-white magnetic amalgam with mercury,
which is used in dentistry. Cobalt does not
alloy with silver, lead, and bismuth, the metals
separating into two layers, each retaining a
small quantity of the other métal.

Aecording to Fleitmann (B. 12, 454, and Bl.
32, 667) the addition of § p.e. of magnésium to
molten nickel or cobalt renders it malléable,
ductile, and highly susceptible of polish ; it can
be welded with steel or iron and rolled into thin
sheets without séparation.
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It is also possible to alloy cobalt and nickel
with manganèse with the production of valuable
properties. For this purpose commercial man¬
ganèse or ferro-manganese may be used, the
presence of iron not being injurious. From 2
to 5 p.c. of the manganèse is added in small
portions to the molten métal ; much gas is
evolved after each addition, and the métal is
poured into moulds when tranquil (v. Hunting-
don, S. C. I. 1882, 258).

It is stated that when in the molten condi¬
tion cobalt and nickel take up both carbon and
oxygen, but evolve the greater part of the latter
substance on cooling, leaving a porous métal
containing carbon. A method has been patented
whereby this carbon is said to be eliminated.
The porous cubes of métal are immersed in a
4 p.c. solution of alkaline manganate or per¬
manganate, dried and melted in a crucible at a
high température. The carbon is said to be
thus oxidised and removed, and the métal takes
up a small quantity of oxygen. As soon as the
métal fiows easily a little black flux and charcoal,
or a small quantity of aluminium, or the calcium
zinc produced in Caron's process is added, and
the oxygen thus removed (D. P. J. 1884,
254-315).

Oxide of cobalt Co304. This is the only
oxide of cobalt of importance in the arts. It is
prepared in large quantifies from the ores of
cobalt, and from speiss in the séparation of
nickel.

Several methods are recommended for the
extraction from the ores.

1. Laugier's methocl. The powdered ore is
roasted and. dissolved in nitric acid or in dilute
hydroehloric or sulphuric acid, containing if
necessary a little nitric acid, filtered and
evaporated nearly to dryness. A large propor¬
tion of the arsenic is thus separated as arsenious
oxide ; the liquid is diluted, decanted from the
residue, and treated with sulphuretted hydrogen
for the précipitation of copper, arsenic, bismuth,
and tin. The solution is filtered, heated until the
sulphuretted hydrogen is evolved, and the iron
oxidised. Sodium carbonate is then added and
the nickel and cobalt precipitated as carbonates
together with oxide of iron, the precipitate
well washed, digested with excess of solution of
oxalie acid and filtered ; the soluble ferrie oxalate
is thus separated from the insoluble oxalates of
nickel and cobalt. The latter are triturated with
ammonia and dissolved in excess of that sub¬
stance by agitation and warming. The solution
is filtered and exposed to the air for several
days ; the whole of the nickel is thus precipitated
with a little cobalt. This small amount of cobalt
may be removed by re-solution in ammonia and
re-exposure to air. The solution containing the
cobalt is evaporated to dryness and ignited in
the open air with the production of very pure
cobalt oxide.

2. An improvement introduced by Berthier
much reduces the amount of sulphuretted
hydrogen required for the précipitation. The
solution obtained as above is mixed with a dilute
solution of a ferrie sait, and then with small
successive portions of a solution of potassium
carbonate. The precipitate at first produced
consists of the light-coloured arsenate of iron,
but at last it changes to the brown hydrate of

iron. In this manner, with the proper quan.
tities of ehloride of iron and of carbonate, nearly
the whole of the iron and arsenic may be pre¬
cipitated. Excess of potassium carbonate must
be avoided, or the nickel and cobalt will corne
down. The bismuth, copper, &c., are then pre-
cipitateel by a current of sulphuretted hydrogen,
a much quicker opération in the absence oi
arsenic, and the opérations continued as in 1.

3. According to Liebig's process (P. 18,161)
the finely powdered cobalt ore is carefully roasted,
and one part of ore added in successive small
portions to three parts of potassium bisulphate
heated to the melting-point. The pasty mass
so produced is then heated more strongly until
fumes cease to be evolved and the mass fuses

quietly. In this way the arsenic is converted
into insoluble arsenate of iron ; if too small a
quantity of iron is présent to combine with the
whole of the arsenic a little ferrous sulphate is
added before the fusion, otherwise a portion oi
the cobalt will remain eombined with the arsenic.
During the ignition the greater part of the nickel
is converted inte oxide ; this conversion is not,
however, complété in the presence of potassium
sulphate, so the resulting cobalt oxide always
contains nickel. The mass is ladled from the
crucible with an iron spoon, eooled, and broken,
boiled with water, filtered from the insoluble
arsenate of iron, &c., and the heavy metals pre¬
cipitated by sulphuretted hydrogen. That gas
is then boiled off and the cobalt precipitated
with potassium carbonate and ignited to oxide.

4. Wôhler (P. 6, 277) reeommends the fusion
of the powdered ore with 3 parts potassium
carbonate and 3 parts sulphur. The metals are
thus converted into sulphides. Care must be
taken not te heat the mass sufficiently te fuse
the cobalt sulphide, or it is diflicult to separate
it from the soluble impurities. The potash
becoming converted into sulphide combines with
nearly ail the arsenic, forming soluble sulpharsen-
ate of potash. The powdered mass is frequently
exhausted with water and the residue again
fused and washed, to remove the last traces of
arsenic. It is then dissolved in nitric acid or in
a mixture of sulphuric and nitric acids, and
treated as in the former methods.

5. For the séparation of cobalt from earthj
ores, in which it occurs as oxide together with
manganèse, Wackenrôder (N. Br. Arch. 16,
133) uses the following process. The minerai
is dissolved in hydroehloric acid and the heavy
metals precipitated with sulphuretted hydrogen
and filtered, the solution boiled with nitric
acid to oxidise the iron, which is then pre¬
cipitated by the addition of sodium acetate
and the cobalt precipitated from the filtrate by
sulphuretted hydrogen. Or the cobalt together
with the manganèse and zinc may be precipitated
with alkaline sulphide and the precipitate
digested with dilute hydroehloric acid ; the
sulphides of the latter metals are thus dissolved
while the greater part of the cobalt remains as
sulphide from which the oxide may be obtained
by roasting. Nickel, if présent in the ore, will
remain with the cobalt in this process.

The method generally adopted by manu-
facturers for the séparation of cobalt in the
extraction of nickel appears to be a variation of
Berthier's process. The speiss from the prépara-
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liooof smalt orthe roasted ore is fused with fluor-
spar and chalk to produce a richer matt contain-
ing less iron. It is then groupd and thoroughly
roasted to produce oxides and expel arsenic and
sulphur, dissolved in hydrochloric acid and
diluted with water. A small quantity of bleaching
powder is added to oxidise the iron, which is then
precipitated with the remaining arsenic by milk
of lime. The liquid is decanted from the pre¬
cipitate, tlie heavy metals precipitated with
suiphuretted hydrogen, the solution decanted
from the precipitate, and the cobalt precipitated
as oxide from the solution by the addition of
bleaching powder. The precipitate usually con-
tains small quantities of iron and nickel, but the
greater part of the latter is left in solution and
subsequently precipitated by the addition of
potash (Louyet).

Oxide of cobalt is used for the préparation of
the salts of cobalt and of smalt, and by ena-
mellers and porcelain manufacturera for the
production of the finest blue glaze and colour on
poreelain, glass, and other vitrifiable substances.
The presence of 20o00 of this substance imparts
a bluish tinge to clear glass.

The presence of other oxides has an injurious
effect on the colour produced by this substance
(v. Smalt), it is therefore necessary, for the more
délicate work, to ensure its complété freedom
from such impurities.

Wken heated strongly with magnesia it pro¬
duces a pink mass ; with alumina a fine blue
(Thenard's blue) ; and with zinc oxide a green
(Einmann's green). Zaffre eonsists of a very
impure oxide of cobalt produced by roasting the
ore. It is usually mixed with 2 or 3 parts of
fine sand or ground quartz, and is used for
the same purpose as smalt for the coarser
work.

Cobalt blue, Cobalt ultramarine, Thenard's
blue. The composition of this pigment varies
considerably according to the method of manu¬
facture. It eonsists sometimes of the oxides of
cobalt and aluminium; at other times it con-
tains phosphate or arsenate of cobalt.

It is prepared by first precipitating a solution
of a cobalt sait, usually the nitrate, free from
iron and nickel, with potassium or sodium phos¬
phate or with sodium arsenate. The gelatinous
violet precipitate is thoroughly washed and well
mixed with 3 to 5 volumes of freshly precipitated,
well-washed alumina (when arsenate of cobalt is
employed, a larger proportion of alumina may
be added). The mixture is dried until it becomes
brittle, and calcined at a cherry-red beat for
thirty minutes in a well-covered clay crucible.
In order to prevent the possibility of entrance of
reducing gases, which mueh injure the value of
the product, Begnault has recommended the
addition of a little mercuric oxide before the
ignition. This becomes decomposed and evolves
oxygen, which eiïectually prevents réduction,
while the mercury escapes as vapour (Begnault,
Cours Elém. de Chimie, 3, 150).

The alumina used is precipitated from a
solution of alum free from iron by the addition
of sodium carbonate.

A similar but less fine colour is produced
by the simultaneous précipitation of the oxides
of cobalt and aluminium by the addition of
sodium carbonate to a mixture of cobalt nitrate

and alum ; the mixed precipitate is washed and
treated as above.

According to the process recommended by
Binder (Technologiste, 5, 55), the oxide of
cobalt is precipitated by the addition of the
requisite quantity of ammonia to a solution of
pure cobalt ehloride. The washed precipitate
is mixed with alumina as before, dried, and
calcined at a red heat in a clay crucible for two
hours.

Thenard's blue is non-poisonous, of a fine
ultramarine colour; the presence of excess of
cobalt imparts a somewhat greenish tinge. It
has, however, the disadvantage of appearing
violet in artificial light. It is one of the most
permanent blue pigments, being unaltered by
acids or alkalis, and is largely used as an oil
and water colour.

Cœruleum, Gœline, Bleu céleste, is a corre-
sponding colour containing oxide of tin and
usually calcium sulphate. Its général composi¬
tion is said to be oxide of tin 49'66, oxide of
cobalt 18-66, sulphate of lime and siliea 31-68.

It is a fine light-blue pigment of slightly
greenish tinge, of greater density than Thenard's
blue, and retains its colour in artificial light.

Cobalt green. Binmann's green. The con¬
stitution of this pigment corresponds to that of
Thenard's blue, with the substitution of zinc
oxide for alumina.

It is prepared by precipitating a solution of
pure cobalt ehloride containing 100 grams of the
protoxide of cobalt per litre (i.e. a 10 p.c. solu¬
tion), with phosphate, arsenate, or, less satisfac-
torily, carbonate of sodium, mixing the well-
washed precipitate with zinc oxide, drying and
calcining. It may also be prepared by precipi¬
tating a mixture of zinc sulphate and cobalt
nitrate with alkaline carbonate, washing and
igniting the precipitate, or by evaporating a
solution of a cobalt sait with zinc oxide and
igniting the residue.

B. Wagner (Technologiste, 18, 409) gives the
composition of a fine green prepared by him
as zinc oxide 71-68, phosphoric oxide 8-29, cobalt
protoxide 18-93.

Binmann's green is a fine permanent pig¬
ment ; its colour varies through many shades
according to the proportion of zinc présent, the
darker greens containing less of that substance.
Itis non-poisonous and unacted upon by acids
or alkalis, but is attacked by ammonia. Bin¬
mann's green, on account of its high price and
the number of other permanent greens, is no
longer used as a pigment. Another permanent
green pigment used in porcelain-painting is said
to be prepared by the caleination of a dried mix¬
ture of the following proportions of the freshly
precipitated substances : 20 cobalt carbonate,
40 alumina, 20 chromium oxide.

Cobalt bronze is a phosphate of cobalt and
ammonia, of a violet colour, with a bronzo-like
metallic lustre.

Silicates of cobalt. A silicate of cobalt is
produced by the addition of silicate of soda
(soluble glass) to a cobalt sait. It produces a
blue pigment well suited for painting on glass
and porcelain.

Smalt. Bleu d'azur, Bleu de Saxe. This im¬
portant substance eonsists of silicate of cobalt
and potash.
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In tlie préparation of smalt at Saxony
smaltine is principally used. In Norway and
Sweden the principal ore is cobaltine. The
général process is identical for both ores.

The selected ore is powdered, freed from the
lighter earthy impurities by washing, and placed,
in charges of about 8 cwt., in a layer of 5 or 6
inches thick on the bed of a reverberatory fur-
'naoe or in a muffle. It is then roasted, and the
sulphur and arsenic expelled as oxides, the
latter being condensed in ehambers through
which the fumes are passed. The roasting
must be discontinued when sufficient arsenic is
left to combine with the less oxidisable metals,
especially copper and nickel, while the greater
part of the cobalt is eonverted into oxide. In
order to ascertain whether the roasting lias pro-
ceeded sufficiently, a small portion is occasion-
ally tested and the process stopped when the
finest tinted glass is produeed. The material
is then ready for fusion for ' smalt.'

The fluxes used eonsist of powdered quartz
and potassium carbonate. They must be of great
purity, as the presence of lime and many other
substances impairs the beauty of the colour.
The quartz is first heated to redness, plunged
into water, and thus disintegrated, and pow¬
dered in a mill. It is then suspended in water
and allowed to subside for a short time, and the
liquid, which contains most of the iron and
other impurities still suspended, is poured ofl ;
this opération is repeated until a pure quartz
powdér is obtained.

The proportions of the ingrédients used
vary extremely according to the richness of the
ore and the colour required. The potassium car¬
bonate used generally amounts to about ^ of
the weight of ore and quartz together. White
arsenic is usually added to oxidise any protosalt
of iron and thus prevent the injurious effect of
that substance on the smalt, and to otherwise
heighten the colour of the product. The exact
amount of each of these substances is found by
a test fusion and comparison with a smalt of the
required colour.

The smalt furnace is similar to a glass oven ;
it usually contains eight crucibles. The pots
are of very refractory clay, free from lime,
and capable of holding £ cwt. When charged,
they are strongly heated and the mass fuses
in about 8 hours ; it is frequently stirred to
render it homogeneous and to break the crust
which forms on the surface. At a white heat
combination occurs, the quartz and potash re-
act with the production of fusible silicate of
potash, which dissolves the oxide of cobalt
forming the blue ' smalt,' while the mixed
arsenides of nickel, copper, and iron, with the
small quantity of arsenide of cobalt which is
always présent, fuse and form a brittle metallic
looking speiss beneath the smalt. This usually
contains about 3 p.c. of cobalt and a considérable
quantity of nickel, and is used for the prépara¬
tion of the latter substance and of cobalt oxide.
The mass is left at a white heat for some time
without stirring, to allow the speiss to settle, and
ladled out with long-handled iron ladles into
vessels of cold water. It is thus rendered
granular, brittle, and easy to pulvérisé. When
nearing the bottom of the crucible the ladle
contains both speiss and smalt ; the former,

being much more fusible, is poured first from
the ladle, from beneath the smalt into a niche
in the side of the furnace, whence the dense
fumes of arsenic &o. which it evolvespass upthe
chimney.

The blue glass is next powdered with granité
stampers, or ground between granité millstones
under water, and the product passed through a
sériés of depositing vats. In the first vat it
remains for a short time only, thence it passes
to a second for a somewhat longer time, to a
third for about 15 minutes, to a fourth and
fifth for a corresponding period, and finally to a
sixth vat where it is allowed to deposit corn-
pletely. The deposit in the first vat is returned
to the mill and reground, that in the second and
third is the best marketable smalt, while in the
fourth and fifth vats a lighter-eoloured deposit,
sold under the name eschel, is produeed. The
deposit in the last vat is not marketable and is
usually resmelted.

The marketable deposits are again washed,
deposited, dried, powdered and sifted. About
three-fifths of the glass taken from the pots is
thus available. Tlie presence of other oxides
than those of cobalt and potash, even in small
quantities, exerts a powerful influence on the
colour of the smalt. Baryta produces an indigo
tinge ; sodium, calcium, and magnésium pro-
duee a reddish sbade ; iron, a blackisb green,
very prejudicial to the brigbter-coloured smalts;
manganèse violet, nickel violet but less intense;
copper, zinc, bismuth, and antimony, dull
shades.

The composition of smalt varies considéra-
bly ; the silica is usually from 56-70 p.c.,
potash 12-22 p.c. and cobalt 6-16 p.c. The
following analyses by Ludwig (J. pr. 51, 129)
are ofinterest:—

—

Norwegian
deep

coloured
smalt

German
deep

coloured

German
pale
coarse

Silica .

Potash and soda .

Cobaltous oxide .

Alumina
Protoxide of iron.
Arsenious acid
Water and car-

bonic acid

70-86
21-41

6-49
0-43
0-24

trace

0-57

66-20
16-31

6-75
8-64
1-36

0-92

7212
20-04

1-95
1-80
1-40
0-08

0-46

100-00 101-18 97-85

Smalt is a very permanent blue pigment,
largeiy employed for the production of blue
colours with vitreous substances and in painting,
both for delicate and coarse work. It was

formerly much used for colouring starch, paper,
&c., but for this and many other purposes it is
now almost superseded by the far less per¬
manent artificial ultramarine.

Cobalt yellow consists of a double nitrite of
cobalt and potassium, prepared by the addition
of potassium nitrite to a solution of a cobalt sait
acidulated with acetie acid. Its composition
varies with tbe proportions used and the strength
of the solution. Erdrnann and Sadtler state
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that when preoipitated from a solution coiitain-
ing much acetic aoid it consists of Co2K„(N02)12
with a variable amount of water.

Cobalt yellow is a bright yellow crystalline
powder, very free froni impurities, unacted upon
by cold water or cold acids, and but slowly
blackened by sulphuretted liydrogen.

It forms a fine pigment for artistic purposes.
\Then used for painting porcelain it produees the
usual blue colour on baking, which, on aocount
oî the purity of tbe substance, is of great beauty.

Salts of cobalt. The soluble salts of cobalt
areprepared by solution of the oxide, carbonate,
or métal in the various acids. They are gene-
rally pink and déliquescent, forming pink solu¬
tions wben dilute, but when dried or in con-
centrated solution they are blue. For this
reason, solutions of nitrate and other salts of
cobalt are used as sympathetic inks, such writing
being almost invisible until brought near a fire,
when the letters appear blue. They gradually
reabsorb moisture and again become invisible.

When ammonia is added to a solution of a

cobalt sait oxygen is absorbed, giving rise under
various conditions to many eomplex sériés of
salts containing ammonia and différent oxides of
cobalt.

Cobaltous chloride CoCl2 is prepared by dis-
solving the oxide or carbonate in hydroehlorie
acid and evaporating the solution. According
to the température at which it crystallises it may
contain G, 4, or 2 molécules of water of crystal-
lisation, the latter at the higher températures.

Cobaltous chloride is soluble in water or

alcobol. A strong solution, or a weaker solution
containing strong hydroehlorie acid, is of a blue
colour.

Cobaltous sulphate CoSO^H-O is prepared
by solution of the oxide or carbonate in dilute
sulphuric acid. It crystallises in red crystals
isomorphous witlr magnésium sulphate, soluble
in 24 parts of cold water.

Cobaltous nitrate Co(N03)2.6H20 is a red
déliquescent crystalline sait prepared by dis-
solving the oxide in nitrie acid. It is very
soluble in water, the solution being used as a
reagent in blowpipe analysis.

COBALT BLOOM. Erythrite ; Hydrated co-
hlt arsenate ; v. Cobalt.

COBALT BLUE or THENARD'S BLUE v.

Cobalt.
COBALT BRONZE v. Cobalt.
COBALT GLANCE. Grey cobalt; cobaltine.

Sulpharsenide of cobalt ; v. Cobalt.
COBALT GREEN or RINMANN'S GREEN

v. Cobalt.
COBALT PYRITES v. Cobalt.
COBALT SPEISS v. Cobalt.
COBALT ULTRAMARINE or COBALT BLUE

(!. Cobalt.
COBALT YELLOW v. Cobalt.
COBALTINE v. Cobalt.
COCAÏNE v. Veseto-alkaloids.
COCCIN V. Azo- colouring matters.

COCCININ V. Azo- colouring hattees.

COCCULUS INDICUS or INDIAN EERRY is
the fruit of the Menispermum cocculus (Linn.),
Anamirta cocculus (Wight ancIArnott), nat. ord.
Menispermaceœ, a tree growing upon the coasts
of Malabar, Ceylon, &c. The berry is about the
size of a large pea and of a darlc-grey colour.

It possesses strong poisonous and narcotic
qualities from the fact of its containing about
one-fiftieth part of its weight of picrotoxin, and
has been employed to increase the bitterness as
also the inebriating effect of beer. It is, how-
ever, exceedingly deleterious to bealth, and the
use of it for this purpose has been prohibited by
the législature under heavy penalties.

Besides picrotoxin, Schmidt andLowenhardt
(B. 14, 817) obtained from the seeds of cocculus
indicus cocculin CJ9H26O10 crystallising in white
needles, sparingly soluble in hot water, insoluble
in cold water, alcoliol, and ether. It is probably
identic jl with Barth and Kretschy's anamirtin
Cl9H2,O10 which they regarded as a constituent
of picrotoxin.

Cocculus indicus berries contain menisper-
mine, paramenispermine, and picrotoxin v.
Picbotoxin.

COCHINEAL, the insect which produces
the red dyestuff known as carminé (q. v.). As
found in trade it is the body of the female
cochineal insect which lives on a species of
cactus growing in Spain, Algeria, West Indies,
&c. During life the insect is about the size of a
small ladybird. It is rather long, compressed,
equally broad ail over, wingless, and marked
behind with deep incisions and wrinkles. The
cochineal insect has six feet, which nevertheless
are only of use directly after birth. It fastens
itself upon the plant by means of a trunk placed
between its forefeet, and remains there till it
dies. The sap of the plant provides this little
animal with nourishment. The maie cochineal
insects resemble the female only during the
larva state. They changeinto the chrysalis, and
soon corne forth as small red Aies. The female
then lays some thousands of eggs, and becomes
covered with a white powder. She protects the
eggs under her body, and hatches them, so to
speak, in this way. When the young insect
appears the mother dies. The young are nowin
the larva state, and the sex cannot be discerned.
They lose their skin several times, and the female
then fixes herself on the plant. The maies,
after passing through the pupa state, are winged.
Their whole period of life is from two to three
months. The cochineal insects are gathered
shortly before they lay eggs, and they are then
very rich in colouring matter. Only sufficient
eggs are laid as may serve to reproduce the
insect. They are killed with hot water or steam,
and dried in the sun, in ovens, or on plates.
The dead females are also eoilected. They
have a brown, red, white, or black colour, and
lose in the drying two-thirds of their weight.
After drying the cochineal is sieved. About
70,000 insects go to make a pound of cochineal
(S. C.I. 1, 181).

There are many différent kinds of cochineal
in the market, and it is frequently adulterated,
chiefly with barium sulphate and with half-
exhausted cochineal.

The value of différent samples of cochineal
may be compared by simply comparing the tints
produced by fixed weights, dissolved in equal
volumes of water, but more accurately by dis-
solving a given weight of powdered cochineal in
water and observing how much of a standard
neutralised alum solution is required to com-
pletely precipitate the colouring matter. There
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is no really accurate method of estimating the
colouring power.

Liebermann finds that the finest kinds of
cochineal contain only about 10 p.e. of pure
colouring matter. The percentage of colouring
matter in ordinary cochineal was determined by
precipitating the aqueous solution witil lead
acetate, purification of the lead compound,
détermination of the lead contained in it, and of
the colouring matter by différence. Cochineal
carminé is insoluble in alcohol, and nearly in¬
soluble in water. An analysis of a very pure
specimen gave the following results :

Water 17 p.c.
Nitrogenous substances . . 20 „

Colouring matter . . . 56 „

Ash 7 „

Was traces
The nitrogen, which amounts to about 3-7 p.c.

on the dry carminé, is probably chiefly présent
as albuminous substances, since on fusion with
potash a smell of indole is produced.

On heating the dry carminé to 180° it is con-
verted into ruficarmine, and at a stiE higher
température (250°) evolves C02, apparently
showing that the dyestuff is a carboxylic acid.
Liebermann could obtain no confirmation of the
statement that the dyestuff is a glucoside (S. C.I.
4, 585).

COCHINEAL KED. Syn. Brilliant Bonceau;
V. Azo- COLOURINGr MATTEES.

COCHINEAL SCAKLET v. Azo- colouring

MATTEBS.

COCHINEAL WAX and FAT. The was is
obtained by extracting the cochineal with
benzene, and eonsists almost entirely of a sub¬
stance to which Liebermann gives the name
coccerin. After the removal of the coccerin the
fat is extracted with ether ; it eonsists of myristin
and an oil containing fatty acids. The follow¬
ing are the percentages of coccerin in various
samples of cochineal (extracted whole with
benzene) :

Silver cochineal . . . l'O p.c.
Mexican silver cochineal. . 1*7 „

Teneriffe silver cochineal . 2-0 „

Zaccatille .... 0-5 „

Teneriffe black cochineal. . O'7-l'O
Mexican black cochineal . 1*5 „

Granilla .... 4-2 „

By powdering the cochineal before extrac¬
tion the percentage increased by about one-
half, except in the case of Granilla, where the
granules are exceedingly small. The percentage
of myristin is on the average about 1-5-2-0, and
of fluid fat and fatty acids 4'0-6'0, so that the
average total quantity of wax and fat contained
in a silver cochineal is about 12 p.c. After
reerystallising from benzene or acetic acid
coccerin forms thin glistening plates of melting-
point 106°. It is sparingly soluble in ail cold
solvents, and nearly insoluble in alcohol and
ether. It has the constitution CjjH^C^H^Oj).;.
On saponification with alcoholic potash it gives
cocceryl alcohol C30H60(OH)2 and coccçric acid
C31Hs203. The alcohol forms a whitecrystalline
powder of melting-point 101-104°. The acid
melts at 93°, and is soluble in hot alcohol,
benzene, &c.; itsethyl ether melts at about 70°.
The myristin C3H3(0ChH270)3 forms colourless
crystals of melting-point 55°, easily soluble in

warm alcohol &c. ; on saponification it gave
glycerol and myristio acid CuHjgOj of melting-
point 54° and boiling-point 248° at 100 mm,
(S. C. I. 4, 585).

C0CINIC ACID v. Umbelltjlic acid.

C0C0A. The cocoa of commerce is made
from the seeds of Theobroma cacao, nat. ord.
Byttneriaceœ, a tree growing in the West Iridiés,
Central America, Brazil, &c. It is also success-

fully cultivated in parts of Asia and Africa. The
tree usually grows to a height of 12 to 20 feet,
but is sometimes much higher. It begins to
bear fruit when three years old, and attains full
productiveness when seven or eightyears old. The
seeds are ovate, ilattened, 0'7 to 0'9 inch long
and -39 to -58 inch broad : they are covered
with a thin red or grey-brown friable shell.
The taste of the fresli seed is oily, bitter, and
rather unpleasant. The seeds themselves are
arranged in a fruit of 5 to 12 inches in length
and about 3 inches in diameter, in which they •
are embedded in five rows, their number amount-
ing to forty or upwards in a large specimen of
Central American growth. In the West Indies
and other places the fruit is smaller and con-
tains fewer seeds. Being placed in bulk the
seeds ferment ; by which means . much of their
disagreeable, harsh flavour disappears and is re-
placed by an aromatic smell, whilst their colour
becomes darker both then and during the subsé¬
quent drying which is performed in the sun or
before a fire. Finally the beans are roasted
after the manner of roasting coffee, and manu-
factured into cocoa bearing various names. Of
these cocoa nibs are the bruised roasted beans
deprived of their husky covering ; flake cocoa is
the nibs ground and formed into a coarse paste
which is aftenvards dried ; rock cocoa is a similar
préparation to which certain proportions of
sugar or sugar and some starchy matters have
been added. Most prepared cocoas consist of
mixtures of cocoa, sugar, and starch in one form
or another. Thus, in the case of Gibson r.
Leafer, it was given in evidence that a commer¬
cial cocoa was compounded of 40 p.c. cocoa, 44
p.c. sugar, and 16 p.c. starch. There are, how-
ever, some préparations in which pure cocoa
deprived of the greater part of its fat is offered
to the public.

Chocolaté is manufactured from cocoa by
grinding it into a paste to which sugar and
flavouring substances such as vanilla, cinnamon,
&c. are added.

Analysis of Trinidad cocoa nibs (Bell)
Moisture 5-23
Fat 50'44
Starch 4-20
Albuminous matter soluble 6-30

„ „ insoluble . 6-96
Astringent principle 6-71
Gum ..... 2-17
Cellulose 6-40
Alkaloids .... 0'84
Cocoa red .... 2-20
Indefinite organic matter insoluble 5-80
Ash ..... 2-75

10000

Fat or cocoa-butter or oleum theobroma.
This forms about one-half of the weight of tho
cocoa- seed. It is a white solid, soluble in boiling

IRIS - LILLIAD - Université Lille 1



COCOA. 577

alcohol, from which it crystallises on cooling ; it
melts at about 30°C. and solidifies at 23°. At
common températures it is brittle with a smooth
and equal fracture.

Starch is not very abundant, and appears to
bave been over-estimated by some analysts,
Wanklyn, e.g., stating the amount to be 10 p.o.
and Muter 19 p.c. ; Boussingault, on tlie other
liand, found 2-4 and 2-5 p.o. of starch and
glucose.

Albumin is présent in the insoluble form,
and is associated with cellulose in the portion
of tbe nib left after continued boiling in water.

Astringent principle. Tliis substance is of
the nature of tannin, though differing from the
tannin of tea and coffee. It rapidly changes
during analysis to cocoa-red, whieh renders its
quantitative estimation diffieult. It is precipi-
tated by subacetate of lead, and can be obtained
after removal of the lead by sulphuretted hydro-
gen. It gives a green precipitate with ferrie

Roasted beans after rem<

chloride not unlike caffeie acid nnder similar
treatment (Bell).

The principal alkaloid of cocoa is theobro-
mine G^IgN^O... It is found in nearly equal
quantifies in the husk and nib or kernel of tlie
bean. Payen found 2-0 p.c., Mitscherlich 1-5
p.c., Wolfram as a mean of six analyses 1-5G p.c.,
Muter 0-9 p.c. (v. Theobuomine).

Cocoa-red is not présent in the fresh bean,
but arises from the oxidation of the natural
tannin of the seed. It consequently appears in
différent quantifies in différent cocoas. It has
the character of a resin and exhibits variable
degrees of solubility, probably coinciding with
the extent of oxidation which it has undergone.

Ash. The ash of cocoa nibs is estimated
at 3 to 5 p.c. in the husk it is much higher.
The amount soluble in water is remarkable.

The following table will serve to show the
composition of several kinds of cocoa and of
the ash :—-

val of the husk (Heisch).

— Husk Fat Nitrogen Albuminoids Ash
Ash

soluble
in water

Ash
soluble
iuHCl

HsPO.
in ash IVÏoisture Starch, gum,

cellulose, &c.

Caraccas . 13-8 48-4 1-76 11-14 3-95 2-15 1-80 1-54 4-32 32-19
Trinidad . 15-5 49-4 1-76 1114 2-80 0-90 1-90 0-93 3-84 32-82
Surinam . 15-5 54-4 1-76 11-14 2-35 0-80 1-85 1-23 3-76 28-35

Guayaquil 11-5 49-8 2-06 13-03 2-50 1-75 1-75 1-87 4-14 30-47
Grenada . 14-6 45-6 1-96 12-40 2-4 0-60 1-80 1-35 3-90 35-70
Bahia 9-G 50-3 1-17 7-40 2-60 0-90 1-70 1-26 4-40 35-30
Cuba 12-0 45-3 1-37 8-67 2-90 0-93 1-95 1-13 3-72 39-41
Para 8-5 54-0 2-00 12-G6 3-05 1-40 1-63 1-00 3-96 26-33

Analysis of the ash of cocoa nibs and husks (Bell).

i
Guayaquil nibs

2
Surinam nibs

3
Grenada nibs

4
Finest Trinidad

nibs

5
Finest Trinidad

husks

Sand .
, 5-12

Silica 0-15 — - 2-87
Sodium Chloride 0-4G 0-53 0-57 0-65 0-44
Soda Na,0 0-46 0-63 0-57 0-83 0-94
Potash K„0 23-35 28-00 27-64 29-30 37-89
Magnesia . 19-18 20-66 19-81 18-23 13-04
Lime . 3-24 4-38 4-53 6-51 7-30
Alumina . 010 0-04 0-08 0-08 0-55
Protoxide of iron 0-21 0-38 0-15 0-10 0-63
Carbonic anhydride C02 . 0-69 3-31 2-92 4-19 10-80

Sulphuric do. S03 . 2-75 4-29 4-53 3-91 3-25
Phosphoric do. PA . 49-39 37-78 39-20 36-20 17-17

100-00 100-00 100-00 100-00 100-00

The following table shows the général composition of commercial cocoas

Analysis of commercial cocoas (Bell).

Prepared
cocoa

Iceland
moss

cocoa

Rock
cocoa

Flake
cocoa

Cocoa-
tiua

Ckoco-
latine

Finest
Trinidad

nibs

Chocolat
de Santé

Cocoa
Extract

Moisture 4-95 5-47 2-58 5-49 3-52 4-40 2-60 1-44 5-76
Fat 24-94 16-86 22-76 28-24 23-98 29-60 51-77 22-08 29-50
Starch (added) . 19-19 24-70 17-56 none none none none 2-00 none

Sugar (cane) 23-03 29-23 32-20 none none none none 61-21 none

Non-fatty cocoa . 27-89 23-74 24-90 66-27 72-50 66-00 45-63 13-27 64-74

100-00 100-00 100-00 100-00
1

100-00 100-00 100-00 100-00 100-00
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Wigner examinée! the nitrogenous con-
stituents of cocoa, and showed that even in the
very best samples 21-5 p.e. of the nitrogenous
matter présent is in a non-coagulable form.
Cocoa therefore ranks lower as an article of food
than has often been supposed.

The importation of cocoa has increased
rapidly of late years, the figures being :

1860 .... 4,583,124 Ibs.
1870 .... 6,943,102 „

1880 .... 10,566,159 „

1887 .... 27,352,568 „

It is subject to an import duty of one penny
per lb.

COCOA NET OIL v. Oils.
CODAMINE v. Vegeto-alkaloids.
CODEÏNE v. Vegeto-alkaloids.
CŒLESTIN v. Strontium.
CCELINE or CERULEAN BLIJE v. Cobalt ;

also Pigments.
CCERULEUM, Cœline, v. Cobalt.
CŒEULEÏN, Anthraçene green, v. Alizakin

and allied coloueing mattees.

CCERTJLIGNOL C,0H]1O2. A colourless oil of
a burning aromatic taste and a smell resembling
creosote, obtained from beech tar. Boils at
240-241°, sp.gr. 1-0564 at 15°. It is somewhat
soluble in water, freely soluble in alcohol, ether,
and acetic acid. It is coloured red by sulphuric
acid, and dark brown by potash in contact with
the air. In alcoholie solution it gives with ba-
rium hydrate a characteristic deep-blue coloura-
tion. Ferrie chloride in alcoholie solution gives
a green, in aqueous solution a deep-red coloura-
tion. Cœrulignol is decomposed on treating
with hydrochloric acid at 145°, according to the
équation C10HhO2 + HC1 = CnH1202 + CH3C1.

COFFEE. The coffee-tree, Goffea arabica
of Linnfeus, is a plant belonging to the natural
order Cinclwnaceœ, which embraces, according
to Lindley and Paxton, two species, G. arabica
and G. paniculata. Other botanists distinguish
eight other species, C. microcarpa, G. umbellata,
C. acuminata, C. subsessilis, C. laurina, G.
racemosa, G. Bengalensis, and C. Indica. Some
of these are probably only varieties. However
this may be, three species distinct from each
other are now grown:—(1) Arabian or Mocha
coffee, having short upright branches with a
brittle leaf and seeds usually single in the berries.
(2) Jamaica coffee, bearing longer and more
pliable branches, a tougher leaf, and seeds almost
always double in the berries. (3) East India or
Bengal coffee, of which the leaf is smaller than
the Jamaica variety, and the berry very small.
Trees growing wild in the Cingalese jungle attain
a height of 14 to 18 feet ; but under cultivation
and subjected to systematic pruning, the plant
rarely exceeds 6 to 9 feet. Within the tropics
the coffee-tree succeeds best at 1,200 to 3,000
feet above the sea-level, but grows at the height
of 6,000 feet. When the mean température is
about 70°, it may be grown as far as Lat. 36° N.
It is cultivated in the West Indies, Mexico,
Central America, Brazil, and Cayenne; in West¬
ern Africa, Egypt, Mozambique, and Natal; in
Arabia, India, Ceylon, Sumatra, Java, Bourbon,
Celebes, and other parts of the Eastern Archi-
pelago, Siam, Fiji, and the islands of the Pacific.
At the présent time lialf of the world's supply
cornes from Brazil.

The manner of forming plantations varies
somewhat in différent countries ; as, for instance,
the young plants may be reared in nurseries,
whence they are transplanted to their permanent
position, or they may be gathered out of the old
plantations ; the âge at which this is done also
varies, as in Brazil where the shrub is usually
two years old on its removal, or as in the West
Indies where it is planted out at six months.
Fruit is produced in the fourth year, and con¬
tinues to be gathered for several years.

The coffee-fruit consists of a saccharine and
somewhat glutinous pulp containing the seeds,
which are usually double, lying face to face, but
sometimes occurring singly. The pulp is re-
moved by water and fermentation. Each seed
is inclosed in a membranous covering, techni-
cally termed ' parchment,' which is shred from
the bean by rollers, and carried away by winnow-
ing. Coffee-beans range in colour from greenish-
grey to brown. The following table will indicata
the variation in size:—

No. of seeds in a measure

holding 50 grammes of water
Fine brown Java . . . 187
Fine Mysore . . 198
Fine Neilgherry . . . 203
Costa Rica .... 203
Good ordinary Guatemala . 207
Good La Guayra . . . 210
Good average Santos , . 213
Fine long-berry Mocha . 217
Good ordinary Java . 223
Fine Ceylon plantation . 225
Good average Rio . 236
Médium plantation (Ceylon) 238
Manilla .... 248

Ordinary Mocha . . . 270
West Afriean . . . 313

Coffee undergoes important changes in the
process of roasting, the object of which process
is to develop its aroma and to destroy its tough-
ness so that it may easily be reduced to powder.
Great care is necessary to ensure an equable
roasting of ail the beans, and to attain the exact
point at which torréfaction should cease. If, on
the one hand, rawness is not removed, the flavour
of the bean is not developed ; on the other hand,
if too much heat is permitted, a strong empyreu-
matic flavour is produced, which renders the
coffee infusion nauseous.

The chemical composition of coffee has been
investigated by many chemists with somewhat
variable results. Schrader found that the raw

beans distilled with water in a retort communi-
cated to it their flavour, and rendered it turbid,
whence they seemed to him to contain some
volatile oil. On reboiling the beans, filtering,
and evaporating the liquor to a syrup, adding
alcohol till no more matter was precipitated, and
then drying it, he found 17-58 of a transparent
extract of a yellowish-brown colour, which con-
stitutes the characteristic part of coffee, though
it is not, in that state, the pure proximate prin-
ciple called caffeine discovered by Runge in 1820
(v. Caefeine). The bean also contains a resin
and a fatty substance resembling suet, tannic
acid, and an acid which has been named caffeic
or caffetannic acid.

The following table shows the composition of
raw coffee-beans from various districts:
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0. Levesic (Ar. Ph. [3] 8, 294).

— Gummy
matter

Caffeine Fat
Tannic and
caffetannic

acid
Cellulose Asll Potasli

Phos¬
phorie
acid

Finest Jamaica plantation 25-3 1-43 14-76 22-7 33-8 3-8 1-87 0-33
Finest green Mocha . 22-6 0-64 21-79 231 29-9 4-1 213 0-42

Ceylon plantation . 23-8 1-53 14-87 20-9 36-0 40 — • 0*27
Wasked Bio 27'4 1-14 15-95 20-9 32-5 4-5 — 0-51
Costa Rica 20-6 1-18 21-12 21-1 33-0 4-9 — 0-46
Malabar .... 25-8 0-88 18-80 20-7 31-9 4-3 — 0-60.
East Indian 24-4 1-01 17-00 19-5 36-4 — — —

Commaille (Moniteur Soient. [3] 6,779) found
in nndressed Mysore coffee :
Hygroscopic water (extremes o£

24 déterminations) . . 6'3 to 15-7
Fattymatters .... 12-68
Glucose 2-60
Dextrin —•

Legumin-casein .... 1-52
Albumen 1-04
Total quantity of caffeine . . 0-42 to 1-31
Ash 3-882
Coffee extract with cold xvater . 24-97

„ „ „ warm water . 37-20
Coffee extract with alcohol of

60 p.c. . ... 23-15

Eoubiquet and Bontron (J. Ph. 23, 101) found
in addition to fat, extraetive matter, and caffeine,
a white crystallisable substance, and an acid
which was preeipitated by acetate of lead.

The ash of the following parts of the Brazilian
coffee-tree was analysed by H. Ludwig (Ar. Ph.
[3] 1, 482), viz.:

X. Boot of a young tree in bearing.
II. Boot of an old tree.

III. Leaves.
IV. Pulp of the pericarp.
V. Parchment-like coating of coffee-beans.

VI. Coffee-beans grown on gneiss soil.
VII. Coffee-beans grown on limestone soil.

— I. II. III. IV. V. VI. VII.

K2O .

Na.,0 .

CaÔ .

MgO . .

Fe203 .

MÛjOj .

A1„03 .

SiÔ2 .

C0„ .

PA . .

S0s .
Cl .

I

16-24
2-18

27-04
4-15
3-39
0-44
7-85
6-16

27-55
2-28
2-26
1-05

3-99
6-66

38-04
5-39
5-03

trace
1-59
1-23

25-16
11-30

1-38
0-25

14-95
1-13

20-82
7-96
3-58
0-40
9-11
9-60

21-03
6-23
3-99
1-56

15-56
trace
16-83

5-63
11-38
trace
trace
15-16
2013

9-99
3-94
1-34
0-88

15-87
5-10

21-92
4-62
7-12

4-19
9-25

13-28
16-70

1-95
trace

14-13
5-84
8-64
8-14

16-54
trace

2-78
1-65
8-34

18-65
15-28
trace

44-03
5-85
4-89
8-01
1-96

trace
trace

0-37
21-24
10-54

1-64
0-98

100-59 100-02 100-36 100-84 100-00 99-99 99-51

From this table it appears that the phosphorie
acid in young trees increases from the root to
the fruit and its separate parts. The increased
proportion of phosphorie acid in the roots of old
as compared with those of young trees is very
remarkable.

Graham, Stenhouse, and Campbell inferred
that sodium compounds were absent in coffee-
beans. This supposition is not confîrmed by the
above table, wherein a considérable quantity is
shown to be présent. Ludwig found that silica
increased in amount from the root to the leaves
and pulp, decreased in the parchment, and en-
tirely disappeared in the bean. The influence
of soil may be noted in columns VI. and VII.

Boastcd coffee.—When roasted to a yellowish-
brown, coffee loses, aceording to Cadet, 12^ p.c.
of its weight, and is in that state diffieult to
grind. When roasted to a chestnut-brown it
loses 18 p.c., and when it becomes entirely blaek,
though not ail carbonised, it has lost 23 p.c.

Schrâder has analysed roasted coffee eompara-
tively with raw coffee, and he found in the first
12A p.c. of an extract of coffee soluble in water
and alcohol,which possessesnearly the properties
of the extract of raw coffee, although it has a
deeper brown colour, and softens more readily in
the air. He found also about 10-4 p.c. of a
blackish-brown gum ; 5-7 p.c. of an oxygenated
extract, or, rather, apothème, soluble in alcohol,
insoluble in water ; 2 p.c. of a fatty matter and
resin ; 69 p.c. of burnt vegetable fibre, insoluble.
On distilling roasted coffee with water, Schrader
obtained a product which contained the aromatic
principle of coffee ; it reddened litmus paper and
exlialed a strong and agreeable odour of roasted
coffee. If coffee is roasted in a retort, the first
portion of the aromatic principle condenses the
yellow liquid in the receiver; and this may be
added to the coffee roasted in the common way
from which this matter has been expelled and
dissipated in the air. Chenevix affirmed that by
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the roasting of coffee a certain quantity of tannin
possessing the property of precipitating gelatine
is generated. Cadet made the same observation,
and found, moreover, that the tannin was most
abundant in the lightly roasted coffee, and that
there was little of it in coffee highly roasted.
Passé and Schriider, on the contrary, stated that
solution of gelatine does not precipitate either
the décoction of roasted coffee or the alcoholic
extract of the coffee. Eungé could obtain no
precipitate with gelatine ; but lie says that
albumen precipitated from the décoction of
roasted coffee the same kind of tannin as is
precipitated from raw coffee by lead acetate
(Ure).

Coffee is injured when roastedto such a degree
as to lose 20 p.c. of its weight. Since the fine
essential oil rapidly escapes after the bean is
broken up, coffee should not be ground until
required for infusion.

0. Bernheimer (ÎY. A. B. [2 Abth.] 81,
1032-1012) found that during the roasting of
coffee, water vapour is first given off, then sud-
denly an évolution .of carbonic anhydride, and
distillation of volatile substances commences.

The distillate consists of an aqueous liquid and
a solid part. The former contains caffeine,
eaffeol, acetic acid, quinol, methylamine, and
acetone ; the latter consists of fatty acids, chiefly
palmitic. Pyrrol escapes during roasting. Of
fatty acids 0-48 p.c. of the coffee employed was
volatilised ; of caffeine 0T8 p.c. ; and of eaffeol
0'05 p.c.

Bernheimer found that raw coffee beans
(50 kg.) roasted in a revolving drum yielded a
liquid distillate (5 1.), and a solid portion
(680 g.) floating thereon. The uncondensable
vapours contained carbonic anhydride, and, on
passing them through dilute liydrochloric acid,
a resinous body was deposited, having the ap-
pearance of pyrrol-red.

A. Liquid distillate.—The crude liquid dis¬
tillate filtered from solid particles has a yellow
colour and the fragrant odour of coffee. On
agitating it with ether, and evaporating the
ethereal extract over the water-bath, a dark
heavy oil was obtained, smelling like coffee,
and yielding, on redistillation, first a few drops
of liquid having the odour of acetone, afterwards,
for the most part, acetic acid and water. The
thermometer then rose quickly to 200°, above
which point there passée! over an oil smelling
like coffee, the température at the same time
rising to 300°. Above this point there passed
over a very small quantity of liquid, which
immediately solidified to a mass, having the
buttery aspect and rancid odour of the higher
fatty acids. This portion, and the liquid which
passed over from 200° to 300°, were neutralised
with sodium carbonate, wliereupon a thick dark
coloured oil was tlirown down, which was sepa-
rated from the supernatant liquid by means of a
tap-funnel, and waslied with water rendered very
slightly alkaline by potash.

The alkaline wash-waters contained no fatty
acids, but, when aeidulated with sulphuric acid
and agitated with ether, they yielded a substance
which, after evaporation of the ether, filled
the liquid with a pulp of crystals, and after
précipitation crystallised in colourless needles
exhibiting the characters of qiiinol. (m-p. 171°;

converted into quinhydrone by the action of
ferrie chloride).

The oil above mentioned, designated b;
Bernheimer as eaffeol, was dried over caiciun
chloride and fractionally distilled, the greater
part passing over from 195° to 197°. The dis¬
tillate smells very strongly of coffee, is ap-
parently insoluble in cold water, but imparts to
it the characteristic odour ; slightly soluble in
hot water, very slightly in aqueous potash, very
easily in alcohol and ether, the alcoholic solu¬
tion giving, with ferrie chloride, a red eoloura-
tion, which does not disappear on addition oi
sodium carbonate. Analysis led to the formula
C8H10O2. Caffeol is oxidised by chromic acid
mixture, without formation of any definite pro-
ducts. By fusion with potash it yields salicylic
acid. The portion of the crude liquid distillate
not talcen up by ether, when concentrated ora
the water-bath, yielded groups.of needle-shapod
crystals, exhibiting the composition and pro-
perties of caffeine CsH10N4O2 (0-28 p.c. of the
coffee). The mother-liquor was found to coa-
tain methylamine and trimethylamine.

B. Solid distillate.—The black mass floating
on the crude liquid distillate was found, by a
preliminary examination, to consist of a mixture
of the higher fatty acids. By saponification, and
treatment of the product by Heintz's methodof
séparation, this mixture yielded, as chief con¬
stituent, palmitic acid melting at 60°, and a
very small quantity of another acid having a
melting-pointr a few degrees higher than that of
lauric acid.

Détection of chicory in ground coffee.-
Chicory may generally be detected by sprinkling
the ground mixture on cold water, when nearly
the whole of the coffee floats whilst the chicory
separates and sinks to the bottom, colouring the
liquid brown. If examine! under the micro¬
scope the sediment of chicory which reacbes the
bottom of the vessel will be found to exhibit the
characteristic loose, large eells, with dotted ves-
sels and branehing lactiferous ducts. Even to
the touch the différence is évident, for, whilst
chicory under these conditions will feel soft and
even, the coffee-grains remain hard and gritty.

A. Winter Blyth (Foods ; their Composition
and Analysis, 350) gives the following surn-
mary of the influence of chicory on the coffee
mixture:—

(1) It decreases the gum, the latter seldom
rising in chicory to more than 15 p.c., whilst in
coffee it has not been found less than from 21
to 28 p.c.

(2) It increases in sugar, roasted coffee
having seldom so much as 2 p.c. of sugar;
whilst chicory when roasted has at least 8 or S
p.c.

(3) It decreases the fatty matter, the fat of
chicory ranging from 1 to over 2 p.c., that ol
coffee being about 14 to over 20 p.c.

(4) It decreases the tannic and caffeotannie
acids, chicory being destitute of tannin.

(5) It decreases the caffeine, chicory pos¬
sessing no alkaloid.

(6) It profoundly modifies the constitution
of the ash, especially by introducing silica, whicb
is not found to any great extent in coffee-ask.

Graham, Stenhouse, and Campbell laid stress
upon the presence of silica as a means of detec-
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tion of the admixture of chicory. Their
analysis, showing the principal différences in
the composition of the respective ashes, giving :

In coffee ash. In chicory ash.
Silica and sand . 10-69 to 35.85
Carbonic acid . 14-92 1-78 to 3-19
Sesquioxide of iron 0-44 to 0-98 3-13 to 5"32
Chlorine . . 0-26 to 1-11 3-28 to 4-93

According to F. M. Bimmington (Ph. J. Trans.
[3] 11, 529), chicory and dandelion may be de-
tected in coffee by treating it with bleaching-
powder, after previous boiling with sodium car¬
bonate and washing with water to remove ex-
tractive matter. By this means chicory and
dandelion are bleached, whilst coffee undergoes
little or no change.

The presence of leguminous seeds and cereals
may be detected by boiling the sample with
animal charcoal and water, filtering and testing
for starch in the cold liquid with iodine. Neither
coffee nor chicory contains starch. To détermine
to what vegetable the starch belongs recourse
must be had to the microscope.

COGNAC v. Beandy.
COKE v. Fuel.
COLCHICINE v. Vegeto-alkaloids.
COLCHICUM. Mcadow saffron. (Colchique,

Fr. ; Eerbstzeitlose, Ger.) The corm or seeds of
the Colchicum autumnale (Linn., Bentl. a. T.,
288). This plant is found in meadows and
pastures throughout Europe, where its crocus-
like flowers, usually of a lilac hue, make their
appearance in September and October.

Colchicum is a poisonous drug long known to
medicine. It has been subject to repeated in¬
vestigation with a view to isolate its active con¬
stituent or constituents. Among earlier in-
quiries are those of Melander and Moretti, 1810
(Bl. Ph. 2, 217) ; Stoltze, 1818 (B. J. 19, 107 ; 20,
135); Pelletier a. Caventou, 1820 (A. Ch. (2) 14,
69; J.Ph. 6, 364) ; Buchner, 1832 (R. P. 43, 376).
Besides substances common to plants, guch as
starch, gum, cellulose, sugar, oil, resin, &c., the
older workers detected a bitter extractive pos-
sessing physiological activity, and Pelletier and
Caventou regarded it as containing gallate of
veratrine. Geiger a. Hesse, in 1833 (A. 7, 274),
skowed, however, that the bitter alkaloidal com-
pound, which they describe as crystalline, has
properties quite distinct from veratrine, and they
gave it the name colchicinè. It is faintly alka-
line, is sparingly soluble in water, but dissolves
readily in alcohol and chloroform, the latter
extracting it from its aqueous solution ; the
dry compound strikes a deep violet to blue
colour with concentrated nitric acid, and its
aqueous solution is precipitated brown by tinc-
ture of iodine, yellow by platinum chloride
solution, and white by tannic acid. The corm
yields less than 0-1 p.c. of colchicinè. The
subject is further studied by Asehoff (Ar.
Ph. [3] 89, 4); Bley (Ar. Ph. [3] 89, 18);
Hûbschmann (Ar. Ph. [3] 92, 330) ; and Oberlin
(A. Ch. [3] 1, 108). The last mentioned ob¬
server, by the action of dilute acids, succeeded
inbreaking colchicinè up into a new alkaloid
colchiceïne and other products. This compound
was obtained in colourless laminas or needles
sparingly soluble in cold, more so in boiling
ivater, readily in alcohol and chloroform, in¬

soluble in ether or benzene. Full directions for
extracting colchicinè from the crude drug, and
its conversion into colchiceïne are given by
Hertel (P. Z. 1881, 245), who observes that when
exposed to the air colchiceïne gives off ammonia
and water, and is converted successively into
two resins : (a) colchico-resin C51H60lSr.,O5 (?), and
(3) colchico-resin C.,,H.wNO10 (?). These resins
are formed in the officiai wine of colchicum, but
are not indications of therapeutical détérioration,
for they possess equal médicinal value with the
alkaloid from which they are derived.

Important contributions to the chemistiy. of
colchicinè and colchiceïne have recently been
made by Zeisel (M. 4, 162; 7, 557 ; 9, 1 ; 9, 865).
After reviewing previous work, this observer
assigns to colchicinè the formula G„H25N06. It
melts at about 145° and forms a characteristic
crystalline compound with chloroform C.„H„sNO0,
2CHC13 (Houde, C.B. 98,1442 ; Zeisel, C. B. 98,
15S7). Colchicinè is slightly basic, forming a
gold sait (CjJIjsNO^HAuCI,. Methyl colchicinè
C22H2,MeN06 has also been obtained. In the
conversion of colchicinè into colchiceïne CH3OH
is evolved, and the new alkaloid has the com¬
position (C.,,H.,3N0u)2H.,0. It melts at 139-141°,
loses its water of crystallisation at 140-150°,
becoming solid, aud on further application of
heat the anhydrous alkaloid softens at 161° and
melts at 172°. Colchicinè appears, therefore,
to be a methylcolchiceïne. When colchicinè is
treated with concentrated hydrochloric acid the
reaction does not stop with the formation of
colchiceïne by the displaeement of one methyl
group ; but this is accompanied by that of an
acetyl radicle leaving an acid C19H21N06 or
(C18H20NO:1)COOH. In the further progress of
the reaction this compound loses another
methyl group giving rise to a second acid
(C,,HlsN03)C00H, and finally by the displace¬
ment of two additional methyl groups colchicinic
acid (C15H]4NOj)COOH is obtained. The second
acid described is therefore dimctliyl colchicinic
acid, and the first acid trimethyl colchicinic acid ;
while colchiceïne is regarded as acetyl trimethyl
colchicinic acid and colchicinè, which does not
possess acid properties, as the methyl ether of
colchiceïne. Colchiceïne is basic, forming the
gold sait C2,H2!NO0IIAuCl„ but it is also acid,
or at least plienolic, giving rise to the copper
derivative (C2IH22N06).2Cu, 5H„0. The acid pro-
perty of colchiceïne is further apparent in the
readiness with which it combines with alkalis.
By treatment with methyl iodide and sodium
methylate colchiceïne may be reconverted into
colchicinè.

Colchicum is a favourite remedy in the
treatment of gout and rheumatism. It acts
as an irritant of the alimentary canal and
kidneys, being a purgative and diuretic, and in
large doses these symptoms become more and
more violent until a fatal resuit follows. The
action is cumulative (Mairet a. Combemerle,
C. E. 104, 439, 515). Post mortem examination
of the stomach contents by treatment with
alcohol, and purification of the extract ob¬
tained by fresh treatment with alcohol or with
chloroform, and then the application of the
nitrie acid and other tests, may be adopted in
cases where death is supposed to have been
caused by colchicum. Cf. Dannenberg (Ar. Ph,
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[3] 8, 411 ; 10, 97), and Van Geldern (Ar. Pli.
[3] 9, 32).

Fliiekiger (Pli. [3] 7, 372) recommends the
colour réactions which an alcoholic extract of
colchicum corms gives witli minerai acids as a
délicate means of detecting tliose acids.

A. S.
COLCOTHAR. Tlie reddish-brown residue of

ferrie oxide obtained in the manufacture of
fnming oil of vitriol.

COLLIDINE V. Bone OIL.

COLLODION v. Photography.
COLLOTYPE v. Piiotogkaphy.
COLOCYNTH. Bitter apple. (Coloquinte,

Br..; Koloquinthe, Ger.)
The fruit, peeled, dried, and freed from seeds,

of the Citrullus Colocyntliis (Schrader) a climb-
ing plant of the gourd family, inhabiting the
warm dry districts of the Old World; India,
Persia, Arabia, Syria, and the African and Euro-
pean shores of the Mediterranean. Cf. Bentl. a.
T. 114.

Colocynth was well known to Greek, Roman,
and Arabian medicine, and in the form of solid
extract enters into many of the purgative pills
of modem pharmacy. It was chemically exa-
mined early in the century, amongst others by
Vauquelin (J. Phys. 84, 338) ; Braconnot (J.Ph.
10, 416) ; Herberger (R. P. 35, 368) ; Bostick
(Ph. 10, 289) ; and Meissner (Pereira, Mat.
Med. 3rd ed. 2, 1737). It was, however, Walz in
1858 who first isolated an active constituent,
colocynthin, from the drug (Ar. Ph. 96, 241 ; 99,
338; J. 1858, 531; 1861, 757). The alcoholic
extract is treated with water, the aqueous solu¬
tion precipitated by acetate and sub-acetate of
lead, and the clear liquid thus obtained after
being freed from lead by sulphuretted hydrogen
is precipitated by tannic acid. The precipitate
dissolved in alcohol is freed from tannic acid by
treatment with basic acetate of lead, and the
crude colocynthin thus obtained is finally puri-
fied by washing with ether. Cf. Lebourdais
(A. Ch. [3] 24, 58) and Henke (Ar. Ph. 221, 200).

Colocynthin is a sticky mass, brittle when
dry (Henke), is indistinctly crystalline (Walz).
It has an intensely bitter taste, and acts as a
drastic purgative. Walz assigns to it the
formula CMHalOo3. Water and alcohol dissolve
it, but it is insoluble in ether, chloroform, and
most other solvents. Yield from the drug 0-6
p.c. (Henke). The aqueous extract reduces
Behling's solution. With concentrated acids
colocynthin gives colour reactions : with sul-
phuric acid, deep red ; nitric acid, bright red ;
hydrochlorie acid, bright yellow. Eor other
tests v'. Johannson (Br. 24, 154). According
to Walz, colocynthin is a glucoside breaking
up by treatment with dilute acids into glu¬
cose, and a resinous product colocyntheïn. The
same observer obtained from the alcoholic ex-

tract of colocynth a crystalline substance, in¬
soluble in water but soluble in ether, which he
named colocynthitin.

It has been sometimes required to search for
colocynth in beer v. Dragendorfi (Ch. Centr. 1881,
285, 299). A. S.

COLOGNE YELE0W v. Chromiuu.
C0L0FHAN v. Oleo-resins.
COLOPHANTHRENES v. Besins.
C0L0PHENE CAMPH0R v. Cahphors.

C0L0PH0NY v. Resixs.
C0L0PTENE v. Resins.
COLORIMETERS, CHR0M0METERS, et

CHR0MAT0METERS. These instruments, the
use of which has very largely increased during
recent years, are employed in quantitative
analysis for determining the relative intensit;
of colour of substances either in solution or in
the dry way.

A useful device introduced by Duprê (Au.
5, 123) may be mentioned under this Heading.
In the volumetric estimation of silver with
potassium chromate as an indicator, especially
when the solution is weak, it is somewhat diffi.
cuit, on account of the original yellow colour ot
the solution, to observe the first tinge of red pro-
duced by the formation of the silver chromate.
Dupré interposes, between
the eye and the test liquid,
a flat glass cell (of whicli
the faces are about half an

inch apart) containing a
solution of potassium chro¬
mate of such strength as
will neutralise the colour of
the test liquid, which thus
appears perfectly colourless,
and in which the faintest
appearance of red is readily
visible. The cell filled with
other liquid may be similarly
adopted in many other titra-
tions.

A useful colorimeter for
général purposes, devised
by Mills, is shown in fig. 1.
It consists of a glass jar
closed above by a cap of
which thelength is sufficient
to coverthetop of the liquid.
The cap is perforated in the
middle and carries a short
tube in which slides a glass
rod bent as shown, and sup-
porting, exactly at right
angles to the axis of the jar,
a flat eircular opaque white
dise. In the bottom of the
jar are laid, one above
another, a red and a green
glass dise which form a
black background to the white dise. When
examining solutions of certain colours, a back¬
ground of a colour other than black may be
advantageous, and the white dise itself may be
covered by a coloured plate. The white dise is
lowered to the bottom of the jar by moving its
rod, and the jar is filled to exactly 100 divisions
with a standard liquid. The standard used may
be of the same composition as the liquid under
examination, or may be made of any suitable
materials, but its colour must be identical in
quality with that of the liquid tested, and its
value per unit volume in terms of the substance
estimated must be accurately known. Thus,
the permanent standards used in the estimation
of combined carbon in steel are generally made
of mixed solutions of metallic salts, and in the
estimation of ammonia in water a solution
coloured with caramel and a little aniline ni
has been used (Leeds, C, N. 37, 229).
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The white dise is raised until, on looking
vertically down through the liquid at the dise,
the depth of tint appears suitable. A second
apparatus is then filled to 100 divisions with the
liquid to be tested, and its dise is adjusted until
the colours of the colnmns of liquid in the two
jars appear of equal intensity. The lengths of
these columns are noted, and the eomparison is
repeated, using, preferably, a différent length of
column of the standard.

The relative strength of the solutions varies
inversely as the lengths of the columns, so that
if 1 c.c. of the standard solution correspond
with x parts by weight of the substance esti-
mated, the weight of that substance in 1 c.c. of
the test solution will be

length of column of standard solution x x

length of column of test solution.
If the strength of the standard differ by more
than 10 p.c. from that of the test liquid, it is
advisable to dilute one or other before eom¬

parison.
By placing on the white dise a small, black,

hemispherical button, this instrument may be
used for determining the strength of turbid solu¬
tions, such as milk, or for ascertaining the
amount of a precipitate suspended in a liquid.
Milk is diluted before examination with 99 parts
of water, and is compared with a similarly diluted
milk of known strength, the dise with the button
being adjusted in each tube as above until just
invisible.

For the examination of précipitâtes, a solu¬
tion of considérable suspensory power is prepared
by dissolving 100 grams of gélatine, 100 grams
glacial acetic acid, and 1 gram of salicylic acid
(to prevent décomposition of the gelatine by
keeping) in 1 litre of distilled water.

The solution is clarified with white of egg
and filtered bot. For estimation of sulphuric
acid, this solution is charged with barium chlor-
ide, and is added to a weak standard solution
of sulphuric acid or a sulphate, and to the solu¬
tion to be tested, the two turbid liquids being
then compared as above. By the use of other
reagents, lime, zinc, and a large number of
other substances may be estimated. The slight
altération in the level of the liquid caused by
the varying length of the sliding tube contained
in the liquid when adjusting the height of the
white dise is found by experiment, and a correc¬
tion must be introduced into the calculation for
variations of more than two or three divisions.
A very useful colorimeter, especially designed
for the estimation of carbon in steel, but of
course available for other purposes, has been
introduced by Stead (Proc. Iron and Steel Inst.
1883, No. 1, 213). A similar, but more con-
venient apparatus, devised by Bidsdale (S. C. I.
188G, 580) is shown in fig. 2. Three glass
tubes, each fitted below with a small, opaque,
white cylinder, are placed beneath a movable
mirror, in a stand which may be turned to any
position upon its weighted base. The central
tube is removable and is closed below, the
outer tubes are drawn out and pass through
india-rubber corks into ruby glass bottles, con-
taining standard solutions of différent strengths.
Each bottle has a tube with a stopeock through
which the liquid may be introduced or removed,

and each is connected by a flexible tube with a
syringe.

The liquid under examination is introduced
into the central tube, and by working the
syringes the standard solutions are raised in
their tubes until the intensity of colour in each
tube, as seen by looking into the mirror which
is adjusted to reflect the light passing upwards
through the tubes, is identical. Two distinct

Fig. 2.

comparisons are tlius simultaneously made, and,
by noting the height of each column by means
of the sliding pointer, the strength of the tested
liquid may be ascertained from the formula
already giyen. A very important advantage of
this apparatus is that every part except the
central tube is cleansed and re-charged without
disconnection.

Eidsdale (S. C. I. 1888, 70) has devised an
apparatus which serves for the examination of
liquids of deeper tint than are available in the
foregoing apparatus. The inner tube (fig. 3) is
sealed below, the side tubes are perforated at
the bottom. Each tube contains a loose white
opaque plug, and each is held at any height by
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a movable jaw pressed against it by an india-
rubber band..

The centre tube is charged with, say, 10 divi¬
sions of the standard solution, and the test
liquid is run into one of the side tubes, whence
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it passes at once into the lower tube. When
this is nearly filled, it is gradually raised to
bring a portion of its contents into the upper
tube, until, on looking down vertically, the
colours in the upper side tube and in the stan¬
dard tube are of identical intensity. The calcu-
lation is made as already described. The lower
tube beneath the standard tube must be raised
with that of the side tube in order to equalise
the effect of the double thickness of glass.
When the solutions to be tested differ widely in
tint, the standard tube may be perforated so
that the length of its column may be readily
adjusted.

Another arrangement in which the standard
liquid is forced into a graduated tube from a
réservoir is described by Giinsberg (D. P. J. 228,
457).

The Nesslerising tubes adopted by Hehner
(C. N. 33, 185) and recommended by Milne
(S. C. I. 1887, 33) are two eylinders of equal and
perfectly uniform diameter, holding about
100 c.e. Eaeh is graduated from below, and at
about the 30 c.c. division bas a glass stopcock.

The two eylinders are placed side by side on
white paper, and to one of them is added 100 c.c.
of the liquid to be tested, followed by 2 c.c. of

Nessler's solution. To the other tube a suitable
and known amount of standard solution of ammo¬

nium chloride is added, and the volume is made
up to 100 c.c. with distilled water, after wkicli
2 c.c. of Nessler's solution is added. The two
liquids are looked at vertically, and the darker
is allowed to slowly run off into a clean beaker,
until their colours are equal. The comparison
may be repeated after filling up from the beaker,
The mode of calculation is the same as in former
cases.

In a colorimeter devised by Leeds (C. N. 37,
229) comparison tubes are arranged in a rack,
light being reflected through them by an inclined
upper mirror, and again reflected to the eye of
the observer from a mirror similarly placed be¬
neath them. The standard liquid is contained
in a bottle prism which is moved beneath one of
the comparison tubes containing distilled water
only, until the colour observed is identical with
that in the tube containing the test liquid. The
strength of the test liquid is calculated from the
thickness of liquid in that section of the prism
which is interposed.

An ingenious instrument, introduced by Mr.
J. W. Lovibond, for the examination of liquids,
powders, fabrics, &c-, and known as the tinto-
meter, is shown, partiy in section, in fig. 4. It
consists of a box, closed at one end by a ground

glass plate c, and separated into two divi¬
sions b c. The box is carried by a stand, adjust-
able to any angle. A square glass cell, of known
width, alongthe line g'g-, containing the solution
to be examined, is placed in one division, and
glass plates h of similar colour (or, if necessary,
of différent colours, producing the proper tint in
combination), and of known intensity, are placed
in grooves in the other division, until, on looking
through both tubes simultaneously through a
single eye-piece d, shaded to prevent access of
side light to the eye, the appearance through the
glass plates is identical with that through the
solution.

The standard plates are specially prepared of
various colours, and each is distinguished by a
number indicating its colour and another num-
ber showing the intensity of colour, i.e. the
number of plates of that colour of unit intensity
required to produce an intensity equal to that of
the plate. The unit chosen by the inventor for
each colour is an arbitrary one, but its actual
value can be ascertained at any time by com¬
parison with a standard solution of similar
colour.

In some cases the glass plate e is wanting,
and an adjustable plane glass mirror is used to
reflect the light to the apparatus.

When the colour of a fabric is to be estimated
the fabric is stretched on a block placed in the
division c, and a white fabric of similar texture,
previously compared with a plate of pure plaster
of Paris, is placed in the division b. The stan¬
dard plates are then inserted as above until the
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appearances through the eye-pieoe are identical.
Pawdcrs, stigars, de., presse! in a small tray
placed in the division c, may be similarly ex-
amined, a tray eontaining pure plaster of Paris
being placed in the division b.

For very delieate observations the intensity
of the light used may be found and noted, before
commencing, by closing the division c and
placing in the divisions 6 as many standard
plates of neutral tint as serve to obstruet ail the
light.

For further information v. Blue Books of
H.M. Patent Office, a.d. 1886, No. 12,867 ; S. C. I.
1887,522, 628, and 1888, 69.

Andrieux (C. B. 103, 281) describes an
apparatus in which the quality and intensity of
a colour are determined by comparison with a
ray of polarise! light.

Kônig (Proc. Amer. Phil. Soc. [18] 7,29, 184,
208, 211) has devised a method for estimating
metalsbythe intensity of the colour imparted by
them to the borax bead. He dissolves a known
weight of the oxide in a known weight of borax,
grinds the bead until its faces are liât, coats it
with Canada balsam to render its rough faces
transparent, and places it in an apparatus where
it is viewed by a lens of small power, while, by
means of a rack, a glass prism Whose colour is
complementary to that under examination, is
inoved before it until such a thickness is inter¬
pose! that the colour of the bead is extinguished.

A photochemical proeess for estimating
différences in the intensity of a colour has been
described by E. J. Mills and Buchanan (S. C. I.
1888, 309). It has been applied to the compari¬
son of dyed goods. A number of dises of the
tissues are photographe! on one négative from
which a number of positives on paper sensitiSed
with silver, are copied. These are treated as
usual, soaked for a considérable time in sodium
thiosulphate to remove the whole of the un-
altered silver sait, well washed, and dried. The
dise photographs of each tissue are eut from a
number of positives and each set is burned
separately. The silver in the residue is dis¬
solve! and estimated volumetrieally. The rela¬
tive amount of silver found in the différent sets
of dises directly represents the relative intensity
of the colours.

The following colorimetric proeess for the
estimation of minute quahtities of sulphur in
iron, minerai waters, black ash, slag, &c., is due
to Wiborgh (C. Z. 10, 92 ; C. N. 1886, 54,158).

The divided métal, ore, &c., or the concen-
trated solution, is introduced into a small llask
provided with an india-rubber cork, through
which passes a stoppered funnel for introduction
of acid, and a narrow-mouthed funnel ground at
the top. A dise of white ealico, which has been
previously saturated with a solution of 5 grams
crystallised cadmium nitrate (or, preferably,
cadmium acetate) in 100 c.c. of water and dried
in a horizontal position on a eloth, is fixed
between two india-rubber rings of the sarue
interior diameters as the standard dises here-
after described, and the rings are firinly clamped
over the funnel mouth. Dilute sulphuric acid
is poured into the flask and heat is applied. In
from 30 to 45 minutes the whole of the sulphur
which is capable of conversion into sulphuretted
liydrogen has passed off in that form and has

been wlwlly absorbe! by the cadmium sait on
the calico. The dise is removed and compare!
with a set of standard dises, similarly préparé!
from iron eontaining a known amount of sul¬
phur. The standard dises should not be ex-
posed too freely to light. Arsenic, carbon,
silicon, and copper do not appear to affect the
détermination. This method is so delieate that
a dise will show a tinge of the yellow colour due
to the cadmium sulphide when so small a quan-
tity as the 1000th of a milligram of sulphur is
présent per square centimètre. Other metals
which give coloured sulphides may be u'sed,
but cadmium appears to be znost generally
satisfactory.

COLOUBS, DETECTION OF, ON DYED
FABRICS. Most colouring matters exhibit
characteristie colour reactions when treated
with various reagents. The reaction varies
slightly according to the condition in which
the colouring matter is examined, i.e., in the free
state, or applied to this or that fibre, &c.

The annexed tables show the reactions ob-
tained on wool dyed with the several colouring
matters named, when treated with a few simple
reagents, such as are readily available to the
dyer. The reagents required are : sulphuric
acid 1-84 sp.gr. ; hydroehloric acid 1T4 sp.gr. ;
sodium hydrate 10 p.c. solution ammonia solu¬
tion 0'880 sp.gr. ; a solution eontaining equal
weights of concentrated hydroehloric acid and
stannous chloride (8nCl,.2H20) ; 95 p.c. alcohol.

Small portions of the fabric should be steeped
in porcelain basins eontaining a little of the
reagent. Other portions should be gently warmed
with the reagent in a test tube. It is always
désirable to confirm the test by making a com-
parative experiment with material specially
dyed with the suspected colouring matter.1

The following abbreviations are adopted in
the tables : —M. L. & B. (Meister, Lucius, and
Briining) ; B. A. & S. F. (Badische Anilin and
Soda Fabrik).

COLUMBA or COLUMBO ; COLBMBIC ACID
and C0LUMBIN v. Caluhba.

COLUMBITE v. Ckbiuh metals.

COLZA OIL v. Oils.
COMENAMINIC ACID v. Bone oïl.

COMMON CAMPH0R v. Camphoks.
CONCRETE v. Cements.
CONDY'S FLUID v. Manganèse.
CONESSINE V. vegeto-ALKALOrDS.
CONGO V. Azo- colouking mattees.

CONGO, BRILLIANT, v. Azo- coloceing
mattees.

CONGO CORINTH v. Azo- colotjbing mattebs.
CONGO RED v. Azo- coloubing mattees.

CONGO YELLOW v. Azo- colouiîing mattees.

CONIFERIN v. Glucosides.
C0NIMA RESIN v. Oleo-eesins.
C0NIMENE v. Oleo-eesins.
CONINE v. Vegeio-alkaloids.
CONQUINAMINE v. Vegeto-alkaloids.
C0NV0LVULIN v. Glucosides; also Guli

eesins.

C0PAIBA, BALSAM OF v. Oleo-eesins.
C0PAIVA OIL v. Oils Essential ; also Oleo-

eesins.

1 Cf. J. J. Hummel's Dyeing of Textile Fabrics
(Cassell & Co., 1885), ebapter xxvi. A.lso, II. Lepetit,.
S. C. I. 7, 773.
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REDCOLOTJRS.

Colouringmatter Scarlet2R. (M.L.&B.) Scarlet3R. (M.L.&B.) PatentPastred (B.A.&S.P.) ClaretredB (M.L.&B.) Carmoisin. (Pr.Bayer&Co.) Biebrichscarlet. (Kalle&Co.) OrseillineB.B.. (Pr.Bayer&Co.) Croceïnscarlet7B (Pr.Bayer&Co.) AzarinS (M.L.&Br.) Azoeosine. (Pr.Bayer&Co.) Primulinered

HC1

Pibrenotebangedbycold HC1,butonboiling nearlydecolouriscdand înuchcolourextracted. Pibrenotcliangedevenon boiling. Bluisli-redliquidextracted Pibredarkened,liquid slightlytingedred. Fibrelittlechanged,liquid reddish-violet. Dil.HC1:Noaction.Conc. ÏÏC1•Pibredarkred- violet,liquidsliglitly lilac.Onwasliingthe originalcolourisrestored. Fibreviolet,liquidcolour- less.
Onstanding,liquidbe- comesgreenisli-blue. Fibreâtfirstviolet-black, thenblack;solution paleindigoblue. Fibreatfirstviolet,liquid colonrless.

Onstanding,fibrebecomes blue,liquidgreenisli- blue. Pibregraduallydark brown-red,liquid scarcelycoloured.On dilutingtlieoriginal colourofthefibreisre¬ stored. Fibredarkred-violet, liquidpalelilac.Ondilu¬ tingtheoriginalcolour isrestored. Pibredarkred-brown, liquidpalered-brown.
(Brook,Simpson& Spiller)

CongoCorintb..Dil.HC1:Pibreblack. (Pr.Bayer<SsCo.)|Conc.HC1:Pibreblack,
H3S04

NH.OH

DiluteHaS04,noaction. ConcentratedH2S04ex¬ tractsthecolour
Noaction. Pibreviolet,liquidcolour- less,butonstanding bluish-violet. Fibreatfirstviolet,finally blue. Liquidatfirstcolonrless, afterwardsbrightblue. Fibreviolet-black,liquid ditto. Fibreandsolutiongreen Fibreblue-blaclc,liquid indigoblue,upondilu¬ tingbecomesareddish- violet. Concentratedacid,fibre, andsolutionblue. Pibredarker,liquidbeauti- fulred.Ondilutingfibre andliquidbecomeyellow.

AswithHC1•• Pibreviolet-black,liquid dirtydarkviolet.On dilutingred. Pibreblack,liquiddark blue;ondilutingre- mainsblue.

Nearlydecolour- ised. Nearlydecolour¬ iscd. Pibremadepaler, andredcolour extracted. Fibreorange-red solutionyellow- ish-red. Fibresomewliat brown,liquid brightpink. Fibredarkbluish- red,liquidco- lourless.. Fibreviolet,liquid reddish-violet. Colouroffibre blue. Pibrebluish-red, solutionbright cherry-red. Fibredirtyorange Pibredirtydark brown-red. Pibremucbred- der;liquidco- lourless;onwasli¬ ing,tliooriginal colour1srestored.
Pibrepaler Littlecffect. Noaction Noaction Pibreunchanged, liquidpink.

Noaction LikeNaOH, Actionsimilar, butlessmarked tbauwithNaOH. Pibrescarlet-red, liquidscarcely coloured.
Noaction Pibrebecomes redder,liquid sliglitlypink.

SnCla+HCl
Fibredecolouriscd Fibredecolouriscd Fibredecolourised (Resiststhistest betterthanother scarlets).

On
lieating,fibrebe¬ comesalmostcolour- less,orpalelilac. Slightactionincold; onboilingfibrecorn- pletelydecolourised. Fibredecolourised Fibreslowlydecolour¬ isedinthecold. rapidlyuponboiling. Fibredecolourised Onboilingthefibre andliquidbecome yellow.

Inthecoldonlyvery slightaction;on lieatingthefibreis incompletelyde¬ colourised,liquidco- lourless. Fibregradually changedtobright red-brown. Fibreatfirstblack,thenblue-grey,and finallydecolourised.
Littleornoaction Littleornoaction Littleornoaction Littleornoaction Noaction Littleornoaction Noaction Littleornoaction Liquidcoloured palepink.

Noaction Noaction Liquid pink.

pale

Othertests
HNOagivesvioletspotwhichafter¬ wardschangestobrightyellow. HN03,aswithScarlet2R. HNOaactsaswithCroceïnscarlet7B. HNOsgivesavioletspotwhichafter¬ wardsbecomesbrownishwithafaint blueborder.

ItisnotaffectedsoreadilybyHN03 astheCroceïnscarletsare. HN03:Brown-violet.Disappearson washing. HN03givesatfirstadark-bluespot whichchangestobrownwithadark- blueborder. HN03:Violetspots,whiehdisappear onwashing. HN03givesatfirstadark-bluespot whichchangestobrightyellowwith
agreenish-blueborder. Picricacid:Fibrebrown.The materialoryarnsmellsstronglyof Turkey-redoil,anditsashcontains tin.HNOa'Noaction.HN03; Orange-redspot.OnaddingNIL

totheyellowsolutionobtainedwith SnClaandHC1,thefibreandliquid becomeviolet. HN03:Brownspot,disappearson washing. HN0a:Noaction.(Thiscolouring matterissoldbyR.GeigyasPoly- chx-omin.) HNOa:Fibredarkblue-black;wask-J ingwithNH,thefibrebecomes! darkinageuta-red.I
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Congored. (BerlinAniline Co.) DeltapurpurineG (Fr.Bayer&Co.) BrilliantCongo. (Fr.Bayer&Co.) Benzopurpurine- 1B (Fr.Bayer&Co.) Benzopurpurine 2B (Fr.Bayer&Co.) Directred. (R.Geigy&Co.) Deltapurpurine 5B (Fr.Bayer&Co.) Naphthylenered. (B.A.&S.F.) RosazurineB (Fr.Bayer&Co.) HessianpurpleN (Leonliardt&Co.)HessianpurpleB (Lconhardt&Co.) Magenta.

DiluteHC1:Fibreimrne- diatelybecomesblue- black.Cono.HC1:Fibre blue-black,liquidcolour-
Dil.HCI:Fibrebrown-red, liquidcolourless.Conc. HCI:Fibredirtygreen- ish-black. Dil.HCI:Fibrebrown-red, liquidcolourless.Conc. HCI:Fibrereddish violet-black.

Dil.HCI:Fibrered-brown,liquidcolourless.Conc. HCI:Fibredarkbrown.
Dil.HCI:Fibrebluish- black,liquidcolourless. Conc.HCI:Fibreblue- black.

Dil.HCI:Fibreviolet- black.Conc.HCI:Fibre blue,liquidcolourless. Dil.HCI:Fibrered-brown. Conc.HCI:Fibreolive- black. Fibredarkgreen-black. Dil.HCI:Fibredark purple-red.Conc.HCI: Fibreolive-green.
Dil.HCI:Fibreblack,liquidcolourless. Conc.HCI:Fibredark grey,almostblack. Fibreandsolutionyellow, colourrestoredonwash- ing.

Fibreblue-black;onsliak- ingupdissolvesvitha dark-bluecolour;ondi¬ lutionremainsblue-black. Fibreblue-black;liquid darkblue;ondiluting, atfirstgrey,tkenred- brown. Fibreblue-black;liquid blue,ondilutingpurple- violet. Fibreblue-black,liquid blue-black,ondiluting rcddish-black,thenviolet. Fibreblue-black;liquid darkblue,ondiluting blue. Fibreblue-black;liquid violet-black,ondiluting greyish-blue. Fibredarkolive-brown colour,liquiddirty green;ondilutingred- brown. Fibreblue-black,liquid blue-black. Fibredarkblue;liquid darkblue;ondiluting atfirstgreenisb,then red-violet. Fibreblack;liquidblue; on
dilutinggrey-blue. Fibregrey-black,liquid paleblue.

AswithHCI••
Fibrescarcely clianged,liquid colourless.

Noaction Noaction
Noaction Noaction Fibredarkerand somewliatbluer; liquidpale brown-red.

Noaction. Scarcelyanyac¬ tion.
Noaction

No
action. Noaction;liquid palepink. Fibreatfirst paler,after- wardsnearlyco¬ lourless,especi- allyonbeating.

Noaction Noaction Noaction Noaction Fibrebeautifui fiery-red;liquid faintlyreddish.
Noaction. Slightlyextracts thecolouring matterwithout changingthe colourofthe material.

Noaction. Noaction. Liquidpalepink. Fibredecolour- ised.

Fibreatfirstblue- black,tlienblue, afterwardsgrey,at lastdecolourised,ail inthecold. Fibreatfirstdark brown,thenbrighter, thenpink-red,finally decolourised. Fibreatfirstred- brown,thende¬ colourised. Fibreatfirstbrown- red,thenpink,finally decolourised. Fibreatfirstblue- black,thenclear grey,finallyde¬ colourised. Decolourised Fibreatfirstcinna- monbrown,then graduallydecolour¬ isedinthecold. Fibreatfirstblack, thengrey,becoming quitedecolourisedin thecold. Fibreatfirstdark purple-red,thende¬ colourised. Fibreatfirstblack,thendecolourised. Fibreatfirstreddish- grey,thendecolour¬ ised. Almostentirelyde¬ colourisedonboil- ing;colourpartly restoredonwashing.
Noaction. Slightextraction ofcolour. Slightextraction ofcolour.

Noaction Noaction Somecolourex- tracted. Liquidpalepink. Extractssomeco¬ louringmatter withmagenta-
redcolour. Liquidscarcely coloured.

Noaction.
Abluish-redli¬ quidreadilyex- tracted.

HNOa:Blue-blackspot;NTT-,re¬ storesoriginaloolour.HNO„:Fibre reddisli-brown;originalcolouris notrestoredbyNH„butthefibreis turnedbrownish-purpleandthe liquidbluish-red. HNOa:Fibreviolet-black,turned violet-redwithNH3.Picricacid: Fibrebrown-red. HNOa:Fibreblack,turnedviolet- blackbyNH3.Picricacid:Fibre brownish. HN02'Dibrebrownish-black.Picric acid:Fibrered-brown. Remark.—Ailthesecolouringmatters whichareunaffectedbyNaOHare stronglyattackedbyhotsoapsolu¬ tionandextracted. NH02:Fibrebrownish-black,then moreviolet.Picricacid:Fibre darkbrown. HNOa:Fibrered-brown,unchanged byNH3.Picricacid:brownspot. HNOa'Bluespotwithgreenborder. HNO?:Fibreyellowish-brown;on washingandputtinginNaOH, becomesdarkbrown;theliquid brightbrown. HNOa:Fibredarkyellowisli-grey,on washingandmoisteningwithNH3 red-brown. HNOa:Fibreviolet-black,changedby NH3todarkred-brown. HNO„:Fibredarkpurple-violet,with NH3darkbrown. Sodiumsulphidedecolourises. Magentamaybedistinguishedfrom arcliilandaurineasfollows: Amylalcoholextractsabluish-red colourfrommaterialdyedwithma¬ genta. Amylalcoholextractsayellowcolour frommaterialdyedwithaurine. Amylalcoholextractsapinkorvio¬ letcolourfrommaterialdyedwith archil.
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BËDCOLOÙBS—continued.

ôt
00

Colouringmatter

HC1

HaS04

NaOH

NH4OH

SnCla+HCl

Alcohol

Othertests

Acidmagenta (B.A.&S.F.) Aurin. EosinA (B.A.&S.F.) Metliyl-eosin Erythrosin,I (B.A.&S.F.)Phloxin,J.
(P.Monnet&Co.) Rliodamine. (B.A.&S.F.) Alizarin (withalumina mordant)

Faintbluish-redliquidex¬ tracted,colouroffibre unchanged. Fibreyellow Fibrepaleyellow Fibreyellow... Fibrebrownisli-yellow Fibreyellow Fibredirtybrick-red,li- quidcolourless.Onwash- ingtlieoriginalcolour isrestored. Dilute,110action;concen- trated,fibrebriglityel¬ low,liquidamberyellow.
AswitbHC1.• AswithHC1 Fibreatoncebriglityel¬ low. Fibreyellow. Fibreyellow.. Fibreyellow AswithHC1. Dilute,noaction;concen¬ trated,redcolourex- tracted. ConcentratedïT2S04atthe ordinarytempératureen- tirelydissolvescotton dyedwithalizarinred, andthealizarinsépa¬ râtesoutasaflocculent precipitatewhichmay becollected,dried,and sublimated.

Oritmayberecognised bytlievioletcoloura- tionimpartedbyallcalis.
Fibredecolourised inthecold. Solutionbright red. Fibreyellow,li¬ quidpink,fluor¬ escent. Fibrepink,liquid pink,fluorescent. Fibreandliquid pink. Fibreandliquid pink. Fibresomewhat darkerandbluer, liquidcolour¬ less. Fibreandsolution violet.

Fibredecolourised, colourgradually restoredonex- posuretoair.
AswithNaOH. Fibreyellow,li¬ quidyellow, fluorescent.

AswithNaOH. AswithNaOH. Fibreandliquid pink. Fibreaswith NaOH,liquid slightlypink andfluorescent.
Noaction.

Colourlargelyex- tractedonboiling.
Inthecold,solution yellow. Fibreorange-yellow, solutionpaleyellow. FibreOrangeonboil¬ ing. Fibreyellowishon boiling.

Inthecoldnoaction. Onheatingfibre dirtybrown-red,li¬ quidslightlypink. Fibreorange-yellow, liquidbriglityellow.
Verylittlecolour extracted. Colourextracted. Solubleeosinesnot extractedifwell dyed. Spiriteosines readilyextrac¬ tedbyabsolute alcohol. Pinkfluorescent solution. Slightlyextrac¬ ted,forming fluorescentsolu¬ tion.

Noaction.

TothealcoholicextractaddNH40H, magentaisdecolourised.
To
thealcoholicextractaddNH4OH, aurinturnsbluish-red.

TothealcoholicextractaddNH40H, archilremainsunchanged.
IlotwatercontainingalittleNH„OH givesapinksolutionwithsoluble eosines. BoiledwithconcentratedKHO(20-40 p.c.),eosinGrgivesorange-redsolu¬ tion,whichoncontinuedboiling becomespurple,andfinallyblue withstronggrcenfluorescence.Co¬ lourandfluorescenceunchangedon dilution. EosinBboiledwithKHOgives bluish-violetsolutionwithpale greenfluorescence.Ondilution, liquidbecomesreddisli-purple. EosinBNboiledwithKIIOgives eventuallyolive-greensolutionwith- outfluorescence. HN02:Noaction.HN03:Orange- redspot,disappearingonwashing. Rhodaminestandsboilingwithsoap verywell. Givesnofluorescentsolutiononboil¬ ingwithA1„(S04)3(distinctionfrom màdderandpurpurin). Bleachingpowderandcliromicacid bleachit. BoiledwithBa(0H)2solution,fibre becomesviolet,HN03givesayellow spot.

AnalkalinesolutionofKaFeCyelias noaction,norbasKMn04.*HN03 vapourconvertsitintoyellownitro- alizarin.
Onheating,alizarinredlosesbril- liancyandbecomesbrownish,but regainsmostofthebrilliancyon exposuretoair.

Tlieammoniacal,aqueous,or«lcoliolio solutions(rivecluvraoteristicabsorp¬ tionspeotru.

COLOURS, DETECTION OF, ON DYED FABRIOS.
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Purpurin (withalumina mordant) AlizarinS. (withalumina mordant) Saffranine. (Brook,Simpson &Spiller) Magdalared. Madder. Coeliineal Peachwood Barwood Sanderswood. Safflower Orcliil.. Picricacid. Yictoriayellow. Naphtholyellow
Boiledwith.diluteHCl, fibreorange-yellowand liquidyellow. Pibreorange-yellow,li¬ quidorange Dilute,noaction;concen- trated,fibreblue.

Nochange. Pibrebrownish-red Fibreorange-red,solution orange-pink. Pibredarkred,solution pink.
Noaction.... Noaction. Cottondccolourised. Solutionred.• Colourextractedonboil- ing,liquidgreenish- yellow. Decolourïsed,washingre¬ storesthecolour. Decolourisedalmostcorn- pletely.

AswithHCl Pibreorange-brown,li¬ quidorange.Ondilu- tingyellow. Pibreatfirstblack,which soonchangestogreen.
Nochange. Pibrebrownish-red,solu¬ tionred. Pibreandsolutionbriglit pink. Pibrebrown,solutionyel¬ lowchangingtobrown. Pibrereddisli-brown,solu¬ tiondirtybrown. Fibreandsolutionred- dish-brown. Cottondecolourised. Fibreandsolutionpurple, afterwardsbrown.

Heatedwithdi¬ luteHaOH,fibre andliquid cherry-red. Pibreandsolution violet. Solutionpink Nochange. Pibreandsolu¬ tionpurple. Solutionpurple. Muchcolourex¬ tracted,bluish- red.Cottonal¬ mostdecolour¬ ised. Pibrepurplish,so¬ lutioncolourless Pibrepurplish,so¬ lutioncolour¬ less. Withdilute NaOH,cotton paleyellow. Pibrebluish-pur- ple.

Boiledwithdilute NH.OHliquid palepink,fibre notchanged. Pibrebeautiful darkred,liquid colourless.
AswithNaOH. Nochange Woolbrownisli- red,cottonnot changed.

AswithNaOH. AswithNaOH. AswithNaOH AswithNaOH Cottonflcsh- coloured.
AswithNaOH

Fibrebrownish-red, liquidamber-yellow. Pibregraduallybe- comesorange,liquid yellow(inthecold). Decolourisedonheat- ing,liquidcolour¬ less. Littleaction,fibre sliglitlyblue. Littlecolour.ex¬ tracted. Pibreandsolution orangc-red. Pibreandsolution bluish-redonheat- ing. Pibreunchanged,so¬ lutionred. Pibreunchanged,so¬ lutionred. Cottonstrawyellow. Atoncedecolourised.

YELLOWANDORANGECOLOURS.
Decolourised

As
withHCl

Pibrebecomes orange,solution yellow. Pibreorange,solu¬ tionyellow.

Pibrebecomes paler,ayellow colourextracted onboiling. Pibrepaler,yellow colourextracted onboiling.

Pibrebleached,the liquidcolourless. Fibrebleached,theli¬ quidcolourless.
Solutionred Colourextracted, redfluorescent solution. Veryslightlyex¬ tracted.Solu¬ tionfluorescent pink.

Noaction, Noaction. Paleyellowsolu¬ tion.
Redsolution Redsolution Noaction. Bluish-redsolu¬ tion. Yellowcolourex¬ tracted. Yellowcolourex¬ tracted.

HHO.,givesabrlghfcyellowspot. Bleachingpowderbleacliesit. Ba(OÏÏ)aturnsfibrecherry-redand givesapalebluish-redsolution. Boilingwithasolutionofalumi¬ niumsulphateandcooling,givesan orangefluorescentsolution.
TheyellowcolourwithSnCl2and HClisturnedabeautifulviolet withNaOH.

TodetectMagdalaredonsilkdyed withamixtureofMagdalaredand eosin,extractwithboilingalcohol, whichdissolvesouttheeosin,and testthesolutionintheordinary way.Washthesilkandtestfor Magdalaredwithacidsandalkalis. Nitricacidcoloursfibrebright yellow. Nitricacidcoloursfibreyellow. Nitricacidcoloursfibrebrownish- yellow.Boilingsoapsolutionre- movesmuchcolour,solutionbluish- red. Nitricacidcolourswooldarkolive. Nitricacidcolourswooldarkolive. BoiledwithFcSO*colourbecomes violet.
SeeMagenta. Ailpicricacidyellowstastebitter. HeatedwithNONsolutionfibrebe¬ comesredthroughtheformationof isopurpuricacid.

Incompoundcolourstheclothshould be
extractedwithalcohol,andthe solutiontestedforpicricacidwith Warmwaterextractsthecolour. Waterextractsthecolourandthe yellowsolutionisdecolourisedbyh-2so,. BoilingKCNextractsaredcolour.Wrappedinwhitepaperandheated

v°120°C.,leqvesastainonpaper.
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YELLOWANDORANGECOLOURS—cœitinucd.
Colouringmatter Naphtholyellow S.(B.A.&S.F.) Citronîne (Gerber& TJhlmann)

Fastyellow. (B.A.&S.B.) Croceinorange. (Fr.Bayer&Co.) Chrysoïdine. (Brook,Simpson &Spiller)
Orange3 (Fr.Bayer&Co.) Orange4 (A.Poirrier) Orange2 (A.Poirrier) Oriol (J.E.Geigy&Co.) Primulineyellow (Brook,Simpson &Spiller) Primulineorange (Brook,Simpson &Spiller)CurcumineW.. (BerlinAniline Co.Leonbardt& Co.)Chrysamine. (Fr.Bayer&Co.) Brilliantyellow. (Leonhardt&Co. Fr.Bayer&Co.) Uessianyellow. (Leonhardt&Co. Vr.Bayer&Oo.)

Fibrebleaclied,solution colourless. Fibredarkred-violet.On dilutionthered-violet liquidbecomesmagenta red. Fibrepaleyellow Red... Fibrereddish-brown,liquid pink. Fibrered Fibrered,liquidpink Fibrereddisli-violet,liquid violet. Fibreandliquidbluish- red. Dil.HC1:Noaction. Cono.HC1:Fibredark red,liquidbriglitred. Ondilutionagainyellow.
Noaction.* Fibrered-brown, alsored-brown.

liquid

Dil.HC1:Noaction. Conc.HC1:Fibreviolet black,liquidslightly coloured.
Dil.HC1:Fibrepale yellow.Conc.HC1: Fibrered-brown,liquid brightpink.Ondilu¬ tionbecomesyellow. Dil.HC1:Noaction. Conc.ÏÏC1:Fibredark violet,liquidslightly coloured. Dil.HC1:Fibrebrigliter. Conc.3IC1:Fibreblue- block,1i'iuldviolet.

H2S04

Decolourised Fibredarkviolet,liquid violet. Fibreyellowisbdrab Fibrebrownisb-red,liquid red. Fibredarker,liquidorange. Onwasbingthefibrebe¬ comesorangeagain. Yellowcolourextracted. Fibreandliquidbrigbt bluisb-red.
AswitbHC1•• AswitbHC1,butbluer AswitbHC1 Fibreatfirstbrigliterand darkeryellow,tbenpale yellow. Fibreorange-brown,liquid darkred. Fibreviolet-black,liquid beautifulviolet.Ondi¬ lutionblue. Fibremagenta-red,liquid red-violet. Fibreviolet-black,liquid violet.

Fibrepaler,liquid yellow. Fibredirtygreen- isbyellow,solu¬ tioncolourless. Becomesyellow
ondilution. Littleornoeffect. Solutionbrown- ish-yellow. Fibreorange- brown,liquid verysligbtlyco¬ loured. Fibrepalerand yellower. Fibredullyellow¬ isbred.

Noaction. Fibredeepred. Fibreorange-red,liquidcolourless. Fibreratber brigbterand orange-yellow: liquidcolourless. Fibredarkred- brown,liquid slightlycoloured.
AswitbBrilliant yellow. Fibredarkorange, liquidscarcely coloured. Fibrecherry-red, liquidslightly pink. Fibrebeautiful dark-red,liquid brightpink.

NH«OH
Fibrelittle changed,liquid paleyellow. Fibreunchanged, liquidcolourless.

Noaction Littleaction Noaction Fibreyellower Fibrenotchanged, liquidsligbtly yellow. Fibrenotchanged, liquidyellow.
Noaction Fibreorange- yellow,liquid scarcelycoloured

Noaction Noaction AswitbBrilliant yellow. Fibrebright orange,liquid colourless.
AswithNaOH

SnCla+HCl
Bleached Fibreatfirstyellowish- brown,onheating decolourised;liquid paleyellow. Fibrebrownonheat¬ ing. Fibrebrightred,after- wardsdecolourised. Almostwithoutaction inthecold;onboil- ingquicklyandcom- pletelydecolourised. Almostdecolourised. Completelybleached. Atfirstfibrebecomes deepviolet,onheat¬ inggraduallylighter andfinallybleached. Completelybleached. Fibreatfirstlight yellow,thengra¬ duallydecolourised; liquidcolourless. Sligbtaction Fibreatfirstorange- brown,tbendeco¬ lourised. Fibreatfirstbrownisb- yellow,tbendeco¬ lourised. Fibreatfirstdirty yellow,graduallyde¬ colourised. Fibreatfirstdirty yellow,theuquickly andcompletelyde¬ colourised. Fibreatfirstpale yellow,gradually completelydooolour-

Alcoliol
Noaction Slightlyextracted. Colourreadilyex¬ tracted.

Alittlecolourex¬ tracted.
Noaction,or onlyveryslight orange-redco¬ lour. Yellowcolourex¬ tracted.

Alittlecolourex¬ tracted. Yellowcolourex¬ tracted.
Noaction Noaction Noaction Colcursomewbat extracted.

Noaction. Noaction Noaction

Otbertests
Boilingwaterextractsnotliing. Heatedto120°C.inwhitepaper, leavesnostain. HNOa:Atfirstred-violetspot,bc- comingmagenta-redinmiddle,and violetattheborder. HeatedwitbSnClagivesdark brownisli-redcolour,afterwardsde¬ colourised. HN03givesabright-redspot. HN03:Blue-blackspot.Bleaching powder:Fibrebrownisb,thende¬ colourised. HNOa:Noaction.IIN03:pale orange-redspot.Thecolouring matterisdistinguishedbyitsre- markablefastnesstolight. HNOa:Thefibrebecomesratlier darkorange;treatedwitbNH3turnsorange-brown,witbBetanaph- tholred. HN03:Bed-brownspot. HN03:Brownspotgraduallybecom- ingreddishgrey.

.HNO,:Brownishspotwitlibriglit yellowborder.lÏNO.:-A.ctsliko
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Chrysophenine (Fr.Bayer&Co.) Toluyleneorange R.

(K.Oeliler&Co.) Toluyleneorange G.

(K.Oehler&Co.) Tartrazine. (B.A.&S.P.) Auramine. (B.A.&s.P.) Quinolineyellow. (B.A.&S.P.) Nitro-alizarin Galloflavine. (B.A.&S.F.) (Yarndyedwith aluni,tartar,and SnCla.) ï'hosphine. Anthracin.
(J.B.Geigy&Co.)(Obtainedfroraa naturalyellow colouringmat- ter.) Xantliaurin.

(J.R.Geigy&Co.) (Obtainedfroma naturalyellow colouringmat- ter.) Madder.

Dil.JKGl:Noaction. Conc.HC1:Fibreviolet- black,liquidscarcely coloured. Dil.HC1:Fibremore pink.Conc.HC1:Fibre paler,liquidyellow.On dilutionthesolutionbe- comesfleshcolour,the fibrepink.
Dil.HC1:Noaction. Conc.HC1:Pibreviolet, liquidreddish.Ondilu¬ tion,fibreandliquid regainoriginalcolour. Fibremoreorange,liquid yellow. Pibrealmostdecolourised, liquidcolourless.Ondi¬ lutiontheyellowcolour

is
partlyrestored. Fibreyellow,liquidcolour¬ less.Ondiluting,the originalpale-yellow colourisrestored. Pibrepalestraw-yellow, solutionyellow. Fibreratherdarker;liquid yellow.Ondilutionfibre andliquidalmostcolour- Fibrenearlydecolourised, solutionyellow. Fibrerathergreenish- yellow,liquidthesame. Onadditionof-water fibreandliquidbecome colourless. Likeanthracin. Littleaction

Fibrebrovvn,tliendark red-violet.Ondilution blue. Fibreyellowish,liquid yellow. Fibremagenta-red,liquid notstronglycoloured.
AsHC1.... Fibredecolourised,liquid colourless.

AswitliHC1 Fibrebrownish-yellow, liquidyellow.
AswitliHC1 Solutiongreenisli-yellow. AswitliHCl. Likeanthracin. Pibrebrownish-red,solu¬ tionred.

Fibreunolianeed,Noaction liquidslightly yellowish. Fibremore orange-red,li¬ quidcolourless. Fibrebright orange-red,li¬ quidslightlyco¬ loured. Fibremoreorange, liquidorange-' yellow. Fibredecolourised, liquidcolourless. Onwashingthe yellowcolouris partlyrestored. Fibreatfirst deeperyellow, tliengradually decolourised.The yellowcolouris restoredonwash¬ ing. Fibreclaretredor brownish,liquid colourless. Pibrerather darkerandmore orange-yellow, liquidyellow. Pibrebecomes palerandyel- lower. Pibre deeper liquid yellow.

rather yellow, slightly
Likeanthracin.

Noaction Noaction
AsNaOH,only actionlessmarked. Fibrepaler,liquid colourless. Almostwithout action. Cold,noaction; liot,aswitli NaOH,butfibre notsodark. Pibredarkerand slightlyolive- green,liquidal¬ mostcolourless.

Pibrebecomes paler,abright yellow. Fibreunchanged, liquidvery slightlyyellow. Likeanthracin
FibreandsolutionFibrebrown purple.

Fibreatfirstbrownisli yellow,tliendeco¬ lourised. Fibreatfirstpink, becomesdecolourised onboilingrather slowly. Pibreatfirstmore pink,onboiling decolourised;liquid colourless. TJponheatingde¬ colourised. Graduallydecolourised inthecold,onheat¬ ingveryrapidly.
Inthecoldnoaction. Onheating,fibre becomessomewliat paler. Fibredeepyellow, liquidyellow.

Noparticularaction. Pibrenearlydecolour¬ ised. Pibreratherbrighter, liquidthesame.On boilingnofurther decolourisationtakes place. Likeanthracin. Pibreunchanged,so¬ lutionpalered.
Noaction Noaction Noaction Noaction Noaction Alittlecolourex- tractcd.

Noaction Likeanthracin Noaction

SNO,:Neaction.HNO,:Violet, spot. HNOj:Thefibrebecomesgreyish- lilac,treatedwithNH3changesto reddish-grey.HN03:Dirtyreddish- violetspot,graduallybecoming grey. HN03:Fibrebecomesgrey;which iftreatedwithNH3turnsdirty yellow. HN03:Noaction. HN03givesawhitespot,which graduallyturnsorangeinthe middle,leavingawhiteborder. Comparequinolineyellow. HN03givesadeepyellowspotpro- bablyonlyduetotheactionofthe HN03uponthewool. HN03givesabrightyellowspot. BoilingBa(0H)3coloursthefibre claretred. WarmedwithPeaClBfibrebecomes dirtyolive-green. HN03:Brownspot,whicligradually becomespalebrowninthemiddle, andremainsdarkattheborder. Pe„Cl6:Pibreandliquidolive-green. Alumdoesnotgivethecharacteris-
ticfluorescenceoffustic.Theasli containschromiumoraluminium. Anthracinandxanthaurinmight bothbederivedfromPersianberries. Thesereactionsshowthatboth colouringmatters,ifnotidentical, areatanyrateverynearlyallied. Thedyedsamplestestedweremor- da'ntedwithaluminiumacetate. HeatedwithFeaCl„fibrebecomes olive-brown.
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REDCOLOURS—continucd.

Colouringmatter

HC1

HaSO<

NaOH

NH4OH

SnCla+HCl

Alcoliol

Otliertests

Oldfustio. Youngfustio Weld.. Quercitronbark Flavin.* Persianberries Turmerîo• Annatto (oncotton). Iron-buff (oncotton). Chromeyellow (oncotton). Resorcingreen (Durand& Huguenin.) Malachitegreen Helvetiagreen (Soc.Chem.Ind.. Basle.)
Acidgreen. (Soc.Cliem.Ind.. Basle.)

Alkaligreen

Fibreandsolutionorange. Fibreunchanged,solution paleyellow. Fibrelittleaffected,solu¬ tionpaleyellow. Fibrelittleaffected,solu¬ tionyellow. Fibreandsolutionyellow. Fibreunohanged,solution yellow. Fibrereddish-brown,solu¬ tioncolouriess. Littleaffected,orbrown- ishred. Fibrestraw-yelloworde- colourised. Fibredecolourised,solu¬ tionpaleyellow. Fibregrey-yellow,liquid orange-red. Fibreandliquidbright orange;onwashingwith waterthegreencolouris restored. Liquidyellow;green colourrestoredondi- lutingwithwater. Fibrepalegreen.
Fibreandsolutionbrown. Fibreandsolutionreddish- brown. Fibrebrownish-yellow Fibrebrownish-yellow,so¬ lutionyellow. Fibreandsolutionyellow. Fibreorange-brown,solu¬ tiongreenish-yellow. Fibrereddish-brown,solu¬ tionbrown. Fibreandsolutionblue. Littleaction Fibregreenish-yellowor dullyellow. Fibrebrightbrown,liquid thesame.Ondilution nochangeofcolour. Fibremuchbleached,li¬ quidbrightorange Decolourised•. Fibrebrown,liquidyellow
Fibrelittle changed. Fibrereddish- brown. Fibrelittleaf¬ fected,solution paleyellow. Fibrelittle changed,solu¬ tionyellow. Fibreandsolution yellow. Fibreunchanged, solutionbrown- ishyellow. Fibrebriglitred¬ dish-brown,so¬ lutionorange- brown. Littleaffected Noaction Fibrepaler,liquid paleyellow.

Fibreunchanged, solutionyellow.
AswithNaOH Noaction. Fibreunchanged, solutionyellow. Fibrelittleaf¬ fected,solution yellow. Coloursliglitly extracted. Fibrebrightred¬ dish-brown,so¬ lutionorange.

AswithNaOH. Noaction Littleaction

FibreandsolutiondarkDecolourised brown.

Fibre darker, greenish Decolourised
GREENCOLOURS. sliglitlyNoaction. liquid

Fibrebuff-yellow, Decolourised

Decolourised As
withNaOlI Decolourised Decolourised

Fibreorange,solution colourless.
Noaction. Fibrelittleaffected. Fibrelittleaffected, solutionyellow. Fibrebrownish-yel¬ low,solutionbright yellow. Fibrebrown,solution yellow. Fibrereddish-brown, solutioncolourless. Decolourised Decolourised Decolourised Slightlydecolourised, liquidbrownish. Fibrealmostde¬ colourised,liquid yellow. Almostcompletely decolourised. Fibrealmostde¬ colourised,liquid yellow. Fibrenotchanged, bluisb-greencolour cxtractoil

Noaction. Noaction. Noaction. Noaction Noaction. Noaction Colourextracted, solutionorange oryellowwith greenfluores¬ cence. Solutionbright yellow.
Noaction. Noaction. Noaction Greencolourex¬ tracted. Bluish-greenco¬ lourextracted. Greencolourrea- dilyextracted.

"WithHN03fibrepaleyellow. HeatedwithFeaClafibrebecomesolive. Boiledwithacetateofaluminagives yellowsolutionwithbluish-green fluorescence. WithHN03fibredarkbrown. HeatedwithFeaCl„fibrebecomesolive. HNO3noaction. HeatedwithFeaCl0fibrebecomesolive. Colourunchangedbyboilingwith leadacetate. WithHNO3fibrelightbrown. HeatedwithFeaClcfibrebecomesolive. Colourbecomesorangebyboilingwith leadacetate. WithHNO3fibredarkbrown. HeatedwithFeaClafibrebecomesolive. Boilingaceticacidgivesyellowsolu¬ tionwithgreenfluorescence. Colourbecomesorangebyboilingwith leadacetate. WithHNO3fibrebrown. HeatedwithFeaCl0fibrebecomesolive.Colourbecomesorangebyboilingwith leadacetate. WithHNOsfibrepaleyellow. BoracicacidaddedtoHC1andalco- holicsolutiongivesbrightredcolour. DyedbluewithK3FeGy«+HCl. Fibreblackenedwithammoniumsul- phideorHaS. HNO3:yellow-brownspot.Theash contain3iron. Heatedto100°C.colourdoesnot changetobluish-violet.(Distinc¬ tionfrommethylgreen.)
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<© «o

Aldebydegreen. Cœruleïn (B.A.&S.F.) Vat-indigo oldfustic.
and

Yat-indigoand chromateoflead (oncotton). Indigo-carminé andpicricacid Chromegreen (oncotton). Azo-blue. (Fr.Bayer&Co.) Benzo-azurineG (Fr.Bayer&Co.) Victoriablue. (B.A.&S.F.) Spiritblue. (A.Poirrier.) Alkaliblue3B. (B.A.&S.F.) Solubleblue (Brook,Simpson, &Spiller.) Naphthy]eneblue G.

(Fr.Bayer&Co.)
DFitoronndllquldpaloycl- low;colourrostorcdon wasbing-. Fibrebrigbtyellow. Fibredullergreen,liquid claret-red. Fibrepaler,liquidblue Yellowremovedatonce, blueafterwards;liquid dullyellow. Fibreatfirstblue,after¬ wardsverypale;liquid blue.

Noaction•. Dil.HC1:Noaction.Conc. HC1:Fibreblue-black, liquidcolourless. Fibreblue-black,liquid colourless. Fibreatfirstblue-black, liquidreddish.Ondilu¬ tionthefibrebecomes firstgreen,tlienblue again. Fibredarkgreen,solu¬ tionbrownish. Fibregreenish-blue,solu¬ tionalmostcolourless. Extractsbluecolour. Fibrebrownish-violet: liquidbrownish-orange.
Fibreorange AswitliHC1,liquiddirty amberyellow.

AswithHC1 Fibredirtyyellowish- green.
AswithHC1 Fibreblue-black,liquid blue. Fibreblue-black,liquid greenish-blue.Ondilu¬ tionmorereddish-blue.

AswithHC1• Fibreandsolutionred- dish-brown. Fibreandliquidreddish- brownonstanding. Fibreandliquidreddish- brown. Fibrebrown-black:liquid darkbrown.Ondilu¬ tiondirtyblue.

Oecolourlscil llittleaction,fibre afterwardspaler Fibregreenish- blue,liquidyel¬ low Yellowremoved; liquidpaleyel¬ low. Fibrealmostde¬ colourised,liquid paleyellow.
Noaction

Atfirstlittleac¬ tion,afterwards bleaclied.
Noaction Fibrepaleror blue,liquidyel¬ loworgreenish,

AswithNaOH
Noaction

BLUECOLOUKS.
Fibrecherry-red, liquidpalepink. Fibredarkcar- minered,liquid palepink. Fibredarkbrown- red,liquidco¬ lourless. Fibrebrick-red. Fibreatfirst reddish-brown, afterwardsde- colourised. Fibrereddish- brown. Fibrebrown; liquidbrownish- orange

Fibredarkviolet- red,liquidpink. Fibredarkviolet, liquidslightly cherry-red. Fibreblue-black, liquidcolourless. Decolourised
slowly.

Decolourised
rapidly.

Decolourisedat once. Fibrebrownish violet:liquid brightreddish brown.

Fibroalmostde¬ colourised,liquid yellow. Slowlydecolourised. Fibrebrownish-red, liquidbrown;on washingwithwater, colourgraduallyre- stored. Fibremuchpaler, liquidgreenish-ysl- low. Fibrebecomesatfirst blue,afterwardsde¬ colourised Decolourised Noaction Fibreatfirstblue- black,tliengradu¬ allydecolourised. Decolourisedonlygra¬ dually.
Inthecoldfibre darkblue,onboil- inggreenish-blue. Liquidwhenhot greenish,uponcool- ingbrightblue. Fibrenotchanged, liquidcolourless. Fibrenotchanged, liquidcolourless. Fibrelittle.changed, bluecolourex- tracted. Fibredecolourised; liquidcolourless.

SeeIndigo SeeIndigo Noaction Noaction Noaction Somecolourex- tractedinthe cold;onboiling muchcolourex- tracted. Absolutealcohol extractsthe colour,evenin thecold. Absolutealcohol extractsthe colour,evenin thecold. Absolutealcohol, evenonboiling, extractsnoco¬ lour. Liquidvery slightlyviolet.
ITNO3givesabrownspot. HNO3givesabrownspot. Boilingglacialaceticacidgivesgreen solution;ondilutingwithwater blueisprecipitated. BoilingAla(S04)3givesyellowsolution withgreenfluorescence. Removeyellowcolourbyboilingwith diluteNa„C03,andtestthebluere- mainingforindigo.

Ashcontainslead.Blackenedby (NH4)aS. Bleacking-powdersolutionchanges colourtoyellow.
Coldwaterextractspicricacid,test solutionwithKCN. Boiledwithasolutionofbleaching- powdergivesyellowliquidcontain- ingchromate.Occursonlyoncalico prints.

.Picricacid:Fibreblackish-brown. Byboilingwithsoapsolutionthe liquidbecomesdeeplycoloured blue. HNO3:Atfirstblackspotwhich graduallybecomesreddish-b.rown. andischangedbyNH3tobrown- yellow,whichcolourremainsafter washing. HNO3givesablackspot,which changestodarkgreen. ÏÏNO3givesapale-greenspotwitb blackborder. HN03givesadarkspot,which changestodarkgreenwithablack border.
HC1gasissufficienttochangethe bluecolourofthefibretochocolatc- brown.
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BLUECOLOUBS—continucd.

C.olowringmatter Alizarinblue (B.A.&S.P.) Indopbenolblue. Newblue., (Cassella&Co.) Nileblue (B.A.&S.F.) Methyleneblue (B.A.&S.F.) Basleblue. (Durand& Huguenin.) Resorcinblue

HC1

Fibreviolet,Iiquidyel- lowish-red. Fibregreyish-brown. Fibrereddish-blue. Fibreatfirstgreenish, tlienorange-yellow; liquidorange-yellow. Fibrenearlydecolourised, solutionbluisb-green. Fibredarkgrey,liquid yellow.Upondilution thefibrebecomesblue again. Fibreviolet,liquiddeep blue.

HaSO«

Di'uteH2S04;fibreviolet, liquid"palered.Con- centratedHaSO«gives violetliquid. Fibregreyish-brown. Fibredarkgrey,liquid grey. Fibreandliquidbrown- red.Ondilutionat firstyellow,tliengreen, finallyblueagain. Fibreandliquidgreen. Fibreatfirstblue-black, chengreen,andfinally yellowish;liquidyellow. Ondilutionbothbecome blueagain. Solutiondarkblue.. DilutoH.SO.,noaction..
NaOH

Fibre green.

bluish-

Noaction. Fibrebrownish- violet,liquid slightlypink. Fibrered,liquid pink. Fibre violet. Fibredarker. Keddish-violetco- lourabstracted, thesolutionde¬ colourisedon additionofzinc powder.Yiolet colourrestored byexposingfil- teredsolutionto tlioair. Solutionblue.
nh4oh

Noaction AswithNaOH Fibreviolet. Noaction Noaction AswithNaOH
.A.SvvitliNaOH!

SnCl2+HCl
Fibreatfirstviolet,on heatingbrownisli- red,liquidisbrown. Decolourised Fibreatfirstgreen, thenalmostde¬ colourised;liquid colourless,becomes quicklygreenish againintheair,thenblue. Fibreatfirstgreen, thendecolourised; liquidcolourless, becomesgreenish- blueintheair. Decolourised.. Noaction Extractsavioletor greencolour.

Alcohol
Noaction Bluecolourex- tracted. Liquidvery slightlyblue. Liquidvery slightlyblue. Greenish-blue colourextracted. Liquidvery slightlyblue. Bluisli-violetco¬ lourextracted.

Othertests
HN03givesabrightyellowspotwhich goesbrownafteratime.Soapand bleachingpowderhavenoaction. Phosphoricacidgivesorange-red solution,whichondilutingwith waterandaddingNH4OHbecomes blue.

Adiluteammoniacalalcoholicsolu¬ tionshowscharacteristicabsorption bandswhenexaminedwithspec- troscope. Boiledwitholiveoil,purplishcolour isextracted. HNOj,:Yellowspot,becominggreen inmiddleandyellowattheborder. HN03givesagreenspotwhichdoes notchangefurtlier.Bleaching- powdersolutionturnsitfirstgreen, andgraduallydecolourisesit.
Oncottonitismuchfasterthananilineblues,andwithstandsneutralsoaps,light,andweakbleaching-powder. Verysensitivetochromicacid.

A3p.c.solutionofKaCr207changes itfirsttovioletandfinallydeco¬ lourisesit.Ifitliasbeenfixedwithtanninabrowncolourisleft. HNOa:Blackspot. IndulineNNisnotchangedbybleach¬ ing-powdersolution. HNO3givesadarkbluish-greenspot.Bleaching-powdersolutionchanges someindulinestoareddish-grey,whilstothersaredecolourised.
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Indigoblno.NonoLioil
fndigocarminé.. Prussianblue Logwoodblue TJltramarineblue. Azo-violet. (Fr.Bayer&Co.) Héliotrope. Hessianviolet (Fr.Bayer&Co. Leonhardt&Co.) Methylviolet Benzylviolet Pbenylviolet or

Spiritviolet. Acidviolet7B (Fr.Bayer&Co.)
Solutiongreenisb-blue Hoaction. Fibreredorbrown,solu¬ tionred. Decolourised Dil.HC1:Fibreblue. Conc.HC1:Fibreblue- black;liquidcolourless.

Dil.HC1:Fibredarkvio¬ let.Conc.HC1:Fibre blue-black.liquidpale blue;ondilutionviolet. Fibredarkblue;liquid scarcelycoloured. Fibreyellowish-brown, liquidamber-yellow;tlie violetcolourrestoredon dilutingwithwater. Fibreyellowish-brown, liquidamper-yellow;tire violetcolourrestoredon dilutingwitbwater. Fibredarkgreen,solution brownisb. Fibregreen,liquidyel¬ lowishbrown;ondilu¬ tiongreen-blue.

Il „KO.non.<
Coiio.IX.jSO^givcsc solution. Solutionblue. Hoaction

AswithHC1 Decolourised Fibreblue-black;liquid blue-green. Fibreblue-black;liquid blue. Fibredarkviolet-blue, liquidblue-black;ondi¬ lutionblue-violet.
AswithHC1 AswithHC1 Fibreandsolutionreddish- brown. Fibreatfirstblackish, thenbrown,thenbrown- red;liquidbrown-red; ondilutiongreen-blue.

Fibregreenish.On boilingwithdi-
]uteNaOHco¬ lourabstracted, solutionlittle coloured,but becomesblueon acidifying. Fibrebrownon heating. Fibreandso¬ lutionpurple.

Hoaction..

AswithHaOH Hoaction
As
withHaOH

VIOLETCOLOUKS.
Fibrecarmine- red;liquid colourless. Fibredarkcar- mine-red;liquid colourless. Fibreredder;li¬ quidcolourless. Fibreatfirstpale reddisli-violet, afterwardsde¬ colourised. Fibreatfirstbluer, afterwardsde¬ colourised. Decolourised Fibreimmediately decolourised;li¬ quidcolourless.
Fibredarkviolet; liquidaslightly magenta-red.

Hoparticularac¬ tion. Fibreredder;li¬ quidslightly reddish-violet. Fibrepale.lilac, nearlydecolour¬ ised. Almostdecolour¬ ised,fibrepale bluish-lavender. Decolourised AsHaOH

>pnler,solution greeuisli-yellow. Fibredecolourisedon heating.
Hoaction Fibreandsolutionat firstred,afterwards brown. Decolourised

only

Decolourised slowly. Fibreatfirstdark grey;thende¬ colourised. Fibreatfirstbeautiful blue;decolourised bycontinuedboiling. Fibregreen,butnearly decolourisedon standing,liquidyel- lowish-green. Fibrepalegreen, liquidpaleyellow. Bluecolourextracted; onlydecolourises slowly. Fibrebeautifulgreen; liquidblue-green. On
dilutionfibreand liquidbothblue.

Boilingnbaolv iileoliolgivcs bluosolution, wbich.onstand¬ ingbecomes colourless.with séparationof indigotin. Littleornoco¬ lourextracted.
Hoaction Hoaction Hoaction Hoaction Hoaction Colourextracted. Colourextracted. Colourextracted. Liquidscarcely colouredviolet.

StroiiKHNO,glvosbrightyellownpot. Indigo-dyedcoltonifburntgivesoil purplevapour,wbichcanboc< densedonacoldporcelainslaba bluespot. Colourextractedbyboilingwithdi- luteHa„C03;silkorwoolmaybe dyedintheacidifiedsolution. Hitricacidgivesyellowspot. Ashcontainsiron.Concentrated nitricacidgivesgreenspot.Boiled withHaOH,solutioncontainspo¬ tassiumferrocyanide,onacidifying andaddingFe2Clablueprecipitate
isobtained.

Ifusedfortoppingvat-indigoblue, itcanbereinovedbyboilingwith diluteHC1,theindigobeingun- affectedthereby.
Onburningfibre,blue-colouredash remains. Onlymetwithoncalicoorwoollen prints. Picricacid:Fibreblack.Dilute aceticacidchangesthevioletcolour

toblue. HH02:Fibrebecomesgreenisli-grey; onwashingandtreatingwithHH3 ischangedtobrownish-orange; liquidslightlybrownish.Picric acid:Fibredarkbrown. HHO„.Fibrebecomesdirtygrey- violet,changedtodirtycarmine- redbyHaOH.HH03:Orangespot withblueborder. HH03givesagreenspot. HH02:Hoaction.HN03:First olive-green,thendirtyyellowspot. On-washingremainsunchanged.
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VIOLETCOLOURS—continued.

Colouringmatter Fastviolet. (Fr.Bayer&Go.) Haphthylamine violet(oncotton). Galleïn. Alizarin Gallocyanine. (Durandand Huguenin.) Muscarine. (Durandand Huguenin.) Perkin'sviolet Woolblack. (BerlinAniline Co.)

Haplitholblack, (M.L.&Br.) Brilliantblack (B.A.&S.F.) Resorcinblack (Durand& Huguenin.)
Anilineblack (oncotton). CachoudeLaval (oncotton).

(A.IPoirrier.)

HC1

Fibredarkblue-black; liquidslightlybluish. Fibregrey. Fibrebrownisb-red,liquid amber-yellow. Fibreandliquiddullyel¬ low. Fibreviolet;liquidbeau- tifulviolet. Fibreblue-black;liquid dirtyblue. Fibreuncbanged,solution bluisb-pink. Fibreremainsblack,liquid paleblue;ondilution pink. Fibreremainsblack,liquid reddish. Fibreremainsblack.liquid sligbtlyred-violet. Fibreyellow-grey,liquid orange-brown.
Hoaction,orcolourbe- comesgreenish-black,re- storedbyalkalis.Acid solutionbrownish. Fibrelittlechanged,liquid slightlygrey.

H2SO«

Fibreblack;liquidgrey- blue.Ondilutionsolution atfirstgreen-blue,tben red;fibreagainviolet.
AswitbHC1 AswitbHC1 Fibredarkblue-black, liquidintensePrussian blue;ondilutionbright magenta-red. Fibregreenishblack, liquidgreenish;ondi¬ lutiondirtyviolet. Littleornoaction.

AswithHC1 Fibreremainsblack,liquid olive-green. Fibrebrown,liquidbrown AswitbHC1.. Fibreratheryellower,on washingoriginalcolour restored.

HaOH

Fibreblue-black; liquidsligbtly violet. Littleornoac¬ tion. Colouroffibre bluer. Colouroffibre bluer. Fibreviolet-black; liquiddirty purple-violet. Fibrebrownish black;liquid scarcelyco- loured. Fibreblue,colour restoredon washing.

HH.OH
Fibreunchanged; liquidsligbtly. violet.

Noaction AsHaOH,only rathersligbter action. Fibreviolet-blue; liquidscarcely violet.
Hoaction.

BLACKCOLOURS.
Inthecoldnoac¬ tion,onboiling fibredarkviolet; liquidviolet. Fibreremains black,liquid verysligbtly reddish. Fibreappears rathergreener black,liquid violet-black. Fibreuncbanged, liquidsligbtly greenish.

Hoaction.

Hoaction Hoaction Fibreremains black,liquidvio¬ let-black.
Hoaction Hoaction Noaction

SnCL+HCl Decolourisedgradually inthecold;rapidly onboiling. Fibrecrimson,liquid red.
AswitbHC1 Fibreinthecoldbe- comesyellowish- grey;liquidcolour- less. Fibreblackisb;on beatingblue,tlien green,andfinally yellowish-grey. Fibredirtybrown, butnotdecolourised.

Veryslightlyco- louredviolet.
Hoaction.

I

Hoaction. Hoaction Hoaction Colourextracted.
Fibredecolourised.Hoaction

Onboiling,fibrebe- comesgreen;on washingitbecomes blue.
Onboilingtheliquid becomesdarkgar- net-red,finallyal- mostdecolourised; liquidcolourless. Fibrepa'ebrown, liquidpalebrown. Fibregreenisb-grey, colourrestoredbyHH..

Otbertests

Hoaction Hoaction Boilingalcobolex¬ tractsabrown¬ isb-redcolour.
Noaction

HH03:Blue-blackspot. HHO3givesabrightyellowspot. Bleaching-powdersolutionbas action. Destroythecolourbyboilingwitb diluteHC1,wasbandaddHaOH; thealizarinremainingonthefibre
isdissolvedwitbpurplecolour. HH02:Fibredirtygrey-violet; liquidatfirstblue-green,tbengreen, andfinallyyellow. HHO3:Blackspot. HH03"basnoeffect.

Clbleachesthecolourslowly. HHO3:aftersomemoments,bright red-brownspot. HHO3:Aftersometimeabrownspot. HHO3:Darkred-brownspot. HHO3:Brown-yellowspot.Theasb containsiron. Bleaching-powdersolutionchanges colourtobrownisb-red. Severalpassagesthroughaconcen- tratedsolutionofKMn04andoxalic acidalternately,decolouriseit. Weakoxidisingagentsliavenoaction.
Itseldomhappensthatclotlioryarn isdyedwithcachoudeLavalalone. AsaRroundcolour.Inmostcases

it.isdilUuulttodotrat,ImiI.Iftoppod
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AHznrinblao]C(AliziirinwitliIroi mordant.)
Alizarinblack (B.A.&S.F.) Logwoodblack Woadedblack Tanninblack (oncotton). Plienylbrorrn Bismarckbrown FasfcbrownRGr. (BerlinAniline Co.) Benzo-brown (Fr.Bayer&Co.) Naphthylamine brown. Alizarinbrown. (withchrome mordant). Anthracenebrown (B.A.&S.F.)

Nitroalizarin(with chromemordant). Catechubrown. Camwoodbrown (withchromium mordant). Peachwoodbrown (withchromium mordant) Dyewoodbrown (mixtureofdye- woods). Manganèsebrown
Fibreremainsblaek,1iquid veryslightred-violet. Fibreredorolive-brown, solutiondeepred. Logwoôdcolourremoved. indigonotalïected,and fibreremainsblue. Bleaohedtopalestraw- colour,steepingafter- wardsinNH3,givesred- dish-browncolour. Colourextracted,solution brownish-red. Fibrereddigh-brown,solu¬ tionred. Fibredarkred-violet, liquidviolet.Ondi'u- tionthefibrebecomes brownagain.

Dil.HC1:Fibre.aredder- brown.Conc.HC1: Fibremuchdarker,li¬ quidpurplc-red. Fibrebrownish-yellow,so¬ lutionorange. Fibrebrownish-orange, colourrestoredbyNH3. Fibreyellowerand paler,liquidbrownish- yellow. Fibrepaler,liquidyellow. Littleornochange,solu¬ tionpaleorange.
AswïtbTTC! Fibreromainsblack,liquid sliglitlygreen-blue.

AswithIIC1 AswithHC1 AswithHC1

Fibrered,liquidyellowisli- red. Fibreandliquidyellowish- red.
Bedorpurplecolourex¬ tracted. Slowlydecolourised.

AswithHC1,butdarker.
As

withHC1. Fibrebrown-black,liquid darkbrown.
AswithHC1 Fibrepalerandredder, liquidchestnut-brown; ondilutionyellow. Fibredarker,iiquidorange Littleornochange. AswithHC1 Fibreyellowish-red, yellow.

AswithHC1 Noaction.

liquid
"Nonotion Fibreremains black,liquid paleblue. Solutionpurple. Logwoodcolour removed,indigo notaffected. Fibrebrownisli- greyorblack.
Noaction Noaction

AswithÏTaOH AswithNaOH Noaction

AswithITCI
Onboilingthefibre becomesbrownish, liquidyellow. Fibrevioletorgrey- ish-red,solutionred, afterwardsbrown. Fibrebecomesdirty greenish-blue. Decolourised

BROWNCOLOURS.
Purplish-brownReddish-brownFibrepink,solution colourextracted.colourextracted.colourless. Fibrebrownish- yellow,solution colourlëss. Fibrebright'dark carminé-red, liquidcherry- red.

No
action. Actionslight,fibre bluer,liquid tintedblue. Fibreblack,liquid grey. Fibredarker,solu¬ tioncolourless. Littleornochange Fibreandliquid purple. Fibrepurple,li¬ quidcherry-red. Littlechange,li¬ quidtingedred.

Noaction

Fibreunchanged, solutionbrown.
AsNaOH. Noaction1 Fibreyellow Fibreunchanged. Fibrebrownish- grey,liquid scarcelycoloured. Noaction Littleornochange Fibrepurple,li¬ quidcolourless.. Fibrepurple,li¬ quidcolourless. Fibreunchanged, liquidtinged red.

Noaction

Fibrealmostdecolour¬ ised. Fibreatfirstdarker, on
boiliugrapidly decolourised. Fibreyellowerand paler,liquidbrown- yellow. Fibrepurple,solution palepink.

AswithHC1 Fibrebrownishyellow, liquidthesame.
AswithHC1 Fibrebecomespaler, solutioncolourless ororange.

liquid liquid

Fibreand.
•cherry-red. Fibreand cherry-red. Fibreredder,solution reddish. Rapidlydecolourised,.

Nonotion
No

action Aswithindigo- bîue.
Noaction. Darkbrownish- redcolourex¬ tracted.

Redorpinkcolour extracted.
Noaction. Onlyaslfghttrace ofcolourex¬ tracted. Solutionbluisli- pink.

Noaction Onlyaslighttrace ofcolourex¬ tracted.
Noaction. Noaction Noaction

Ocoursonlyon
IIN03:Afterstandingsomeminutes givesadarkolive-greenspot.

Ashcontainsironorchromium. Firstremovelogwoodcolours,«te.,by boilingwithdiluteHC1,andtest- blueremainingforindigo.
Ashcontainsiron. Boilingwaterextractscolour;boiling glacialaceticacidstillmore,with yellowish-greenfluorescence. HN03:Blackspot,whichrapidly becomesbrightred-brown. Benzo-brown;standslightverybadly. HNO3:Blackspot. Ashcontainschromiumândsome- timescopper.Colourmoreorless bleachedbyboilingsolutionof bleaching-powder. Occursonlyonwool. Ashcontainsaluminiumandiron.

Noaction..AshcoDtainsmanganèse.
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598 C0PA1VENE.

COPAIVENE v. Oleo-resins.
COPAIVIC ACID v. Oleo-resins.
COPAL v. Eesins.
COPAL VAENISH v. Varnish.
COPELIN v. Eesins.
COPIVI v. Oleo-resins.
COPPER. Symbol Cu. At.wt. = 63-1. This

is undoubtedly one of the earliest known metals.
Oceurring in large masses in the metallio state,
easily distinguishable by its colour, and possess-
ing valuable mechanieal properties, eopper could
not fail to attraet attention. Many of its ores,
too, possess brilliant colours, and one of them,
malachite, was used for the purposes of orna-
ment at a very early date.

The native copper of the Lake Superior
région was worked by the pre-histo'ric inhabi¬
tants of the North American continent, and
amongst the specimens of metal-work discovered
by Dr. Schliemann in his researches at the ruins
of Troy, was one consisting of pure copper. At
a very early period, hoivever, the knoivledge of
metallurgy had made such progress that the
influence of thepresence of other elements on the
physical properties of copper had become known.

Copper also occurs in the form of the black
oxide, silicates, phosphates, arseniates, sulpliates,
oxychloride, &c., but these minerais are not of
sufficient metallurgical importance to render
them ores of copper in the ordinary sense of the
term. Large quantifies of copper are obtained
from the cupriferous iron pyrites of Spain and
Portugal, ivhich, containing as it does but 3 or
4 p.c. of copper, is yet of importance as a source
of copper, owing to the small quantifies of gold
and silver which are also présent.

Of the various ores the sulphides are by far
the most important, the oxidised compounds
being no longer found in any large quantifies.
Fahl ore is of importance, less from the point
of view of the copper it contains than from that
of the silver or mercury also présent.

The metallurgical processes for the réduc¬
tion of copper from its ores are of two main
types : (1) Processes involving fusion ; and (2)
AVet processes not involving fusion. Each of
these classes may be further subdivided. Of
those processes which involve fusion, the more
important are the following :—

1. The reaction process.—In this process,
which is applied to the treatment of sulphurised
ores, use is made of the greater aflinity for sul-
phur possessed by copper than that possessed
by other metals associated with it in its ores.
Of these metals the most important is iron. To
separate the copper, the ore is first submitted to

Thus, the use of tin to harden copper, andso:;
render it serviceable for tools and weapom,
known in pre-historic times. The discoveryt
the metallurgy of copper, in so far as it relais
to the réduction of copper from its ores, h
been attributed to Cadmus and to Tubal Cal
but it is far more probable that it was discours:
aecidentally in various parts of the world, eiis:
by the lighting of fires on the outcrops of copper
Iodes or by such other simple means. At a vm
early period copper was exported from the islaii
of Cyprus, and it is from this island that it te
obtained its name. A native writer states fa,
previous to the seventh century a.d., Japn,
though it abounds in ores of copper, obtainedis
supplies of that métal from China. The metal¬
lurgical processes which were then introduirai,
and which are still in use, do not differ es»
tially from those employed elsewhere.

At the présent time, copper in its native state
forms but a very small proportion of the sourit
of supply of that métal. By far the large
quantity is obtained by the treatment of its
compounds with other elements. The cïief oi
these are the following : —

the action of air at an elevated température, and
is then fused. By this means a portion of the
sulphur is oxidised and passes away in the
form of sulphur dioxide, care being taken lo
regulate the percentage of sulphur remainingiu
the ' calcined ' ore. On fusion, the copper oxide
in the ore reacts with the iron sulphide, formin»
cuprous sulphide and ferrous oxide, as is shoe
by the following équations :

(1) Cu.,0 + FeS = Cu2S + FeO.
(2) 2CuO + 2FeS = Cu2S + S + 2FeO.

The ferrous oxide so produced combines with
silica, also présent in the mixture treated, toform
a fusible slag. When, by repeated oxidations
and fusions, most of the iron, and with it the
other impurities also présent, have been elimi-
nated, and the cuprous sulphide obtained coin-
paratively free from iron, it is partially oxidised,
and then, the température being raised, the
oxides and residual sulphides react on one
another, producing metallic copper by virtue oi
the following reactions :

(1) 2Cu20 + Cu2S = 6Cu + S02.
(2) 3Cu20 + FeS = 6Cu + FeO + S0„.
(3) 4Cu20 + Fe2S = 8Cu + 2FeO + SO,.

2. The réduction process.—This process is
applicable to oxidised ores, or to ores which ha«
been oxidised by roasting, or, as it is termed in
the case of the metallurgy of copper, ' calcina-
tion,' the term 'roasting' being made to applf
to that stage of the reaction process in which.

Naine Composition Colour Streak Hardness Density

Cuprite
Malachite
Azurite....
Copper pyrites . (
(Yellow copper ore) /
Bornite. . . ' 7

(Purple copper ore) J
Fahl ore . . 1

(Grey copper ore) . J
Copper glance

Cu20
CuC03 + H2Cu0-,

2CuC03 + H2Cu02
Cu2S,Fe2S3

3Cu2S,Fe2S3

Variable

Cu.,S

Eed
Green
Blue

Yellow

Steel-grey
Lead-grey

Brown-red
Green
Blue

Black

Black

Black

LeacLgrey

3-5-4
3'5-4
3-5-4

3'5-4

3

3-4

2-5-3

5-74-0
3-74-1
3-5-3-8

4-1-4-3

4-9-5-1

4-3-5-4

4-8-5-8
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the ntetallic copper is produeed. The process
consists in treating, at an elevated température,
the oxidised ore or produets with carbon, usually
in the form of coke or charcoal, though certain
other fuels are occasionallv employed. The
carbon in the fuel combines with the oxygen in
the ore and libérâtes the copper, as is shown by
the following équation : Cu.O + C = 2Cu + CO.

The réduction process is rarely used alone,
but in certain important methods of treatment
itis employed instead of the 'roasting ' stage of
the reaction process.

The metallic copper thus produeed by each
of these processes is not sufliciently pure to
admit of its being used for industrial purposes.
It contains iron and other impurities, and has
first to be refined. This consists in subjecting
the métal to an oxidising fusion. By this means,
as most of the impurities in the copper possess
a greater afiinity for oxygen than does the copper
itself, they are for the greater part eliminated
at an early stage of the opération. Some of the
copper is, however,also oxidised and passes into
the slag, whilst, on the other hand, some of the
impurities remain with the copper. The copper
would be greatly affected by these residual im¬
purities, were it not that the presenee of a
certain quantity of dissolved cuprous oxide aots
to such an extent beneficially that, provided the
quantities of the impurities présent do not ex-
ceed certain limits, the quality of the métal is
not sensibly deteriorated. In détail these pro-

s are as follows :—

1. The Reactioh Peocess.

The first stage of this process consists in
the partial oxidation of the sulphur—the ore is
'calcined.' This caleination is elïected in dif¬
férent ways, the variations adopted being dé¬
pendent on the nature of the ore and of the
impurities that are présent. In those cases in
which arsenic or antimony occurs in the ore, the
caleination has to be eiïeoted with very great
care in order to eliminate these impurities as
completely as possible. To effect this, the ore
may be heated out of free access of air so as to
sublime as much as possible of the impurity in
the form of sulphide, ôr the ore may be sub-
mitted to a careful caleination, and then fine
coal or other carbonaceous materials be added
to the charge in order to décomposé the arseni-
ates and antimoniates produeed by the oxidising
action of the furnace gases. Another method
consists in the addition of pyrites in order to
assist in the formation and sublimation of
arsenic sulphide. Yet another method consists
in calcining the ore ' sweeter ' than wouid other-
wise be done, leaving, that is, less sulphur in
the calcined ore. On the subséquent fusion
there is then présent in the charge a quantity of
sulphur which is not sufficient to combine with
the whole of the copper, and a reaction between
the residual cuprous oxide and some of the sul¬
phide ensues, forming metallic copper, by virtue
of the reaction already given. It is found that
the copper so produeed is exceedingly impure,
and it is possible in this way to eliminate much
of the impurities, such as arsenic and antimony,
which are présent in the charge. Any gold and
silver which may be présent in the ore mixture

treated, also pass to a large extent into these
Copper ' bottoms,' and this, therefore, forms a
means for the séparation of the precious metals
présent in the charge.

The caleination is efiected either in heaps,
kilns, or reverberatory furnaees.

Heap caleination has two modifications—a,
That in which the sulphur is not collected ; and,
6, that in which it is. This second modification
is, however, comparatively unimportant.

In heap caleination, or roasting by the first
method, the ground on which it is proposed to
erect thé heap is carefully selected and levelled,
aùd then a bed is made of stones, slag, or other
similar material, raised at least two inches
above the level of the surrounding ground.
This bed is then carefully faced with clay and
is rolled down with heavy rollers. On the bed
so prepared fine ore is strewn to the depth from
4 to 6 inehes. On this is placed alayerof wood,
usually in the form of logs, from 8 to 14 inehes
high, and the ore to be roasted is piled on top
of it. Vents are left in the wood bed which
communicate with central fines rising up through
the ore heap. This is then covered over with
finely divided ore that has already been calcined,
hollows being left in covering. In these a por¬
tion of the sulphur eollects that is sublimed
during the burning of the heap. By opening
some of these vents and closing others, the rate
and manner of the combustion may be easily
regulated.

The height of the ore heap dépends on the
richness of the ore. The higher is the heap the
greater will be the température, and the greater
will be the liability of the ore to clot. Thus ore
eontaining 12 p.c. of sulphur may be piled to a
height of some 7 feet, whilst ore eontaining 35
to 40 p.c. should not be piled higher than 5 or
5J feet. The average height is abo'ut 6 feet.

The lumps of roasted ore obtained by this
process frequently show a remarkable change.
They have become in the centre richer in copper
than they were originally, and, conversely, the
outer crust is richer in iron and much poorer in
copper than was that of the original lump of
ore. In the ease of poor ores this faet may
afford the possibility of treating eommercially
such ores as could not otherwise be smelted.
The proeess is known as ' kernel roasting.'

A modification of heap roasting consists in
the use of ' stalls.' These, as their name im¬
plies, are usually roofless walled inclosures.
They are open at the top and vary in size, but
a eommon form is some 8 feet long, 6 feet high,
and 6J feet wide. A number of these are placed
side by side and back to baek. The back walls
are frequently perforated, the openings leading to
a central flue lying between two rows of stalls.
This flue may be either connected with the stack
direct, or the gases may be conducted through
it to the sulphuric acid chambers. The bed
slopes slightly, and in front there is a narrow
fire-grate. In charging such a stall, a layer of
wood is placed on the bed as in heap-roasting,
and the ore piled up on it, fine roasted ore
being carefully thrown over the top, and stamped
down. The wood is then kindled by lighting a
fire on the narrow fire-grate in front of the stall,
and the further combustion may be easily regu¬
lated. Occasionally channels are left ia the
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side or dividing walls of the stalls, by which air
may be permitted to enter to further the combus¬
tion of the sulphur and the conséquent roasting
of the ore. Roasting in stalls is very much
more effective than roasting in heaps; the es-
caping sulphurous anhydride may be utilised,
and the time required for the opération is greatly
diminished.

Fig. 1.

opening at the top, and air for the combustion
of the sulphur is admitted througli the fire-bars
or other openings at the base. At the sides are
several sériés of working doors or openings.
The roasted ore is afterwards withdrawn through
latéral openings at the base, some of the ma-
terial which is in a fine state of division falling
through the fire-bars. In starting work with a
furnace such as this the necessary quantity of
fuel is plaeed on the fire-bars and the ore charged
in upon it. Furnaces of this kind are, however,

Ores poor in sulphur are usually roasted in
kilns. These vary considerably in form and
size. In principle they resemble cupola furnaces
but as the température required in the kiln jj
comparatively low, the zone of combustion is
larger, and the ratio of width to height is cou.
siderably greater in the kiln than it is in the
cupola. The ore is charged in through an

Fig. 2.

only applicable to the roasting of ore or poor
regulus in lumps. If the material is in too fine a
state of division, the furnace soon becomes choked,
air ceases to pass_ through it, and the roasting con-
sequently cornes to a termination. For ore or
regulus in a fine state of division the Gerstenhôfer
kiln may be employed. This kiln (figs. 1, 2) con¬
sista of a narrow vertical cliamber, across which
are plaeed numerous triangular iron or fire-brick
bars. Supposing the furnace to be hot from
previous working, the finely divided ore or pool
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regulus is chargedin through slits (g) in the roof
oi the furnace on to the base of triangular bars
(h) placed below them. On these it heaps itself
up and then fails over on to other bars still lower
down. This opération is repeated again and
again until the ore reaches a space free from
bars at the bottom of the furnace. A current
of air is simultaneously allowed to pass up
through the furnace, and once the roasting is
started, the heat produced by the combustion of
the sulphur in the material treated is sufficient
to cause the roasting to proceed by itself. Small
holes(K), which maybe readily closed, are left in
the front of the furnace, one on a level with the
top of each transverse bar, and through these
tools may be inserted, by the aid of which the
ore that has collected on the bars may be re-
moved. The current of air that is allowed to

pass through the furnace is cafefully regulated
to prevent too great a dilution of the sulphurous
acid produced by the combustion of the sulphur
in the ore, this being usually conducted to sul-
phuric acid chambers. It is évident that if the
material to be treated is readily fusible, as, for

Fig. 4.

instance, rich copper regulus, it would clot to-
gether on the cross-bars, and would thus destroy
theutilityof the furnace. Such materials can-
not therefore be roasted in this way, nor, indeed,
by kilns at ail. They may, however, be treated
in reverberatory furnaces. The various. modifi¬
cations of these furnaces that are used for the
roasting or ' calcination ' of copper ores differ
.considerably from one another as regards their
général construction, but they have one feature
in common —the relatively small grate area as

■compared with the volume of the laboratory
portion of the furnace.

According to Gruner (Métallurgie, 1, 269)
the area of the fire-grate should not exceed
1 square foot for every 15 to 20 square feet of the
laboratory portion of the furnace.

- Figs. 3 and 4 show the général construction
of this furnace.

The main distinctions existing between the
various kinds of reverberatory furnaces con-
sist in the methods of firing that are adopted,

■aud in the arrangements eonneeted with the

hearth of the furnace, this being so'metimes
fixed, sometimes made to revolve horizontally,
and sometimes the laboratory portion of the
ordinary reverberatory furnace is replaced by a
cylinder which is made to rotate around a
central axis. The reason for causingthe labora¬
tory portion to rotate or revolve is that by this
means the ore on the bed may be stirred auto-
matically and fresh surfaces be thus continually
presented to the oxidising action of the furnace
gases.

The sulpliide ore, having been partially
roasted by one or other of these methods, is then
submitted to a fusion process with the intention
of causing the silica either présent in the
material itself or added to the charge to com¬
bine with a certain portion of the iron also présent
to form a fusible , iron silicate poor in copper,
which may be thrown away, lime and other im-
purities being simultaneously slagged off. To
avoid loss of copper in this procèss it is neces-
sary to have a sufficient quantity of sulphur
in the charge, and to this end fresh sulphide
ore may be added, in which case the oxide
of copper in the ore that has been roasted
reacts with the iron sulphide in the added
material, forming ferrous oxide, which combines
with the silica to form a fusible slag, and a
fused product consisting of the sulphide of
copper so produced with the excess of iron
sulphide intentionally left in the charge. This
fused product is termed a ' regulus,' and as
obtained in this stage of the process usually con-
tainsabout30p.c.of copper. It should not contain
more than some 35 p.c. of copper and a similar

. quantity of iron, though the percentages met
with in practice are very variable. It is termed
'
coarse métal,' ' métal ' being the name given to

a regulus in the Welsh method of copper smelt-
ing. The slag, ' orerfurnace slag,' is a mixture
of mono- and bi-silicates, and ought not to Con¬
tain more tban 0-5 p.c. of copper. Various
analyses show it to contain from 30 to 50 p.c. of
silica, 17 to 36 p.c. of ferrous oxide, 2 to 16 p.c. of
lime, and varying quantities ofother constituents.
The reverberatory furnace used in this fusion pro-

. cess differs from that employed for the previous
roasting or ' calcination ' of. the ore, in that the
area of the grate as compared with the volume
of the laboratory part is considerably larger,
owing to the higher température that must of
necessity be employed. This ratio as given by
Gruner is 1 : 5 or 6.

The next opération being a furtlier caleina-
. tion of the coarse métal produced in this process
it is necessary to obtain it in a fine state of
division, and it is therefore usual to run the
molten regulus, as tapped from the furnace, into
a tank filled with water, by which means it is ob¬
tained in a granular form. The fmely divided
regulus is then roasted as before, and is after-
wards fused again for the production of another
regulus richer in copper and poorer in iron than
is the coarse métal obtained at the earlier stage
of the process. To shorten the roasting period
oxidised ores of copper are, when possible,
added to the charge, and so, occasionally, are
the slags rich in copper from succeeding opéra¬
tions. This, however, is not advisable, owing to
the impurities these slags contain, which, in
part, at any rate, would pass into the 'blue ' or
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' white ' métal resulting from this second fusion.
It is desired to produce at this stage as pure a
regulus as possible, and it is therefore customary,
either by earrying the oxidising roasting farther
than would otherwîse be permissible, to allow
the formation of a certain quantity of metallic
copper (bottoms) into which most of the im-
purities, including gold and silver, will pass, or
to place apart the first pigs of regulus that are
tapped from the furnace, these pigs being
similarly more impure than those succeeding
them. This process is known as'best sélec¬
tion.' The regulus, if it be ' blue métal,' will
contain about 55 p.c. of copper ; if it be ' white
métal ' the percentage of copper may reach as
much as 75 ; whilst a still richer regulus con-
taining much metallic copper, known from its
appearance as ' moss ' copper, bears the name of
' pimple métal ' from the appearance of the
surface of the cast ingot.

The next stage of this process consists in the
partial oxidation of the regulus obtained by the
previous opération, and then by raising the tem¬
pérature to cause the oxide of copper formed by
the roasting to react on the residual cuprous
sulphide, forming metallic copper in the way
already described. This process is termed
' roasting,' the previous oxidising stages of the
process being, as lias already been mentioned,
termed ' caleination.' The products are an
impure metallic copper, and a slag rich in that
métal. This slag is either added to the previous
fusion stages of tlie process or, owing to the ini-
purities it contains, is treated by itself. The
' eoarse copper ' produced at this stage contains
appréciable quantities of iron and other im-
purities and has to be ' refined.' This refining
is based on the greater affinity shown for oxygen
by the impurities présent in the copper than is
shown by the copper itself. The process is as
follows :—The copper to be refined is eharged
on to the bed of a reverberatory furnace with a
hearth area relatively larger than that employed
in any of the previous stages, and is then slowly
melted down in an oxidising atmosphère. The
oxides formed in this manner are in part vola-
tilised and in part combine with the silica of
the furnace walls to form a highly basic scoria,
which is frequently removed. As the impurities
are oxidised away the copper itself begins to be
attacked, and towards the end of this portion of
the refining stage a layer of copper oxide formed
on the surface of the bath reacts on the cuprous
sulphide also présent, forming metallic copper
and sulphurous acid, which latter, on escaping,
causes.the bath of molten métal to ' boil.' When
this ceases, the copper remaining on the hearth
of the furnace contains large quantities of
cuprous oxide. It is known as ' dry ' copper.
To remove this oxide the copper is then sub-
mitted to a reducing process. Pôles of wood are
thrust into the bath, and then anthracite or
eharcoal is thrown upon the surface of the
molten métal. The products of the dry distilla¬
tion of the wood stir up the molten bath and
expel the sulphurous acid remaining dissolved
in it after the boiling stage, at the same time
partially reducing- the oxide of copper also
présent, but this is chiefly removed at the second
period of the opération when anthracite is thrown
on the surface of the métal. Portions of the

métal are removed from the furnace from time
to time, and when the métal is found to havt
lost its dark-red colour and granular fracture and
to have become flesh-coloured, with a fibrous
fracture and silky lustre, and to bend double
when placed in the jaws of a vice, the refining
is finished. The refined métal so obtained is
not chemically pure, but contains variable pet.
centages of différent impurities. These woulj
of themselves exert a deleterious influence on

the copper, but it is found that this influence is
neutralised by the simultaneous presence ot s
small percentage of cuprous oxide (tough-pitch
copper rarely contains more than about 025 p.c.
of oxygen). If either too much or too little of
this oxide is présent the métal will have lost its
valuable mechanical properties, and will be use-
less for most purposes. If cast into an ingot the
copper containing too much cuprous oxide will
show a furrow along its surface, an ingot with the
right proportion will have a flat surface, and one
with too little will show a ridge. These différent
kinds are known respectively as ' dry ' or ' undet-
poled,' ' tough-pitch,' and ' overpoled.' In the
refining process, use is sometimes made of the
fact that when one readily oxidisable métal is
présent its oxidation tends to induce less readily
oxidisable metals also présent to be oxidised
with greater rapidity; leadis therefore frequently
added, but it cannot be used when the copper is
to be made into brass.

A modification of this reverberatory process
consists in the use of blast furnaces for the
fusion of the regulus.

2. The Réduction Pkocess.
In this process either oxidised ores or ores

which have been oxidised by a previous roasting,
are melted down with the addition of coke or

cliarcoal, usually in hlast furnaces. This réduc¬
tion also forms a distinctive feature in the
German or blast furnace method for the treat-
ment of sulphide ores. In this the opérations
are theoretically identical with those in the
Welsh or reverberatory process just described,
until the stage is reached at which the ' blue '
or ' white ' métal is converted into metallic
copper. In the reverberatory process it has been
shown that this is effected by the action of the •
oxide, produced by the partial oxidation of the
sulphide, upon the residual sulphide; in the
German method the sulphide is roasted com-
pletely to oxide and this is then redueed by
carbon. The great objection to the use of this
réduction process for the conversion of the
regulus into metallic copper, is that a considéra¬
ble percentage of copper passes into the slag,
and as large quantities of this are formed owing
to the necessary addition of fluxes to carry oS
the iron and other impurities, the loss of copper
in this way is considérable. The copper, too,
that is produced is very impure, and in refining
it a larger percentage of copper passes into the
slag than would otherwîse be the case. If the
slag is too rich in copper to admit of its being
thrown away, it is melted with materials con¬
taining sulphur, the copper being separated in
the form of a regulus in the ordinary way.

In the blast furnaces used for the treatment
of copper ores, for that portion of the furnace
in the neighbourhood of the tuyères where the
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heat is greatest and the furnace walls most
rapidly corroded, a hollow iron casting through
wbieh a ourrent of water is causée! to pass, is
frequently employed in the place of the ordinary
brickwork.

Besides these two main methods for the
treatment of sulpMde ores, there is one other
which, though still in the expérimental stage,
may in the future prove of considérable impor¬
tance. This process consista in the application
of a modified form of the Bessemer converter
in the treatment of copper regulus. A regulus
poor in copper, such as the ' ore métal ' pre-
viously described, would be first melted down
and then charged in the molten condition into
one or other of the various modified types of
converter that have been proposed, and a current
of air forced througli the molten mass. The iron
and other impurities are oxidised, and floating
on the surface of the molten métal, attack the
converter lining, forming slag, and a regulus is
produced that is much richer in copper than the
one originally charged into the converter, just as
in the case of the ordinary copper process. The
converter is then turned down and its contents
either poured out altogether or the slag only is
removed. In the former case the slag is separated
from the regulus, which is then, if necessary, re-
melted, and is then returned to the same con¬
verter, or charged into another one, and the
blast again turned on. The sulphur is in this
way burnt away, and metallic copper remains
behind in the converter, the heat of combustion
of the sulphur maintaining the bath in a fluid
condition. The great difficulty that has been
experienced in working out this process practi-
cally, lies in the comparatively small amount of
heat that is developed by the combustion of the
sulphur in the bath, this not being sufficient to
maintain the copper produced in a thoroughly
molten condition in the presence of the cooling
action of the blast passing through it. It was
found that the métal was apt to choke the
tuyères through which the air was introduced
into the converter, and these had therefore to be
placed in a différent position from that which the
high température developed on the combustion
of the silicon and other impurities existing in
pig iron enables them to occupy in the Bessemer
converter as used for the production of steel.
They were, therefore, removed from their vertical
position in the bottom of the converter and
placed more or less horizontally at the sides at
some distance from the bottom. Again, it was
found that the lining of the converter became
rapidly corroded by the large quantities of
ferrous oxide produced in the process, and this
has had to be met either by modifying the
character of the lining used, a more or less basic
material replaeing the acid ones previously em¬
ployed, or by charging siliceous materials into
the converter, and by not completing the con¬
version of poor regulus into metallic copper in
one opération. The great advantage of the
process consists in the great saving of fuel it
effects as compared with either the reverberatory
or blast furnace methods of treatment.

Besides these methods for the treatment of
copper ores by the ' dry ' way, there are others
which involve the use of aqueous solutions.
Wet methods for the treatment of copper ores

involve : 1. A conversion of the copper into a
soluble form ; 2. Its solution ; and 3. Its précipi¬
tation. The soluble salts of copper which may
be produced by simple metallurgical methods
are the chlorides and the sulphate. These may
be produced by direct solution in acids, or, as
regards the sulphate, this is readily produced in
the case of sulphide ores by a eareful roasting,
and in the case of oxidised ores either by the
employaient of sulphuric acid or by roasting in
admixture with ferrous sulphate. If the mate¬
rial to be so treated contains the sulphides ' both
of copper and iron, and it is submitted to a
gradually increasing température in a reverbera¬
tory furnace, starting with the furnace cold and
an oxidising atmosphère being maintained, it
will be found that the iron sulphide either burns
directly to iron oxide or is converted into the
sulphate, which, however, is decomposed at a
very low température. The final products of
the roasting of the iron sulphide are ferrie oxide
and a mixture of S03 and S02. The copper
sulphide roasts to sulphate, and this does not
décomposé at so low a température as does the
iron sulphate. It is consequently possible to
convert the iron sulphate into insoluble ferrie
oxide while leaving the copper in the form of
the soluble sulphate, any oxide of copper that
may be formed being again converted into sul¬
phate by the S03 produced by the décomposition
of the iron sulphate. The soluble copper sulphate
may then be extracted from the roasted material
by leaching it with water, and the copper in the
solution may be precipitated either in the metallic
state by the aid of some other métal, such as
iron, or by the aid of an electric current, or in
any other way. At some places hydrogen sul¬
phide has been used for this purpose, but the
precipitate is very bulky and rapidly oxidises.
The metallic copper that is obtained by précipi¬
tation with iron is also rapidly oxidised by
moist air.

The conversion of the insoluble copper sul¬
phide or oxide into the soluble chlorides is
eiïected either by roasting with sait, with or
without the addition of iron sulphide or sul¬
phate, or by treating the ore with hydrochloric
acid or a soluble chloride such as ferrous chlor-
ide. When roasting with sait, the sulphates,
decomposing, attack the sait, converting it in
the presence of moisture into sodium sulphate
with the évolution of hydrochloric acid, which
in turn, aided by free chiorine also produced in
the furnace, converts the oxides of copper présent
in the charge into cupric chloride, soluble in
water, and cuprous chloride, soluble in brine.
The copper may be precipitated from the aqueous
solution so produced either by iron or lime. If
iron is used it is advisable to pass a current of
sulphurous anhydride through the solution to
reduce the cupric chloride to cuprous chloride
before the addition of the iron, a less quantity
being in that case required for the précipitation
of the copper. This réduction by sulphurous
anhydride is utilised in the Hunt and-Douglas
process, in which the solvent employed for oxi¬
dised ores is ferrous chloride.

These wet proeesses for the treatment of
cupriferous materials owe their importance to
a great extent to the facilities they afford for
the collection of any silver that may be présent
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in the ore or metallurgical produet to be treated,
and their treatment belongs rather tu the metal-
lurgy of silver than to that of copper.

The electrolytic process is applicable both to
the treatment of copper ores and of copper
regulus, as well as to the refining of the pure
copper. It is usually employed for this latter
process, rarely for the treatment of regulus, and
still less frequently for the treatment of .ore.

Of the ores of copper, the following sulphides
(ire good conductors of electricity : Ëedruthite,
Bornite, and Copper pyrites.

Cuprite, Azurite, Malachite, Dioptase, and
Fahl-Ore, are either bad or non-conductors.
If, therefore, it is desired to treat these latter
ores electrolytically, they must either be con-
verted by metallurgical treatment into a state
in which they conduct electricity before employ-
ing them as the anode or dissolving pôle of the
copper bath, or this anode must be formed of
some conducting material, such as coke, and
the ore placed around it. This, again, is only
possible when the ore is readily attacked by the
(SOj) evolved on the anode surface dui'ing the
passage of the current of electricity through
the bath. A copper regulus, on the other hand,
is a good conductor, and may be cast in the
form required for the anode. Its treatment,
however, involves some difficulty, owing to the
fact that the solution of the regulus proceeds
not only on its outer surface, but, in places,
throughout its mass. Owing to this fact the
regulus, after being in the bath for a time,
gradually softens and falls to pièces. It has
therefore to be supported. This is usually
effeeted by casting the regulus around a copper
_L plate, which is protected in those places where
it is subject to the dissolving action of the bath
by a coating of wax or other similar material.
Again, when regulus is employed as the anode,
some of the sulphur it contains escapes in the
form of hydrogen sulphide, which in part précipi¬
tâtes the copper from the solution with which it
cornes in contact, and in part escapes altogether
from the bath. This nécessitâtes the employ-
ment- of complicated arrangements to prevent
the escape of the gas into the atmosphère of the
Works, and complicates generally the electrolytic
treatment. The large quantity of iron, too, that
is présent in the regulus soon renders the work-
ing solution so rich in iron as to become use-
less for the purpose for which it is employed,
and the cost of treatment is considérable. Still,
it has been employed occasionally with some
success.

The electrolytic process, however, is chiefiy
employed in the refining of impure copper, and
is especially applicable to the treatment of im¬
pure copper ' bottoms ' containing gold and
silver. The method employed is briefly as
follows. The impure copper that is to be
treated is cast in the form of slabs, copper hooks
being inserted into the copper while still molten.
These slabs of impure copper form the anodes
or dissolving pôles. The vat or tank in which
the electrolytic treatment is to take place is
usually made of wood lined with sheet lead.
Instead of lead, however, any other material
which will resist the action of the acid solution
that the tank is to hola may be employed,
and, as far as the protection of the vat itself

is concerned, a mere tarring is to some extent
sufficient. This, however, is unsuitable, as it
leads to the déposition of metallic copper on
the walls of the tank. If the tank is lined
with lead, this again must be protected from
accidentai injury by an inner lining of match-
boarding. The sides of the tank must be of
sufficient strength to withstand the outward
pressure of the solution and the crushing strain
of the copper anodes, cathodes, and conducting
rods resting upon them. Tie-rods are usually
employed to add to the strength of the tank.
The size of the tanks employed varies greatly,
but one that is somewhat common has a depth
of 3 feet 6 inches and a breadth of about 4 feet.
The tank rests on wooden trestles for the pur-
poses of isolation. At one of the sides of the
tank are placed the two main conducting rods,
one above the other ; the other copper rods are
laid across the tank, resting at one side on one
or the other of the main conducting rods, and at
the other on wood or some other non-conducting
material. These form the supports for the
anodes and cathodes. The ends of the bars
resting on the main conducting rods are hooked
to prevent them slipping. They may be made,
hoflow, with iron rods inserted in them to give
the necessary strength. The impure copper
anodes are hung from one set of these bars,
and, their weight being considérable, no spécial
précautions have to be taken to ensure contact.
Faeing a row of anodes is a row of cathodes.
These latter, being formed of thin sheet copper,
do not of themselves possess sufficient weight to
ensure adéquate contact with the cross-bars on
which they rest, and they have therefore to be
attached to these by the aid of wire. The
distance apart of the several rows of cathodes
and anodes is usually about two inches, but
this dépends on the strength of the current, the
nature of the bath, the purity of the copper,
and the method of working generally. The
anodes reach to within about 4 inches of the
bottom of the tank, this space being left to
admit of the déposition of the impurities sepa-
rated during the solution of the impure copper.
The bath consists of an acid solution of copper
sulphate, containing about -jlb. of sulpkuric
acid and 1 j to 2 lbs. of copper sulphate to the
gallon. This solution, being liable to separate
into layers of différent density, must be kept in
constant motion, not violent enough, however,
to prevent the mud depositing itself properly
without being carried forward towards the cath¬
ode, to the face of which it would immediately
adhéré. This is effeeted either by the aid of
pumps made of hard lead, or by so arranging
the baths that the solution will flow from the
bottom of one tank to the surface of another by
a syphon action, a différence of level of about
3 inches being usually sufficient for this purpose.
On the first introduction of the electrolytic pro¬
cess for the refining of copper, large tanks and
electric currents of low electromotive force were

employed. Now the converse is usual, a large
number of the tanks being eonnected in sériés.

With the exception of silver and gold, the,
various metallic impurities présent in commer¬
cial copper pass into solution before the copper
on the electric current being passed through the
anode, and, inversely, with careful working,
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copper may be deposited on the cathode before
those éléments which passed first into solution.
As silver is almost insoluble in the dilute sul-

pburie acid bath employed in this proeess,
it falls with the gold to the bottom of the
tank in the form of a mud, together with other
impurities. Xt is évident, therefore, that not
only does the electrolytie proeess permit of
the production of copper of a high degree of
purity, but it also affords a means for the sépa¬
ration of the silver and gold présent in the
copper ore originally treated. Owing to the
large quantity of copper under treatment, as
compared with the production of the refined
copper, the proeess is somewhat costly, and
Fontaine is of opinion that under favourable
conditions the cost of refining the ton of copper
by this proeess cannot be mueh less than 61.
per ton.

The purest copper that can be obtained
commercially has nearly as low a résistance to
the passage of an electric current as silver.
This résistance is, however, greatly increased by
the presence of traces of other elements. The
mechanical properties of copper are also in-
fluenced in a similar manner; the presence of
minute quantifies of arsenic or antimony being
very deleterious. The spécifie gravity of copper
is about 8-96. The total production of copper in
1887 was about 225,000 tons.

The alloys of copper are of great importance,
brass being a copper-zinc alloy ; spéculum métal,
bell-metal, and gun-metal, alloys of copper and
tin ; bronze, an alloy of copper and tin, with or
without the addition of zinc or lead ; Gerrnan
silver an alloy of copper, zinc, and nickel ; and
delta métal an alloy of copper, zinc, and iron.
Brass usually contains about 2 parts of copper
to 1 of zinc ; gun-metal 91 of copper and 9 of
tin ; bell-metal 78 of copper, and 22 of tin.

The Assay or Copper Ores.
There are two main methods employed in

the assay of copper ores. These involve the use
of (1) fusion methods, and (2) wet methods.

Fusion methods.—There are two processes
belonging to this class : (1) the German, and
(2) the Cornish. The German method eonsists
in roasting the copper ore until the whole of
the copper is présent in the form of oxide ;
then fusing this with fluxes and a reducing
agent for the production of an impure copper ;
and then refining the impure copper so obtained.
The Cornish method is employed for the treat¬
ment of sulphide ores, and resembles the Welsh
method of copper smelting. It eonsists in fusing
the ore with the addition, when necessary, of
iron and sulphur for the formation of a copper
regulus, containing about 50 p.c. of copper ;
then roasting this regulus to oxide ; subjecting
the roasted ore to a reducing and fluxing
fusion for the formation of metallie copper,
and then refining the resulting impure copper
so obtained.

Both .methods yield very inaccurate results.
The Cornish method is, however, still of con¬
sidérable commercial importance, and is briefly
as follows, the treatment depending on the per-
centage of sulphur présent in the ore. Copper
ores are, therefore, divisible into two main
classes, (1) yellow ores containing more sulphur

and iron than is necessary for the conversion of
the whole of the copper présent into a regulus
containing 40-GO p.c. of copper, and (2) grey
ores containing less than the necessary percent-
ages. There is also an intermediary class of
which purple copper ore is an example.

The quantity of ore taken for the assay is
as follows :

Percentage of copper Weight of ore
Grains

10 400
10-30 200
Over 30 100

The necessary quantity of the ore, powdered
to such a degree of fineness that it will pass
through a 60-mesh sieve, is mixed thoroughly
with the necessary quantities of flux, the follow-
ing being examples ;

Ore Ore
Class I. Class II.
Grains Grains

Ore 200 100
Hitre ... 50
Lime . . . 200 200
Fluorspar . . 200 200
Glass ... 150 150
Borax . . . 150 150
Sulphur . . — 20
Hœmatite . . — 30
Tartar ... — 30

The mixture is then fused in a clay crucible
for about 15 minutes at a rather low tempéra¬
ture and the contents are then poured into an
iron mould. While still hot, the button of
regulus and slag is dipped for a moment into
water to facilitate the séparation of the regulus
from the slag. When cold, the regulus is care-
fully broken off and the slag powdered and exam-
ined for shots of regulus. It may prove neces¬
sary to fuse the slag again to ensure the com¬
plété séparation of the regulus. The regulus
is then powdered, placed in a clean crucible and
roasted carefully, commencing at a very low
température and stirring continuously. The
température should be high towards the
end for the purpose of decomposing any sul-
phates that may be formed. The roasted regu¬
lus is then fused for coarse copper in the same
crucible as that in which the roasting was
effected, the following mixture being em¬
ployed :

Grains

Tartar (Argol) . . . 50-150
Sodium carbonate . . 50-150
Borax .... 20- 30

This is fused for about 15 minutes. The
contents of the crucible are then poured, the
button of slag and métal dipped into water,
and the button of copper separated when cold
from the slag. The slag is then powdered and
fused again with the following mixture :

Grains
Tartar 60
Charcoal 5
Sodium carbonate . . .20

The bead of copper obtained is added to that
resulting from the previous fusion. The tem¬
pérature of the furnace is then raised as high as
possible, and the crucible used in the previous
opération placed in the fire. When the tempéra¬
ture of the crucible has exceeded the melting-
point of copper, the copper to be refined is
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placed in it. The copper melts, and the foreign
metals présent in the button, being oxidised
away before the copper is attacked, cloud the
surface of the molten rnetal. When the oxidation
of the impurities is complété, the film clears
away, leaving the surface of the métal bright.
About 100 grains of refining flux (produced by
mixing together 3 parts by volume of powdered
nitre, 2J parts of tartar, and 1 part of sait, and
then deflagrating the mixture by inserting a
red-hot iron) is then rapidly thrown into the
crucible, fusion is maintained for about 2
minutes, and then the contents of the crueible
is poured out, the button of métal examined,
and weighed if the refining has been properly
effected. The slag contains some copper, and
this is subjected to a reducing fusion as before.

Wet methods.—The wet method chiefly in
use for the assay of copper ores consists in
titrating the ammoniacal solution of the ore
with potassium cyanide until a colourless solu¬
tion results.

The standard solution used is obtained
by dissolving 20 grams of pure potassium
cyanide in one litre of water. If the ore to be
assayed for copper is completely decomposed by
acids, it is dissolved in the ordinary way, but
when silicate of copper is présent, as in the case
of slag, the material must either be fused with
sodium carbonate or treated with hydrofluoric
acid. The acid solution of the ore is treated
with an excess of ammonia and ammonium
carbonate, and titrated till colourless with the
standard solution of cyanide. It is customary
to make several assays simultaneously, the same
interval of time being allowed to elapse between
the commencement and complelion of each
assay and of the standardising solution treated
at the same time, the decolourising effect of the
cyanide not being instantaneous. The solution
is titrated in a flask, the contents of whieh is
kept in constant motion. If iron is présent in
the material to be assayed it should be care-
fully removed, or a similar quantity should be
added to the solution used for standardising.

In the electrolytic method the ammoniacal
solution of the copper obtained as above is
acidified with nitric acid, placed in a weighed
platinum dish, and a current is passed through
the solution from two Daniell cells arrange! in
sériés by the aid of a platinum wire dipping
into it, connected with the copper pôle of the
battery. The platinum dish rests on a piece of
copper connected with the other pôle of the
battery, and thé copper is'deposited on it. When
the déposition of the copper is complété it is
washed with water without breaking the current,
then with alcohol, and finally with ether. It is
then dried in an air-bath and is afterwards
weighed, the différence in weight before and
after the passage of the current representing
the weight. of the copper.

Another wet method, one of very considér¬
able accuracy, that is employed for the déter¬
mination of the percentage of copper in alloys
is the following. Make a standard solution of
sodium hyposulphite by dissolving 37 grams
in 1 litre of water ; then make a solution of
starch containing about 0'3 gram in 1 litre of
water.

Dissolve 03 gram of the alloy in nitric

acid, dilute to about 100 c.c., add a eoncen-.
trated solution of sodium carbonate until a

slight precipitate is produced, then dissolve in
a slight excess of acetic acid, add 2 grams of
potassium iodide, and titrate with the standard¬
ise! solution of sodium hyposulphite, some
starch solution being added to détermine the
reaction. The titration must be effected im-
mediately after the addition of the potassium
iodide and the solution must not be too dilute.
Ferrie salts and ail substances which décom¬
posé potassium iodide must be absent. If iron
(arsenic &c.) is présent in the alloy to be
assayed, the solution must be first treated with
sulphuretted hydrogen before titrating it.

Literature.— The following are among the
principal modem text-books relating to this
subject :—E. D. Peters, Modem American
Methods of Copper Smelting, New York, 1387;
J. A. Phillips and H. Bauermann, Eléments of
Metallurgy, London, 1887 ; A. Classen, Quanti¬
tative chemische Analyse durch Electrolyse,
Berlin, 1886 (French translation by C. Blas,
Paris, 1886) ; H. M. Howes, Article on Copper
Smelting, Bulletin of the U.S. Geological Sur-
vey, No. 26,1885 ; A. F. Wendt, Pyrites Deposits
of the Alleghanies ; C. A. Balling, Grundriss der
Elektrometallurgie, Stuttgart, 1888 ; Die Metall-
hiittenkunde, Berlin, 1885 ; Metallurgisehe
Chemie, Bonn, 1882, and Probirkunde, Bruns¬
wick, 1879 (French translation of the Assay -

ing by L. Gautier, Paris, 1881) ; Bruno Kerl,
AUgemeine Hiittenkunde, and Grundriss der
Metallhûttenkunde, Leipzig, 1881), Metal¬
lurgisehe Probirkunde, Leipzig, 1882 (English
translations of smaller book on Assaying by
J. Brannt, London, 1883, and, with additions,
by F. Lynwood Garrison, Philadelphia, 1889) ;
H. Fontaine, Electrolyse, Paris (English trans¬
lation by J. A. Barly, London, 1885) ; W.
Crookes, Mitchell's Manual of Practical Assay¬
ing, London, 1881 ; M. L. Gruner, Traité de
Métallurgie, Paris, 1875, 1878 ; J. Percy, Metal¬
lurgy, 1, 1861 (with article on Assaying by Mr.
Bichard Smith). See also the Bibliographies
appended to the works of Balling and of Bruno
Kerl.

COHPOUNDS OF CoPPEE.

Oxides. Four distinct oxides of copper are
known; the quadrantoxide Cu40, the sub-
orhemi-oxide C.u20, the monoxide CuO,
and the peroxide Cu02. An oxide Cu303
(Maumené) and others intermediate between the
suboxide and the monoxide are also said to exist.

Copper suboxide, or hemioxide, red oxide of
copper, cuprous oxide Cu20, occurs native as
cuprite or red copper ore and as chalcotrichite.

It may be prepared (1) by heating finely
divided copper in air below a red heat ; (2) by
gently heating a mixture of 5 parts cuprous
chloride and 3 parts sodium carbonate in a
covered crucible and separating the oxide by lixi-
viation ; (3) by réduction of an alkaline solution
of a copper sait by sugar or certain other organie
bodies, as in Fehling's sugar test; (4) by heating
in a covered crucible a mixture of 5 parts copper
monoxide and 4 parts copper filings.

This oxide is decomposed by most acids into
a eupric sait and copper ; hydroehlorie acid, how-
ever, converts it into cuprous chloride. ,
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Cuprous oxide fuses at a bright red heat. It
dissolves in metallic copper and renders it
brittle or ' dry ' when présent in quantity. As
much as 4-6 p.c. bas been found by Abel in
very dry copper, and, aceording to Watson
(S. C. 1.1883, 154) from 1 to 2J p.c. is présent
ia ordinarily good copper.

It is largely used for the production of ruby
çlms, and together with tbe black oxide forms
one of the so-called copper paints used for
painting ships' bottoms.

Tbe hydrous oxide is produced by tbe action
of alkali on cuprous chloride. It is a powerful re-
ducing agent, especialiy in ammoniacal solution.
This solution, winch is colourless, immediately
becomes blue from tbe formation of the mon¬

oride on exposure to the atmosphère, and thus
forms a delicate test for oxygen. The hydrous
oride dissolves in a eoncentrated solution of
magnésium chloride.

Copper monoxide, cuprous oxide, black oxide
of copper, ' copper oxide ' CuO, occurs as mela-
cmite or black copper, especialiy at lake
Superior.

It may be prepared by heating the nitrate
or carbonate to dull redness or the sulpbate to
intense redness. The copper oxide used for
organic analysis &e. may be prepared by
moistening copper scale (the mixture of suboxide
and black oxide obtained while working copper
sheet &c.) with nitric acid, and igniting.

Copper oxide is a black powder which ag¬
glomérâtes when heated and fuses at the melting-
point of copper with évolution of oxygen, leaving
a residue containing Cu0.2Cu20. It is slightly
hygroscopie, especialiy when in powder. When
beated with organic substances or certain gases,
it is reduced to métal. Tbe métal produced by
réduction in hydrogen always contains that gas,
but if the oxide be reduced in formic acid vapour
the métal is quite free from hydrogen and is
very suitable for organic analysis (Weyl., B. 15,
1139).

It dissolves in acids with formation of
cupric salts. In oils &c. it is soluble to some
ertent ; it is for this reason that copper cooking
vessels require such constant cleansing.

Copper oxide is used for ultimate organic
analysis ; to make green and blue glass, and to
some extent, as a pigment. It has also been
used as one eleetrode of a galvanic eell (v.
Lelande and Chaperon, Bl. [2] 40, 173).

Hydrated copper oxide Cu0.H,0 may be
prepared by precipitating a solution of a copper
sait by addition of alkali and washing rapidly.
When heated with water it becomes black and
amorphous. The hydrated oxide dissolves in
ammonia, the saturated solution in strong am-
monia being known as ' Schweitzer's reagent.'
This solution, which may also be prepared by
exposing copper turnings partially covered with
ammonia to the air, has the property of
gradually dissolving cellulose with formation
of a viscid solution. The ' Willesden papers '
are prepared from solution of cellulose in
ammoniacal solution of copper or zinc oxides
(o. Cellulose).

The hydrated oxide is also used as a blue
pigment by paper-stainers, but becomes green on
exposure. It corresponds closely with certain
of the higbly basic carbonates sold as verditers.

Aceording to Dumas it is best prepared as fol-
lows : 6 parts of copper sulphate are dissolved
in water and mixed with a solution of 3 parts of
calcium chloride. The clear liquid is decanted
from the precipitated calcium sulphate and is
mixed with parts of lime made into a cream
with water. The greenish precipitate is col-
lected, washed, and mixed with one-fourth its
weight of slaked lime and as much pearl ash,
and to render the colour more permanent, one-
fourth its weight of ammonium chloride and
one half its weight of copper sulphate are usualiy
added.

Salts. Two sériés of copper salts are known,
cuprous and cupric. The former are mostly in¬
soluble in water, and are of but little commer¬
cial importance. They act as powerful reducing
agents and readily pass into the cupric condi¬
tion. Cupric salts are mostly soluble, and are
of wide application.

Cuprous chloride Cu2Cl2 may be prepared,
amongst other methods, by boiling cupric chlor¬
ide with hydrochloric acid and copper turnings.
On addition of water it is precipitated in white
erystals.

It melts below a red heat into a yellow
transparent mass. The dry erystals become
yellowish on exposure to light ; if moist they
acquire a dirty violet tinge. Plates of copper
coated with this chloride by the action of
chlorine will take photographie impressions, but
cannot be made to withstand exposure to light
v. Carlemann (J. pr. 63, 475) and Priwoznik
(D. P. J. 221, 38).

The hydrochloric acid solution, when exposed
to air, absorbs oxygen and acquires a brown
colour, subsequently depositing a pale bluish-
greén insoluble copper oxychloride

CuC12.3Cu0.4H20.
An identieal substance used as a pigment, and
known as Brunswick green, is prepared by
boiling a solution of copper sulphate with a
small quantity of bleaching powder solution, or
by moistening copper turnings with hydrochloric
acid or ammonium chloride with free exposure
to air. It occurs in nature as atacamite.

Cuprous sulphide Cu2S occurs as clialcoite or
copper glance. It may be prepared by heating
copper to redness in sulphur vapour, or by heat¬
ing a mixture of copper and sulphur. It has no
commercial application.

Cupric chloride CuCl2 may be prepared as a
fused, liver-coloured, anhydrous mass by heat¬
ing copper in exeess of chlorine. In solution it
may be prepared by dissolving tbe oxide in
hydrochloric acid. It erystallises in grass-green
prisms or needles containing 2 molécules of
water. They.become pale blue when dried in
vacuo.

Cupric chloride is very déliquescent and is
soluble in alcobol. When a small quantity of
potash is added to the aqueous solution, a pale
blue basic oxychloride 2Cu0.CuC1„.4H20 is
precipitated. It turns to a black anhydrous
powder when heated, but again becomes green
with absorption of 3 molécules of water when
moistened. It is an intermediate product in the
manufacture of verditer (v. Copper carbonates).

Cupric chloride is used in calico printing, in
the manufacture of viethyl violet, and for the
oxidation of Cutch colours.
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Cupric sulphate, Blue vitriol ChS04.5H20.
This sait may be prepared by dissolving oopper
nr its oxide in sulphuric acid.

It is prepared on the large scale from metallic
copper in the following way. Old copper plates
from the sheathing of ships &c. are heated to
strong redness in a reverberatory furnace and an
excess of sulphur is thrown in and the doors are
çlosed. When combination is complété, the
doors are re-opened and the heat is raised to
dull redness to oxidise the sulphide into sul-
phate. The mass, while hot, is thrown into
dilnte sulphuric acid, allowed to settle, decanted,
concentrated, and crystallised. The sulphate so
produced is of considérable purity.

Coarse copper and copper glance or other sul-
phurous copper ores are similarly treated. When
much iron is présent, as in most copper ores and
especially in copper pyrites, it would be impos¬
sible to separate the copper and ferrous sul-
phates by crystallisation, because, although
copper sulphate crystallises normally with 5
molécules of water, it forms, in presence of
ferrous sulphate, crystals isomorphous with that
sait and containing 7 molécules of water.
By carefully adjusting the température at whieh
the sulphide is roasted, however, the iron sait
may be converted into the oxide while the
copper sulphate remains almost unaffected. The
iron may be oxidised and thus separated from
the copper by boiling the solution with a little
nitric acid. It may also be precipitated as oxide
by boiling with copper oxid.e or by boiling with
lead peroxide with subséquent addition of a little
bariurn carbonate.

When the sulphate is required for purposes
where the presence of iron is not injurious, such
liquors, or the mother-liquors from which the
purer sait has been separated, may be at once
crystallised out with the formation of crystals
containing both iron and copper. The 'agri-
cultural copper sulphate ' is of this class. The
' Salzburg vitriol,' prepared at Buxweiler,
also contains both iron and copper. Accord-
ing to Lefort (C. R. 26, 185), it consists of
CuS04.3FeS04.28H20. ' Gyprian vitriol,' pre¬
pared at Chessy from zinciferous copper ores,
forms blue rhombic prisms, which contain, ac-
cording to Lefort, CuS04.3ZnS04.28H20.

The copper may be separated from the fer¬
rous mother liquors by placing them in vats
containing iron plates upon which the copper is
slowly deposited.

This métal or other copper may be oxidised
in a reverberatory furnace and dissolved in dilute
sulphuric acid. If copper be known to contain
silver or gold, as is the case with that from the
Harz, it is treated with sulphuric acid diluted
with its own volume of water, the copper being
thus dissolved while the silver and gold are un-
attacked.

Argentiferous copper ores are roasted in a
reverberatory furnace and added in small
charges to sulphuric acid and digested until the
solution contains but little free acid. The solu¬
tion is then decanted from the precipitated lead
and gold, and is concentrated and run into lead-
lined tanks containing plates of copper upon
which ail the silver and part of the antimony
and arsenic are deposited, while the greater pro¬
portion of the bismuth is precipitated as a basic

sulphate and the iron is reduced to the ferrons
condition. The liquor is then crystallised, the
mother liquors being used for treating a fresh
quantity of ore. Copper sulphate is obtainedol
great purity and in considérable quantity in the
refining of silver by precipitating it upon plates
of copper from its solution as sulphate (a.
SiLVEK).

Copper sulphate crystallises in large trans¬
parent blue, doubly oblique rhombic prisms of
sp.gr. 2-28 and containing CuS04.5H20. Ac-
cording to Poggiale their solubility in 100 parts
of water is

10°C. 20° 30° 40° 50°
36-59 42-31 48-81 56-9 65-83

70° 80° 90° 100°
94-60 118-0 156-44 203-32

When heated to 100° it loses 1 molecule of
water and efïloresces to a bluish-white powder;
at 220° to 240° it becomes anhydrous, white, and
hygroscopic, and combines with water with con¬
sidérable heat. The sp.gr. of the anhydrous
sait is 3-606 (Thorpe and Watts). The anhy¬
drous sait combines with water in alcohol and
other organic liquida with production of a blue
colour, and may be used for ascertaining the
presence of water in those substances, but the
test is not delicate. The anhydrous sait is also
soluble inanhydrousmeïiiyl alcohol, and produces
a bluish-green solution (Kepl., J. pr. 25, 526).

Copper sulphate absorbs hydroehloric acid
gas with évolution of heat, forming cupric chlor-
ide and liberating sulphuric acid. It is there-
fore used to remove hydroehloric acid from such
gases as chlorine or carbon monoxide. A similar
reaction occurs in solution.

When mixed in solution with molecular pro¬
portions of potassium and other sulphates, it
produees well-defined, erystalline double sul¬
phates. Several basic sulphates are known,

The sulphate is the most important of the
copper salts. It is largely used in calico print-
ing, principally in connection with potassium
bichromate or iron mordants ; in black dyeing
with logwood ; directly or indirectly for tbe pré¬
paration of most pigments containing copper;
to prevent rot in timber. In agriculture the
crude sulphate containing ferrous sulphates is
used to a considérable extent to prevent smut in
seeds. The seeds are soaked for some hoursina
weak solution of the sulphate, and are sown
within twenty-four hours. A 10-20 p.c. solu¬
tion of copper sulphate, preferably mixed with
lime, is applied to vines with great benefit. A
small quantity is found in the vines and must,
but the tannin and sulphur introduced before
fermentation appear to remove it, its presence
in wine not having been definitely proved (».
Muntz, C.B. 101, 895, and Millardet and Gayon,
C. B. 101, 924, and 985).

Cupric nitrate Cu(NOs)2 may be prepared
by dissolving copper or the oxide or carbonate in
nitric acid. The solution at températures above
20°C. deposits dark-blue crystals containing
3 molécules of water, which melt at 114-5° and
boil at 170° with évolution of nitric acid and
formation of a green basic sait. This basic sait
may also be prepared by boiling the solution of
the nitrate with copper or copper hydrate, or with
a little alkali (v. also Copper carbonates for
an application of the basic nitrate).
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Copper nitrate is used to a slight extent in
dyeing and calico printing.

Copper acetate v. Meiallie acetates, art.
Acetic acid.

Copper arsenite v. Scheele's green, art.
Aesenic.

Cupric phosphate is of no technical interest.
Abrilliant green eolour containing abasio phos¬
phate, prepared by printing a mixture of copper
acetate, sodium phosphate and ammonia has,
however, been used for calico printing (Bour-
cart, Uonit. Sci. [3] 4).

Phosphorus combines in several proportions
irith copper, and produces true alloys, which in
many cases are of exceptional value.

Cupric sulphide CuS, occurs as covellite or
indigo copper in blue flexible plates, in Yesuvian
lava, in Chili, and in the copper mines of Mans-
feld. It may be prepared by heating euprous
sulphide with sulphur at a température not
above the boiling-point of sulphur ; by digesting
euprous sulphide with eold strong nitric acid ;
by precipitating a copper solution with sulphu-
retted hydrogen. On the large scale it is ob-
tained as a paste by precipitating a solution of
the sulphate with sodium sulphide. This paste
is used in calico-printing for the development of
aniline black.

Copper carbonates. The normal sait has not
been prepared, but several basic carbonates are
known, and used as blue and green pigments.
Basic copper carbonate occurs native as malachite
Cu(H0)2CuCO3, and as azurite or chessylite
Cu(H0)2.2CuCO3. When ground these minerais
form a fine but expensive pigment.

An anhydrous basic carbonate is precipitated
ou addition of a solution of sodium carbonate
to a hot solution of copper sulphate or nitrate.

Under the names Verditer green, Verditer
blue, Bremen green, and Bremen blue, this
sait is largely prepared for paper-staining &o.
According to Habich (Technologiste, 17, 413),
the following processes are in use. A hundred
parts of old copper sheathing from which im-
purities, oxide, &c., have been removed by diges¬
tion in dilute sulphuric acid, is eut into pièces
and mixed with a paste formed by moistening a
mixture of 99 parts potassium sulphate and 100
parts common sait, and the mixture is stirred
occasionally for some months to ensure thorough
exposure to the atmosphère. The action appears
to consist in the production of cupric chloride,
which in presence of the métal becomes con-
verted into a basic chloride, and finally, by the
action of the oxygen, into an oxychloride. If
the oxidation be incomplète, the subchloride is
not completely oxidised, and as it, when subse-
quently decomposed by alkali, gives an orange-
red precipitate of suboxide, the pigment would
be lowered in value. The oxychloride may also
be similarly prepared from a mixture of 100
parts copper, 60 parts common sait, and 30 parts
strong sulphuric acid diluted with three times
its volume of water ; or by treatment, with free
atmospheric exposure, of copper with a solution
of cupric chloride in hydroehloric acid.

To 100 kilos, of this thick magma of oxy¬
chloride, which has been washed by décantation,
a concentrated solution containing 7 kilos, copper
sulphate and 40 kilos, concentrated soda solution
(32-36°B.) is added. The mixture is vigo-

Yol. I.—T

rously stirred and poured at once into 150 kilos,
of soda solution (20°B.). The precipitate is
washed, passed through a fine hair sieve, and dried
spontaneously or at a température below 78°]?.
If hot air be used in the drying, it must be quite
free from acid or sulphur gases. To produce the
finest colour, desiccation must be perfect.

Habich recommends the following process
for making a verditer which has a very différent
composition from the above. A solution of
copper oxide in nitric acid is treated with potas¬
sium carbonate, which is added in portions until
most, but not ail, the copper has been preci¬
pitated. The green precipitate is washed and
introdueed into a solution of copper nitrate
whereby it is eonverted into a heavy green in¬
soluble basic nitrate. This is digested in a
solution of potassium zincate (formed by dis-
solving zinc in eaustic potash solution). A dark-
blue pigment, of great ' body ' but little weight,
is thus produced. It contains zinc and copper,
apparently combined as a double oxide or as
'
copper zineate,' and a small quantity of basic

copper nitrate. The by-product from this pro¬
cess, potassium nitrate, is also valuable.

Verditer may be prepared by agitating a
solution of copper nitrate with chalk. The
washed pasty precipitate is mixed with 8-10 p.c.
of freshly burnt lime with production of a fine
velvety blue pigment. The precipitate without
addition of lime is green.

According to Gentele, the following process
is adopted at Bremen, Cassel, &c. 225 lbs.
sea sait and 222 lbs. blue vitriol, both free
from iron, are mixed dry and ground between
millstones with water, to a thick paste. This
paste is mixed in strata with 225 lbs. of clean
copperplate eut into pièces about one ineh
square, in wooden chests made without
nails, and the mixture is digested for about
three months with the maximum exposure to
air, the whole being well mixed and exposed
about once a week. When the action is com¬

plété, the undissolved métal is removed and the
precipitate is washed with a minimum of water,
filtered and thrown into a tub. To 180 lbs. of
the magma 12 lbs. of hydroehloric acid (13°B.)
is added, and the mixture is stirred and left for
24 or 36 hours. Six volumes of this solution is
mixed with 15 volumes of caustic alkali (19°B.)
followed after an interval by 6 volumes of water.
The mass is well mixed and left for 36-48 hours,
and is then well washed by décantation, fiitered,
exposed for some time in a moist condition to
the air, and finally dried (v. also Copper mon-

CÔPPER GLANCE. Cuprous sulphide v.
Coppek.

COPPER PAINT v. Coppee.
COPROLITES. Concretionary mixtures of

calcium phosphate and calcium carbonate, de-
rived from the excrements of certain extinct
fishes and reptiles. Eormerly much used in
the manufacture of superphosphate of lime (v.
Manuee).

CORAL is the calcareous substance secreted
by many varieties of four kinds of organisms,
viz. (1) Actinozooids, the principal creators of
coral reefs ; (2) Hydrozooids, of the group of
acalephs, makers of the large common corala
known as millepores ; (3) Bryozoans, producing
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délicate corals in various formg, resembling
mosses, branches, thin filamentary deposits, or
more solid masses [in the Palœozoic limestone
formation this species of coral abounds] ; (4)
Nullipores, which, although closely resembling
millepores, are véritable algœ or sea-weeds ;
they may be readily distinguished from the
millepores by the absence of perforations.

Coral is simply a sécrétion corresponding to
the bone of vertebrates or the shell of mollusca,
and is composed almost entirely of calcium car¬
bonate derived from sea-water and from the
food of the coral-making polyps.

Ordinary coral is somewhat harder than
limestone or marble, and, when tapped with the
hammer, gives out a ringing sound clearer than
is elicited from ordinary calcium carbonate. The
sp.gr. of fifteen specimens examined by Silliman,
averaged 2-523.

Composition of Coral.
S. P. Sharples (Am. S. 31, 168) found

—

Calcium
carbonate

Calcium
phos¬
phate

Water
and

organic
matter

Oculina arbuscida,
N. Carolina . 95-37 0-84 3-79

Manicina areolata,
Florida 96-54 0-50 2-96

Agaricia agaricites,
Florida 97-73 0-53 1-64

Siderastrœaradians,
Florida 97-30 0-28 2-42

Madrepora cervicor-
nis, Florida . 98-07 0-32 1-93

Madrepora palmata,
Florida 97-19 0-78 2-81

Small and variable quantifies of magnésium
carbonate, calcium sulphate, calcium fluoride,
alkaline chlorides, silica, and oxide of iron are
found in corals.

The red coral, Corallium rubrum, varies in
colour from crimson to rose, the latter being
the rarest and, therefore, the most prized. It is
gathered from the rocky bottom and shores of
the Mediterranean ; and it occurs most abun-
dantly at a depth of 25 to 50 feet ; although,
according to Dana, it may be found as deep as
1,000 feet. Forchhammer found 2-1 p.c. mag-
nesia in Corallium rubrum, and 6-36 in Isis
hippuris. According to Trommsdorff, the red
pigment of coral is a resin soluble in oil of
turpentine, and, after removal from the coral by
this solvent, is easily soluble in alcohol and
cther, but insoluble in caustic potash. In a red
madrépore, Vauquelin found a red colouring-
matter which vas turned violet by alkalis.
Moseley bas described in some corals and allied
organisms a red colouring-matter (Polyporphyrin)
which is insoluble in water, glycérine, alcohol,
ether, and in strong solutions of ammonia and
potash. It is soluble in moderately strong sul-
phuric, nitric, or hydroehlorie acids. For the
formation and distribution of coral and coral-
reefs &c. v. Corals and Coral Islands, J. D. Dana;
Coral-reefs, Darwin ; Murray, in Proc. R. Soc.
Edinb. 1880, p. 505. F. also Forchhammer
(J.pr. 49,52; J. 1847, 1291; 1849,813; 1851,

865 ; 1852, 958-961) ; Sharples, loc. cit. ; Mose¬
ley, Qu. Journ. Microsep. Sci. vol. xvii. 1877.

C0RALLINE v. Aukine.
COEDIALS and LIQUEURS are compounds

of weak spirit sweetened and flavoured witii
spices, fruits, or other substances. The fruit-
essence which it is desired to use having been
obtained by distillation, it is added to a syrup ol
the sugar and spirit. The spirit must be ' silent,'
i.e. of so great purity as not to betray its origin,
otherwise the flavour is impaired. If the fruit
or other source of the flavouring is used in bulk,
it is allowed to digest in the syrup for a period
of 6 to 40 days, according to its charaoter.
The French are adepts in the manufacture ol
these préparations, and their use is more général
with them than in this country, under such
names as absinthe (flavoured with the tops ot
the absinthium), groseille (currant), anisetk
(aniseed), and numerous others. Extracts pre-
pared in this manner are, however, largely used
in England in confectionery and eflervescing
waters.

COEIANDEB, OIL OF, v. Oils, essential.
CORK. The bark of Quercus Suber, a tree

which grows in the south of France, Italy, and
Spain, in North Africa and in the East. The
bark is stripped from the tree in square sections,
steeped in water, flattened under weights and
dried before fires. It possesses a singular elas-
ticity and toughness which make it available for
stoppering bottles and other similar purposes.
Its lightness, moreover, leads to its use for life-
belts and other purposes where exceptional
buoyaney is required. The refuse of cork also,
in the form of a kind of sawdust, is employed
in the manufacture of a earpeting for floors.

Cork consists for the most part of suberin, a
form of cellulose. Suberin may be obtained
by exhausting the bark with solvents such as
alcohol, ether, and sulphuric acid. Chevreul
found also a fragrant substance cerin, a soit
resin, a yellow and a red colouring matter,
quercitannic acid, gallic acid, and a brown uitro-
genous substance, salts of vegetable acids,
calcium, and water. By treatment with nitric
acid cork yields oxalic, suberie, and ceric acids.

Anonapalustris, or cork-wood, growing in the
West Indies, furnishes a soft wood from which
corks are made.

Cork, or Korker. The name given in the
Highlands of Scotland to Lecanora tartans.
It is made into a dye by bruising the lichen and
macerating it in putrid urine for a space of
several weeks, a quantity of sait being added.
When the required crimson or purple colour is
extracted, the material is brought to the consis-
tency of a paste by the addition of lime 01- burnt
shells, and is dried. As required for use the dried
substance is powdered and boiled with alum.
In Shetland both the dye and the lichen are
called Korkalett.

COENEOUS LEAD v. Lead.
COENISH CLAY v. Clay.
CORNISH STONE v. Clay.
C0RNUTINE v. Ekgot oe rye.

CORUNDUM. (Corindon, Fr. ; Korund, Ger.)
Native alumina ; so called from its Hindu name
Kurand, whence it is assumed that the minerai
was originally brought to Europe from India.
From its hardness, which is second only to thatof
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the diamond, it is sometimes known as adaman¬
tine spar (Diamantspath, Ger.). Most mineralo-
gists, following Haiiy, use the term corundum
in an extended sense, so as to include the three
minerais, adamantine spar, sapphire, and emery.
Emery is an impure variety, never crystallised
(ti. Eheky), but the other varieties crystallise in
the rhombohedral System, usually in double six-
sided pyramids and rhombohedra, with the basai
plane. The cleavage is rhombohedral, and the
minerai also splits, more or less interruptedly,
parallel to the base, in conséquence apparently
oi its laminated texture. The lustre is vitreous,
and therefore différent from that of diamond ;
some varieties exhibit a pearly lustre on the
basai plane. It is optically uniaxial ; double
refraction négative, tu = 1-769, f = 1-750. The
coloured varieties are markedlypleoehroic. H. 9 ;
sp.gr. 3-9-4-1. Infusible before the blowpipe ;
but with borax fuses, with difficulty, to a clear
glass. Unattacked by aeids. The fine powder
strongly heated with cobalt solution gives the
characteristic blue eolour of alumina.

The dull-coloured and opaque varieties, to
which the term corundum is sometimes re-

stricted, oecur chielly in India, China, Siberia,
and the United States. The minerai lias been
obtained for âges from the old crystalline and
metamorpliic rocks of Southern India, notably
from the Salem District, Madras. Large de-
posits, of grey, red, or purple tints, occur near
Singrauli, in S. Rewah, where it is systema-
tically worked. The hardness of the minerai
renders it difficult of extraction, and fire is
often lighted against the face of the rock to aid
in loosening fragments. The matrix of the
Salem corundum was described by De Bournon
as a distinct minerai under the name of
Indianite, but it appears to be only a variety of
the felspar, anorthite. According to Newbold,
the Indian corundum occurs in gneiss, mica-
schist, or hornblende schist. (On Indian corun¬
dum v. Man. Geol. Ind. 3 [V. Bail], 1881, 421 ;
and vol. 4 [F. E. Mallet], 1887, 46.)

In America large deposits of corundum occur
in the older rocks of the Atlantic States, espe-
cially in N. Carolina and Georgia. In 1871 it
was discovered by C. W. Jenks at Corundum
Hill, Maçon, N. Carolina, where the eommon
varieties passed into brightly-coloured trans¬
parent forms, sufficiently fine in some cases to
be eut as gem-stones, and interesting as afïord-
ing the first instance of the occurrence of ruby
and sapphire in their original matrix (Q. J. G. S.
30,1874, 303).

This deposit, as well as that at Laurel Creek,
Georgia, is now extensively worked by the
Hampden Emery Company. The corundum at
both localities occurs in association with perido-
tite and hornblende gneiss. Blocks weighing as
much as 5,000 lbs. each have been extracted.
The corundum is prepared for the market by a
succession of crushings and washings, the
dressed minerai being finally sifted so as to
separate it into various grades of fineness, dis-
tinguished in trade by numbers ; the finest and
least valuable being known as ' flour.' The
crushing is performed by means of stamps and
rollers, but these require fréquent repair in con¬
séquence of rapid wear due to the extreme hard¬
ness of the minerai. It is more difficult to

crush corundum than emery, in conséquence of
its superior hardness.

Corundum is largely used as an abrading
agent. Taking the abrasive power of sapphire
as 100, that of the American corundum varies
from 90 to 97, while that of Naxos emery is
only between 40 and 57. The abrasive power,
or ' effective hardness,' is estimated by rubbing
a weighed sample of the minerai on a piece of
plate-glass ; the glass is weighed before com-
mencing the opération, and is re-weighed from
time to time during the grinding, when its ldss
afïords an estimate of the abrading power of the
substance. Of late years corundum has been
largely used in the form of ' corundum wheels,'
whieh are prepared by incorporating the coarsely-
crushed minerai with a médium that adrnits of

being readily moulded. (On American corundum
v. T. M. Chatard in Bul. U. S. Geol. Surv. No.
42, p. 45 ; and Min. Ees. U. S. for 1883 and
1884, 714 ; and W. A. Raborg, id. for 1886, 585.)

The transparent varieties of corundum, when
eut and polished, are highly valued as gem-
stones. When blue it is termed sapphire, v/hile
the clear colourless stones often pass under the
name of white sapphire. The red varieties are
known as ruby, or as oriental ruby, the qualify-
ing word being used to distinguish it from in-
ferior stones, such as spinel, which are also
termed ' ruby.' Barklyite is a turbid magenta-
tinted corundum from Victoria. The other co¬

loured corundums are generally known as ' orien¬
tal ' stones ; thus the yellow varieties, though
sometimes called yellow sapphire, are usually
termed oriental topaz; the purple stones are
distinguished as oriental amethyst-, and the
green corundum, which is the rarest of ail, is
prized as oriental emerald. The following
analyses of some typical forms of corundum
were made by J. Lawrence Smith (Am. S. [2]
II, 1851, 54):

A1303 Fe30, Si03 CaO H02
Sapphire (India) . 97-51 1-89 0-80 — —

Ruby (India) . 97-32 1-09 1 21 — —
Corundum (India) 93-12 0-91 0-96 1-02 2-86
Corundum (Asia

Minor) . . 92-39 1-67 2-05 1-12 1-60
It is believed that the ruby owes its colour to

the presence of oxide of chromium. When
strongly heated it becomes green, but regains its
normal colour on cooling. The nature of the
colouring matter of sapphire is not well under-
stood ; and though cobalt has been suggested its
presence has not been proved, and it seems
likely that some compound of chromium is here
also the tinctorial agent. Certain sapphires be-
come deeolourised by heat. It is notable that in
many sapphires the pigment is very locally dis-
tributed, so that the stone is parti-coloured.

Haidinger's dichroiseope, which is frequently
used to distinguish one gem-stone from another,
may sometimes be usefully applied to the co¬
loured corundums. In many sapphires the two
images differ greatly in tint, one being dark
blue while the other is pale bluish-green, or even
yellowish ; in other sapphires, however, the dif¬
férence of tint is very slight. In dealing with
highly pleoehroic stones, the phenomenon may
be observed with the unaided eye. Thus certain
sapphires appear blue when viewed in the direc¬
tion of the optic axis, or along the principal
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axis o£ the prism, and green at right angles to
this direction, or perpendicularly to the pris-
matic faces. In ruby the dichroism is not so
marked as in sapphire. Viewed in the dichroi-
scope one image may be deeper than the other ;
the red of the one inclining to violet, that of
the other to yellow.

The ruby may be distinguished from ail other
red stones by its superior hardness. From spinel
and rubellite it may be separated by its high
spécifie gravity. If the dichroism can be de-
teeted, this character will distinguish it from
either garnet or spinel, since these minerais
crystallise in the cubic System and are eonse-
quently not pleochroic.

Coloured corundums frequently contain mi¬
nute fluid cavities and microscopic crystais,
which have been studied by H. C. Sorby and
P. J. Butler (Pr. 17, 1869, 291). According
to these observera the fluid cavities are more

numerous in sapphire than in ruby ; while the
inclosed crystais are more abundant in ruby
than in sapphire. The inclusions often give a
milky and defective appearance to the stone,
and when definitely orientated produce curious
optical phenomena. It seems due partly to
these lines of inclusions, and partly to a System
of striations intersecting at 60°, that certain
oorundums, when eut with a convex surface,
display by refleeted light a luminous six-rayed
star. This phenomenon is not uncommon in
blue-grey opalescent sapphires, which are conse-
quently known as astericts or star-sapphires
(Saphir astérié; Stemsapphir). It is notable
that the hardness of the sapphire slightly ex-
ceeds that of the ruby.

Sapphires are found as rolled crystais and
pebbles in detrital deposits in Ceylon ; and they
oecur with rubies in Upper Burma. A few years
ago fine sapphires were discovered in the
Zanskar range of the Himalaya mountains ; and
large deposits of dark-eoloured stones have been
found in the province of Batambong in Siam.
Near Helena, in Montana, U.S., rolled crystais
of sapphire are found in placer mining. In
Europe small sapphires occur in certain basaltic
rocks, as in the Siebengebirge on the Ehine, and
at Expailly, near Puy-en-Velay in France ; but
the European stones are worthless.

Sapphire is not uncommon in the gold-bear-
ing drifts of N. S. Wales and Victoria, but the
ruby is rare. The late A. M. Thomson, of
Sydney, made the following analyses, cited by
A. Liversidge in the Min. of N. S. W., 1888,
196:

AIa03 Fe„03 CaO MgO
Sapphire (Mudgee) . 98'57 2-25 0-45
Euby (Two-mile Fiat) 97'90 1-39 0-63 0*52

Most, if not ail, of the so-called ' Australian
rubies ' recently (1888) brought to this country
are merely garnets. In like manner the garnets
from the diamond mines at Kimberley pass in
trade under the name of ' South African rubies.'

The true ruby is of much more limited dis¬
tribution than the sapphire. It occurs but
sparingly in the gem-bearing détritus of Ceylon,
where sapphires are common. The chief ruby
localities are at Mogok, Kyatpyen, and Kathey,
in Upper Burma, where the rubies occur in
detrital deposits and in a bed known locally as
pyon. (R. Gordon, P. E. G. S., May 1888,

261). The Burmese ruby has been found by
Barrington Brown in a matrix of calc-spar («,
Proc. Geol. Soc. 1888, 91 ; and G. S. Streeter,
Journ. Soc. Arts, Feb. 22, 1889).

The artificial production of ruby has been
effected at various times by Gaudin, Elsner,
Ebelmen, De Senarmont, Sainte-Claire Deville,
and Caron and Debray ; but it was not until the
experiments of Fremy and Feil in 1877 that
the substance was obtained on a commercial
scale. By fusing a mixture of alumina and red
lead in a fire-clay crucible, these experimentalists
obtained a fusecl aluminate of lead, which was

decomposed by the silica of the crucible with
formation of silicate of lead, while free alumina
crystallised out, on cooling, as white corundrm.
By the admixture of from 2 to 3 p.c. of potassium
bichromate with the original materials, the re-
sulting alumina separated in the form of ruby,
while the association of a small proportion of
oxide of cobalt with the potassium bichromate
determined the production of sapphire (C. E.
85, 1877, 1029). More recently Fremy and
A. Verneuil obtained fine artificial rubies by the
reaction of barium fluoride at a red heat oa

amorphous alumina containing traces of potas¬
sium bichromate. The substance thus obtained
possesses ail the physical characteristics of
natural rubies, and Des Cloizeaux has shownthat
they agree in crystalline form (C. E. 106, 1888,
565, 567).

The jewellery trade was much disturbed about
1886 by the appearance of large numbers of
rubies, of fine colour, sold by a house in Geneva.
Having excited suspicion, the stones were placed
by the Paris ' Syndieate des Diamants ' in the
hands of M. Friedel for careful examination. He
found them to agree with the natural ruby in al!
respects, except that they contained little
spherical blebs, readily seen with a hand lens;
whence he concluded that they had been formel
by the fusion of a number of small rubies.
Stones of small size are of eomparatively little
value, while a large ruby, of fine colour, always
commands a very high price. Terreil and
Verneuil have fused amorphous alumina in the
oxyhydrogen blowpipe, and E. Jannettaz has
examined the behaviour of this product when
subjected to electric discharge in Crookes's ex-
hausted tubes, and found it to agree with that
of the Geneva rubies and the natural corundum
by glowing with a vivid red light (Bl. S. F. 11.,
9, 1886, 321). G. F. Kunz, of New York,
after an exhaustive examination of the Geneva
rubies, has concluded that they were manu-
factured by Fremy and Feil's method, and not
by fusion of small stones, since fusion lowers the
density, Gaudin having shown that amorphous
alumina after fusion in the OH blowpipe has a
sp.gr. of only 3'45 (Min. Ees. U. S. for 1886,601;
Trans. N. Y. Acad. Se., October 4, 1886).

F. W. E.
CORTJNTINE v. Vkgeto-alkai.oids.
CORYDALINE v. Veoeto-aikaloids.
COTTON is the soft hairy filament inclosing

the seeds of various species of the plant Gossypitm,
nat. ord. Malvaccœ. These plants are either her-
baceous, shrubby, or arboreous in habit, and aie
said by Parlatore to embrace seven primary
species. Other botanists limit the classito
tion to four distinct species, the rest, in their
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opinion, being merely varieties. The four
enumerated are

1. Gossypium barbadense, herbaceous, em-
bracing the long-stapled Sea Island cotton and a
large part of the crop of Alabama, Mississippi,
and other States of North America.

2. G. peruvianum, arboreous, indigenous to
Peru, Brazil, and neighbouring countries of
South America.

3. G. herbaceum, shrubby, indigenous to Asia,
producing Indian or ' Surat ' cotton.

4. G. arboreum, tree-like, China and India.
The cotton-piant flourishes best in a warm damp
climate, free from excessive rains and frost.
Seed is sown from March. to May, and picking
takes place from August to October according to
circumstances. The seeds of the plant are in-
closed in a pod containing along with them
fibrous locks of cotton-wool which on the burst-
ing of the ripened pod is seen to be of a some-
what variable whiteness. The fibres are at-
tached to the seeds and require to be torn from
them by ginning after being picked from the
bolls.

Crum described the fibre of mature cotton

Length and Diamc

as consisting of a hollow, shrivelled, irregularly-
twisted cylinder thickest at the seed from which
it originates and gradually diminishing as it
recedes from it. Bowman, who has minutely
examined and delineated the structure of the
fibre, finds three main groups:

1. Those where no internai structure is ap¬
parent.

2. Where the structure seems to be simply
tubular with a well-defined transparent cell-
wall.

3. Where the structure is tubular and the in-
terior of the cell filled with secondary deposits
which almost entirely fill up the internai cavity,
giving the fibre a dense, almost opaque appear-
ance.

The same authority states that the fibres of
wild cotton exhibit large and weak tubes when
compared with cultivated specimens. The value
of the cotton commercially is affected by even
thickness of the fibre, but still more by the length
of the staple. The following table shows the
relative length and diameter of fibre in various
descriptions of cotton :—

ir of Cotton Fibres.

Length of staple Diameter of fibre
Place of growth Description of cotton

Inches Inches

Min. Max. Menn Min. Max. Mean
United States New Orléans 0-88 1-16 1-02 •000580 •000970 ■000775
Sea Island . Long stapled 1-41 1-80 1-61 •000460 •000820 •000640
South America . Brazilian . 1-03 1-31 1-17 •000620 •000960 •000790
Egypt .

f
Egyptian . 1-31 1-52 1-41 •000-590 •000720 •000655
Indigenous . 0-77 1-02 0-89 •000649 •001040 •000844

India . . <
American seed . 0-95 1-21 1-08 •000654 •000996 •000825
Sea Island andl Egyptian seed . 1-36 1-65 1-50 •000570 •000864 •000730

(From the Science of Modéra Cotton Spinning, vol. 1, by Evan Leigh.)
Perfectly ripe cotton fibre consists of almost

pure cellulose. There are, however, other sub¬
stances usually présent. Sehunck treated yarn
with boiling water containing soda-ash, and
mixed the resulting dark-brown liquor with an
excess of sulphuric acid which gave a precipi-
tate of a light-brown colour. Two estimâtes
gave—

Dkollerah 0-337 p.c.
Middling Orléans, 0-480 p.c.
Cotton contains from 2-3 to 6-9 p.c. of ash

consisting chiefly of oxide of iron, alumina, and
aluminium silicate, the remainder being calcium
sulphate and sodium sulphate. The other sub¬
stances consisted of—

1. Cotton-wax, a substance closely resem-
bling vegetable waxes such as cerosine prepared
from the leaves of the sugai'-cane, and the wax
from the leaves of the Carnauba palm (Corypha
cerifcra). It is insoluble in water, but soluble
in alcohol and ether; it fuses at 86°C., and
solidifies again at 80° to 82°C. Pure cotton-
tvax is insoluble in caustic alkalis ; it contains
C 80-3, H 14-4, O 5-3.

2. Fatty acid, similar to margaric acid or a
mixture of stearic and palmitic acids, fusing at
S5-5°C. and solidifying again at 50-ô°C., and
of the composition, C 75-5, H 13-0, O 11-5.

3. Colouring matter A, easily soluble in
alcohol, containing from 5-22 to 8-03 p.c.
nitrogen ; one specimen gave C Ô8-48, H 5-80,
N 5-31, O 30-41.

4. Colouring matter B, scarcely soluble in
alcohol :—C 57'77, H 6-05, N 8-74, O 27*44.

5. Pectic acid.
6. Albuminous matter.
Mem. Lit. and Phil. Soc., Manchester ;

Sehunck [3] 4 ; and Bowman's Structure of the
Cotton Fibre.

/CH:CH
COUMARIN C„H802= CSH / | (1, 2),

\0-CO
was obtained by Yogel (Gilb. Ann. 64, 161) in
1820, from the tonka bean (the seed of Dipterix
(Coumarouna) odorata), or from the melilot
(Melilotus offidnalis), and from the woodruff
(Aspcrula odorata), but was mistaken by him for
benzoic acid. Guibort, however, showed that
the crystalline odoriferous principle of the tonka
bean was distinct from benzoic acid, and named
it coumarin. It occurs in many other plants.

It was first obtained synthetically by Perkin
by heating the sodium compound of salicylalde-
hyde with acetic anhydride (C. J. 1868, 53) or
more simply by boiling together salicylaldehyde,
acetic anhydride, and dry sodium acetate (C. J.
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1887, 388 ; see also Tiemann and Herzfeld, B. 10,
284). Acetyl-coumaric acid is first formed :

rTT AJHO CH3.CCK „+ch,.co/u
_ P tt /CH'.CH.COOH . „n
- tV14<,o.co.ch3

whieh then parts with aoetic acid yielding
coumarin :

p T, /CH:CH.COOH
6 4\O.CO.CH3

.CHtCH

=c6h/ | +ch3.cooh.
\0—CO

Coumarin is also formed in small quantity
by heating a mixture of phénol and malic acid
with sulphuric acid :

CH„ COOH
C6H5.OH+|

CH(OH).COOH
,CH:CH

= C6H,< I + CO + 3H20
x>—co

(Von Pechmann, B. 17, 929).
It forms rhombic crystals melting at 67° ;

boils at 290-290-5°; lias a pleasant, aromatie
odour ; is scarcely soluble in cold water, readily
soluble in boiling water, yery soluble in alcohol
and ether.

It dissolves in caustic alkalis, and is re-

precipitated on addition of acids. If, however,
it is lieated for some time with concentrated
caustic alkali, or better, with sodium ethylate, a
solution is formed from whieh acids precipitate

•

1 en /CHtCH.COOH „coumaric acid (1, 2).
This compound can be reconverted into cou¬
marin by heating it with acetic anhydride ; but
when heated alone it is decomposed, yielding
phénol and other substances.

In Germany, woodruff (Ger. Waldmeister) is
steeped in white wine, to whieh it imparts the
pleasant aroma of coumarin (Maiwein, Mai-
trank). Instead of woodruff, an alcoholic solu¬
tion of coumarin is employed for the same
purpose under the name of Maiweinessenz.

In larger doses coumarin is stated to have a
narcotic action. P. H. J.

COUPIER'S BLTJE v. Indulines.
COVELLITE. Cupric sulphide v. Copber.
COWDIE GUM v. Resins.
COW TREE WAX v. Wax.
CREAM OE TARTAR v. Tartaric Acid.
CREATINE Methyl-glycocyamine

NH : C(NH3).N(CH3)CH.,.COOH
in the anhydrous state forms an opaque, white,
solid, inodorous substance, possessing a some-
what bitter acid taste. Its monohydrate crystal-
lises in clear prisms, losing their water of crys-
tallisation at 100°C. Creatine is soluble in
about 70 parts of water, but almost insoluble in
absolute alcohol. Creatine is one of those con¬

stituants of meat soups and extracts whieh im¬
part appetising taste and stimulating action to
the heart and muscular centres. T. J. Mays
has shown that creatine solutions as weak as

1:2,000 are capable of re-animating a frog's
heart whieh has been fatigued, and finally ar-
rested, by administration of sodium ehloride.
Robert (C. Z. 1888, 1662), as the resuit of expei'i-
ment, recommends this principle as of undoubted

value as an excitant of muscular action in the
case of the heart, digestive organs, and gênerai
muscular System (S. C. I. 8, 476).

CREOSOTE or KREOSOTE (from rcpAs, con-
tracted genitive of Kpeas, meat, and creéfa, I save
or preserve). Wood tar, and coal tar, when sub-
jected to distillation yield fractions technically
known as ' ereosote,' both of whieh, the latter
more espeeially, find extensive and important
uses in the industrial arts.

Reichenbach, in the year 1832, applied the
term ' kreosote ' to a substance derivei from
wood tar, and whieh had been found to possess
powerful antiseptic properties ; shortly after-
wards Runge discovered carbolic acid in coal tar,
and the two products were for a considérable
time regarded as identical ; similar compounds,
however, have since been procured from other
sources, and in view of this fact, and in order
to avoid confusion, it has been suggested tbat
the term ' ereosote ' sliould be applied in a

generic sense as referring to the phénols and
phenoloid bodies derived indifferently from wood
tar, coal tar, blast-furnace tar, and shale oil.

Wood-tar ereosote. The tar derived from
the distillation of beechwood, when subjected
to further distillation, yields certain fractions
that are heavier than water, and whieh after
agitation with solution of caustic soda, and
séparation from insoluble oils, are boiled with
free access of air in order to oxidise varions
impurities présent ; the alkaline solution thus
obtained is decomposed with dilute sulphuric
acid, the crude ereosote whieh separates is again
submitted to a similar alkaline and acid treat-
ment, and the product finally distilled, reserving
the fraction passing over between 200° and 220°C.
This represents the ordinary ' wood-tar ereosote'
of commerce. It is a complex mixture of phen¬
oloid compounds, the proportions of whieh are
materially influenced by the method originally
followed in distilling the beechwood from whieh
it was obtained.

Wood-tar ereosote when freshly prepared is
a colourless, transparent liquid of an oilycon-
sistency, and whieh retains its fluidity at a very
low température ; its sp.gr. varies from 1-037 to
1-087 ; it boils at 205-225°C., and dissolves in
about 200 parts of water; its odour is strong
and penetrating, resembling that of wood smoke,
or rather of smoked meat; it refracts light
powerfully, and burns with a very sooty flame.
Wood-tar ereosote is powerfully antiseptic, but
its power of coagulating albumen has been
denied ; nevertlieless, it préserves animal sub¬
stances as effectively as carbolic acid. It is less
caustic than carbolic acid and is not poisonous.

Wood-tar ereosote rnay be regarded as con-
sisting of a mixture of compounds included in
several homogeneous sériés, chiefly of acid me-
thylic ethers of catechol, and the presence ol
the following bodies has been established

Boiling
Name Formula point

1. Monohydric phénols :

^acid1' CalbollCj- CfiH5OH . . 182'
Phc°acid1' °reSÏ!} C6H4(CH3)OH . 203'
X ra?01: °r pU°;} C„H3(CH3)3OH . 220»
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2. Methylic ethers of dihydric phénols :
Boiling

Name Formula point
Guaiaeol, or ni g- 1 n rr / OCH3 "f onn°

Ihyl eatecholate / 6 4 \ OH f
Creosol, or methyl 1 r nnur i1

rnflTT3j 219'methyl-catecho- j> C,;H3(CH3) j qjt 3
late . J ^

Homocreosol, or "1
dimethyl-guaia- l
col :r CSH2(CH3)2{°°H3} 230°

Cœp®c°orr:} CfiH3(C3H;,{^H3|241o
3. Metliylic etliers, or trihydric phénols :

Dimethyl pyrogal- \ C H (o^allate

Dimethyl-methyl-
pyrogallate

Dimethyl - propyl-
pyrogal"
camar)

Methyl - propyl
pyrogallate

"J I.OH 'j
f OCH,

253°

C6H.,(CH3) OCH3 ' 265°
lûH {
rooHsi

pyrogallate (pi- J> C.HHC.H,) \ OCH3 l 2S5°
lOH J
fOCH31

CSH„ (C3H.) s OH 1 290°'

lOH J
Of these compounds phénol is présent in

extremely small quantity, paracresol in larger,
and phloral in notable proportion, but the two
principal eonstituents of creosote are guaiaeol
and creosol, although not equally présent in ail
varieties ; guaiaeol, according to Allen, prédomi¬
nâtes in Rhenisli creosote, whilst with Morson's
creosote from 'Stockholm tar,' creosol is the
chief constituent. Homocreosol, and cœrulignol
are présent in small quantity only, but, according
toGràtzeljthe latter bodypossesses such energetic
and astringent qualities that a single drop
placed on the tongue causes bleeding ; purified
creosote should therefore be absolutely free from
this compound which may be detected by the
Mue colouration produced by barium hydroxide.

The less valuable portions of wood-tar creo¬
sote have been found by A. W. Hofmann to
contain the methylic ethers of pyrogallol and its
homologues ; these bodies are of interest from
the remarkable colouring matters (originally dis-
«overed by Runge) which may be derived from
them by oxidation ; thus, if the odium derivate
of dimethyl pyrogallate be mixed with the sodium
derivate of dimethyl methyl-pyrogallate and
excess of sodium hydrate, and heated in the air,
a substance called eupittonic acid is formed
according to the following équation :—

(CsH10~03)2 + CaH,A, + 03 = C2iH2s09 + 3H..0
Eupittonic acid lias the constitution of a hexa-
methoxyl aurin, C19Hs(0CH,)e03. Reichenbach's
* pittacal,' called by Wichelliaus ' eupittone,' was
a sait of eupittonic acid. Wood-tar creosote lias
been met with adulterated to a considérable
extent with crude carbolic and eresylic acids,
and from the fact that the reactions of these
substances closely resemble those of wood
creosote, the distinction between the two, es-
pecially when in admixture, is attended with
some difficulty. Genuine beechwood tar is
soluble in solutions of caustic alkalis, and
forms a crystalline compound with potassium
hydrate, but not with soda ; on the other hand,
it is practically insoluble in strong ammonia.

An alcoholic solution should give no eoloura-
tions whatever (blue or red) with baryta water ;
such colouring indicates the presence of cœru¬
lignol and other impurities.

Wood-tar creosote is sharply distinguished
from the coal-tar acids by its insolubility in
absolute glycérine ; it is also distinguished from
the coal-tar acids by its reaction with an ethereal
solution of nitrocellulose ; shaken with half its
volume of collodion, B. P., Calvert's No. 5
carbolic acid coagulâtes the gun-cotton. Morson's
creosote does not preeipitate the nitrocellulose
from collodion, but mixes perfectly with the
ethereal solution; when a mixture of equal
volumes of Morson's creosote and Calvert's No.
5 acid is thus treated with the collodion, the
précipitation of nitrocellulose is very marked.

Coal-tar creosote, Heavy oils, Dead oils.
This substance, both as regards the magnitude
of its production, and the extensive uses to
which it is appliéd, oecupies a position of con¬
sidérable interest and importance. As a distil-
late derived from coal-tar it represents the frac¬
tion passing over between 204°C. and 404°C.

As far as can be gathered from trustworthy
statistics the annual production of creosote in
the United Kingdom amounts to about 29,900,000
gallons, which is now more or less disposed of
in the creosoting of timber, softening of hard
pitch, as liquid fuel, for lighting, burning for
lamp-black, as an antiseptic, and as a cattle wash
for the destruction of animal parasites. Coal¬
tar creosote differs considerably in appearance
and character ; that known as ' London make '
exhibits a deep-greenish shade, and is more or
less fluorescent ; it is highly charged with
naphthalene, and is not unfrequently viscid or
semi-solid-at ordinary températures. 'Midland
or country ' creosote shows less fluorescence and
is both thinner and more volatile. The ' Scotch '
créosotes derived from cannel coal are still
thinner and proportionately more volatile, and
not unfrequently lighter than water ; creosote
oil from London coal-tar is always heavier than
water, the sp.gr. of the portions last distilling
reaching as high as 1*10, but the mean of the
mixture may be taken at l'065, while for country
make it seldom exeeeds l'05. Coal-tar creosote

possesses a strong unpleasant odour, highly
eharacteristic of the fluid, and which readily
distinguishes it from ail others.

Any attempt to détermine the absolute com¬
position of coal-tar creosote is attended with
much difficulty, but the following substances are
known to be présent ; Naphthalene, phenan-
tlirene, anthraeene, pyrene, chrysene, carbazole,
benzerythrene, and other solid hydroearbons
accompanying the distillation of the tar.

Various phenoloid. bodies are also présent
consisting of carbolic and cresylic acids, with
higher phénols concerning which little is really
known : Basic substances consisting of the
heavier members of the pyridine sériés, crypt-
idine—quinoline—and acridine are also présent
together with the so-called indiffèrent oils, fluid
at ordinary températures, and about which still
less is known. Carbolic and eresylic acid vary
greatly in the proportion found; for 'London
creosote ' the average yield of total tar acids may
be stated at 4 to 7 p.c. ; while for ' country make '
the quantity is often considerably higher, the
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the bulk of the pyridine or basic bodies contained
in the coal tar passes over in distillation of the
lighter oils.

Employment of creosote oil for preserving
timber (creosoting).—The préservation of timber
by antiseptic treatment, more especially when
employed for railway sleepers, telegraph pôles,
piles for harbours, marine, and such like pur-
poses, has become an established industry, the
importance of which is now widely recognised
both in England and abroad. By far the larger
portion of the oils distilled from gas tar is con-
sumed and utilised in the creosoting of timber,
and to an extent that has from the earliest period
of the opération closely connected it with the
process of tar distilling ; indeed, there is little
difficulty in tracing the earlier development of
' tar distilling ' to the demands for such oils con¬
séquent upon the introduction of Bethell's pro¬
cess in the year 1838.

The préservation of timber by antiseptic
methods has engaged the attention of many
chemists and engineers ; and in the treatises of
Adolf Mayer,Chemische Technologie des Holzes
(Braunschweig, 1872), Burescks lier Sehutz des
Holzes (2nd éd., Dresden, 1880), and Heinzer-
ling's Die Conservirung des Holzes (Halle, 1885)
a vast amount of détail has been furnished.
From Mr. Boulton's treatise (The Antiseptic
Treatment of Timber, Proc. Inst. Civ. Eng.
1883-84, 78, 4) \ve gather that as far baek as
the year 1838 four important Systems of preserv-
ing timber were before the public, viz. : (1) Cor-
rosive sublimate, known since 1705, and again
introduced by J. H. Kyan ; (2) sulphate of copper,
known since 1767, principally introduced by
Margary and Boucherie ; (3) chloride of zinc,
known since 1815, patented again by Sir W.
Burnett ; and lastly, (4) heavy oil of tar, after-
wards called creosote oil, by John Bethell ; the
latter process exceeds the others in utility, and
in England has replaced them entirely.

The apparatus generally used for the creosot¬
ing of timber was originally suggested by Bréant,
director of the Paris Mint in 1831, modified by
J. Bethell, and finally considerably improved by
H. P. Burt. Practically it consists of a strong,
horizontal, wrought-iron cylinder 6 to 7 feet in
diameter, and 30 to 60 feet long. The timber to
be impregnated is packed on iron trucks which
are run upon rails into the cylinder, the opening
to which is finally closed by an air-tight cover
swung in front of the cylinder. Attached to this
cylinder is a suitable air-pump, by means of
which the contained air is withdrawn until the
air-gauges indicate an exhaustion equal to the
| or J of an atmosphère ; creosote oil heated to a
température of about 50° is then admitted, and,
in conséquence of the partial vacuum and removal
of air from the pores of the wood, penetrates to
some extent into its mass ; when the oil ceases
to be imbibed, a force-pump is brought into play,
and more creosote is injected into the cylinder
till a pressure of 8 to 10 atmosphères has been
obtained. This opération is maintained for
several hours, during which time fir timber, under
treatment, will take up from 40 to 60 gallons per
load of 50 cubic feet. One of the chief difficulties
encountered in carrying out the process thus
described is the presence of moisture in the
timber; as freshly eut, or as removed from the

' timber ponds,' it is not in a condition suitable
for creosoting, and requires several momhs
stacking as a preliminary to the opération.
Numerous attempts have been made to obviate
the loss of time conséquent upon this method of
drying, but ail endeavours to employ artifieial
heat have failed. It has been found that the
application of such heat at a température suffi-
cient to drive off rapidly the contained moisture
invariably injures the woody fibre.

Attempts have also been made to injeet
creosote oils in the state of vapour (Lukin, 1812 ;
Franz Moll, 1836 ; and Bethell, 1864), but the
heat of the injected vapour seriously impaired
the value of the timber.

Blythe, of Bordeaux (G. P. 10, 423), patented
a method of injecting superheated steam into
creosote oil, and allowing the mixed vapours of
steam and oil to act upon the timber. This
process has been tried on a large scale, especially
in France ; but the difficulties attending the in¬
jection of creosote into timber in the form of
vapour are as yet insuperable. By no method
can creosote be volatilised and injected under
pressure, except at a température which will
injure the timber. The boiling-point of creosote
ranges from 204,5°C. to 404-5°C., whereas it is
dangerous from an engineering point of view to
subject timber to a greater heat than about 121°C.
In practice, therefore, the température neces-
sary to volatilise the creosote is not reached,
whence it follows that only the vapour of water
can be driven into the creosote ; hence, wherever
this process is still used, it is supplemented by
the injection of creosote in the ordinary fluid
condition (v. Mittheilungen des Arehitekten-
und Ingenieur-Tereines im kônigreiche Bijhmen,
and Minutes of Proceedings of Civil Engineers,
78, part 4, Session 1883-4).

One of the most effective methods of dealing
with damp timber is that patented by S. B.
Boulton (B. P. No. 1854 of 1879), by which the
timber may be introduced into the creosoting
cylinder quite wet ; it may be briefly described
as follows :

The timber to be creosoted is placed in a
cylindrical vessel provided with a somewhat high
dome, and from which an exit pipe passes on-
wards to a condensing worm and receiving tank
in

. direct connection with an air-pump. After
the air has been withdrawn in the usual manuer,
the creosote is introduced at a température of a
little above 100°C., and in quantity so that the
dome shall at ail times be empty. The exhaust-
ing process is continued until the whole of the
moisture contained in the pores of the wood has
been vapourised by the heat of the creosote oils,
and has been drawn away by the air-pumps con¬
nected therewith.

As the température employed is considerably
below the boiling-point of creosote, this liquid is
not converted into vapour, and with charges of
wet sleepers the patentée has succeeded in with-
drawing water equal to 50 gallons per load of
timber, and replacing this water with an equal
volume of creosote by the action of the air-pump
alone. The process thus described involves a
trifling additional cost and a few more hours for
the treatment of very wet timber, but the ex-
penditure in time and money is not so great as
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would be required by storing the wood before
creosoting.

With respect to the suitability of a given
creosote for the purpose of creosoting, it has
becn held, on the one hand, that those products
known as ' country make,' rich in tar aeids,
possessed the highest value. On the other hand,
it bas been argued that the quantity of tar acids
présent is no measure of its applicability to
timber preserving, and that the tar acids them-
selves, i.e. carbolic and cresylic acid, although
highly useful as sanitary antiseptics, are of no
permanent value in the préservation of timber,
owingto their volatility and their solubility in
water, and that they do not enter into permanent
combination either with albumen or woody fibre.
It has been found that the heavier basic bodies
of the pyridine sériés, with acridine, and even
naphthalene, play an important part in deter-
mining the character of creosote as an antiseptic.

Mr. Boulton is of opinion that the tar bases
(pyridine sériés), and especially acridine, are also
very'useful as antiseptics in creosote, and his
view has been fully borne out by trials made by
Mr. Greville Williams (Journal Gas Lighting,
June 5, 1883). It is now generally held that
the 'creosote employed for preserving timber
should be of a heavy rather than of a light de¬
scription, i.e. that it should contain oils which
are given oif at a high température, together
with other matters that become solid within the
timber after the creosote has been allowed to
cool to a normal température.'1

In accordance with these views a form of

spécification for creosote was prepared by Dr.
Tidy, which has since become very generally re-
cognised in the sélection of that substance.

It stipulâtes :
1. That the creosote shall be completely

liquid at a température of 100°F. ; no déposition
afterwards taking place until the oil registers a
température of 95°F.

2. That the creosote shall contain at least
25 p.c. of constituents that do not distil over at
a température of 600°F.

3. That the creosote shall yield a total of
8 p.c. of tar acids.

The process for determining the quantity of
tar acids is as follows :—

1. 100 c.c. of the well-mixed creosote are

distilled at a température of 600°F., until no
fmther distillate cornes over. The distillate is
mixed and well shaken in a stoppered flask',
with 30 c.c. of a solution of caustic soda, having
a sp.gr. of 1-200. The mixture is then heated,
the stopper replaeed in the flask, and the bot
mixture again vigorously shaken for at least a
minute.

The contents of the flask are now to be
poured into a separating funnel, and the soda
solution drawn off. The creosote is to be heated
a second and a third time in a similar manner

with the caustic soda solutions, except that only
20 c.c. of the soda solution are used for the
second and third extraction, instead of 30 c.c., as
in the first extraction.

2. The three soda solutions are now to be

1 It may be stated that attempts bave recently been
made in America to employ the tliinner créosotes for timber
preserving, but they were found to be less efQcacious than
tlie heavier oils.

mixed together. When cold, any particles of
creosote are to be removed by a separating
funnel. The solution is then to be thoroughly
boiled, in order to expel the last traces of
creosote présent in the solution. Wlien cold
dilute sulphuric acid (1 of acid to 3 of water) is
to be added (about 35 c.c. will be required) until
the solution becomes acid to litmus. The whole
is then to be poured into a separating funnel,
and allowed to stand until perfectly cold, and
the tar acids separated.

3. The tar acids are now to be dissolved, in
20 c.c. of the caustic soda solutions (sp.gr. 1-200)
and 10 c.c. of water. The mixture is then to be
boiled and filtered through a funnel fitted with a
plug of asbestos. The asbestos plug is to be
washed with not more than 5 c.c. of boiling
water. The solution is to be allowed to cool
perfectly in a 100 c.c. measure. It is then to be
rendered slightly acid with dilute sulphuric acid
(1 to 3 ; 10 c.c. will probably be found suffîcient
for tbis purpose). The whole is again allowed
to stand for 2 hours until perfectly cold, when
the percentage of the tar acids is to be read off.

Process to be adopted in estimating the
quantity of distillate.—The opération is to be
conducted in a relort (fitted with a thermometer)
immersed in an oil or hot-air bath. The heat at
first to be low, and the température gradually
raised to 000°]?., and oontinued until no further
matters distil over.

Sir Frederick Abel has also devised a spécifi¬
cation and test, known as that of January 2,
1884. It agréés very closely with that of Dr.
Tidy.

Employaient of creosote oils for softening
pitch (v. Pitch).

Employment of creosote oils for lighting.—
Creosote oil has long been employed as a source
of light in the construction of harbours and
out-door work, where smoke was of little consé¬
quence or inconvenience ; but when it is wished
to burn this oil to the greatest advantage, and
with the least possible amount of smoke and
soot, it becomes neeessary to employ lamps so
constructed that a jet of air or of steam, more or
less superheated, may be introduced in such a
manner as to ensure more perfect combustion.

Hartmann and Lucke (Ger. Patent, No.
9,195, August 9,1879) construct a lamp specially
intended for the consumption of creosote oils, in
which the oil is automatieally supplied to a dish-
shaped reeeptacle, over which is placed a funnel-
shaped cylinder ; in the centre of the dish or
reeeptacle receiving the oil from its attached
réservoir is placed a conical tube, reaching a
little above the surface of the oil, and through
which a jet of superheated or dry steam may be
driven. In using the lamp, the dish or re¬
eeptacle referred to is allowed to fill with oil ;
it is then ignited at its surface, the funnel-
shaped cylinder placed over it, and steam cau-
tiously admitted through the conical tube. It
will readily be seen that the arrangement closely
resembles the old 'Herapath blowpipe,' with
the différence that steam is forced through a
body of combustible fluid, issuing just above its
surface, in place of air forced through a body or
envelope of combustible gas, and issuing at a
point or position that may be called its surface.
The oil thus burns without wiek or chimney,
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and affords a light of 180 standard candies,
with an hourly consumption of a little over 2 lbs.
of creosote.

Ail apparatus for a similar purpose has been
patented by Lyle and Hannay, under the name
of the ' Lucigen.' It consists of an oil tank or
réservoir, fitted with a spécial burner at the top
of a tube, wliich may be extended to any length ;
into this réservoir compressed air is introduced
by an india-rubber pipe, so attaehed as to make
the 1 Lucigen 1 portable. On the compressed
air being admitted into the oil tank or récep¬
tacle, it forces the oil up through an internai
tube, and, escaping at the same time with the
oil in the burner, produces a spray which is set
on fire. A light of about 2,000 candle-power is
given by the ' Lucigen.' The flame is large, the
light well diffused, and the eyes are not dazzled
by it. There is little or no smoke from the
flame, and the lamp burns equally well under
heavy rain or spray; it requires no Iantern, and
has no parts which can be damaged by rough
usage.

In the ' Doty ' light, pressure is brought to
bear on the surface of the oil or creosote by
means of an air pump, whereby the oil is forced
through a coil surrounding the lower portion of
the flame, and becomes distilled into gas.

Creosote oil has also been employed for the
purpose of illuminating and heating, by direct
conversion into permanent gas. A ton of creo¬
sote is capable of yielding 13,300 cubic feet of
gas, with an illuminating power of 14 candies ;
a yield of 29,300 cubie feet may be obtained, but
of 8| candle-power only ; the chief drawback to
this method of utilisation is in the high tem¬
pérature necessary to décomposé the oils, and
which results in the production of low candle-
power gases.

Employaient of creosote oil as fuel.—Creosote
oil is extensively employed as a fuel, both for
marine and stationary purposes, and, from theo-
retical considérations, would appear to be emi-
nently adapted to the purpose, 1 lb. of coal-tar
creosote, when effectively burnt, being capable of
evaporating 11-24 lbs. of water, a resuit con-
siderably in excess of that obtained from coal or
coke.

Various methods have been devised for burn-
ing the oil to the greatest advantage ; these may
be briefly summarised under the following
heads :—

1. Injection into the furnace by means of
compressed air, with ' atomising ' apparatus.

2. Injection into the furnace by means of
steam, with ' atomising ' apparatus.

3. Feeding into the furnace by simple gravi¬
tation, alone or in combination with coke.

G. F. Dexter (Jour. Gas Lighting, June 29,
1886, pp. 1242-1244), in a table showing the
relative calorific values of certain coal-tar dis¬
tillâtes, refers to creosote, or heavy oils, as
under :—

Average formula C14H1S.
Boiling-point, 240° to 270° and upwards.
Proportionate weight of constituents :—

Carbon 0-93913
Hydrogen .... 0-06087

Calorific value :—

Carbon units . . . 497
Hydrogen units .... 210

Employaient of creosote oil as an antiseptic
and for the purposes of a cattle wash and skeep
dip.— Creosote oil as a fluid, and apart from
timber preserving, finds but little application as
an antiseptic, chiefly owing to its disagreeable
smell, and insolubility in and immiscibility with
water.

The latter drawback was removèd by the
process of Mr. Little (Patent No. 198, Januaryl8,
1876), by which coal-tar creosote was rendered
completely miscible with water. According to
this patent, a mixture is formed, consisting of
coal-tar creosote, 59-1 ; rosin oil, 29-6 ; oleate of
potash, 5-9 (containing 0'59 potash), and 5-4 of a
10 p.c. solution of caustic soda (containing 0-54
soda) = 100-00.

These substances are blended in a spécial
manner set forth in the patent, and yield a fluid
scarcely differing in appearance from ordinaiy
creosote, but differing greatly in character—that
is to say, it may be added to water in considérable
quantity, forming a clear milky emulsion, without
any séparation of creosote or oily particles, and
which remains permanent on standing. This
patent is worked by the firm of Morris, Little &
Son, of Doncaster, and is the product sold under
the name of ' soluble phenyle.' Mixed with water
in the proportion of 1 to 100, or even stronger,
it is extensively used as a sheep dip for the
destruction of ticlc and other organisms of
parasitic origin.

Further patents having a similar object were
afterwards secured by J. and W. Jeyes (No. 4,036,
December 7, 1877, and No. 5,249, December 23,
1878), by which the use of rosin oil and soft soap
was obviated.

Samples analysed by the writer from material
made under these patents, and supplied as sheep
dips, gave the following figures :

Creosote 60-4
Eosin 29-C
Caustic soda . . . .2-4
Water 7-6

100-00
These substances, blended in the manner set

forth in the patents referred to, furnish a fluid
equally capable of mixing or emulsifying most
perfectly with water, which is in extensive use
under the name of ' Jeyes' disinfectant.'

Similar préparations are also in the martel
under the name of ' carbolated creosote.'

The consumption of these fluids (exported
to America, Australia, and other great cattle,
stations) is very considérable. Creosote oils to
the extent of about 100,000 gallons per annum
are consumed in the préparation of these 1 dips.'
The préparations thus briefly described are non.
poisonous, which gives them considérable ad¬
vantage over manyin use containing arsenic aud
metallic préparations.

The best method of ascertaining the complété
solubility or ' miscibility ' of these préparations
in water consists in filling a dial glass six inches
in diameter about three-fourths full of distilled
water, and placing one drop of the prepared
creosote on its inner surface in close proximity
to that of the water. As the drop runs down
and meets the water it is rapidly taken up,
playing over its surface with a rapid motion,
rendering it milky or opaque, and so on till
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complète disappearance. Anyresidueof creosote
or of the préparations left adhèrent to tlie glass
betrays an imperfectly made material.

Créosotes from other sources (blast furnace,
coke ovens, and shale oil).—Several créosotes of
tliis character have been studied by Watson
Smith and A. H. Allen ; they have been found
lo differ materially from those derived from coal
and wood tar, occupying an intermediate position.
The waste gases issuing from blast furnaces de-
posit a considérable quantity of tar yielding a
creosote greatly resembling that furnished by
gas tar ; it diiï'ers, however, in the character of
the phenoloids obtained from it ; one of these
bodies extracted by Watson Smith contained
only l'33 p.c. of real phénol, boiling at 182°C.,
whereas the tar acids from Lancashire tars yield
Cô p.c. of crystallisable carbolic acid. The frac¬
tions passing over between 210° and 230°C. con-
tain phloral and creosol, and those following at
ahigher température—viz. 360°—furnish com-
pounds alliecl to the eupittonnio acid obtained
from wood tar.

A similar feature eharaeterises the products
furnished by coke oven and other allied tars.
AU yield phenoloids that approximate more
closely to those from wood tar ; but creosote
deriyed from shale oil, although presenting a
close resemblance to that from wood tar, differs
in several respects ; creosol appears to be en-
tirely absent ; on the other hand, phloral is
présent, as also a cymenol boiling at 237°C.
The pyrogallie ethers boiling respectively at
253°, 265°, and 285°C., found by Hofmann
in wood creosote, have also been separated from
shale creosote. ' Blast furnace creosote oil ' is
now produced in vast quantities in Scotland, and
the question of application bas received a con¬
sidérable amount of attention. To a certain
extent it has been employed for creosoting
timber, in producing the ' lucigen ' light, and
as a liquid fuel. It furnishes from 20 to 35 p.c.
of phenoloid substances soluble in caustic soda,
as against 4 to 7 p.c. in London coal tar creosote,
and about 16 p.c. for Midland or country make.
Allen and Angus, who have closely studied these
bodies, have recently secured by patent their use
as an antiseptic under the name of ' neosote,'
awordsignifying 'new préserver' (E. P. 11,689,
August 29,1887). Experiments haveshown that
the substance compares favourably with carbolic
acid, while its caustic properties (when applied
to the skin) are very much less marked. When
freshly prepared the fluid is almost eolourless,
and bears the greatest resemblance to wood tar
creosote.

Bibliography.—Lunge's Coal Tar and Am-
monia, 2nd edit. 1887 ; Boulton on the Anti¬
septic Treatment of Timber (Proeeedings of the
Institution of Civil Engineers, 78, session 1883-
84,part 4) ; Allen's Commercial Organic Analysis,
2nd edit. 1886. B. N.

CKESOL C8H4(CHa)OH. The three isomeric
cresols exist in coal tar (Williamson and Fairlie,
A. 92, 319 ; Ihle, J. pr. [2] 14, 442 ; Tiemann
and Schotten, B. 11, 767, 783) in about the fol¬
lowing proportions : Orthocresol 35 p.c., meta-
cresol 40 p.c., and paracresol 25 p.c. (Schulze,
B. 20, 410).

The cresols can be separated from the oily,
non-crystallisable mother liquors obtained in

the purification of crude phénol by fractiona-
tion and crystallisation, by dissolving them in
soda-ley, freeing the solution from naphthalene
or other hydrocarbons by a current of steam,
and then fractionally jorecipitating with sul-
phuric acid. The first fractions, owing to the
greater acidity of phénol, contain chiefly cresols,
and are further purified by distillation (Mûller,
Z. 1865, 270). The isomeric cresols, however,
cannot be obtained pure from this product, ancl
must be prepared synthetically.

Préparation of ortho- and para-cresol. Eure
ortlio- and para-cresol can be obtained byfusing
the potassium salts of the correspondingtoluene-
sulphonic acids with alkali (Engelhardt and
Latschinow, Z. 1869, 620), or by diazotising the
eorresponding toluidines. For this purpose the
toluidine (15 parts) is dissolved in sulphuric acid
of sp.gr. = 1-8 (15 parts) diluted with 500 parts
of water, treated with an aqueous solution of
potassium nitrite (12 parts), and the product
gradually heated with steam. The resulting
cresol is then distilled with steam, the distillate
treated with soda-ley, then with sulphuric acid,
and the liberated cresol extracted with ether and
finally distilled in a current of carbon dioxide
(T. & S. ; I.).

Orthocresol can also be obtained from car-

vacrol by treatment with phosphorus pentoxide
(Kekulé, B. 7, 1006). It is crystalline, melts at
30° (T. & S. ; I.), at 31-31-5° (K.), boils at 188°
(T. & S.), and on fusion with caustic potash is
oonverted into salicylic acid. When nitrated it
yields dinitro-orthocresol (m.p. = 85-8°) (Nôlting
and Salis, B. 14, 987).

Metacresol is prepared by heating thymol
(100 parts) with half its weight of phosphorus
pentoxide for 10-12 hours until propylene ceases
to be evolved, adding the product to 115-120
parts of fused alkali, and further heating the
fused mixture for 5-10 minutes to décomposé
the cresyl phosphate formed. The melt is then
dissolved in water, treated with ether to remove

any undecomposed cresyl phosphate and other
impurities, then acidified with hydrochloric acid,
and the separated metacresol extracted with
ether, and finally distilled in a current of car-
bon dioxide (E. & L., T. & S.). It is ordi-
narily a liquid, but has been obtained in crystals
melting at 3-4° (Stâdel, B. 18, 3443) ; it boils at
201° (Oppenheim & Pfaff, B. 8,886). Its aqueous
solution is coloured blue by ferrie chloride.
When fused with caustic potash it is converted
into metahydroxybenzoie acid, and on nitration
it yields a trinitro- derivative (Nôlting & Salis,
B. 14, 987 ; 15, 1858).

Paracresol crystallises in prisms, melts at
36° (Barth, A. 154, 358), 36-37° (T. & S.), and
boils at 198° (I.), at 198-199° (T. & S.) Its
aqueous solution gives a blue eolour with ferrie
chloride. When fused with caustic potash it
is converted into parahydroxybenzoie acid, and
on nitration it yields a dinitro- derivative
(m.p. = 82-5°) (Richter, A. 230, 313; Nôlting &
Salis, Z.c.).

A mixture of nitro- derivatives, obtained by
sulphonating coal tar cresol and nitrating the
sodium sait of the resulting cresolsulphonie
acid with nitric acid of sp.gr. = 1-2, has been
employed, under the names ' Victoria yellow,'
' saffron surrogate ' (q-n.), as a dye for wool and
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silk, and, altliough poisonous (compare Weyl,
13. 20, 2835 ; 21, 512), is occasionally used as
a colouring matter for butter, cheese, &o.

CEESOL EED v. Azo- coloueing mattees.

CEESYUC ACID. The non-crystallisable,
higher boiling portion of the phénols obtained
in the purification of phénol (q.v.) is, after
re-distillation, known commerciaÙy as cresylic
acid or liquid carbolic acid. It is a colourless,
oily liquid, consisting chiefly1 of the three
isomeric eresols, and lias a sp.gr. = 1-044. It
does not solidify at — 80°, is much less soluble
in water and alkalis than phénol, and also boils
at a higher température (about 185-203°). Its
antiseptic properties are more marked than those
of phénol (Lunge, Coal Tar and Ammonia, ed.
1887, 142).

CEITH. The weight of a litre of liydrogen
at 0°C. and 760 mm. pressure—viz. 0-0896 grams.

CEOCEÏN v. Azo- coloceing mattees.

CEOCEÏN, BEILLIANT, v. Azo- colooeing
mattees.

CEOCEÏN OEANGE v. Azo- coloueing

mattees.

CEOCEÏN SCAELET v. Azo- coloueing

mattees.

CEOCEÏN YEL10W v. Naphthalene.
CEOCIDOLITE. (Krokydolith, Ger.) In 1831

Hausmann gave this name to a fibrous minerai
from South Africa, which was shown by Stro-
meyer to be a hydrated silicate of iron, sodium,
and magnésium (GStting. gelehr. Anz. 1831,
1,585; P. A. 23, 153). The name (from Kponis,
' wool ') alluded to the asbestiform texture of
the minerai. A similar substance, brought from
near the Orange Eiver by the African traveller
Lichtenstein, had been examined by Klaproth,
who described it as early as 1815 under the name
of Blaueisenstein (Beitr. 6,1815, 237). In some
varieties the fibres are blue, in others brown.
The original crocidolite has been generally
regarded by modem mineralogists as closely
related to arfvedsonite, a soda-bearing minerai
of the hornblende group (Rammelsberg, Min.
Ch. 2 Auf. 1, 1875, 408). An analysis by Renard
and Elément gave SiO„ 51-89 ; Fe203, 19-22 ;
FeO, 17-53 ; CaO, 0-40 ; MgO, 2-43 ; Na.,0, 0-15 ;
KA 0-15 ; HjO, 2-36 (Bull. Ac. Boy. Belg. s. 3,
t. 8, 1884). Assuming that part only of the
water is basic, the authors deduce for crocidolite
the following formula :

Si14Fe2Fe4(Mg.Càj (N a.K)4H20J2 + H20.
Klaproth was aware of the existence of

another South African minerai oceurring with
the crocidolite, but regarded by him as a fibrous
form of quartz. This Faserguarz, which was
afterwards confounded with the true crocidolite,
is the minerai which has of late years become
fashionable as an ornamental stone. It is a

hard fibrous minerai, generally of rich brown
colour, but in some cases blue or bluish-green
and occasionally white. Formerly it was ex-
ceedingly scarce, and known only in mineralogical
cabinets, but since the development of the dia-
înond fields of Griqualand West immense quan¬
tifies have been brought to Europe. Like most

1 K. E. Schulze has fourni 1:3:5 and 1 : 2 :4 xylenol in
the coal tar fraction 170-210° (ïi. 20, 410), and it is there-
fore reasonable to suppose that xylenols exist iil ' cresylic
acid,' although not yet detected in it.

fibrous minerais, it présents when polished a
luminous band running transversely across the
fibres ; and hence when eut en cabochon (ù.
with a convex surface) it is known as ' South
African cat's-eye.' Large quantifies are eut and
polished in the Oberstein-Idar district (v. AgateI,
where it is generally termed Tigerauge, if brown,
and Falkenauge, if blue. As artificial methods
of modifying the natural colour are praetised, a
considérable diversity of tints is now obtainable.

An analysis of this brown tiger-eye stone by F.
Wibel gave Si02,57-46 ; Fe203, 57*56 ; H,0, 5-15
(N. Jahrb. f. Min. 1873, 367). His analysis of
the blue variety yielded Si02, 97-27 ; FeO, 1-67 ;
CaO, 0-15 ; H20, 0-57. The sp.gr. of the brown
is reeorded as 3-05 ; and of the blue 2-69. From
microseopic examination of thin sections Wibel
concluded that the ordinary brown minerai is a
mixture of cojourless fibrous quartz and GOtliite,
while the bluish variety is a mechanical aggre-
gate of quartz and crocidolite. The fibrous
quartz was regarded in both varieties as pseudo-
morphous after crocidolite.

A very careful study of these substances was
made in 1884 by A. Eenard and C. IClement (Bull.
Ac. Eoy. Belg. 3, 8), whose conclusions differed
essentially from those of Wibel. Their analysis
of the brown tiger-eye yielded SiO.„ 93-05;
Fe203, 4-94; A1,03, 0-66; CaO, 0-44"; MgO,
0-26; H„0, 0*76. This cornes nearer to the
original analysis of Klaproth, who obtained
Si02, 98-5 ; Fe203,1-5. The blue hawk's-eye was
found by Eenard and IClement to contain SiO,
93-45 ; Fe.,03, 2-41 ; FeO, 1-43 ; A1203, 0-23';
CaO, 0-13 ; MgO, 0-22 ; H20, 0-82. Their micro¬
seopic study of the stone leads them to conclude
that the quartz is not a pseudomorph after
fibrous crocidolite, but was deposited between
the fibres of the original crocidolite from a
siliceous solution which permeated the minerai.
The rocks in which it is found have unquestion-
ably been much altered.

Both the true crocidolite and the pseudo-
crocidolite, or association of quartz and crocido¬
lite, occur with jasper and magnetite in thin
seams, more or less contorted, intercalated in
the jaspideous schists of theAsbestos Mountains
and the Doornberg. It is the fibrous crocidolite,
formerly mistaken for asbestos, which has giren
the name to the Asbestos Mountains.

F. W. F..
CEOCIN v. Glucosides.
CKOCOISITE. Native lead chromate v,

Cheomium.
CEOOKESITE v. Thallium and Sélénium.
CEOTON OIE v. Oils.
CEOWN GLASS v. Glass.
CKUCIBLES. A perfect crucible should with-

stand the highest températures without fusion,
should bear sudden changes of température
without fracture, and should be unacted upon
by the materials which are to be heated in it.

Clay crucibles are prepared from selected
clay ; of the Stourbridge clay worked, only about
5 p.c. is available for this purpose. Its plasticity
is much increased by exposure for some months
in a moist condition to the air. During this
process of ' weathering ' it becomes disintegrated
and the removal of foreign matter is tliereby
facilitated. The presence of iron pyrites is es-
pecially injurious ; furnace gases couvert it into
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the oxide which acts as a flux and forms cavities
in the crucible. Lime is also hurtful, exoept
when in very small quantities and uniformly
distributed. Potash and soda are inyariably
présent in clay, and when in sniall quantity
inerease the cohérence of the crucible without
appreciably impairing its power o£ witlistanding
the action of heat.

In order to reduce the tendency to crack, and
to inerease its refractory character, the clay is
usually mixed with sand, ground flints, burnt clay
(old broken crucibles), graphite or coke. These,
which are either less fusible than the clay or
altogether infusible, form a skeleton which up-
holds and prevents déformation of the crucibles
at températures at which the clay would tend to
fuse. The most refractory crucibles contain the
largest proportion of silica.

The clay, which should be of the greatest
possible fineness, is well beaten to remove air
bubbles and mixed with the proper quantity of
the refractory material. According to Berthier
(Traité des Essais, 1, 66), when silica is used, it
should not be too fine, as the tendency to combine
with the clay and thus inerease the fusibility
would thereby be increased. Crucibles of fine
grain are also more liable to fracture.

Hessian crucibles are composed of equal
weights of almerode clay and sand. They are
usually triangular, of coarse texture, porous,
rapidly destroyed by litharge, and liable to frac¬
ture on sudden change of température, but will
withstand a very high degree of heat.

French crucibles are made from a mixture of
1 part raw Ardennes clay and 2 parts of the
same which has been burnt. They are refractory
and of fine texture.

Cornisli crucibles are largely used for copper
assaying. They are round, of coarse grain, and
of a mottled greyish-white eolour. They are
kiln-bumt, and withstand sudden changes of
température, but cannot be heated to whiteness.
Cornish crucibles are now made by the Morgan
Crucible Company at Battersea.

London crucibles are of reddish-brown eo¬

lour and close texture. They will not stand
sudden change of température, but withstand
the action of litharge fairly well.

Small crucibles are usually baked in a kiln,
but the large casting pots of Stourbridge clay
are not baked until immediately before use.
When the température of the baking is high,
the crucible is more liable to fracture on re-

heating.
AU clay crucibles are more or less acted upou

by litharge, but metals and most ores may be
heated in them withont danger. Berthier re-
commends a lining of such material as silica,
alumina, or magnesia previously moistened.
A lining of chalk renders a crucible less per¬
méable to litharge.

Stourbridge clay crucibles are made from a
mixture of raw ground clay with about one half
its weight of powdered, sifted, old glass pots,
from which ail adhèrent glass has been re-
moved, the mixture being made in a dise miU,
and kneaded to the proper consistency. Percy
gives the composition of the Stourbridge clay
used for the best crucibles as silica, 79*25 ;
alumina, 13-57 ; iron oxide, 1*38 ; lime, 0-08 ;
magnesia, 0'42 ; water, 5-11.

The following analyses show the composition
of certain varieties of crucibles. Nos. 1-7 are

by Berthier, No. 8 by Dick, Nos. 9-12 by Brand,
and Nos. 13-15 by Mène :

White fluxing pots are made by the Mor¬
gan Company from a highly refractory fire-
clay from lîouen. Crucibles containing carbon
are now largely used. For very high tem¬
pératures, crucibles eut from a block of gas
carbon or similar material may be employed.
Clay crucibles may also be filled with a moist
mixture of charcoal with starch, treacle, gum-
water, or oil, or, for large crucibles, gas tar.
The mass is forced with considérable pressure
into the crucible and is then eut out, leaving a
coating of about £-inch in thickness, or the eoat-
ing is put into the crucible and smoothed with a
glass rod. The crucible is then filled with pow¬
dered charcoal and heated to redness.

For the fusion of metals, plumbago or coTce
crucibles are of great value, but they are not
largely used for assaying. At the Battersea
works the following process of manufacture is
employed :—Hand-picked Ceylon plumbago is
ground, sifted, digested with dilute sulphuric

— Silica Alu¬
mina

Iron
oxide

Mag¬
nesia

Lime Potash Sul-
pliur

Carbon Water

1. French, made by Beaufay
at Paris.... 64-6 34-1 1-0 — — —

2. French, made by Deyeux
at Savignies . 72-3 19-5 3-9 1-8

3. Hessian 70-9 24-8 3-8 — — —

4. Eiiglisli steel 71-0 23-0 4-0
5. St. Etienne steel 65-2 35-0 7-2
G. Glass pots, Nemours . 67-4 32-0 0-8 — — — — — —

7. ,, „ Bohemia.
8. Cornish, made by Juleff .

68-0 29-0 2-2 0-5
72-39 25-32 1-07 trace 0-38 1-14 —

9. Steel crucible ; clay . 53-92 40-57 — — — — 0-23 —

10. „ „ coke clay . 42-78 34-71 — — — — 0-49 18-60
11. „ „ graphite . 24-63 27-89 — — — — 0-27 40-43 —

12. Magnesia .... 4-8 2-49 — 92-62 — — 0-099 •

— —

13. English blacklead 51-40 22-00 3-50 — 0-20 — — 20-00 1-80
14. Ditto 45-10 16-65 0-95 — 0-00 — — 34-5 2-50
15. Ditto 50-00 20-00 1-5C — 0-50 — 25-50 3-00
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acid to remove the greater part of the iron, and
mixed and kneaded to a stiff paste, with about
an equal weight of fine fireelay. The mixture
is passed through a pug-mill, and is eut into
blocks. Wken required for use, the blocks are
again passed through the mill, and made by
hand on a wheel or moulded by machinery.
They are then dried and baked in saggars.

Graphite crucibles are of fine grain, and will
withstand the highest températures and repeated
sudden changes. The graphite is slowly oxi-
dised by metallio oxides or by the furnace gases.
To minimise this, the crucible may be coated by
dipping in a paste of clay and solution of
borax. Any ironwhich is présent in the graphite
is liable to beeome introduced into the melt, and
the carbon itself combines with iron or steel

(v. Brand, C. C. 15, 407 ; and D. P. J. 256, 227).
Salamander crucibles, made by the Morgan

Company, contain a much smaller proportion of
carbon. They withstand sudden changes of tem¬
pérature perfectly.

Lime crucibles are absolutely infusible. They
are eut from blocks of well-burnt (preferably
slightly hydraulic) lime. Their use in Deville's.
oxyhydrogen furnace is described under Plati-
num.

Magnesia was introduced by Caron as a
refractory basic material for making crucibles
or for lining reverberatory furnaces for melt-
ing and dephosphorising steel. Magnesia con-
tracts considerably when heated; it is there-
fore necessary, before making it into bricks or
crucibles, to expose it to a higher température
than that to whieh it .will be heated. The
strongly calcined magnesia is made into a paste
with 15-30 p.c. of raw (slightly calcined) mag¬
nesia, and 10-15 p.c. of water, and is moulded,
dried, and baked at a red heat. The highly-
heated magnesia would not cohere without ad-
mixture with the raw material. Magnesia cru-
cibles are not injured by exposure to the atmo¬
sphère. Gaudin makes crucibles from a mixture
of 1 part magnesia and 1 part bauxite.

Alumina crucibles withstand sudden changes
of température, and are not affected by the
materials fused, even sodium being without
action. According to Deville's proeess (A. Ch.
[3] 46, 195), alumina precipitated at low tem¬
pérature from ammonia alum solution is mixed
with an equal weight of powdered marble, and
is exposed to the highest température of a wind
furnace. The mixture so produced, which may
be considered asconsistingof calcium aluminate,
is mixed with its own weight of moist, pre¬
cipitated alumina, and is made into a crucible,
dried and baked. When the crucible is required
to withstand higher températures, the amount
of the calcium aluminate may be reduced, but
the proportion of lime should not fall below 10
to 20 p.c.

Bauxite bas been used to replace alumina.
It is extremely refractory (v. Bauxite, art.
Aluminium).

Porcelain crucibles v. Pokcelain.
Flatinum crucibles v. Platinuh.
See further, Kerl, Handb. Thonvaaren Ind.

1879, 528-534 ; and Perey, Metallurgy (Fuel &c.
1875), 110-141.

CKYOLITE. (Kryolith, Ger.) A native fluor-
ide of aluminium and sodium, found almost

exclusively in Greenland, whence it bas been
sometimes called ' Greenland spar.' The name
eryolite, or ' iee-spar ' (Eisslcin) refers to the
général resemblance of the minerai to ice (npvos)
and to its readyfusibility in a candle-flame. The
minerai- was diseovered by the Danes in 1794,
and described in the following year by Schu-
mâcher. Nearly ail the eryolite of commerce is
obtained from a single locality at Evigtok, about
12 miles from Arksut, in W. Greenland. This
locality was visited by Giesecké, and later by
J. W. Taylor (Quart. Jour. Geol. Soc., 12, 140).
The eryolite occurs as a large deposit in gneiss,
and contains (especially near its junction with
the inclosing rock) a number of metallic minerais,
such as galeua, pyrites, and chalybite (v. P. John-
strup, N. Jahrb. f. Min. 1886, 1, Eef. 28).

Cryolite is usually found in cleavable trans-
lucent masses, of snow-white eolour, with a
vitreous lustre. H. 2-5 ; S.G. 2-9-3. Crystals
are rare, and their relations have been the sub-
ject of much discussion. Formerly considered
to be orthorhombic, they were afterwards re-
garded by Descloiseaux and Websky as triclinic,
while recently Krenner and Groth have described
them as monoclinic (Zeit. f. Kryst. 7, 1883,
375). Although cryolite is usually white, it is
sometimes eoloured brown or reddish, and is
said to pass downwards, in the Greenland
deposit, into a black mass. The black variety
loses its colour when heated. BB. cryolite fuses
to a white enamel.

The composition of eryolite may be repre-
sented by the formula Al2F6.6NaF. This con-e-
sponds to 13 p.c. Al, 32-81 Na, and 54-19 F. An
analysis of the Greenland cryolite by Chodnew
yielded 13-23 p.c. Al, and 32-71 Na, with 0-83 of
Mn203 and MgO (Verh. Petersb. miu. Ges.,
1845-6, 209). Durnew found in the cryolite
of Miask, in the Urals, 13-41 p.c. Al, 32-31 Na,
0-55 Fe203 and Mn203 and 0-35 CaO (P. 83,587).
Deville found in the Greenland cryolite 0-018 p.c.
of vanadic acid and a small proportion of phos-
phoric acid. An analysis of cryolite from near
Pike's Peak, California, by Cross and Hillebrand
yielded Al 12-9, Na 32-4, F 53-55, Fe203 0-4,
Ca 0-28, H20 0-3 (Am. J. S. [3] 26,1883, 271).

Cryolite was formerly a rare minerai, but
about 1855 it was introduced into Europe com-
mercially, and at once found numerous applica¬
tions in the arts. By heating finely powdered
cryolite with sodium, or with magnésium, J.Percy
and A. Dick obtained metallic aluminium (P. H.
10,1855, 364). H. Rose and Wôhler about the
same time prepared aluminium by heating cryo¬
lite with KC1 or NaCl. Deville found that fused
cryolite is decomposed by the passage of an
electric current, with élimination of free alumi¬
nium. At the présent time aluminium is not
obtained from eryolite, as the métal prepared in
this way has been found to contain phosphorus.

A wide range of applications was suggested
when Julius Thomsen showed in 1850 that cryolite
is readily decomposed by ignition with carbonate
of calcium, and that aluminate of sodium may
be thus obtained :

Al.,F6.6NaF +6CaCO.,
= 3Na20.Al20? + 6CaF„ + 6C02.

If ignited with quicldime, a similar décomposi¬
tion is effected, of course without évolution of
C02. The aluminate of soda has been used in
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the manufacture of alum, and in the préparation
of caustic soda for soap-making. By lixiviation,
the aluminate is easily dissolved out ; and by
the passage of CO, through the solution, Na2C03
is obtained, while alumina separates in a gela-
ticous form. Tlie décomposition of cryolite
may also be effected by boiling the finely-pul-
rerised minerai with milk of lime. By adding
an excess of powdered cryolite to the resulting
solution, the aluminate is decomposed, the alu¬
mina being precipitated while fiuoride of sodium
remains in solution :

3Na20.Al203 + Al2F6.6NaF = 2A1.,03 + 12NaF.
Cryolite can be readily decomposed by the

action of sulphuric aeid, with formation of sul-
phate of sodium, which ban be easily converted
into carbonate ; but the proeess, after trial at
Copenhagen, bas been abandoned in conséquence
of the inconvenience arising from the évolution
of hydrofluoric acid :

Al,F(i.6NaF + 6H„SO,
= A12(S04)3 + 3Na2S04"+ 12HF.

The manufacture of soda from cryolite is
carried on at Oersund in Denmark, and at
Hatrona, near Tittsburg in Pennsylvania. The
minerai is also employed in the préparation of
an opaline glass, somewhat resembling porcelain.
This glass may be formed by fusing together
100 parts of silica, 35 or 36 of cryolite, and 13
or 14 of oxide of zinc. C. Weinreb bas in-
vestigated the cause of the milkiness of cryolite-
glnss, and believes that it is due to the presence
ot fluoride of aluminium, which on the cooling
of the fused mass separates in a highly com-
minuted condition, and being distributed tlirough
the glass renders it more or less opaque (D. P. J.,
256,361). F.W.R.

CRYPTOPINE v. Vegeto-altcaloids.
CRYSOBERYL or CHRISOBERYL v. Beiîyl-

inm.

CRYSTALLIK v. Ai.tiusiinoids.
CRYSTAL PONCEAU v. Azo- colocring

màtteks.

CRYSTAL VIOLET v. Teiphenyl methaxe

coiodeino ïiatters.

CRYSTAL VARNISH or PAPER VARNISH v.

Vil'.NISII.
CUBEORE. Phasmacosiderite ; Siderite. An

iron arsenate found crystallised in cubes in Corn-
wall, Cumberland, France, Saxony, and Aus-
tralia. Of an olive-green colour, passing into
grass-greenand emerald-green, ortohoney-yellow
and brown. Subtranslucent ; sectile ; pyro-elee-
tric. Sp.gr. 2-9. Hardness 2-5.

CÏÏBEBS CAMPHOR v. Cahphoes.
CUBEBS, OIL OF, v. Oils, essential.
CUBBEAR v. Aechil.
CULLEN'S EARTH or COLOGNE EARTH

v. PiaiiEiras.
CULLET v. Glass.
CULM v. Anthracite, art. Ftjel.
CUMENES. Cumols. The name cumene,

originally applied to isopropylbenzene
CUH5.CH(CH3)2

to indicate its connection with cumic acid, from
which it was obtained by distillation with lime,
is frequently employed as a generic term to
dénoté any of the isomeric benzene hydrocarbons
of the formula CSH12. Theory predicts the exis¬
tence of eight of these, ail of which are known.

Propylbenzenes.
1. Normalpropylbenzene CBH-.CH2.CH2.CH3.

By the action of sodium on a mixture of bromo-
benzene and propyl bromide in ethereal solution
(Fittig, Schafier and Kônig, A. 149, 324). From
benzyl chloride C6H5.CH2C1 and zinc-ethyl
(Paternô and Spica, B. 10, 294). Liquid boiling
at 158'5° under 751'G mm. pressure; sp.gr.
0-8702 ~ (R. Schiff, A. 220, 93). Yields benzoie
acid on oxidation.

2. Isopropylbenzene (Cumene)
C6HS.CH(CH3)2.

By distilling cumic acid
CgH4[CH(CH3)2]C02H(1, 4)

with lime or baryta (Gerhardt and Cahours,
A. Ch. [3] 1,87). From benzal chloride CgH5.CHG12
and zinc-methyl (Liebmann, B. 13, 46). From
benzene and either isopropyl bromide or normal
propyl bromide in presence of aluminium
bromide (Gustavson, B. 11, 1251). Liquid boil¬
ing at 152-5-153° (cor.) ; sp.gr. 0-S7976 at 0°.
Yields benzoie aeid on oxidation.

Methylethylbenzenes. The three methyl-
ethylbenzenes are obtained by the action of
sodium on a mixture of the corresponding
bromotoluenes (ortho-, meta-, or para-) with ethyl
bromide or iodide.

1. o-Methylethylbenzene
CgH4(CH3)(C2H5)(1, 2).

Liquid boiling at 158-159° ; sp.gr. 0-8731 at 16°.
Dilute nit'ric acid oxidises it to o-toluic acid
CcH4(CH3)C02H(1, 2).

2. m-Metliylethylbenzene
C^fCHJtaH^fl, 3).

Liquid boiling at 158-159° ; sp.gr. 0-869 at 20°.
Chromie acid oxidises it to isophthalic acid
CBH4(C02H)2 (1, 3).

3. p-Methyleihylbenzena
CcH4(CH3)(C2H5)(l, 4).

Liquid boiling at 161-162" ; sp.gr. 0-8652 at 21°.
Yields on oxidation p-toluic and terephthalic
acids.

Trimethylbenzenes.
1. Consécutive trimethylbenzene

C6H3(CH3)3(1, 2, 3).
By heating the calcium sait of a-isoduric acid
CsH2(CH3)3CO.LI with lime. Liquid boiling at
168-170° (Jacobsen, B. 15,1857).

2. Unsymmetrical trimethylbenzene (pseudo-
cumene) C6H3(CH3)3(1, 2, 4), occurs together
with mesitylene in coal-tar (Beilstein and Kôgler,
A. 137, 317). By the action of sodium on a
mixture of either bromo-paraxylene or bromo-
metaxylene with methyl iodide. In order to
isolate it from coal-tar, Armstrong recom-
mends (C. N. 38, 5; B. 11, 1697) tliat the
mixture of pseudoeumene and mesitylene (v.
infra) boiling between 160° and 170°, obtained
from coal-tar by fractional distillation, should
be converted by treatment with an equal volume
of concentrated sulphuric acid into sulphonic
acids. The mixture of sulphonic acids, which
separates as an oily layer on carefully adding
water to the sulphuric acid solution, is heated
with concentrated hydrochloric acid in a sealed
tube for 1 hour at 100°. In this way the
mesitylene sulphonic acid is decomposed, re-
generating mesitylene, whilst the pseudo-
cumene-sulphonic acid is not attacked. After
separating the mesitylene the pseudoeumene-
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sulphonic acid is precipitated from the hydro-
chloric acid solution by sulphuric acid, purified
by recrystallisation from dilute sulphuric acid
and finally deeomposed by heating with hydro-
chloric acid at 140-150°, when it breaks up into
pseudocumene and sulphuric acid. Jacobsen
(B. 9, 256) treats the mixture of sulphonic acids
with barium or calcium carbonate, which re-
moves the excess of sulphuric acid and converts
the sulphonic acids into barium or calcium salts ;
transforms these by double décomposition with
sodium carbonate into sodium salts ; heats the
latter with phosphorus pentachloride, with which
they yield the sulphonic chlorides C3H„.S02C1 ;
converts the chlorides into the sulphonamides
CsHn.S02.NH2 by the action of ammonia; and
separates the two isomeric sulphonamides by
recrystallisation from alcohol, in which mesityl-
ene sulphonamide is readily, pseudocumene
sulphonamide only sparingly soluble. The sul¬
phonamides are then hydrolysed by heating with
concentrated hydrochloric acid to 175° :

C0H„.SO2.NH2 + 2H,0 = C„H12 + H2S04 + NH3.
Pseudocumene boils at 169-8° (cor.) ; sp.gr.
0-8643 at 0°. On oxidation with nitric acid it
yields two isomeric acids of the formula

C6H3(CH3)2C02H
—xylic acid and p-xylic acid—and a small
quantity of xylidic acid C6H3(CH:I) (CO„H)2.

3. Symmetrical trimethylbenzene (Mesitylene)
CfiH3(CH3)3 (1, 3, 5). In coal-tar (Fittig and
AVackenroder, A. 151, 292). By • distilling
aeetone with sulphuric acid

3CO(CH3)2 = CsH3(CH3)3 + 3H..0
(Kane), or by dissolving allylene CH3C:CH in
sulphuric acid and distilling with water

3CH3.g;ch=obh3(ch3)3
(Fittig and Schrohe, B. 8,17). (On the isolation
of mesitylene from coal-tar and the method of
separating it from pseudocumene v. preceding
paragraph.) Liquid boiling at 164-5° ; sp.gr.
0-8694 ~ (R. Schiff, A. 220, 94). Dilute nitric
acid oxidises it to mesitylenic acid

C3H3(CH3)2C02H
and uvitic acid C6H3(CH3) (C02H), ; with potas¬
sium permanganate it yields uvitic acid and
trimesic acid C0H3(CO2H)3(l, 3, 5). F. R. J.

CUMIDINE CaH13N. Of the eleven isomeric
cumidines which have hitherto been obtained,
pseudo- or .(/-cumidine and mesidine are perhaps
the most important. These bases are derivatives
of pseudocumene and mesitylene respectively,
the first of which is theoretically capable of
yielding three isomeric .(/-cumidines, and the
latter one cumidine only.

Pseudocumidine, ty-cumidine,
(CH3)3C6H2.NH2 [CH3:CH3:CH3:NH2 = 1:3:4:6],

can be obtained by nitrating pseudocumene with
fuming nitric acid in the cold, and reducing the
nitro- compound (m.p. = 71°) with tin and hydro¬
chloric acid (Sehaper, Z. [2] 3, 12). The base is
prepared technically by digesting xylidine hydro-
chloride with methyl alcohol in an autoclave at
280°-300°, converting the crude product into the
nitrate, separating the sparingly soluble nitrates
by means of a centrifugal machine, washing the
product with water and finally treating with an
alkali. The mixture of bases consisting of
cumidines and xylidines is then fractionated and
the portion distilling between 225 -245° is allowed

to crystallise, and finally freed from non-crystal-
lisable bases by pressure (Aktiengesellschaft fût
Anilinfabrikation, German Patent 22,265). The
cumidine so obtained contains mesidine and
other impurities (Hofmann, B. 17, 1912 ; Engel,
B. 18, 2229) but consists chiefly of Schaper'E
pseudocumidine (cf. Hofmann, B. 15, 2895) which
can be prepared in the pure state by digesting
a-orthoxylidine [NH2:CH3:CH3 = 1:3:4] or para-
xylidine with methyl alcohol under similar con¬
ditions (Nôlting and Forel, B. 18, 2680).

Properties.—Pseudocumidine crystallises in
large, lustrous prisms, melts at 63° (Hofmann),
at 68° (Auwers, B. 18, 2661) and boils at 234°.
It is insoluble in water but readily soluble in
alcohol. The nitrate is characterised by being
very sparingly soluble in water. Its açetyl-
derivative crystallises in compact white needles,
melts at 161° (Edler, B. 18, 629 ; Nôlting and
Baumann) at 164° (Auwers) and boils above
360°. Pseudocumidine is used as a source of
azo- dyes (German Patents 3,229 (1878), 22,265
(1882)).

.(/-cumidine [CH3:OH3:OH3:KH2= 1:3:4:5] lias
been prepared by Edler (l.c.). It melts at 36°.

.(/-cumidine [CH3:CH3:CH3:NH2 = 1:3:4:2] is
obtained by digesting j8-orthoxylidine liydro-
chloride [NH2:CH3:CH3 = 1:2:3] with methyl al¬
cohol in an autoclave at 300° (Nôlting and
Forel; cf. Mayer, B. 20, 972). It boils at 240°
(Nôlting and Forel), 236° and does not solidifyat
—15° (Mayer). Its acetyl-derivativemelts at 186°.

Mesidine [CH3:NH2:CH3:CH3 = 1:2:3:5] is ob¬
tained by treating mesitylene with nitric acid
(sp.gr. = 1-38) and reducing the nitro- derivative
with tin and hydrochloric acid (Fittig and Storer,
A. 147, 3). It can also be prepared by digest¬
ing a-metaxylidine [NH.,:CH3:CH3 = 1:2:4] (Hof¬
mann, B. 5, 715; 8, 61) or jS-metaxylidine
[NH2:CH3:CH3 = 1:2:6] hydrochloride (Nôlting
and Forel) with methyl alcohol at 300°.

Properties.—Mesidine is a colourless liquid,
which boils at 230° and has a sp.gr. = 0-9633.
The acetyl- derivative melts at 216° and crystal¬
lises in prisms.

Isocumidine, prepared by digesting y-meta-
xylidine [NH3:CH3:CH3 = 1:3:5] hydrochloride
with methyl alcohol, at 300° (Nôlting and Forel),
melts at 67-68°, boils at 245°, and yields an
acetyl- derivative melting at 163-164°.

Paramidopropylbenzene, formed by heating
aniline, propyl alcohol, and zinc chloride at 280°
for 8 hours (Louis, B. 16, 105 ; Franeksen, B.
17, 1221), boils at 224-226°. The acetyl- deriva¬
tive melts at 87°.

Paramidoisopropylbenzene (Louis, B. 16,
111 ; cf. Nicholson, A. 65, 58) boils at 216-218°.

Ethylorthotoluidine, prepared by treating
orthotoluidine, ethyl alcohol, and zinc chloride
at 270° (Benz, B. 15, 1650), boils at 229-230°.
The acetyl-derivative melts at 105-105-5°, and
boils at 313-315°.

Bases isomeric with these have also been de-
scribed by Tafel (B. 19, 1930), Fileti (G.
13, 379), and Engel (B. 18, 2229).

CUMIDINE PONCEAU. Cumidine red t.

azo- coloueing mattees.

CUMIDINE RED v. Azo- coloueing mattebs.

CUMIN, OIL OF, v. OrLS, essential.
CUMOLS v. cuaienes.
CUPRITE. Copper suboxide v. Copper,
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CÏÏPROPLUMBITE v. Lead.
CURARA. Curare, Urari, Wourari, Wourali,

Wourara. Curara is the arrow poison o£ those
tribes o£ Sonth American Intlians which inhabit
the districts lying between the Amazon and the
Orinoco. It was first brought to Europe by Sir
ffalter Raleigh in 1595, and from tbat time to
tbis its origin and préparation bave been much
discussed by travellers and botanists. A sum-
mary of the earlier observations of La Con¬
damne, A. v. Humboldt and Bonpland, Waterton,
Sehomburgk, Castelnau, Weddell,Tbirion, Jobert,
Crévaux, and others is given in a recent exami-
nation of the subject by Planchon (Pb. [3] 11,
469,491,529, 589, 693, a. 754). It is shown that
curara is an aqueous extract of a mixture of
many plants, one of ■which is always a species of
Strychnos, and gives to it the chief toxic power,
while the remainder contribute those other
qualifies which render the extract suitable for
the tipping of arrow-heads. The method of pré¬
paration adopted by one tribe of Indians is de-
scribed by Sehomburgk (Ph. [3] 10, 646). The
product differs somewhat with the loeality in
which it is prepared. Planchon distinguishes
four varieties : the curara of the Orinoco, of the
Upper Amazon, of French Guiana, and of British
Guiana. The chief active ingrédient in the pré¬
paration of the first is a Strychnos plant, olosely
allied to Bentbam's S. toxifera (J. Ph. 1882,
(5) 5, 20), of the second, S. Castelnœana
jWeddell), of the third, S. Crevauxii (Planchon),
and of the fourth, S. toxifera (Benth.).

As seen in Europe, curara is a brown to black,
nearly solid, or even brittle, extract. It bas a
bitter taste, and in its poisonous action it is
related, though opposed, to strychnine. In
medicine it has been employed in the treat-
ment of tetanus, epilepsy, and hydrophobia. It
is best administered hypodermically in the form
of aqueous solution (cf. Moss, Ph. [3] 8,421).
The active part of curara is soluble in cold water,
and constitutes three-fourths of the -whole. This
portion is nearly insoluble in alcohol, and quite
insoluble in ether (Sachs, A. 191, 255).

A more or less definite and active alkaloidal
product of curara under the name curarine was
described by Boulin and Boussingault (A. Ch. [2]
39,24), A. v. Humboldt (A. Ch. [2] 39, 30), Pel¬
letier and Pétroz (A. Ch. [2] 40, 213), Pryer (Z.
8,381; Bl. [2] 4,238),Dragendorff (Z. [2] 3, 28),
and Fliickiger (N. R. P. 22,65). Evidence of the
same constituent in the root bark of S. toxifera
has been obtained by Villiers (J. Ph. [5] 11, 653).
Pryer announced the discovery not only of crys-
talline salts of curarine, but of the base itself
in a crystalline form, for which he proposed a
formula. Tbese results are, however, rendered
doubtful by the experiments of Sachs (A. 191,
254), which show that Pryer's crystalline cura¬
rine sulphate consisted of calcium phosphate,
together with traces of carbonate and mecha-
nically adhering curara, to which last its slight
physiological activity is ascribed. Moreover,
Pryer's formula, though derived from an un-
doubted platinum sait of curarine, is erroneous
onaccount of the sait having suffered décom¬
position.

Sachs prepared a number of salts of curarine
by précipitation from a solution of the acetate,
which solution he obtained as follows. A solu-

Vol. I.—T

tion of potassium mercurie iodide was added to
a cold aqueous solution of curara, and the pre-
eipitate which formed was collected. After
washing, it was suspended in water and treated
with sulphuretted hydrogen, which removes the
mercury, while the alkaloid goes into solution.
Lead acetate was then employed to separate the
iodine, and finally the excess of lead was preci¬
pitated by sulphuretted hydrogen. The platinum
sait obtained from this solution by the addition
of platinic chloride and hydrochloric acid is pale
yellow, and has the composition

(C1BH35N.HCl)2PtCl4,
but changes rapidly with the formation of a
violet-eoloured eompound of a différent composi¬
tion. The gold sait also quickly décomposés.
Neither the sulphate nor the hydrochloride are
crystallisable. The most stable and best-defined
sait is the picrate C18H35N.C6H2(0H)(N02)3, from
which Sachs deduces the formula C1BH33N for
the free base. He also points out that the
alkaloid exists in the extraet combined with
sulphuric acid.

Boehm (B. 20, 144B.) treats the aqueous so¬
lution of curara directly with platinic chloride,
and by a sériés of opérations, in which the pré¬
sence of free minerai acid is avoided, obtains
the free base as an amorphous yellow, or in
tbieker layers orange-red, powder. If an aqueous
solution of this powder, which has a green
fluorescence, be evaporated with a little dilute
acid, there resuit crystals of a physiologically in¬
active eompound not yet further examined.

Curarine salts, according to Peliken (A. Ch.
44, 507), Pryer, Fliickiger, and others, give a
colour reaction with potassium dichromate and
sulphuric acid similar to that of strychnine, but
more permanent. Their behaviour towards sol-
vents, especially water and benzene, serves to dis-
tinguish them from strychnine salts (Fliickiger).
Sachs obtained a red and not a blue colour by
treating curarine salts with sulphuric acid, con-
trary to the statements of Pryer and Fliickiger
(cf. S. C. I. 1889, 476). For extraction of
curarine in poisoning cases cf. Koch (C. C. 1871,
219) and Salomon (Fr. 10, 454).

Boehm (B. 20,143B.) announces the discovery
of a non-poisonous alkaloid curine in curara.
It constitutes, indeed, the chief part of that
extract, and being only sparingly soluble in
water, is found partly in the aqueous solution to¬
gether with the curarine, and partly in the residue.
From the latter it is extraeted by dilute sulphuric
acid, and from either solution it is precipitated
by ammonia. The precipitate is extraeted with
ether, the ether removed, and the residue ex¬
traeted with alcohol, and the alcoholic solution
precipitated by water. Thus obtained, curine is
a white crystalline or amorphous powder, very
slightly soluble in cold water, soluble in alcohol
and chloroform, and less so in ether. It melts
at 160°, and in solution gives a eharacteristic
voluminous precipitate with metàphosphorie
acid. The platinum sait contains 19'3 p.c. Pt
It is noteworthy that while itself inert a neu>
base is obtained by treating curine with methyl
iodide that is exceedingly poisonous, acting in a
manner similar to curarine. A. S.

CURARE v. Curara.
CURARINE v. Curara; Yegeto-alkaloids.
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626 CURCUMEÏN.

CÏÏECUMEÏN or NEW YELLOW or CITEO-
NIN. A mixture of nitrated diphenylamine
orange with nitrodiphenylamine.

CUECUMIN v. Tubiieeic.
CUECUMIN S v. Stilbene.
CTJEINE v. Ccbaea.
CUSCAMINE v. Veoeto-alkaloids.
CUSCONINE v. Vegeto-alkaijOids.
COSPAEIA BAEK. AngosUira bark ; Carony

bark. (Ecorce d'Angusture, Fr. ; Angostura-
liinde, Ger.) The bark of the Galipea Cusparia
(St. Hilaire), a tree inhabiting the mountain
districts drained by the Orinoco (cf. Bentl. a. T.
43). Confusion has sometimesoocurred between
cusparia and nux vomica bark. The two barks
may, however, be readily distinguished by treat-
ment with a drop of nitric acid, which either
deepens the colour of the cusparia or gives it a
bluish shade, while nux vomica, similarly
treated, exhibits a blood-red colour. Several
other barks have from time to time been substi-
tuted for true angostura. For these, and the
mode of detecting them, v. Pereira (Mat. Med.
3rd ed. 2, 1915) ; Maisch (Am. J. Pharm. 1874,
50) ; Cazeneuve (Eép. de Pharm. 1874, 261) ;
Oberlin a. Schlagdenhauffen (Pharm. Zeit. 1878,
853).

Among early analyses of cusparia, those of
Pfaff and Fischer (Pereira) are the most impor¬
tant. These observers find in the dried bark
90p.c. of lignin together withgum, resins, volatile
oil, and a peculiar bitter extractive. The bitter
extractive, examined in 1833 by Saladin (J. de
Chim. Méd. 9, 388), was found to contain a crys-
talline neutral to which the name cusparin or
angosturin was given. This substance is said to
melt at 45°, to be soluble in alcohol, sparingly
soluble in water, and to be precipitated by a
solution of tannic acid. The existence of this
compound has not been confirmed by subséquent
investigators. The volatile oil of cusparia has
been studied by Herzog (Ar. Ph. [2] 93, 146 ;
J. 1858, 444) and by Oberlin a. Schlagdenhauffen
(J. Ph. [4] 26, 130). The bark yields 0'2 p.c. of
oil. It boils at 266-267°, has a sp.gr. 0-934, and
has a dextrorotatory power of + 5-4°. Its com¬
position is C)3H2lO, and it is probably a mixture
of a liydrocarbon and an oxygenated oil. An
alkaloid, angosturine, C10H4„NO]„ differing from
the cusparin of Saladin, was isolated by Oberlin
and Schlagdenhauffen (J. Ph. [4] 28, 263). It
melts at 85°, is crystalline and bitter. It gives
with sulphuric acid a red, and with sulphuric
and nitric acids a greeu colour. Another cus-
parine was found in the bark by Kôrner and
Bôhringer (G. 13, 363), who announce the dis-
ïovery of several new basic and acid constituents.
The cusparine of these chemists has the com¬
position C]9H„N03. It is crystalline, and melts
at 92°. It is sparingly soluble in ether, but
soluble in alcohol. The sulphate, oxalate, and
hydrochlorate are only sparingly soluble in water.
The platinum sait consists of orange-yellow
crystals. Treated with potassium hydroxide,
cusparine breaks up into a new crystalline
alkaloid and an aromatic crystalline acid. The
mother-liquors from which cusparine is obtained
contain another alkaloid, gallipeïne C20H21NOS.
It consists of white needles, melting at 115'5°.
The salts are more soluble than the correspond
ing salts of cusparine. The sulphate contains

7H,0. It melts at 50°, and at 100° breaks
up into the sulphate of a nevi alkaloid and h
crystalline compound, containing nitrogen, and
melting at 196°. The platinum sait of gallipeïne
crystallises in prisms. A third base, melting
at 180°, was also obtained. It is sparingly
soluble in ether, but may be crystallised from
alcohol. Its salts, when in solution, exhibii
a blue fluorescence.

Cusparia is employed in medicine as a
tonic in such dérangements of the alimentarj
canal as dyspepsia, diarrhœa, and dysentery.

A. S.
CÏÏTCH. Terra japonica v. Catechc.
CYANIDES. Compounds of the radical NO

or ' Cy.' For the production of combined
cyanogen the following reactions, among others,
are available :—

(1.) A mixture of acetylene and nitrogen, in
contact with an alkali, is exposed to the action
of a spark-current. C.,H2 + N2 = 2NCH (Bertbe-
lot). Ammonia is passed over red-hot charcoal
2NH3 + C = NCH.NHj + a (Langlois).

(2a.) In the presence of potassium carbonate,
potassium cyanide is produced (Scheele).

(3.) Dry nitrogen is passed over a mixture of
charcoal and alkali, or barium carbonate, ata
red heat. The basylous métal unités with nitro¬
gen and carbon into cyânide. Barium carto-
nate works best, although it is not reducible to
métal by charcoal alone (Desfosses, Fovnœ,
Bunsen, and Playfair).

(4.) Metallicpotassium is heatedwith charcoal
containing nitrogen—i.e. nitrogenous animal-
matter, or the char derived from such matter, is
fused with potassium carbonate ; potassium
cyanide is produced. This is the only réaction
which is used at ail extensively in chemical
industry. For its rationale v. Prussiate o/
potash.

(5.) Carbon bisulphide and ammonia are
made to act upon one another in dilute alcoholic
solution. Ammonium thiocyanate is producel
(Millon). The presence of alcohol is not abso-
lutely essential.

Probably in the first instance,

CS2 + H20 + 2NH3 = CS<q|^ ; then
CS<XONH' = NC3-NH> + H20 +

the H2S uniting with the surplus ammonia.
Of technically available sources of readj-

made cyanogen, we may mention
(1.) The tar-water produced in themakingol

gas from coal, which contains ammonium
cyanide and thiocyanate, and the erude gar,
which contains ammonium cyanide.

(2.) The volatile products formed in iron-
smelting, which, as Bunsen and Playfair shoavel,
include a very noteworthy proportion of potas¬
sium cyanide.

Of the large number of cyanides, the on!
known as yellow prussiate of potash is the mosi
important for us here, because it serves as a
starting-point for the-preparation of the rest.

Yellow Prussiate of Potash. (Ger. Biafto-
gensalz.) Potassium ferrocyanide CyfiFe.K,.3H,0.

Sistory.—The pigment called Prussian bk
was discovered accidentally by a colour-maker,
Diesbach of Berlin, about the beginning of M
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century. The chemist Dippel found out a
method for its production, which is to fuse
blood-solids with carbonate of potash in an
iron vessel, to lixivate the fused mass rvith hot
water, to add ferrous (and ferrie) sait to the
solution, and to acidify with minerai acid. The
blue separates out as a precipitate. It was
found subsequently that any kind of nitrogenous
animal matter, if taken conjointly with finely
divided iron, aets like blood-solids. Scheele
made the important discovery that Prussian
blue, if boiled with caustic potash ley, yields a
precipitate of ferrie hydrate and a solution of
the potash sait of the aeid of which the dilue
substance is the ferrie sait. This potash sait,
which forms the essentialcomponent of Blutlauge,
Scheele found, ean be preeipitated from its
aqueous solution by means of alcohol. The
sait beeame known as Blutlaugensalz, whieh
name has currency in Germany to the présent
day. (For further historical information, v.
Bibliography, 1.)

For the manufacture of yellow prussiate, we,
of course, need not produce Prussian blue and
décomposé it, as Scheele did; it suffices to
evaporate blood-ley to crystallisation, to eollect
the crystals formed, and to purify them by
re-crystallisation. This method, indeed, is used
almost exclusively at the présent day. None of
the numerous other processes which hâve been
proposed in the course of time has been found
to be commercially successful.

Manufacture of Prussiate of Potash.—The
raw materials used are :—

(1.) Carbonate of potash as extracted from
wood-ashes, or made by the Leblanc process
from native chloride.

(2.) Iron filings or borings.
(3.) Some kind of nitrogenous animal matter,

or the char produced from such matter by dry
distillation. The foliowing list gives.the names
of the most frequently used materials, and
their average percentages of nitrogen, according
toKarmrodt (Bibliography, 4) :—

Percentagfi of nitrogen.
Horn 15 to 17
Charred hom (50 p.c.)1 . . 7

„ (30 p.c.) . . 4 to 5
„ which has gone

through the fusion process once 0'5 to 0-75
Ox-blood dried . . . . 15 to 17
Woollen rags, good quality (up to) 16

„ bad quality (about) 10
„ good quality (75 p.c.

char) 12-5
Woollen rags, good quality (25 p.c.

char) 1-5 to 2
Sheep's wool, waste . . . 16 to 17
Hair of oxen, cows, and calves . 15 to 17
Pig's bristles . . . 9 to 10
Feathers 17
Old shoes 6 to 7
Leather cuttings, from tanners . 4 5 to 5
Bone charcoal .... 1

Bone charcoal, however, is practieally out of
the question, nobody would eare to use it. On the
other hand, 'suint' (that complex of things

1 The residue left if horn be charred until it is reduced
to 50 p.c. of its original weight.

mostly soluble in water, which, when wool is
bemg washed with water, passes away from it)
might be added to our list, although it is of
importance rather as a source of carbonate of
potash than as one of organie nitrogen. Suint,
if weighed dry, amounts to about one-third of
the weight of the wool. According to Miirker
and E. Schulze (Bib. 6) it contains 38 to 41 p.c.
of inorganic matter (carbonic acid deducted),
and 58 to C0'5 of organie matter, including 1-9
to 34 of nitrogen, of which latter 0'06 to 0'48
are présent as ammonia. The analyses of the
ashes of two différent samples gave : Potash,
K„0, 59, and 63-5 p.c. ; soda, Na.,0, 2-8, and a
mere trace ; carbonic acid, 25-8 and 25'4 ; mean
25-6, corresponding to 80'3 of carbonate, K2C03.

P. Havrez, in 1870 (Bib. 7), recommended
suint for making prussiate of potash. In the
works of Peltzer at Verviers it was used ex-

perimentally iu conjunction with wool-refuse.
The liquor obtained by lixiviation of the melt
contained, for every 100 parts of carbonate of
potash (originally employed in the shape of
suint?), 17'3 of potassium cyanide, equal to 19
of prussiate. From the raw wool imported into
Great Britain from Australia alone an immense
quantity of potash might be recovered as prus¬
siate or in other forms, but it is questionable
whether this would pay, beeause potash now-a-
days is so very cheap. At présent suint is used
very largely (perhaps chiefly?) for the making of
lanoline.

The fusion process, in former times, used to
be carried out in pear-shaped cast-iron muffles,
suspended over a fire, as shown in fig. 1. Suit-

Fio. 1.

able dimensions are : Length, 1-2 métrés ;
breadth, 0-8 m. strength of body, 12 to 15
centimètres. In most works, however, these
vessels have been replaced by shallow iron
dishes, 1 to 1-8 métrés in diameter, 10 centi¬
mètres deep, and 10 centimètres strength of
body, which form the soles of reverberatory
furnaces (fig. 2). A door at the side of the
furnace, which is opened only when necessary,
enables the pan to be charged, and the fused
mass to be ladled out, at the end of the opéra¬
tion.

In the customary practice the carbonate of
potash and the iron are introduced first ; when
complété fusion has been established, the animal
matter, which must be as free from water as
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possible, is introduced in instalments, with con¬
stant agitation. With wool, liorn, and similar
materials equal weights o£ animal matter and
alkaline carbonate are usually employed ; but
the proportions vary very much, even for the
same kind of animal matter, from one worker to

Pig. 2.

another. When ail the animal matter is in-
corporated, the heat is raised, the furnace closed,
and, finally, the thinly-liuid mass is ladled out
into iron basins, where it solidifies into a hard
black mass, known as métal. A fusion, as a
rule, takes about three hours. The furnace-
gases are utilised for heating the lixiviation and
the evaporation pans.

In the open-pan system care should be taken
that the Same is of a reducing character, be-
cause fused cyanide takes up oxygen and be-
comes cyanate ; but the large volumes of com¬
bustible gases evolved during the process aid in
protecting the melted mass against furnace
gases and atmospheric oxygen.

The lixiviation of the métal is effected in
flat iron pans at a température near the boiling-
point of water. It lasts about nine hours. The
insoluble black residue is washed systematically,
and the wash-waters are used for subséquent
extractions.

The solution, in addition to prussiate, con-
tains large quantities of potassium carbonate
and sulphide, and also more or less of potassium
thiocyanate. It is evaporated to 32° Beaumé
= 1-279 sp.gr., and allowed to cool, when a very
impure prussiate crystallises out. The mother-
liquor is evaporated further (to 32°B.) and a
second crop of still more impure prussiate
obtained. The last mother-liquor is evaporated
to dryness and the residue ealcined, to produce
a very impure carbonate of potash known as
blzie sait, which is utilised in subséquent fusions.
Tlie impure prussiate is dissolved in liot water,
and the hot-saturated solution is allowed to cool

very slowly in iron tanks, within which strings
are suspended or stretched out to encourage
crystallisation. A small proportion of red
prussiate is sometimes added, to impart to the
crystals a darker shade than their natural
colour, in order to please customers.

The commercial sait is, as a rule, contami-
nated with potassium sulphate, which is not
easily removed by re-crystallisation. As this
impurity does not interfère with any of the
industrial applications of the sait, the manu¬
facturer makes no great effort to remove it. A

laboratory method is, to add to the solution as
nearly as possible the right amount of barium
acetate, to remove the barium sulphate by filtra-
tion, and, from the concentrated filtrate to
precipitate the prussiate by addition of alcobol.

Pure prussiate of potash crystallises from ita
aqueous solution in, as a rule truncated, quadra-
tic octahedra ; the crystals are very soft and of
a lemon-yellow colour. Their sp.gr. is 1-83.
The crystals are stable in air at the ordinary
température ; at 60° the water begins to go off;
but complété dehydration demands long con-
tinued exposure to 100°, or to higher tempéra¬
tures. The sait stands considerably higher
températures without décomposition. It dis¬
solves in 4 parts of cold and in 2 parts of boiling
water. The light-yellow solution, when exposed
to the light, is slowly decomposed, with forma¬
tion of a blue precipitate of a cyanide of iron.
If the solution is boiled in the presence'of air
(is the presenee of air essential?), it gives off
ammonia very slowly, and becomes alkaline.
Though a cyanide, prussiate of potash is not
poisonous.

The theory of the prussiate process rvas
elaborated by Liebig (Bib. 2), partly on the
basis of expei'iments, to which Reinhold Hoff¬
mann subsequently furnished a valuable supplé¬
ment (Bib. 5). The animal matter, if heatedby
itself, would yield a residue of nitrogenous char-
coal, a cyanide of carbon as one might call it,
But potassium carbonate, together with carboD,
at a red heat, represents so much potassium;
this potassium unités with the yuasi cyanogen
of the charcoal into cyanide of potassium. The
volatile part of the organic nitrogen may furnish
some cyanogen, and probably does so, but in the
ordinary mode of working most of it goes into
the chimney as ammonia and nitrogen. But
the animal matter invariably contains combine!
sulphur, and the pearl-ash, as a rule, is con-
taminated with potassium sulphate, and this
sait, when heated with charcoal, yields potas¬
sium bisulphide, thus :

2K2SO., + 60 = K2S, + K,C03 + 5C0, . (I.)
which, by the action of the potassium cyanide,
is reduced to mono-sulphide, IC2S ; hence
there are two reasons why the potassium
cyanide should, in part, pass into thiocyanate.
This sait, indeed, is always présent in the leys
derived from the métal. It has been asserted
by many chemists that the metallic iron added
in the fusion-process reduces the thiocyanate
to cyanide. Nollner especially asserted that this
was so (Bib. 8), but Keinhold Hoffmann denied
it in this sense at least that under manufacturing
conditions the réduction fails to take place (Bib.
5) ; and ail subséquent experience substantially
confirms Hoffmann's view.1

In regard to the part played by the thiocyan¬
ate in the fusion process, Ë. Hoffmann records
some curious observations. As found by him,
potassium cyanide and potassium sulphate, if
fused together, yield thiocyanate and cyanate,
presumably thus :

4KNC + ICSO, = (NC) SK + 3NCOK + K„0 . (H.)
Now potassium thiocyanate, if fused with a large
excess of carbonate, is destroyed, perhaps thus :

2NCS K + K2C03 = 2NC0K + K2S2+C0 . (III.)
1 Liable, in a sense, to a qualification ; see p. 633, ist

column.
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but, if the mass is again fused with charcoal,
thiocyanate is re-generated, perhaps thus :

2NCOK + K.S., (from above) +C
= 2NCSK + K20 + CO . . . (IV.)

and, as charcoal is always présent, thiocyanate
once produeed is not destroyed by the carbonate.
Bat the formation of thiocyanate from the sul-
phate of pearl-ash can be prevented by fusing
the alkali with iron and ordinary (wood) char¬
coal before adding the animal matter. By doing
this we, in the iirst instance, realise eq. I. ; but
the bisulphide and the carbonate then aet upon
each other in the presence of charcoal thus :

K& + K.,C03 + 2C = + 3CO . . (V.)
Part of the potassium bisulphide produeed (eq.
I.), however, is decomposecl by the iron with
formation of a double sulphide of iron and
potassium, possessing curious properties. It
dissolves in hot water with formation of a dark-
green solution; on standing in the cold the
green solution assumes the form of a magma,
the mother-liquor being almost pure water.

On re-heating everything passes into solu¬
tion and the original green liquid is re-produced.
On addition to it of a concentrated solution of
carbonate of potash, the double sulphide is
precipitated as such. Potassium cyanide solu¬
tion does not act upon the solid double sulphide
at ail readily in the cold ; but, if solutions of the
two are mixed and heated, prussiate of potash
is produeed thus :

6NCK + FeS + œK„S
= (NC)6FeK4 + {x + Ï)K,S . . (VI.)

According to Hoffmann it is this reaction which,
intheprocess of lixiviation, converts the cyanide
of the fused mass into prussiate.

Liebig (Bib. 2) gives it as a resuit of experi-
ment that metallie iron is dissolved by hot solu¬
tion of potassium cyanide with évolution of
hydrogen and formation of prussiate, and caustic
potash ; in the cold, if air be présent, the potas¬
sium is eliminated likewise, but eonverted into
potash by the action of atmospheric oxygen,
without évolution of hydrogen.1

K. Hoffmann says of his double sulphide
that it is decomposed by aeids without élimina¬
tion of sulphur and consequently must have had
the composition FeS + œK,S. It has, however,
been since shown by G. Preiss (Bib. 9) tbat, by
the fusion at bigh températures of finely divided
iron (1 part), carbonate of potash (5 parts), and
sulphur (5 parts), a crystalline double sulphide
of tbe composition Fe2S3.K2S can be produeed ;
and supposing this sulphide to be produeed in
the prussiate process, the surplus sulphur in the
Fe2S3, in the subséquent process of lixiviation,
may give rise to the formation of thiocyanate at
this stage. According to Preiss his (ferrie)
double sulphide is produeed in the prussiate-
fusion-process, if the température is sufficiently
high ; the leys are then clear-yellow, and yield
relatively mueh crystallised prussiate ; if the
température is relatively low, a potassio-/cmnts
sulphide is produeed, which is soluble in water
with a green colour ; it causes the formation of

11 have tried to realise the first of Liebig's reactions
os a lecture experiment, but failed to observe a visible
évolution of hydrogen, and even to obtain prussiate;
ordinary sulphide of iron, as used for the préparation of
6ulphuretted hydrogen, also yielded no prussiate in my
hands.

green leys yielding relatively little prussiate.
Preiss offers no expérimental evidence to dis-
prove Hoffmann's theory. We are inclinecl to
think that Preiss's ferrie double sulphide is pro¬
dueed in the prussiate fusion process (beside
Hoffmann's), and, besideS contributing towards
the conversion of cyanide into prussiate, yields
thiocyanate in the lixiviation stage. At any rate
thiocyanate is produeed invariably, and this in
considérable qnantity. B. Hoffmann reports on a
long sériés of expérimental fusions, made with a
variety of animal matters, and sulphate-free
pearl-ash or such ash and blue sait derived from
such ash, on a manufaeturing scale, and con-
trolled by quantitative déterminations. In the
nine cases which he reports on, the ratios of
cyanide of potassium présent as prussiate to
cyanide of potassium présent as thiocyanate
were, severally: 11-3; 11-6; 5; 7-4; 10-5; 13;
18 ; 6-7 ; 17*7 to one.

In connection with the conversion of the
cyanide into prussiate, wè may refer to a pro¬
posai of Habich's (Bib. 10), which is, to effect it
by added powdered iron-spar, FeCOa. If the ore
is contaminated with lime or magnesia, he pro¬
poses to remove these by digestion with ferrie
chloride solution. Carbonate of iron, Habich
says, acts more readily and exhauslively on
the cyanide solution than any other kind of
ferrous compound, and besides éliminâtes the
the potassium in the convenient form of car¬
bonate.

Of the very large excess of potash used in
every individual fusion, a considérable portion
cornes back to the manufacturer in the form of
blue sait. Karmrodt (Bib. 4), in a valuable
memoir on the prussiate process, gives the re-
sults of a complété analysis of a blue sait de¬
rived from sixweeks' working. He found in 100
parts :—

Potassium carbonate, IÇC03 . 52-75
Potassium silicate, Si02.2K,0 . 16-57
Potassium sulphide, K„S . 6-18
Potassium oxide, K20 . . 7"22
Potassium prussiate, I 0

(NC)„Fe.K4 + 3H20 . . S
Potassium chloride . . . 1-15
Potassium phosphate, K3P04 . 2-04
Potassium sulphate . . 4-34
Potassium thiocyanate . . a little
Insoluble matter, chiefly silica 3-86
Organic matter, loss and errors 3-07

100-00
A glance at this analysis shows that blup

sait is practically a very impure pearl-ash ;
but, apart from this, it does not by far cover
the loss of alkali involved in the fusions.
In other words, the prussiate maker, in the
course of a year, say, has to buy considerably
more potassium in the form of carbonate than
he sends ont in the shape of prussiate. The
causes of this loss have been ascertained by
Hoffmann. Very little carbonate is lost by
volatilisation. At the température prevailing in
the fusion-pan potassium chloride volatilises
very freely, but carbonate and sulphate do not ;
if potassium sulphate is found in the flues, this
was produeed from what were originally potas¬
sium chloride and ammonium sulphate. The
lost potash, according to Hoffmann, must be
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searched for in tlie black sludges left after lixi-
viation of the métal by water, which contain
abundance of potassium in the relatively in¬
soluble form of potassio-sulphides of iron, and
as part of insoluble silicates. Besides, some of
the recovered soluble potash sait is silicate,
Which, in the sense of the prussiate process, is
not équivalent to carbonate, being, unlike it, not
reducible to potassium by the action of carbon
at a red heat. In the successive recoverings of
blue sait, the silicate, indeed, accumulâtes to
such a degree that the sait from time to time
requires to be de-silicated to beeome fit for use.
If the black sludge be allowed to lie in the air,
the sulphides of potassium and iron are oxidised,
the former to sulphate, which can be extracted
by means of water and thus recovered. Far more
important, however, than the loss of potash is the
loss of nitrogen involved in the process. In con¬
nection with this subject, Karmrodt (Bib. 4)
records an interesting sériés of experiments. In
each of the fusions referred to, the alkali used
consisted of 500 pounds of pearl-ash, or of 100
of ash and 400 of blue sait, or of 150 of ash and
350 of blue sait.

1. Average resuit of ten fusions, each made
with 500 pounds of best woollen rags. Total
nitrogen used = 800 lbs. Total prussiate ob-
tained = 761 lbs.; nitrogen in the prussiate =
152 lbs. Hence, nitrogen recovered as prussiate
= 19 p.c. of the nitrogen employed.

2. Set of ten fusions, each with 500 lbs. of
clean horn. Nitrogen recovered = 20 p.c.

3. Set of ten fusions, caeh with 500 lbs. of
cows' hair. Nitrogen recovered = 15 p.c.

4. Set of ten fusions, each with 600 lbs. of
leather cuttings. Nitrogen recovered = 32 p.c.

5. Set of ten fusions, each with 400 lbs. of
horn-char, containing 7 p.c. of nitrogen. Nitro¬
gen recovered= 58 p.c., showing that the charred
material gave a greater proportion of its nitro¬
gen as prussiate than any of the several kinds
of natural animal matter. The nitrogen re¬
covered as prussiate, it is true, amounts to only
12-6 p.c. of that contained in the 8,000 lbs. of
horn from which the 4,000 lbs. of char were
derived (the horn was the same as that which
served for exp. 2, and the char weighed half as
much as the original horn) ; but, if we adopt the
rule of first charring a substance and using only
the char for the fusion process, the large quan¬
tifies of nitrogen, which in the charring escape
as ammonia &e., need not be allowed to
go Up the chimney. For the utilisation of the
ammonia of the vapours, Karmrodt reeommends
to pass them at a red heat over a reagent which
he calls Kohlenkali and which he préparés as
follows : 20 parts of carbonate of potash are
dissolved in 10 parts of hot water, and the solu¬
tion is mixed with the washed but undried pre-
oipitate produced from 8 parts of ferrous sulphate
by addition of 6 parts of carbonate of potash,
30 parts of charcoal in pièces of the size of a
hazel-nut are added to the magma, and the
whole is made thoroughly dry over a charcoal
fire. Karmrodt constructed a small expérimental
furnace which enabled him to distil a given
material and pass the vapours through a red-hot
eolumn of Kohlenkali. The product was worked
up into prussiate and the latter determined (by
direct weighing of the erystals or by analytical

détermination of the (NC)BFe in the solution
produced?). In a set of five experiments, in
each of which 3 lbs. of commercial ammonium
carbonate were used, the nitrogen recovered as
prussiate amounted, on the average, to 35-7 p.c.
of the nitrogen présent in the carbonate of am.
monia by analysis. In each of another set of
experiments 10 lbs. of Kohlenkali were used in
conjunetion with 3 lbs. = 96 Loth of horn.
Nitrogen used in ail =46 Loth; nitrogen re¬
covered as prussiate =21 Loth or 45-7 p.c. of
the total nitrogen in the horn employed. Tkese
results oertainly were encouraging, but we are
not aware that Karmrodt's process was ever
used, even by himself, on a manufacturing scale.

Some time before Karmrodt, Brunnquell
(Bib. 3), also a manufacturer of prussiate of
potash, had published a critical investigation of
the prussiate process. After having pointed out
the shortcomings of the customary process, and
especially those of the fusion-pan, he reeom¬
mends, as a good modification, to convert any
unwieldy animal matters into char before use,
and then to use this char in conjunetion with
richly nitrogenous, compact, and well-dried (un-
charred) animal matter. Good proportions for
the generality of cases, according to him, are—
200 lbs. of pearl-ash (or 133 of blue sait and 67
of fresh carbonate), 40 of char, 130-140 of clean
and dry uncharred animal matter, 16 of iron
borings. The alkali is fused over a brisk fire,
and the iron and the half of the char are next
added with constant stirring. The heating is
continued until a peculiar kind of smoke is seen
to rise from the fused mass. The animal matter
is now added, and, lastly, the second half of the
char. In the ordinary process the greater part
of the nitrogen of the animal matter goes away
as ammonia. Brunnquell proposes to save part
of it as cyanide by a modified construction of
the fusion apparatus. Instead of the customary
pan he reeommends a combination of two com-
municating egg-shaped iron pots superposed
upon one another, and so suspended in a gas-
furnace that they can be heated independently
of each other. Each of the two pots has a disc-
shaped stirrer, that of the upper has a tube for
a rod ; the rod of the lower passes through this
tube, so that either of the two dises can be agi-
tated by itself. The lower pot is eharged with
alkali and natural animal matter, the upper with
alkali and charred animal matter, and the heat¬
ing process is so conducted that the contents of
the upper pot are in a state of fusion before
those of the lower have lost much of their vola¬
tile matter. The lower pot is then heated, and
the ammoniacal vapours produced there are
compelled to bubble through the fused mass in
the upper pot, which gives their nitrogen a good
chance of conversion into cyanide. An imita¬
tion of the projected apparatus was made out of
a tall crucible and eharged with leather-ch&r
above and blood-solids below. The yield of
prussiate was 33-2 p.c., of which 28'6 were found
in the lower part of the crucible.1

An apparatus based on the same idea as
Brunnquell's was patented in 1883 by C. Engler

1 This probably means 33*2 parts per 100 of animal
matter used as such or as leather-ehar. The ordinary
yield, according to Bruunquell, is about 10 for every 100
of animal matter used.
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and C. Bader (Ger. Pat. No. 23,132 ; v. W. J. for
18S3 for a woodcut of their apparatus).

The real funotion of the added iron. Brunn-

quell quite correotly says, is to retard the de¬
struction of the iron pan, which otherwise would
bave to supply ail the iron for the iron sulphide
unavoidably formed. He quotes a statement of
Fleck's, that a pan wrought without iron stood
only 100 fusions, while two other similar pans
wrought with iron stood 343 and 405 respec-
tively.

To complété our aeeonnt of proposed im-
provements on the old prussiate process we must
refer to a proposai made by Bramwell in 1855
(Bib. 29), which is to substitute sulphate for the
carbonate used in the fusion process, and along
with it a sufficiency of iron to eliminate the
alkali métal from the sulphide produced from
the sulphate by the action of the charcoal. It
does not appear that Bramwell's process was
ever tried even experimentally. Bramwell re-
commends sulphate of ' potash or soda,' which
implies that, supposing alkaline sulphate not to
work, soda-ash might be substituted for the more
expensive carbonate of potash. Wagner, in re-
porting on Bramwell's paper, suggests the em¬
ployaient of a mixture of the two carbonates,
which, as is well known, fuses more readily than
either alone. By properly adjusting the pro¬
portions, he says, one might produce the sait
{NC)sFe,KNa3, which crystallises very readily.

There can be no doubt that for most prac-
tical purposes soda-prussiate would be fully
équivalent to the customary potash sait ; but we
have no right to take it for granted that carbon¬
ate of soda is as active a cyanogen-former as
carbonate of potash. L. Possoz (Bib. 31) made
a sériés of comparative experiments on a manu-
facturing scale with the two alkalis, and found
that while, for instance, 100 parts of horn when
fused with potash yielded on an average 25 parts
of prussiate of potash, they yielded only 5 parts
of prussiate of soda when soda-ash was used.
An experiment recorded by B. Hoffmann in his
memoir (Bib. 5) gave a différent resuit. In one
of his expérimental fusions he used soda-ash
instead of carbonate of potash, and, from 100
parts of woollén rags by fusion at a very high
température obtained ferrocyanogen equal to 11
parts of prussiate of potash crystals, as against
the 10 to 14 which he had obtained in a sériés
of fusions with pearl-ash.

In 1880 S. Tanatar of Odessa (Bib. 32) took
up the question and tried to décidé it by labora-
tory experiments. He nsed blood-cliar (carbo
sanguinis) as a source of nitrogen, and found
that it gave only traces of cyanide when fused
with iron and carbonate of soda. But when he
added certain diluents to the mixture he obtained
better results.

The following is an extract from his table of
results :—

Ten grams of blood-char and iron borings—
(1) When fused with 25 grams of carbonate

of potash gave cyanide equal to 2-15 grams of
«rystallised prussiate.

(2) When fused with 25 grams of carbonate
of soda gave 0-2 grams of prussiate of soda.

(12) When fused with 25 grams of sodium
chloride and 5 of carbonate of soda gave 2-17
grains of prussiate.

(13) When fused with 25 grams of sodium
chloride, 5 of carbonate of soda, and 3 of carbon¬
ate of lime gave 2 3 grams of prussiate.

The numbers given are the averages of from
3 to 5 fusions. Mixtures 12 and 13 were tried
with a kilogram of wool, and were found to give
more oyanogen than the same material did with
carbonate of potash. Unfortunately, Tanatar
says, the crystallisation of the sodium sait from
the leys offers great difficulties.

Assay of the métal.—It is obviously impor¬
tant for the prussiate maker to have a method
for the rapid détermination of the percentage of
prussiate obtainable from a given métal. Of the
many methods proposed Erlenmeyer's is pro-
bably the most exact (Bib. 11). He extraets a
weighed sample with water with addition of
ferrous sulphate and, if necessary, enough
caustic soda to maintain an alkaline reaction,
and removes the insoluble matter by filtration.
From the filtrate he précipitâtes the ferro¬
cyanogen by an excess of ferrie chloride in the
presence of an excess of hydroehlorie acid, as
Prussian blue, which he filters off, washes,
and décomposés by means of caustic potash.
The ferrie hydrate is filtered off and the ferro¬
cyanogen determined in the acidified filtrate by
titration with potassium permanganate, aecord-
ing to De Haen's method. The sulplwcyanogen
of the métal is in the filtrate from the PrussiaD
blue, and can be determined after further acidi¬
fication, if necessary, by titration with perman¬
ganate.

NCS.H + 03 (as permanganate) gives
NCH+S03 ( + manganous sait).

This latter method of titration, however,
does not give perfectly constant results even
with pure solutions, and it is questionable
whether it gives at ail trustworthy results in the
case here under considération.

E. Bohlig (Bib. 12) détermines dissolved
alkaline ferrocyanide by titration with a standard
solution of copper sulphate, the addition of which
is continued until a strip of filter-paper dipped
into the mixture no longer becomes blue when
a drop of ferrie chloride is put on it. Any
sulphide présent in the solution must first be
removed by boiling with lead carbonate and
filtering.

J. Miiller (Bib. 13) and Iv. Zulkowski (Bib. 14)
titrate with zinc sulphate. According to the
latter, constant results can be obtained only with
hot solutions. A suitable standard solution is
obtained by dissolving one-fourth

(ZnS0.,.K2S04 + 6H„0) = 111-0 grams
of this double sait in water and diluting to one
litre. To test a ' métal,' 50 grammes of it
(coarsely powdered) are digested in 150 c.c. of
water, which at first causes considérable évolu¬
tion of heat. After the mixture has cooled down
to 40°C., this température is maintained for
about two hours. The whole is then diluted to
250 c.c., filtered through a dry filter, and part of
the filtrate put into a burette. 10 c.c. of the
zinc solution are now measured out, mixed with
5 o.c. of dilute sulphuric acid (1 to 5) and 20 c.c.
of water, and the whole is heated to boiling.
' Métal ' solution is run into the hot liquid until,
when a drop of the mixture is put on a piece of
filter paper and a drop of very dilute ferrie
chloride solution put on the zone of paper
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soaked in the solution (the precipitate remains
localised in the place where the drop was put
down) it just produces a blue colour. The liquid
then, according to synthetical trials made with
known weights of pure prussiate, contains seven
times (NC)„FeK4 + 3H20 of added prussiate for
every 10 x ZnS04 used, plus 0-5 milligram of
prussiate for every cubic-centimetre of mixture ;
i.e., supposing the total volume of the mixture
at the end to be =V c.c., it contains

0-740 + 0-0005 x V grams
of prussiate, whence the percentage is easily
calculated. But the process had bettor be mani-
pulated as a purely empirical one, i.e. after a
preliminary détermination of the strength of the
' métal '-solution, the exact weight of prussiate
of potash which, under the circumstance wkich
prevailed in this analysis, is équivalent to 10
c.c. of the zinc-solution, should be determined
direetly by means of an imitation of the metal-
solution derived from an exactly known weight
of pure prussiate. For the détermination of the
thiocyanate in blood-ley, Zulkowski adds excess
of sulphurous acid to destroy the sulphide and
lets this reagent act from half a day to a whole
day. The acid liquid is then neutralised by
addition of oxide of zinc and the ferrocyanogen
fully preeipitated by addition of excess of zinc
sulphate. The filtered liquor is concentrated
over a water-bath, and the thioeyanogen pre¬
eipitated by addition of excess of copper sul¬
phate and sulphurous acid, as cuprous thiocyan¬
ate, NCS.Cu, which is filtered ofî and weighed as
such (after drying at 100°), or ignited in hydro-
gen to be weighed as Cu2S. Of the several
processes of analysis here referred to, Zulkowski's
is the most plausible ; yet, according to experi-
ments made in Professor Thorpe's laboratory by
Dyson, it gives only moderately exact results
(private communication from Prof. Thorpe).
Pboposed New Methods for the Manufacture

oe Prussiate of Potash.
None of these lias had more thari a very

brief existence. They ail agree in this, tliat
they discard the use of animal matter and sub-
stitute for it either atmospheric nitrogen or
ammonia.

Of the numerous attempts to produce eyan-
ides from the nitrogen of the atmosphère, that
of Possoz and Boissière (Bib. 15) is probably the
earliest, and not the least successful. Charcoal,
impregnated with 30 p.c. of its weight of car¬
bonate of potash, is kept at a red-heat in fire-
clay cylinders, through which a mixture of
nitrogen and carbonic oxide, produced by passing
air over red-hot alkalinised charcoal, is passing.
The maximum amount of cyanide is formed
after about ten hours. The process is continuons ;
while finished product is withdrawn from below
(and made to cool in close iron boxes), fresh
charges are introduced from above. The pro¬
duct is lixiviated with water in the presence of
powdered spathic iron ore, to produce a solution
of prussiate which is worked up as usual. The
inventors, after having wrought their process
in Grenelle, near Paris, without a profit, trans-
planted it to Newcastle, and there, for a time,
produced as much as 1,000 kilograms of prussiate
in a day. But the méthod could not compete
with the old process, and the works were eventu-

ally closed. Bramwell simplified the process by
utilising as nitrogen the gases of the furnace in
which the cylinder is heated.

In 1861, Margueritte and De Sourdeval (Bib.
16) established the important fact that baryta is
a better basic reagent for causing the union of
nitrogen and carbon into cyanogen, than carbon¬
ate of potash. A mixture of carbonate of baryta.
iron filings, coal-tar and sawdust is ignited
strongly in a fire-clay retort, wlien most of the
baryta is reduced to oxide. A current of air,
de-oxygenated byhot carbon, is then passedover
the mass at a red-heat, when barium cyanide is
formed in abundance. From this other cyanides
are, of course, easily made, but the inventors, it
appears, prefer to use it for the génération of
ammonia, by the decomposing action of steam at
300°, Ba(NC), +■ 4H„0 = 2NH3 + H, + CO+B&C0,.

About 1881, V. Adler, having found that the
formation of cyanogen from charcoal, nitrogen,
and basic oxides is greatly facilitated by the pre¬
sence of finely divided iron or other métal capa¬
ble of combining with carbon and transferring
it to the nitrogen and basilous métal, sought
to base upon this a new method for the manu¬
facture of cyanides. We refer to the literature
quoted under 17.

A long time ago Bunsen suggested to mate
potassium cyanide by construeting a kind of
iron blast-furnace and working it with alternate
layers of carbonate of potash and coal. The
potassium cyanide produced might be let out
from time to time from tap-holes provided at
the proper places. We quote from W. J., 1855,
p. 85, where the Handwôrterbuch der Chemie
[4], 273, is referred to.

For the conversion of ammonia into cyanogen,
one method is to pass it over red-hot charcoal,
when vapour of ammonium cyanide is produced.
Langlois (Bib. 18), who was the first to study the
réaction, recommends it as the best method for
the préparation of pure crystals of this sait.
Kuhlmann (Bib. 19) utiliseditexperimentallyfor
the préparation of prussiate of potash, by pas¬
sing the gaseous product obtained by heating
charcoal in a current of dry ammonia into a
solution of caustic potash containing suspended
ferrous hydrate, and obtained èncouraging re¬
sults. Brunnquell tried to use the reaction for
converting the ammonia of the vapours resulting
from the dry distillation of animal matter,
ultimately, into prussiate of potash. Finding it
impracticable to décomposé ammonium cyanide
by means of caustic potash, he proposes to pass
the vapours containing the ammonium cyanide
into a solution of ferrous sulphate, to produce
ammonium sulphate and a precipitate of ferrous
cyanide, which latter he collects and turns into
prussiate by treatment with solution of potassium
carbonate (Bib. 3). His ingeniously oonstructed
apparatus for the absorption of the cyanide-
vapours is described and figured in W. J., 1856,
110. On Earmrodt's attempts in the same
direction we reported above (p. 630).

A slight modification of Karmrodt's process
(addition of iron filings to the ' Kohlenkali ') iras
patented by H. Johnston for Lucas in 1862
(Bib. 20). More original is the process of H.
Sehwartz (Bib. 21) who passes a mixture of
ammonia and carbon bisulphide vapour over
red-hot iron or copper, contained in an iron
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tube, so as to form ammonium cyanide vapour,
whieh he absorbs in a magma of ferrous hydrate
and caustic-alkali-ley, and so produces ferro-
cy&nide.

CS2 + 2NH3 + 4Cu = 2Cu»S + NCH.NH, + H2.
Perhaps it is more correct to assume that in

the first instance 0S2 and 2NH3 unité into
NCS.NH4 + H,S, which are then both desul-
phurised by the copper. At any rate, the
réaction here présumée! does take place, as
shown by Millon (Bib. 22), when carbon di-sul-
pliide is kept in contact with aqueous ammonia
solution. A. Gélis, in 18G1 (Bib. 23), based upon
this reaction a method for the industrial pré¬
paration of ammonium thiocyanate, and subse-
quently worked out a process for making potas¬
sium ferrocyanide from the thiocyanate (Bib.
24and 25). Gélis's process for the manufacture
of thiocyanate is considered below ; his method
for its conversion into prussiate is based upon
the presumption that potassium thiocyanate,
when heated with finely divided iron to dull
reiness, is decomposed with formation of
prussiate (?) thus :

6(NCS)K + 6Fe = (NC)3FeK4 + 5FeS + E2S.
But this cannot be tire case : even the

possibility of producing potassium cyanide from
thiocyanate profitably in this manner is more
than doubtful. It certainly was at Gélis' time.
(®. supra under B. Hoffmann). Bayen, it is
true, in his report says that the actual yield is
about equal to that demanded by theory, but he
offers no evidence on this point, and, supposing
him to be right, why did the Verein filr die Bc-
fordcrung des Gewerbfleisses in Preussen as
late as 1877 offer a prize of 1000 marks for the
conversion of thiocyanates into prussiates ?
And why did Messrs. Giinzburg and Tcherniac
vaste sueh an amount of time over the same

problem ?
Since about 1878 these two chemists, as ap-

pears from their publications, have been en-
gaged in attempts to bring Gélis' processes into
workable forms. Their apparatus and methods
for the production of thiocyanates are deseribed
below under a spécial heading ; we here confine
ourselves to stating what they found out in re¬
gard to the problem of de-sulphurising thio¬
cyanate of potassium. According to their ex-
periments, this change can be effected satis-
factorily by means of metallic iron, but only
under the following conditions :—

(1) The thiocyanate must be dry and ' abso-
lutely ' pure. (What does ' absolutely pure '
mean ? They surely would not insist on abso-
lute purity in the strict sense of the terms.)

(2) The iron must be clean and perfectly
metallic. Ordinary ' reduced iron ' is contami-
nated with more or less of protoxide, which, in
tke course of the fusion process, couverts its
équivalent of cyanide into the useless form of
cyanate. ' Fer porphyrisé ' on the other hand
works adinirably.

(3) The mixture of thiocyanate and iron
must be very intimate.

(4) In the fusion process a température of as
nearly as possible 450°C. must be maintained.
Below 350° there is no action, while 550°, on the
other hand, is a limit which it is dangerous to
pass. (Why ?)

The thiocyanate, after having been fused,
and thus dehydrated, at 300°, is allowed to soli-
dify, powdered finely and mixed with the iron
powder in an apparatus so constructed that ab¬
sorption of moisture from the atmosphère is
precluded. The mixture is put into iron boxes
with closely-fitting lids, and these are placed in
a cast-iron chamber constructed like an ordinary
laboratory steam-chest, but kept at 450° by
means of boiling sulphur. (See fig. 3.) The
sulphur-compartment commuuicates above with
an upright pipe which acts as an inverted çon-
denser. When the reaction is completed, the
boxes are transferred to a chamber which can be
closed hermetically and cooled down quickly by
means of a current of cold water. The mass is
treated with water, &c., i.e. manipulated exactly
like ordinary ' métal.' It yields ' from 30 to 40

Fia. 3.

p.c. of crystallised prussiate.' Mr. Tcherniac
(in his article 1 Cyanures,' in the supplément
to Wiirtz's Dictionnaire de Chimie) does not
tell us what proportion of iron he uses ; as-
suming he takes the caleulated quantity, i.e.
Fe parts of iron for NCS.K parts of the sait,
the fused mass, by theory, should yield 45'9
p.c. of its weight of crystallised prussiate ; the
' 30 to 35 p.c.' then would mean 'from 65
to 76 p.c. of the theoretical maximum.' Not
a bad yield, surely, but would the process pay
in practice ? Besicles, Tcherniae's numbers for
the potential prussiate in his metals are pro-
bably too high, because he, no doubt, determined
these analytically by means of his own process,
which is as follows :

To analyse the solution derived from a given
métal he begins by acidifying with sulphuric
acid and next drops in strong solution of per-
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manganate of potash, until the red oolour re-
mains for a few minutes. The mixture is al-
lowed to stand for about half-an-hour to make
sure that ail the prussiate is converted into
ferricyanide and that the sulphide, thiocyanate,
&D., are completely oxidised. (Tcherniac does
not direct us to maintain a red colour in the
mixture by occasional addition of more per¬
manganate, but he no doubt rneans us to do so.)
At last the mixture is made strongly alkaline by
addition of caustic soda, heated to boiling and
mixed with ferrous sulphate to re-eonvert the
red into yellow prussiate with formation of
magnetic oxide of iron, which is filtered oiï.
The filtrate is acidified and its prussiate deter-
mined by titration with a standard solution of
potassium permanganate (De Çaen's method).
The method, obviously, is based on the presump-
tion that, in the first process of oxidation, the
thiocyanate is converted into substances not sus¬
ceptible of conversion into prussiate bytreatment
with ferrous hydrate and caustic alkali; but
this, we believe, is a mistake; as shown by
Erlenmeyer, permanganate, in acid solutions,
converts thiocyanate into cyanide and sulphate,
and the hydrocyanic acid, as far as it survives,
will be reported as so much prussiate.

We have not the space for more than the
bare outlines of a process for the production of
prussiate from ammonium sulphate which was
proposed by H. Fleck (Bib. 28). According to
his experiments, if ammonium sulphate,sulphur,
and charcoal are added to a fused mixture of
potassium carbonate, sulphur, and charcoal,
potassium thiocyanate is produced which con-
tains one half of the nitrogen of the ammonia
sait ; the other half escapes as ammonia, along
with sulphurettedhydrogen. If-now iron filings
be incorporated, a violent reaction sets in which
leads to the formation of a black mass, équiva¬
lent to the ' métal ' of the old process inasmuch
as it yields prussiate on lixiviation with water.

B.ed prussiate of potash or Ferricyanide of
potassium (NC)jFeE3. This sait was discovered
by Leopold Gmelin in 1822. He prepared it by
passing chlorine through solution of yellow
prussiate until it no longer gave a precipitate or
colouration of Prussian blue with ferrie sait.
The reaction is very simple : of the four atoms
of potassium in yellow prussiate one is elimi-
nated as chloride. Gmelin also found that the
new sait gives a blue precipitate on addition of
ferrous sait, which is similar to, but not iden-
tical with Prussian blue. The new blue subse-
quently became known as 'Turnbull's Blue.'

Gmelin's reaction is still used almost exclu-
sively for the manufacture of the sait ; only in-
stead of passing chlorine through a solution of
yellow prussiate, some prefer to chlorinate the
powdered dry sait. In the latter case the mode
of operating is either the same as in bleaching-
powder-making, or else the powdered sait is
placed in casks which are made to revolve while
a current of chlorine is passing through them.
The wet-way method, however, is more gene-
rally used and it must be, if the production of a
pure préparation is eontemplated.

The fully chlorinated solution is evaporated
to crystallisation, the red sait allowed to crys-
tallise out and purified by re-crystallisation.
The process is not so easy in practice as theory

might indicate. A solution of red prussiate il
subjected to the action of chlorine, even in
the cold, is slowly decomposed with formation
of a green precipitate known as 'Prussian
green,' which runs through any filter and pre-
vents the formation of normal crystals. In
practice it is, of course, quite impossible to
avoid local excess of chlorine, and, as a con¬

séquence, the green precipitate makes its ap-
pearance before the whole of the yellow sait is
converted into red. Posselt has discovered an

easy mode of getting quit of this trouble.
After having completed the chlorination, he
evaporates to crystallisation (without heeding
the green precipitate) and adds a little caustic
potash to the hot liquor ; the green compound
is converted into ferrie hydrate which is easily
filtered off. Unfortunately, however, the pro¬
cess re-generates yellow sait :

3(NC)Gfe.fe + (NC)18Fe3.fe4 + 21KOH
= 7fe(OH)3 + 3(NC)Gfe.E3 + 3(NC)GFeE4.>

Perhaps the best way out of the difficulty
would be, to stop the chlorination as soon as the
green precipitate threatens to form, and then to
complété the change by the following process
due to Williamson (Bib. 33) :—

Everitt's sait (an insoluble ferro-potassic
ferroeyanide which is formed in the préparation
of hydrocyanic acid from prussiate of potash) is
treated with an équivalent amount of nitric acid
diluted with 20 parts of water, first in the cold,
and then with cautious application of heat.
The resuit of this opération is that the Everitt's
sait loses half its potassium and assumes the
form of a blue ferri-potassic ferroeyanide, thus :

(NCJjFe.FeEj — E = (NC)6Fe.feE
Everitt's sait. Williamson's blue.

The blue compound, when boiled with solution
of potassium ferroeyanide, takes away one fourth
of the potassium in the latter, and re-assumes
its original form of Everitt's sait :

(NC)6Fe.feE + (NC)BFe.K,
= (NC)3Fe.FeE2+ (NC)Gfe.K3.

As the blue re-agent can be recovered from the
Everitt's sait formed by means of nitric acid,
Williamson's process would perhaps pay even as
an independent industrial process for the pré¬
paration of the sait.

Schônbein recomniended to make red prussi¬
ate by treating the solution of the yellow sait
with lead di-oxide in the presence of carbonic
acid :

2 (NC)GFeK4 + PbO„ + 2CO,+H.,0
= 2(NC)Gfe.K3 + PbO + 2EHC03.

The presence of excess of carbonic acid i»
essential, because red prussiate, monoxide oi
lead and caustic potash décomposé one another
in the sense of our équation as read from the
right to the left. From the monoxide of lead
the binoxide can be re-generated by means ot
bleaching-powder solution. Lunge (Bib. 35) re-
commends this combination of processes for the
industrial manufacture of the sait.

Seuberlich (Bib. 36), as an improvement upon
Sehônbein's process, proposes to substitute
hydrochloric for the carbonic acid.

Beichardt, of Jena (W. J. 1869, 270), effects
1 Here, as also in the following section, we use the

symbol 'fe'as designating 56 parts of ferrie iron, 'Fe'
standing for the same weiglit of ferrosum, or perhaps, 0i
iron generally.
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the conversion of yellow into red prussiate by
means of bromine. The spécifié advantages
olaimed for the method are, that bromine is
weighable and that an excess of it does not to
anything like the same extent as one of chlorine
lead to the formation of by-products.1

Eeichardt's proeess would probably not pay
industrially as it stands, but might perhaps be
Employed with advantage for completing a con¬
version which has already been almost accom-
plished by means of chlorine.

A method proposed by Eodger (Bib. 37) con¬
sista in preparing a mixed solution of ferrie and
potassic sulphates which eontains the two bases
in the exact proportion demanded by the for¬
mula for red prussiate, and then substituting
2NC for every 1 S04 by précipitation with
strontium cyanide.

Bed prussiate of potash crystallises frorn
water in magnificent dark-red monoclinic prisms
which. may assume a considérable magnitude.
The crystals are anhydrous. Sp.gr. =1-845
(Wallace). They dissolve largely in water, form-
ing an intense yellow solution. (Yellow prussiate
solution is only pale yellow.) At t° C. one part
of the sait requires for its solution ' w ' parts of
water; the sp.gr. of the solution produced is
•S' (at t° 1).

P W S

4-4 . . . . 3-03 1-151
10-0 .... 2-73 1-164
15-6 (60° F.) . . 2-54 1-178
37-8 .... 1-70 1-225

100-0 .... 1-29 1-250
104-0 (boil. point) . 1-22 1-265

A solution of red prussiate gives a blue pre-
cipitate with solutions of ferrous salts (Turn-
bull's blue), which is insoluble in water and in
minerai acids. With ferrie salts it gives the in¬
tense brown colouration characteristic of ferrie
ferricyanide.

A mixed solution of red prussiate and caustie
potash is a powerful oxidising agent.

(NC)sfe.K3 + KOH = (NC)BFe.K4 + (OH, which
effects the oxidations). Thus, for instance, in-
digo-blue is instantaneously decolourised by this
combination of reagents.

Ferroeyanic acid (NC)aFe.H4 is produced
when a solution of yellow prussiate is mixed
with any of the stronger acids in the cold.
For the préparation of a pure solution the
barium sait is decomposed with the exact quan-
tity of sulphuric acid, and the barium sulphate
âltered off. A more convenient, but less exact,
method is to décomposé a strong solution of
yellow prussiate by addition of the exact quantity
of tartaric acid, which forms bitartrate with the

1 lu connection with this matter a very instructive
research by Edgar J. Reynolds (C. J. for 1888. Trans.
767) may be referred to. Its principal resuit is that a
saturated solution of red prussiate, if boiled with bromine
(2 parts for one part of dry sait) under an inverted con¬
denser for 5-6 hours, yields, amongst other tbings, a black
insoluble cyanide of iron of the composition Fe3Cy8, whicli
bebaves towards boiling caustic-potash ley as if it were a
mixture CyIBEe3.fe.+Cyflfe.fe of ferrienm ferrocyanide
and ferricyanide, or, in other words, similarly to Prussian
green, to whioh latter, indeed, some authorities assign the
same formula as Reynolds does to his new compound
fr. for instance, Roscoe-Schorlemmer's Handbook of
Chemistry). The new cyanide if exposed to moist air or
ivasbed with hot water loses ferricum as hydrate, and
passes, very slowly, into Prussian blue.

Fe.Cy,,+6HaO=fe3( OH).+re7Cy,„+ OCyH.

potassium of the sait. The bitartrate separates
out on standing and is removed by filtration. For
the préparation of dry ferroeyanic acid, a satu¬
rated solution of yellow prussiate, after removal
of its absorbed ail- by boiling, isallowedto cooliu
the absence of air ; a quantity of air-free ether
is then added, and lastly, air-free hydrochlorio
acid. Ferroeyanic acid separates out in white
scales, which are fîltered off, washed with ether-
alcohol, and purified by re-solution in alcohol
and reprecipitation with ether. The prépara¬
tion must be dried in the cold over oil of vitriol.
A solution of ferroeyanic acid, if exposed to the
air, and more espeeially at higlier températures,
suffers oxidation with formation of a blue pre-
cipitate, which, rightly or wrongly, is generally
assumed to be Prussian blue. This reaction
is utilised in calico-printing for the production
of blue patterns.

If a solution of ferroeyanic acid is boiled, it
is decomposed with élimination of half its
cyanogen as hydrocyanic acid, NCH, and forma¬
tion of an insoluble ferrocyanide of ferrosum
and hydrogen.

2(NC)6Fe.H4 = 6NCH + (NC^e.FeH,,
A similar reaction takes place in the distillation
of prussiate of potash with dilute sulphuric
acid; only in this case the (NC)6Fe.FeH2 first
formed exchanges its two atoms of hydrogen for
two of potassium from the potassium sulphate
produced, and a precipitate of Everitt's sait
(NC)6Fe.FeK, is left in the retort. Both préci¬
pitâtes are white, if pure, but they quickly
absorb oxygen from the ail- with formation of
blue eompounds.

Hydrocyanic acid. Syn. Prussic acid. (Germ.
Blausaure.) NC.H or CyH. In a memoir pub-
lished in the Transactions of the Swedish
Academy for 1782-3 Scheele showed that the
' colouring principle ' of Prussian blue can be
isolated in two ways—viz. (1) by converting tlie
blue into potash sait and distilling this with
dilute sulphuric acid, and (2) by converting the
blue into mercury sait by boiling it with mercury
calx and water, precipitating the mercury by
means of metallic iron and dilute sulphuric acid,
and distilling the liquid decantate. In either
case the ' principle ' is eontained in the distillate,
as proved by the fa,ct that the distillate, when
mixed with excess of caustic alkali, ferroso-ferric
sait, and excess of acid, regenerates Prussian
blue. The body was subsequently called by Berg-
mann ' acidum cœrulei Berolinensis,' whence its
familial- names, as given in the heading.

Scheele found that prussic acid itself is very
volatile and combustible, and that one of the
products of its combustion is fixed air. Com-
bining this with the fact ascertained by him,
that a mixture of wood-charcoal and pearl-ash
yields no blood-ley sait when heated by itself,
but does so if heated with sal-ammoniae, he
coneluded that prussic acid is composed of
volatile alkali, fixed air, and phlogiston, which
is in substantial accordance with our présent
views.

The exact quantitative composition of prussic
acid (and the then known cyanides) was ascer¬
tained for the first time by Gay-Lussac in 1815.
He showed that prussic acid is similar in its
constitution to hydroehlorie, hydriodic, and
sulphydric acids, with, however, this important
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différence—that the hydrogen in prussic acid is
united, not with an elementary but with a ' com-
pound radicle,' NC, which hecalled ' cyanonènc.'
Gay-Lussac thus for the first time introduced
the notion of compound radicles, which, however,
at his time, would have failed to take root in the
minds of chemists if he had not succeeded in
isolating this radicle (v. infra).

For the préparation of hydrocyanic acid the
most convenient method probably is to dé¬
composé pure potassium cyanide with dilute
sulphuric acid. The customary method is that
of Scheele, which is to distil prussiate of
potash with dilute sulphuric acid. For the
préparation of an aqueous solution of the acid,
2 parts of oil of vitriol, 4-6 parts of water, and
3 parts of prussiate are suitable proportions to
use. The prussiate, after having been coarsely
powdered, is introduced into a retort, standing
on a sand or asbestos bath; the neck of the
retort, which is turned upwards, is connected
with an efficient Liebig's condenser by means of
a glass elbow and perforated corks. The acid
mixture is of course allowed to eool before it is
poured on the sait. The distillation is continued
until the residue is nearly dry. As prussic acid
is very volatile and highly poisonous, it is as
well to let the distillate go into a layer of water
contained in the receiver, and to place the latter
into cold water or, better, a mixture of ice and
water.

The process, as we had already occasion to
state, consists essentially in this -that one half
of the cyanogen is liberated as NCH, while the
rest of the elements concerned remain in the
retort as Everitt's sait and potassium sulphate.
For pharmaceutical purposes the proportion of
water is so adjusted that the distillate is de-
cidedly, but not very much, above the strength
prescribed by the Pharmaeopœia, which in Great
Britain is 2 p.c. of real NCH. The acid is
then analysed and diluted down to the desired
strength.

Anhydrous hydrocyanic acid cannot be made
by distilling the prussiate with oil of vitriol,
because this converts the NCH produeed at once
into carbonic oxide and ammonia (sulphate).

I. NCH + 2H,0 = NH3 + H.C00H.
II. H.C00H-H20 = C0.
The strongest hydrochlorie acid behaves

similarly, except that the formic acid survives.
To préparé the real acid the hancliest method

is to pass its vapour through an inverted con¬
denser, kept at say 30°C., and thence through
a column of used calcium chloride kept at a
similar température. Wôhler recommends to
distil 10 parts of prussiate with 7 of sulphuric
acid, diluted with 14 of water, in a retort, the
neck of which is turned upwards, and connected
in the first instance with a Woulf's bottle con-

taining a layer of pièces of crude calcium chlor¬
ide, or lumps of common potassium cyanide,
and through it with a large U -tube filled with
fragments of fused calcium chloride, which must
be free from powder. Both the Woulf's bottle and
the U-tube are immersed in water-baths kept
at 30°, to prevent condensation of NCH. The
dehydrated vapour is passed to the bottom of a
tall narrow cylinder standing in a freezing mix¬
ture. The outlet tube must be pretty wide,
because tho anhydrous acid at low températures

is apt to freeze, which, in the case of a narrow
tube, might lead to serious accidents. For the
samereason, a glass spiral condenser surrounded
by a freezing mixture cannot be used.

The substance NCH is a colourless mobile
liquid, possessing a peculiar odour accompanied
by a peculiar choking sensation in the larynx,
We here, of course, refer, not to prussic acid
vapour proper, but to air contaminated with
mere traces of the vapour. The inhalation ot
anything like concentrated hydrocyanic acid
vapour is fatal. The acid, indeed, is fearfully
poisonous ; a single drop of it, when placed on
the tongue of a large dog, produees instantaneous
death.

The sp.gr. of the liquid is 0-7058 at 7",
and 0-6967 at 18°C. (Gay-Lussac). According
to the same authority it freezes at -15°;
but Schulz asserts that the really anhydrous
acid remains liquid at even —37°. The acid,
under 760 mm. pressure, boils at 26-5°; at tho
low température of 4-5° its vapour tension is
equal to half an atmosphère.

Hydrocyanic acid gas is inflammable, and
burns into carbonic acid, water, and nitrogen. If
kindled in the eudiometer with about the cal-
culated volume of oxygen, it explodes very
sharply.

The acid is miscible with water, alcohol, and
ether in ail proportions ; in the case of water
there is a fall of température accompanied by
contraction (Bussy and Buignet). According to
Gautier it forms a sériés of hydrates, and one of
these—NCH + H20—freezes at —22°. But ail
these hydrates are very unstable ; aqueous hydro¬
cyanic acid, on distillation, behaves like a mix¬
ture of the two components.

Hydrocyanic acid is but a feeble acid; it
unités with even caustic potash only sluggishly,
and the solution (of NCK) produeed smells of
the acid. It does not décomposé carbonates or
borates, nor does it act on sodium sulphate,
which latter, by the action of hydrochlorie acid,
is converted into bisulphate with formation of
sodium chloride. These facts afford metkods
for the séparation of hydrocyanic from stronger
volatile aeids associated with it in the same

solution.
Mercuric oxide is the only hase on which

hydrocyanic acid solution acts energetically and
with formation of a very stable sait HgCy,.

For the quantitative analysis of a solution
of hydrocyanic acid, the most exact method is
to preeipitate the cyanogen as silver cyanide
from a known weight of the solution by means
of silver nitrate, to collect the preeipitate on a
weighed filter, wash it, and weigh it after drying
at 100°; but the method demands more time
than the pharmaceutist can as a rule afford.
More expeditive, and for practical purposes suf-
ficiently exact, is the following titrimetric process
of Liebig's. The acid to be analysed is diluted
largely with water and supersaturated strongly
by addition of caustic potash. If the alkali
should happen to be free from chloride, a trace of
sodium chloride must be added to the mixture,
This being done, a neutral standard solution
of silver nitrate is dropped in from a burette
until the eloud of silver chloride which appears
locally from the first, by addition of the last
drop of reagent, has becomo permanent on
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Btirring—f.iî. nntil the reaction 2NCK + Ag(N03
or Cl) = K(NOs or Cl) + AgK(NC) lias just been
accomplished. From this équation it is easily
calculated that 6-283 grams of pure silver nitrate,
dissolved in water and diluted to 1,000 c.c., gives
a solution of which 1 c.c. corresponds to 2 milli-
grams of real NCH.

A pure aqueous solution of hydrocyanic acid
is subject to a peculiar kind of (as it appears)
absolutely spontaneous décomposition, which
iuvolves the formation of richly carboniferous
dark-coloured products. This décomposition,
which sets in even in the absence of light and
air, is greatly retarded by the presence of small
proportions of hydrochloric or sulphuric acid.
The anhydrous acid, if pure, is not liable to a
similar change.

Cyanogen (Germ. Gyan) (NC)2 was discovered
by Gay-Lussae. It is prepared by heating per-
fectly dry mercuric cyanide in a retort or tube
made of hard glass,when the cyanide breaks up
into métal and cyanogen, which latter always
suffers partial polymérisation into (non-volatile)
paracyanogen. The cyanogen cornes off as a
gas characterised by a peculiar pungent smell
and an irritating action on the nose and eyes.

It is readily inflammable and burns with a
peach-blossom coloured flame into carbonic acid
and Eitrogen. If passed through a glass tube
kept at —30°, it condenses info a colourless
liquid which according to Bunsen exkibits the
foliowing vapour-tensions :

-20-7°. . 1 Atm.
10° . . 1-85 „

0° . . 2-7 „

+10° . . 3-8 Atm.
15° . . 4-4 „

20° . . 5-0 „

Water absorbs about 4-5 times its volume of
cyanogen gas, alcohol 23, and ether 5 times its
volume. The solutions on standing soon become
dark-coloured, and then contain ammonium
oxalate, ammonium carbonate, prussie acid,
urea, and numerous other products. A piece of
potassium or sodium, if heated gently in cyano¬
gen, readily unités with the gas forming alkaline
cyanide. A solution of caustio potash absorbs
it with formation of cyanide and cyanate, just
as chlorine forms chloride and hypochlorite.
Cyanogen gas is highly poisonous.

Mercuric cyanide Hg(NC)2 is easily prepared
by dissolving mercuric oxide in aqueous hydro¬
cyanic acid and evaporating to crystallisation.
It forms colourless anhydrous trystals, soluble in
eight times their weight of cold water. This
sait, for a simple cyanide, possesses an extra-
ordinary degree of stability in presence of
water ; its solution remains unchanged on boil-
ing, nor is it changed visibly on addition of
caustic potash. This explains why most heavy
metallic cyanides, including ferrocyanides
amongst others, when boiled with water and
oxide of mercury, suffer décomposition with
élimination of the cyanogen as mercury sait, and
of the heavy métal as oxide or hydroxide.
Scheele's method for making mercuric cyanide
out of Prussian blue may be quoted as an illus¬
tration.

Potassium cyanide K(NC). This sait might
be produced directly from nitrogenous animal
matter by means of potassium carbonate in an
impure state, but its purification would présent
insuperable difficulties. In the présent practice

it is always made from yellow prussiate of
potash. In theory the simplest method is to
first dehydrate the sait and then to heat it to
redness in the absence of air; the 4(NC)K as¬
sume the form of fused potassium cyanide, the
Fe(NC)2 is decomposed with formation of nitro-
gen (cyanogen?) and a black infusible solid
which used to be looked upon as carbide of iron,
but according to Terreil (Bib. 38), is rather a
complex mixture. The percentage composition
of a specimen analysée! by Terreil was : Iron pré¬
sent as such 32-0, iron as Fe3Oj 27-6, free carbon
27"5, carbon combined with iron 1-17, carbon as
NC 0'24, nitrogen 0-30, potassium 0-8, oxygen
0'5.' If the fused mass be allowed to stand
for a sufficient time at a température above its
freezing point, the black compound settles, so
that the fused cyanide can be decanted off.
Unfortunately, however, the precipitate in many
cases settles so very slowly that in practice
some of it must be allowed to pass into the
decantate. At first sight it would suggest itself
to extract the cyanide from the fuse by means of
water, but this is not practicable without re-
generating part of the prussiate by the action of
the cyanide solution on the ferrous precipitate.
Nor will it do to use alcohol as a solvent, because
an alcohol strong enough to preclude re-genera-
tion of prussiate dissolves potassium cyanide
only very sparingly. Moreover, a pure solution
of the sait cannot be evaporated to dryness
undecomposed. A solution of potassium cyan¬
ide indeed smells of prussie acid, which proves
that it contains free KHO and NCH side by
side ; on evaporation the prussie acid is evolved
and a further instalment of sait is decom¬
posed, so that, ultimately, a considérable quan-
tity of caustic potash, or rather carbonate (by
the action of the atmosphère) is produced.
There is only one method for preparing picrc
potassium cyanide. We must préparé a strong
alcoholio solution of pure caustic potash, and
pass anhydrous or nearly anhydrous hydrocyanic
acid vapour into it. The cyanide then cornes
down as a crystalline precipitate. This method
was worked out long ago by Wiggers for labora-
tory purposes. L. Knaffl (Bib. 39) recommends
it for the manufacture of the sait. Two parts of
caustic potash, ' containing 4 équivalents of
water,' are dissolved in 10 parts of alcohol of
' 90° ' ; on the other hand, 4 parts of prussiate
are distilled with the (cooled) mixture of 3
parts of oil of vitriol and 7 of water, and the
hydrocyanic acid vapour is passed into the
alkali-solution. The crystalline precipitate is
colleeted on a cloth filter, washed two or three
times with 90° alcohol, and squeezed in a press.
It is then dried slowly but completely at a gentle
heat. At last the dry sait is fused by putting it,
in instalments, into an iron crucible, previously
heated to dull redness in a charcoal fire. The
crucible, before use, must be made smooth inside
by means of a lathe, and the fusion must be
continued until a sample of the fused mass, as
lifted out with a hot iron spatula, is white and
transparent. The fused mass is then poured out
into a smooth iron basin, broken up and at once
transferred to well - stoppered bottles. The

1 An analysis by Dyson, carried out in Professor
Thorpe's laboratory some time ago, gave similar results.
(Private communication.^
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Tcalium cyanatum purissimum of commerce is
probably ail made in this manner.

The ordinary commercial préparation is a
mixture of cyanide witk cyanate and other
impurities. It is made by mixing 8 parts of
anhydrous yellow prussiate with 3 parts of
anhydrous potassium carbonate, projecting the
mixture into a red-hot iron orucible and con-

tinuing the application of heat until the con¬
tents are in a state of tranquil fusion and a drop
taken ont by means of a hot wire is clear and
transparent. The reaction is as follows :

(NC)6Fe.K4 + K2C03
= Fe + CO,+ (NCO.K +5NCK, the product).

As the iron in this case assumes the form of
métal, it settles more readily than the ' carbide '
produced in the fusion of unmixed prussiate
does, and a clear sait is more easily obtained by
décantation. This way of making potassium
cyanide is usually credited to Liebig, but it was,
we believe,.invented by F. and E. Eodgers (Bib.
40).

Rudolf Wagner proposes tosubstitute sodium
carbonate 2 parts for the 3 parts of potassium
sait, and ina later communicationherecommends
the addition of 0'5 part of powdered charcoal,
which latter is probably intended to reduce the
cyanate. The advantages claimed for the modi¬
fication are the lower price of the sodium sait,
that the mass fuses more readily, and the iron
settles more promptly thanit does in the original
process. That part of the alkali-metal is sodium
instead of potassium is of course no objection
technieally (Bib. 41, 42).

Erlenmeyer (Bib. 42) préparés cyanide free
from cyanate by fusing anhydrous prussiate with
the calculated proportion of metallic sodium.

Potassium cyanide, as obtained by synthesis,
crystallises in colourless transparent cubes. The
ordinary fused sait looks like glazed porcelain.
It fuses at a dull red heat : at a white heat it is
yolatilised, undecomposed if air and vapour of
water are absent. At a red heat, contact with
dry air produces cyanate, and vapour of water
forms (more quickly) ammonia, carbonic oxide,
and potassium carbonate.

2(NC)K + 4H/) = 2NH3 + CO + K2C03. + H„.
Potassium cyanide dissolves very largely in

even cold water, the solution is strongly alkaline
to test-paper, and smells of prussic acid (vide
supra). When heated to boiling it is said to
give off ammonia with formation of formate,
(NCK + 2H,0 = NHS + H.C00K) but the writer's
laboratory experience causes him to doubt
whether formate is produced at ail largely ; at
any rate he endeavoured in vain to préparé
formate in this manner. If ammonia is evolved
from hot solutions of potassium cyanide, this
is probably due to the presence of cyanate.
Dilute acids, even acetic (also carbonic to a cer¬
tain extent) décomposé the sait readily with
formation of hydrocyanie acid. Concentrated
sulphuric and hydroehloric acids act similarly,
only the NCH produced is at once decomposed
with formation of ammonia-salt and formie acid
or carbonic oxide.

Potassium cyanide is used in the laboratory
as a dry-way reducing agent (for the conversion
of heavy metallic oxides and sulphides into
metals), and in the wet way as a métal précipi¬
tant. It used to be employed largely in photo-

graphy as a solvent for silver salts. Its most
important teohnical application nowadays is
the préparation of certain heavy metallic double
cyanides, which are used in electro-plating, and
of which the most important are dealt with in
the following section. Potassium cyanide and
ail the double cyanides except yellow and red
prussiate and (prestimably) cobalticyanide of
potassium are intensely poisonous.

Metallocyanides of potassium.
Gold sait. Gold leaf dissolves in potassium

cyanide solution in the presence of air as auro-
cyanide AuK.(NC)2, one half of the potassium of
the original sait being converted into hydroxide
(Elsner).1 A method of préparation is the follow¬
ing : 7 parts of gold are dissolved in aqua regia,
the solution is precipitated by ammonia, and the
precipitate (fulminating gold), after having been
washed, is thrown into a hot solution of C parts of
potassium cyanide without separating it from the
filter. The fulminating gold dissolves at once
with évolution of ammonia, and the filtered liquor,
if not too dilute, deposits on cooling colourless
crystals of the double sait, which are easily
purified by recrystallisation. The mother-liquor,
which contains large quantities of potassium
carbonate and chloride, yields no pure crystals
on evaporation. To work it up, evaporate it with
excess of hydroehloric or nitric acid to dryness
over a water-bath and wash the residue with
water in the dark. Yellow aurous cyanide AuNC
remains. Dissolve 77 parts of this sait in a solu¬
tion of 23 parts of potassium cyanide. According
to Elsner, a solution good enough for electro-
plating can be obtained as follows. A neutral
solution of gold terchloride,derived from 28 parts
of métal, is precipitated by addition of 210 parts
of magnesia suspended in water. The precipitate
of magnesia aurate produced is washed on a
filter with water, and the magnesia is dissolved
out with nitric acid. The washed gold oxide is
dissolved in a solution of 500 parts of yellow
prussiate in 4,000 parts of water.

From a solution of auro-cyanide the gold
cannot be precipitated by sulphuretted hydrogen,
but metallic zinc gradually brings it down as
métal. A good quantitative method is to evapo¬
rate the solution over litharge to dryness, to fuse
the residue after addition of potassium cyanide,
and to cupel the regulus, preferably after addition
of a little silver. The resulting gold-silver bead
is ' parted ' with nitric acid.

Silver sait. Silver cyanide dissolves readily
in solution of potassium cyanide. The hot solu¬
tion, if sufïïciently strong, deposits colourless
crystals of the sait AgK(NC)2 on cooling. For
electro-platers' purposes a solution of potassium
cyanide containing 100 grams of the sait per
litre is saturated with recently precipitated silver
cyanide, and the filtered solution is mixed with
its own volume of potassium cyanide solution.

Copper salts. Cupric cyanide, as produced by
the addition of potassium cyanide to cupric
sulphate, readily breaks up into cyanogen and

1 Messrs. John S. MacArthur, B. XV. Forrest, and IVm.
Forrest, of G-lasgow, having found that even very dilute
solutions of the re-agent aet on finely divided gold with B
surprising degree of promptitude, have based upon this
réaction a process for the extraction of gold from gold ores
(British patent, 1887, Ko. 14,174).IRIS - LILLIAD - Université Lille 1
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cuprous oyanids, which latter makes its appear-
ance as a white preoipitate. Cuprous cyanide
dissolves in solution of potassium cyanide with
formation of compounds of the two cyanides, of
which latter the following two are best known :
(1) A prismatic sait, Cu2(NC)2.2K(NC) ; this sait,
by the action of water, is decomposed with élimi¬
nation of cuprous cyanide and formation of the sait
(2) Cu2(NC)2.6K(NC) which forms rhombohedral
crystals. Both salts are colourless. A solution
available for electro-coppering may be prepared
by first producing a washed precipitate of cuprous
oxide and then dissolving it in solution of potas¬
sium cyanide.

Ferro- and ferri- cyanides of iron.
Ferrous cyanide FeCy2, and ferrie cyanide

FeCya can hardly be said to be known. A eom-
pound of the two of the empirical composition
Fe3Cy8 was prepared lately by E. J. Reynolds
(vide supra). A variety of ferro- and ferri-
cyanides of iron or of iron and alkali metals can
be produced by the interaction between solutions
of ferro- or ferri-cyanide of potassium on the one
hartd, and iron salts generally on the other.

1. Ferrocyanide and ferrous sait. If potas¬
sium ferrocyanide be poured into an excess of
solution of ferrous chloride (or sulphate), a white
precipitate is produced which is generally as-
sumed to be identical with ' Everitt's sait,'
CytFe.FeK2 (v. supra).1 Whether or not, its
bebaviour to atmospheric oxygen and oxidising
agents generally is similar to that of Everitt's
sait. The exact nature of the blue body produced
on exposure of either of the two bodies to the
air has, we believe, never been ascertained ; the
change produced in Everitt's sait proper by
nitric acid has been studied by Williamson, who,
as we had already occasion to state, found that
it consists in the first instance in the élimination
of half of the potassium as nitrate, and the con¬
séquent formation of an insoluble blue substance
which we will designate as ' Wiliiamson's blue.'
Williamson's blue is a ferricyanide of ferrosum
and potassium Cy6fe.FeK. Boiling solution of
yellow prussiate of potash reconverts it into
Everitt's sait with formation of red prussiate.
Williamson's blue forms after drying a magnifi-
cent violet-blue powder, insoluble in water and
in dilute acids. A suspension of it in water
appears green in transmitted light.

2. Ferricyanide (ofpotassium) and ferrie sait
iolutions, when mixed together, give an intense
brown liquid which is generally supposed to
contain ferrie ferricyanide, which of course is
isomerio if not identical with ferrie cyanide,
FeCy3. On addition of reducing agents the so¬
lution becomes blue, and may deposit blue pré¬
cipitâtes.

3. Ferrocyanide and ferrie sait, or ferri-
cyanide and ferrous sait. If the iron sait is in
excess over the prussiate, either combination
leads to the formation of a dark-blue precipitate
insoluble in water and in cold minerai acids,

1 Mr. Frank Lyall, wken a student in my laboratory,
tried to test the assumption synthetically. i.e. by mixing
known quantities of the co-reagents as standard solutions
inatared flask, allowing the precipitate to settle, in the
absence of air, and anaiysing aliquot parts of the decantate.
The solutions, before being mixed, were freed from their
absorbed air by boiling, but mixed cold, and in ail cases an
excess of ferrous sait (FeSO«) was used. The results were
in aecordance with the assumption.

and in both cases the reaction consists in this,
that the whole of the potassium of the prussiate
is replaced by its équivalent of ferricum or ferro¬
sum respectively. From yellow prussiate we
obtain ' Prussian blue ' Cy6Fe.fe* or CylsFe3.fe4.
From red prussiate we obtain ' Turnbull's ' or
rather Gmelin's blue Cy6fe.Feq or Cy12fe2.Fe3.
These facts were ascertained long ago by
Williamson, and accepted universally as correct,
until Beindel threw out the conjecture that ordi-
nary Prussian blue, as prepared from ferrous sait
and yellow prussiate, with the help of oxidising
agents, might be identical with Turnbull's blue.
Beindel's presumption could not reasonably be
assumed to hold for Prussian blue properly so
called ; yet the generally adopted fonnulœ of the
two blues stood in need of confirmation, and it
was probably this considération which caused
E. J. Reynolds to examine into the matter (C. J.
Trans. 1887, 644). He prepared solutions of
hydrogen ferrocyanide and ferricyanide, and pre-
cipitated them with ferrie chloride and ferrous
sulphate respectively. The two acids were pre¬
pared from the lead salts by means of air-free
dilute sulphuric acid ; the iron-salt solutions
likewise were freed from air before use and the

précipitation conducted in an atmosphère of
carbonic acid. Both précipitâtes were dried in
vacuo over oil of vitriol, and, in the dry sub¬
stances, the iron and the carbon were determined.
The ratios (iron : carbon) found were in perfect ae¬
cordance with the formula CyI2Fe5 and CylsFe, re¬
spectively. In well-dried samples the percentages
of water were in approxhnate aecordance with
the formulaFe,Cyls + 14H20,andFesCy12+ 12HjO
respectively.

Prussian blue, if pressed before being dried,
occurs in the shape of compact pièces, which
are intensely blue, but, when rubbed against
a smooth hard surface, assume a coppery
lustre, as indigo does. The compound is proof
against the action of cold aqueous acids
generally, but very dilute solution of oxalic
acid dissolves it largely into an intensely blue
liquid, which used to be employed as a blue
ink, but which is now superseded by the aniline
blues. It is soluble also in solution of am¬

monium tartrate. If suspended in water and
treated with chlorine, it becomes green ; the
solution contains ferrie chloride. The original
blue colour is restored on washing with water.
Cold concentrated sulphuric acid unités with
Prussian blue into a white paste without évolu¬
tion of gas ; on addition of water the original blue
is re-generated. Concentrated hydrochloric acid
décomposés Prussian blue slowly with formation
of ferrocyanic acid, which latter, on the applica¬
tion of heat, suffers its characteristie décomposi¬
tion (v. supra). Aqueous caustie potash and
soda décomposé Prussian blue very readily with
élimination of the extra-radical iron as ferrie
hydrate and formation of yellow prussiate of
alkali. Alkaline carbonates act similarly but
less energetically. A tissue dyed with Prussian
blue, i.e. the blue substance derived from prussie
acid, loses its colour on prolonged exposure to
sunlight, but gradually regains it in the dark.
In a vacuum Prussian blue is not changed by the
light. Dry Prussian blue, if heated in the air,
burns like tinder, and leaves an ash containing
both oxides of iron.
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Tumhull's blue resembles Prussian blue, but
its colour is lighter, and almost free from
eupreous lustre. When heated in air it passes
into Prussian blue with élimination o£ lFe
in every Fe15Cy86 as oxide. When boiled with
caustic potash, it exchanges its ferrosum for
potassium, but the red prussiate and ferrous
hydrate thus produced at once act upon more
caustic potash, so that ultimately potassium
ferrocyanide (only) and ferroso-ferrie oxide are
produced. This reaction affords a means for
detecting an admixture of Turnbull's in Prussian
blue.

(4.) Covibinations (3), with excess of Prus¬
siate. It has long been known that the blue
precipitate obtained by adding ferrie sait to an
excess of prussiate is not Prussian blue, but
diiïers from it by being soluble in pure water,
though insoluble in the sait solutions within which
it is produced. Eeindel was the first to aseertain
the correct composition of this ' soluble Prussian
blue ' as it used to be ealled, and Scraub subse-
quently showed that the blue precipitate ob¬
tained from ferrous salts by addition of excess
of red prussiate is identical with the one de-
rived from ferrie sait and ferrocyanide, and that
the soluble blue behaves towards iron salts as ex-

plained below. The reaction between ferrie sait
and yellow prussiate, and that between ferrous
sait and red prussiate, consist both in this, that
in every molecule (Cy6 &c.) of prussiate an
équivalent quantity of potassium is replaced by
an atom of ferricum or ferrosum as the case

may be.
I. Cy6Fe.K, + feCl3 = 3KC1 + Cy6Fe.feK.

II. Cy6feK3 + FeCl2 = 2KC1 h- Cy6fe.FeK.
The products, from their formulœ and origin,

would appear to be only isomeric, one being a
ferrocyanide of ferricum and potassium, the
other a ferricyanide of ferrosum and potassium ;
but experience shows that they are identical,
and that both are entirely différent from Wil-
liamson's blue, although they agree with it
in elementary composition. If soluble Prus¬
sian blue is digested with either kind of iron
chloride, the potassium goes out, and its place
is taken by an équivalent of ferrosum or ferricum
as the case may be. In the former case the
ultimate product is Turnbull's blue, in the latter
it is Prussian blue.

Turnbull's blue being
Cy6fe.Fe», or Cy^e^.

Prussian blue being
Cy6Fe.fei, or Cy18Fe3.fe4.

It is worth while to note in passing that either
blue can be produced from yellow or from red
prussiate.

Commercial blues. The practical colour-
maker, as a rule, does not aim at the production
of any particular ferro-ferricyanide ; ail he cares
for is to produce a good pigment at the lowest
possible price. On account of the latter con¬
sidération Turnbull's blue nowadays is hardly
ever produced expressly ; it cornes in only as a
by-product in the manufacture of red prussiate,
being the best thing to make out of the mother-
liquors. Aceording to J. G. Gentele1 the best
blues are obtained by precipitating, in the first
instance, ferrous sait with yellow prussiate, and

1 Lehrbuch der Farbenfabrikation, 2nd édition, 1880
<Braunscbweig, Vieweg & Solin).

then oxidising the precipitate. For the manu¬
facture of ' Paris blue ' (meaning the best quality
of ferro-eyanogen blue), Gentele gives the fol-
lowing directions :—50 kilograms of yellow prus¬
siate are dissolved in 250 kilos, of boiling water.
On the other hand, 45 to 42-5 kilos, of pure
green vitriol are dissolved in about the same
quantity of water, preferably in the presence of
scrap-iron to prevent formation of ferrie sait.
After the solutions have cleared they are run
simultaneously into 250 kilos, of water con-
tained in a tank large enough to accommodate
the whole. The whole precipitate produced is
allowed to settle for a night, and then collecte!
on a cloth filter. It should form a smooth,
greasy, not a granular paste, and be substantially
white ; the formation of a blue skin can, of
course, not be prevented. As soon as the pre¬
cipitate has drained sufficiently to be taken off
the cloth by means of a spatula, it is ready for
the opération of ' blueing,' which can be carried
out in a variety of ways. The oldest method is
to heat the paste in a basin to boiling, to transfer
it, while still hot, to a wooden tub, and then to
add, for 50 kilos, of yellow prussiate used, 25-5
kilos, of nitric acid, of 27° Beaumé, and 18 kilos,
of sulphuric acid of 66° Beaumé. The order in
which the two acids are added is of no consé¬

quence. This opération in général involves the
évolution of abundance of nitrous fumes, but
while in some cases these fumes corne off at
once, in others they make their appearance only
after several hours' standing. In the presence
of an excess of green vitriol the fumes always
corne off at once. ' A precipitate not produced
with excess of green vitriol does not effervesce
with the acids, and never gives a fiery blue.'
After addition of the acids, the whole is left to
itself for 24 hours, and the mass is then trans-
ferred to a larger tank eontaining water, with
which it is mixed and allowed to settle. The
precipitate is washed thoroughly by décantation
with cold water, i.e. until the last washings give
only a faint turbidity with barium chloride ; the
more eompletely the precipitate is washed, the
better its colour after drying. The washed pre¬
cipitate is collected on linen filters, in which it
is being pressed so as to produce thin cakes,
which are eut up into cubes. These are allowed
to dry in the air, and then dried more eompletely
in a chamber at 30° to 40°. The more sbarply
the cubes are dried the better their lustre,
which is eupreous. From the quantifies of
materials given 33 to 39-5 kilos, of finished blue
are obtained.

Another mode of ' blueing ' is to add solu¬
tion of ferrie chloride instead of the acids
named. The mode of operating ie exactly the
same, including the preliminary heating of the
paste in a basin. The addition of ferrie solution
is continued until the application of reagents
shows that the liquid contains unchanged ferrie
in addition to ferrous salts.

Of other oxidising agents available for the
oxidation of the white ferrous ferrocyanide,
chlorine, aceording to Gentele, is one of the
best. He prefers to use the chlorine as such.
The white paste is transferred to a wooden tank
and diluted with water and a few pounds of
hydrochloric acid to render it more fluid. Chlor¬
ine gas is then passed into the mass as fast as
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tle apparat us will yield it. The ehlorination is
continuel until a sample of the filtered liquid,
ivhen mixed with yellow prussiate, gives a dis-
tinctly blue, and no longer a pale-blue précipi¬
te The fully clilorinated precipitate is wasked
ïith water by décantation as usual.

Some manufactnrers use hydrochloric to-
gether with nitric acid, or bleaching-powder
along with hydrochloric acid; but these me-
thods, according to Gentele, offer no real advan-
tage over the one in which chlorine gas is used.
Of ail the oxidising agents named, chlorine,
according to Gentele, is the cheapest ; but it
is least popular with colour-makers because it
involves the setting up of a chlorine évolution
apparatus.

From these descriptions it appears clear that
'Paris blue' is in général a mixture of what
ire called ' Prussian blue,' Turnbull's blue, and
Williamson's blue, and, possibly, other cyanides
of iron. The pigment whicb in (German) com¬
merce goes by the name of ' Prussian blue,' is
'Paris blue ' mixed with starch, heavy spar,
gypsum, burned and finely ground kaoline, or
other diluents. The white admixture, after
having been ground very finely by itself, is
added to the Paris blue paste, and aloug with it
passed through a colour-mill repeatedly until
no white points are visible in a sample after
drying. Very low qualities of blue are often
'faced.' Ihis is done by making the dried cubes
rotate in a cask, charged with fine dust of pure
Paris blue.

Thiocyanates, or Rhodanides, or Sulphocyan-
ides. For the making of thiocyanates in tho
laboratory yellow prussiate of potash generally
serves as the starting-point. From it

The potassium sait NCS.K is easily produced
ty the following process due to Liebig. An inti-
mate mixture of 46 parts of perfectly anhydrous
prussiate of potash, 17 of recently ignited po¬
tassium carbonate, and 32 of sulphur is fused
in an iron crucible until the évolution of gas
ceases, and the fused mass is then poured out
into an iron tray. The mass is powdered
coarsely, and either boiled out directly with
alcohol and the sait allowed to crystallise out of
the filtered solution on cooling, or else the mass
is first lixiviated with water, an impure sait
made to crystallise out, and this then purified
by recrystallisation from alcohol. Henneberg
prefers to first produce a liepar from the potas¬
sium carbonate and the sulphur, and only then
to add the prussiate.

Potassium thiocyanate crystallises, more
readily from alcoholic than aqueous solutions,
in long striated prisms or needles, fusing at
161-2° (Pott), sp.gr. = 1-886 to 1-906 (Bôdeeker).
Its aspect and taste are similar to those of salt-
petre. The crystals are anhydrous and de-
liquesce in the air. 100 parts of water at 0°
dissolve 177-2 ; at 20°, 217-0 parts of the -sait,
with very considérable absorption of lieat.
According to Vogel the sait is a narcotio poison.

Ammonium thiocyanate NCS.NH4 may be
prepared from the potassium sait in a manner
analogous to that which serves for the produc¬
tion of urea from potassium cyanate, i.e., by
mising strong solutions of potassium thiocyanate
and ammonium sulphate (in équivalent propor¬
tions), allowing the potassium sulphate to crys-

vol. i,- T

tallise out, evaporating to dryness over a water-
bath, and extracting the ammonium thiocyanate
with alcohol. Liebig recommends to préparé
the sait by digesting ammonium eyanide solution
with one of yellow ammonium sulphide.

Ammonium thiocyanate forms colourless leaf-
lets which are easily soluble in water and in
alcohol. 100 parts of water dissolve 122 parts
of the sait at 0°, and 162 parts at 20°. If 133
parts of the sait be dissolved in 100 of water at
13°, the température falls to —10° (Riidorf) ;
sp.gr. = 1-3075 at 13° (Clarke). Dry ammonium
thiocyanate fuses at 159° (Reynolds); if kept at
this température, it suffers progressive conver¬
sion into its isomer thio-urea. If kept at 190°
for twenty hours, the thio-urea loses H„S and
becomes eyanamid NC.NH,, which unités with
NCS.NBf, into hydro-thiocyanate of guanidine
CHN.(NH2)?.CNSH.

Ammonium thiocyanate is used in the labo¬
ratory as a test for ferrie iron, and as a pré¬
cipitant for silver (Volhard's method of silver-
titration).

The methods which we gave above for the
préparation of the sait have now only an his-
torical interest, because thiocyanate of ammo¬
nium has come to be made industrially by means
of that method of Gélis which we have had
occasion to refer to before, and of which we
stated that it had been brought into more work-
able forms by Giinzburg and Teherniac.
Manufacture of Thiocyanates accokding to

géljs' method, as mod1fied by gdnzburg and
Tchekniac.

Reguisitcs.—(1) A pump made entirely of
iron, as used for the production of cold by means
of ammonia (b in fig. 4).

(2) A sériés of autoclaves of wrougkt-iron
tested for high pressure. Each autoclave is
provided with an agitator with paddles, a mano-
meter, a thermometer, and three stopcocks ; one
foi- letting in the liquid from the pump, another
for letting off the gases, and a third for dis-
charging the contents. The autoclaves are
surrounded by steam jackets ; they communi-
cate, each by a System of pipes, with the feeding
pump and the still. In the manometers, those
parts which are in contact with the gases must
be made of iron or of platinnm, they must each
of them be provided with a tube which dips into
the liquid, or else they soon cease to give correct
readings through ammonium sulphide subliming
on the membrane or curved hollow tube.

(3) A still, heated by means of a close spiral
steam-pipe. The still is surmounted by a cy-
lindrieal vessel e called the ' déverseur,' the object
of which is to catch the spray, so that only
vapour and gases can travel on through e and a
into the réservoir h, where the liquid distillate
accumulâtes. f is a coke-tower, g a refrigerator ;
a pump serves to constantly pour liquid over the
coke in f, and let it trickle over it and rain
through g into h.

(4) A gas-holder, n, of about 15 cubio métrés
capacity, into which the uneondensed gases pass
from h.

Ail the apparatus described so far is made of
iron, except the spiral pipe of the still, which
eonsists of block tin, or else the ammonium
thiocyanate solution in the still, as soon as it

T T
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ceases to be strongly alkaline, gets eontaminated
with iron. But to obtain solutions which are

perfectly free from iron aluminium must be used.
Method of working.—By means of a feeding

pump the autoclaves are charged with carbon
di-sulphide, ammonia of 20 p.c., and a certain
proportion of aqueous distillâtes recovered from
previous opérations. As soon as an autoclave
has received its charge, the inlet-stopcock is
closed, the agitator set in motion, and the steam
turned on and allowed to act, until the therrno-
meter of the autoclave marks 100° ; the steam

Fia. 4

their way through the scrubber, refrigerator, and
condenser, as already indicated ; the water and
ammonium sulphide remain almost completely
in the réservoir h, and are thus recovered. Most
of the surplus carbon disulphide, however, es-
capes condensation. Some 20 p.c. of the carbon
disulphide used to be thus lost, until it vas
found that its vapour can be separated very
completely from the gases by scrubbing these
with oil. Any kind of fatty oil will do ; but
heavy petroleum is the cheapest absorbent.
Since the introduction of this improvement the
yield of ammonium thiocyanate has been brought
up to 95 p.c. of the theoretieal amount.

To obtain crystallised ammonium thiocyanate
the solution remaining in the still is evaporated
at 125' and allowed to stand in wooden tanks
lined with tin. If the sait contains ever so

little iron, it becomes red in the air and unsale-
able ; but the iron can easily be removed from
the solution by means of ammonium sulphide,
or by ammonium hydrate in the presence of air.
The filtrate must be evaporated in a tin basin.

Calcium thiocyanate. For the conversion of
the ammonium into calcium sait, the apparatus
represented in fig. 5 is used. It consists of a
cylindrieal upright still a, heated by means of a
worm, and inclosing a perforated sheet-iron

cylinder for the lime. The still is provided with
a thermometer and a discharge-cock ; it corn-
municates (1) with a froth-cateher, e ; and (2)
through it, with a refrigerator h, terminating in
a reeeiver, kept cool by a worm through which
cold water is made to circulate.

The ammonium thiocyanate solution hav-
ing been introduced into the still, and the
basket been charged with lime, the apparatus is
closed, and the température raised quickly to
125°. The ammonia distils over as an aqueous
solution of about 20 p.c., which is utilised in the
synthetical process, while the still, at the end of
the opération, contains a solution of calcium
thiocyanate.

Potassium thiocyanate. This sait is pre-
pared from the calcium sait by double décompo¬
sition with potassium sulphate. The opération
is carried out in open cylindrieal iron pots, which
are heated over a naked tire, and are provided
with agitators. A boiling concentrated solution

is then stopped, but the agitator kept going,
until the manometer indicates a pressure of 15
atmosphères ; the reaction is now at an end,
and the liquid is ready to be blown over into
the still.

In the still the liquid, which is a solution of
ammonium thiocarbamate mixed with un-

attacked carbon disulphide, is heated to 105-
110° to cause the thiocarbamate to break up
into sulphuretted hydrogen and ammonium thio¬
cyanate, which latter remains in the still in
aqueous solution ; the volatile products make
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case of sodium carbonate. In the ordinary pro-
cess for the recovery of the sodium carbonate
the cyanides pass into the ultimate mother-
liquor, along with caustic soda, sodium sulphidc,
&c. Ùnfortunately we know of no process for
eliminating the cyanogen in any useful form,
which would not involve the destruction of the
caustic soda. It pays better to destroy the
cyanide and save the caustic alkali.

Manufacture of coal-gas.—As a matter of
experienee the tar-water produced in the distil¬
lation of coal invariably contains a small quan-,
tity of ammonium thiocyanate ; and, if Laming's
mass be used for the purification of the gas, this
mass gradually gathers cyanogen, partly in the
form of thiocyanate. There is no diiïiculty in
accounting for its formation. The vapour
which issues from the retort contains ammonia
and carbon disulphide. The ammonia, being
in contact with red-hot carbon, yields am¬
monium cyanide, part of which remains in the
tar-water, while the rest goes to the Laming
purifiers, to be converted, part into calcium
cyanide, part into thiocyanate, by combina-
tion with the sulphur which abounds there.
The thiocyanate of the gas-water is produced by
the interaction of carbon disulphide, ammonia
and water.

The tar-water is used for the manufacture
of ammonium sulphate, by distilling it either
alone or after addition of lime, and passing the
vapours into an excess of chamber-acid (v.
Ammonia). In the former case, if there is any
ammonium cyanide, its hydrocyanic acid passes
into the ammonium sulphate liquors and is lost ;
in the latter it remains in the residue as calcium
sait. The thiocyanogen in either case remains
in the residue, as ammonium sait or calcium
sait respectively.

A great number of patents have been taken
out for the conversion of the cyanogen of these
compounds into commercially valuable products
(Bib. 44-48). Of these schemes, that of Gauthier-
Bouchard appears to us the most plausible ; a
number of the later proposais, indeed, are little
more than modifications of it.

The Paris gas company purify their gas by
passing it over a mixture of ferrie hydrate and
calcium sulphate, obtained by mixing lime and
green vitriol and exposing the mixture to the
air. A certain proportion of saw-dust is incor-
porated with the mixture ' in order to render it
more porous. The ferrie hydrate absorbs the
sulphuretted hydrogen, while the calcium sul¬
phate fixes the ammonia. The ammonium
sulphate is extfacted with water; the residue
left serves as the raw material for the Gauthier-
Bouchard process. The first step is a prelimi-
nary treatment with water, which extracts some
iron thiocyanate. This may be turned into
ammonium sait and thence into prussiate, by

.means of the process of Gélis. The residues
are mixed with lime, 30 kilos of lime for every
cubic metre (or about 1,600 kilos) of lixiviated
mass, and the whole is subjeeted to a systematic
lixiviation with water. 'The residue is allowed
to weather for 3 to 4 months, and then again
lixiviated. The liquors obtained' contain cal¬
cium ferrocyanide, a little thiocyanate, and am¬
monia salts. The more concentrated liquors
are evaporated to obtain crystals of calcium

of a little more than the calculated quantity of
potassium sulphate is first prepared, and the
talcium sait is then added in instalments with
agitation, the mixture being kept at a boiling-heat.
The calcium sulphate separates out quickly on
standing ; it is separated from the liquor by
means of a filter-press. A small quantity of
lime which the liquor retains is removed by pre-

Fio. 5.

cipifation with potassium carbonate. The fil-
tered solution is evaporated at 125° and allowed
to cool ; it deposits the whole of its sulphate
and chloride, so that nothing bu,t pure thiocyan¬
ate remains in solution. The solution is evapo¬
rated to dryness, and the dry sait fused at 300°
in an iron basin, to be ready for conversion into

. prussiate by the process which we have already
described (v. supra, p. 633).

Cyanides as By-pkoducts.

Notable quantifies of cyanides are produced
incidentally in the following industries :—

The Leblanc process.—In the black-ash pro-
oess the necessary carbon is always used in the
form of coal, and as ail coal contains nitrogen,
the product is bound to contain alkaline cyanide,
which, in the process of lixiviation, is sure to
assume the form of prussiate, because there is
always more than enough of that alkaliferous
iron sulphide which, in the prussiate process,
effects this conversion. The proportion of cyano¬
gen in black ash is, of course, subject to con¬
sidérable variation. According to Nietzki, there
are about 12 parts of alkaline prussiate and 6 of
rhodanide in the liquor produced from 10,000
parts of black ash. Nietzki's figures refer to the
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ferrocyanide, which is converted into potassium
sait. The weaker solutions are worked up for
an inferior quality of Prussian blue. This pro-
cess is being wrought at d'Aubervillers.

The great difficulty in connection with this
matter, obviously, is the économie conversion of
thiocyanate into prussiate, or cyanide. Accord-
ing to A. Sternberg (Bib. 49), soluble thiocyanates
çan be de-sulphurised in the wet way, provided
that the conditions for the formation of prussiate
are established. He mixes the solution of the
rhodanide with twice the calculated quantities
of iron filings and of recently precipitated
ferrous hydrate, and heats the mixture to 110°
to 120° in an autoclave provided with an agitator.
The more concentrated the rhodanide solution,
the quicker the change. After about 12 hours
some 80 p.o. of the rhodanide is reduced.
(For further information see the source quoted.)

It might be possible to utilise Erlenmeyer's
process of oxidation for the conversion of thio¬
cyanates into cyanides. Erlenmeyer's perman¬
ganate, it is true, would be too expensive, but
presumably manganèse dioxide and sulphurie
acid would work as well. From the mixture
containing sulphurie and hydrocyanic acids,
the latter might be distilled into caustic potash
ley, holding ferrous hydrate in suspension, and
thus be converted into prussiate.

Storck and Strobel (Bib. 48a) propose to
work up gas-water thiocyanate by preeipitating
the NOS as cuprous sait, washing the precipitate
and next deeomposing it with baryta-solution to
obtain barium thiocyanate, which serves as a
starting-point for the préparation of other thio¬
cyanates.

The process of iron smelting, as already re-
marked above, involves the formation of large
quantities of potassium cyanide which might
be recovered (comp. supra, p. 632).

Bibliography.—
History.

1. Hermann Kopp, Geschichte der Chemie ;
vol. 4, 369 et seqq.

Yellow prussiate.
2. Liebig, A. vol. 38, 20 (year 1841). Re-

print of an article in the Handwôrterbuch d. Ch.
3. Richard Brunnquell, W. J. 1856, 102 ;

or, in Verhandlungen des Vereins fur die
Befôrderung des Gewerbfleisses in Preussen, for
1856, 30.

4. C. Karmrodt, W. J. 1857, 139 ; or, in
Verhandl. d. Ver. f. d. Bef. d. Gewerbfl. in Preus¬
sen for 1857, 153.

5. Reinhold Hoffmann, A. 113, 81 (year
1860). Also W. J. 1858, 179; more fully in
AV. J. 1860, 214. Full memoir in Kritische
Zeitschrift fur Chemie, &c. edit. by Kekulé and
others (for 1859 or 1860?).

6. Marker and Schulze (Wollschweiss),
J. 1869, 811 ; or, in J. Pr. 108, 193.

7. Paul Havrez, W. J. 1870, 210 and 222 ;
H. P. J. 195 535.'

8*. C. Nôilnerj W. J. 1860, 219 ; A. 115, 238.
9. G. Preiss, W. J. 1869, 271; from J. Pr.

107, 10 and 64.
10. G. E. Habich, D. P. J. 141, 371 ; W. J.

1856, 111.
11. Emil Erlenmeyer, W. J. 1860, 223;

from the Verhandlungen des naturhistorischen
&c. Vereins in Heidelberg, vol. 1, 169.

12. E. Bohlig, IV. J. 1861. 237.
13. J. Huiler, W. J. 1861, 238.
14. K. Zulkowski, IV. J. 1883, 491.
15. Possoz and Boissière, W. J. 1855, 83;

abstracted from London Journ. of Arts, 1815,
380 ; Repertory of Patented Inventions, 1847,
280; Dingler, 95, 239. (These publications refer
to patents taken out by Newton as communica¬
tions from abroad.)

16. Margueritte and Sourdeval, C. S. 50,
1100 ; W. J. 1860, 213 ; W. Clark, patentée for
M. & S.'s process, W. J. 1861, 235 ; London
Journ. of Arts, 1861, 32.

17. V. Adler, W. J. 1881, 402 ; German
patent No. 12,351 ; W. J. 1882, 509 ; German
patent, No. 18,945 ; W. J. 1884, 472 ; Germ.
patent, 24,334 ; W. J. 1885, 446 ; Germ. patent,
32,334.

18. M. Langlois, from A. Ch. in A. 38, 64
(year 1841).

19. Friedrich Kuhlmann, A. 38, 62 (year
1841).

20. H. Johnston, agent to J. V. Lucas,
London Journal of Arts, Feb. 1860, 81 ; D. P. J.
46, 212; W. J. 1860,221; figure of apparatus on
page 222.

21. H. Schwartz, W. J. 1869, 269 ; Bl. 1869,
167 ; D. P. J. 191, 399.

22. E. Millon, J. 1860, 237, from J. Ph. [3]
38, 401.

23. A. Gélis, J. 1861, 340, from J. Ph. [3] 39,
95 ; Rep. Chim. Appliq. 3, 146.

24. A. Gélis, W. J. 1862, 283 ; Ann. Conserv.
Arts et Métiers, 1862, 37 ; French Cat. London
Exhib., under ' Renseignements,' page 17.

25. A. Gélis (prussiate from thiocyanate),
J. 1863, 746; from Payen's Report in Ann.
Conserv. Arts et Métiers, 3, 50. Also in D. P. J,
168, 219 ; and in AV. J. 1863, 320.

26. See under 49.
27. U. Giinzburg and T. Tcherniac, AV. J.

1878, 500 ; 1879, 471 ; 1880, 386 ; 1882, 510.
A complété Exposé of their process, contributed
by Tcherniac, is in the Supplément to Wurtz's
Dictionnaire de Chimie ; première partie, page
594.

28. H. Fleck, W. J. 1863, 323 ; D. P. J. 169,
209 ; Rep. Chim. Appl. 1863, 284.

Nos. 29-32 are on prussiate of soda.
29. Bramwell, W. J. 1855, 87 ; from Bep.

Pat. Inv., Jan. 1855, 74 ; D. P. J. 135, 453.
30. Fr. Reindel, AV. J. 1855, 86 ; D. P. J.

135, 52.
31. L. Possoz, AV. J. 1858, 191 ; from C. E.

47, 209 ; D. P. J. 150, 129.
32. S. Tanatar, D. P. J. 237, 234 ; W. J.

1880, 386.
33. A. AV. Williamson, A. 57, 225 (year

1846) ; Berzelius Jahresbericht, 27, 169.
34. Schonbein, W. J. 1857, 160.
35. G. Lunge, AV. J. 1880, 387.
36. C. Seuberlich, AV. J. 1880, 388; D.P.J.

238, 482.
37. Rodgers (our source), Dictionnaire de

Chimie par Wurtz, vol. 1, second part, 1104.

Potassium cyanide.
38. A. Terreil, AV. J. 1876, 513; from C.E,

82, 455.

IRIS - LILLIAD - Université Lille 1



CYMENES. 645

39. L. Knaffî, W. J. 1866, 244 ; D. P. J. 182,
255.

40. F. and B. Bodgers, Phil. Mag. [3] 4, 93.
t. also A. 41, 285.

41. K. Wagner, D. P. J. 124, 446 ; J. 1852,
118.

42. B. Erlenmeyer, B. 1876, 1840.

Recovery of cyanides from Leblanc residues or
gas-water, &c.

43. Nietzki, W. J. 1876, 342 ; D. P. J. 221,
512.

44. Gauthier-Bouchard, Wiirtz's Dictionnaire
Je Chimie, vol. 1, 2nd part, 1098 ; W. J. 1864,
255.

45. Valentin, W. J. 1876, 514.
46. B. T. Smith, W. J. 1877, 361.
47. H. Griineberg, G. T. Gerlach, E. von

Gladis (Germ. pat. 7,001, 1878), P. Spence ; ail
inW, J. 1878, 502.

43. Virgo Wilson, W. J. 1879, 472 ; Brit.
pat. 314,1878.

48a. Storek and Strobel, W. J. 1880, 390.
49. A. Sternberg, W. J. 1885, 447 ; Germ.

pat, 32,892 ; subséquent pat. No. 33,936.
W. D.

CYANINE v. Quinoline coloueins matteks.
CYAN 0S1NE v. Teiphenylhethane coloubinu

HATTERS.

CYMENES. Cymols. The name cymene was
first applied to the hydrocarbon (p-methylpro-
pylbenzene) isolated by Gerhardt and Cahours
(A. Ch. [3] 1, 102 and 372) from Boman oil of
cumin, which is the ethereal oil of Cuminum
cyminum. Frequently, however, the various
benzene hydrocarbons of the formula C10H14 are
grouped together under the collective name of
a/menes. No fewer than 22 of these are theo-
retically possible, of which more than half have
been prepared ; but only the most important,
namely, cymene proper (p-methylpropylbenzene)
and the tetramethylbenzenes, can be described
here.

p-Methylpropylbenzene (Cymene)
CH3.CBLj.CH2.C6H4.CH3(l, 4).

Occurs in Eoman oil of cumin (Gerhardt and
Cahours, l.c.) ; in the volatile oil from the
seeds of the water-hemlock (Cicuta virosa)
(Trapp, A. 108, 386) ; in the oil from Ptycho-
tis ajowan (H. Miiller, B. 2, 130) ; in oil of
thyme (Lallemand, A. 102, 119) along with
thymol C|„HuO and thymene C]0H]S; and
in eucalyptus oil (from Eucalyptus globulus)
(Faust and Homeyer, B. 7, 1429). May be ob-
tained from camphor by abstraeting from it the
éléments of water C10H10O = C10H14 +H20 by
heating it either with phosphorus pentoxide
(Dumas, A. Ch. 50, 226 ; Delalande, A. Ch. [3]
1,368) or with phosphorus pentasulphide (Pott,
B. 2, 121), or with phosphorus pentachloride
(Lippmann and Louguinine, Bl. [2] 7, 374).
Various isomerides of camphor yield cymene
by the same treatment. The terpenes C10H)0
may be converted into cymene by withdrawing
two atoms of hydrogen : this may be effected in
the case of oil of turpentine, for example, by dis-
tilling it with bromine (Oppenheim.B. 5, 94 and
628), or better, with iodine (Kekulé, B. 6, 437).
Old turpentine generally contains cymene. It
has been obtained synthetically by the action
oi sodium on a mixture of p-bromotoluene and

normal propyl bromide (Pittig, Schaffer, and
Kônig, A. 149, 334). To préparé cymene, cam¬
phor is warmed with an equal weight of phos¬
phorus pentoxide, the cymene is poured off,
treated again twice with a little phosphorus
pentoxide, and finally rectified from sodium.
The yield varies from 50 to 80 p.c. (Fittica, A.
172, 307).—Liquid boiling at 175'4-175'5° under
749'5 mm. ; sp.gr. 0'864i-s (B. Schiff, A. 220, 94).
With chromic acid it yields terephthalic acid
CfiH,(CO,H),(l, 4) ; with potassium permanga-.
nate hydroxyisopropylbenzoic acid

(CH3)2C(OH)C6H4.C02H(l, 4).
Taken internally it reappears in the urine as
cumic (p-isopropylbenzoic) acid

(CH3)2CH.CliH4.C02H (1, 4).
In both these last cases the normal propyl group
is transformed into the isopropyl group. This
change and the reverse change of isopropyl into
propyl are very common with the para-cymene
derivatives, and have greatly added to the diffi-
culty of ascertaining the constitution of these
compounds. The rule is that, when the methyl
group in the para-position to the propyl group
is converted into CH2OH or CHO or CÔ2H, the
propyl group changes into the isopropyl group,
whilst ou re-generating methyl from these oxy-
genated groups the isopropyl group changes
back into the propyl group (cf. Widman, B. 19,
254).

Tetramethylbenzenes :
1. Consécutive tetrameilvylbenze.ne (Prelini-

tene) C6H2(CH3)4 (1, 2, 3, 4). When sodium
durene-sulphonate
CBH(CH3)4S03Na(CH3-groups 1, 2, 4, 5, v. infra)
is dissolved in concentrated sulphuric acid and
allowed to stand for twelve hours, prehnitene-
sulphonic acid is formed. The mixture is di-
luted with water, saturated with barium carbon-
ate, tbe barium salts converted into sodium
salts, and these, by treatment with phosphorus
pentachloride and ammonia, transformed first
into sulphonic chlorides and then into sulphon-
amides. Prehnitenesulphonamide is separated
by means of its sparing solubility in alcohol,
and is then hydrolysed by heating with concen¬
trated hydroehloric acid to 170°, when it yields
prehnitene (Jacobsen, B. 19, 1213). Also ob¬
tained by heating bromocumene C6H,Br(CH3)3
(CH3,Br,CH3,CHs : 1, 2, 3, 4) with methyl
iodide, benzene, and sodium, in a sealed tube at
150° for twelve hours.—Liquid boiling at 204°
(cor.). Solidifies in a freezing mixture and
melts at —4°. Dilute nitric acid oxidises it to

prebnitylic acid CjH,,(CH3)3CO._,H.
2. Ûnsymmetrical tetramethylbenzene

C6H2(CH3)4 (1, 3, 4, 5).
From bromomesitylene (v. Comenes), methyl
iodide and sodium in presence of benzene
(Jannasch, B. 8, 356). Best by passing methyl
chloride into a mixture of mesitylene and
aluminium chloride :

CbH3(CH3)3 + CH3C1 = C6H.,( CH3)4 + HC1
(1, 3, 5) (1, 3, 4, 5)

(Jacobsen, B. 14, 2629).—Liquid boiling at 195-
197°. Solidifies in a freezing mixture. Witb
dilute nitric acid it yields three isomeric acids
of tbe formula C6H2(CH3)3C02H ; potassium per¬
manganate ultimately converts it into mello-
phanic acid CBH2(C02H)4 (1, 3, 4, 5).
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Symmetrical tetramcthylbenzcne (Durene) 1
C6H2(CH3)4 (1, 2, 4, 5). Oceurs in coal-tar
(Scliulze, B. 18, 3032). By the action of
sodium on a mixture of bromopseudocumene
C6H2(CH3)jBr (1, 2, 4, 5), methyl iodide and
sodium (Jannasch and Fittig, Z. 1870, 161).
From toluene and methyl chloride in presence
of aluminium chloride (Friedel and Crafts, A.
Ch. [6] 1, 461). Best from o- or £>-xylene,
methyl chloride and aluminium chloride
(Jacobsen, B. 14, 2629).—Crystalline mass,

smelling like camphor.^Melts at 79-80° and
boils at 189-191° (Jacobsen). Yields by oxida-
tion with potassium permanganate finally pyro-
mellitic acid C6H2(CO„H)4 (1, 2, 4, 5).

F. B.J.
CYMOLS v. Cïjièkes.
CYMOPHENOL v. Camphoes.
CYPRIAN VITRIOL. Copper sulphate v.

Coppee.
CYTISINE v. Vegeto-alkaeoids.

DAGUERREOTYPE v. Photography.
DAHLIA. Syn. Hofmann's violet, Primula

v. TrIPHENYLMETHANE coloueing matters.

DAMMARA RESIN v. Resins.
DAMMARAN v. Resins.

•-*> DAMMARIC ACID v. Resins.
DAMMAROL v. Resins.
DAMMARONE v. Resins.
DAMMARYL v. Resins.
DANDELION ROOT. Taraxaci Eadix.

(Pissenlit, Fr. ; L'ôwcnzalinwurzel, Ger.) The
root of the common dandelion, Taraxacum offi¬
cinale (Wiggers; Bentl. a. T. 159), is used in
medicine for its mild laxative and tonic pro-
perties. It is administered either in the form of
expressed juice or weak spirituous extract. The
roots employed should be collected in the autumn.
For a summary of the earlier chemical examina-
tions of the root, see Pereira (Mat. Med. 1853 [2]
1574). According to Kromayer (Ar. Ph. 105, 6)
there separates from the milky juice on standing
a coagiium, ' leontodonium,' from which hot
water dissolves a bitter substance. The bitter
compound is remcved from the solution by
animal chareoal, from which it is extracted by
alcohol, ând after further purification constitutes
the taraxacin of Kromayer. A similar taraxacin
in warty crystals had been previously deseribed
by Polex (Ar. Ph. 19, 50). From that part of
•the coagulum left undissolved by the water
alcohol extracts crystalline taraxacerin CaH160
(Kromayer).

Arnong the other constituents of the root
are inulin (Frickinger, R. P. 23, 45, Widemann,
R. P. 43, 281 ; Overbeck, Ar. Ph. 23, 240) and
levulin (Dragendorff, Sachsse's Farbstoffe, 125).
Mannite, which had been often found in the juice,
was shown by T. a. H. Smith not to pre-exist in
the root but to be a product of fermentation
(Ph. 8, 480). In the root collected -in October
Dragendorff found 24 p.c. of inulin, while that
collected in March contained only 1-7 p.c., as-
sociated, however, with 17 p.c. of uncrystallisable
sugar and 19 p.c. of levulin. The last men-
tioned compound is an isomeride of inulin, being
distinguished by its solubility in cold water, the
sweetness of the solution, and by the absence of
any action on polarised light.

The leaves and stalks, but not the root of the
dandelion, contain inosite (Marmé,A. 129, 222).

A. S.

DAPHNETIN v. Resins.
DAPHNIN v. Glucosides ; also Resins.
DAPICHO or ZASPIS. The South American

naine for the caoutchouc which exudes from the
roots of Siphonia elastica.

DARWINITE v. Domeykite.
DATHOLITE v. Datolite.
DATISCA CANNAEINA. Bastard liemp.

A plant found in Southern Europe and in
India, the leaves of which are used for dyeing
silk. The colouring matter, datisca yellow,
is a pale yellow-brown translucent mass, soluble
in water andgiving a permanent yellow to cotton
mordantedwith alum. The roots of the plant con¬
tain a colourless glucoside, datiscin Cj.HjjO,,,
crystallising in silky needles, melting at 180°,
and yielding by hydrolysis datiscetin and
glucose G21H22012 = C15H„,Oa + C„Hl208

Datiscin Datiscetin Glucose.
Datiscetin forms colourless needles, almost

insoluble in water but readily soluble in alcohol
and ether (Stenhouse, A. 98, 166).

DATOLITE. A native boro-silicate of calcium,
discovered near Arendal, in Norway, by Esmark
in 1806. It dérivés its name from Sarkixat, ' to
divide,' in allusion to its readily breaking with
a granular fracture ; Werner, however, incor-
rectly spelt it Datholith, whence it bas been
supposed that the name is connected with 5d8os,
' turbid,' though the best-marked varieties are
remarkable for their transparent vitreous cka-
racter. The minerai crystallises in the monoclinic
System, but occurs also massive, and a variety
from Lake Supërior, of opaque white colour, is
so compact as to resemble unglazed porcelain.
H. = 5 to 5'5 ; sp.gr. 2-8 to 3'4.

Datolite was originally analysed by Klaproth,
and the boric acid was first determined directly
by Stromeyer. The following are modem
analyses of typical varieties :—

I. II. III. IV.
SiO„ . 35-74 38-48 26-21 36-99
B.,02 . 22-60 20-31 22-61 20-10
CaO. . 35-14 35-64 35-14 33-35
H20. . 6-14 5-57 5-81 5-87

I. From Bergen Hill, New Jersey (Whitfield).
II. From Andreasberg (Rammelsberg). III.
From Baveno (Molinari). IV. From Kugelbad
(Preis).

Datolite is oecasionally found in the traj-
rocks of Scotland, espeeially in the Kilpatricl
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Hills. The finest erystals are found at Bergen
Hill, N. Jersey, and have been studied by E. S.
Dana (Am. S. [3] 4, 16).

It occurs in yeins of silver ore at Andreas-
berg, in tbe Hartz ; in granité at Baveno, near
lago Maggiore ; in serpentine at Monte Catini
in Tuscany ; and in amygdaloidal melaphyre at
Theiss in Tyrol, and many other loealities. A.
botryoidal variety, from Arendal in Norway,
containing as much as 8'6 p.e. of water, is dis-
tinguished as Botryolite. At Haytor, in Devon-
shire, a rare pseudomorph was formerly fonnd
consisting of large erystals of datolite com-
pletely replaced by quartz : this minerai is
tnown as Maytorite. (For an exhaustive de¬
scription of datolite, with bibliography, v. O.
Liidecke, Ueber Datolith: eine, mineralogische
Monograph, Zeitschr. f. Naturwiss. Halle [4]
r, 1888, 235-403). F. W. B.

DATURA STRAMONIUM. Thorn-apple.
(Slramoine, Fr. ; Stechapfel, Ger.) The seeds
and leaves of Datura Stramonium (Linn.) are
employed in medicine for their sedative and
narcotic properties. The former are adminis-
tered in the form of tincture or solid aleoholie
extract, and the latter are smoked as a remedy
for astlinia. According to De Candolle the
plant is indigenous to the neighbourhood of the
Caspian Sea, whenee it has spread throughout
thetemperate and warmer parts of the world.
(Fl. a. H. 2nd ed. 459 ; Bentl. a. T. 192).

Like other drugs derived from the Solanacées,
the physiological action of datura dépends upon
thepresence of poisonous alkaloidal constituents.
tYhat appeared to be a single alkaloid, ' daturine,'
was isolated by Geyger (A. 7, 272). Yon Planta
(A. 74, 246, a. 252) and subsequently Ladenburg
(A. 206,279) and Schmidt (A. 208,196 ; Ar. Ph. 22,
329) have, however, proved that ' daturine ' is a
mixture of hyoscyamine, the alkaloid of henbane,
and its isomeride atropine, originally obtained
from belladonna. In belladonna atropine was
supposed to exist together with hyoscyamine,
but it has been observed that in the extraction
of the alkaloids, the relative proportion of the
one to the other dépends upon the mode of
working. With greater care the yield of hyos¬
cyamine is increased, and that of atropine
diminislied, and it is possible to obtain the
whole of the alkaloid as hyoscyamine. This
fact has been investigated by W. Will (B. 21,
1719) who finds that hyoscyamine may be easily
converted into atropine by the action of aleoholie
solutions of alkalis or by heat alone. It is
probable, therefore, that in belladonna, and
possibly also in datura, hyoscyamine only is pré¬
sent in the plant, and that il is converted more
or less into atropine during the process of ex¬
traction (cf. Schmidt, B.21,1829 ; Will a. Bredig,
B. 21, 2777). Ladenburg, however, questions
this view (B. 21, 3065). Datura leaves contain
'02 p.c. of alkaloid, and leave 17 p.c. of ash when
bumed. The seeds yield about -1 p.e. of alkaloid
and a quarter of their weight of a bland fixed oil.

Other species of datura which probably dé¬
pend for their activity on the same alkaloids are
D. Tatula (Linn.), D. alba (Nees), and D.

Jastuosa (Linn.). A. S.
DATURINE V. Datura.
DEAD DIPPING. The process of producing

a pale yellow dead surface on ornamental brass-

work. The brass-work, aftér the final stamping
with its adhering black scale from the annealing
oven is placed in dilute nitric acid until the
scale is detached, when it is removed and
washed with water. It is next plunged into
stronger nitric acid, and when its surface is
covered with minute gas bubbles it is washed in
a solution of argol and dried in hot sawdust.

DEAD OIL. The higher boiling fractions of
shale-oil from which the greater portion of the
solid paraffin has been crystallised out.

DECATOIC ACIDS v. Fattt acids.

DECHENITE v. Vanaitum.
DECIPIUM v. Cerium metals.

DECOIC ACID v. Capric acid, art. Fattt Acids.
DELTAPURPURIN v. Azo- colouring

matters.

DELPHININE v. Vegeto-alkaloids.
DEPHLEGMATOR, an apparatus used in

distilleries for freeing alcohol from water
(phlegma).

DESCLOÏZITE v. Vanadium.
DEXTRAN V. Gums.
DEXTRIN m(C6H,„06). The use of this

term should be now confined to the body obtained
by the action of diastase on starch-paste, the
préparation of which we shall describe below,
and to those substances from other sources which
agree in chemical and physical properties with
this body.

The substances known in England as dextrin
or dextrine, British gum, starch gum, &c. ; in
France, as amidon grillé, gomme d'Alsace,
leiogomme, gommeline, &c. ; and, in Germany,
as dextrin, Starkegummi, Bostgummi, &c., ob¬
tained by the action of heat, acids, or diastase
on starch are not simple bodies, but mixtures,
one of the constituents of which may be dextrin,
but at présent we have little or no evidence of
its presence in any of these products. There
can be no doubt, however, that they contain,
besides sugars (copper oxide reducing sub¬
stances), bodies closely related to dextrin.

Occurrence.—The sap of plants is said to
contain dextrin, and it figures in the published
analyses of most of the cereals and many other
seeds ; but its presence, in the majority of cases,
requires confirmation. The body isolated by
Limpricht (J. 1865, 673) from horse-flesh, pro¬
bably contains dextrin, but the optical activity,
as given by him, is too low for pure dextrin.
Reichardt (Ar. Ph. [3] 5, 502) found it in the
urine of diabetic patients ; this, too, is a doubtful
source. It is found in beer, and probably in
bread. Braconnot (A. Ch. 12, 172) tried to con-
vert cellulose into dextrin. We have no evi¬
dence that either he, or those who followed him
—Vogel, Berthelot, or Anthon—were success-
ful ; in fact, we know little of the nature of this
product. According to Musculus (Bl. [2] 18,66 ;
C. B. 92, 528), sulphoglucosic acid is converted
into dextrin by the action of strong alcohol.
Glycogen yields by the action of nitric acid, in
the presence of sulphuric acid, dinitro-glycogen,
which, upon réduction with ammonium sulphide,
yields dextrin [a]D = 194 (Lustgarten, M. Chem.
2, 626). Hydrochloric acid, sp.gr. l'026, converts
dextrose into a kind of dextrin (Grimaux and
Lefèvre, C. R. 103, 146).

The commercial products above mentioned
are prepared by the action of :
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а. Diastase on gelatinised starch.
б. Acids on starch in the presence of water

at the boiling or higher température.
c. Heat on dried starch.
d. Heat on acidified dried starch.
e. Digestion with alkalis also conyerts starch

into dextrin-iike bodies.
For the action of diastase on starch v. Mus-

culus (Bl. 22, 32) ; Payen (J. Chim. Méd. 9, 572) ;
O'Sullivan (C. J. 1876, 2,125); Brown and Héron
(C. J. 35, 596) ; Brown and Morris (C. J. 47,527) ;
and for that of heat and acids, Biot and Persoz
(A. Ch. [2] 52, 72) ; Payen (A. Ch. 55, 225 ; 61,
372 ; 65.225 and 234) ; Guérin-Varry (A. Ch. 60,
68) ; Oacquelain (A. Ch. [3] 8, 225) ; Béchamp
(C. R. 51, 256), Anthon (D. P. J. 218, 182 ; 219,
457) ; O'Sullivan (C. J. 10, 581).

Préparation.—A moderately thick homoge-
neous starch-paste is heated to 60-63°, and
sufficient cold water extraet of malt, or solution
of freshly prepared diastase, added to yield, on
maintaining the température at 60-63° for ten
minutes, products from the starch having an
optical activity [a]j = 176'6° or below. The solu¬
tion is then quickly cooled and filtered, the
filtrate boiled and concentrated to a rather thick
syrup ; this is best done in a vacuum vessel, but
the opération can be effected on a water-bath.
The syrup contains dextrin, maltose, and the
soluble portions of the malt-extract or diastase
employed. By repeated treatment with alcohol,
maltose, as well as some of the constituents of
the malt-extract and diastase, can be eliminated.
The remainder of these substances is separated
by dissolving the syrup in a little water and
adding alcohol, sp.gr. -83, until about one-eighth
of it is preeipitated. The supernatant liquid
then contains pure dextrin, which can be pre¬
eipitated by the addition of strong alcohol. If
the product thus obtained is capable of reducing
copper oxide when a portion of it is boiled with
Fehling's solution, it contains maltose. This
can be completely removed by repeated précipi¬
tation with alcohol, or by diluting the syrup
with water, heating to boiling, and adding a
slight excess of a solution containing in 100 c.e.
10 grams HgCy2 and 10 grams NaOH. The re-
duced mercury is allowed to subside, the clear
supernatant solution decanted off, carefully neu-
tralised with hydrochloric acid, and evaporated
to a syrup. From this sodium chloride, sodium
cyanide, and excess of mercury dicyanide can
be removed by dialysis, and dextrin preeipitated
from the concentrated solution by alcohol. We
cannot say that treatment with alkaline mercury
dicyanide is to be recommended. Dextrin thus
purified is obtained in the solid state by dissolv¬
ing in a little water, evaporating to a syrup, and
drying in a vacuum over sulphuric acid. Thus
obtained it is a colourless glassy body, which
may be rubbed down to a white powder. It is
without marked taste, and is odourless. It is
neutral, easily soluble in water, but insoluble in
strong alcohol. The solution is not coloured
by iodine. Heated in solution with dilute
minerai, or with some organic acids, it is con-
verted into maltose, and finally into dextrose.
Diastase solution slowly converts it into maltose.
It is optically active, the apparent activity
being [u]j — 222, [a]n = 2004 for a solution con¬
taining 10 grams dextrin in 100 c.c. and less.

Fehling solution or alkaline solution of mercurj
dicyanide is not reduced by it. It does not
ferment in presence of ordinary beer yeast, but
if active diastase is présent it yields alcohol
readily. A species of mucor converts dextrin
into sugar (maltose?), thence into alcohol and
other products (Gujon and Dubourg, C. R. 103,
885). Heated to 220-230° dextrin is converted
into pyrodextrin (Gélis, A. C. P. [3] 52. 388).
Treatment with bromine and silver oxide con¬

verts dextrin into dextronic acid, the calcium
sait of which is C6HnCaO; (Haberman, B. 5,167),
isomeric with gluconic acid. Lime and baryta
form compounds with dextrin, which are in¬
soluble in alcohol. Nitric acid converts it into
saccharic acid and, finally oxalic acid. The
dextrin prepared by O'Sullivan's method yields
sodium and potassium compounds containing
C12H]BO|0Na andCijHjjO^K (Pfeiiïerand Tollens,
A. 210, 285 a. 309). Other dextrins besides this
one are produced by the action of diastase on
starch (v. Staech) ; they have many characters
in common with it, but are distinguished from
it by the amount of maltose they are capable of
yielding when submitted to the action of diastase
at 60-63° for a few minutes. One of tliem,
a-dextrin, orerythrodextrin, gives a reddish-
brown eolour in solution with iodine, the others
give no colouration with iodine. For estimation
of dextrin v. Beee ; Sacchakimetry.

The commercial products above mentioned
are now chiefly prepared by the action of heat
on starch. The starch is first freed as muck as

possible from combined water by drying in suit-
able ovens, and then submitted to a température
of 212-275° in rotating sheet-iron drums. The
heat is supplied by hot oil, rape oil being pretty
generally used, or by direct fire. When the oil-
bath is used the control over the température is
greatest, and the colour of the product can be
varied at will from white to dark-brown. "When
the drums are heated by direct fire they are
made to rotate on slightly inclined axes, the
dried starch being fed in at the higher end of
the revolving cylinder and the product dis-
charged at the other. Sheet-iron ovens are also
used ; they are constructed singly or in sets. The
heat is supplied by a furnace, the heated air
from which is drawn over the top of the ovens.
The material is kept continually stirred by flat
iron oars. Boxes and trays are also used as
converters, and, indeed, one has only to consider
the variety and quality of product required, and
to remember that the drier the starch and the
lower the température of conversion, the whiter
will be the product, and, further, that différent
starches yield différent products, i.e. behave
differently when submitted to the action of heat,
to enable him to construct an apparatus that
will suit his requirements. It must also be
borne in mind that the conversion takes place
more slowly at a low température. By moisten-
ing air-dried starch with dilute nitric acid, and
drying at a low température, less heat is required
to yield a satisfactory product. Payen recom¬
mended 1,000 lbs. starch to be moistened with
30 gallons water containing 2 lbs. nitric acid,
sp.gr. 1-38, the mixture to be well lmeaded,
made up into balls, and dried in a hot-air
ehamber ; then powdered, spread on brass trays
to the depth of 14 to 2 inches, and submitted to
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a température of from 110-120° m a hot-air
oren.

Hydrochlorie acid, oxalic acid, and laetic
acid, in the form o£ sour milk or buttermilk,
bave been recommended in the place of nitric
acid, but these find little employment now.

The products thus obtained appear in com¬
merce in the form of powders varying in colour
from almost white to dark brown, through every
shade of light yellow and brown. They are
reduced to this state after roasting, by crushing
in pansorpassing through rollers, andthen sifting
through a rotating silk screen sucli as is used in
flour mills. Schumann(E. P. 1887,5460) préparés
adextrin free from objectionable smell by agita-
ting starch-milk with 1 p.c. fixed acid, allowing
to stand for twenty-four liours, washing tlie de-
posited starch free from acid, again converting
into a milk of 15° Baumé, and submitting to a
steam pressure of three to four atmosphères with
5 p.c. saturated sulphurous acid solution. The
reaction is stopped when the first trace of copper
oxide redueing power is observed in the solu¬
tion, the slight trace of sulphuric acid formed
is neutralised with chalk, the syrup filtered
through char and evaporated. The commercial
dextrin thus obtained is of a brilliant white
colour.

The various dextrin syrups are prepared by
acting on starch with sulphuric acid or diastase.
In the case of diastase, maltose is ahvays pro-
duced with the dextrins, and when acids are
cmployed, dextrose also is présent. The material
employed in the manufacture of these syrups is
purified starch of some variety, sueh as sago,
maize, rice, or potato starch, or some starchy
material such as maize or rice ; the proportions
cmployed are 25 parts material, 75 parts water,
and 2J parts oilof vitriol. Aboutone quarterof the
acid and water are mixed and heated to 55°-G0°
in a vessel furnished with stirring gear, and the
material run into it with continuai stirring.
Meantime, the remainder of the acid and water
is heated to boiling in another vessel also fîtted
with stirring apparatus and a steam coil ; into
this the material suspended in and saturated
with the acid water is run at such a rate that
the température is not reduced much below the
boiling point. To secure this the steam coil
must be sufficiently powerful to admit of a rapid
introduction of the mixture. As soon as the
starch is dissolved (10-20 minutes or less) the
acid is neutralised with the required quantity of
chalk, whieh must be well stirred in, and the
neutralised mixture allowed to stand. The clear
supernatant liquid is drawn off, and the residue
freed from solution by a filter-press. The clear
solutions are then concentrated to a suitable
consistency in open steam-jacketed pans or in
vacuum vessels. These products can be reduced
to glassy solids by submitting them in thin layers
on shallow plates to a current of hot air or by
drying on rotating cylinders.

When diastase is the transforming agent, the
starch is mixed with four times its weight of
water at 50°, the température is then gradually
raised to 65-70°, and 2 p.c. of malt added with
continuai stirring. The température is then
gradually raised to 73°andkept at that tempéra¬
ture until a portion of the solution cooled no
longer gives a blue colour with iodine, but reddish-

violet. The solution is then rapidly raised to
boiling, then cooled, filtered, and evaporated as
described above.

These products are used as substitutes for
the natural gums, and some of the syrups are
employed in the manufacture of beer, in con-
feetionery, in leather dressing, and in the pré¬
paration of the gelatine rollers used in printing.
The products of the action of beat on starch are
used for dressing crape, lace, &c., to thicken the
mordants and colours used in calico printing.
In surgery they are used to fix and thicken
bandages, and in pharmacy as carriers for the
active agents in pills, powders, tablets, &e.
Some varieties of ink are thickened with them,
and they are used in a général way for gumming
stamps, envelopes, labels, &c. O'S. & H.

DEXTROSE. Dextro-glucose, glucose, starch-,
corn-, grape-, lvoney-, diabetic-sugar. (Ger. Kril-
melzzicker, Traubenziccker ; Fr. Sucre de raisin.)

CnH12Oi;, and C6H1206 + H;0.
Occurrence.—Redueing sugar or sugars are

very widely distributed in nature, but there are
few sources from whieh dextrose has been
definitely isolated, and even in these cases it is
ahnost ahvays accompanied by lœvulose. Among
the chief sources may be mentioned honey,
most fruits, the sap of some plants and roots,
many seeds, and diabetic urine. Blood con-
tains a dextrorotatory sugar, but it has not been
established that this is dextrose (Hoppe-Seyler,
Phys. Chem. Berl. 1881, 430). Seegen and Kratz-
schmer indicate the presence of dextrose in the
aqueous extract of calves' liver. This may be
dextrose but it is more probably maltose from
glycogen.

Formation.—Acids décomposé the glucosides
into a glucose or glucoses and one or more other
bodies ; only in a few instances has the glucose
been proved to be dextrose, viz. Amygdalin
(Schmidt, A. C. 119, 92 ; Hesse, l.c. 176, 112).
Populin (v. Lippmann,B.12,1648) ; Buberythric
acid (Liebermann a. Bergami, B. 20, 2247) ;
Salicin (Schmidt, A. C. 119, 97 ; Hesse, l.c. 176,
112). In other cases, although the glucose
formed is said to be dextrorotatory, redueing,
fermentable, and erystallisable, the factors given
do not enable one to say with certainty that the
sugar is dextrose. These are Msculin (Rochleder
and Schwarz, A. C. 87, 186 ; Zwenger, l.c. 90,
76) ; Arbutin (Hlasiwetz a. Grabowski, A. C. Ph.
141, 329); Coniferin (Tiemann a.Haarmann, B.
7, 608). The glucoses prepared by the action
of acids on other glucosides are not sufficiently
characterised to enable one to say whether they
are dextrose or not. Certain unorganised fer¬
ments aet in the same way on the glucosides.

The following carbohydrates yield dextrose
alone or with other glucoses by the action of
acids :

1. a- and/8-Amylan, dextrose.
2. Cellulose of various kinds, dextrose (?).
3. Glycogen, dextrose.
4. Lichenin.
5. Tunicin.
6. Starch (dextrin), dextrose.
7. Maltose, dextrose.
8. Lactose, dextrose and galactose.
9. Sucrose, dextrose and lœvulose.
Other bodies yield glucose, but as yet we

have no direct evidence that dextrose is among
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the products, viz. Melitose (Eaffinoie), mucilage,
pectin bodies, the gums of tlie arabin group and
similar gums, chondrin and other gummy bodies
of animal origin.

Préparation.—Dextrose can be prepared from
any of the substances above-mentioned, but it is
in many cases difficult to obtain it in any quan-
tity in the pure state. Starch and sucrose are
the bodies usually employed, and we flnd that
lactose can also be used with advantage.

(а) A white saccharum (the commercial
glucose obtained by the action of acids on starch)
with an optical aetivity approaching that of
dextrose is selected. This is scraped as fine as
possible, and treated with boiling ethyl alcohol
of sp.gr. -820. On cooling, the clear saturated
solution is separated from the undissolved syrup
and a little previously prepared dextrose added to
it. Crystallisation soon begins and continues for
some time, a crop of fairly pure dextrose is thus
obtained. Further purification can be efîected
by melting the crystals in 8-10 p.c. boiling
water and adding dry boiling methyl alcohol
until a slight cloud is produced. Anhydrous
dextrose in a state of great purity separates
abundantly from this solution. Or the saccharum
is melted in 5 or 6 p.c. water, allowed to crystal-
lise, the crystals pressed and further purified
by treatment with methyl alcohol as described.

(б) A 25 p.c. aqueous solution of crystallised
sucrose is taken and heated to 50°-55° and 2-3
p.c. pressed brewers' yeast stirred in (Tompson,
E. P. 8686, 1881) the température is maintained
for 2-8 hours, when the sucrose is completely
inverted, that is converted into dextrose and
lœvulose. The solution is then evaporated in
a vacuum to a syrup, sp.gr. 1-5 or thereabouts.
On standing for a short time this solidifies to a
orystalline mass ; it is washed with cold ethyl
alcohol, sp.gr. -830, and the residue dissolved to
saturation in alcohol of the same strength.
Dextrose soon begins to crystallise out; the
crystals can be further purified by dissolving in
methyl alcohol and recrystallisation.

Sucrose may also be inverted by digestion
with sulphuric acid, the aeid separated by baryta
water, and the filtratefrom the barium sulphate
evaporated to a syrup and treated in the way men-
tioned. Inversion by yeast yields the best re¬
suit. Soxhlet (J. pr. [2] 21, 242) reeommends
that inversion be effected by alcoholic hydro-
chloric acid. 480 c.c. of strong hydrochloric acid
are mixed with 12 litres of alcohol, sp.gr; -8i0, in
a glass vessel, the mixture heated 45-50°, 4 kilos,
powdered sucrose stirred in, and the whole main¬
tained at that température for two hours.
When cool, a little previously prepared anhy¬
drous dextrose is added, and in a few days there
is an abundant crystallisation of dextrose. This
ean be purified by crystallisation from methyl
alcohol. Should any colour be developed, the
aqueous solution of sugar is treated with animal
charcoal and again concentrated in a vacuum.
Under such circumstances it is- better to begin
again, for if proper care be taken no colour
need be produced.

An aqueous solution containing 25 p.c.
lactose and 3 p.c. sulphuric acid is digested in
a water batli for three hours, care being taken
by continued agitation that no colour is deve¬
loped, the sulphuric acid is separated by baryta

water and the filtrate concentrated to a syrup
containing 76-80 p.c. solidmatter. On standing
this solidifies, and after a few days is treated
with boiling methyl alcohol ; this dissolves out
the dextrose, leaving the galactose undissolved ;
the former soon crystallises from the saturated
methyl alcohol. A recrystallisation yields the
pure body in moderately large, well-defined
crystals.

Hydrous dextrose CcH1206.H,0 can beobtained
from any of the above préparations by dissolving
in 12 to 20 p.c. water, and allowing to crystal¬
lise. If honey is used as a source of dextrose,
any sucrose it may eontain should be inverted
by yeast or acids, and the residue obtained by
evaporation crystallised from methyl alcohol as
in the case of inverted sucrose. A pure product
may be obtained by a few crystallisations.

Properties. — Dextrose crystallises out of
strong (93-95 p.c.) ethyl or methyl alcohol
in the anhydrous state C6H12Oe, and from
concentrated aqueous solutions at 80°-35°i with
spécial treatment, crystals of this composition
may also be obtained. The crystals formed in
aqueous solutions at ordinary températures eon¬
tain a moleeule of water of crystallisation
C6H1206.H.,0. The anhydrous sugar forms white
crystalline erusts or powder and, when it. sepa¬
rates from the solvent slowly, fairly well-defined
glassy prisms ; the hydrous body crystallises in
cauliflowerlike masses, but with care and slow
crystallisation well-defined crystals can be ob¬
tained. Both bodies dissolve easily in water,
the anhydrous one with évolution of heat. The
hydrous body dissolves freely in strong ethyl and
methyl alcohol, especially on the application of
heat, but the anhydrous body is practically in¬
soluble in these liquids. An aqueous solution of
dextrose containing 10 grams anhydrous dextrose
in 100 c.c. of solution at 17'5° is said to bave
a sp.gr. 1-0381. This is probably low—the
number 1-0385 being more correct. Its solutions
are optically active, i.e. possess the power of
rotating the plane of polarisation of a ray of
polarised light. The rotation is right-handed.
Hitherto, various values have been given for
the constant expressing this aetivity, the varia¬
tion being due to imperfect standards and
to the impurity of the specimens of sugar
examined. Becently Hesse (A. 176, 106) and
Tollens (B. 17, 2234) have carefully determined
this constant, and the latter's results are ex-

pressed by the formula
[o]„ = 52-5° + -018796 P + -00051G83 P2

for the dry sugar, and
[o]D = 47-73° + -015534 P + -0003883 P2

for the hydrous body C6H120li.H20, in which P =
the percentage of anhydrous and hydrous sugar
in solution. In dealing with solutions contain¬
ing 10 p.c. dry sugar the factor [a]D = 52-7 and
[o]j = 68-3 may be used. The optical aetivity of
dextrose solution is not màterially affected by
température. The aetivity is nearly twice as
great in freshly prepared solution, diminution
taking place slowly in cold but rapidly in boiling
solutions until the constant value is arrived at.
It is only crystallised dextrose that exhibits this
property of bi-rotation, as it is called, dextrose
fused and allowed to solidify does not show it
(Hesse, A. 176, 113). The solution of dex¬
trose in strong alcohol retains the power of
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bi-rotation. Potash, soda, lime, and such bodies
which act on dextrose naturally reduce its
optieal aetivity. Hydrated dextrose begins to
fuse at 80°, but inasmuch as a portion o£ the
water is expelled at a lower température and
continues to be expelled, complété fusion is not
effected at 100°. The melting point of the an-
hydrous sugar is about 146°. In a vacuum
over sulphuric acid the hydrate parts with the
greater portion of its water, the remainder of
which can be easily eliminated at 100°, but if
the substance is at once heated to 100°, it fuses
partially, becomes coloured, and the water is got
rid of with diffieulty, if at ail completely. When
the dry body is heated to 170°, the elements of
amoleeule of water are eliminated, dextrosan
C(H]0Os, being produced. If the température is
increased that body is caramelised and eharred.
Dextrosan is again converted into dextrose by
digestion with water or dilute aeids. If the
température is raised to 200° and maintained at
that point for a little time, gas, water, and vola¬
tile acids are given ofï, and if the heating is
continued without being increased until these
produets cease to be evolved, the brownish black
residue (caramelised mass) beeomes gradually
solid. This substance is soluble in water, com¬
pletely if the température was not too high, and
constitutes the colouring matter used in wine,
beer, cookery, &c. Should the heat be further
continued so that the body is destructively dis-
tilled, carbon mon- and di-oxide, and marsh
gas are evolved, aldéhyde, furfur-aldehyde, acé¬
tone, met-acetone, propionic, acetic, and formic
acids distil over, and a black carbonaceous mass
is left.

Dextrose is dissolved by concentrated sul¬
phuric acid without blackening, a eonjugate acid,
dextrose-sulphuric, being formel (Musculus a.
Mayer, B. 14, 850) and from this a dextrin-
like body or didextrose is precipitated in com-
bination with alcohol on standing in contact
with strong alcohol for some time. If dextrose
is boiled with dilute sulphuric acid the sp.gr.
of the solution gradually increases for some
time, apparently from the fixation of the elements
of water. On continued boiling the solution be¬
comes coloured and finally brown humus sub¬
stances, lœvulinic and formic acids are pro¬
duced (Malaguti, A. Ch. [2] 59, 407 ; Tollens,
A. 206, 207). Digestion with dilute hydrochloric
acids produces similar results, but more rapidly.
For action of aeids on dextrose v. also Conrad
a. Gutbzeit, B. 18, 439, a. 19, 2569.

Alkalis décomposé dextrose quickly on heat¬
ing, slower in the eold, with the production of,
amongst other things, acetol and acetone, whieh
are volatile, and of lactic, acetic, and formicacids
which remain combined with the alkalis ; other
substances are formed at the same time, such as
glncinic, saccharumic, and japonic acids, but
further knowledge is required regarding them.
When potash is used in these experiments
oxygen is absorbed. With calcium hydroxide
saccharin or calcium saeeharinate is produced ;
this is not one of the produets of the action of
potash. Lactic acid and other bodies are formed
at the same time.

Thenard (C. R. 52, 444) obtained bitter-
tasting bodies eontaining 10-19-3 p.c. nitrogen
by acting with ammonia on dextrose ; they absorb

oxygen from the air, and have much in common
with some nitrogenous humic acids. Similar
produets are produced by the action of barium
nitrate on dextrose (Thenard, C. R. 52, 795).
Tanret (Bl. [2] 44, 102) obtained volatile
a-glucosine C6H8N2, b.p. 136", and /3-glucosine
C,H,0N,, b.p. 160°, by heating dextrose with strong
ammonia. When dextrose is heated with aniline,
dextrose anilid is produced (Schiff, A. 140, 123 ;
Ssorokin, B. 19, 298).

Nascent hydrogen converts dextrose in allca-
line solution into mannitol, but not in neutral
or acid solutions (Linnemann, A. 123, 136).
Even under the most favourabie conditions the
yield does not exceed 10 p.c. of the dextrose
employed. A varying quantity of other alcohols
of the fatty sériés is simultaneously produced
when the reaction is allowed to take place at a
high température.

Oxygen has no action on dextrose in neutral or
acid solutions, but alkaline solutions absorb the
gas. Ozone oxidises it to formic acid, saeeharie
acid &c. being produced. Strong- nitric acid
converts dextrose into saeeharie acid, and finally
into oxalic, carbonic, and formic acids (Liebig, A.
113, 1 ; Heintz, P. 51, 183 ; Hornemann, J. pr.
89,304; Kiliani, A. 205, 172; Guerin-Varry, A.
8, 31 ; Sohst and Tollens, C. Z. 11, 99). Treated
with chlorine or bromine in the presence of
water, the resulting product yields gluconic acid
when submitted to the action of silver oxide
(Hlasiwetz and Habermann, A. 155, 122 ; 156
253 ; Iviliani, A. 205, 182 ; Kiliani and Klee-
mann, B. 17, 1298 ; Herzfeld, A. 220, 335 and
358).

In presence of alkalis, iodine yields with
dextrose, as with many other bodies, iodoform
(Lieben, A. Suppl. 7, 228 ; Herrmann and
Tollens, B. 18,1335 ; Millon, C. R. 21, 828).

Dextrose in alkaline solutions reduces the
oxides of gold, platinum,silver,mercury,bismuth,
lead, copper, iron, manganèse, &c. ; in the case
of gold, platinum, silver, and mercury, the
réduction is complété, the métal being formed ;
in the other cases lower oxides are produced.
Ferrocyanide of potassium, indigo, pieric aeid,
litmus, and such substances are also reduced by
dextrose in alkaline solution. The produets
from the dextrose are not the same in ail cases,
but they oonsist chiefly of carbonic, formic,
oxalic, and glycolic acids, other produets beiDg
also formed ; v. Kiliani, A. 205, 182 ; Kiliani and
Kieemann, B. 17, 1298 ; Herzfeld, A. 220, 335
and 358 ; Tollens, B. 16, 921 ; Habermann and
Hônig, B. 15, 2624 ; Pfliiger's Arch. d. Physiol.
22, 325; B. 13, 2096 a. 2442; Reichardt, A.
127, 297; Felsko, A. 149, -356; Beyer, A. 131,
353; Claus, A. 147, 115.

Under the influence of Saccliaromycs cere-
visiœ and other organisms, dextrose ferments
yielding alcohol and carbon dioxide as the chief
produets, but glycerol, succinic acid, and other
bodies are formed at the same time, the propor¬
tions of these bodies varying materially with
the organisms and the conditions under which
the growth takes place. In the presence of
growing baeteria of various species dextrose
yields many produets, one species converts
it into lactic acid, another into butyric, an-
other into cellulose, and so on [v. Feeitexta-
tion).
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With sulphurie acid dextrose forms several
conjugate acids, the barium salts of which are
soluble (Peligot, J. pr. 15, 105 ; Claësson, J. pr.
[2] 20, 1 and 18). They are produced by dis-
solving dextrose in the eold in strong sulphurie
acid, or aeting upon the dry body with chloro-
sulphonie acid. The constitution and compo¬
sition of these bodies require further investiga¬
tion.

A mixture of sulphurie and nitric acids eon-
verts dextrose into a nitro body (Carey-Lea, Bl.
[2] 10, 415), which is explosive. It is obtained
by dissolving the gradually crystallising mass
produced in ether alcohol, and precipitating with
water.

A dextrose phosphoric acid C8H1105.H2P04 is
said to exist (Amato, B. 4, 413).

Various derivatives of dextrose in which the
anhydride of an organic acid displaces hydroxyl
are known and have been studied by Berthe-
lot (A. Ch. [3] 60, 93 ; Chimie organ. fondée
sur la synthèse, 2, 289) ; Schiitzenberger and
Naudin (Bl. [2] 12, 107 a. 204) ; Liebermann
a. Hôrmann (B. 11, 1619) ; Herzfeld (B. 13,
265) ; Franchimont (B. 12, 1939). They are
amorphous substances formed by the action of
the anhydride or sodium sait of the acid on dry
dextrose, and can only be purified with difficulty.

Compounds of dextrose with bases have been
studied ; they are very unstable and rather in-
definite in character and composition. It ap-
pears that in the compounds of sodium and
potassium the métal displaces hydrogen of the
dextrose, potassium dextrosate being C8HMK08
(Hônig a.Rosenfeld, B. 10, 871), and the sodium
compound CBHnNaOB. These are prepared by
adding ether and an alcoholic solution of soda
or potash, or the alcoholate of these bases, to an
alcoholic solution of dextrose cooled in a freezing
mixture ; the precipitate is washed with strong
alcohol and ether, and dried over sulphurie acid.
The compounds with the alkaline earths seem
to be differently constituted, the earthy oxide
being simply added on to the dextrose moleeule.
With lime several compounds have been de-
scribed containing varying proportions of dex¬
trose, lime, and water ; we have C8H]208CaO,
(C8H1206)2Ca0.H20, and other bodies (Peligot,
J. pr. 15, 105 ; Brendecke, Arch. d. Pharm. [2]
29, 84). Compounds of the same nature and
composition exist containing barium oxide (v.
Lippmann, Zuckerarten, 45 ; Peligot, l.c. ; Bren¬
decke, l.c.). Strontium and magnesia also yield
compounds of a like nature (Franchimont, B.
12, 1939). Like the compounds with alkalis,
these bodies are prepared by adding solutions
of the earths to strong alcoholic solutions of
dextrose, washing with strong alcohol, and dry-
ing over sulphurie acid.

With solutions of the oxides of lead and cop-
per, dextrose yields compounds of much the same
nature as with the alkaline earths. Neither
acetate nor subacetate of lead gives a precipitate
with dextrose, but solutions of these bodies in
ammonia yield précipitâtes in which no doubt
the lead oxide is added on to the dextrose in
the same way as the alkaline earths ; we have
(C8H120B)2 3PbO, &c.

Alkaline, but not neutral, solutions of dextrose
dissolve copper oxide (Worm-Mùller and Hagen,
Pfliiger's Archiv, 22, 325), and from these solu¬

tions soda or potash in proper proportions pré¬
cipitâtes compounds of dextrose and copper oxide
in which the proportion of the former to the
latter may vary from one to one to one to five
(Fileti, B. 8, 441 ; Salkowski, B. 12, 704). By a
proper addition of soda the whole of the dextrose
can be precipitated from a solution containing
that body and copper sulphate.

Dextrose combines with sodium chloride,
bromide, and iodide, forming well-defined crystal-
lised compounds ; the body (C8Hl206)2NaCl.H,0
crystallises from diabetic urine (Peligot, J. pr.
15,- 88 ; Pasteur, A. Ch. [3] 31, 92). The saine
body can be obtained by making a strong solution
containing dextrose and sodium chloride in mole-
cular proportions and allowing it to evaporate
slowly at a low température. It crystallises in
well-defined glassy crystals. Frequently, how-
ever, bodies of the composition C6H1208NaCl
and C8H]20B2NaCl crystallise out (v. Lippmann,
Zuckerarten, 45 ; Stiideler, C. C. 1854,930). The
sodium bromide compound (C6H]206)2NaBr crys¬
tallises in white plates (Honig and. Rosenfeld,
B. 10, 872; Stenhouse, A. 129, 286), and the
sodium iodide compound (C8H120B)2NaI is very
readily obtained (Gill).

Kiliani (B. 19, 767 a. 1128), by acting on
dextrose with hydrocyanic acid, obtained a
cyanhydrin which on treatment with baryta
yields ammonia and the barium sait of a dex¬
trose carbonic acid, hex-hydroxy-heptylic acid
C,H8(OH)BN2 (Schiitzenberger, Bl. [2] 36, 144 ;
Maquenne, Bl. [2] 43, 530). This yields a lac-
tone CjHi-jO,, which on treatment with iodine
and phosphorus is converted into normal hep-
tylic acid C7Hu02 and the lactone C.H,202.

Becently Fischer (B. 17,579) and othershave
described a very interesting sériés of bodies in
which dextrose enters into combination with the
hydrazines, and Griess and Harrow (B. 20, 281,
and 2205) have shown that the aromatic aminés,
diamines, &c., form similar compounds. When
concentrated solutions of dextrose and phenyl-
hydrazine are mixed in the cold, the two bodies
unité with élimination of water

C8H12Ob + C6H5N2H3 = C12H18N2O5 + H20,
dextrose phenylhydrazine being produced. In
dilute solutions, and at températures near the
boiling-point of water, one moleeule of dextrose
combines with two of phenylhydrazine, with the
élimination of water and hydrogen and the
formation of phenyl-dextrosan
C8H12O8+2C8H5N2H3=c18EysrA+2H2O+H2.

The hydrogen is not evolved as such, but acts
on part of the hydrazine, converting it into
aniline and ammonia. Dextrose-phenyl-hydra-
zine forms colourless needles which meït at
144-145° (E. Fischer, B. 20, 824). It is con¬
verted into phenyl-dextrosazon by excess of
acetie acid. This body is also formed by heating
1 part dextrose, 2 parts phenyl-hydrazine hydro-
chloride, 3 parts sodium acetate, and 20 parts
water in a water-bath ; it gradually separates
from the mixture in yellow needles, and can
be purified by one or two erystallisations from
alcohol. Its melting-point is 204-205°. It is but
little soluble in water, but easily in alcohol. It
reduces alkaline copper oxide solution, and is
hevorotatory (Fischer a. Tafel, B. 19, 1920;
20, 217 a. 2566). According to Fischer (B. 19.
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1920), it is reduced by zine-dust to iso-glucos-
amine, whick yields iœvulose on treatment with
aitrous acid.

Other dextrazons, cornpouuds with the tolyl
hydrazines, &c., have been desoribed (Raschen,
A. 239, 229 ; Roder, A. 236, 172).

Strong liydrochloric acid décomposés dex-
trosazon into phenyl hydrazine, which separates
in the forai of hydrochloride and oxyglucose
(glucoson) CH,OH(CH.OH.)3CO.CO.H (Fischer,
B. 21, 263). It is reduced by zinc-dust and aeetic
acid to Iœvulose (l.c.).

Griess a. Harroiv (B. 20, 281 a. 2205) have
described a sériés of bodies obtained by act-
ing on dextrose with aromatic diamines and
di-amido- acids. Di-dextro-o-diamidobenzol

"NT.p TT r\

C8H,<;N:0fiH''-05 is formed, with the élimination
of two molécules of water when ortho-diamido-
benzol is allowed to act on dextrose in aqueous
solution in the proportion of one molecule of
the former to two of the latter. Anhydro-
dextro-o-diamidobenzol C,iH1:N2;C8H]<l0.1, water,
and hydrogen are formed when the action
talces place in acid solution, and dextro-o-
diamidobenzol C6H,(NH)2C„H10O5 is obtained
by concentrating the mother liquor from the
di-dextro- compound. With ro-^-diamido-toluol,
dextrose yields similar compounds. Dextrose
combines with 7-diamido-benzoic acid, with the
formation of dextro-7-diamido-benzoic acid
CsH3 • (COOH) (NH)2.C6H,0O5.

Manufacture of commercial dextrose—i.e.
dextro-glucose, glucose, saccharum, saccharine,
<£c.—These products, varying much in character
and composition, are ail prepared by the action
of acids on starch or starchy substances, such
as rice, maize, &c., and when these latter are the
raw material it has been proposed to employ the
combined action of diastase and acids. When
starch is acted upon by dilute acids it is dis-
solved, dextrins and maltose being produced.
These bodies, by the further action of the acid,
yield dextrose ; this itself does not resist the
action of acids, so that during the process of
conversion a portion of it is attacked, with the
production of substances imperfectly studied
(î). Gallisin). We know, however, that these
bodies existing in the commercial products are
unfermentable, and that a solution of dextrose,
when subjected to the continued action of dilute
acids, increases in gravity and diminishes in
optical activity, pointing to the destruction of
the sugar and the formation probably of higher-
hydrated carbohydrates C6H,,0„ the elements
of water being assimilated. Héron (S. C. I. 7,
271) states that by heating commercial glucose
with 3 p.c. sulphuric acid for 1 hour at 160°,
34 p.c. of these bodies are formed. This may
be the case with invert sugar, but it seems
hardly probable that a starch product would be
changed so quickly.

The phases of the action of dilute acids on
starch are easily followed. After heating has
been continued for a short time a portion of the
solution cooled ceases to give a blue colouration
with iodine ; this indicates absence of starch ; in
the place of this a reddisk-brown colouration is
produced, this indicates the presence of a-dex-
trin. After a time this disappeàrs, and at length
the solution ceases to give a precipitate when to

a portion of it twice its bulk of alcohol (sp.gr.
•820) is added, or when to a portion from which
the sulphuric acid has been separated by baryta,
ammoniacal lead acetate is added. This esta-
bliskes the absence not of maltose but only of
dextrin. There is no ready method by which
the complété conversion of starch into dextrose
can be ascertained, yet if pure starch be em-
ployed and the quantity of sulphuric acid care-
fully gauged, a détermination of the sp.gr. and
optical activity of a cooled and filtered sample
could be done with sufïicient rapidity and aeeurhcy
to give a fair idea of the estent of the conversion.
Even when impure starch or starch-containing
material is employed, the analyses of a few con¬
versions in which the température and propor¬
tion of material, water, and acid were kept con¬
stant would establish a time factor for the most
perfeet and désirable conversion. The prouesses
involved in the manufacture may be conveniently
arranged as follows :

a. The conversion.
b. The neutralisation.

r

c. The filtration.
d. The decolourisation.
c. The concentration.
/. The purification.
a. The conversion.—In this country the

materials chiefly employed in the manufacture
of commercial dextrose are sago, maize, and rice
starch, finely ground rice itself as well as granu-
lated maize and rice being at times used. Potato
starch is also used in Germany. In America
green maize starch is the chief material, hence
the term ' corn sugar.' The acid usually em¬
ployed is sulphuric, but hydrochloric and nitric
acids have been recommended, as well as a
mixture of nitric and sulphuric acids. The use of
sulphurous and ortho-phosphoric acids has also
been advocated. The proportions of material,
water, and acid generally employed in the case
of sulphuric acid are 100:250:5, and when green
starch, i.e. undried purified starch, is used, 1£
parts are taken instead of 1 part dry starch.
When pressure converters are used the acid can
be reduced to 0-5 p.c. John (Berz. Jahresb. 1815,
16, 262) proposed to complété the action of the
sulphuric acid by the subséquent addition of a
small quantity of nitric acid and re-boiling the
solution, a more thorough conversion of the
starch into dextrose being thus obtained. The
difficulty of removing the soluble nitrates formed
on neutralisation arose, and no solution of the
problem was at that time effected. Krôthe
(Vierteljahrschr. fur tech. Chem. 1869, 449) also
employed nitric acid for the more rapid and
thorough saccharification of starch. For the
production of syrup he takes 10 lbs. sulphuric
and T2 lbs. nitric to 1,000 lbs. green starch and
130 gai. water; the timeof boilingis from three-
quarters to one hour. If solid sugar be required,
the proportions are 15 lbs. sulphuric and 2 lbs.
nitric acid to 1,000 lbs. green starch ; time re¬
quired from one and a half to two hours. He
used sulphurous acid to destroy the nitric
acid, and neutralised with chalk and sodium car¬
bonate.

Seyberlich and Trampedach (E. P. 8000,
July, 1885) reeommend dilute nitric acid alone
(^ p.c. on air-dried starch). Digestion is con¬
tinued to the required extent, the concentrated
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liquid neutralised with chalk and made alkaline
with sodium carbonate. The filtered solution
is evaporated in vacuo to 33°-36°B., when, on
cooling and standing for a time, dextrose sé¬
parâtes out in crystals so large tkat they may be
separated from the syrup by the centrifugal
machine. Another crop of crystals may be

. obtainéd by evaporating the syrup from the
centrifugals, after which the residue is treated
with sutlicient sulphuric acid to liberate the
nitric acid ; the latter may he again used for the
saeeharifieation of fresh starch after filtration of
the precipitated gypsum. According to a later
patent (G. P. 39,573, Nov. 9, 18S6) the nitric
acid is removed by the addition of sulphurous
acid to the hot solution, nitric oxide being quan-
titatively evolved and a eorresponding amount
of sulphuric acid formed. The excess of sul¬
phurous acid is got rid of by boiling and the
introduction of steam into the liquid ; the solu¬
tion is neutralised with chalk, rendered alkaline
with sodium carbonate, and the sugar eoncen-
trated as before (v. also D. P. J. 271, 512). This
process seems not to have come into use.

Johnson (E. P. 1875, 810) substitutes hy-
drochloric acid for sulphuric acid, and em-
ploys rice or maize almost in the dry state as
the raw material. The grain is allowed to
saturate itself in a suitable vessel with
water containing HC1 equal to 2 p.c. of grain
taken, and then washed free from the solution.
Sufîicient acid of the samestrength is now added
to cover the grain and allowed to permeate it,
after which the excess is drained off. Thus
treated, the grain retains 40-60 p.c. of its weight
of dilute acid ; it is then introduced into a speei-
ally constructed gun-metal converter (deseribed
below), and steam admitted to bring the pressure
up to 751bs. per square inch. In about a minute
the starch is dissolved, and water at 150°, equal
in weight to the material taken, is injected uncler
pressure ; the above pressure being maintained,
conversion is then eompleted in a further minute.
Twelve charges, each of 400 Ibs. grain, can be
converted in one hour. The neutralisation is
with chalk in the usual way. Purified starch is
converted in the same apparatus by saturating
it with dilute HC1, drying, introducing it in this
state into the converter, and treating otherwise
as the raw grain.

Humphreys (U. S. P. 25, 1887) treats soaked
and crushed maize at 100° with sufficient acid
to dissolve the starch, the proportion should be
sueh as to make the solution 10-12°B. The
germs which float on this solution are skimmed
off and pressed for oil, the remaining solids are
filtered out and pressed for fodder, and the solu¬
tion treated in the usual way for glucose.

Endemann (E. P. 6,176, 1882) employs phos-
phoric acid, and uses 1 part ortho-phosphoric acid,
20 parts starch, and 40 parts water ; a closed con¬
verter is employed and a température of 140°.
The acid is separated by an équivalent quantity
of lime.

Soxhlet- (E. P. 7,098, June 10,1885) uses both
. diastase and acid. Eice, or the starch residue
from the manufacture of rice-starch, is finely
ground and stirred up with water to a thick
paste. This is allowed to run into boiling water,
and kept boiling for an hour. The gelatinised
starch is cooled to 50-58°, and a malt infusion

(2 parts malt to 100 parts rice) run in. If
the iiuid should be acid, it is neutralised with
soda. After the liquid has been boiled for a few
minutes the precipitated albuminoids are filtered
off, and the solution acted on with sulphuric
acid either under ordinary or increased pressure.
The subséquent opérations are as usual.

Converters.—The apparatus in which the
conversion of starch is brought about are of
various types. Pig. 1 represents an open converter
in which the action takes place at the boiling
température of the liquid. This consists of a
stout wooden vat furnished with a steam coil (ce)

Il 11

1 tEtS ËÏË

Wftf
Pig. 1.

of lead or gun-metal suspended on stirrups aa to
prevent disruption by unequal contraction and
expansion, and a stirring-gear s by which the
contents are kept in motion. At t are shown a
plug and pipe for discharging the converter's
contents. Fig. 2 shows the ground plan of this ap¬

paratus. Pig. 3 represents Hoffmann's converter.
It consists of a stout, well-hooped, wooden vat of
the same construction as the previous apparatus,
only that it is supplied with a cover r furnished
with a manhole a, a safety-valve t, and a pres-
sure-gauge si. There is also stirring-gear in this
vessel arranged as shown in fig. 4 or 5. In the
former the gear is driven by a spur-wheel g from
below, in the latter from above. The beat is
supplied by a ' raw ' steam pipe l instead of a coil.
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a pressure Mambre (E. P. 552, 1864) maires use of a
strong lead-lined iron vessel as a converter (ûg.6).

This apparatus is usually worked at
of 15-20 lbs. per square ineli.

Fig. 3.

fig. 6.

Fia. 5.

Steam is supplied by tlie tube o o o, which is
furnished witli many perforations, g is the
charging tube, and n one for admitting water.
co are the manholes, in the cover of one of which
a pressure-gauge, h, and a thermometer, i, are
fitted, and in that of the other safety valve dd.
e is a tube for the extraction of volatile, disagree-
able-smelling products, whioh are always evolved
when aeids aet on only moderately pure stareh.
f is a tube for the eseape of steam. On the out-
side is a water-gauge j to indicate the level of the
liquid in the vessel. The discharge-pipe is shown
at F. The lead lining of this vessel is kept inplace
with difficulty; but this is partially obviated by
perforating the iron coating so as to admit of the
eseape of vapourof water or airconfined between

Fig. 4.

Fig. 8.

Fig. 7.

the iron and lead layers. At présent gun-metal
vessels replace the lead-lined iron ones. The
position of the cylinder is upright instead of
horizontal, and the arrangements of the parts
slightly différent. Fig. 7 represents the most
recent form. It consists of a gun-metal cylinder
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M placed in an upright position on the girders
j j'. The steam enters through the cock a and is
condueted to the bottom of the converter by a
pipe which terminâtes in a perforated coil e.
The charge is introdueed through the cock e.
Dis a sampling tap, the pipe connected there-
with passing almost to the bottom of the cylinder.
c c' are safety valves, but inasmuch as the con¬
verter is made to withstand much greatér pres¬
sure than the boilers supplying the steam, their
services could be dispensed with. f is the dis¬
charge valve actuated by the lever a. h is a
steam pressure gauge. A plan of the top is
shown in fig. 8, i being a manhole, the other parts
are lettered as in fig. 7. While the charge is
being run in through b, steam is admitted at a ;
b is closed as soon as the whole charge is in and
the pressure rapidly raised to 70-80 lbs. per
square inch. As soon as the conversion is com¬
plété, the charge is forced through the valve F
and conveyed through a pipe to the neutralising
vats.

Johnson (E. P. 1875, 810) bas introdueed
a modification of this apparatus. The parts are
essentially the same, the modification being such
as to enable conversion to be made with mo-

derately dry material.
Fig. 9 shows the working parts of this con¬

verter. The charge of prepared material is

Fig. 9.

measured into the leaden hopper a attached to
the floor above. The lid e of the converter o is
then opened and the funnel-shaped copper vessel
h fitted into the opening ; the slide valve l is
then opened and the charge allowed to pass into
the converter. When this is accomplished, the
funnel is removed and the lid b screwed tight,
taps 3 and 2 are closed and steam from the
boilers admitted through tap 1 ; the pressure
being rapidly brought to 75 lbs. per square inch.
At the end of a minute the charge beeomes

liquid ; mean time a quantity of water equal in
bulk to the charge at a pressure of 80 lbs. is
measured by pressure gauge into the vessel m by
tap 4 ; tap 1 is then closed, tap 3 opened. and
the superheated water from m forced into the
converter, this tap is again closed and the pres¬
sure lcept up by again admitting steam through
tap 1. When the conversion is completed,
which is generally in about 3-4 minutes, the
charge is forced, by opening tap 2, into the
neutralising vat. At the top of the steam inlet
to converter there is a valve opening upwards :
this prevents the return of any of the contents
of the converter into the measuring vessel. The
converter is made of an alloy of 11 parts tin and
89 parts copper, both metals being as pure as
possible, care being especially taken that tliey
are free from zinc. This alloy resists the action
of dilute acids for years.

Many other forms of closed converter are in
use, the material being copper or gun-metal, in
which the heat is supplied by a steam coil or
naked steam, or both. In these the parts are
essentially the same as in the apparatus de-
scribed.

The opérations involved in the manufacture,
whatever converter is used, are as follows.
Half the sulphuric acid is mixed with half the
water in a separate vat constructed as the con¬
verter (fig. 1), with or without coil, and at such
a température that the heat of the dilute acid will
be just less than the gelatinising point of the
starch of the material employed. This vat is
furnished witli stirring gear, and placed under a
hopper, in which is stored the starch or starchy
substance. When the dilute acid is at the right
température the material is allowed to flow into
it, the stirring gear being kept in motion; a
milk of starch in dilute acid is thus obtained.
Meanwhile the remaining half of the acid and
water are introdueed into the converter and
heated to boiling, then the starch-milk is run
in at such a rate that the température does not
fall far below boiling, and the introduction skould
be effected as rapidly as possible ; this is accom¬
plished by having a coil sufficiently powerful, in
the case of the open converter, and a sufficient
supply of high-pressure steam, in the case of the
closed ones. With an open converter we have
seen the product known as dextrin-maltose (E. P.
1874, 3909), the proportion of material, water,
and acid being those given above, produced from
maize starch iu one hour, and from sago in a
slightly less time, and a product obtained after
three and a half hours' digestion, which yielded
by the usual after-treatment, but without the
use of charcoal, a solid sugar, of fair aver-
age colour and normal composition. The time
required in the pressure converters is less ; in
the wooden vessels with a steam-pressure of
15-20 lbs. per sq. in., if the steam injecter is
sufficiently powerful to keep the température up
to boiling and admit of the rapid introduction
of the acid starch milk, dextrin-maltose compo¬
sition can be arrived at in 35 minutes with
maize starch and in a slightly less time with
sago, and a solidifiable sugar in less than 2
hours. The higher the pressure employed, the
less time required for conversion ; but, as bas
been pointed out above, the time factor can
easily be arrived at for any material by an exa-
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mination of the produets of a few conversions
at différent stages. Johnson, using starch satu-
rated with hydrochlorio acid (about 0-25 p.e.
real acid on the starch), says he obtains glucose
in 1-2 minutes.

b. The neutralisation.—Finely-ground chalk
iàused to neutralise the acid employed in the
conversion. The chalk is converted into a milk
with water, and gradually introduced into the
converted liquid. This is usually done in a
separate vessel. The mille of chalk is rnade in a
small vat fitted with stirring gear, and then run
through properly gauged taps, with the con¬
verted liquid, into a vat, also furnished with
stirring gear. About 12 lbs. of powdered chalk
are taken for every 10 lbs. sulphurie acid em¬
ployed ; this is more than the theoretical quan¬
tité but it is found to answer in practice, owing
no doubt to the insolubility of a portion of the
chalk. The neutralised liquid is kept stirrecl
for some time, and is then allowed to rest. It is
found best to allow it to cool and settle gradu¬
ally, and then draw off the clear portion ; but
where vat room is a considération the neutralised
liquid is run immediately to the tilter presses.
Calcium hydroxide and other alkalis have been
mentioned as neutralising agents, but calcium
carbonate gives the best results, as the least
trace of alkali in excess colours the liquid by
acting on the dextrose.

c. The filtration.—The neutralised liquid can
be freed from calcium sulphate and other in¬
soluble matters by filtration through Taylor's
filter bags, or, as is very generally the case now,
through presses of one kind or another, being
various improvements on Needham and Kite's
tilter-press. One of the best forms of this made
in this country is Johnson's (v. Filtration).

d. Decolourisatùm.—The clear filtered solu¬
tion, if too highly coloured, is passed through
animal ekarcoal towers, of the saine construction
as tbose deseribed under Scgar. Sulphurous
acid is sometimes used in bleaching the product.
Ton Korvin-Sakovicz a. Rosenblum (G. P. 2418,
Feb. 1, 1883), decolourise converted syrup by
treating it at 45° with -2 p.c. of potassium per¬
manganate on the starch employed, and filtering
the decolourised syrup as usual.

c. Concentration.—This opération is now, as
a rule, effected in vacuum pans (v. Scgar), and
is considered complété when the syrup contains
about 82 p.c. solid matter, i.e., reaches a sp.gr.
1-50. It is then run into moulds, usually cone-
shaped vessels, in which on standing and cooling
it solidifies after a short time. This is hastened
by the introduction of some previously solidified
sugar. The solidified mass extracted from the
mould by a short immersion in hot water is
broken into irregular lumps, in which form it
appears in the market. The eolour of the com¬
mercial parcels varies from pure white to dark
brown; this dépends on the character of the
material employed (the purity and variety of
the starch), on the mode of conversion, and
the extent to which the decolourisation was

carried. The composition is also very variable,
but the constituents in ail are the same, viz.,
dextrose, maltose, dextrin, unfermentable organic
bodies, and ash. Very few samples contain
dextrin, some few maltose, and the propor¬
tion of unfermentable bodies varies very much,
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being sometimes as high as 15 p.c. The syrups
contain a large percentage of dextrin and
maltose.

/. Purification (refining).—For some pur-
poses it is désirable to eliminate the impurities
and to furnish pure dextrose as a commercial
article.

Soxhlet (G. P. 17,405 and 17,520, Octo-
ber 11, 1881 ; J. pr. 21, 227) proposed to effect
this object by evaporatirg the clear colourlsss
converted solution in a vacuum to about 85.
p.c. solid matter (sp.gr. 1-520), dissolving the
syrup in boiling strong methyl alcohol, and run-
ning the solution into cone-shaped vessels
capable of being closed at the apex. The sugar
crystallises in from two to three days, and the
mother liquor can be drawn off. A dense hard
sugar is obtained by feeding the crystals with a
solution containing 100 parts concentrated
syrup in 80-100 parts methyl alcohol, and
allowing to stand for a time ; this is repeated
until the cônes are full of a dense crystallised
mass, when the mother liquor is drained off
and the loaves washed with methyl alcohol.
The first crystallisations are obtained at a
température of 30°, the final ones at 50°-60°.
The methyl alcohol is recovered from the
loaves and mother liquors by distillation in a
vacuum.

Beher (B. 15, 1104; G.P. 21,401, 1882) ob¬
tained a pure commercial dextrose by taking the
converted syrup concentrated normally to 82 p.c.
solids containing at least 85 p.c. dextrose, add-
ing some crystals of anhydrous dextrose, and
maintaining the température at 30°-35°. After a
short time an abundant crop of dextrose is pro-
duced, and is capable of being obtained in the
dry state by treatment in a centrifugal apparatus
(v. Sugar). With purer converted produets,
i.e. containing a higher percentage of sugar,
anhydrous dextrose crystallises out at 30°-35°.
The first crystallisations are washed with methyl
alcohol, this being recovered by distillation.
According to the English patent the crystals
from 87 p.e. sol. with a good conversion can
be obtained sufficiently dense to be separated
by a centrifugal machine. This product is
found in the market.

Seyberlich and Frampedach (E. P. 8,000, July
1, 1883, D. P. J. 271, 512) convert starch by
nitric acid, neutralise the converted liquid with
chalk and make strongly alkaline with sodium
carbonate, and evaporate the alkaline liquid to
33°-36°B. Dextrose separates on cooling in firm
bold crystals, which can be freed from the
mother liquor by a centrifugal machine.

For estimation of dextrose and mode of
analysis of these produets v. Saccharisietry.

Glucose from cellulose.—Wood, rags, paper,
or, in fact, any kind of vegetable fibre, have also
been proposed as materials for the préparation
of dextrose, some minerai acid being the con-
verting agent ; but the change takes place with
greater difficulty than with starch. Braconnot
(A. 1820, 12, 172) observed that beech shav-
ings were blackened and disintegrated when
wetted with sulphurie acid ; the chief product
was almost completely soluble in water. The
solution, after neutralising, filtering, and evapo-
rating, yielded a white sugar resembling glucose
from starch. Bayrhammer (Berz. Jahres. 1,107)
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made similar observations with regard to birch
sawdust. There does not appear to be a pro-
duot from this source in the market.

O'S. & H.
Further on this subject v. Gay-Lussae, A.

Chim. 1820, 1 ; Dobereiner, Pneumatic Chern.
Jena, 1822, 3, 48 ; Leuehs, Tech. Ency. Niirn-
berg, 1835,3,206 ; Pelouze, D. P. J. 151, 394 ; Pet-
tenkofer, Gall's pract. Mitth. 1855, 1, 146 a. 87 ;
article in Gibbs's Ann. 63, 357 ; D. P. J. 25, 81 ;
Wagner's Jahresb. 1872, 597 ; Dauziville, B.
14, 385; Pochez, B. 15, 97; Le Mye and
Peyster, E. P. 11,407, August 18, 1884 ; Lesper-
ment, S. C. I. 1S84, 645 ; Clarke, E. P. 11,557,
August 22, 1884 ; Behr, E. P. 9,797, July 5,1884,
and 1767, Eebruary 9, 1885.

DHAURA. A gum obtained from Anogeissus
latifolia. It is extensively used in India in
calico-printing ; it occurs in clean straw-coloured
elongated masses, sometimes honey-coloured or
even brown from impurities. As an adhesive
gum it is inferior in strength to gum arabic. In
India, the réputation of this gum stands high
with the calico-printers, especially of Lucknow,
and it is probable it possesses some spécifie
peculiarity justifying the preference, since it is
used with certain dyestufïs, such as with haldi
(Circuma longa), while gum arabic or ' babool ' is
used with madder (Bubia cordifolia) (Watts'
Economie Products of India).

DIALOGITE. Manganèse carbonate v. Man¬
ganèse.

DIAMIDO-BENZENES. Phenylene diamine
v. Diamines.

DIAMIDO-TOLTJENES. Toluylene-diamines
v. Diamines.

DIAMINES. Diamido- compounds. The di¬
amines may be regarded as derived either from
the hydro-carbons by the replacement of two
hydrogen atoms by two amido- groups, or from
two molécules of ammonia by the introduction
of a dyad hydrocarbon radiele in the place of
two atoms of hydrogen.

The diamines of the fatty sériés are obtained
(1) by heating the alkylene dihaloids with am¬
monia :

CH2C1.CH2C1 + 2NH„
Ethylene dichloride
= CH2(NH2).CH2(NH2),2HC1

Ethylene-diamine hydrochloride

(Cloëz, J. 1853, 468). Secondary and tertiary
diamines are formed at the same time. (2) By
the réduction of the nitriles of dibasic acids with
zinc and hydroehloric acid ;

CN.CN + 4H2 = CH2(NH2) .CHENIL)
(Eairley, C. J. 1864, 362). The fatty diamines
are only of theoretical interest.

The diamines of the benzene sériés are ob¬
tained by the réduction of the dinitro- compounds
or of the nitranilines.

Phenylene-diamines (Diamido-benzenes)
C,H,(NH2)2.

Theory predicts the existence of three of these,
ail of which are known.

1. o-Phenylene-diamine, C6H4(NH2)2 (1, 2).
First obtained by Griess by the distillation of
o-m- and m-p- diamidobenzoic acid :

C6H3(COOH) (NE.,)., = CjH^NHJ), + C02
(1, 2, 3, or 1, 3,1) (1, 2)

(J. pr. [2] 3,143). By the réduction of o-nitrani-

line C6H.,(N02)(NH2) (1,2) (Zincke and Sintenis,
B. 6, 123), orof o-dinitrobenzeneC6H4(N02)2 (1,2)
(Rinne and Zincke, B. 7, 1374), with tin and
hydroehloric acid.—Crystallises from water in
laminœ, melting at 102°. Boils at 252°. Readily
soluble in water, alcohol, and ether. Diacid
base: the sulphate 2[G0H,(NH2)2,H2SO(],3R,0
fofms nacreous laminœ. Like many other ortho-
eompounds o-phenylene-diamine readily forms
condensation products containing closed latéral
chains. Thus with nitrous acid it yields azimido-
benzene :

< + HN02 = C,H4<^>N + 2H,0
(Ladenburg, B. 9, 219 ; cf. Nôlting and Abt, B.
20, 2299). When boiled with acetic acid it forms
ethmylphenylene-diamine :

c«h<nh!+ch-co=h
= CH^^C.CH, + 2H20

(Ladenburg, B. 8, 677) ; other acids convert it
into similar compounds. It condenses with two
molécules of beuzaldehyde yieldingphenylbcnzal-
dehydine (benzyl-benzenylphenylene-diamme) :

cBH4<£g+2CBH5.cHO
- qH.^S(C'Hr)>C.C,:H. + 2H20

(Ladenburg and Engelbrecht, B. 11, 1653 ; cf.
Hinsberg, B. 19, 2025). With ct-dicarbonyl-
compounds it condenses to form quinoxalines
(azines) :

CHO /N—CH

■KH\

CbH,<:
VTTT /X

+ ! = C6H4< | il + 2H,0.iNHj CH0 \N—CH
Glyoxal Quinoxaline

(Hinsberg, B. 17, 320 ; cf. Witt, B. 19, 915).
2. m-Phenylene-diamine, CjH^NHj)., (1, 3).

By reducing m-dinitrobenzene or ro-nitraniline
with iron filings and acetic acid (Hofmann, Pr. 11,
518 ; 12, 639), or with tin and hydroehloric acid
(Gerdemann, Z. 1865, 61). By reducing either
(1, 2, 4)- or (1, 2, 6)-dinitrobenzoic acid with tin
and hydroehloric acid, the carboxyl-group being
eliminated in the proeess (Zincke and Sintenis,
B. 5, 791 ; Griess, B. 7, 1223). On a manufac-
turing scale it is prepared by reducing dinitro-
benzene with iron turnings and hydroehloric
acid.—Separates from its solutions as an oil
which does not readily solidify unless bronght
in contact with a crystal of the base. Melts
at 63°, and boils at 287°. Readily soluble in
water. If sodium nitrite is added to a neutral
solution of m-phenylene-diamine hydrochloride,
triamido-azobenzene (phenylene brown, Bismarck
brown, vesuvine) is formed :

2C6H4(NH2)2,HC1 + NaN02
= NH2.C0H4.N2.'C6H3(NH2)2 + NaCl + HC1 + 211,0.
By means of this reaction the presence of 1 part
of nitrous acid in 10,000,000 parts of water may
be deteeted by the yellow colouration which is
produeed when a solution of m-phenylene-
diamine in excess of sulphuric acid is added
(Griess, B. 11, 624 ; Tiemann and Preusse, B. 11,
627). By the action of a diazobenzene sait on
m-phenylene-diamine, chrysoïdine (unsymme-
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trical diamido-azobenzene) is produced. In the
manufacture of phenvlene-brown and ehrysoïdine
the solution of crude TO-phenylene-diamine hy¬
drochloride obtained by the réduction of m-di-
nitrobenzene is employed, without first isolating
the base. A violet colouring matter is obtained
by heating TO-phenylene-diamine with aniline
hydrochloride to 190-200°, and a blue colouring
matter by heating it with TO-phenylene-diamine
hydrochloride (Krause, B. 9, 835).

p-Phenylene-diamine CSH.,(NH,).. Obtained
by reducing p-dinitrobenzene (Binne and Zincke,
B. 7, 871), or p-nitraniline (Hofmann, Pr. 12,
639), or amido-azobenzene (Martius and Griess,
J, pr. 97, 263), with tin and hydrochloric acid,
aniline being formed simultaneously in the case
of amido-azobenzene. Along with diamido-
diphenylamine by reducing aniline-black with
tin and hydrochloric acid or with hydriodic acid
and amorphous phosphorus (Nietzki, B. 11,
1097). By distilling (1,2,5)-diamidobenzoic
acid (Griess, B. 5, 200).—Crystals, melting at
147°. Boils at 267°. Sublimes in leaflets.
lteadily soluble in water, alcohol, and ether.
Yields on oxidation quinone. By heating it with
sulphur to 150-180° it is converted into diamido-
thiodiphenylamine (leucothionine, Lautli's ivhite)

W-UXC6H3(NH2Kb
which, when oxidised with ferrie chloride, yields
thionine (Lauth's violet)

N^CSH3(NH!)X>

The latter colouring matter may also be obtained
by the simultaneous oxidation of p-phenylene-
iiamine and sulphuretted hydrogen by ferrie
chloride in aqueous solution (Lauth, C. B. 82,
1441; Bl. 25, 422 ; Bernthsen, A. 230, 108). If
dimethyl-p-phenylene-diamine

C3HJ(NMe2)(NH2)
is substituted for p-phenylene-diamine in tlio
foregoing reaction, tetramethylthionine (methyl-
m-blue) is formed (v. Methylexe-blue).

Toluylene-diamines (Diamiclo-toluènes)
CBH3(CH3) (NH2)2.

Six toluylene-diamines are theoretically possible,
of which five have been prepared. Only two of
these, however—a- and 7-toluylene-diamine—
are of technical importance.

0-Tohiylene-diamine C3H3(CH3) (NH2)2 (1,2,4).
Obtained by the réduction of the corresponding
dinitrotoluene (m.p. 71°) (Beilstein, A. 130, 242 ;
158, 350).—Needles, melting at 99°. Boils at
283-285°. Sparingly soluble in cold, readily
soluble in boiling water, in alcohol, and in ether.
Forms crystalline salts. As the two amido- groups
inthis compound are in the meta-position to one
another, it is an analogue of w-phenylene-
diamine, which it resembles in many of its re¬
actions: thus a-toluylene-diamine may either
wholly or in part replace the OT-phenylene-
diamine used in the manufacture of phenylene-
brown, producing colouring matters the shade of
which is redder than that of ordinary phenylene-
brown.

y-Toluylene-diamine CSH3(CH3)(NH2)„(1, 2, 5)
is obtained by the réduction of the corresponding
Mitro-o-toluidine CeH3(CH3)(NH2)(N02)(l, 2, 5)

with tin and hydrochloric acid (Beilstein and
Ivuhlberg, A. 158, 350 ; Ladenburg, B. 11, 1651).
Formed along with o-toluidine when the amido-
azotoluene prepared from o-toluidine is treated
with the same reducing agent :

ch3 ch3

-Cr * -.0*
The two bases may be separaled by fractional
distillation (Nietzki, B. 10, 832). This reaction
is utilised in preparing the mixture of o-toluidine
and 7-toluylene-diamine which, after the addition
of a second molecule of a monamine (either
aniline or 0- or p-toluidine), yields on oxidation
saffranine. On a large scale the amido-azo-
toluene is reduced with iron turnings and hydro¬
chloric acid.—Crystallises in colourless rosettes
of tabulai- crystals melting at 65°. Boils about
2S0°. Eeadily soluble in water, alcohol, and
ether, sparingly soluble in benzene. Yields on
oxidation toluquinone C3H3(CH3)02.

Similar diamines have been prepared from
naphthalene and other hydrocarbons. P.B. J.

DIAMINE RED 3B v. Azo- coloubino'
MATTEKS.

DIAMOND. A natural form of Carbon, crys-
tallising in the cubic System. The commonest
forms are the regular octahedron, the rhombic
dodecahedron and the six-faced octahedron, ail
others being subordinate to these, and occurring
generally in combination with them. The forms
are to some extent eharacteristie of the locality :
thus the octahedron is common in Cape stones,
while Brazil yields rhombic dodecahedra ancl
six-faced octahedra. It is notable that the faces
of diamond crystals are often curved, and the
six-faced octahedron, with its 48 rounded faces,
may become almost a sphere. The curvature is
in some cases due to a lamellar structure
(Schalenbildung), the component lamellao regu-
larly decreasing in size towards the centre of
eaeh face. In a glazier's diamond it is necessary
that the cutting edge be cusped. The faces of
diamond crystals are often striated parallel to
the edges of the octahedron ; they also exhibit
impressions, or indentations, frequently of tri-
angular shape, and it is noteworthy that similar
impressions may be artificially developed, as
shown by G. Rose, by subjecting diamonds to
intense beat, without access of air (TJeber das
Vorhalten d. Diamants u. Graphite bei d. Erhitz-
ung, Monatsb. Berl. Ak. 1872, 516).

The fréquent occurrence of triangular dépres¬
sions on Cape diamonds has been adduced as
proof of their exposure to subterranean heat.

Twin crystals of diamond are not uncom-
mon ; and liât triangular hemitropes, splitting
easily along the plane of union, are known to
the Amsterdam workers as Nahtsteine. (On the
crystallisation of diamond, v. Sadebeck, Monatsb.
Berl. Ak. 1876,578 ; Hirschwald, Zeits. f. Krystal.
i. 1877, 212; and Weiss, N. Jahrb. f. Min. 1880,
ii. 12.)

The cleavage of the diamond is perfeet
parallel to the faces of the octahedron. The
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cutter frequently takes advantage of this cleavage
in removing portions disfigured by flaws, and in
dressing rough stones to be eut as brilliants.
Notwithstanding the ancient belief that a true
diamond could bear the blow of a hammer, it is
rather a brittle stone, not only splitting along
the cleavage-planes, but breaking elsewhere
with a conchoidal fracture. The liardness of
the diamond is indicated as 10 on the mineralo-
gical seale, but it is so greatly superior to that
of any other minerai that this is merely an
arbitrary expression. Crystals from différent
localities vary considerably in degree of hardness :
thus, lapidaries assert that Indian diamonds are
harder than the Brazilian, and these, again,
harder than South African stones. The hard¬
ness may vary on différent faces of a single crys-
tal, and even in différent directions on the same
face. The sp.gr. of diamond ranges from 3-509
to 3-550, the mean being about 3-514 (Schrôtter).
Baumhauer determined the density of a nearly
colourless Cape diamond to be 3-51812.

Diamonds vary greatly in colour. The purest,
or stones of the ' first water,' are practically
colourless ; while certain stones, known as ' blue
whites,' incline to a faint bluish tint ; the best
example of this type being the Porter-Rhodes
diamond—a stone of 150 carats, found at the
Cape in 1880. Most of the ' off-coloured ' stones
présent yellow or brown tints ; the colour cannot
be discharged by heat, but yellow diamonds have
sometimes been washed with dilute violet ink,
whereby the tint is superficially neutralised. The
dark colour of some diamonds has been doubt-
fully referred to the presence of crowds of minute
internai cavities, revealed by microscopie exami-
nation (Brewster).

While off-coloured stones are of compara-
tively small value, those which possess a pro-
nounced and pleasing colour are highly prized as
' fancy stones.' A deep-red colour is the rarest.
The famous Hope diamond is a fine sapphire-
tinted stone of 44J carats ; while the Saxon
diamond, in the Grùne Gewôlbe in Dresden,
présents a délicate green colour.

The index of refraction is higher in diamond
than in any other known transparent substance.
Aecording to Des Cloiseaux, it is 2-414 for red
rays, and 2-428 for green. It was the high
réfraction of diamond that led Newton to con¬

jecture that it might be ' an unctuous substance
coagulated.' The character of the lustre is
known as adamantoid. Mueh of the brilliancy
of the polished stone is due to its small critical
angle (24° 24'), since a very large proportion of
the rays entering the diamond must be neces-
sarily returned by total refiection. The coefficient
of dispersion is higher than in most transparent
bodies ; it is given by Jannettaz as 0-044. Ex-
amined in poïarised light many diamonds exhi-
bit an anomalous behaviour, apparently due to
internai strain. Brewster, who supposed that
the diamond might have been originally a vege-
table gum, explained the depolarising action
which certain diamonds display between crossed
niçois as the resuit of tension caused by included
bodies. Chatrian has found a crystal of iron
pyrites in a Brazilian diamond.

After exposure to solar light, the diamond
becomes highly phosphorescent, and différent
faces of the same crystal may émit rays of dif¬

férent colours. Submitted to molecular dis-
charge in Crookes's exhausted tubes, the diamond
glows with great brilliancy. On exposure to the
heat of the electric arc, it swells up, cracks on
the surface, and becomes coated with a substance
resembling graphite. In its ordinary state the
diamond does not conduct eleetricity, but the
coke-like mass obtained by exposure to the arc
is a good conductor.

The study of the action of heat upon the
diamond, with and without the presence of air,
gave the earliest clue to its chemical composi¬
tion. The famous experiment of the Florentine
academicians, Averani and Targioni, niade in
1694, at the instance of the Grand Duke Cosmo
III., showed that it could be volatilised by heat.
In 1751 the Emperor Francis I. caused a quan-
tity of diamonds and rubies to be placed in a
crucible and exposed to great heat, when it was
found that the diamonds disappeared, while the
rubies were fixed. Darcet afterwards showed
that though the diamonds vanished if heated in
an open crucible, they remained unaltered if air
were completely excluded. In 1772 Lavoisier
demonstrated that the diamond is truly com¬
bustible, and yields carbon dioxide ; and it was
subsequently shown by Smithson Tennant that
equal vveights of charcoal and of diamond gave
equal weights of this gas. By heating diamond
with iron, Guyton de Morveau obtained steel,
and thus indirectly showed the probable com¬
position of the minerai. The experiments of
Davy, in 1816, proved that the diamond was
practically pure carbon : a resuit confirme! by
the refined investigations in determining the
atomic weight of carbon by Dumas and Stas,
and subsequently by Roscoe and by Friedel. The
behaviour of diamonds when exposed to high
températures in various gaseous média has been
studied by M. Morren (C. R. 70, 990).

On the combustion of the diamond there
remains a quantity of a colourless or reddish
ash, varying from one five-hundredth to one
two-thousandth of the original weight of the
minerai. Microscopie examination of this déli¬
cate spongy ash led Gôppert, Petzholdt, and
others to believe that it shows traces of cellular
tissue, suggestive of a vegetable origin.

Various hypothèses have been advanced to
explain the origin of the diamond, but these
have rarely been subjected to expérimental véri¬
fication or disproof. Liebig suggested the décom¬
position of liquid hydrocarbons, while Chancour-
tois and others have resorted to hydrocarbo-
naceous vapours. Carvell Lewis, basing his
opinion on the occurrence of diamonds in 8outh
Africa, derived the minerai from the action of
eruptive rocks on carbonaceous shales (Geol.
Mag. 1887, 22). As many of the minerais asso-
ciated with the diamond in Brazil have been
formed artificially by the décomposition of chlor-
ides at a high température, it has been sug¬
gested by A. Favre that the décomposition of
chloride of carbon may have yielded the dia¬
mond. Gannal attempted to obtain it from
carbon disulpliide. Reviewing the geological
conditions under which diamonds occur in
various parts of the world, it is seen that these
are so différent in différent localities as to

suggest that the natural process of diamond-
making has not been uniform. Thus, in Brazil
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an! in India the diamond appears to be asso- !
ciated with acid rocks, while in South Africa it
occurs in a highly basic rock, resembling an
altered peridotite.

The most ancient diamond mines are those of
India, whence the precious stone has been ob-
tained from remote antiquity. The Indian dia-
nionds are found in river gravels, and in super-
ficial deposits scattered over the country, while
occasionally they occur in sandstones of the
findhyan formation, but these probably do not
represent the original matrix. In 1884 Chaper
innounced the discovery of the diamond in a
pink pegmatite, at Bellary in Madras (C. B.
98, 1884, 113), but this seems doubtful. Dia¬
monds have been worked in three extensive
districts in India. The mines of the most
soutkern group are partly in the Madras Presi-
dency and partly in the territory of the Nizam,
the most famous workings having been those on
the Kistna and Godavery rivers, improperly
tnown as the mines of Golconda. The ' Gol-
conda' district yielded most of the great his-
torical diamonds, such as the Koh-i-nur, the
Begent, and the Great Mogul ; and workings have
recentiy been reopened at Parteal (W. Morgans'
Eeport, 1889). Diamonds also occur in the dis¬
tricts of Kudapah, Bellary, and Karnul, but most
of the mines are now abandoned. In 1881 a

diamond of irregular shape, weighing 67| carats,
iras found near Wajra Karur, in the Bellary
district, and yielded a fine brilliant of 24f carats,
known as the ' Gor-do-Norr ' (Mallet). Another
group of diamond localities is situated in the
Central Provinces : at Sambalpur on the Maha-
nadi river, and at Wairagarh. The minerai is
also found in Chuta Nagpur inBengal; while
fnrther to the north is a third group of mines,
including those of Panna in Bundelkhand, still
worked on a limited scale. (For Indian dia¬
monds, v. Manual of the Geol. of India ; vol. 3
Economie Geology, by V. Bail, 1881, and vol. 4
'Jlineralogy,' by F. B. Mallet, 1887.)

Although tlie sands of many of the rivers of
Brazil had been long worked for gold, it was not
until 1727 that the occurrence of diamonds in
association with the precious métal was observed.
The distribution of the diamond is extensive,
occurring locally in the provinces of Minas
Geraes, Goyaz, Bahia, Matto Grosso, Parana, and
San Paolo. The best-known locality is Diaman-
tina, formerly called Tejuco, in Minas Geraes.
The diamond occurs in gravels mixed with clay,
and forming a loose conglomerate known as
cascallw, while if the quartz pebbles are less
rolled, as in the plateau gravels, it is termed
gorgulho. The diamond is said to have been
found in a metamorphic sandstone called ita¬
columite, and it is asserted that where itacolumite
is not présent the neighbouring gravels never
bear diamonds. In the Diamantina région the
original matrix seems to be in veins of quartz
and clayey matter, earrying iron pyrites and
tourmaline, and traversing a sériés of hydro¬
mica schists and itabarites, with itacolumite.
In the sands and gravels the diamond is asso-
ciated with rutile, anatase, brookite, magnetite,
hematite, ilmenite, &c. (For Brazilian dia¬
monds, v. papers by Orville Derby in Am. J.
;3] 24, 1882, 34 ; and Gorceix in C. B. 113,
1881, 981.)

It appears that the occurrence of diamonds
in South Africa was known certainly as far back
as the middle of the last century, yet it was not
until 1867 that attention was re-called to this
forgotten discovery. At that time the child of
a Dutch farmer near Hopetown pioked up among
the pebbles of the Yaal river a diamond weighing
21t3s carats. Search in the neighbourhood soon
led to other discoveries, one of the earliest being
that of a stone of 83J carats, which came to be
known, when eut, as the Star of South Africa,
or the Dudley diamond. The earliest workings
were ' river diggings,' in the gravels of the Vaal
and some of its tributaries, espeeially near Pneil
and Klipdrift. The largest diamond obtained
from the river diggings was the ' Stewart,' a
stone weighing 288| carats, found in 1872 at
Waldeck's Plant, on the Vaal. On the discovery
of diamonds in the soil at Du Toit's Pan, most
of the river diggings were abandoned in favour
of what were called ' dry diggings.' The prin¬
cipal mines at présent worked are those of
Kimberley, De Beer's, Du Toit's, and Bultfontein,
ail within a limited area in the British territory
of Griqualand West; but diamonds are also
worked at Jagersfontein, in the Orange Free
State—a locality which yields diamonds of
exceptional purity, known in the market as
' glassies.'

The South African diamonds occur mostly
in a serpentinous breccia, filling vertical pipes,
which, piercing the surrounding rocks, rise to
the surface, where their presence was originally
marked by little hills or kopjes. A reddish
sandy soil ooeupied the surface, beneath which
occurred a deposit of calcareous tufa ; this passed
downwards into the 1 yellow earth,' which finally
merged into the so-called ' blue ground.' The
yellowish material was simply the upper part of
the blue earth more or less altered by surface
agencies.

It is now generally believed that the pipes,
or chimneys, are ancient volcanic ducts, through
which the diamond-bearing material has been
brought up from some deep-seated source. The
pipes traverse black and reddish shales of the
Karoo formation, believed to be of triassic âge,
associated with sheets of basaltic rocks, and
resting upon a granité base. The edges of the
schist are slightly upturned, as if by pressure
from below, but they do not show signs of fusion
or other altération suggestive of a high tem¬
pérature. The walls of the chimneys are smooth,
or vertically striated, and between the walls and
the contents of the pipes there are oooasional
hollows lined with crystals of ealcite, and some-
times yielding explosive gases, apparently derived
from the carbonaceous shales.

The materials filling the pipes consist of
fragments of the schists and other neighbouring
rocks, usually sharp at the edges and not fused,
cemented into a hard breccia by a greenish
serpentinous material, chiefly a hydrated ferro-
magnesian silicate, which is probably an altered
enstatite or bronzite (for analysis, v. Maskelyne
and Flight, Quart. Journ. Geol. Soc. 30, 1874,
406). The embedded diamonds are associated
with garnets (pyrope), sometimes known in trade
as ' South African ruines ' ; with green salite, and
a peculiar mica, named by Maskelyne Vaalite,
which appears to be an altered biotite. Ilmenite
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is présent, and is sometimes mistaken for car-
bonado or black diamond. Among the other
associâtes of the diamond are iron pyrites, mag-
netite, and zircon. It is notable that the dia-
monds are often fragmentary, and neighbouring
fragments do not correspond, thns suggesting
that fracture occurred at some deep-seated point.
Much discussion lias arisen as to the original
character of the blue rock ; but most geologists
now regard it as an altered volcanic product
which was probably brought up in a pasty con¬
dition, not at a very high température, but per-
liaps rather like the materials of a mud volcano.
Carvell Lewis described the rock as an altered
peridotite under the name of Kimbcrlite, and
concluded that the matrix of the diamond in
many parts of the world was probably serpentine,
resulting from the altération of an erupted
peridotite (Kep. Brit. Ass. 1887 meeting, 720).

Until recently the diamond mines of South
Africa were worked as open quarries ; but, serious
difficulty having arisen from falls of the sur-
rounding rock, known locally as ' reef,' systematic
underground mining has been introdueed. Out-
side the pipe a shaft is sunk, and galleries are
thence driven into the diamond ground. The
blue earth, when first' hauled up, is extremely
hard, but by exposure to air and water it is
readily disintegrated, and the diamonds are then
separated by washing. (For aecount of South
African diamonds, v. Moulle in Ann. d. Mines [8]
7, 1885, 193 ; Boutan in Ency. Ch. 1886.)

Bornéo has yielded diamonds from remote
antiquity. They occur in alluvial clays, river
sands, and drift gravels ; occasionally, too, they
have been found in an eocene conglomerate, but
this is a derived rock, and the original matrix is
unknoivn. The deposits are worked in a primi¬
tive manner by the Dyaks, and to a limited
extent by Chinese; of late, however, French
engineers have commenced systematic working
at Tjempaka, in South Bornéo. The chief
localities for diamonds are Landak in the west*
Iiusan in the east, Tanah-laut in the south, and
the Serawak river in the north. The Sultan of
Matan has long been reputed to possess the
largestBorneodiamond—an uncut stoneweighing
367 carats ; but it was shown a few years ago
that this stone is merely rock crystal. The Sultan
of Martapura, in Tanah-laut, possesses a diamond
of 77 carats found at Gunong Lawak. The ' Star
of Serawak ' is a Landak stone of 70 carats.
The production of diamonds in Bornéo has
greatly fallen off of late years, especially through
the introduction of Cape stones. (F. Posewitz's
Bornéo, Berlin, 1889, 293.)

In Australia diamonds are known to occur at
numerous localities, especially in New South
Wales, but the stones are invariably small.
They have been worked commercially in drift
gravels on the Cudgegong river, near Mudgee,
and at Bingera and Inverell in New South Wales
\v. Liversidge, Min. of New South Wales, 1888,
116). Diamonds have also been found, though
but rarely, near Echunga in South Australia,
and at Beechworth and elsewhere in Victoria.

Numerous localities for diamonds are known
in the United States. They occur in association
with gold in New Carolina, in Georgia, and in
Butte Co., California ; while they are found
with platinum in Oregon. A remarkable crystal

was brought to light a few years ago at Man¬
chester, opposite Richmond, in Virginia, and
after cutting became known as the On-i-nur, or
• sun of light.' (For diamonds in United States,
d. G. F. Kunz, in successive volumes of Minéral
Resources, by United States Geolog. Survey.)

It was announced in 1S29 that diamonds had
been found in the Ural Mountains ; but thougk
subséquent diseoveries were reported, the évi¬
dence seems to need confirmation. The same

remark applies to the reputed diseoveries near
Constantine in Algeria. It appears, however,
that credence may be given to the discovery of a
crystal of diamond, in 1870, in the garnetiferous
sands of Dlaskowitz in Bohemia.

It has lately been shown that the diamond
is to be included in the list of extra-telluric
minerais. On September 22,1886, three météor¬
ites fell near Novo Urei, in the Government of
Penza, South East Russia. One of these, ex-
amined by MM. Jerofeiiï and Latchinoff, was
found to contain carbonaceous matter, partly
as amorphous carbon, and partly diamantoid;
the latter, forming about 1 p.c. of the stone,
occurred in mieroscopic grains, believed to be
carbonado (C. R. 106, 1888, 1679).

Carbonado is the name given to a black or
dark-grey form of diamond, which was discovered
in 1842 in the province of Bahia in Brazil, and
is at présent known to occur only in Brazil and
Bornéo. It is generally found in irregular or
rounded masses, occasionally with indistinct
crystalline form, and presenting on fracture a
compact, granular or cellular structure. Its
sp.gr. is less than that of true diamond, being
in some cases as low as 3-01 ; nor is it so pure
as crystallised diamond, some specimens yield-
ing on combustion as much as 2 p.c. of ash.
Notwithstandingits impurity, it exceeds in hard-
ness any other form of diamond ; and this has
led to its extensive use in the arts. In the dia-
mond-mounted rock-drills of Leschot and Beau-
mont, pièces of carbonado are firmly embedded
in the inner and outer edges of the steel tube
which forms the head of the drill; and so
valuable is the carbonado that a single crown,
with its setting, may be worth 2,0001. The car¬
bonado is also used in tools for dressing mil!
stones and emery-wheels.

Another variety of diamond used in the arts
is known as bort. Mineralogists recognise under
this name an impure translueent variety, not
crystallised, but presenting a crystalline struc¬
ture, and generally occurring in small ooncre-
tionary masses of dark-grey or black colour, with
a rugose exterior. It is slightly less dense than
crystallised diamond, its sp.gr. not exceeding
3-505 ; but it is extremely hard, though excelled
in this respect by carbonado. True bort occurs
in most diamond-bearing districts, but much of
the bort of commerce is merely coarse diamond,
.too much fiawed or splintered to be used by the
jeweller. The bort is crushed in a steel mortar,
and the powder is extensively employed by lapi-
daries and others as a powerful abrading agent.

The art of cutting and polisking the diamond
is generally attributed to Louis de Berquem, of
Bruges, who is said to have first practised it
about 1456. The forms into which diamonds
are eut at the présent day are known as the
brilliant and the rose. The former may be
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roughly described as oonsisting of two truncated
and lacetted cônes, applied base to base: the
npper part, or crown, is more truncated than the
lower part ; the edge of union between the two
paris is termed the girdle, while the broad fiât
upper face is the table, and the small lower plane
the culet. The rose has a flat base, from which
lises a hemispherical dome covered with tri-
angular facets (v. figs. below).

In cutting a diamond, the first step is usually
to reduce it by cleavage to a convenient shape.
To cleave the minerai, the operator embeds it in
a cernent of resin and brick-dust, carried at the
end of a small rvooden bâton. The cernent
having been warmed, the diamond is fixed in
such a position that only the part to be split is
exposed. Along the direction of cleavage, a
furrow is eut by means of another diamond:
into this groove a thin steel blade is iriserted,
and by a sharp blow, skilfully delivered on the
blade, the cleavage is effected.

After cleavage the stone is eut, or rather
rabbed, into the required shape. Two diarnonds,
each embedded in cernent, with only a small
surface exposed, are patiently rubbed together
until by mutual attrition two plane surfaces are
formed. The operator wears stout gloves to
protect the Angers, and takes care that every
particle of dust resulting from the friction is
carefully preserved. When the faces have been
formed by this rubbing, or ' bruting,' they re-
quire to be polished on the mill. The diamond
is embedded in a bail of fusible métal, carried in
a hemispherical cup at the end of an arm, which
being loaded with movable weights enables the
manipulator to adjust the pressure on the wheel.
The wheel is a circular iron dise, about 10 inches
in diameter, rotating in a horizontal plane at
tbe rate of about 2,000 or 3,000 révolutions per
minute. The movement is usually effected by
steam power, but Sir H. Bessemer has intro-
duced eleetricity at the works of Ford and "Wright
in Clerkenwell. The rotating dises are fed with
diamond-dust and olive oil.

The diamond-cutting industry has for cen¬
turies been centred in Amsterdam, where it is
mainly in the hands of Jews ; but mills have
also been established at Antwerp, and, of late
jears, at Hanau, near Frankfort; in Switzerland,
and in London. The trade has received a great
impetus in recent years by the enormous output

of the South African mines, which now prao-
tically supply the world.

The following table gives the weight and
vaine of the diarnonds produced by the mines of
British South Africa during the year 1888
(Sawyer) :—

Carats £

Kimberley . 1,332,809 1,270,873
De Beer's . 1,003,406£ 935,444
Du Toit's . 569,013Î 758,464
Bultfontein . 659,887£ 642,763
Small mines . 657J 668

3,565,774i £3,608,212
[For recent information on the diamond v.

A. H, Church, Precious Stones, London, 1883 ;
E. W. Streeter, Precious Stones, 4th éd., London,
18S4 ; M. E. Boutan, Diamant in Fremy's Ency.
Ch., Paris, 1886 ; H. Jacobs and N. Chatrian,
Le Diamant, Paris, 1884 ; E. Jannettaz and
others, Diamant et Pierres Précieuses, 2nd éd.,
Paris, 1881 ; P. Groth, Grundriss der Edelstein-
kunde, Leipzig, 1887.] F. W. B.

DIANA. The alchemistie name for silver.
DIANTHINE v. Tkiphenylmethane colouk-

ing mattees.

DXASP0EE. Native monohydrate of alumina
AL03.H20 (v. Aluminium).

DIASTASE, the unorganised ferment under
the influence of which starch is converted into

sugar.
Occurrence. — It is found in germinated

barley (Payen a. Persoz, A. G. [2] 53, 72 ; 56,
237; 60, 441; 61, 351; Guérin-Varry, A. C.
[2] 57, 108; 60, 22; 61, 22; Dubrunfaut, Les
Mondes, 16, 317), in the leaves of most plants,
and in many germinating seeds (Brasse, C. B.
99, 878) ; diastatie action is fairly well distri-
buted in the vegetable kingdom (Gorup-Besanez,
N. Bep. P. 25, 28 ; B. 7, 1478 ; 8, 1510), and the
ferment is présent in horse chestnut at ail stages
of its growth, in ungerminated barley, and in the
hilum and embryo of maize, but beech does not
contain it (Kranch, Bied. Centr. 1879, 120).
Saliva possesses diastatie action (Mihali Chim.
apléphysiol. f. Paris, 1856, 28 ; v. blering. Ztschr.
Ph. Cbem. 5, 185). Magendie (C. B. 23, 189)
observed that starch paste, mixed with fresh
blood sérum and kept at 40°, was liquefied in a
few minutes, and dextrin and sugar could be
detected at the end of a quarter of an hour.
According to Bouchardat (A. Ch. [3] 14, 61)
putrid flesh, yeast, gastric juice, and animal
membrane transform starch ; hence diastase is
présent in these substances. The microzymes
of barley exhibit diastatie action (Béchamp, C. B.
83, 358). It is developed by allowing the spores
of a fungus to grow on steamed rice (Atkin-
son, Pr. 10, 203). Mareano (C. B. 95, 856)
maintains that diastatie action is a funetion of
bacteria, which are always developed during the
germination of seeds. Barley-extract possesses
transforming power, which is diminished by the
growth of schizomycetes, but considerably in-
creased by the growth of saccharomyces (Brown
and Héron, C. J. 35, 653). Diastase is widely
distributed in animais and plants (Mulder, Chem.
des Biers, 225), and in both it is frequently ac-
companied by invertase ; the latter is due to
microphytes (Bourguèlot, J. Pharm. [5] 11, 367).
The diastase of wheat is the same as that of
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barley, and the quanùty in the former is as great
as in the latter (Lintner, J. pr. 36, 481).

Préparation.—The préparation of diastase
in the pure state bas not yet been satisfaetorily
accomplished. A highly active préparation is
obtained from low-dried barley malt, as follows
(O'Sullivan, C. J. 45, 2). Two or three kilos, of
finely-ground pale barley malt are taken, suffi-
cient water added to completely saturate it, and,
when saturated, to slightly cover it. When this
mixture has stood 3 or 4 hours, as much of the
solution as possible is pressed out by means
of a filter press. If the liquid is not clear it
must be filtered. To the clear solution, alcohol
sp.gr. -830 is added as long as a flocculent pre¬
cipitate forms, the addition of alcohol being dis-
continued as soon as the supernatant liquid
becomes opalescent or milky. The precipitate is
washed with alcohol sp.gr. -86--88, dehydrated
with absolute alcohol, pressed between cloth to
free it as much as possible from that liquid, and
dried in vacuo over sulphuric acid until the
weight becomes constant. Payen heated the
malt extract to 75°, to coagulate albumen, before
precipitating the diastase ; it has since been
shown (O'Sullivan, C. J. 1870, 2, 125), and
confirmed by others, that the action of diastase is
altered by heating. Wittich extracted green
barley malt with glyeerol, pressed the extract,
and precipitated with absolute alcohol and
ether. Zulkowsky (W. A. B. 77 [2] 647) first
extracts malt with strong alcohol, then with
glyeerol, which he presses out after 8 or 12
days, and précipitâtes the diastase from the
diluted and filtered glycerolic extract by abso¬
lute alcohol and ether. Lintner (J. pr. 34, 378)
says that the method does not give so good a
yield as is obtained by saturating malt-extract
with sodium chloride, and washing the precipi¬
tate with ether and alcohol. He, however, re-
commends the following mode of préparation:
one part green barley malt or flour of air-dried
malt is treated with 2-4 parts of dilute spirit
(20 p.e. alcohol) for 24 hours or more, the ex¬
tract is pressed from the insoluble matter, and
precipitated by adding 2§ times its volume of
absolute alcohol. The precipitate is then de¬
hydrated by treatment with absolute alcohol
and ether, and dried in a vacuum over sulphuric
acid. Brasse (C. B. 100, 454) prepared diastase
from various seeds and plants by macerating the
broken parts with water for 24 hours, adding to
the pressed and, if necessary, filtered extract In¬
times its volume of alcohol (sp.gr. -82--83), allow-
ing the precipitate to subside, and adding to the
filtrate as much more alcohol. The precipitate
thus obtained contained diastase.

No matter how active these products may be,
it is obvious that they are not pure bodies.
Lintner says his préparation contained 16 p.c.
ash. Loew (Pfliiger's Archiv, 1882, 203) obtained
a highly active purified diastase by treating the
crude body with lead acetate, separating the
lead with hydrogen sulphide, and precipitating
with alcohol. Lintner maintains that the pre¬
cipitate with lead acetate does not contain a
fourth of the active diastase of the crude body.
He attempted to obtain a pure body by fraetional
précipitation with alcohol and sélection of the
most active fraction. This does not eliminate
the ash, for which purpose he submitted the

préparation to dialysis. He thus reduces the
amount of ash to 4-79 p.e. Loew (B. 20, 58)
does not agree with Lintner, and considers his
want of success with the lead acetate treatment
due to seeondary causes.

Composition.—The following analyses of the
purified préparation are given :

Consti-
tuents

Gorup-
Besanez.

Préparation
from vetch

Lintner.
Malt of

barley and
wheat

Zalkowslry.
Barley malt Kranch

Carbon . 46-66' 47-57 45-68
Hydrogen — 7-35 6-49 490
Nitrogen 4-3 10-42 5-14 4-57
Sulphur. — 1-12 j 37-64 36-77
Oxygen .

— —

Ash . 7-76 — 3-16 6-08

The ash contains potassium, calcium, and
magnésium phosphates, with a trace of sul-
phates. Payen states that the freer the body is
from nitrogen the more active it is. It seems,
however, that the more we learn of the attempts
to isolate this body the clearer it is that the
idea of Mulder, that it is not a definite compound,
is true.

Properties.—The préparations, obtained as
deseribed above, are, if carefully prepared, white,
amorphous, and friable, easily soluble in water;
but if allowed to dry without being dehydrated
with absolute alcohol they are horny, and not
easily penetrated by water. The solution is not
coagulated by heat, or heat and acids ; it is
optically active, being highly lœvorotatory
(author), neutral, and devoid of taste. The
chief property of diastase is its action on gela-
tinised starch. Ungelatinised starch is not acted
on by diastase (O'Sullivan, C. J. 1S76, 2,133),
confirmed by Brown and Héron (C. J. 35, 621).
The eontrary is stated to be the fact by Kjeldahl
(Mdl. f. Cbg. Lab. 2, 1879). It is probable that
diastase attacks certain kinds ofstarch and starch
granules at certain stages of growth in the cold.
Diastase dissolves gelatinised starch at ail tem¬
pératures up to 75°-76°, at or about which tem¬
pérature the activity is destroyed. "When starch
paste is dissolved by sufficient diastase at 63°,
one-third is converted into dextrin and two-
thirds into maltose (O'Sullivan, l.c.) ; con¬
firmed by Kjeldahl (l.c.). Brown and Héron
(l.c.) give other proportions. Other bodies
besides dextrin and maltose are formed when
starch is dissolved by diastase (v. Stabcii). The
finalproduct of the action is maltose (O'Sullivan,
C. J. [2] 10, 581), but it is probable that certain
forms of diastase convert maltose into dextrose

(O'Sullivan, C. J. 1876, 2, 139; Atkinson,
Pr. 10, 203). The activity is affected by heat ;
weakening begins early, but it is slow in pro¬
portion to the rise of température until 63°,
or thereabouts, is reached, after which there is
a rapid loss of power to 75°-76°, a short ex-
posure in solution to this température com¬
pletely destroying the power. Diastase resists a
high température better in presence of starch
than by itself. It converts starch at 17'5° with¬
out loss of activity, but the maximum effect from

1 The body burneil contained 4*79 p.c. ash ; the per-
centages are calculated on the body free from ash.
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a given weight of diastase is obtained at 50°
(Lintner). When deprived completely of its
«ater over sulphurie acid at the ordinary tem¬
pérature it may be heated to 100° without
suffering muclr loss of power. Dilute solutions
become quickly acid and lose their power, but
concentrated ones are very stable, opposing the
growth of micro-organisms for a considérable
!ime and retaining their activity. Préparations,
even in a moderately dry state, are subjeet to
diminution of transforming power. The activity
of diastase is destroyed by nitric, sulphuric, hy-
drochloric, phosphoric, oxalie, tartaric, or citric
aeids, potash, soda, lime, copper sulphate and
acetate, meroury bichloride, silver nitrate, alum,
ferrie sulphate ; retarded by formic acids, arseni-
ous acid, magnesia, ammonia, and alkaline car¬
bonates, and in a less degree by acetic acid,
hydrocyanic acid, strychnine, quinine, morphine,
and their salts. Essential oils, creosote, alcohol,
and ether exert no retarding influence (Bouchar-
dat). One part sodium liydroxide in 500,000
parts neutral starch paste reduces the activity of
diastase by 26 p.c. ; further addition of alkali
destroys the action completely; -003 p.c. sul¬
phuric acid diminishes the action (Duggan, Am.
7, 306). Free acids and alkalis, as well as
salts of the heavy metals, destroy the action
of diastase. Solutions of -4 p.c. alkaline cklor-
ides or calcium chloride have no efïeet, but
solutions containing 4-8 p.c. increase the ac¬
tivity (Lintner, J. pr. 36, 481). Formaldehyde
is higlily destructive of diastase ; -15 gram
hydroxylamine destroys 1 gram diastase in 24
hours, but the same quantity does not efïeet 10
grams. Nitrous acid also destroys the action
(Loew, J. pr. 37, 101). Carbonic acid has
no influence on its action on some kinds of
starch, nor does pressure afïect the activity
(Baswitz, B. 12, 1827; Bert, C. B. 80, 1579).
Hydrochlorie acid, or puregastric juice, destroys
the transforming power (Defresne, C. B. 89,
1070). Very dilute hydrochlorie acid increases
the activity (Kjeldahl).

The purified diastase of Lintner gives alrnost
ail the reactions of the albumins, but not those
of the peptones. It gives in a marked manner a
reaction given by no other protein body, viz.,
with guaiacum tincture and hydrogen dioxide
(the tincture gives better results than the aqueous
solution as reeommended by Schônbein), a blue
colour, whieh is soluble in ether, benzene, ehloro-
form, carbon disulphide, and may be extracted
from the solution by those solvents. Bennet,
saliva, peptin, and invertin give no reaction
under like conditions. The reaction does not
take place when the diastase solution is boiled
for a short time, or after the addition of alkalis
or acids, in faet under the condition in which
the fermentative action is destroyed. The
slightest trace of diastase can be deteeted by the
guaiacum reaction, for example in the steep-
water of barley, maize, wheat, &c. On submit-
ting diastase solutions to filtration through a
porous battery cell, diastase does not pass
through (Brown and Héron).

Estimation of diastatic power.—Diastase
not having been obtained in a pure state from
any source, it is not possible to estimate it abso-
lutely. The relative activity of materials or
préparations exhibiting the fermentative activity

can, however, be estimated with a fair amount
of accuracy. Tf, for example, it is required to
détermine the relative diastatic power of two
samples of malt, it is only necessary to weigh
out 10 grams of each flnely ground, add 100 c.c.
cold water, and stir the mixture occasionally for
6-8 hours. A clear filtrate is obtained from
each and 10 c.c. of it are allowed to act for 5
minutes at 60°-63° on 100 c.c. starch paste con¬
taining 5 grams purified air-dried potato starch.
The solutions are then rapidly boiled, and evapo-
rated to 100 c.c. A détermination of the spécifie
gravity and optical activity will give the per-
centageof dextrin and maltose (u. Saccharimetey)
allowance being made for the optical activity
and spécifie gravity of the malt extract employed.
One of the samples is found to contain one-
third dextrin and two-thirds maltose or quanti¬
tés approximating to these, in the other the
proportion of maltose is higher ; in this case
9 c.c. of the malt extraet are allowed to act on

the same amount of starch paste. On examining
the products the maltose still exceeds 66 p.c. of
the transformed bodies. 8 c.c. are then tried ;
this does not yield 66 p.c. maltose. 8-5 c.c. are
tried ; this yields the required quantity of malt¬
ose. 10 c.c. of the first and 8'5 c.c. of the
second are then made to act on two separate 100
c.c. of the standard starch paste at the tempéra¬
ture given and the digestion is continued for
30-40 minutes. If the proportion of maltose is
about 66 p.c. in each, the c.c. represent the
relative activities of the malts, if not, the one

showing the most maltose is the most active
and a further experiment should be made with a
less quantity. In this way very close relative
quantities can be arrived at. These results may
be expressed thus : the diastatic power of the
first malt is 10, of the second, 8-5 ; i.e. 10 grams
of the first malt exhibit only as much diastatic
power as 8-5 of the other. Further on this sub¬
jeet see Kjeldahl (D. P. J. 235, 379), and Lintner
(Bied. Centr. 18S5, 855). O'S.

DIDYMIUM V. CESIUM METALS.

DICETYLIC ACID v. Fatty acids.

DIETHYL ACETIC ACID. Pseudo-caproic
acid v. Fatty acid.

DIGALLIC ACID v. Hydkoxy-acids.
DIGESTER v. Autoclave.
DIGITALIS. Foxglove. (Digitale, Fr. ; Fin-

gerhut, Ger.) The foxglove, or Digitalispurpurea
(Linn.), is well known for its élégant appearance
and beautiful purple-erimson flowers throughout
the British Islands and most parts of Europe
(cf. Woodville, Med. Bot. 24; Bentl. a. T. 195).
Foxglove is a powerful arterial sedative, reducing
the force and frequency of the heart's action,
and has been in use in medicine since the
sixteenth century. The leaves are generally
employed, but the seed possesses a like activity.
For time of gathering see Brit. Pharm. 1885 ;
Schneider (Bl. Ph. 1870, 164) ; Nativelle (J. Ph.
[4] 20, 81).

Numerous attempts have been made to iso-
late the constituent or constituents upon which
the physiological action of digitalis dépends,
and more or less definite substances have been
from time to time announced, the relation of
whieh to one another is at the présent day a
matter of uncertainty. A résumé of the early
work is given by Pereira (Mat. Med. 1850, 2,
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1386). Active extraetives' were obtained, and
variously named digitaline, picrin, or scaptin,
in addition to other constituents common to
plants.

Homolle was, however, the first investigator
to préparé a fairly definite physiologically active
substance from foxglove leaves. To obtain the
digitaline of Homolle, a dried alcoholic extract
o£ the leaves is exhausted with acetic acid and

water, the solution puriiied by treatment with
animal charcoal, and the soluble acetate con-
verted into insoluble tannate, from which the
digitaline is set free by the action of oxide of
lead. The crude product is freed from inactive
constituents by washing with ether. The digi¬
taline thus obtained is exceedingly bitter, and
irritating to the nasal membranes. It is white,
inodorous, and imperfectly crystalline. It is in¬
soluble in water and ether, but dissolves in
alcohol. In sulphuric acid it dissolves brown to
crimson after standing a few days, and in hydro-
chloric aeid yellow to green. This is the digi-
talin which has from time to time found a place
in the pharmacopœias (Homolle, J. Ph. [3] 7,
57 ; Henry, J. Ph. [3] 7, 460 ; Homolle and Que-
venne, Mémoires sur le Digitaline, Paris, 1851).
It' possesses the physiological activity of digi-
talis (Homolle ; Bourchardat and Sandras, Ann.
Thérap. 1845,60). Thedigitaline ofT)clffs(N. J.P.
9, 26), a further purified form of Homolle's pro¬
duct, gave analytical numbers corresponding with
the formula C,.H|,,On.

Walz (Jahrb. pr. Pharm. 14, 20 ; 21, 29 ; 24,
86; Geh. Traité, 4,286; N. J.P. 6,332; 9,302;
10, 319) by treating Homolle's digitaline with
ether extracts a substance digitalacrin, which,
in its turn, he separated into digitaloic acid,
C,,Hh02, insoluble in water, but soluble in
ether and alcohol, and digitalin fat or digitalo'in,
in crystalline scales (cf. Delffs, J. 1858, 528 ;
Goerz, J. 1873, 816). From the residue after
treatment with ether Walz extraets with water
a yellow amorphous mass, physiologically active
in the highest degree. This is digitasolin or
digitaletin, or digitalin of Walz. It is distin-
guished from the original product of Homolle
by being easily soluble in water; 120 parts of
cold or 40 parts of boiling water. By the
action of dilute acid it breaks up into the
compounds digitaliretin, ClsH2sOs, melting at
60°, and soluble in alcohol and ether, para-
digitaletin C.i2H3407, melting above 100°, and in¬
soluble in ether, but soluble in alcohol and
glucose (cf. Kossmann, J. Ph. [3] 38, 5 ; Le Fort,
J. Ph. [5] 6, 424). Heated with alkalis a eom-
pound ealled digitalic acid was obtained by Koss¬
mann. This acid must not be confused with
the cligitalic acid isolated by Morin, together
with antirrhinic acid from foxglove leaves ( J. Ph.
[3j 7, 294).

When acetate of lead is added to an aqueous
extract of digitalis an insoluble precipitate
oceurs, which, according to Kossmann, contains
two compounds, digitoleic acid and digitaleïn,
which, however, are quite distinct substances
from the'digitaloic acid of Walz, or the digitaleïn
of Nativelle, to be presently mentioned (J. Chim.
Med. [3] 2, 377 ; Buchn. Bep. 92, 348).

Nativelle, in a sériés of communications
(J. Ph. [4] 15, 192 ; 9, 255 ; 16, 430 ; 20, 81),
describes a crystalUsëd digitalin. One method

of obtaining this is to exhaust the dried leaves
with alcohol, concentrate the solution, and mix
v/ith three tirnes its bulk of water, when a pre¬
cipitate takes place. The precipitate contains
the digitalin, together with another compound
digitin, the former soluble and the latter in¬
soluble in chloroform, and an important amor¬
phous compound digitaleïn remains in the solu¬
tion (v. Palm, Fr. 23, 22). Nativelle's digitalin
C„,H10O]5 (?) consists of rosettes of slender
shining needles, which, treated with hydrochlorio
acid, dissolve with a characteristic emerald-green
colour. Fliickiger (N. J. P. 29, 129) employs,
in the place of hydrochlorio acid, warm phos-
phoric acid, on a watch-glass, to which a few
crystals of digitalin are added. The acid be-
comes yellow and the digitalin of abeautifulgreen
colour (cf. Brunner, B. 6, 86; Fr. 13, 72; Lafon,
C.B. 100,1463; Hock, J. 1881,977; andAlmquist,
Ar. Ph. [3] 5, 515). Digitalin is almost insoluble
in water and ether, but dissolves in absolute, or,
better, in 90 p.c. alcohol, and in chloroform.
Digitin C4Hs02 consists of stellate groups of
needles. It is insoluble in water, very slightly
soluble in ether, chloroform, and benzene, but
soluble in alkalis and hot alcohol. Sulphuric
acid dissolves it brown to purple, but it gives no
green colour réaction with hydrochlorio acid (cf.
Goerz, P. Z. 1873, 385 and 417). Of the three
constituents discovered by Nativelle digitaleïn
is the only one, according to Goerz, possessing
marked physiological activity. It is a bitter, light
yellow powder. When inhaled through the
nose it causes violent sneezing. It is soluble in
water and alcohol, and nearly insoluble in ether,
chloroform, and benzene. It gives the green
colour reaction withhydrochloric aeid, and treated
with sulphuric acid and bromine changes to red
and purple. It contains no nitrogen, and very
closely resembles the digitalin of Walz, which
was probably the only important active con¬
stituent in the original préparation of Homolle.
Like the digitalin of Walz, digitaleïn yields, when
treated with dilute acids, glucose and what
appeared to be digitaliretin. Kossmann has
studied these compounds further. making
numerous analyses (J. Ph. [4] 20, 427) ; and a
new constituent digitoxin has been announced
by Schmiedeberg (Arcli. exp. Path. u. Pharm.
1874, 3, 16). (Cf. Arnaud, C. B. 109,679,701.)

Among other compounds contained in fox¬
glove leaves Walz, by distilling with water, ob¬
tained digitalosmin, a sort of eamphor, and
valerianic acid.

Foxglove seeds, according to Schmiedeberg,,
contain a sériés of compounds, digitonin, digit-
alin, and digitaleïn, which give rise to several
décomposition produets. A. S.

DIHYBROXY-ACIDS v. Hydkoxy-acids.
DIKA-BREAD. An edible cake made by the

natives of Sierra Leone and the Gaboon from
. the fruit of the Mango tree, indigenous to most
tropical climates. The fruit resembles chocolaté
in appearance, and contains a large quantity of
fatty matter. It has oecasionally ripened under
hot-house eultivation in this country.

DIKETONES. Dicarbonyl compounds. The
diketones contain two carbonyl groups (C0)
attached to hydrocarbon radieles. If the two
carbonyl groups are directly united, the com¬
pound is an a-diketone ; if they are united by a
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carbon atom, it is a /3-diketone ; if by a ehain o£
two carbon atoms, a y-diketone, and so on.

Some of the diketones, such as benzil
C(H5.CO.(!O.C6H5, hâve been known for a con¬
sidérable time ; but the majority are of recent
discovery Their chief interest lies in the ease
with which the two carbonyl-groups may be
made to condense with one or more molécules
ol some other substance to form closed-cliain
compounds. Inthisway glyoxalines, quino-
lines, pyrazoles, furfurans, pyrrholes,
tbiophens and similar compounds have been
prepared.

Only the more important methods of prépara¬
tion and reactions of the diketones can be given
liere.

o-Diketones. These may be regarded as
homologues of the dialdehyde glyoxal CHO.CHO.
They may be obtained by the action of chlorine,
or, better, of nitric acid, on a-ketone-alcohols :

C6H5.CO.CH(OH).CdH5 + 0
Benzoïn

= CjHJ.CO.CO.CJHJ + H20
Benzil

(Laurent, A. Ch. [2] 59, 402 ; Zinin, A. 34,188).
By hydrolysing the isonitroso-ketones by boiling
them with dilute sulphuric acid :

CH3.CO.C(N.OH).CH3 + H20
Isonitroso-ethylmethyl ketone

= CH3.CO.CO.CH3 + NELj.OH
Diacetyl

(Von Pechmann, B. 21, 1411).
The benzenoid a-diketones react with caustic

potasli to form secondary glycolic acids, the two
hydrocarbon radicles attaching themselves to
the same carbon atom :

C6H5.CO.CO.CBH3 + KOH = SsS5>C(0H).C02K
Benzil -T.5 . . ., .Potassium benzilate

(diphenylglycolate)
(Liebig, A. 25, 25; Zinin, A. 31, 329). In like
manner glyoxal yields glycolic acid. The fatty
o-diketones, however, condense to forrn quinones
(v. Quinones). They react with 2 mois, of liy-
droxtjlamine to form dihydroximes, which are
remarkable for the number of isomeric modifica¬
tions in which they occur ; thus there are three
benzil-dihydroximes of the formula

CBH5.C(N.OH).C(N.OH).CBH5.
The isomerism is explained by Victor Meyer by
means of tridimensional formulas (Auwers and
V. Meyer, B. 22, 705). These hydroximes, when
heated, part with water, and form in each case
the same closed-chain compound—an anhy¬
dride :

CJEL.C:hh
I >0C0Ha.C:N/

(Auwers and V. Meyer, B. 21, 810). With
o-diamines the a-diketones yield quinoxalines
(azines) :

jjjj CO.CjHJCH3.CBH3<£|- + |iN±l2 C0.C6H3
fn-p-Toluvlenediamine Benzil

(1, 3, 4)
N cc H

= CH3.C6H/|Y ° 5 + 2H20
\N.C.CcH-

Diphenyltoluquinoxaline
(Hinsberg, B. 17, 322 ; cf. Witt, B. 19, 915).
With aldéhydes ancl ammonia they react in four
différent proportions, yielding four distinct

classes of compounds. The nrost important o£
these reactions is that in which glyoxaline deri-
vatives are formed :

CBH3.CO
| + CHj.CHO + 2NHS

CjHj.CO Aldéhyde
Benzil

CaH3.C—NHX
Il \c.CH3 + 3H20

C,.H5.C
Methyldiphenylglyoxaline

(cf. Japp and Hooker, C. J. 1884, 672 ; Japp and
Wynne, C. J. 1886, 464).

/3-Diketones. The lowest possible member
of this sériés which is a true diketone and not
a dialdehyde is acetyl-acetone

CH3.CO.CH?.CO.CH3.
By the action of aluminium chloride on acetyl
chloride a crystalline substance of the formula
CI2HhObA12C18 is formed, which, on treatment
with water, evolves carbon dioxide and yields
acetyl-acetone (Combes, C. R. 103, 814).—A
général method for the préparation of B-diketones
consists in acting on a mixture of a fatty or a
benzene-fatty ketone and the ethyl sait of a car-
boxylic acid with sodium ethoxide. The latter
substance produces condensation between the
ethereal sait and the ketone with élimination of
alcohol :

CBH3.CO.OC.,H3 + CH3.CO.CH3
Ethyl benzo.ite Acetone

= C6H,.CO.CH2.CO.CH3 + C.,H5.OH.
Benzoyl-acetoue

In reality it is the sodium compound of benzoyl-
acetone CsH5.CO.CHNa.CO.CH3 which is formed,
and it is necessary to décomposé this compound
with carbon dioxide in order to obtain the free
diketone (Claisen, B. 20, 655).—Diacidoyl deri-
vatives of acetic acid are decomposed on boiling
with water, eliminating carbon dioxide and gene-
rating /3-diketones :

%1::™>ch-cooh=£:I:.œ>cH*+co*
Dibenzoylacetic acid Dibenzoylmethane

(Baeyer and W. H. Perkin, jun., B. 16, 2128;
E. Fischer and Kuzel, B. 16, 2239).

The methylene group in the /3-diketones is
attached to two electronegative carbonyl groups.
For this reason one atom of hydrogen in this
group, like the hydrogen in the methylene group
of aceto-acetie ether or malonic ether, is replace-
able by an alkali métal when the latter is pre-
sented to it in the form of an ethoxide. By
treating the alkali compound thus obtained with
the halogen compound of an alkyl or acid
radicle, the radicle can be introduced in place
of the alkali métal :

(C6H,.CO),CHNa + C0H,.COCl
Sodium dibenzoyl- Benzoyl

mefchane chloride ,

= (C„HvCO)3CH + NaCl
Tribeuzoylmethane

(Baeyer and Perkin, l.c.).—The /3-diketones react
with 1 mol. of phenylhydrazine, eliminating 2
mois, of water and fornriug pyrazoles : *

CH3.CO.CH„.CO.CH3 + C6H5.NH.NH2
Acetyl-acétone Phenylhydrazine

Çfi*
N

= N/ N-C.CH3 + 2H20
Il II

CH3.C -OH
Phenj'ldimethylpy razoJ 0
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(Knorr, B. 20, 1104).—Aniline reaets with
B-diketones in two stages : thus when benzoyl-
aeetone is heated with aniline to 150° the two
substances part with 1 mol. of water :

C6H5.CO.CH..CO.CH, + C„HS.NH„
= C6H5.CO.CH,';C(N.GbH5).CH3 + H2"0 ;

and when the compound thus obtained is heated
with concentrated sulphuric aeid, it parts with a
second mol. of water, forming a quinoline deri-
vative :

9sH5 C„HSI i" 5
C0

C

\çh2 = ch
CA\N^CGH3 C6Hj\n^.ch3+H2O

a-Methyl-y-phcnylquinoline

(C. Beyer, B. 20, 1770). This is a général
methocï for the préparation of quinolines eon-
taining hydrocarbon radicles in the a- 7-positions.

7-Diketones. In these compounds the two
carbonyl groups are united by an ethylene
radicle. The lowest member of the sériés, ace-

tonyl-acetone, was obtained by Paal (B. 18, 58)
by heating pyrotritaric aeid with water at 15C-
160°:

CH—C.COOH
Il II + H20

ch3.cn^/c.ch3
0

= CH3.C0.CH.,.CH2.C0.CH3 + C02.
Acetophenone-acetone is obtained by heating
acetophenone-acetoacetie aeid (prepared by aet-
ing with bromacetophenone on sodacetoacetic
ether and hydrolysing the ether thus formed) :

CH3.CO.CH.CH,.CO.C6H5
I
CO..H

= ch3.co.ch2.ch,.co.c6h5+co2
(Paal, B. 16, 2865).

By treatment with dehydrating agents, such
as fuming hydrochloric aeid or aeetic anhydride,
the 7-diketones are converted into furfurans. It
is supposed that in this réaction the diketone
lirst forms a ' iabile ' modification containing
two hydroxyl groups, and that this then parts
with water to form the furfuran :

CH-CH
ch2—ch2

I " I
c6hs.co co.ch3 I I
Acetophenone-acetone OH OH

' Labile ' modification
CH—CH CH—CH
II II II II

c6h5.c c.ch3 = c6h5.c c.ch3+h2o
11 vOH OH O

Phcnylmcthylfurfuran

(Paal, B. 17, 2756). An unsaturated ketone
isomeric with phenylmethylfurfuran is formed
at the sarne time.—Phosphorus pentasulphide
converts 7-diketones into thiophens, whilst with
ammonia they yield pyrrholes, the reaction in
both cases being supposed to be preceded by the
above-mentioned transformation of the diketone
into its ' labile ' modification :

OH-CH

I
OH OH

'Labile1 acetophenone-acetone
CH—CH
Il II

= 5C6H3.C C.CH3 + 2H3P04 + 2H20 :

S
Phenylmethylthiophen

and
CH—CH
Il II

C6H,,.C C.CH3tNH3'

I I
OH OH
CH—CH
Il II

= C6H5.C C.CH3 + 2H20

^NH
Phenylmethylpyrrhole

(Paal, B. 18, 367).
Quinones. If the two carbonyl groups of a

diketone oecur in a closed chain of six earbon
atoms, the resulting compound belongs to the
class of the quinones. This class of diketones
will be treated of separately (u. Quinones).

F. B. J.
DILATCMETER. A term originally used to

dénoté a thermometer-shaped apparatus for
measuring the thermal expansion of liquids and
subsequently given by Silbermann to an instru¬
ment for determining the strength of aqueous
alcohol.

DILL OIL V. OlLS, essentiel.
DIAMYLSAFFRANINES v. Azines.
DIMETHYLAMIDONAPHTHAPHENAZINE

v. Azines.
DIMETHYLDIAMIDOTOLDFHENAZINE v.

Azines
DIMETHYL ETHYL ACETIC ACID v. Fatty

acids.

DIMETHYLPYRROL v. Bone oïl.

DIMETHYLAMINE ORANGE v. Azo-
coloukins matieks.

DIMETHYL ORANGE v. Azo- colodkixg

mal'teb.

DIMETHYLSAFFRANINE3 v. Azines.
DINICOTINIC ACID v. Bone oïl.

DINITROSORESORCIN v. Eesoecin.
DIOSCOREA. A genus of plants of the

Smilaceous order, the tubers of which are known
as yams, and are iargely eaten in the West
Indies and other tropical countries.

DIOSPHENOL v. Camphobs.
DIOXYBENZOIC ACID v. Hydeoxy-acids.
DIPHENAZINE v. Azines.
DIPHENIC ACID v. Phenantheene.
DIPHENYL CIi-.CfiH- is formed when

phenyl is liberated from its combinations, two
phenyl groups uniting to yield diphenyl. First
obtained by Fittig (A. 121, 363) by the action of
sodium od an ethereal solution of bromobenzene.
Best prepared by Berthelot's method oî passing
the vapour of benzene through a red-hot tube

2C6H3=C6H5.C6H5 + H,
(A. Ch. [4] 9, 453 ; [4] 12, 185). Schultz, wlio
has examined the various methods for preparing
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diphenyl, adopts tliat o£ Berthelot and recom-
mends the following procédure (A. 174, 202 ;
Cliemie des Steinkohlentlieers, 1, 193). An iron
tube is heated to redness in a Hofmann's gas
furnace, which is raised at one end so as to
cause the tube to slope downwards. The upper
end of the tube is eonnected by a cork and bent
adapter with a dropping funnel through which
the benzene is delivered at the rate of 3 drops
per second ; the lotver end leads to a receiver in
which the products are condensed. On redis¬
tillation these yield, first benzene, then diphenyl,
and lastly diphenyl-benzene and other hydro-
carbons of high boiling-point. The portion
boiling between 250 and 300° consists of almost
pure diphenyl ; this is redistilled and the frac¬
tion passing over between 250 and 260° is puri-
fied by recrystallisation from alcohol. If com¬
mercial benzene containing thiophen has been
employed, the product contains dithienyl
(C4H3S)2 (m.p. 83°), which gives a magnificent
Mue colouration with isatin and sulphuric acid.

Crystallises from alcohol in large lustrous
laminœ melting at 70'5°. Boils at 254° (cor.).
Insoluble in water ; readily soluble in hot,
sparingly soluble in cold alcohol. "When heated
with a solution of chromic anhydride in acetic
acid it is oxidised to benzoic acid.

Diphenyl yields with the halogens, with
nitric acid and with sulphuric acid, substitution
derivatives which correspond with those obtained
from benzene. The substitution may be effected
either only in one nucleus or in both, aeeording
to the conditions of the reaction.

Benzidine. This important base, which is
iipara-amido-diphenyl

NH2.C6H4.C0H4.NH2(1, 4)(1, 4),
isformed by the réduction of the corresponding
dinitrodiphenyl (m.p. 233°) with tin and hydro-
chloric acid (Fittig, A. 124, 276). It is most
readily prepared, however, from hydrazobenzene,
which in contact with acids undergoes a peculiar
intramolecular change, yielding benzidine :

CsH5.NH.NH.C6H5 = NH2.C0H,.C6H4.NH2
Hydrazobenzene Benzidine

(Zinin, J. pr. 36, 93; Hofmann, Pr. 12, 576).
In order to préparé it, 10 parts of azo-

benzene CSH5.N:N.C6HS are dissolyed in alcohol
and warmed for some time with a solution
of 3£ parts of tin in concentrated hydro-
chlorie acid. The stannous chloride reduces
the azobenzene to hydrazobenzene, which is
at once transformed by the acid into benzidine
hydrochloride. A certain quantity of diphenyl-
ine (ortho-paradiamidodiphenyl, isomeric with
benzidine) is also formed during the trans¬
formation, and a part of the azobenzene is re-
duced to aniline. In order to separate the
benzidine, the alcohol is distilled off, the residue
dissolved in water, and sulphuric acid added to
the solution. This précipitâtes sparingly soluble
benzidine sulphate, whilst the sulphates of
diphenyline and aniline remain in solution.
The benzidine sulphate is separated by filtration,
washed with dilute hydrochlorie acid (to remove
tin compounds), decomposed with ammonia and
the benzidine purified by recrystallisation from
dilute alcohol.

On a large seale, benzidine is prepared by
heating nitrobenzene with caustic soda and the
calculated quantity of zinc-dust necessary to

reduce the nitrobenzene to hydrazobenzene,
adding a little alcohol ; washing the hydrazo¬
benzene with cold dilute hydrochlorie acid to
remove zinc hydroxide, and converting it into
benzidine by dissolving it in hot dilute hydro¬
chlorie acid.

Large lustrous laminœ, colourless when pure,
but generally reddish-coloured from oxidation.
Melts at 122° and boils with partial décomposi¬
tion above 360°. Very sparingly soluble in cold,
more soluble in boiling water. Chlorine water,
or a solution of bleaching powder, couverts it
into a reddish substance. "With nitrous acid
benzidine salts form tetrazo- (di-diazo-) salts,
which on boiling with alcohol yield diphenyl.
These tetrazo- salts react with phénols, phenol-
sulphonic acids, amido-sulphonic acids, and
similar compounds to form azo- eolours (Congo
red, Ghrysamin v. Azo- colooring matters)
which are remarkable for the property of dyeing
cotton without a mordant. Benzidine forms
crystallised salts ; the sulphate is very sparingly
soluble, even in boiling water.

C6H3(CH3)(NH2)(1, 3, 4)
Orthotolidine | is a

CSH3(CH3) (NH2) (1, 3, 4)
derivative of meta-ditolyl and is prepared from
orthonitrotoluene by the same process by which
benzidine is obtained from nitrobenzene. It
forms lustrous laminœ melting at 128°, and re-
sembles benzidine in its properties and reactions.
The azo- dyes obtained from it correspond with
those from benzidine, and like these dye un-
mordanted cotton, but have the advantage of
being less easily altered by acids. F. B. J.

DIPHENYLAMINE NH(C6H5)2. First ob¬
tained by Hofmann, in 1864, by the distillation
of aniline blue (triphenylrosaniline) (A. 132, 163),
and in small quantity by the distillation of
rosaniline and leucaniline. De Laire, Girard,
and Chapoteaut showed that it could be more
readily prepared by heating aniline with aniline
hydrochloride at 210-240° :

NH2(CbH,) + NH2(C8H,),HC1
= NH(C6H5)2 + NH4C1

(G. B. 63, 91). By heating phénol with tho
double compound of aniline and zinc chloride at
250-260°:

NH2(G0H5) + C6H5.OH = NH(C6H5)2 + H,0
(Merz and Weith, B. 13, 1298).

Manufacture.—Aniline (1 mol.) is heated
with aniline hydrochloride (1^ mol.) for from 30
to 35 hours in an autoclave at 220-230°. The
product of the reaction is treated, while still
warm, with strong hydrochlorie acid, and then
with an excess of water, which dissolves the
aniline sait, but décomposés the diphenylamine
sait into free acid and base, the latter separating
as an oil, which speedily solidifies. The cake of
diphenylamine is washed, and then distilled,
either alone or in a current of steam. The yield
is from 60 to 70 p.c.

Properties.—Monoclinic laminœ, melting at
54°. Boils at 310°. Almost insoluble in water ;
soluble in alcohol, benzene, and ether. Feebly
basic; the salts are decomposed by excess of
water.

Réactions.—The hydrogen of the imido-
group in diphenylamine may be replaced by
alkyl groups or by acid radicles. Thus, when
heated with methyl iodide it yields methyl-

IRIS - LILLIAD - Université Lille 1



670 DIPHENYLAMINE.

diphenylamine NfCHJfCjHj).,, and with benzyl
chloride, benzyldipbenylamine

N(CH2.C6HS)(C8H5)2.
By heating it with acids of the aeetio sériés or
their chlorides, the aoid radicles may be intro-
duced: tbus witb acetic aeid acetyldiphenyl-
amine is formed. If zino ebloride is added in

Ithe foregoing reaction the acidoyl-diphenyl-
amine first formed parts witb a mol. of water,
yielding an acridine derivative :

C„H/ I \C6H5 = C6H/ I \coHj + H20.
CHO XCH/

itormyl-diphenylamine Acridine
In like manner aeetyl-diphenylamine yields
methylacridine (Berntbsen and Bender, B. 16,
767). Diphenylamine is also converted into
acridine by heating it with chloroform in pré¬
sence of zinc ebloride or aluminium ebloride :

•N\XC8H4 + 3HC1
H

(0. Fischer and Korner, B. 17, 101). When
heated witb excess of oxalic acid, diphenyl¬
amine yields diphenylamine blue, condensation
oecurring witb the naseent carbon dioxide :

/C6H4.NH.C6H5
3NH(06H5)s + C02 = c(- C8H4.NH.C8H5 + 2H..0

i \c8h4.n.c8h5

NH(C8H5)2 + CHC13 = C8H4<

Diphenylamine blue (anhydrous
triphenyl-pararosaniline).

Carbon tetraehloride aets like the naseent car-

bon dioxide in the foregoing réaction, forming
diphenylamine blue. When beated witb sulphur,
diphenylamine yields thiodiphenylamine, the
parent substance of the colouring matters of the
methylene-blue sériés :

NH(C6H5)2 + 2S = C6H4<^P>C8H4 + H2S
(Bernthsen, B. 16, 2897). When the vapour of
diphenylamine is passed tbrougb a red-hot tube
it forms carbazole (diphenylene-amine) :

C H

NH(C8Hs)2= l" '\NH + H,
oja/

(Graebe, A. 167, 127). When nitrated in acetic
acid solution it yields tetranitro-diphenylamine ;
but by direct nitration hexanitro-diphenylamine
is formed, which acts as an acid, and in the
forrn of its ammonium sait is used as a yellow
dye under the name of aurantia. Amyl nitrite
couverts diphenylamine into nitroso-diphenyl-
amine N(NO)(C8H5)2. With bromine it yields
bromo- derivatives, and with concentrated sul-
phuric acid sulphonic acids. A solution of
diphenylamine in concentrated sulphuric acid is
coloured blue by a trace of nitric or nitrous acid ;
and diphenylamine is therefore used as a test
for the presence of oxides of nitrogen in sul¬
phuric acid (Kopp, B. 5, 284). Chloric acid
produces the same colouration. Oxidised with
potassium permanganate diphenylamine yields
diphenvl-azophenylene C18H14N„ (Bandrowski,
M. 7, 375).

Diphenylamine is employed in the manufac¬
ture of diphenylamine blue, diphenylamine
orange, and aurantia. The commercial product
should be a pale yellow solid, uncontaminated by
oily matters, and should melt not much below
54°. It should not bave any unpleasant odour,

should not turn rapidly brown on exposure to
air, and should give no aniline reaction with
bleaching powder.

Tertiary bases derived from diphenylamine.
Methyldiphenylamine N (CH3) (C8H5)2. By

warming diphenylamine with methyl iodide on
the water-bath. By heating diphenylamine
hydrochloride under pressure with methyl alco-
hol, at 250-300° (Bardy, Eng. Pat. 376, 1870;
B. 3, 838 ; Girard and Vogt, J. pr. [2] 4, 289).
The hydrochloride dissociâtes at the température
of the reaction, and the liberated hydrochloric
acid reacts with the methyl alcohol, forming
methyl chloride, which in its turn acts on the di¬
phenylamine, convertingit into methyldiphenyl¬
amine. The latter base can be separated from
unaltered diphenylamine by converting both into
hydrochlorides : methyldiphenylamine forms a
liquid hydrochloride, whilst that of diphenyl¬
amine is solid.

Methyldiphenylamine is an oil, boiling at
282°. Its salts are decomposed by water. Arsenic
acid and the other oxidising agents used in the
préparation of rosaniline convert it into blue
colouring matters. When heated with oxalie
acid it yields methyldiphenylamine blue, the
sulphonic acids of which are employed as dye-
stuffs.

Ethyldipheny lamine N(C2H5)(C8H5)2. Pre-
pared like the foregoing. Liquid boiling at 295-
297°. When heated with oxalic acid it yields a
blue colouring matter.

Amyldiphenylamine N(C5Hn)(C8H5)2. Boils
at 330-340°, and gives a blue colouring matter
on heating with oxalic acid.

Benzyldi.phenylamine N ( CH2.C8HS) (C8H5)..
Obtained by the action of benzyl chloride on
diphenylamine. Deposited from its solution in
alcohol, ether, or benzene in crystals, melting at
87°. By treatment with arsenic acid and hy¬
drochloric acid, chloranil, and other oxidising
agents, the substance thus prepared yields
bluish-green compounds, the alkali sulphonates
of which have been used as green colouring
matters under the names of viridine and alkali
green ; but Meldola lias shown (C. J. 1882,187)
that tbese colouring matters belong to the mala¬
chite green sériés and are produced by the oxi-
dation of a leuco-compound, the formation of
which is due to benzal chloride C6H3.0HCL,
contained in the commercial benzyl chloride.

F E J
DIPHENYLAMINE BLUE v. Triphenïl-

methane colouring matters.

DIPHENYLAMINE YELLOW v. Azo-
colouring matters.

DIPHENYLENE-METHANE v. Flcorene.
DIPHENYLTOLUAZINE v. Azotes.
DIPICOLINIC ACID v. Bone oil.

DIPPEL'S OIL v. Bone oil.

DIPKOPYLACETIC ACID v. Fattt acids.

LIPYRIDINE v. Bone oil.

DIPYRIDYL v. Bone on.

DISAZO- and TETRAZ0- COLOURING MAT-
TERS. The sulphonic compounds of amido-
phenols combine with a-naphthylamine, andform
compounds of the général formula

fN=NC10h6NH2
an t-tSOsH
OH.
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These bodies. being again diazotised and coupled
with a- and iB-naphtholsulphonie acids, pro-
duce colouring matters showing great fastness
to light on the fibre.

To préparé these bodies, 21-5 kilos, of sodium
amido-p-phenol sulphonate are diazotised "with
1 kilos, of sodium nitrite, hydroehloric aeid
being added to the mixture of these two com-
pounds. Then 20 kilos, of naphthylamine hy-
drochloride are added, and after a short time
the new compound

C6H3(OH)(SO3H)N = N.C10H6NH2
■ separates from the solution. At ordinary tem¬
pératures the combination is finished in several
days, but it oan be aecelerated by warming from
40°-5O°C. As soon as a sample, after filtration
and standing, does not produce any more colour¬
ing matter, the dark-green precipitate is filtered

DISCRASITE. Silvcr antimonide v. Anti-
jionï.

DISINFECTANTS. A disinfectant in a géné¬
ral sense is a body which will destroy the dis-
ease-germs which abound in an impure atmo¬
sphère and infest the very substance of a body
undergoing décomposition.

The true meaning of the term disinfeetant
appears to have been muoh misunderstood, and
indeed confusion still exists respecting it. It is
perhaps most correct to regard as disinfeetants
such bodies as will kill, by one of many différent
means, germs or other living organisms (be tbey
of animal or vegetable nature) which are capable,
by contagion or otherwise, of acting injuriously
on the higlier forms of life.

It will be seen from tbis that the term disin¬
feetant implies much more than a mere preser-
mtive which acts by preventing putréfaction.
For example, the addition of aleobol to almost
any vegetable or animal substance, in a sound
condition, will prevent such substance from
undergoing décomposition ; but at the same
time alcohol ean only be considered as a dis-
infectant in the light that it will prevent putré¬
faction.

On the other hand, a very small quantity of
chlorine or bromine will do more than merely
preserve the substance, for should any germs be
already présent, they will be killed if placed in

and washed. It dissolves in sulphurie acid
with a dark-violet colour, in ammonia with a

brown-orange colour. The precipitate is dis-
solved in 10 kilos, of ammonia of 17 p.c., and to
tbis solution 7 kilos, of ammonia are added.
The mixture is poured into hydroehloric aeid,
whieh is cooled with ice. The diazo-compound
thus formed has a pure brown colour, and is
treated with 38 kilos, of R. sait. The colouring
matter obtained forms a black precipitate. It
dissolves in sulphurie aeid with a blue colour,
and dyes wool violet to violet blaek. Similar
dyestuffs are obtained from amidopbenol sul-
phonic acid, a-naphthylamine, and Schaffer's
/3- and a- (Neville and AYinter's), naphthol-
sulphonic acid, and from amido-ortho-cresol-,
and amido-para-cresol-sulphonic acid. The
following table shows the reactions of the eresol
derivatives :

an atmosphère eontaining either element, and if
the substance whieh it is desired to disinfect be
kept constantly in contact with free chlorine or
bromine, new germs cannot possibly, under such
conditions, be formed.

Those agents which prevent putréfaction, but
which have not the power of destroying aetual
germ life, are tenned Antiseptics. In the in¬
stance above alluded to, alcohol would act as an

antiseptie. Thus, while an antiseptie agent is
not necessarily a disinfeetant, ail disinfectants
are antiseptics.

A thircî class of substances known as ' Deodor-
isers ' form a still less active group. These
bodies bave the power of absorbing unpleasant
odours arising from the decay of organic matter,
but do not act as disinfectants or antiseptics.

Animal matter undergoing eremacausis
evolves gases baving a most fœtid odour, but
if these gases be made to pass tbrougb a some-
what compact bed of reeently burnt charcoal, the
objeetionable odour is removed. In this case,
so far as the présent state of our knowledge
extends, it would appear that charcoal does not
remove or kill the bacteria themselves, but that
it absorbs the offensive gases and destroys them
by oxidation in the pores or in other manner.
Charcoal can be made to act as an antiseptie
only to a very limited extent, if at ail, even when
brought into immédiate contact with the sub-

Properties

Colouring matters from

Amido-ortho-cresol-sulphonic acids with Amido-para-cresol-sulphonic acids with

Schaffer's
/3-naphthol

monosuiphonic
acid

R. sait

Neville and
Wiuter's

a-naphthol
monosuiphonic

acid

Schaffer's
/3-naphthol

monosuiphonic
acid

R. sait

Xeville and
"NVinter's

a-naph¬
thol mono¬

suiphonic
acid

Colour of powder .

Colour of solution .

Colour of solution in
ammonia.

Colour of solution in
hydroehloric acid.

Action of concen-
trated sulphurie
acid.

Greenish-black
of a metallic
lustre.

Red-violet
Blue-violet

Red-violet

Dark green

Brownish-violet
of a metallic
lustre.

Blue-violet
Blue .

Blue-violet

Dark green

Brownish-black
of a metallic
lustre.

Blue-violet
Red-violet

Red-violet

Dark green

Greenish-black
of a metallic
lustre.

Blue-violet
Blue

Dark - violet
precipitate .

Dark green . .

Dark brown
of a bronze
appearance.

Blue-violet.
Blue .

Violet pre¬
cipitate.

Dark green.

Dark green
of a me¬
tallic lustre.
Violet.
Blue.

Violet.

Dark green.

Zeits. f. Angew. Chem. 1889, 50-52, and S. C. I. 8, 279.
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stance to be preserved, but it ahvays acts as a
deodoriser if the porosity be maintained and it
is duly aerated.

One of the first applications of disinfeetants
was probably that involved in the ancient process
of embalming the dead by treatment with aromatic
gums, resins, &c. Other methods of preserving
the dead were in use by the ancients, such as
asphalting and salting the entire body. Desic-
cation was also used as a means of preventing
the decay of bodies, and the condition of some of
tne Egyptian mummies seems to confirm the
belief that this played an important part also
in the embalming processes of Egypt. Desic-
cation, when properly applied, is one of the
surest methods of preventing flesh from under-
going eremacausis, and forms the subject of a
modem patent. Almost any organic substance
which is kept thoroughly desiceated will remain
unaltered for an indefinite period. Yeast, for
example, which is most prone to décomposé
under ordinary conditions, will keep for a long
time if thoroughly and carefully desiceated, and,
provided the température does not exceed a cer¬
tain limit, the vitality of the yeast will not be
affected by such treatment.

The soil is a very powerful deodoriser, and
acts to some extent as an antiseptic. Most of
the gases resulting from the burial of the dead
are completely absorbed and rendered innocuous
by the immediately surrounding soil.

For a long time it was thought that putré¬
faction took place spontaneously without any
definite cause, but we now know that such is
not the case. It lias been proved, beyond doubt,
that eremacausis is due to the presence and
activity of living germs. These living germs
pervade the atmosphère, even wliere it is purest,
and exist to a very large extent in districts
where life is abundant.

Infectious diseases are conveyed by direct or
indirect contact with infected persons or things,
and the ' disease-germs,' as they are called, carry
with them the power of infection.

It was thought for many centuries that
maggots, such as occur in decomposed flesh and
similar substances, were the resuit of spontaneous
génération. This was di'sproved in 1668 by
Francesco Eedi, who placed some wire gauze
over a jar containing meat. The Aies which
were attracted, being unable to get at the meat,
deposited their eggs on the metallic gauze, and
in due time these produced maggots.

It has been found that a still, warm, and
moist atmosphère induces the spread of infection.
The atmosphère is the great carrier for the
products of the décomposition of organic matter.
Hence, when matter which is undergoing décom¬
position is exposed to the air, the removal may be
attended with considérable risk, unless it is pro¬
perly treated. Tyndall has proved that the air
is largely laden with dust in the finest state of
division, and associated with this .dust are germs
capable of causing organic matter to be decom¬
posed. These dust particles and germs can be
removed by the simple expédient of passing the
air through somewhat compact cotton wool.
This forms a perfect filtering médium for such
a purpose.

According to M. Pasteur, on exposing a
putrescible liquid to the air, there forms on the

surface a film of baeteria, which exclude com¬
pletely any oxygen from the liquid by tkem-
selves rapidly absorbing that gas. Beneath
these baeteria other more active organisms,
which Pasteur groups together under the naroe
of vibrios, act as ferments upon the albu-
minous matters of the liquid, and décomposé
them into simpler products.

These in their turn are oxidised still further
by the surface baeteria. Pasteur practically
defines putréfaction, or putrid fermentation, as
fermentation without oxygen. This most im¬
portant fermentation of albuminous matter,
viz. putréfaction, is occasioned by Bactcrium
termo (0-0015 to 0-002 mm. long), and it is this
bacterium which induces the decay of ail organic
matter, and appears to preserve the equilibrium
between animal and vegetable life.

In conséquence of the imperfection of oui
knowledge of the structure of the proteid com-
pounds, that is, of the material which affords
septic baeteria their soil, the chemical investi¬
gation of the process is one of extreme ditliculty.
Some light is thrown on its nature by the know¬
ledge we possess of décompositions evidently
analogous to it, to which bodies of known consti¬
tution are liable under corresponding conditions.
Among the best examples of these, the décompo¬
sition of calcium formate and acetate under the in¬
fluence of septic ferment may be referred to (the
former yielding C02 and H, the latter C0„ and
CHj),and the décomposition of lactic acid (yield¬
ing butyric acid and hydrogen), the most remark-
able feature in these processes being the preva-
lence of strong reducing agents in the liquids
undergoing décomposition.

In général the putréfaction of proteid matter
begins by the transformation of the proteid
material itself, first into albuminates, i.e. bodies
soluble in liquids of acid or alkaline reaction,
but precipitated on neutralisation ; secondly,
into peptones, by which term is meant a proteid
body which is soluble in ail aqueous liquids, acid,
alkaline or neutral, and at ail températures.
The second stage in putréfaction consists in the
breaking up of these soluble proteids, so as to
give rise to compounds more simple and definite
in composition, of which the most important are
the well-known substances, leucine, tyrosine,
and indol. Indol and tyrosine with their deriva-
tives belong to the aromatic group, the members
of which are linked together, not only by their
chemical structure and relations, but also by
that physiological property which, so far as we
know, is possessed by ail of them in greater or
less degree, namely, antagonism to the life of
ferment organisms (microzymes).

Inasmuch as in the septic process the initial
material is proteid and the end-products are
ammonia and carbon dioxide, there is an obvi-
ous resemblance between it and that of the
exchange of material in the animal body, the
différence being in the intermediate stages ; but
even here the analogy holds good in certain
important respects. It is alike characteristic of
both that organic aeids belonging to the acetic
sériés, i.e. having the constitution

H(CH,,)„COOH,
are produced in such quantity as to represent a
large proportion of the initial material. In the
metabolism of the higher animais these occur
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as glycerides of the higher fatty acids ; in the
bacterial process in the form of the alkali-
metal or ammonium salts of lower acids of the
same sériés. The analogy which lias j ust been
referred to dérivés its importance from the con¬
sidération that in the production of ail infective
diseuses, from inflammation to the spécifié in¬
fections, the two processes are concomitant and
at the same time antagonistic. Whatever hope
we may entertain of eventually acquiring a com¬
plété understanding of the nature of tliis anta-
gonism must be founded on the knowledge which
we now possess or may in future possess of the
relations between the two processes, i.e. of the
influences which they mutually exercise on each
other in the living organism of man and the
higher animais.

From this général statement it is obvious
that bacterial life, regarded from a ehemical point
of view, that is to say, with reference to the ques¬
tion of the initial material (proteid) and the end-
products (C02, H20, and NHa), corresponds closely
with that of animal life in général. For while
bacteria feed on proteid matter and convert its
material into the simplecompoun ds above enume-
rated, the higher animal organisms in their pro¬
cesses of digestion and assimilation arrive even¬
tually at the same resuit. The différence lies
chiefly in the intermediate stages ; in both,
bodies belonging to the acetic acid sériés are
produced in such quantity as to represent a
large proportion of the initial material ; in the
first the bodies include the lower members of the
fatty acid groups, whilst in the second the higher
members appear as glycerides or fats.

The mode in which the presence of septic
organisms in the living body of man and animais
can be best understood is by reeognising the
essential correspondance which exists between
their vital proeesses. It is because the vital
processes of the bacterium so closely resemble
those of the animal with which it • associâtes
itself that the one cornes into such relation with
the other as to exercise a modifying (that is to
aay, a disease-producing) influence upon it.
Whatever the nature of its influence may be, it
is obviously chemical.

Four distinct classes of aromatic compounds
occur as products and concomitants of bacterial
life, namely :—

1. Phénols, the presence of which in urine
was first observed by Salkowski, and the occur¬
rence of which is apparently associated with
that of indican. 2. Indol. 3. Tyrosine and
septic derivatives of that body. 4. Acids of
the benzoic sériés, especially phenyl-propionic
acid.

Dr. Hamilton has expressed the view (British
Médical Association, Dublin Meeting, August,
1887) that attention hitherto has been too ex-
clusively fixed upon the germs, and suffieient
regard has not been had to the influence of
environment. Every effort has been strained
simply to discover the most deadly germicide,
although it is known that the germs, however
virulent they may be, cannot undergo their life-
changes and produce their effective results unless
their environment, like the cultivation-fluid of
the histo-pathologists, is capable of developing
and sustaining these changes. Deposited on
clean métal, glass, or porcelain, the organisms

Vol. I,—T

die of inanition ; they exercise no influence
whatever, and are amenable to none. But in
contact with dead organic matter, or living
matter in certain conditions of altered or re-

duced vitality, they become a teeming source
of décomposition and decay. If, therefore, patho-
logical surfaces could be brought to and main-
tained in such a condition that they would not
afïord a suitable cultivation-ground, almost as
much would be aceomplished as if the germs
were actually destroyed. This point Dr. Hamilton ,

illustrâtes in various ways, and testifies to the
good results obtained in treating open wounds
with a solution of chloride of zinc.

The experiments of Le Bon bear out Hamil-
ton's view, and show clearly that not ouly the
autiseptic but also the condition of the sub¬
stance to which it is applied exercises a power-
ful influence upon its action, and hence ought
to be takeu into account. As an example, an
aqueous liquid containing 10 p.c. of minced
flesh gives off at the commencement of putréfac¬
tion an odour which is very fœtid, but which is
destroyed by a relatively small amount of an
autiseptic. If inslead of this, however, the putré¬
faction be allowed to continue for some time, say
two months, new bodies will be developed,
having distinctly différent odours and requiring
at least twice the amount of antiseptic for their
destruction.

Working upon a liquid prepared from minced
flesh, Le Bon has proved that the order of posi¬
tion which various antiseptics take is very dif¬
férent from that commonly supposed. Thus we
find in order of merit potassium permanganate,
chlorinated lime, ferrous sulphate acidified
with acetic acid, carbolic acid, glyceroborates
of sodium and potassium. Le Bon coneludes
that there appears to be no relation existing
between the power of preventing the initia¬
tion of putréfaction and that of arresting
putréfaction when it has commenced ; that
most of the reputed antiseptics have little power
upon bacteria ; and that mercuric chloride is
one of the most powerful germicides. Le Bon
is of opinion that no parallelism exists between
the virulent nature of a putrefying body and the
toxic power of the volatile compounds that are
giveu off from it. He states that the extremely
toxic nature of the volatile products of putré¬
faction was on more than one occasion demon-
strated upon himself and other persons who
happened to enter his laboratory during the
course of his experiments.

Germs evidently possess différent powers of
vitality, i.e. some germs are better able to combat
with a particular disinfectant than others, so
that it is impossible to judge from one kind of
germ the effect upon another. Thus experiments
by Arloing, Comevin, and Thomas, on the influ¬
ence of various disinfectants upon the virus of''
symptomatic anthrax, showed that the following
antiseptics had no action on the fresh virus :—
solution of camphor or phénol in alcohol, glyce-
rin, ammonia, acetate and sulphate of ammo¬
nium, benzene, saturated solution of sodium
chloride, quicklime and lime-water, polysulphide
of calcium, 50 p.c. solution of sodium thiosul-
phate, 20 p.c. solution of borax, tannic acid,
manganous chloride and ferrous sulphate, 10 p.c.
solution of quinine sulphate, turpentine, and

X X
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monobromide of oamphor; of gases, ammonia,
sulphurous anhydride and chloroform vapour.

The following substances had an action sufli-
cient to kill the fresh virus, but did not kill that
which had been dried :—Saturated solution of
oxalic acid, 5 p.c. solution of potassium per¬
manganate, 20 p.c. solution of sodium hydrate,
chlorine, and vapours of carbon disulphide. The
following killed the virus which had been dried :
—20 p.c. aqueous solution of phénol, 0T p.c.
solution of salicylic acid, 0T p.c. solution of
silver nitrate, 20 p.c. solution of copper sulphate,
20 p.c. solution of boric acid, saturated aleoholic
solution of salicylic acid, 0-02 p.c. solution of
mercuric chloride, and bromine vapour. It will
thus be seen that many substances which are,
and have been, for a long time credited with
antiseptic powers, are in reality of no use as
such so far as this disease is concerned. It is
still customary, for example, to bury in quick-
lime animais which have died from anthrax. It
may be that the only effect which lime has upon
organisms of such a nature lies in the heat
evolved at the moment of hydration. A striking
instance of the différent powers of résistance
possessed by différent bacteria is found in
the fact that sulphurous anhydride, which
usually is one of the most successful germi-

The following is a tabulation of experiments
made by Dr. Crace Caivert upon albumen
solution.

In each case the number of days was noted
before vibrio life appeared in a solution of
albumen containing 1 of substance in 1,000 of
solution :—

Substance used
Animal¬

cules
Putrid
odour Pungi Mouldy

odour

âcids;
over 40Sulphurous . 11 over 40 21

Nitrio 10 50 10 23
Sulphuric 9 — 9 11
Carbolic . over 40 over 40 over 40 over 40

Cresylic . ,,
50Acetic • . 30 — 9

Picrio 17 over 40 19 over 40
Alkalis:

over 40Lime 13 19 over 40
Potash . 16 — —

—

Soda 23 31 1*8 29
Ammonia 24 50 20 over 40
Chlorine gas . 7 21 21 —

Chlorinated lime . 7 18 16 —

Chloride zinc . over 40 over 40 50 over 40
Chloride aluminium 10 21 50

Bisulphite calcium . 11 21 14 over 40

Sulphate iron .
7 over 40 15 —

Permanganate potash 9 50 22 over 40
Turpentine oil . 14 over 40 42 »

In the above experiments by Dr. Crace
Caivert, 0-020 of a gramme of the substance

cides, has no effect upon the fresh virus of
anthrax. Bromine vapour seems to be the only
vapour which can satisfactorily destroy the
virus. Mercuric chloride stands first on the list
of germicides for this partieular disease, a solu¬
tion of 1 in 5,000 being sufficiently active to
destroy the virus. Silver nitrate, salicylic acid
and carbolic acid follow mercuric chloride in
importance. It was found, however, by Arloing,
Cornevin, and Thomas that to be effective a
2 p.c. solution of carbolic acid had to remain in
contact for 8 hours in the case of the fresh virus,
and for 24 hours in the case of the dried virus.

Batimoff has experimented upon the relative
activity of antiseptics on septic and putrefactive
bacteria and also on microbes. Déterminations
were made of the quantity of each antiseptic
required to kill or to stérilisé. From the results
of these investigations the antiseptics are ar-
ranged in the following order of activity : Mer¬
curic chloride, silver nitrate, iodine, thymol,
copper sulphate, salicylic acid, zinc chloride,
phénol, quinol, kairine, resorcinol, chloral hy.
drate, boric acid, alcohol, oil of wintergreen,
bitter almond oil, eucalyptus oil. The following
table illustrâtes the mode of observation and the
action on meat-broth of some antiseptics, diluted
as indicated :—

was added to 26 grammes (1 to 1,000) of a
solution of albumin containing 1 part white of
egg to 4 parts pure distilled water.

Putréfaction was always characterised by a
putrid odour, an alkaline reaction, and the
presence of animalcules ; whereas mouldiness
and fermentation were distinguished by a mouldy
or musty odour, an acid reaction, and the presence
of fungi.

The following table summarises a number of
experiments made by Dr. John Dougall and Dr.
Crace Caivert on the action of various anti¬
septics on protoplasmic and fungus life.

The animalcules observed were Monads

(microphymes), Yibrios, and their cell-seg-
ments (microerphymes), Bacteria (microzymes),
Amœbœ, &c. ; and the fungi were Torula, My¬
célium, Pénicillium, &c., indicated in the table
by letters T. and P.

In the first set of these experiments by
Dr. J. Dougall, 6 volumes of a solution of the
strength mentioned were treated with 2 volumes
of a filtered infusion of hay, or with urine, or
a mixture of beef juice and egg albumen. In
the second set of experiments equal parts of
a putrid solution of beef juice and egg albumen,
full of living animalcules and of the solution of
various substances of the strength known to be
p'reventive of life (as in fifth eolumn), were
mixed together, and the results immediateiy

Antiseptic Microbes
Bacteria

Putrefactive Septic

Mercuric chloride .

Thymol .

Salicylic acid .

Phénol .

Sterilised Not sterilised Killed Not killed Killed Not killed

1 : 13,300
i : 2,000
1: 400
1: 400

1 : 25,000
1 : 5,000
1: 500
i : 500

1 : 800,000
1 : 35,000
1: 1,200
1 : 570

1 : 1,000,000
1 : 50,000
l : 2,000
1 : 670

1 : 66,700

1 : 1,000

1 : 100,000

1 : 2,000
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Substancesused

Reactionof tliesolution
Quantityrequiredtopreventanimalcules insixdays

Effectonanimalcules inputridbeefjuice audeggalbumen wlieiladdedin proportioninfifth column

Numberofdaysbeforelifeappearedinasolutioncontaining 1ofsubstancein500waterand|drachmoffollowing:
Effectoftbe vapouror gasduring

24hourson vaccine lymph

Infusion ofhay

Human urine

Beefjuice andegg albumen

Average ofail

Beefjuice

Solutionofeggalbumen
Animalcules

Fungi

Animalcules

Bungi

Acicls— Inwganic:

1in

1in

1in

1in

Sulphurous.

Acid

250

50

50

117

Death

24

4P.

8

over100

Killed

Nitric

11

400

400

200

333

J>

18

4P.

15

5T.

11

Hydrochloric.

>)

500

400

100

333

11

28

4P.

9

over100

11

Sulphuric.

11

800

500

100

467

11

over100

over100

30

10T.

Chromio.

)»

4,000

1,400

1,200

2,200

78

38
P.

over100

over100

Organic: Carbolic.

Neutral

300

300

200

267

None

12

50T.

38

36P.

None

Aeetio..

Acid

350

25

10

125

—

—

—

—

Killed

Picric

»>

350

350

350

350

Death

44

11P.

over100

44P.

—

Benzoic

>>

700

700

200

533

a

over100

over100

..

over100

—

Potash....
Alkaline

300

50

10

120

Death

—

—

—

—

Saloids: Iodinetincture

Neutral

400

400

50

283

Death

1

80T.

15

over100

—

Chlorinegas

Acid

—

—

—

—

—

—

—

—

—

Killed

Clilorideoflime

Alkaline

200

200

25

142

Death

27

27T.

40

over100

>>

„„zinc.

Acid

300

300

300

300

4

over100

18

>>

„„aluminium.

2,000

500

300

933

19

4P.

over100

8P.

—

Sulphates,<êc.: Calciumbisulphite

Acid'

100

50

25

58

Death

4

92T.

9

over100

Zincsulphate..
„

300

300

200

267

a

30

4P.

90

70P.

Iron„

11

500

500

100

367

2

14

5T.

35

40T.

Commonalum..
11

800

500

100

467

—

14

3P.

38

15T.

Coppersulphate.

11

1,000

1,000

800

933

Death

86

20P.

over100

over100

Potassiumpermanganate.
Neutral

500

200

125

275

None

Alcohol....
}J

350

50

20

140

Death

4

4T.

10

over100

Camphor....
»

300

150

50

167

None

—

—

—

—

None
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noted. In the third set of experiments 3j
drachms of distilled water, containing 1 in 500
of tlie substances named, were treated with lialf
a drachm of filtered beef juice, or half a drachm
of a solution consisting of 1 part white of egg
to 4 parts water. In the last set of experiments
separate minims of vaccine lymph were exposed
to the several vapours for 24 hours, and the
dried spot in each case was moistened with
glycérine and water and sealed in a capillary tube
until an opportunity for vaccination oceurred,
when the whole of the diluted lymph was used
in one insertion so as to ensure its full
effect.

In the opinion of R. Koeh (Chem. Centr. 1882,
509) an efficient disinfectant ought to kill ail
living organisms and render ail germs innocuous
within twenty-four hours. To test a disinfectant
thoroughly, its action must be tried on ail disease-
producing matter, and under conditions exactly
similar to those in wliich it is used in practice.
Thus a disinfectant which does not kill fungi
would be of no use in contagious skin diseases ;
whilst one which does not destroy bacteria would
be inefficient in diseases caused by these or¬
ganisms.

Koch has investigated the action of disinfec¬
tants on bacteria. In these experiments great care
was taken in the cultivation of bacteria, select-
ing those which are seldom found in the air.
The experiments on the development of bacteria
were made on solid nutritious substances. The
chief points observed were—1. If ail the or¬
ganisms were killed, for which purpose it was
sufficient to note the action on the most per¬
sistent—viz. the bacilli spores ; 2. The facility
with which the development of micro-organisms
in favourable nutritive solutions was prevented.
Of numerous substances tried, the only dis¬
infectants which fully satisfied the above con¬
ditions were chlorine, bromine, iodine, mercuric
chloride, osmic acid, and potassium permangan¬
ate ; the last-mentioned only acted thoroughly
in strong solutions (5 p.c.). Bromine and osmic
acid are too expensive for most purposes.
Mercuric chloride is very poisonous ; but its
action is so rapid that it could be used for solid
substances, which could then be washed with
water.

Mercuric chloride, thymol, amylic alcohol,
and some essential oils were found effective in
checking the germination of spores.

According to Koch, carbolic acid is almost
without action on spores of anthrax bacilli, e.g.
the bacilli spores retained their vitality after
being five days in a 2 p.c. solution, and in
another experiment fifteen days in a 1 p.c. solu¬
tion. It is, however, destructive to the living
micro-organisms themselves, for 1 gram of pure
carbolic acid can completely prevent the de¬
velopment of anthrax bacilli in 850 c.c. of a
nutritive solution, and even showed a marked
effect in 1,250 c.c. Its action on other bac¬
teria was less marked. Carbolic acid in the
form of vapour did not affect the germinating
power of bacilli spores at the ordinary tempéra¬
ture, even after being in contact with them 1-y
months ; but at 55°, in half an hour many of
the spores were destroyed, in three hours scarcely
any germinating power was discernible, whilst
after five or six hours their destruction was com¬

plété. Raising the température further did not
increase the activity of the carbolic acid.

The above results were obtained with aqueous
solutions of cai'bolic acid. Solutions in oil or

alcohol did not show any antiseptic properties.
This was also the case with other disinfectants,
e.g. salicylic acid, thymol, &c., except whenthey
were used with substances containing water,
such as flesh, &a., when some of the disinfectant
became active.

Sulphurous acid, either alone or mixed with
water or steam, does not disinfect dry objects.
If, on the other hand, the object is first moist¬
ened and then treated with sulphurous acid,
brisk action is observed ; it does not, however,
destroy ail germs. Its disinfecting action is
thus uncertain, and it is not to be depended on.

Martens, in a prize-essay written for the
médical faculty of Greifswald (C. & D. 32,
426), gives a summary of his researches upon
the relative antiseptic powers of various che-
mical agents. His experiments were made
chiefly upon the micro-organisms of pus formed
on wounded surfaces, or the resuit of inflamma¬
tion. He regards the anthrax bacillus as in-
appropriate to experiment upon, when the anti¬
septic is intended to be used for the destruction
of other bacilli. The principal organisms pré¬
sent in pus are Stapliylococcus pyrogenes,
aureus, albus, or citrust and Strcptococcuspyro¬
genes. Of ail the disinfectants used iodine gave
the greatest satisfaction, if it may be considered
in the light of a germicide only, but even in
most dilute solutions it is extremely irritating.
A solution of 1 part of iodine in 10,000 of
water proved to be powerfully active. Thymol
gave satisfaction in a solution of 1:5000. From
the comparatively non-poisonous nature of thy¬
mol and its great antiseptic powers, the opinion
is expressed that it should occupy a more im¬
portant position in surgery than it now does.
Antiseptics found to be effective in dilutions of
1:1000 included solutions of sodium hypochlorite,
silver nitrate (a sait which had not previously
been eredited with the power of preventing the
formation of pus), the minerai acids (nitric, hy-
drochloric, and sulphuric) and mercuric chloride.
The last sait has, however, been proved effec¬
tive against anthrax germs when so dilute as
1:300,000. Benzoic acid was found effective in
a dilution of 1:500, and salicylic acid in 1:300.
The class of antiseptics effective in dilutions of
1:100 included ferrie chloride, calcium hypo¬
chlorite, acid sulphate of potassium (this sali
has not been recognised before as being so
powerfully antiseptic), carbolic acid, potassium
permanganate, quinoline, cupric chloride, acetate
of aluminium, and resorcinol. The author of
the essay considers that the high price of res¬
orcinol and its action on instruments renders
it an undesirable disinfectant in practice. Acetic
acid and oil of turpentine were found effective
at a dilution of 1:50, borie acid at 1:25, and zinc
chloride at 1:20 ; while the class effective at 1:10
included caustic potash, acetate of copper, chlor¬
ide of calcium, citrate of iron, and antipyrin.
Alcohol, cadmium sulphate, lead acetate, bicar¬
bonate of sodium, thiosulphate of sodium were
effective at a dilution of 1:2, while among those
bodies which were found to be wholly ineffective
were the iodide, bromide, sulphate, nitrate and
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carbonate of potassium, chloride and sulphate
ui ammonium, sulphate of magnésium, sulphate
of zinc, potassium chlorate, and lime.

C. T. Kingzett bas conducted several exten-
sive sériés of experiments upon the comparative
antiseptic values of chlorides, nitrates, and sul-
phates (S. C. I. 6, 702). Two sériés of experi¬
ments were made upon starch paste and one
upon extract of beef. In the former cases,
where starch paste was used, the time which
elapsed before mould made its appearance was
noted, using certain quantifies of a 5 p.c. solu¬
tion of the substances experimented with. In
the latter case, where extract of beef was used,
the lengtli of time which the same 5 p.c. solu¬
tion protected the extract from putréfaction was
noted. From the results generally, the com-
pounds of the alkalis and alkaline earths appeared
in many instances to promote the growth of the
mould in the same sort of way as Warington
has observed the presence of gypsum facilitâtes
the nitrification of urine. In no instance was

the growth of mould postponed by the presenee
of salts of potassium, sodium, or ammonium,
and among the compounds of the alkaline earths
magnésium sulphate alone exhibited a slight
prohibitive effect. The zinc compounds ranked
with those of the alkaline earths. The sulphate
of manganèse in the higher proportion slightly
delayed the growth of the mould. The com¬
pounds of iron, tin, lead, and aluminium exer-
cised a distinct but not very powerful prohibitive
effect, excepting the chloride of lead, the anti¬
septic action of which must be described as
deeided and as ranlcing with the sulphate of
copper. As to copper and mercury, the chlorides
of those metals rank apparently as of highest
and equal value, side by side with nitrate of
copper and sulphate of mercury. Somewhat
below these compounds in antiseptic action
stand sulphate of copper and nitrate of mer¬
cury ; the first named of these substances being
decidedly the more effective of the two.

With respect to the observations made with
extract of meat, the results generally accorded
with those of the flour-paste sériés, excepting
that the salts of zinc appeared to exercise a dis-
tinctly superior antiseptic influence to that which
they exhibited in protecting flour-paste from the
growth of mould. Chloride of lead did not behave
np to the expectation based upon the flour-paste
experiments with that substance, but in ail pro-
bability its effect is modified by the précipitation
which the solution undergoes when added to
meat extract. The compounds of mercury and
copper again corne out as most effective, and, if
any choice is to be made, it seems to fall on the
chlorides of those metals.

S. Bucholtz has conducted a sériés of expe¬
riments to détermine the différent amounts of
each antiseptic which would check the putréfac¬
tion of a liquid of known composition. The
Pasteur's liquid he used was a solution of 10
grams of common sugar, 1 gram of tartrate
of ammonium, and half a gram of phosphate of
potassium in 100 e.c. of distilled water. The
amount of any antiseptic needed to prevent the
putréfaction of this liquid was easily determined
by filling a number of tubes with it, adding dif¬
férent amounts of the antiseptic to them, and
then watching the results of their imprégnation

with a few drops of a deeomposing infusion of
tobacco. In the following table is shown the
smallest proportion of antiseptic which prevents
the development of bacteria :

1 part in
Corrosive sublimate . . 20,000
Thymol 2,000
Sodium benzoate . . . 2,000
Creosote . . ... . 2,000
Benzoic acid .... 1,000
Methyl-salicylic acid . . 1,000
Salicylic acid .... 066
Eucalyptol .... 666
Sodium salicylate . . . 250
Carbolic acid .... 200
Quinine 200
Sulphuric acid . . . 151
Boric acid .... 133
Cupric sulphate . . . 133
Hydroehloric acid ... 75
Zinc sulphate.... 50
Alcohol ..... 50

The smallest amounts which would arrest

putréfaction and render the bacteria incapable
of further development wben removed to fresh
Pasteur's solution were found to be as follow :

1 part in
Chlorine 25,000
Iodine ..... 5,000
Bromine 3,333
Sulphurous acid . . . 666
Salicylic acid .... 312
Benzoic acid .... 250
Methyl-salicylic acid . . 200
Sulphuric acid. . . . 161
Creosote 100
Carbolic acid .... 25
Alcohol ..... 4-5

In a mémorandum appended to the report of
the médical oflicer to the Local Government
Board, Dr. J. Burdon Sanderson (Ph. J. [3]
18, 993) states that hitherto attention has béen
mainly directe! to the rendering of solid and
liquid excreta innocuous, but he urges that this
is not by any means ail that can he accom-
plished by the application of chemical agents
for the prévention of infective diseases. He
points out that the innate no léss than the ex-
traneous contagia have a life history which is
made up of two states of existence, alternating
with or succeeding each other ; one in which
they vegetate with more or less activity in the ex-
ternal environment, the other in which they have
their abode in the living blood or tissue, exerting
there their hurtful function, and that the pro-
blem of disinfection relates to the latter as well
as to the former of these states.

Dr. Sanderson considers that the most im¬
portant lesson that has been learnt in recent
researches respecting the nature of contagia is
best expressed in the word1 specificity,' by which
he means that each individual kind of contagium
has a power peculiar to itself of producing a
particular modification of the chemical processes
which constitute the life of the organism it
attacks. Very little is yet known respecting the
effect of chemical agents upon the product of
such modifications within the organism, and
before mueh extension of this knowledge can be
hoped for not only will a more intimate acquaint-
ance with the contagia be indispensable, but the
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nature of tlie modification produced by each
will require to be worked out. Holding these
views, therefore, Dr. Sanderson indicates four
lines of research which should be followed with
a view of acquiring a better and more practical
knowledge of tbe art of disinfection: (1) The
disinfection of solid and liquid excreta and of
clothing ; (2) tlie disinfection of air ; (3) the
détection of contagia in food, air, or water; and
(4) the use of colytic agents with a yiew to the
inhibition of infective action within the living
body.

Internai disinfectants. Antiseptics ean be
employed externally without regard to anything
beyond their power to destroy microbes ; but in
certain diseases it is very désirable to bring dis¬
infectants in actual contact with the stomach
and intestines, and in sueh cases the primary or
seeondary effeets they may produce on the Sys¬
tem must be carefully considered. When the
contents of the stomach are undergoing décom¬
position either from yeast, sarcinœ, or bacteria,
good results are obtainable from the administra¬
tion of phénol or creosote, because these sub¬
stances come into direct contact with the mi¬
crobes, and will be effective in quantities too
small to be injurious to the patient. If the in¬
testine is to be disinfected, a remedy less soluble
and poisonous and less readily absorbed than
phénol or creosote should be ehosen. Thus
salol passes through the stomach unchanged,
but in the duodénum is split up by the pancreatic
juice into phénol and salicylic acid. Here the
phénol is liberated at the desired point, but its
action is too violent, and hence betol seems a

préférable remedy to salol, for the /3-naphthol
produced by its décomposition is less soluble
and poisonous than phénol, while more power-
fully antiseptic. Eesorcinol, thymol, and sodium
benzoate are other intestinal disinfectants which
are sometimes useful, though more or less open
to the same objections as phénol. The phenol-
sulphonates, such as sulpho-carbolates and
aseptol, though less powerful disinfectants than
carbolic acid, are far less poisonous and are of
considérable value as intestinal disinfectants.
The diphenyl derivatives appear to have less
toxic action, and at the same time to be more

powerfully antiseptic, than those containing a
single phenyl group (Lauder Brunton, Pli. J. [3]
19,1066).

Hat.ogehs.

The disinfectant and deodorising characters
of the free halogens are well known. Their
deodorising value dépends largely on their power
of reacting with sulphuretted hydrogen, with
séparation of sulphur and formation of a
hydracid. Their value as disinfectants dépends
on their power to break up ammonia and other
volatile bodies produced in putréfaction and de-
composition, together with their powerful oxi-
dising properties. In other words, their value
dépends mainly on their afïïnity for hydrogen
and their power as oxidisçrs which is the resuit
of such affinity.

Professor Cash, as the resuit of experiments
instituted to ascertain the relative potency of
chlorine, bromine, iodine, and sulphurous acid
in destroying the contagia of anthrax and
tubercle, concluded that, when employed in solu¬

tions of a strength proportional to their atomio
weights, the three halogens did not présent any
very remarkable différences in their disinfecting
power, though chlorine appeared to be the most
potent and iodine the least. Cash found that
the halogens failed to exercise any disinfectant
influence when employed in any dilute solution,
even when the virus to be destroyed was exposed
to their action for a very long time. He gives
the preference to the halogens and sulphurous
acid in the form of solution, and if it be neces-
sary to employ the agent in the gaseous slate,
considers sulphur dioxide préférable to the
halogens.

Chlorine is commonly liberated from bleach-
ing-powder by the action of aerial carbonic acid
or the direct addition of acetic, hydrochloric, or
sulphuric acid. When a weak acid is used,
such as acetic or carbonic acid, and an excess

avoided, liypochlorous acid (HC10) may be libe¬
rated instead of free chlorine. This is probably
quite as efficaeious as chlorine itself. The
oxides of chlorine evolved when potassium chlor¬
ate is treated with a minerai acid are sometimes
employed for disinfectant purposes.

In using chlorine and similar agents, the
factis often overlooked that in the destruction of

any disease-producing material by a disinfecting
agent it is necessary to take into account the ex-
tent to which the disinfectant is used up by harin-
less material. Consequently, to ensure efficiency,
the quantity of disinfectants used should be
proportioned not only to the amount of morbid
material to be destroyed, but also to the amount
of harmless material with which it may be
associated.

Bromine has powerful disinfectant properties,
having, according to Koch, a greater capacity
than chlorine for destroying micro-organisms,
though this conclusion is not confirmed by the
experiments of Cash on the action of the halo¬
gens on the contagia of tubercle and anthrax.
A useful mixture for generating bromine gradu-
ally is the préparation known as Bromidinc.
This mixture of a bromide and bromate yields
free bromine when treated with an acid, accord¬
ing to the équation :

5NaBr + NaBrO;) + 3H2S04
= 3Na2S04 + 3H40 4- 3Br2.

A mixture of a bromide and bromate in the
proper proportions results from the treatment of
bromine with a solution of carbonate or hydroxide
of sodium. If the product be evaporated to dry-
ness, and mixed with a suitable quantity of acid
sulphateof sodium (NaHS04), the préparation will
evolve bromine slowly as it gradually absorbs
moisture from the air, or more readily if water
be actually added.

Iodine is regarded by Koch as less powerful
in its antiseptic properties than either bromine
or chlorine, but his conclusions, though probably
correct, are open to the objection that the iodine
was employed in aleoholic solution and the
bromine and chlorine in aqueous. Various forms
of lamp have been devised for the graduai vola¬
tilisation of iodine and the diffusion of its
vapour, or the finely divided particles produced
on condensation, tbrough the atmosphère to be
disinfected.

Casson and Brownen (Med. Press and Circu¬
lai1, Oct. 5, 1887) have proposed to use candies
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containing iodine and salicylic acid for the pur-
pose of diiïusing disinfectant and déodorant
vapours in sick chambers. The iodine combined
with salicylic acid can, they state, be perfectly
incorporated with fats, paraffin, or wax, and that

1 when such candies are burnt they evolve iodine
and phénol in a vaporous form. The phénol
is divided from the décomposition of the sali¬
cylic acid, and its presence cari be demonstrated

'• by the formation of trinitrophenol, or picric acid,
upon passing the products of combustion through
nitric acid. If the combustion goes on too
freely and completely, the décomposition is more
thorough and no phénol is evolved. The iodine
is simply volatilised, and its presence in the
products of combustion can be detecled by its
action on starck mucilage. These candies are
said to speedily remove the smell of tobacco or
sulpkuretted hydrogen, and the vapours have
been found of value in cases of asthma, hay
fever, and spasmodic cough.

Iodine trichloride, IC13, forms long, lemon-
yellow crystals which readily undergo dissocia¬
tion, especially at a température above 25°C.,
with formation of chlorine and iodine mono-

chloride. The smell is irritating and at once
suggestive botli of iodine and chlorine. The
aqueous solution of iodine trichloride undergoes
graduai décomposition, and the aleoholic solu¬
tion more rapidly.

According to Von Langenbach, iodine tri¬
chloride is one of the most powerful germicides
known. An aqueous solution containing 0"(17 to
1-00 gramme per litre is as powerful as a 4 per
cent, solution of phénol, can be used for washing
hands and instruments, and may be given inter-
nally. Sixty drops of a solution of 1 in 1200,
given every two hours, has been found of value
in dyspepsia arising from baeteria. The spore-
killing power of iodine trichloride is said to be

I second only to that of mercuric chloride.
Fluorine. For obvious reasons the dis¬

infectant value of fluorine and its simpler com-

Ipounds have not been studied, but the value ofthe fluosilicates for the purpose has been recog-

j nised by ffm. Thomson, andtheir use as disin¬
fectants patented by him. The fluosilicate

Î(silicofluoride) of sodium, Na2SiF6, is the formcommonly used, and is now an article of com¬
merce under the title of Salufer. It forms a
white, odourless powder, sparingly soluble in
ivater. The aqueous solution possesses but a

I slight saline taste, and, as it is non-poisonous,
seems well suited for preserving articles of food.
A saturated solution contains 0-61 p.c. of the
sait, and can be applied to a wound without pro-
ducing irritation.

OnoANic Halogen Compounds.

Chloroform. The vapour of chloroform has
proved to be of considérable service as an anti-
septic, and many almost startling results have
been obtained.

Dr. Bichardson reports (Lancet, Nov. 25,
1882) that a piece of fresh lung was placed in a
vessel so arranged that the lung was completely
surrounded by the vapour of chloroform ; the
specimen was then preserved for a period of
thirty-five years. Vegetable as well as animal
tissues can also be preserved with chloroform
vapour in a most satisfactory manner—fresh

digitalis leaves having been preserved for three
years in this way (Ph. J. 18, 356). An entire
specimen of Alisma plantago has been preserved
for about two months in an atmosphère of chlo¬
roform ; it is true that the specimen became
soniewhat flaccid, but beyond this very little
change was perceptible.

Iodoform CHC1.,. Much conflict of evidence
exists as to the antiseptic properties of iodoform.
De Buyter (Med. Press. Oct. 26, 1887, 403) con-
firms the statement that outside the body, whilst
undeeomposed, iodoform exercises no antiseptic
action, but in the presence of pus at the tem¬
pérature of the body the iodoform undergoes
décomposition. This appears to be due to the
influence of the pus eocci, since sterilised blood
or blood-serum was found to induce no chemical
change in iodoform. Dr. De Buyter says that
the iodine liberated by the breaking up of the
iodoform combines with ptomaïnes présent, de-
priving these of their harmful properties, but
leaving the cocbi alive, though much reduced in
activity.

Mosetig (Médical Becord, July 1887) has
employed iodoform with success, and without
bad concomitant effects, in the treatment of
severe burns or scalds. He considers the action
both analgetie and antiseptic, and employs an
ethereal solution of iodoform to saturate purified
gauze, which when dry is used for dressing the
burn and covered with gutta percha tissue and
cotton wool.

Iodol. The tetraiodo- derivative of pyrrol
has been recommended as a substitute for iodo¬
form, as it is devoid of the pungent odour of the
latter eompound and is said to be quite equal to
it in antiseptic value.

Bokon Compounds.

Boric acid H3B03 is largely used as a pre-
servative of food. Like borax it has gained
favour because of its harmless charaeter, which
particularly adapts it for food préservation.
Fish have been preserved on a large scale by
means of boric acid, and with very satisfactory
results. The dry boric acid is placed in very
thin alternate layers between the fish in barrels.
It is also used in solution for the same purpose,
both methods being still in use, in Sweden par¬
ticularly.

As an antiseptic dressing for wounds &c.
boric acid has gained favour on account of its
non-poisonous nature and the fact that 5 p.c.
solutions can be used without causing irritation
to the most delicate surfaces.

The varying influence of boric acid upon
différent fermentations has been investigated by
Herzen. He finds that the conversion of stareh
into glucose by the ordinary or pancreatic fer¬
ment is not influenced by boric acid, even when
the menstruum is a saturated solution.

The conversion of glucose into alcohol ap¬
pears to be favoured by the presence of boric
acid, even in small quantity ; but the presence of
boric acid in minute quantity almost prevents the
conversion of alcohol into acetic acid. So also,
in respect to the fermentation of albuminoid
bodies this acid shows a marked différence in
its action. The conversion of albumen and
fibrin into peptone and tryptone by means of
pepsin and trypsin is much accelerated by it,
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whilst putrefactive fermentation is entirely pre-
vented.

Boroglyceride lias the constitution of a glycyl
borate (0sH5)B03, and is prepared by heating
3 parts of glyeerin to about 160°C., with 2 parts
of boric acid. Aeeording to Sulman and Berry,
tlie commercial product contains only about 25
p.c. of glycyl borate, with 75 p.c. of free boric
acid and glyeerin in équivalent proportions.
Moreover, when the true glycyl borate is treated
with water it suffers immédiate hydroiysis into
boric acid and glyeerol, and hence the antiseptic
value of the préparation would appear to be
simply dépendent on the 45 to 50 p.c. of boric
acid liberated on use.

Borax aets as a somewhat powerful antiseptic,
and, on account of its eomparatively non-poi-
sonous nature, it has been used largely for pre-
serving food. Borax in the proportion of 1 lb.
to 100 gallons of milk has been used as a pré¬
ventive of décomposition during the summer
months, when milk is prone to ' change, and it
has undoubtedly a powerful action, for it is quite
possible to keep milk sweet for from 3 to 4 days,
in the height of summer, under such conditions.

' Glacialin sait mixture ' and ' Glacialin rose

extract' are both mixtures of boric acid with
borax, the latter mixture being intended to pré¬
serve meat without altering its colour.

ScLPHUR CoiIPOUNDS.

Sulphurous acid (sulphur dioxide). The
burning of sulphur for the purpose of disinfee-
tion dates back for a considérable time. Sul¬
phurous acid is perhaps one of the most satis-
factory germicides. Its power has been some¬
what overrated, but it is, nevertheless, when
used in the most advantageous manner, both
thorough and rapid in its action.

The Committee on Disinfectants of the
American Public Health Association, in a pre-
liminary report, state that to insure perfect dis¬
infection a weight of 3 lbs. of sulphur should
be burnt for each thousand eubic feet of air,
and this proportion ought certainly to form the
minimum limit of sulphur used. When dry,
sulphur dioxide does not appear to have nearly
so powerful a germicidal action as when moist.
It is therefore wise to boil away a large quantity
of water in a closed room previous to disinfec¬
tion, by these means securing solution of the
gas on the surface of the walls, &c., as well as
in the atmosphère itself. Unfortunately, it is
quite impossible to disinfect a sick chamber by
means of sulphur dioxide, for even a small
proportion renders the air irrespirable, and it
induces coughing when only existing as traces
in the air.

Arloing, Cornevin, and Thomas coneluded
from experiments made at Lyons, on the in¬
fluence of various disinfectants upon the virus
of symptomatic anthrax, that sulphur dioxide
has no effect upon the fresh virus of anthrax.
S. Schônland (Annals of Botany,Novemberl887,
178) makes use of sulphurous acid for preserving
the colours of plants and preventing the ravages
of insect-life afterwards.

Aeeording to Koch, sulphurous anhydride
has little or no action unless the articles treated
were first moistened, and even then his results

went to prove that it was not satisfactory witb
ail kinds of germs.

Thiocamf. When camphor is exposed to
sulphur dioxide it absorbs an enormous volume
of the gas and forms a liquid which has been
introduced under the name of ' thiocamf ' (Chem.
News, 59, 291). It can be preserved without
pressure in well-closed bottles, but when exposed
to the air evolves much sulphur dioxide, the
contents of a six-ounce bottle being said to fur-
nish more than 20 litres of the gas.

Metallic sulpliites have marked antiseptic
properties. Sodium sulphite has been long em-
ployed for preserving tinned foods, for which
purpose its power of absorbing oxygen is also
of value. The sulphites of calcium and mag¬
nésium are insoluble, or nearly so, in water, but
dissolve in a solution of sulphurous acid forming,
so-called ' bisulphites,' which are extensively
employed for preserving beer.

Carbon disulphide, CS2, possesses powerful
antiseptic properties. It is soluble in water to
the extent of 2 or 3 parts per 1,000 at the ordi-
nary température, and Ckiandi Bey (C. B. 99,
509) finds that the solution arrests ail fermenta¬
tion, kills microbes, and is a most energetie
antiseptic. He recommends the use of the
solution internally in choiera and ail zymotie
diseases, and the experiments of Dujardin Beau-
metz show that when employed in typhus the
diarrheea is arrested, the stools disinfected, and
the breath sweetened. For médicinal use the
commercial carbon disulphide must be purified
by agitation with metallic mereury till a black
precipitate is no longer produced.

Thiocarbonates possess antiseptic properties
in conséquence of their graduai décomposition
with libération of carbon disulphide, thus :—

CaCSp + H.,0 + C02= CaC03 + H2S + CS„.
Commercial thiocarbonates are very variable in
quality, and hence Falières has devised the fol-
lowing simple method of assaying them : 19
grammes' weight of the sample is placed in a
graduated cylinder holding 50 c.c., and 10 c.c. of
water and 10 c.c. of benzene are then added.
After mixing well, 20 c.c. of sodium bisulphite
solution of 1-32 sp.gr. is added to the contents
of the cylinder and the whole well shaken.
After about an hour about 10 c.c. of ammonia
should be added, and the mixture again shaken
and allowed to stand for a short time. The
carbon disulphide produced by the décomposi¬
tion of the thiocarbonate dissolves in the benz¬
ene, and the quantity can be ascertained by
noting the increase in the bulle of the layer of
the latter ; 1 c.c. of carbon disulphide weighs
about 1-27 grammes at the ordinary tempéra¬
ture.

Xanthates (ethyl-thio-oxycarbonates) have
received application for destroying the phylloxéra
which affect the vine. Their action is probably

f O C Hdue to the libération of xanthic acid CS J gg - 3
and the décomposition of this with formation of
carbon disulphide.

Hydrogen peroxide.

The unstable nature of hydrogen peroxide
renders it a powerful oxidising and deodorising
agent, as it immediately re-acts with and de-
stroys sulphuretted hydrogen, and many other
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compounds susceptible of change. It possesses
the advantage, sometimes a very important
one, that the product of its décomposition
(water) is neutral and destitute of chemical ac-
tivity, while hydrogen peroxide itself has not
the extreme tendency to act on inert organic
matter which so much diminishes the practical
value of the permanganates. On the other hand,
hydrogen peroxide possesses true disinfectant
properties of a marked character. According to
P. Bert and P. Beynard (Berl. Ber. 15, 1585), ail
fermentations due to organ.ised ferments are at
once arrested by hydrogen peroxide, and the
ferment is killed, while no effect is produced on
soluble ferments (e.g. ptyalin, pepsin, diastase,
panereatin). Fibrin décomposés hydrogen per¬
oxide, but when dissolved in hydrochloric acid,
or changed into fibrin-peptone by artificial
digestion it is without action. Egg-albumin,
casein, mill:, urea, fats, saliva, starch, and
fruit juice are also stated to be without action
on hydrogen peroxide.

Sanitas is a commercial préparation, owing
much of its disinfectant value to the presence
of hydrogen peroxide. It is prepared by blowing
air through warm oil of turpentine in contact
with water. Under these circumstances an

agueous liquid (' sanitas ') is obtained, containing
hydrogen peroxide, camphoric acid, and certain
other oxidation-products of the turpentine ; while
the residual oil itself possesses disinfectant
value. Aqueous sanitas eontains hydrogen per¬
oxide in quantity corresponding to an évolution
of twice its volume of oxygen when decomposed.
The disinfectant properties of sanitas have been
studied very completely by its inventer, C. T.
Kingzett.

Pebmanganates and Manganates.

These salts are well known as disinfectants,
and have obtained deserved favour. A great
objection to their use is the facility with which
their oxidising power is wasted on inert matter.

In presence of a free acid (e.g. sulphuric, hy¬
drochloric) the permanganates yield 5 atoms of
available oxygen, while the manganates furnish
i only : thus

2KMn04 = ICO + 2MnO + 05 ; and
2K„Mn04 = 2E20 + 2MnO + 04.

In the absence of free acid, permanganates
are reduced approximately as follows :

2KMn04 = E20 + 2Mn02 + 03.
Potassium permanganate is the best-known

sait of the sériés. The sodium sait exists in
Condy's fluid, and thepermanganates of calcium,
zinc, and aluminium have also met with a
limued use as disinfectants. The last-named
sait is prepared by H. B. Condy by treating a
strong hot solution of aluminium sulphate with
solid potassium permanganate. The mixture is
allowed to cool, when potash-alum crystallises
out, and aluminium permanganate and sulphate
remain in solution.

Condy's crimson disinfecting fluid is an im¬
pure solution of sodium permanganate NaMnO,,
while the active constituent of the green fluid is
ckiefly sodium manganate Na2Mn04I though a
small but variable amount of permanganate is
also présent, and may be detected by precipitating
the liquid with barium chloride and filtering
through asbestos, when the manganate being

removed the crimson colour of the perman¬
ganate becomes apparent. Cqndy's green fluid is
strongly alkaline, the crimson nearly neutral.
The latter eontains much sulphate, evidently due
to the sulphuric acid employed to neutralise the
excess of alkali in the crude product. Samples
of Condy's green and crimson fluid analysed by
A. H. Allen in 1871 (Year-book of Pharmacy,
1871) were found to contain :

Green Crimson
Available oxygen (in > 3.883 21

grammes per litre) )
The available oxygen was determined by

titration with standard oxalic acid in presence
of sulphuric acid.

Hartman's crimson sait consists of a mixture
of manganates or permanganates with other sub¬
stances, the préférable mixture being (according
to patent 9,538,1884): potassium permanganate,
1 part ; potash alum, 8 parts ; borax, 1 part ;
and common sait, 6 parts.

A mixture of an alkaline manganate with
sulphate of magnésium, calcium, or zinc, or with
borie acid, has been patented by Dupré and
Hake, while Stevenson and Tatters have pa¬
tented a mixture of sodium manganate with
about half its weight of bleaching powder.

Aluminium Salts
have a limited antiseptic power. An impure
chloride was met with in commerce some years
since under the title of ' Chloralum.' The sul-
phites of aluminium have been recommended by
Wade (Pharm. Record, Nov. 1, 1888) as non-
poisonous and non-irritating antiseptics. The
thiosulphate has also been recommended. The
preservative properties of alum are well known.

Salts of the Heavy Metals.

Many of the compounds of the heavy metals
have obtained more or less favour as disinfec¬
tants. In many cases they are little more tlian
deodorisers, which property they possess chiefly
through their power of fixing sulphuretted hy¬
drogen and ammonia. In other cases they pos¬
sess antiseptic properties through their power
of coagulating and l'orming insoluble compounds
with albumin. In a few cases the salts, of the
heavy metals act as well-defined disinfectants
of a powerful character, this property being,
in some cases at least, due to their marked
poisonous properties.

Of the compounds of che heavy metals, the
following have received most application in
the direction in question.

Zinc chloride. A solution of this compound
is known in commerce as Burnett's disinfecting
fluid.

Dr. Eoch has pronounced chloride of zinc to
be praetically inert as a germicide ; but, although
it may not be direetly poisonous to germs, Dr.
Hamilton believes that it is capable of render-
ing a eut surface a barren cultivation-ground,
and infers that it will produce a similar effect on
the walls of an abscess. This view is supported
by the experiments of Dr. Ricliardson, which
prove that a body may be embalmed perfectly
by means of chloride of zinc and spirit. It is
still the practice to embahn bodies in the south
of Europe by a process in which chloride of zinc
is used as the antiseptic.
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Ferrie chloride and ferreus sulphate have
little value other than as deodorisers.

Cuprio sulphate, formerly used for preserving
timber, is novv superseded byereosote, not, how-
ever, because it was found ineffieient as a pre-
servative, but because it soon washed out of the
wood.

Stanncus chloride is said to be at least as

good as most other metallic salts, and to have
the advantage of not acting on lead or iron pipes.
This character would be true only of a neutral
solution.

Mercuric chloride lias a disinfeetant value of
the highest kind. It is probably the most
powerful and certain germicide known, but, like
ail metallic salts, is only active when in actual
contact with the substance. Solutions of 1:1,000
to 1:10,000 of mercuric chloride have long been
used for surgical opérations, and are now em-
ployed by dentists as an antiseptic dressing prior
to filling teeth. Koch concluded, from an
elaborate sériés of experiments, that the most
valuable true disinfectants (i.e. reagents capable
of destroying micro-organisms) available for
practical purposes are chlorine, bromine, and
mercuric chloride ; whilo the most potent anti-
septics are mercuric chloride, certain ethereal
oils, and allyl alcohol.

Mercuric cyanide and oxycyanide have a
high antiseptic value, and for some purposes
présent advantages over the chloride. Solutions
of the oxycyanide have a slight alkaline re¬
action, and precipitate albumen but slightly. A
solution of 1 in 1,500 does not seriously attaek
the metals of surgical instruments, and is tole-
rated well by the mueous membrane and by
wounds. Added to peptonised broth, Chibret
(C. B. 107, 119) found mercuric oxycyanide to
have an antiseptic power six times as great as
that of the chloride, but in its effect on micro-
coccus aureus it was somewhat less powerful
than mercuric chloride. It lias been found of

great service in diphtheria (Lancet, March 24,
1888, p. 591).

Mercuric salicylate is referred to under the
head of Salicylic acid.

Phénols.

A number of the most important antiseptic
agents contain phénol or a phenoloid body as
the active constituent, or owe their efficaey to
the ease with whieh they suffer décomposition
with formation of a phénol. In fact, the ma-
jority of bodies containing the plienyl group
possess antiseptic properties.

Carbolic acid has taken for a number of
years a leading pla^e among antiseptic disinfec¬
tants. The best qualifies of the commercial
product may be regarded as chemicaliy pure and
absolute phénol, C6Ha.OH. The highest grade
melts at 40-2°C., and is free from homologues,
the proportion of which gradually increases in
the lower qualities. Thus ' Calvert's No. 5 car¬
bolic acid ' is fluid at ordinary températures and
consists chiefly of cresylic acid (isomeric cresols
C,HrOH), with smaller proportions of still
higher homologues and traces of naphthalene
and other impurities. Still lower qualities of
commercial carbolic acid contain notable quan¬
tifies of hydrocarbon oils, and it is not unusual

to mix carbolic acid with an equal weight or
more of naphthalene oils or similar products to
meet the exigencies of the market.

For ordinary disinfecting purposes an article
consisting mainly of cresylic acid and higher
homologues appears to be fully as serviceable as
pure carbolic acid, but according to Dr. C. M.
Tidy the value does not extend to the lime coni-
pound of cresylic acid, which is said to be practi-
cally valueless as a disinfectant, whatever may
be the value of the carbolic compound with
lime. It is probably correct that both carbolic
and cresylic acid have little or no antiseptic value
when absorbed in a large excess of slaked lime,
but the neutral carbolate and cresylate of calcium
will undergo décomposition by aerial carbonic
acid and henee will act as graduai disinfectants.

Carbolic acid acts as acaustic on the skin, and
is powerfully poisonous. It appears to act on
the system locally by coagulating albumin, and
generally by paralysing the nerve-centres. Ac¬
cording to C. Lowe, the effect of even momentary
contact of the strong acid with any considérable
surface of the lower part of the body is apt to be
fatal, but it has often been applied to the arms
with comparative impunity. M. Gosselin has
made a sériés of investigations bearing more
particularly upon the action of phénol when
placed upon the living body, as in surgical
dressings and opérations (Ph. J. [3] 14, 242).
Working with solutions of différent strenglh,
containing from 1 to 5 p.c. of carbolic acid dis-
solved in alcohol, dilute alcohol, and also cam-
phorated spirit, he applied the antiseptic to a
transparent membrane through which the blood
was circulating. He states that the circulation
of the blood in the capillaries is arrested, more
or less quickly, and in direct proportion to the
strength of the solution. He considers that the
most probable explanation of this is that the
blood beeomes coagulated as soon as the anti¬
septic has traversed the delicate membrane and
cornes in actual contact with it. This action,
according to M. Gosselin, can be strictly com-
pared with that of a caustic, and he is of opinion
that phénol applied in this manner first acts as
a germicide and then as a semi-caustic or
astringent.

Although the term ' carbolic acid ' has been
extended eommercially so as to include products
consisting chiefly of cresol and still higher
homologues of phénol, it appears a straining of
its legitimate signification to apply it to products
from which the real carbolic acid has been pre-(
viously extracted. This, however, is sometimes,
done, and ' carbolic acid ' and ' carbolic powders '
are sold in which real carbolic acid is conspicu-
ous by its absence. But if the inexact descrip¬
tion of cresylic acid as carbolic acidis objection-
able, the matter beeomes more serious when the
■article is purposely mixed with neutral tar oils,
or other hydrocarbons of little direct value as
antiseptics. This has been done, in certain
cases, to the extent of 50 p.c., the ' carbolic acid '
and ' carbolic powders ' sold to corporations and
local boards of health affording a fertile field for
the opérations of the blender.

The carbolic or cresylic acidsfrom coaltar are
sometimes completely or partially replaced by
the mixture of phenoloid bodies obtained from
the tar or oil produced by condensing the waste
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gases from blast-furnaces burning bituininous
coal.

Blast-furnace creosote oil is now produced
in enormous quantities in Scotland, and has
already found an extensive application for
creosoting tiinber, or producing the ' lucigen ' and
' luminator ' lights, and as a liquid fuel. It con-
tains from 20 to 35 p.c. of phenoloid bodies
soluble in caustic soda, as against 5 to 10 p.c.
in coal-tar creosote oil of London make (New-
castle coal). Blast-furnace creosote oil affords
a cheap and abundant source of pbenoloid bodies,
which appear to be fully equal to the coal-tar
acids in antiseptic value.

Watson Smith (S. C. I. 2, 497) found a
sample of the phenoloids extracted from blast-
furnace tar to eontain only 1-33 p.c. of real

! phénol boiling at 182°C., whereas the tar acids
from Lancashire coal-tars yield about 65 p.c. of
crystallisable earbolic acid. The fraction which
would eontain the cresols (cresylic acid)
amounted to 4-5 p.c. of the total phenoloids.
The larger fractions (19'4p.c.) distilling between
210° and 230° probably consisted mainly of
phlorol (mixture of the xylenols, CgH„.OH) and
creosol C6H3(CH3):(OH)(O.CH,,). A large pro¬
portion of the phenoloids distilled at a tempéra¬
ture above 230°, buttheir nature requires further
study. The fraction distilling above 360° gave,
on treatment with soda and exposure to air, un-
stable colouring matters which are probablyallied
to the eupitonnic acid obtained from wood-tar.

These results show that a certain similarity
exists between the phenoloids of low tempéra¬
ture tars, whether they be obtained by the. dis¬
tillation of wood or sliale, or by the condensation
of gases from blast-furnaces, eoke-ovens, or gas-
producers.

On primâ fade grounds we should expect the
phenoloids of blast-furnaee tar to bave a high
antiseptic value. It was to the phenoloids of
wood-tar that Beichenbach in 1832 first applied
the name of creosote or ' flesh préserver.' When,
soon after, Bunge discovered earbolic acid in
coal-tar, it was eonfused with the wood-tar prin-
ciple, and it is probable that the antiseptic
properties of earbolic acid itself would not have
received such prompt and wide récognition but
for the advantage it derived from its confusion
with the original wood-tar creosote of Beichen¬
bach. In short, wood-tar creosote has been
superseded by the eheaper product from coal-tar
except for certain limited applications.

Neosote. The phenoloids of blast-furnace tar
are now an article of commerce under the name

ofKeosote ('new preservative'). They are ob¬
tained by treating the creosote oil with caustic
soda, and decomposing the solution of the soda-
compound thus obtained, after separating the in¬
soluble hydro-carbon oils, by the waste gases
from the blast furnaces. The carbonic acid in
these couverts the soda into carbonate and the
phenoloids are set free. The solution of sodium
carbonate is causticised with lime, and thus
furnishes caustic soda for treating a fresh
quantity of the creosote oil. The crude pheno¬
loids are redistilled, the distillate furnishing the
'Neosote' of commerce. It contains only 1 or
2 units p.c. of crystallisable earbolic acid, a
large proportion of cresols, and gradually de-
creasing proportions of the higher homologues.

Oxyphenols, similar to or identical with those of
wood. creosote, are also présent, but the method
of purification adopted éliminâtes a large pro¬
portion of these constituents. When freshly
distilled, neosote is almost as colourless as
water, but it acquires a dark yellow or brown
colour by keeping. Experiments made to test
the antiseptic value of neosote have shown that
it is fully able to compare with crude earbolic
acid, wliile its caustic properties (when applied
in a coneentrated condition to the skin) appear _

to be much less marked than those of the gas-tar
product.

Assay of earbolic acid. In cases where ear¬
bolic acid is largely adulterated with hydro-
carbon oils (e.g. naphthalene oils), the proportion
présent may be ascertained by introducing 10 c.c.
of the sample into a graduated tube and adding
gradually, noting the effect produced, 20 c.c. of a
solution of caustic soda, free from alumina, con-
taining 9 p.c. of NaHO. The tube is then closed
and the contents well agitated. If the sample
eontain a considérable proportion of hydro-
carbon oils, the phénols wili be completely dis-
solved by the alkali, while the neutral oils will
form a separate stratum above or below the
other, aceording to their density. A volume of
petroleum spirit equal to that of the sample
used may now be advantageously added. Its
employment facilitâtes the séparation of the
oily stratum, and renders the reading of its
volume more easy and accurate. Of course the
volume of petroleum spirit used must be deducted
from that of the total oily layer. The quantity
of soda prescribed above isnot sufficientto com¬
bine with 10 c.c. of phénols, and hence in the
case of earbolic acid of fair quality the measure
of alkaline solution must be increased to 30 or

40 c.c. This plan is préférable to using a
stronger solution, which is apt to retain liydro-
carbons in solution. In fact, phenate of sodium
dissolves both hydrocarbons and phénols. The
method just described is often useful as a rough
test in works where the général quality of the
earbolic acid is known, but where a more accurate
détermination of the neutral oils is required the
following method should be employed : A known
quantity of the crude earbolic acid (preferably
100 c.c.) is distilled to the point of pitching, and
the whole of the distillate agitated with soda
solution. The alkali should at first be of
moderate strength (sp.gr. 1-125), but the opéra¬
tion should be repeated with fresh quantities of
soda solution of 1-34 sp.gr. until the extraction
is complété, as shown by the séparation of mere
traces of tar-acids on acidifying the alkaline
liquid. To cause the alkaline liquid to separate
completely and promptly from the stratum of
neutral oils, an addition of petroleum spirit
should be made and the whole well agitated.
The petroleum spirit acts as a solvent for the
oils and also prevents the naphthalene from
solidifying or being partly dissolved by the
alkaline liquid. The two layers are then sepa-
rated and the tar acids liberated in a flask with
a long narrow graduated neck, mercury is then
run in until the zéro mark is reached. This
method is decidedly préférable to that of libera-
ting the tar acids in a cylinder. It must be
borne in mind that the tar-acids separated are
not anhydrous.
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The spécifié gravity of crude carbolic acid
at tlie ordinary température should be between
1-060 and 1-065. If lighter than this it is sus-
pieious. In presence of light tar oil, the density
is often as low as 1-040 or 1-045.

For the estimation of the water in crude car¬

bolic aeid, Bach agitâtes the sample with half
its volume of a saturated solution of common

sait. The loss of volume experienced by the
carbolic acid shows the measure of water présent.
If the experiment be made in a burette furnished
with a glass tap, the saline solution can be run
off and the phenolie layer treated with soda solu¬
tion as already described. Other methods have
been described by Beckurts, Schlickum, Salzer,
and Vulpius (J. C. S: 50, 1081). The inferioi
grades of carbolic acid contain the smallest pro¬
portion of water.

The following method of assaying crude car¬
bolic aeid with a view of ascertaining its quality,
and the approximate proportion of crystallisable
phénol contained in it, is due to Charles Lowe,
and is said to be largely employed by manufac¬
turera :—1,000 grains or 100 c.c. measure of the
sample is placed in a retort (without any spécial
eondensing arrangement) and distilled, the liquid
which passes over being collected in graduated
tubes. Water first distils, and is followed by an
oily fluid. When 10 p.c. by measure of the
latter has been collected, the receiver is changed.
The volume of water is then read oil If the
oily fluid fioats on the water, it contains light
oil of tar. It should be heavier than water, in
which case it rnay be regarded as hydrated acid
containing about 50 p.c. of real carbolic acid.
The next portion of the distillate consists of
anhydrous acid, and when it measures 62-5 p.c.
the receiver is again changed. The residue in
the retort consists wholly of cresylic acid and
still higher homologues of carbolic acid. The
02-5 p.c. of anhydrous acid contains variable
proportions of carbolic and cresylic acids. These
may be approximately determined by ascertain¬
ing the solidifying point, which should be be¬
tween 60° and 75°F. (15-5° and 24°C.). Having
ascertained this température, a mixture of pure
carbolic and cresylic acids is made in such pro¬
portions as to have the same solidifying point.
This may be adjusted by trial, or a sériés of
standard specimens may be prepared. The
exact point of solidification can be more sharply
read if a minute fragment of crystallised car¬
bolic acid be added to induce the commence¬

ment of the change of state ; or the sample
may be solidified, and the liquefying point
noted.

Many qualities of crude carbolic acid now
contain a comparatively small proportion of
light oils (5 to 6 p.c.), and hence a notable quan-
tity of carbolic acid is lost in the 10 p.c. first
distilled. This raises the proportion of cresylic
acid in the 62-5 p.c. next collected, and hence a
product is obtained having too low a solidifying
point. A préférable plan of assaying the second
and third qualities of carbolic acid would pro-
bably be to reject ail that passes over below
185°, then distil to 190° or 195° and take the
measure and solidifying point of this fraction.
For No. 1 quality, with 62-5 p.c. of distillate
crystallising above 70°F., only the portion pass-
ing over below 180° to 182° should be rejected.

About 12 p.c. of water usually passes over from
this kind of aeid, tliough the proportion ranges
from 10 to 17 p.c., and at times 10 p.c. of ncu-
tral oils are présent. By stipulating that a
sample should contain a certain proportion of
anhydrous phénol (exclusive of neutral oils as
estimated by soda) distilling below a given
température and having a definite solidifying
point, a more accurate knowledge of the product
would be obtained. Or the quality of the
sample might be simply expressed in units of
anhydrous phénols solidifying at a certain fixed
température.

The mixtures of phénols from shale-tar and
blast-furnace creosote are liable to be sold for
crude carbolic acid from gas-tar. This substitu¬
tion can be detected by a modificàtion of Hager's
glycerin test : on treatment with 3 measures of
75 p.c. glycerin the greater portion remains un-
dissolved, while carbolic acid, particularly in
the absence of neutral tar oils, would be dissolved
on repeated shaking with the diluted glycerin.
If the small quantity of phénol dissolved by the
glycerin from shale-tar and blast-furnace créo¬
sote be extracted by ehloroform, and the latter
allowed to evaporate spontaneously, the residue
will give the reactions of carbolic acid fairly
perfectly. The colouration with ferrie ehloride,
however, changes from violet-blue to brown in-
stead of remaining permanent, as is the case
when crude carbolic acid from gas-tar is treated
in the same manner.

Carbolic Powders. A variety of disinfect-
ing powders are now made which owe their
effieacy chiefly to the fact of their containing
more or less crude carbolic acid. In some cases

the basis of the powder is slaked lime, but the
résultant ' carbolate of lime ' is of little value
for antiseptic purposes. A number of substances
besides lime have been employed and patented
as absorbents of carbolic acid for the manu¬

facture of carbolic powders. Thus ' MacDougall's
disinfecting powder,' the oldest préparation of
the kind, is made by adding a certain proportion
of crude carbolic acid to a crude sulphite of
calcium, prepared by passing sulphurous acid
gas over ignited limestone. Sulphurous acid
is introduced into other powders by the direct
addition of a solution of calcium bisulphite, and
the use of other sulphites has also been patented.
' Calvert's carbolic acid powder ' is made by add¬
ing carbolic acid to the siliceous residue result-
ing from the manufacture of sulphate of alu¬
minium or patent alum, from shale or kaolin.
Calcium sulphate is likewise a suitable absorbent,
and kieselguhr has been patented by C. Lowe for
the stronger powders. Good ordinary carbolic
acid powders contain from 12 to 18 p.c. of car¬
bolic acid. As much as 50 p.c. is absorbed by
kieselguhr. The use of peat as an absorbent of
carbolic acid has been patented by West-Knights
and Gall, while Allen and Angus have patented
the use of blast furnace slag as an absorbent.
Limestone is also used as a base, and spent gas-
lime has been patented by Austin. A mixture
of bleaching powder and phénol recently reeeived
protection. MacDougall Bros, have patented the
use of soluble salts as absorbents of carbolic acid,-
the résultant powder being more readily removed
and less liable to choke up drain-pipes than the
préparations commonly employed.
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A step in the same direction is the patented
préparation called borophenol, which is made
by absorbing carbolie acid in dried borax.

Assay of carbolie powders.—The relative
antiseptic values of différent carbolic powders is
best deterrnined by incorporating a definite
amount of each sample of powder with some
putrescible liquid or semi-liquid substance, keep-
ing each set of experirnents in the same atmo¬
sphère as far as possible, and noting the number
of hours or days which elapse before décom¬
position takes place. Amongst the most suitable
putrescible substances to experiment upon may
be mentioned fresh urine, a somewhat weak
nutritive gelatin, and beef-tea, filtered whilst
warm. When liquids are worked upon, a micro-
scopic search for bacteria should be made at
intervais of 12 to 24 hours.

For the détermination of the percentage of
cni.dc acid contained in silieeous carbolic pow¬
ders, a method frequently used is to introduee
1,000 grains or 100 grams of the powder into
a tubulated glass or copper retort, and heat the
vessel over a flame. Crude carbolic acid distils
over and may be collected in a graduated tube.
The process is continued as long as anything
passes over. The heat should be. increased to dull
redness and the contents of the retort occasion-
ally shaken towards the end of the process. On
standing, the aqueous portion of the distillate
separates from the oily liquid, and the volume of
the latter may be read off. A combustion tube
of glass or iron, through which a slow current
of eoal-gas is caused to pass, may be advan-
tageously substituted for the retort. To di-
minish the ioss due to solubility of the carbolic
acid, the aqueous layer may be saturated with
powdered anhydrous sodium sulphate, when the
dissolved carbolic acid will rise to the surface.

When carefully conducted, the foregoing
process lias yielded fairly satisfactory resuits,
tliough test experirnents have indicated that the
proportion of carbolic acid obtained is always
below the truth. A better and more accurate
process is the following, omitting the treatment
with sulphuric acid as unnecessary in the case
of silieeous powders.

In the case of powders made with lime, or
others in which the carbolic acid exists in com-

bination, the methods of distillation and direct
treatment do not give accurate resuits. For the
détermination of crude carbolic acid in such
powders, the disinfecting value of which is
very doubtful, the following method may be em-
ployed:—50 grams of the sample should be
mixed in a large mortar with 5 c.c. of water.
Strong sulphuric acid, previously diluted with
au equal bulk of water, is then added very gra-
dually, a few drops only at a time. After each
addition the whole is well mixed with the pestle.
The addition of the acid, which should extend
over some hours, to avoid sensible rise of tem¬
pérature, is continued until a minute fragment
of the well-mixed contents of the mortar shows
an acid reaction on moist litmus paper when
placed upon it. If the mixture be pasty, suffi-
cient sand is mixed with it to cause it to granu-
late, and the mortar is then covered up and left
for some hours. By proceeding in this way the
whole of the lime combines with the sulphuric
acid and water to form gypsum, while the car¬

bolic acid is liberated. The product is then ex-
liausted with ether or gasolene in a Soxhlet-tube
or similar contrivance, and the ethereal solution
thus obtained treated with about 20 c.c. of strong
soda of 1-20 sp.gr. After agitating, the greater
portion of the ether is distilled off and the con¬
tents of the flask or retort used transferred to a

separator. The ethereal layer which contains
the tar oils is evaporated in a tared flask, and,
after heating till constant at 100°C., weighed, or,
if preferred, measured by some suitable means1.
It is désirable to shake the soda solution with
a fresh quantity of ether and add the ether-
washings to the main quantity. Naphthalene,
if présent, will be removed by the ether. The
soda solution is now boiled for a few minutes to
remove ether, and acidified in a narrow cylinder
with dilute sulphuric acid (1:3). When the
liquid lias stood some time and is thoroughly
cold, the layer of separated phénols is measured.
Each cubic centimètre weighs about 1-05 grams.
Hence an addition of one-twentieth to the mea-

sure gives the correct weight. The resuits are
somewhat below the truth, chiefly owing to the
solubility of phénols in aqueous liquids.

J. Muter substitutes alcohol for ether in the

foregoing process (Analyst, 12, 191).
The sulpliurous acid contained in certain dis¬

infecting powders may be deterrnined by stirring
1 gramme of the sample in a mortar with a
small quantity of distilled water free from air,
and decanting the liquid into a flask containing
50 c.c. of ordinary deeinormal solution of iodine
and about 250 c.c. of water. The residue in the
mortar is repeatedly treated with fresh quantities
of water which are transferred to the flask, and
the undissolved powder is finally rinsed in.
Very dilute hydrochloric acid is now added cau-
tiously until the contents of the flask show a
distinctly acid reaction, when the excess of
iodine is deterrnined by thiosulphate in the usual
way. Each c.c. of deeinormal iodine reduced by
the sulphite présent represents 0-0032 gram of
S02.

Tribromophenol C8H2Br3.OH is one of the
newer substances which bid fair to become of
some considérable value as antiseptics. Accord-
ing to Dr. Grimm (Ph. J., June 2,1888), a gauze,
containing 2 or 3 p.c. of tribromophenol, when
saturated with blood-serum or urine, remains
perfectly odourless for fourteen days, whilst a
1 p.c. gauze only begins to smell after five days.
1 p.c. of an ammoniacal solution of tribromo¬
phenol added to putrescent blood-serum is said
to destroy the bacteria in half an hour, whilst
■j p.c. solution is effective in one hour. Its pré¬
sence in a gelatin-cultivation liquid in the pro¬
portion of 3 in .1,000 is said to prevent the deve-
lopment of putrefactive bacteria

When administered internallytribromophenol
is taken up by the alkaline sécrétions of the in¬
testinal canal and eliminated with the urine as

tribromophenolsulphonic acid.
Ortho-phenolsulphonic acid CSH, | gfyyje).

This body bas been recently introduced as an
antiseptic under the names of aseptol and
sozolic acid. It is prepared, mixed with more
or less of the para- acid, by mixing équivalent
quantities of phénol and strong sulphuric acid
in the cold, and removing unacted-on sulphuric
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acid by adding barium carbonate. The free sul-
phonic acid is then obtained by treating the fil-
tered liquid with an équivalent amount of sul-
phuric acid, and again filt'ering.

Ortho-phenolsulphonic acid is soluble in
water in ail proportions, and is also soluble in
alcoliol or glycérine. It Iras very little corrosive
action, and is praetically non-poisonous. It is
alleged to have an antiseptic action three times
as powerful as that of phénol, while the sodium
sait is still more energetic. In its général actions
it resembles the para- acid, into wliieh it is con-
verted by beat.

The aseptol of commerce is a 33 p.c. aqueous
solution of the phenolsulphonic acid.

Para-phenolsulphonic acid C6H, yq"jj(<i),
also ealled sulphophenic or sulphocarbolic acid,
is produced commercially by the direct action of
concentrated sulphuric acid on phénol. If the
acids are diluted beyond a certain point no
action takes place.

Para-phenolsulphonic acid is soluble in water
and in alcohol, but insoluble in etlier and in
chlorôform. Sulphophenic acid is a decided
antiseptic, and its solutions coagulate albumin ;
but these properties are not shared by the sul-
phophenates until after addition of acetic acid.
The free acid and its salts do not suffer décom¬
position in aqueous solution even when exposed
to the air, and their solutions are not decom-
posed by boiling. The commercial sulphocarbo-
lates are salts of para-phenolsulphonic acid.

Para-phenolsiilphonates. Sulphophenates.
The sulphophenates are ail soluble in water and
mostly soluble in alcohol, especially when hot,
but are insoluble in ether. The sodium and
calcium salts have been employed in medicine
as a means of internally administering carbolic
acid. Only distinctly crystalline specimens
should be used, and they should have but a very
faint odour of phénol.

The presence of unconverted phénol in sul¬
phophenates may be detected by acidulating the
solution with dilute sulphuric acid and agitating
the liquid with ether or chloroform. The phénol
left on spontaneous evaporation of the ether
may be detected by its odour and by the yellow
colour developed on heating with nilrie acid and
then neutralising with potash. A faint yellow
colour should be neglected, as it may be due to
a trace of sulphophenic acid dissolved by the
ether.

Iodo-paraphenolsulphonic acid. When one
molecule of iodine (in the form of a mixture of
potassium iodate and iodide) is added gradually
to one molecule of potassium para-phenolsul-
phonate dissolved in excess of dilute hydrochlo-
ric acid, iodine at first separates, but is quickly
re-absorbed, and after a short time the liquid
sets to a dense mass of long thin prisms of po¬
tassium diiodo-paraphenolsulphonate,

CSH2I2(0H)S03K + 2H.,0.
This sait requires about 50 parts of water for
solution, and when heated décomposés without
melting at about 270°, with évolution of violet
vapours of iodine. The sodium sait (normal)
forms a white crystalline powder containing 2
mois. H.,0, infusible at 200CC. It is odourless,
soluble in 13 parts of cold water, and more
readily in hot, and is also soluble in alcohol.

Sozoiodol is the commercial name given to
certain diiodo-phenoisulphonates. ' Easily solu¬
ble sozoiodol' is the sodium sait, while the
potassium sait forms the ' difficultly soluble'
modification (P. J. [3] 18, 538, 021, 1006).

Thymol, C]0HlrOH. This body, which lias
the constitution of an isopropyl-methyl-phenol,
has marked antiseptic properties, though its
cost and insolubility prevent its very extensive
application.

Naphchols, C]0H7.OH. Both a- and jSnaph-
thol possess marked antiseptic properties. Ac-
cording to C. Bouchard (C. K. 105, 702) /3-naph-
thol is a valuable antiseptic for deep wounds of
internai administration. 0'33gramoff)-naphthol
in 1,000 c.c. of the usual cultivation-liquids
prevented the development of eleven species of
bacteria, ineluding those of anthrax, chicken
choiera, and pneumonia, and a weak cultivation
of the typhoid bacillus. It also retarded the de¬
velopment of the bacillus of tuberculosis. It
prevented the fermentation of urine, and the
production of putréfaction by frecal matter. It
is a feeble poison.

According to J. Maximovitch o-naphthol is
more powerfully antiseptic than /3-naphthol, and
has only one third of the poisonous action. The
quantity required to prevent the development of
microbes varies from 0'01 to 0-04 p.c., according to
the nature of the microbe and the nidus. Theonly
available solvents for naphthol are alcohol and
alkaline solutions. The latter materially dimi-
nish the antiseptic value owing to the formation
of definite compounds, while from the alcoholic
solution the naphthol is precipitated by dilution
with water. If a solution of soap be employed
for diluting the spirit the précipitation is less
complété, and, in addition, the viscosity of the
liquid facilitâtes the suspension of the finely
divided naphthol. A mixture of camphor and
naphthol liquéfiés at the ordinary température,
and if naphthol be dissolved in camphorated
spirit dilution does not cause complété précipi¬
tation of the naphthol, or at any rate the naph¬
thol remains fluid and is more miscible with
water.

A préparation, the exact nature of which
has not been made public, has been introduced
under the name of hydronaphthol. It has been
alleged that this substance is merely more or
less pure 0-naplithol, but this is strongly denied,
and it is stated to be twelve times as potent as
carbolic acid and thirty times as efficient as
salicylic acid. It is further said to be non-
poisonous, non-corrosive, and harmless, and as
a germicide to rank second only to mercuric
chloride.

Ahoiiatic acids.

Salicylic acid, 07'tho-hydroxybenzoic acid
r „ f OH'1'

^COOHW-
This body possesses very marked antiseptic pro¬
perties, and, owing to its slight taste and its
général suitability, it has been used somewhat
largely for the préservation of food.

Salicylic acid is soluble with tolerable facility
in hot water, but separates for the most part
on cooling. Its solubility has been variously
stated at from 1 part in 300 to 1 part in 1,000.
ISy the presence of various neutral salts its solu-
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bilily is increased without its antiseptio value
heing interfered with. Thus :

Mixed with 1 part potassium nitrate it dis¬
solves in 50 parts of cold water.

Mixed with 1J parts ammonium citrate it
dissolves in 60 parts of cold water.

Mixed with 2 parts sodium sulphite it dis¬
solves in 50 parts of cold water.

Mixed with 2 parts sodium phosphate it dis¬
solves in 50 parts of cold water.

Mixed with 2£ parts sodium phosphate it
dissolves in 12.3 parts of cold water.

Salicylic acid is very soluble in solutions of
borax, a compound of the formula

Na(BO)2C,H50?
being said to be fornied. The liquid soon under-
goes décomposition. Salicylic acid is soluble in
alcohol (1 in 2|) ; amylic alcohol (1 in 4) ; ether
(1 in 2) ; chloroform, and benzene (1 in 80). It
would appear from recorded experiments that
salicylic acid has much greater power as an
antiseptic when used for preserving some sub¬
stances than it has when employed for others.
This statement holds good with every antiseptic
more or less, but it seems to be particularly the
case with salicylic acid.

Bucholtz placed salicylic acid between benzoic
and carbolic acids in efficacy, when experiment-
ing with a cultivation-liquid containing sugar,
ammonium tartrate, and potassium phosphate.
The relative powers whieh prevented the de-
velopment of bacteria being : benzoic acid, 1 part
in 1,000 ; salicylic acid, 1 part in 666 ; carbolic
acid, 1 part in 200.

According to the investigations of Koch,
salicylic acid, like carbolic acid and thymol, has
no antiseptic power if used in solutions made
with either alcohol or oil, except when applied
to such substances as contain water (i.e. flesh
&c.), when some of the antiseptic is taken up by
the water, and is then rendered active.

Beer and wine can be preserved by the addi¬
tion of 1 part in 10,000 of salicylic acid. The
acid is extensively employed for preserving milk.

Commercial salicylic acid. The salicylic
acid of commerce is much purer than was
formerly the case, when more or less sodium
chloride, phénol, cresotic acid, and para- and
mela-hydroxybenzoic acids were frequently pré¬
sent. Salicylic acid is stated to have been met
with in America adulterated with acid potassium
sulphate, gypsum, stareh, sugar, &c. Chloride
of sodium and other minerai impurities will
remain on igniting the sample. Phénol is es-
pecially liable to be présent in specimens of
salicylic acid which have been sublimed. It
may be detected bv nearly neutralising the solu¬
tion of the sample with sodium carbonate, and
agitating the liquid with ether. On separating
and gently evaporating the ethereal layer, the
phénol may be recognised by its odour, taste,
and chemical reactions.

H. Kolbe tests the purity of commercial
salicylic acid by dissolving 0-5 grams of the
sample in 5 or 6 c.c. of strong alcohol, pouring
the solution into a watch-glass, and allowing it
to evaporate spontaneously. The residual sali¬
cylic acid forms a ring of beautifully aggregated
efflorescent crystals round the edge of the watch-
glass. This mass is pure white if the sample of
the acid tested be pure and recrystallised, but

yellowish or yellow if the simply precipitated
acid be under examination. If the colour be
brownish or brown, the acid is unfit for in¬
ternai use.

The properties of salicylic acid are much
modified by the presence of its next homologue,
cresotic acid, C„H3(CH3)OH.COOH. Thus, pure
salicylic acid requires about 22 parts of boiling
water for solution, while samples containing
cresotic acid dissolve in 14 of boiling water, or
even a sm aller proportion. If to the solution so
obtained about one-fifth of alcohol be added, and
the liquid allowed to cool, pure salicylic acid
will form separate distinct crystals not cohering
together, while samples containing cresotic acid
form a network or woolly mass of small or in¬
distinct crystals.

Meta- and para- hydroxybenzoic acids are
said to be occasionally présent in commercial
salicylic acid. They are stated to have no anti¬
septic value. They also differ from salicylic
acid in not volatilising in a current of steam,
and in not yielding the characteristie deep violet
colouration with a solution of ferrie chloride, a
reaction which is common to salicylic acid and
the three isomeric cresotic acids.

Many of the metallic salicylates are em¬
ployed in medicine.

A basic salicylate of mercury of the formula
C„H, | oNa '^0^"" has been recommended for
use in place of mercuric chloride in the anti¬
septic treatment of wounds.

Salol, Phenylsalicylate C6H4(OH).CO.O.C6H5.
This préparation is now manufactured by heating
the product of the action of carbon dioxide on
sodium phenate with phosphorus oxychloride or
pentachloride, when phenyl salicylate and meta-
phosphate and chloride of sodium resuit. Phos-
gene gas (carbon oxychloride) may be substituted
for phosphorus pentachloride (S. C. I. 5, 677).

Salol crystallises in rhombic prisms which
melt at 42-43°C. It usually occurs as a white
crystalline powder of very faint aromatic odour,
but the dÛute alcoholic solution has a smell
resembling that of winter-green oil, probably
owing to the formation of traces of ethyl sali¬
cylate. It is almost tasteless, and nearly in¬
soluble in water, but dissolves in alcohol, ether,
chloroform, petroleum spirit, and liquefied car¬
bolic acid.

The alcoholic solution of salol is coloured
violet by ferrie chloride, while bromine gives a
precipitate in the form of long needles, consist-
ing of a bromo- derivative, C13H903Br, crystal-
lising from alcohol in silky needles which melt
at 98'5°C. When boiled with caustic soda, salol
is readily saponified, and the solution, when
acidulated with hydrochloric acid, gives an odour
of phénol and a copious precipitate of salicylic
acid, which, after washingwith cold water, gives
with hot water a solution coloured violet by
ferrie chloride.

Salol should not redden moistened litmus
paper ; and when shaken with 50 parts of water
should give a filtrate which is not rendered
violet on addition of one drop of ferrie chloride,
nor any immédiate change on adding silver ni¬
trate or barium chloride.

Salol is employed in medicine as a substitute
for metallic salicylates and winter-green oil.
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Being insoluble, it passes unclianged through
the stomach, but in the duodénum is decomposed
into phénol and salicylio aeid, and these pro-
duets can be detected in the urine, which is
usually very dark in colour, as after the ingestion
of phénol, of which salol contains 38 p.c. As an
antipyretic, antiseptic, and antirheumatic, salol
possesses properties of value. When applied
externally it lias no eorrosive action, and its
lower melting-point gives it some advantages
over salicylic acid.

According to Lôwenthal (C. B. 107, 1169),
salol will kill choiera bacilli already developed
in a paste containing pancreatic juice, and its
addition to a paste before the sowing of the
bacilli will render the paste stérile.

Cresyl salicylales are obtained by processes
analogous to that used for the préparation of
salol. They resemble salol and have a similar
antiseptic value, but have not so strong an odour.
The salicylate from ortliocresol melts at 35°C.,
that from metacresol at 74°C., and that from
paracresol at 39°0. In the System they are
split into salicylic acid and the eresols from
which they are clerived. In the case of the com-
pound from paracresol, the cresol is eliminated
partly as a cresyl-sulphuric acid.

A body analogous to salol may be obtained
by substituting resorcinol for phénol.

Naphthyl salicylate C0H4(OH)CO.O.C10H7OT,
a body analogous to salol, has been introducecl
into commerce under the name of ' betol.' It
forms small, lustrous crystals, melting at 203°,
almost devoid of taste, and insoluble in water,
but soluble in alcohol and fatty oils.

Carbonaphtholic acid, a body prepared by
acting on naphthol with carbon dioxide in pré¬
sence of sodium, is said to have powerful anti¬
septic properties, though somewhat poisonous.

Benzoic &ciA,Phenylformic acid C6H5.CO.OH.
B. G. Eccles recommends benzoic acid as being
less objectionable than most of the ordinary
antiseptics when used for most internai purposes,
or applied to a delicate membrane or delicate
portion of the body (such as the eye,in collyria),
&c.

He considers that it can be used with advan-
tage to preserve alkaloidal solutions, such as
are now becoming more and more used in
ophthalmic surgery, and states that when such
solutions are applied to the eyes, the benzoic
acidemployeddoesnotproduce the least irritation.

It possesses about 60 times the antiseptic
value of boric acid. According to some ob-
servers its antiseptic value is superior, and,
according to others, inferior, to salicylic acid.

It does not impair the flavour of fruit juices.
It is excreted as hippuric acid, a normal con¬
stituent of urine.

Sodium benzene-sulpliinate is a compound
obtained by dissolving benzoic acid in a con-
centrated solution of sodium sulphite. It is very
soluble in water at the ordinary température,
and the solution has been recommended as an

antiseptic dressing for wounds. It is said to
be more efficient than phénol, and to rank with
mercuric salts and iodoform, without having
the poisonous eharacters of the former, or the
disagreeable odour of the latter.

Cinnyl alcohol possesses valuable antiseptic
properties, being as powerful in this respect as

thymol. A saturated aqueous solution forms a
convenient dressing for ulcerated surfaces.

Basic Disinfectants.
Certain organic bases have antiseptic pro¬

perties of a very high order. Thus the value
of creosote oils for preserving timber is pro-
bably materially increased by the presence oi
acridine, C13H,,N. Pyriditle and its analogues
have also antiseptic properties, and their em¬
ployaient has formed the subject of several
patents.

Hydroxylamine and phenylhydraziue have
also been found to have marked antiseptic pro¬
perties, and the same is probably true of many
similar bodies.

Trimethylaniine does not appear to be a
powerful antiseptic ; but, according to Wollieim,
on adding milk of lime to herring-brine a
' soluble gaseous reagent ' is produced which is
highly inimical to bacterial life. It is stated
that sewage treated with a small proportion of
lime and herring-brine is sterilised so perfectly
that neither the precipitate nor liquid shows
any further tendency to putrefy.

Essential Oils.

Many of the essential oils possess well-marked
disinfectant properties, a eharacter which in
some cases is probably associated with the for¬
mation of hydrogen peroxide. This property
has been utilised by C. T. Kingzett in the pré¬
paration of the disinfeetant commercially known
as Sanitas by the action of air and water on
oil of lurpentine. The value of eucalyptus oïl is
well known.

W. Léonard Braddon (Lancet, March 24,1888,
179), has directed attention to the valuable anti¬
septic properties of oil of peppermint, and points
out that Koch found that one part of this oil in
300,000 arrested the development of the spores
of the charbon bacillus, and that the vapour
speedily killed both spores and bacilli. Braddon
considers oil of peppermint one of the strongest
and most reliable of antiseptic agents, and has
found marked good effects from its use in diph-
theria and the early stages of phthisis.

A. H. A.
DISTILLATION. The object of distillation

is the séparation of a volatile liquid from a non-
volatile substance, such as pure water from sea
water, or more commonly the séparation of two
or more liquids of différent volatility.

The apparatus required consista essentially
of four parts ; a still or boiler, a, fig. 1, in which

the liquid is boiled ; an upright tube or head, B ;
a eondensing tube, c, sloping downwards and
cooled by suitable means—a Liebig's condenser,
L, through which a current of water is passed,
being generally employed in the laboratory;
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lastly, a receiver, b, to oollect the distilled liquid.
Ihe form of apparatus shown in fig. 2 is con-
venient for many purposes ; the still, the head,

and the condensing
tube are sealed to-
getlier in one pieee.

The still is usu-

ally heated by the
flame of a Bunsen

, burner.but for very
volatile and in¬
flammable liquids a
water bath should

Fia. 2. be used ; the Lie-
big's condenser is

nunecessary for liquids winch boil above 160° or
170° if the condensing tube i3 fairly long.

If the température at which the liquid boils
is to be ascertained with accuracy, and this is
generally the case in fractional distillation, espe-
oially in the final purification of a liquid, the
following points should be attended to.

1. The thermometer should be carefully cali-
brated, and it would be a great advantage if ail
thermometers were compared with an air ther¬
mometer, for différent kinds of glass expand
very differently when heated, and therefore two
thermometers, constructed of différent varieties
of glass, will give différent readings, especially
at high températures.

2. The zéro point of the thermometer should
be redetermined from time to time. It is a good
plan to heat the thermometer for several hours
to about 300° or 360° before ealibrating it ; the
subséquent changes of zéro point, which other-
wise might be considérable at high températures,
are thereby greatly reduced. (Crafts, C. R. 95,
910 ; also several earlier papers.) Thermometers
treated in this manner may now be purchased.

3. For high températures the thermometers
should contain nitrogen to prevent volatilisation
of mercury in the heated stem ; if the thermo¬
meter is provided with a small bulb at the top,
rise of pressure owing to compression of the gas
in the thermometer is avoided.

4. The thermometer should, if possible, be
so placed in the apparatus that not only the bulb
but also the eolumn of mercury in the stem is
surrounded by the vapour of the boiling liquid ;
otberwise the following correction, which at the
best is somewhat uncertain, must be applied

N = length of eolumn of mercury in scale
degrees not heated by vapour.

T = température of vapour (the approximate
température directly read on the thermometer is
usually sufflciently accurate).

t = mean température of eolumn of mercury
not heated by vapour. This température may be
approximately ascertained by attaching a small
thermometer to the other by means of thin india-
rubber bands or wire, with its bulb at about the
middle of the unheated eolumn.

Correction—add 0-000143 (T-f)N.
The co-efficient 0-00016 is usually employed,

but Holtzmann pointed outthat this is too high,
and adopted the number 0-000135 ; Thorpe,
however (C. J. 1880, 159), has shown that the
co-efficient 0-000143 gives the best results.1 The

1 Rimhach (B. 22, 3072) has constructed tables of cor¬
rections by interpolation from expérimental data up to
220° for two kinds of thermometers graduated in degrees,
and up to 100° for thermometers graduated in tenths of a

Von. I.— T

following table for the correction of thermometer
readings is taken from Thorpe's paper :—
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5. When the amount of liquid in the bulb is
very small the vapour is liable to be superheated
degree. AU these thermometers were constructed of Jena
glass, and from the results it would appear that the form of
the thermometer, and doubtless also the nature of the glass.
have a notable influence on the magnitude of the correction.

Y YIRIS - LILLIAD - Université Lille 1



690 DISTILLATION.

by the flame, and unless the bulb of the thermo
meter is thoroughly moistened witk condensed
liquid, too high a température will be registered.
If a very little cotton-wool or, for températures
above 230°C., a little fibrous asbestos be wrapped
round the bulb of the tkermometer, it remains
thoroughly moist, and with a pure liquid the
thermometer registers a perfectly constant tem¬
pérature until the last trace of liquid in the bulb
has disappeared (Bamsay and Young, C. J.
1885, 42).

6. The barometer should always be read, and
corrected to 0°C., for the boiling-point of a liquid
varies greatly with the pressure. It is impossible
to give any accurate and generally applicable
formula for correcting the observed boiling-point
to that under normal pressure (760 mm.), but
the following may be taken as fairly approximate :

$ = or (MP-760).f3 + *' 8200 ' 10000
where 8 is the correction in degrees centigrade,
t is the observed boiling-point,
and p is the barometric pressure.

The first correction is applicable to the
majority of liquids, the second to water and the
lower alcohols (Bamsay and Young, P. M. 1885,
515). For a more accurate method of correction
v. Crafts (B. 20, 709). It is probable that the
"wide différences observed by différent chemists
in the boiling-point of many liquids not very
difficult to obtain in a fair state of purity may
be accounted for by the neglect of some of the
précautions described.

The various parts of the simple apparatus,
figs. 1 and 2, may require modification under
certain circumstances.

The still. For larger quantities of liquid a
tin or copper vessel is préférable to glass.

The head. The modifications of this part
of tlîe apparatus will be considered under frac-
tional distillation.

The condenser. For very volatile liquids the
condensing tube must be cooled by ice or a
freezing mixture (pounded ice and sait or ice
and concentrated hydrochloric acid, &c.). In

Fig. 3.

this case a spiral or ' worm ' tube should be
used (fig. 3). Condensation of moisture in the
receiver is prevented by the drying tube a.

The receiver. If a liquid boils at a very high
température, or if it suffers décomposition at the
ordmary boiling-point, it may be necessary to
distil it under redueed pressure. For cases of
simple distillation the apparatus shown in fig. 4
may be employed, but if the distillate is to be
collected in separate portions, as in fractional
distillation, the removal of the receiver would
neeessitate the admission of air into the appa¬
ratus and a fresh exhaustion after each change.
This inconvenience may be obviated by the em-

ployment of stopcoeks arranged in such a manner
that air may be admitted into the receiver and a
fresh one put in its place while the distillation

Fig. 4.

bulb remains exhausted. (Thôrner, B. 9, 1868 ;
F. D. Brown, C. J. 1879, 554 ; L. T. Thorne,
B. 16, 1327 (fig. 5) ; Lothar Meyer, B. 20, 1834.)

Fig. 5.

Or again a sériés of receivers on a revolving
stand placed under an exhausted bell-jar maybe
employed. (Gorboff and Kessler, B. 18, 1363 ;
Bruhl, B. 21, 3339 (fig. 6).)

Fio. 6.

Many liquids absorb moisture from the air or
are acted upon by oxygen, and in these cases
spécial précautions must be taken, the moist air
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in the apparatus being expelled ancl replaced by
dry air, carbon dioxide, nitrogen, or hydrogen ;
the reeeivers must also be protected by drying
tubes. For example, v. Thorpe, C. J. 1885,
120.

Theory of distillation. Investigations of the
vapour pressures of liquids have thrown much
liglit on the subject of distillation. If a pure
liquid be confined in the spaee above the mer¬
cury in a barometer tube, it will evaporate until
the pressure of its vapour—measured directly
by the dépression of the mercury column—has
reached a definite amount, which, for a given
substance, and if liquid be still présent, dépends
solely on the température. From the readings
of pressure at various températures we may
construct a eurve to illustrate the relations of
température to pressure for a given substance,
but this curve has a two-fold meaning, for it
represents not only the vapour pressures (vapour
tensions) at definite températures, but also the
boiling-points of the liquid under definite pres¬
sures. Thus the vapour pressure of pure water
at 100°C. is 760 mm. of mercury at 0°) and
under a pressure of 760 mm. water boils at
100°. Again, the vapour pressure of rvater at 0° is
4-6 mm., and if the pressure in a distillation
bulb containing water be reduced to 4-6 mm.
the water will boil at 0°. The truth of this
général statement was conclusively proved by
Eegnault (Mém. de l'Académie, vols. 21 and 26).

Eegnault has also investigated the behaviour
of mixed or heterogeneous liquids, which he
divides into three classes :—1. Liquids which
are quite or almost insoluble in each other ;
2. Liquids which are miscible only within cer¬
tain limits ; 3. Liquids which mix in ail propor¬
tions. Eegnault employed both the statical and
dynamical methods of investigation, that is to
say, he determined on the one hand the vapour
pressures of the heterogeneous liquids at various
températures in the barometer tube, and on the
other hand the boiling-points of the liquids
under various pressures.

I. The first class of heterogeneous liquids
gives the simplest results, for the vapour pres¬
sure at any température is—approximately at
any rate—thesumof the vapour pressures of the
constituents at the same température ; in other
words, the liquids evaporate independently of
each other (v. also Magnus, P. 38, 488). It is
obvious, however, that we must not have one
liquid covered by a long column of the other,
especially if the heavier liquid is also the less
volatile. In this observation of Eegnault's lies
the explanation of the fact that liquids which
boil at a much higher température than water
and are insoluble in it, pass over with the steam
when the two substances are distilled together.
This process of distillation with steam is very
frequently made use of in order to separate high
boiling liquids such as aniline from non-volatile
impurities ; it is especially useful when the
liquid is liable to, décomposé at its ordinary
boiling-point.

If this généralisation is rigorously correct,
and if we know the vapour pressures of the two
non-miscible liquids, we can calculate the tem¬
pérature at which the heterogeneous liquid will
boil—so long as the relative quantity of either
liquid is not too small—and also the relative

weights or volumes of the two liquids in the
distillate.

The following example will illustrate the
method of calculation. The substances are

water and chlorobenzene, the vapour pressures
of which are accurately known.

Température
Vapour pressure

Chlorobenzene Water Total

90° 208 35 525-45 733-8
91° 215-8 545-8 761-6
92° 223-45 566-75 790-2

Under a pressure of 761-6 mm. the hetero¬
geneous liquid should boil at 91'0°.

In a litre of the vapour at 91° and 761-6
mm. we shall have, according to Dalton's law
of partial pressures, 1 litre of chlorobenzene at
91° and 215-8 mm. and 1 litre of steam at 91°
and 545-8 mm. Now the vapour density of
chlorobenzene is 56-2 and of water 9 ; there-
fore the weights of chlorobenzene ancl water
in a litre of the mixed vapour will be—

0-0896x56-2 + 273 x 215-8Chlorobenzene

Water

(273 + 91) x 760
0-0896 x 9 x 273 x 545-8

(273 + 91) x 760
or the relativé weights will be ^ x ^ ; orb 9x545-8
generally, if d and D be the vapour densities
of the two liquids and p and P their vapour
pressures at the calculated boiling-point, the
ratio of the weights in the vapour and therefore
in the distillate will be ^ = ®• Nau-
mann, B. 10, 1421, 1819, 2015, 2099, and
Brown, C. J. 1879, 550). That these laws
are in accordance with the facts may be seen
from the following experiment. Eighty grams
of water and 110 grams of chlorobenzene were
distilled until about 3 grams of chlorobenzene
and nearly 40 of water remained in the flask.
Bar. pressure 740-2 mm. Boiling-point calcu¬
lated 90-25; observed 90-25 to 90-35. Percentage
by weight of chlorobenzene in distillate :—calcu¬
lated 71-2 ; observed 71-6. The distillate was
collected in five portions, each of which had
■practically the same composition. On con-
tinuing the distillation the température rose
rapidly when the chlorobenzene had nearly dis-
appeared.

The following laws hold good for the distil¬
lation together of two (or more) insoluble
liquids ; —

1. The boiling-point is lower than that of
either component, and may be calculated if the
vapour pressures of the components are known ;
it remains constant until nearly the whole of
either of the liquids has been removed.

2. The composition of the distillate re¬
mains constant until the quantity of either com¬
ponent has become very small ; it may be cal¬
culated from the équation — = .

W DP

Many experiments might be cited in support
of these laws, and though the vapour pressures
have in many cases not been determined, so that
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the evidence ia frequently incomplète, still, taken
as a whole, it seems conclusive (Pierre and
Puchot, A. Ch. 163, 293 ; Hecht, ibid. 209, 321 ;
Lazarus, B. 18, 577 ; Rasinski, J. pr. 31, 428).

II. We come now to Regnault's second class
of binary liquids, tliose which are only partially
miscible. Not very mucli is accurately known
abont such heterogeneous liquids, andit is doubt-
£ul wliether any definite laws can be enunciated
further than that the vapour pressure is greater
than that of either liquid alone, but is less than
the sum of the two, and that the boiling-point
under any pressure is lower than that of the
more volatile component. The boiling-point
cannot, however, be calculated from the vapour
pressures of the components. In the case of
aniline and water, which are but slightly soluble
in each other, the lowest température observed
was 0'85° higher than that calculated, and with
excess of aniline it rose 1° while there was still a

good deal of water présent. The composition of
various fractions was nearly constant, but the
percentage of aniline (correcting for approximate
solubility) was more than 3 p.c. lower than
that calculated (v. Konowalow, Wied. Ann. 14,
219 ; Pierre and Puchot, l.c.).

III. Regnault's third class of binary liquids
includes those which are miscible in ail pro¬
portions, but the behaviour of such mixtures
varies so greatly that it is convenient to sub-
divide them into three groups.

a. When the liquids are mixed in certain
proportions, the vapour pressure is higher and
the boiling-point is lower than that of either
component alone ; for each pair of substances that
mixture which exerts the greatest vapour pres¬
sure, and which therefore lias the lowest boiling-
point, boils at a constant température, and it is
impossible to separate the components by any
system of fraetional distillation.

b. The vapour pressure and the boiling-
point of the mixture ahvays lie between those of
the components, whatever the proportions ;
there is no mixture of constant boiling-point,
but the tepiperature rises continuously during
distillation. The components may be sepa-
rated by fraetional distillation.

c. With mixtures of a certain composition
the vapour pressure is lower and the boiling-
point higher than that of either component. A
mixture of constant boiling-point may be ob-
tained, which cannot be altered in composition
by fraetional distillation; it is this mixture
which has the maximum boiling-point and the
minimum vapour pressure.

An explanation of the very varied behaviour
of différent pairs of liquids when heated together
may probably be found in the following con¬
sidérations. When two liquids a and b are
brought in contact three factors must be taken
into account—(1) the attraction of the molécules
of a for each other ; (2) the attraction of the
molécules of b for each other ; (3) the attrac¬
tion, whether physical or chemical, of the molé¬
cules of a for those of b. The relative magni¬
tude of these attractions appears to be mani-
fested in various ways, for instance, by the mis-
cibility of the liquids ; by the heat evolved or
absorbed on mixing ; by the change of volume
on mixing ; by the effect on the vapour pres¬
sure or boiling-point.

The simplest case is that in which the at.
traction of the molécules of a for each other and
of those of b for each other is incomparably
greater than the attraction of the molécules of
a for those of b. In this case the liquids do not
mix at ail ; there is obviously no heat évolu¬
tion or change of volume ; and the vapour pres¬
sure is the sum of those of the components,
The boiling-point and the composition of the
vapour or distillate may be calculated by the
method given.

As the relative value of the attraction of the
unlike molécules increases,the liquids taken be-
come more and more miscible until we get
liquids which mix in ail proportions. Again,
taking the same order, we have at first in ail
probability absorption of heat on mixing, the
amount of heat absorbed gradually diminishiug
and finally changing to an increasing heat
évolution. So also with the change of volume,
we have expansion at first, but this diminishes,
and we finally observe a contraction on mixing
the liquids. Lastly, the vapour pressure be-
eomes relatively smaller and smaller than the
sum of those of the components and the boil¬
ing-point higher than that calculated on the
basis of complété insolubility, until, as in the
case of formic acid and water, we find that the
vapour pressure—for certain proportions—is
less and the boiling point is higher than that of
either component.

In connection with this part of the subject a
striking observation by Hecht (A. 209, 321) may
be mentioned. On distilling a mixture of acetic
acid (b.p. 119°), butyric acid (b.p. 163°), and
oenanthylic acid (b.p. 223°) with excess of
water, the oenanthylic acid came over first,
then the butyric acid, and lastly the acetic acid.
Hecht points out that oenanthylic acid is in¬
soluble in water ; butyric acid is soluble in ail
proportions, but without apparent heat évolu¬
tion, and acetic acid evolves heat when mixed
with much water.

But the efïects produced by increasing at¬
traction of unlike molécules probably do not
always proceed as it werepari passu. Thus while
it is generally the case that the vapour pressure
of a mixture of two liquids which dissolve in
each other in ail proportions lies between those
of the components, yet there is a considérable
number of cases known in which the vapour
pressure is greater than that of the more volatile
component.

It is well known that the solubility in water
of many homologous sériés of fatty compounds,
alcohols, aldéhydes, acids, &c., diminishes with
rise of molecular weight, and, as far as experi-
ments on the subject have beenmade, it appears
that the contraction and the heat évolution on ad-
mixture with water also diminish. The vapour
pressures of various mixtures of the lower
fatty alcohols and acids with water have been
carefully studied by Konowalow (Wied. Ann. 14,
34) and the results are very clearly exhibited by
means of eurves. Konowalow shows that the
vapour pressures of mixtures of methyl alcohol
and water always lie between those of the com¬
ponents, and it is well known that this is also
the case with the boiling-points. This is also the
case with mixtures of ethyl alcohol and water,
in nearly ail proportions, but according to
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Le Bel (C. R. 88, 912) a mixture eontain-
ing about 97 p.c. of alcohol boils at a constant
température ; but with propyl aleoliol addition
of water raises the vapour pressure and lowers
the boiling-point, and a mixture of about 28 p.c.
of water and 72 p.c. of propyl alcohol boils with
perfect constancy at a température nearly 10°
below the boiling-point of the more volatile com-
ponent, propyl alcohol. The behaviour of
isobutyl alcohol and water approximates very
closely to that of two non-miscible liquids.
Again, with the acids, addition of water lowers
the vapour pressure of formic acid, the minimum
being reached with from 20 to 30 p.c. of water,
while Roscoe has shown that a mixture contain-
ing 77'5 p.e. of formic acid boils constantly at
107°, the boiling of formic acid being 101T°.
Acetic acid shows nothing of the kind, the
vapour pressure and boiling-point lying always
between those of the components. The mixtures
of the higher acids with water behave more and
more like non-miscible liquids.

In accordanee with these results it is found
practicable to effeet a fairly complété séparation
of methyl or ethyl alcohol or acetic acid from
water by distillation, but it is quite impossible
to do this with propyl alcohol or formic acid.
In the case of propyl alcohol the first portions
of the distillate consist of the constant boiling
mixture, the last portions, however, consisting
of either pure water or propyl alcohol, according
to the relative quantifies in the original mixture ;
while with formic acid pure or fairly pure water
or acid cornes over first and the température
gradually rises until the constant boi]jng mixture
begins to distil, after which it remains constant
until the end of the distillation.

As regards the composition of the distillâtes
from mixtures of class III., it has been stated by
Wanklyn (A. 128, 328) and also by Berthelot (ibid.
p. 321) that the law which has been shown to ap-
ply to non-miscible liquids is true for ail mixtures,
and confirmatory results have been obtained by
Thorpe (C. J. 1879, 544) in the case of a mixture
of equal volumes of carbon tetrachloride and
methyl alcohol, but it is to be noticed that the
mixtures examined belong to class Illœ., the
boiling-point in each case being (for certain pro¬
portions) lower than that of either component.
A very laborious sériés of experiments has been
made by F. D. Brown (C. J. 1879, 550 ; 1880, 49,
304 ; 1881, 517) with a view to determining the
relation between the composition of the distillâtes
from mixturesof varying composition and theboil-
ing-points of those mixtures. Brown finds that
Wanklyn's law does not hold for ordinary mix¬
tures, the boiling-points of which rise continu-
ously during distillation. Calling the relative
weights of the two liquids in the mixture in the
still W, and W2, the relative weights in the dis¬
tillate m, and x., and the vapour pressures of the
pure substances at the boiling-point of the
mixture P, and P2, the following relation was
found to be not very far from correct

m1 = W, P,
W2 ' P2'

but by substituting a constant for the ratio -ïj
%c "Wcloser agreement was obtained, thus _! = 1 . O.
z2 W2

The cases .of fraetional distillation which we

have most commonly to deal with are those in
which the séparation of two or more liquids
which are miscible in ail proportions is to be
effected, and it generally happèns that the boil-
.ing-point of the mixture rises continuously during
distillation. The ease with which the séparation
of any two such substances is effected by dis¬
tillation dépends ehiefly on two points : (1) The
divergence of the boiling-points ; (2) the influence
of successive additions of one component on the
boiling-point (or vapour pressure) of the other.
The second point has been carefully studied by
Konowalow (l.c.), and the curves for mixtures of
ethyl alcohol and of acetic acid with water are
very instructive. In the case of alcohol at 79'65°
the curve shows that the addition of small quan¬
tifies of alcohol to water raises the vapour pres¬
sure of the mixture very rapidly, but the addition
of small quantities of water to pure alcohol has
very little effect on the vapour pressure. With
acetic acid the results are precisely the reverse.
An examination of the curves shows that the
effect of admixture on the boiling-points must be
very similar to that on the vapour pressures, and
the results obtained in practice are in perfect ac¬
cordanee with those dedueible from Konowalow's
curves. It is well known that when a mixture
of alcohol and water is distilled the first portions
of the distillate are rich in alcohol, but always
contain some water," and it is impossible to obtain
perfectly anhydrous alcohol by fraetional dis¬
tillation (Le Bel, l.c.) ; but it is quite easy to
obtain pure water from a mixture of that sub¬
stance with a little alcohol. Again, pure acetic
acid may be obtained by distillation of its con-
centrated aqueous solution, but pure water can-
not be separated without considérable difficulty
from a dilute solution of acetic acid.

It is clear that the préparation of even ap-
proximately anhydrous alcohol from the dilute
aqueous solution or from the fermented worts
from which it is obtained on the large scale
would be a very slow process if the ordinary
methods of distillation were adopted, and various
contrivances have been devised to increase the
efficiency of the process in this and in other
cases.

As a matter of fact most of the improvements
in the methods of distillation were employed in
commerce before tliey were introduced into the
laboratory, but it may be more convenient to
describe those used in the laboratory first.

The modified forms of apparatus may be
divided into three classes. In the first, the still-
head or vertical tube through which the vapour
passes from the still to the condenser is consider-
ably elongated or is expanded into a sériés of
bulbs, in order that the vapour may be partially
eondensed and some of the less volatile consti-
tuents removed before it reaches the condenser.
In the second class the still-head is further
modified in such a manner that the vapour has
to force its way through several short columns
of the eondensed liquid ; this process is termed
' dephlegmation,' but the term is sometimes
applied to prouesses coming under class I. In the
third class the still-head is not greatly modified
in form, but is elongated, and is kept at a con¬
stant température as near as possible to that of
the lowest boiling constituent of the mixture.
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The employaient of an elongated still-head pro-
vided with a sériés o£ bulbs (fig. 7) was first
suggested by Wurtz ; it gives better results tlian
the plain distillation bulb, but is generally in-
ferior to the modified still-heads coming under
classes II. and III.

The ' dephlegmator ' has long been employed
in the arts ; its adoption in the laboratory seems

a b

Fig. 7. Fig. 8. Fig. 9.

to have been first proposed by Linnemann in
1871 (A. 160, 195). The form of apparatus
devised by Linnemann is shown in fig. 8.
Various improvements have been suggested by
Le Bel and Henninger (fig. 9) (B. 7, 1084) and by
Glinsky (fig. 10) (A. Ch. 175, 381). The employ¬
aient of an upright tube constricted near the
bottom and containing glass beads was reeom-

Fig. 10. Fig. 11.

mended by Hempel (Fr. 20, 502). Lastly, an
easily construeted form of dephlegmator (fig. 11)
has been described by F. D. Brown (C. J. 1880,
49).

The employaient of an elongated spiral still-
head kept at a constant température was first
recommended by Warren (A. Suppl. 4, 51). The
spiral still-head was heated in an air-bath. A
modification of this apparatus, devised with a
view to the better control of the température of
the still-head, is described by F. D. Brown (fig. 12)

(C. J. 1880, 57) ; v. also Warren de la Bue (Fr.
4, 243). An apparatus devised by Wmssinger
(B. 16, 2640) cannot verv well be classifïed with
the others. The vapours in the vertical still-
head are partially cooled by a regulated current
of water flowing through a double tube placed in
the liead and reaching as far as the distillation
flask ; they then pass by a side tube, which is
extended vertieally to admit a thermometer,
into the condenser (v. also Bempel, C. Z. 10,
371).

Experiments to test the relative efficiency of
these various forms of apparatus have been made
by Kreis, A. 224, 259 ; Claudon, Bl. 42, 613 ;
Brown, C. J. 1880, 49.

Kreis finds that for substances boiling at
moderate températures the dephlegmators of
Linnemann and of Hempel give the best résulta,
and he recommends the latter on account of its
simplicity. With high boiling substances the
apparatus of Wurtz (sealed to the distillation
flask) was most satisfactory. Kreis did not try
any modification of Warren's apparatus.
Claudon prefers the apparatus of Le Bel and
Henninger to that of Winssinger.

Brown shows that the dephlegmator is
much superior to a plain cooling tube of
the same dimensions, but that a still-head
of constant température gives still better
results (v. also Lunge, C. Z. 50, 896 ; D. P. J.
254, 70).

When two or more liquids are to be separated
by fractional distillation, the mixture is placed
in a distillation flask, preferably provided with a
Wurtz's still-head or dephlegmator, and boiled,
the température being read as soon as the vapour
reaches the condenser. The distillation is allowed
to proceed until the température has risen
through a certain interval, depending on the
nature of the mixture, when the reoeiver is
removed and a fresh one substituted. After a

further rise of température to the same or a con-
venient extent the receiver is again changed, and
this process is continued until the whole of the
liquid has passed over. The apparatus is then
cleaned, and the fractions obtained from the first
opération are separately distilled, but the pro¬
cédure followed by différent ehemists is not al-
ways identical. Probably the best, and un-
doubtedly the most systematic, plan is to begin
with the first fraction and to proceed with its
distillation, collecting the new distillate again in
the first receiver, until the température has risen
to the point at which the first change of receiver
was made. The distillate in the second receiver
is then to be added to the residue in the flask
and the distillation proeeeded with, the first
receiver being left in position until the tem¬
pérature has again reached the point at
which the first change was made. The second
receiver is then to be substituted for the
first, and the distillation continued until the
température has risen through the second in¬
terval. The third fraction is then to be placed
in the flask and the process repeated as be-
fore.

An example, taken from Kreis's paper, may
make the process clearer. The mixture consisted
of 25 grams of benzene and 25 grams of toluene,
and the intervais of température were in ail cases
3°. The progress of the séparation is clearly
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shown by the table in winch, the résulta of six
complété fractionations are given :

Température
Yolume of distillate in cubic centimètres

I. II. III. IV. Y. YI.

81-84 1-0 9-0 17*0 19-5 21-5 22*0
84-87 10-0 9*5 7-0 5-5 4-5 3-5
87-90 . 145 8-5 4-5 4-0 3-0 2-0
90-93 . 8-0 5*0 3-5 2-5 1-5 1*5
93-96 6-0 3'5 3-0 2-0 2-0 1-0
96-99 5-5 3-5 2-0 2*5 1-5 1-0
99-102 . 2-5 2*5 2-5 1-5 1-5 1-0

102-105 . 35 4-0 2-5 2-0 1-5 1-0
105-108 . 3-5 3-5 2-5 1*5 1-5 1*5
108-111 . 3-5 7-5 10-5 13-0 14-5 16-0

As the fractionation of a mixture of liquids
proceeds it is found that the distillâtes for cer¬
tain intervais of température accumulate greatly,
while those for others become very small ; it is
then generally advisable to narrow the intervais
of température for the larger portions and to
extend those for the smaller, and as the purity
of those large fractions increases the correspond-
ing température intervais may be made smaller
and smaller, until finally constant boiling frac¬
tions are obtained (v. Mendelejeff, Journ. Russ.
Phys. Chem. Soc. Protok. 1883; 189). For sub¬
stances insoluble in water fractional distillation
with steam sometimes gives good results (Lazarus,
B. 18, 577).

As many of the stills used in the arts are
described under the headings ' Alcohol,' ' Ben-
zene,' ' Paraffin,' &c.,it will be unnecessary here
to give a minute description of ail of them, but
an account of the principles underlying the dif¬
férent methods will not be out of place.

The still is usually made of copper or some
other métal, and may be heated by the free flame
of a furnace or by steam. Fig. 13 shows an

Fig. 13.

arrangement for heating a still with steam, which
may be above the atmospheric pressure.

When only a rough séparation of the consti-
tuents of a complex mixture is required, as in
the preliminary distillation of coal tar, dephleg-
mators or rectifiera are not employed, but the
vapours pass directly from the still to the con¬
denser.

For the better séparation of the components
of a mixture, modified still-heads are employed.

A simple apparatus, devised by Mansfeld for the
distillation of tar oils, is shown in fig. 11 ; the
vapours are partially condensed in the still-head a,

Fig. 14.

which is cooled by water, and the condensed
liquid flows back into the still b, the purified
vapour passing on to the condenser c.

A more perfeet séparation is efïected by
Coupier's apparatus (fig. 15). In addition to the

Fig. 15.

column a, there is a sériés of bulbs bb placed in
a cistern containing brine, which may be heated
by steam by means of the pipe c. The vapour—
of benzene, for example—partially freed from

Fig. 16.

less volatile substances in the column, is further
purified by partial condensation in the bulbs, the
condensed liquid flowing back by the tubes dd
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into the column, while the purified vapour passes
on to the condenser by the pipe e.

Another form o£ partial condenser is shown
in fig. 16. Other improvements have been de-
vised in the apparatus required for the distilla¬
tion of coal-tar products, but it is chiefly in
connection with the distillation and rectification

of alcohol that the most notable advances have
been made, and it is now possible to obtain
alcohol of 95 p.c. in a single distillation from
worts.

One of the earlier forms of apparatus is that
of Pistorius (fig. 17). The wort is run from the
pipe a into the heater a, thence by the pipe 66

H

G

Fia. 17.

into e, and finally into o through the pipe c ;
a and b are then filled with wort. The still c

is heated either by a furnace, as shown in the
diagram, or by steam, the wort being constantly
stirred by a chain. The weak alcoholic vapours
pass through the pipe i> into the second heater b,
where they condense and heat the wort to the
boiling-point, the waste heat from the furnace
being also utilised. The stronger vapours from b
now pass by the pipe ee' into the outer chamber
of a (where more weak alcohol is condensed, and
flows back into b by the pipe d) then up through
the narrow passage ff into the dephlegmator o,
shown on an enlarged scale in fig. 18. After
passing through two or more of these dephleg-
mators the strong alcoholic vapour reaches the
condenser by the pipe h.

For rectifying the spirit a still, known as the
French column apparatus, may be used (fig. 19).
The weak spirit is heated by a steam coil in a ; the
vapour is partially coneentrated in the rectifier
b, the construction of which is shown in fig. 20 ;
it is then further freed from water in the con-

densing apparatus c, and finally reaches the
condenser d.

In England the Coffey still is largely used ;
it .differs considerably from those deseribed, in-
asmuch as there is no large boiler, and the heat

is supplied, not from an outer fire or steam
jaeket, but by the condensation of steam in the
wort ; moreover, the process is continuous. Tite

Fia. 18.

essential parts of the apparatus are shown in
fig. 21. The wort is pumped from a réservoir a
up the pipe b, and passes down the zigzag pipe
cc, where it is heated by the ascending vapours,
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tlisn up the pipe d, from which it is diseharged
into the column e. It is prevented frorn falling

Pie. 19.

through the perforated plates .of the column or
analyser by the ascending vapours, but falls

through the pipes rr from 011e plate to another
until it reaehes the bottom, wlien it is allowed
to escape. Meanwhile, steam
is passed into the analyser e
by the pipe h, and causes
the wort to boil, so tliat by
the time it has reached the
bottom it is completely de-
prived of alcohol. The as¬
cending vapours force tlieir
way through the perforated
plates of the analyser, a
portion of the aqueous va-
pour being condensed by
each washing, and the de-
scending wort being thereby
heated. On reaching the
top of the column the con-
centrated alcoholic vapour
passes down the pipe k into
the rectifier, and there as-
cends through similar per¬
forated plates ; but in the
rectifier it is not washed by
wort, but by the weak alco¬
hol formed by the previous
vapour, '

Fis. 20.

condensation of
This dilute alcohol, on reaching the

i

Fia. 21.

bottom of the rectifier, flows off into a réser¬
voir, from which it is pumped into the top of
the analyser, where it mixes with the descending
wort. In the upper part of the rectifier there
are simply shelves, which compel the vapour to
take the same zigzag course as the pipe which
conveys the wort downwards. The purified and
concentrated vapoqr then passes through the
pipe l to the condenser.

A great variety of stills are employed for the
distillation of alcohol and other liquids, but the
principles on which they are constructed are
identical with those described. S. Y.

DITA BARK. Satween (Ph. J. Trans. [3] 7,
110). Alstonia scholaris, Echites scholaris.
The bark of Echites scholaris, a tree found in
India, the Philippines, Eastern Australia, and
tropical Africa (B. 11, 2234).

Aecording to Harnack (B. 11, 2004 ; C. J. [2]
36, 332), it contains only one base, ditaïne, a
basic glucoside, having the composition
C.JI30N„Oj, but Hesse (A. 203, 144 ; B. 13,1750 ;
PÏ1. [3] 11, 251, 331) finds in it three bodies,
ditamine, C|SH19NO, ; echitamine (echitammo-
niumhydroxide), C»,H„sN„0., + H20, melting with
décomposition at 206° ; this hase is identical with
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Harnack's clitaïne ; and echitenine C^H^NO.,,
a brown amorphous mass, melting above 120°,
soluble in chloroform, aloohol, and ether. It
dissolves in nitrie acid with the production of a
purple-red colour which quickly passes through
green into yellow.

The milky juice of this tree has the same
properties as gutta percha ; when inspissated it
softens in boiling water, is soluble in turpentine
and chloroform, and receives and retains impres¬
sions. The bark is thick and spongy (Oudaatze,
Ph. [3] 13, 818). A décoction of the bark is
used as an astringent tonie.

DITAÏNE v. Dita bakk; also Yegeto-
alkaloids.

DIVI-DITI. The astringent seed-pods of
Gœsalpinia coriaria, a tree of twenty or thirty
feet high, indigenous to the West Indies, Mexico,
Venezuela, and Brazil. The pods are about two
inches long, and three-fourths of an inch wide,
flattened, and curiously curved, somewhat after
the form of the letter S. By reason of the large
quantity of tannin and ready-formed gallic acid
contained in the husks they are largely imported
for the préparation of leather, principally from
Maracaibo, Paraiba, and St. Domingo. The ma-
terial is also known as libi-divi and libi-
dibi v. Leatheb.

DOCIMACY or DOCIMASY. (Docimasie, Fr.)
Originally the act or art of examining by test
(SoKifiarria, a test) applied in metallurgy to ex-
periments made to détermine the nature and
purity of a métal ; in pharmacy, to the testing of
medicines and poisons ; in médical jurispru¬
dence, to the différent proofs to which the lungs
of a new-born child are subjected, for the
purpose of ascertaining whether it was born
aliveor dead (Dunglison). Usually employed as
synonymous with assaying.

D0DECAT0IC ACIDS v. Fatty acids.

DOEGLING TRAIN OIL v. Oins.
D0G-T00TH SPAR. The scalenohedral form

of calcspar v. Calcium.
DOLOMITE. A native carbonate of calcium

and magnésium, named after Dolomieu, a French
geologist of the last century. The minerai in
its typical form contains equal molécules of the
two carbonates, corresponding to 54-34 p.c. of
CaC03, and 45-G6 p.c. of MgC03. This variety
is sometimes térmed normal dolomite. Ram-
melsberg recognises two other varieties, occur-
ring less frequently than the normal type, and
containing respectively 3CaC03, 2MgC03 and
2CaC03, MgC03. But as the two carbonates are
isomorphous, they oecur associated in very
variable proportions, and many of the massive
dolomites are merely limestones more or less
magnesian. It was maintained by Karsten and
others that when dolomite contained more

CaC03 than the normal proportion, the excess
might be dissolved out by cold acetic acid,
leaving a dolomite of normal composition.
Haushofer has shown, however, that the action
of acetic acid cannot effect such a séparation ;
at the same time he asserts that dolomite is not
a true double sait, or homogeneous chemieal
compound (Sitzb. math.-phys. Cl. d. bair. Ak.
Miinchen, 1881, Heft 11, 220).

Dolomite crystallises in the rhombohedral
System ; and, unlike calcite, it commonly as¬
sumes the primitive rhombohedron (106° 15') :

the forms are remarkable for presenting curved
faces ; while lenticular and saddle-shaped erys-
tals are not unusual. Dolomite is slightly harder
and denser than calcite ; its H. being 3-5-4-5,
and its sp.gr. 2-85-2-95. Its lustre is often
nacreous, especially in those varieties which
contain a small proportion of FeC03, whence
they are known as pearl spar. If the proportion
of FeC03 increases, the minerai assumes, on
weathering, a brownish tint, and is sometimes
termed brown spar. MnC03 is often présent to
a slight extent, and imparts a faint pink tinge.
Most varieties of dolomite show little or no

effervescence with cold hydrochloric acid, but
when powdered readily dissolve in the warm
acid. Dolomite is soluble in water containing
carbonic acid. The analyses of some of the
dolomite springs in the Franconian Jura, by
Gorup-Besanez, lead to the conclusion that
natnral waters acting on a normal dolomite may
dissolve it, and re-deposit the minerai without
décomposition. According to Bischof's experi-
ments, the action of carbonated water on an im-
perfect dolomite, or dolomitic limestone, is to
dissolve out the CaC03 ; the rock becoming rela-
tively richer in MgC03 until a true dolomite is
left ; such a resuit, however, was not obtained
by Gorup-Besanez (A. 8, Suppl. 1871, 230).

Some of the finest crystals of dolomite occur
at Traversella in Piedmont ; while in this
country the best examples are obtained from
the Laxey Mine, in the îsle of Man, from Derby -

shire, Alston Moor, and Leadhills, in Lanark-
shire. A variety of asparagus-green colour,
from Miemo, in Tuscany,'is termed Micmite ; it
contains, according to Rammelsberg, 57-91 p.c.
of CaC03, 38-97 of MgC03, 1-74 of FeC03,
and 0-57 of MnC03. A compact snow-white
variety from Gurhof, in Lower Austria, has
been distinguished as Qurhofite.

Dolomite occurs not only as a minerai, but
as a rock. Crypto-crystalline, granular, and
compact varieties form mountain-masses of
great magnitude, especially in the Eastern Alps,
where they are largely developed in the triassic
sériés, and form the characteristic jagged-peaked
mountains known as ' the Dolomites.' Sterry
Hunt has shown that a large proportion of the
Canadian limestones should be classed as dolo¬
mites, and even where the rock is a normal
limestone it is commonly veined with dolomite,
while the fossils also are more or less magnesian ;
this is notably the case with the Trenton lime¬
stone of Ottawa, belonging to the Lower Silurian
formation.

In this country magnesian limestone is deve¬
loped on a large scale, especially in the Pennian
sériés, corresponding with the Zechstcin, or
Upper Dyas, of German geologists.

The outcrop of the magnesian limestone
stretches, from the mouth of the Tyne, through
Durham and Eastern Yorkshire, to the plain of
the Trent near Nottingham. Certain beds near
Sunderlahd are remarkable for presenting con-
cretionary varieties, which assume globular and
botryoidal forms, with a radiating structure,
varying in size from a marbïe to a cannon-ball ;
while near Marsden there occurs a laminated
variety, notable for yielding thin slabs which
display flexibility. The massive and granular
varieties have been largely quarried for âges as
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a building-stone, tlie principal quavries being
near Anston, in Yorksliire, Bolsover in Derby-
shire, and Mansfield Woodhouse in Nottingham-
shire. The best stone is of a warm creamy
tint, easily worked, and when well selected
extremely durable ; the most durable kind being
that which présents a erystalline texture and
contains the two carbonates in molecular pro¬
portions, so as to forrn a normal dolomite.
Southwell Cathedral, York Minster, and Eipon
Cathedral, offer good examples of the use of
this stone ; and the perfection with which the
Norman carving at Southwell had been preserved
led to the sélection of Bolsover dolomite as the
stone for the New Houses of Parliament. Accord-
ing to Daniell, who analysed the Bolsover stone
for the Commissioners appointed to make the
sélection, it contains 51-1 p.c. of CaC03, 40'2
of MgCOj, 1-8 of Fe.,0:l and A1„03, 3-6 of Si02,
and 3-3 of H„0, &c. AVhile this stone is, under
ordinary circumstances, very durable, so large a
quantity was required for the Houses that much
of it was of inferior quality, and has not proved
satisfactory ; other localities than those origin-
ally selected were laid under contribution, and
stone was tlius introduced which has yielded to
the disintegrating influences of a London atmo¬
sphère.

A rock known as dolomitic conglomerate
occurs in the South-west of England and in
South Wales, and appears to be an old beach
deposit of Keuper âge. It consists chiefly of
pebbles and angular fragments of carboniferous
limestone, united by a cernent more or less
magnesian and coloured with oxide of iron.
The rock is quarried for burning, is used locally
as a building stone, and when polished forms a
handsome marble.

If magnesian limestone be calcined below a
red heat, the carbonate of magnésium suffers
décomposition while the calcium carbonate is
but slightly affected. On slaking the produet,
the caustic magnesia forms a definite hydrate,
which is said to unité with the unaltered car¬

bonate of calcium to produce a cernent that
offers considérable résistance to the action of
water. Magnesian limestone if argillaceous,
though only to a small extent, has the réputa¬
tion of forming good hydraulic cernent ; but
some authorities allégé that after a time the
magnesian cements suffer altération whereby
their durability is greatly impaired. If dolo¬
mite be perfectly calcined, the produet may be
used for taking casts, since it ' sets ' with water,
like gypsum, though but very slowly.

Calcined dolomite is extensively employed as
a lining for the converters used in the basic
method of steel-manufacture, invented by
Thomas and Gilchrist. The caleination is
effeeted in either cupolas or regenerative kilns.
After nine hours' burning, the stone, though
still hard, is found to have lost about half its
volume and half its weight. This ' shrunk dolo¬
mite ' is crushed, mixed with gas-tar as a vehicle,
and moulded into bricks, which are then heated
until the tar is burnt ofi, when they are ready
for use in the converter.

Dolomite treated with sulphuric acid yields
the sulphates of calcium and magnésium, the
two salts being readily separated by the greater
solubility of the latter ; hence magnesian lime¬

stone has been largely employed as a source of
Epsom salts.

The origin of dolomite has given rise to much
discussion, and probably more than one natural
mode of formation musi be recognised. AVhile
the fréquent occurrence of dolomite with rock-
salt and gypsum, and the paucity of associated
fossils, suggest that it has been formed in inland
waters, there are difficulties in the way of ad-
mitting its formation by direct précipitation.
Sterry Hunt suggests that Na3C03, resulting
from the décomposition of soda-bearing minerais,
like certain felspars, might be carried by fresh
waters to the sea, and on meeting with CaCl2
and MgCl2 décomposition would ensue, with
formation of NaCl and CaC03 and MgC03. To
account for the association of dolomite with
gypsum he assumes a reaction between CaC03
and MgS04 whereby CaSO., and MgC03 would be
formed, and the latter might associate itself with
fresh CaC03, to form the double carbonate. Most
dolomite seems, however, to have been formed
by the altération of limestone. AVater holding
carbonate of magnésium in solution may cause
the dolomitisation of a limestone through which
it happens to percolate. The replacement of
a molecule of CaC03 by one of MgCOs, so as to
form a dolomite, is accompanied by a diminution
of volume to the extent of 12 or 13 p.c. ; and it
is characteristic of many dolomites to possess
a cavernous structure. Ëlie de Beaumont sug-
gested that this is due to the shrinkage con¬
séquent on dolomitisation; while Von Morlot
found by direct observation that the cavities in
such a rock amounted to 12-9 p.c. of its bulk.
It must be remembered that most limestones of

organic origin, such as coral limestones, are more
or less magnesian, and Bichthofen and others
hold that many of the Tyrolese dolomites are
altered coral-reefs. It was formerly supposed
that the dolomites of Tyrol were limestones
which had been metamorphosed by heated mag¬
nesian vapour emitted from eruptive rocks ; and
Durocher found that by heating fragments of
limestone with MgCl., they became partially dolo-
mitised. It is much more probable, however,
that the altération has been effeeted by the
magnésium salts in sea-water. V. Chemisch-
genetische Beobachtungen u. Dolomit, by C.
Doelter and B. Hoernes, Jahrb. d. k.-k. geolog.
Beichs. 25, 1875, 293 (containing numerous
analyses of dolomites of S.E. Tyrol, and a
copious bibliography of dolomite). V. Cxlcium
and Magnésium. F. AV. B.

DOMEYKITE. A copper arsenide contain¬
ing Cu3As, corresponding to copper 71"7, and
arsenic 28'3 p.c. It occurs in reniform, botry-
oidal, and compact masses, of wliite or grey
colour, with metallic lustre, rapidly tarnishing.
H. = 3-3-5 ; sp.gr. 7-7-5. Beadily fusible before
the blowpipe, with émission of arsenical vapours.
Soluble in nitrie acid, but not in hydrochloric
acid. It is found at Coquimbo and Copiapo in
Chile, at Cerro las Paracatas in Mexico, and at
Zwickau in Saxony. The following are analyses
from the principal localities :

I. II. III. IV.
Cu . . 71-64 71-48 71-13 65-08
As . . 28-36 28-26 28-41 26-45

I. From Chile, by Domeyko, after whom the
species is named.
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II. From Coquimbo, Chile (F. Field).
III. From Corocoro, Bolivia (D. Forbes) ; tliis

contained 0-46 p.c. Ag.
IV. From Zwickau (A. Weisbach) ; this contained

0-64 Fe, 0'44 Ni, 2-49 0, and 3-84 residue ;
the oxygen indicates partial décompo¬
sition (J. M. 1882, 2, 249).

Several other arsenides of copper, mbre or
less like domeykite, are known. The Algodonite
of F.. Field contains Cu6As, and ocours at tbe
Algodones Mine, near Coquimbo. Whitneyite,
from Houghton Co., Michigan, U.S., described
by F. Genth, contains Cu„As ; and D. Forbes's
Darwinite, named after Charles Darwin, is a
similar minerai from near Copiapo. The Con-
durrite of Faraday, from Condurrow Mine,
Cornwall, appears to be a mixture of arsenide
of copper with various oxidised products derived
from the altération of tennanite or some kindred
species. F. W. R.

DOUBLE SCARLET v. Azo- coloueing

mattees.

DRAGON'S BLOOD. A resin nsed as a red

pigment (v. Pionents ; also Resins).
DROP GUM, or GAMBOGE, v. Pigments.
DRUMINE. Analkaloid stated to be présent

in Euphorbia Drummondii (Ogston, Brit. Med.
Journ. 1887, 451).

DRYOBALANOPS CAMPHOR v. Camphob.
DULCAMARA. Bittersweet, Woody Night-

shade. (Douce amère, Fr. ; Bittersiiss, Ger.)
The young branches of the Solarium, Dulcamara
(Linn.), a climbing plant with purple flowers and
red berries inhabiting the British Islands and
most parts of Europe (Woodville, Med. Bot. 33 ;
Bentl. a. T. 190). The drug appears to be going
out of use ; but in the form of décoction it is
sometimes administered as a remedy in rheuma-
tism and certain skin diseases.

The investigations of Pfaff (Mat. Med. 6, 506),
Desfosses (J. Ph. 6, 414), PeUetier (J.Ph. 6,416),
and others went to show that bittersweet con¬

tained a glucoside ' dulcamarin,' ' picroglycion,'
or ' dulcarin,' and also a compound believed to
be the alkaloid ' solanine ' (cf. Meissonier, A. 1,
368). Continuing an inquiry of Wittstein's
(Vierteljahrs. pr. Pharm. 1, 364, 495), Geissler
has shown (Ar. Ph. [3] 6, 1010) that dulca¬
mara contains a definite compound dulcamarin
C.„H34O10, together with a substance resembling
solanine, which, however, does not yield sugar
whenheated with dilute acids. Thedulcamarin of
Geissler is a slightlyyellow, inodorous, amorphous
powder having a strong bitter taste, followed by
sweetness. It is soluble in water and aleohol, but
insoluble in ether, chloroform, and benzene. It
forms a lead sait C22H32PbOI05H2O. With dilute
sulphuric acid it breaks down into glucose and
dulcamaretin CulIIajOtJ ; thus C22H31O10 + 2H20
= C]sH20O0 + C6H1206. Dulcamaretin is resinous,
and forms the lead sait C10H2,PbO6. A. S.

DULCIT0L. Dulcin, Dulcose, Melampyrite,
Melampyrin. Ahexatomic aleohol, C6Ha ; ( (OH),,.

Occurrence.—Found in a manna or crude
préparation from a bulbous root of unknown
origin from Madagascar (Laurent, Compt. Chim.
1850, 364 ; 1S51, 29. Jacquelain, ibid. 1851,
21), in Scrophularia nodosa and BMnanthus
Crista galli (Eiehler, Ueb. d. Melampyrin,
Moscow, 1885) ; in Melampyrum nemorosum

(Hiinefeld, J. p. Chem. 4, 233 ; Gilmer, Ann.
Chem. Pharm. 123, 372) ; in Euonymus europœa
(Kubel, J. p. Chem. 85, 372), and in dulcite
manna (Hecht, Ann. Chem. 165, 148).

Formation.—By the action of naseent hydro-
gen (sodium amalgam) on lactose or galactose,
and no doubt by that of the same reagent on
ail galaetose-yielding bodies, Bouehardat (Ann,
Chim. [4] 27, 79 ; C. R. 73, 199 ; 74, 665, and
1406 ; Bl. [2] 18, 115).

Préparation.—Dulcitol is prepared from the
Madagascar material by extracting with boiling
water and allowing the filtrate to crystallise.
To préparé it from the plants above mentioned
they are gathered at a suitable time and dried.
A décoction is made of them, rendered alkaline
with milk of lime, boiled, filtered, eoneentrated,
and aeidified with hydroehlorie acid. Dulcitol
erystallises out on cooling. Or, an extract is made
of the dried plants with dilute hydroehlorie acid.
This is strained and rendered slightly alkaline
with milk of lime and eoneentrated ; calcium
succinate erystallises out and is separated by fîl-
tration. The filtrate contains the calcium com¬

pound of dulcitol ; on slight concentration and
addition of hydroehlorie acid, crystals of tbe
body are deposited which may be purified by
recrystallisation (Eiehler), or the décoction is
precipitated with lead acetate, the filtrate di-
gested with lead oxide, the excess of lead is
removed from the solution by hydrogen sul-
phide. The filtrate on concentration yields a full
crop of crystals. The décoction of the dried
plants on evaporation to a syrup deposits dul¬
citol (Hiinefeld), and he obtains a further yield
by treating the mother liquors with lead acetate
and sub-acetate removing excess of lead from
the filtrate by hydrogen sulphide and concentra-
ting. Dulcite manna is extracted with boiling
aleohol ; dulcitol erystallises from the solution
filtered hot. The manna yields 72 p.c. dulcitol
(Hecht).

To an aqueous solution of lactose, galactose,
or inverted lactose, sodium amalgam, containing
about 2 p.c. sodium, is gradually added, the
soda produced being from time to time neutral-
ised with sulphuric acid. When hydrogen is
evolved in large quantities instead of being
taken up, the alkali is carefully neutralised with
sulphuric acid and the sodium sulphate allowed
to crystallise out. This is removed, and the
filtrate eoneentrated, when more sodium sul¬
phate erystallises; a further quantity can be
separated by strong aleohol. From the eoneen¬
trated solution dulcitol separates in small, crys-
talline, warty groups, which can be purified by
draining and recrystallising from water (Bou¬
ehardat).

Properties.—Dulcitol erystallises in colour-
less, highly lustrous monoclinic prisms with
octahedral summits. The body from the Ma¬
dagascar source, that obtained from Melampy¬
rum nemorosum, and that produced by the
action of sodium amalgam on galactose, crystal¬
lise in forms which yield practically the same
measurement. The crystalline habitus of the
body is that of aggregated crusts ; separate crys¬
tals with well-defined terminations have also
been observed. The crystals are gritty between
the teeth and taste very faintly sweet. F.p. 186-188,
but the authorities differ slightly. One part
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duloitol dissolves in 34-41 parts water at lG-5°
(Erlenmeyer and Wanklyn, J. C. 15, 455). It is
but slightly soluble in alcohol even at a boiling
température, and acetone, wood spirit, chloro-
forrn, and ether dissolve but little of it. It is
slightly, if at ail, optically active. Its solutions
are not coloured brown by potash, nor do tliey
reduce alkaline copper solutions. Nitric aeid
oxidises it to mucic acid, oxalic and racemic
acids are also produced (Carlet, C. E. 51, 137 ;
53,343). Saccharornyees forms do not ferment
it, but otlier organisms such as exist in cheese,
and may grow in a suitable medium, convert it,
in presence of calcium carbonate, into alcohol,
lactic, and butyric acids. In contact with tes-
ticular tissue it yields a peculiar sugar (Berthelot,
Ann. Chim. [3] 50, 348 and 372). When dulcitol
is heated at 140° with more than 6 mois, phos-
phorus pentachloride and the product distilled
in steam, a slightly yellowish oil C6HSC14 is
obtained ; this when heated with hydriodic acid
and amorphous phosphorus gives a volatile
hydrocarbon, probably hexane (Bell, B. 12,
1271). A saturated solution containing dulcitol
and borax in the proportion of 2 mois, dulcitol
to 1 mol. borax is neutral, but if the proportion
of borax is less, the solution is strongly acid,
when the proportion of borax is greater the solu¬
tion is alkaline (dulcitol being neutral and borax
slightly alkaline). A solution of a mixture of
dulcitol and sodium paratungstate has an acid
reaction after boiling (Klein, C. B. 99, 144).

Dulcitol sublimes partially on careful heating ;
at 200° it gives off water, and is converted into
dulcitan, at 275° it décomposés with évolution
of carbon monoxide and without much colouring.
When the température is increased, large quanti¬
tés of gas are given off with the odour of acetic
acid and acetone, and without leaving a resiclue.

Solutions of salts do not precipitate dulcitol,
but eompoundswith the baseshave been described.

An ammonia compound is obtained in colour-
less rectangular prisms by decomposing the cal¬
cium or barium compound of dulcitol with
ammonium carbonate and concentrating the
Citrate, or by decomposing nitro-dulcitol with
ammonium sulphide and concentrating.

Sodium, potassium, and calcium eompounds
exist. Barium compound C6HHO0.BaO.7H2O is
obtained by heating molecular proportions of
barium hydroxide and dulcitol in strong solution.
On cooling, prismatie crystals of this composition
are deposited. Tliey part with half their water
over sulphuric acid.

A copper compound is produced as a light-
blue precipitate when an ammoniacal solution
of copper sulphate is added to an aqueous solu¬
tion of dulcitol.

Neither lead acetate nor suhacetate precipitate
dulcitol, but a white precipitate is thrown down
with an ammoniacal solution of acetate. This
is an unstable lead compound.

Dulcitol heated with hydriodic aeid in an
atmosphère of carbon dioxide yields hexyl-iodide,
water, and iodine

C6Hu06 + 11HI = C6H13I + 6H..0 + 101
(Erlenmeyer and Wanklyn).

Dulcitol yieldstwo nitro-derivatives, viz., hexa-
nitro-dulcitol CjH^NO.JsO,,, and a tetra-nitro-
dulcitol CsH10(NO2).1O6 (Béchamp, C. B. 51, 257).
These bodies appear to partake rather of the

character of nitrates than nitro- eompounds, the
former being dulcitol hexanitrate C6H8(N03)6,
and the latter dulcitol tetranitrateC6H10O2(NO3)4.
The hexanitrate is obtained by the action of
fuming nitric and sulphuric acids on dulcitol.
It crystallises from alcohol in beautiful colourless
flexible needles which melt between 68° and 72°,
and give off nitric aeid vapours continually,
being thereby converted into the tetranitrate.
This latter is soluble in alcohol, from which it
crystallises in translucent prisms, m.p. 130°-140°,
and decomposed at 145°.

Dulcitol forms with hydrochloric acid an
unstable hydrochloride C(1H140(i.HC1.3H.,0. Simi-
lar hydro-bromides and hydro-iodides exist ; they
are rather more stable bodies (Bouchardat, Ann.
Chim. [4] 27, 145).

Dulcitol yields chloro-and bromo- hydrins as
well as a chloro-bromo- body. C6H1204C12 crys¬
tallises in tables insoluble in water ; C6H1204Br2
and C6H,204BrCl are of much the same
nature. The corresponding dulcitan bodies
CjHjjOjCI, &c., exist. When these bodies are
dissolved in fuming nitric or sulphuric acids
the corresponding tetra-nitrates are formed, as
C6H8C12(N03)4, &c.

With sulphuric acid dulcitol yields a conj u-
gate acid the barium sait of which is soluble.
Dulcitol is dissolved in strong sulphuric acid and
the solution neutralised with barium carbonate.
The filtrate from the barium sulphate can be
evaporated in a vacuum to a thiek syrup which
over sulphuric acid dries up to a transparent
gurn. The composition of the acid is probably
C6H„03(S04H)3, and the barium sait contains
36-45 p.c. BaO, and 37-79 p.c. S03. The calcium
sait is similar to the barium one. Dulcitan sul¬
phuric acid is formed by the action of ehloro-
sulphonic aeid on dulcitol (Claesson, Sitzungsb.
204, 15).

With the acids of the fatty and aromatic
groups, dulcitol forms a number of neutral
compound ethers. Some of these are ethers of
dulcitol and some of dulcitan ; for example, with
acetic acid we have :

Di- aceto- dulcitol C6H8{ |oH)H3°^
crystalline scales, m.p. 176°, converted into
acetic acid and dulcitol by alkalis.

f :(0C2H30)2
Pi- aceto- dulcitan C„H8 : :(OH)„

I :0
a thick colourless liquid, soluble in water, al¬
cohol, and ether [oD] = +1-52°.

Hcxaccto-dulcitol CBHs(0C2H30)6. Hard crys¬
talline plates, m.p. 171° ; sublimes at 200-220°.
The product for a time differs slightly from the
original body.

Tctr- aceto- dulcitan C6H3
a colourless resin which sublimes without residue,
[od] = +6-52.

Pent- aceto- monochloro- dulcitol

c -, r(oc2H3o)56 8 \ C1 .
an unstable body obtained by tbe action of a
mixture of acetic and hydrochloric acids on
duleitol. When heated with water it yields hy¬
drochloric acid and

Pent- aceto- dulcitol C8H8
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a crystalline body converted by heating for a
long time at 200° into an aoeto-duloitan.

A like sériés of bodies is obtained by acting
on dulcitol with benzoyl chloride,

Tetra- benzo- dulcitol CSH8 -j"
is a resinous precipitate converted into tetra-
benzo-dulcitan by heating to 140°.

Hexa■ benzo- dulcitol C8H8(0C,H506)6crystals
insoluble in water and eiher, slightly soluble in
alcohol, m.p. 147°. A mixture of nitric and sul-
phuric aeids converts it into Hexa- nitro- benzo-
dulcitol.

With phenyl cyanate, dulcitol yields dulcitol
phenyl carbamate C6HsO -j (^Q^ËCjHj),, m ^
250-252° (Tessmer, B. 18, 971).

When the différent dulcitol or dulcitan hy-
drins are treated with ammonia, dulcitol aminé
is produced. This is strongly basic ; it is amor-
phous. Thehydrochloride crystallises in needles ;
it yields a crystalline platinum sait

[C6H8(OH)5.H2NHCl],PtCl4.
O'S.

DUMONT'S BLIJE. Smalt v. Cobalt; also
Pigments.

DUNGING-SALT. Sodium arsenate v. Ak-
senic.

DURENE v. Cïmenes.
DUTCH BUTTER v. Maegarene.
DUTCH PINK, or ITALIAN PINK, v. Pig¬

ments.

DUTCH ULTRAMARINE. Cobalt blue v.

Cobalt and Pigments.
DYEING. The art of dyeing consists in

imparting colour to various substances, more
espeeially the textile fibres, in such a manner
that it is not readily removed or altered by those
influences to which the dyed maferial is subse-
quently exposed. Dyeing differs from mere stain-
ing, in that the colour imparted is of a more
permanent charaeter by reason of the pigment
being more intimately united with the material
dyed ; it differs also from painting, since the
colouring matter is not applied to the surface
only, but penetrates more or less the material
dyed, and thus leaves its structural appearance
unchanged except in colour.

The methods employed in dyeing vary ac-
cording to the nature of the fibre or other
material and the colouring matter employed.
The various textile fibres show remarkable dif¬
férences of behaviour towards one and the same

colouring matter. Wool and silk, and, indeed,
animal substances generally, e.g. horn, feathers,
&c., behave somewhat similarly towards colour¬
ing matters, and are more readily dyed than
cotton or linen and most other vegetable sub¬
stances. The fundamental cause of this différ¬
ence is not yet satisfaetorily explained, and
opinion is still divided on the question of the
relative importance of the physical structure and
the chemical composition of. the various fibres.

The supporters of whàt may ,be termed the
meclianical tlieory of dyeing urge that there is
no sufficient evidence that the fibre and colour¬
ing matter combine according to chemical équi¬
valents, and further, that neither of them has
lost its characteristie physical and chemical pro-
perties. Colouring matters can in many cases
be very readily removed by alcohol or other

solvents from the fibres ; the latter then appa-
rently show no change from their original struc¬
ture and condition. The dyeing of wool and silk
has been compared with the attraction or solvent
action exerted by ether when it withdraws a
colouring matter from an aqueous solution with
which it is well agitated. The textile fibres are
considered to exert a purely physical attraction
towards colouring matters, and the latter are sup-
posed to be held in an unchanged state within
and upon the fibre. The différences in attraction
exhibited by the various fibres are ascribed to
their différent degrees of porosity. The question
is regarded, indeed, as one of molecular surface
attraction very similar to, if not identical with,
that exercised by animal charcoal when it cle-
colourises a coloured solution during filtration.
In some cases of dyeing this seems to be the only
tenable view, e.g. in dyeing cotton with indigo
by the vat method, when by exposure to the air
the colourless indigo-white solution absorbed by
the fibre is changed into insoluble indigo-blue,
which is thus precipitated upon and possibly
also within the fibre. The dyeing of Prussian
blue, chromate of lead yellow, &c., on cotton
présents similar features.

Certain facts, however, seem to favour the
chemical tlieory of dyeing, partieularly with
respect to the dyed animal fibres, according to
which they may be regarded as chemical com-
pounds analogous to salts, in which the fibre
plays sometimes the part of an acid, at others
that of a base, just as alumina and stannous
oxide behave towards strong acids or bases.
Wool and silk, for example, may be dyed red in
a solution of the colourless base rosaniline, and
yet this body otherwise only produces colour
when it is combined with an acid. Further,
when wool is dyed in a solution of rosaniline
hydrochloride (magenta), the latter undergoes
décomposition, the rosaniline is taken up by the
fibre, and the whole of the hydrochloric acid
is found in the waste dye solution. In these
cases, therefore, wool and silk seem to play the
part of acids, and produce an insoluble coloured
compound with the base rosaniline.

Again, with respect to certain colouring
matters of a marked acid charaeter, e.g. the
sulphonic acid azo- colours, the animal fibres
appear to play the part of a base. Not being
able to décomposé the commercial alkali salts
of the sulphonic acid colours, these fibres do
not beeome dyed in a solution of the com¬
mercial colours, but they readily dye if the
colour-acid is liberated by adding a minerai acid
to the dye bath. If the free colour-acid pos-
sesses a différent colour from its alkali sait the
dyed fibre nevertheless possesses the colour
of the alkali sait, a further point in favour
of the basic behaviour of the fibre and its
combination with the colour-acids in such cases.

Experiments (which have been recently
made) also tend to show that the chemical
theory of dyeing may be the true one as regards
wool and silk. Wool seems to absorb from very
concentrated solutions of acid and basic coal-tar
colours definite maximum amounts of colouring
matter which bear more or less simple mole¬
cular relationships to each other.

Further, by the action on wool of sulpliuric
acid, caustic alkalis, or even water at 200°C., an
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albuminoid substance termed lanuginic acid is
produced, which in its général dyeing properties
behaves very like wool. With metallio salts,
basic and acid coal-tar colours, it yields préci¬
pitâtes of definite chemical composition, and
Knecht puts forward the hypothesis that lanu¬
ginic acid, or rather some insoluble modification
of it, forms a constituent of wool to the extent
of about 30 p.c. of its weight, and thus he ex-
plains chemieally by its means ail the reactions
which take place during the mordanting and
dyeing of this fibre. A similar hypothesis may
be applied to silk.

Another fact in favour of the existence of a

chemical union between colouring matter and
fibre in some cases is that when the chemical
composition of a fibre is alterecl its behaviour
towards colouring matter is also différent. Nitro-
cellulose and oxycellulose, for example, possess
a much greater attraction than cellulose for basic
colouring matters (magenta &o.).

With colouring matters which can only be
fixed upon fibres by the aid of mordants, the
question is merely transferred to the nature of
the attraction existing between fibre and mor¬
dant, for the union of the latter with the colour¬
ing matter is undoubtedly in most cases of a
truly chemical character. With alizarin-red
dyed cotton, for example, the alumina mordant
is probably physieally attracted by the fibre but
chemieally combined with the alizarin. With
tannin mordanted cotton, most probably a phy-
sical attraction exists between the tannic acid
and the cellulose.

From the foregoing statements it seems pro¬
bable that no single theory of dyeing is appli¬
cable in ail cases, and although with oui- présent
knowledge we are not able to explain to our
complété satisfaction the fundamental cause
of dyeing, there seems to be reasonable ground
for considering that in some cases a chemical
attraction is exerted between colouring matter
and fibre, e.g. in the case of wool and silk, and
that in others a physical attraction is exerted,
e.g. in the case of cotton.

With respect to the seat of the colouring
matter in dyed fibres, it differs according to the
fibre, colouring matter, and method of dyeing.
As a rule, dyed wool and silk are permeated
more or less throughout their substance with
the colouring matter ; in dyed cotton the sub¬
stance of the fibre is sometimes permeated with
colour in a similar manner, but frequently it is
fixed almost entirely on the surface.

Classification of colouring matters.—The
dyestuffs at présent employed exhibit rnarked
différences in their physical and chemical pro¬
perties, and from the point of view of the former
they may be divided into two large groups, viz.
pigments and colouring principles.

The essential characteristie of the pigments
is that they possess a more or less intense and
fully-developed colour in themselves ; they are
coloured bodies, and need only, as it were, to be
fixed in a more or less unchanged condition upon
the textile fibres. To this group belong magenta,
indigo, azo-scarlet, &c. A noticeable feature of
this class of colours is that they yield at most
various tones of one colour; they are monogenetic.

The mode of applying them to wool and
silk and animal substances generally is usually
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very simple. It suffices in most cases to steep
the material to be dyed in hot solutions of the
colouring matter with the addition of some acid,
alkali, or sait. Their application to the vege-
table fibres is frequently of a more complex
character, and will be referred to aftérwards.

The characteristie feature of the colouring
principles is that they possess little or no colour
in themselves, and are only useful as dyestuffs
because they are capable of combining with
other substances to produce intensely coloured
bodies or pigments, which may be permanently
fixed upon the textile fibres. When such co¬
loured bodies are produced apart from the fibres
they are termed lahes. Very many colouring
principles are capable of yielding several differ-
ently coloured pigments according to the sub¬
stance with which they are combined, and such
may therefore be termed polygenetic colouring
principles. To this group belong alizarin
(madder), carminic acid (cochineal), brazileïn
(peachwood), &c.

The application of this class of dyestuffs
both to the animal and vegetable fibres generally
comprises two opérations, viz. mordanting and
dyeing. The first has for its object the fixing
upon the fibre in an indelible manner the mor¬
dant, i.e. that substance which combines with
the colouring principle to produce the requisite
coloured pigment. The dyeing opération, which
usually follows that of mordanting, consists in
the application of the colouring principle.

The terms adjeciive and substantive colour¬
ing matters introduced by Bancroft refer to those
which are applied by the aid of a mordant and
those which are applied directly ; they coincide
somewhat with the terms colouring principles
and pigments used here, but not entirely so.
The latter terms refer to the presence or absence
of fully-developed useful colour in the sub¬
stance itself, while the former terms indicate
merely the method of application, and since
this varies according to the nature of the fibre,
it frequently happens that a colouring matter
may be substantive towards wool and silk, and
adjective towards cotton. This is the case, for
example, with magenta and similarly constituted
colouring matters.

Another mode of classifying the numerous
dyestuffs is that based upon their chemical
character, and although this plan leads to an
arrangement of numerous sub-divisions, it marks
out two or three prominent groups, a considéra¬
tion of which will demonstrate certain funda¬
mental facts conneeted with the application of
colouring matters. If the colouring principle
alizarin and the pigment magenta are compared
with each other with regard to their général
chemical composition, no analogy is apparent,
but if the ultimate dyed colour or pigment
alizarin-red be compared with magenta, the case
is différent. Alizarin-red consists of a colouring
principle (alizarin) combined with the base
(alumina), while-jnagenta is composed of a
colouring principle (rosaniline) combined with
the acid (hydrochlorie acid).

Alizarin and rosaniline are indeed types of
two large groups, viz. acid and basic colouring
principles, and these require to be combined with
substances of an opposite chemical character in
order to yield a coloured body, pigment, or dye ;
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the former require the aid of basic mordants
(metallic oxides),the latterthatof acidmordants
(tannic aoid). This necessity applies to both,
when eonsidering their application to cotton, but
with respect to wool it only holds good with tbe
former, for it has already been pointed out tbat
wool and also silk inay be dyed directly with the
base rosaniline alone. If, however, as has been
suggested, these fibres themselves act as acid
mordants, tbis behaviour of the basic colouring
principles towards wool and silk is at once
explained, and does not constitute a real excep¬
tion to the above statement.

Acid colouring principles like alizarin are
really of a phenolic character, and are employed
in the free state, whereas it is customary to use
the basic colouring principles in combination
with aeids, i.e. as salts. Although the latter then
appear as soluble pigments, their true character
as basic colouring matters is not recognised
until it is attempted to apply them to the cotton
fibre, when it is found that they are not directly
applicable, but require the aid of an acid mor¬
dant, viz. tannic acid, &c.

Another large group comprises the sulphonic
acid colouring matters, viz. soluble pigments in
which the presence of the sulphonic acid group
(HSCy isthe charaeteristicfeature. Most of these
are employed in the form of sodium salts, and are
only applicable to the animal fibres, these being
simply dyed in aqueous solutions with the aid
of a little sulphuric acid. This addition is ne-
eessary in order to liberate the free sulphonic
acid for which alone the fibre has any attrac¬
tion. Since, however, it is necessary to add a
larger amount of acid than is required for this
purpose, E. Knecht considers that the excess
assists in the production within the wool fibre
of the lake-giving substance lanuginic acid
above referred to. Typical représentatives of this
class are, indigo-extraet, croceïn-scarlet, acid-
magenta, &c. This group includes, however, an
ever increasing sériés of sulphonic acid colour¬
ing matters which differ in a remarkable manner
from those just referred to, since they not only
dye wool and silk in a neutral or slightly alkaline
bath, but are directly attracted by cotton. Re¬
présentatives of this class are : Congo red, chrys-
amin, (6e. Another group of some importance
is that eomprising pigments which contain the
nitro- group (NO.,). They are of an acid cha¬
racter, and possess dyeing properties very similar
to the first mentioned sulphonic acid colour¬
ing matters referred to above. Picrie acid and
aurantia are représentative members of this
group.

Other subsidiary groups of colouring matters
will be referred to subsequently ; it is only in-
tended here to draw attention to the fact that
an intimate relation exists between the chemical
constitution of a colouring matter and its me-
thod of application.

Mordants. These are substances whose par-
ticular function it is to fix colouring matters upon
textile materials. It has already been pointed
out that they are specially needed with colouring
principles having a marked acid or basic cha¬
racter, in which case they also develop the re¬
quired colour. Their action is of a chemical
nature ; they produce with the colouring prin¬
ciples insoluble coloured compounds, and pre-

cipitate these within or upon the fibre. The
mode of applying the mordants varies aceording
to the fibre, colouring matter, and mordant em¬
ployed.

a. Tlie most important class of mordants is
that eomprising the metallic salts, which as
basic mordants are employed with ail fibres in
conjunction with acid colouring principles of a
phenolic character, e.g. alizarin.

Wool is mordanted by boiling it with dilute
solutions of these metallic salts, usually with the
addition of certain acids or acid salts. e.g. cream
of tartar, oxalic acid, &c. During this opération
the wool assists in the dissociation of the
metallic sait, an insoluble ' basic sait being fixed
within and upon the fibre, while a more acid
sait remains in solution. Aceording to E. Knecht
the mordant is fixed as an insoluble com-

pound of lanuginic acid. The acids or acid
salts, which are added along with the mordant
or metallic sait, possibly assist the dissociation
of the latter by forming more sensitive salts
(tartrates, oxalates, &o.), and may be con-
veniently termed assistants.

As a rule the mordanting opération précédés
that of dyeing ; not unfrequently, however, the
two opérations take place simultaneously, and
the dyeing is thus eiïeeted by the so-called
' single bath,' ' one dip,' or ' direct ' method, as,
for example, in dyeing wool cochineal scarlet.
In such cases the wool is boiled in a solution eon-

taining colouring matter, metallic sait, and as¬
sistant, in certain accurately determined relative
proportions. Combination takes place between
the colouring matter and the mordant, but the
pigment which would otherwise be precipitated
is retained in solution by the liberated acid of
the mordant or the assistant présent, and is
only withdrawn from the solutions by the fibre
gradually, or attracted and rendered insoluble
by the lanuginic acid of the fibre, which thus
becomes dyed.

In some cases the application of the mordant
succeeds that of the colouring matter. This
constitutes the so-called ' saddening method ' of
dyeing, beeause it is usually only adopted with
those mordants which give sad or sombre eolours
(e.g. CuS04, FeSOJ. Only a very limited num-
ber of dyestuffs give really good results by this
method, viz. camwood, barwood, sanderswood,
and cateehu, since most colouring matters are
not attracted in suffieient quantity by the fibre
alone, to yield full rich eolours when subsequently
developed by combination with the mordant
applied. Experiment shows that the colouring
matters of these dyestuffs are attracted by, and
forrn insoluble compounds with, lanuginic acid.

Silk is mordanted in the same manner as

wool, by boiling with metallic sait solutions ; or
it is simply steeped for twelve hours or so in
cold solutions of the salts previously rendered
more or less basic and sensitive. By subse¬
quently washing with water, preferably cal-
careous, the metallic sait absorbed by the silk is
dissociated, and an insoluble basic sait, or one
analogous to the insoluble compound of lanu¬
ginic acid above referred to, is precipitated within
the fibre.

Cotton is mordanted with metallic salts by
processes very différent from those adopted for
wool and silk, beeause it has not the property
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of causing the dissociation of tlie metallic salts
by boiling in their solutions. The methods to
be adopted vary, also, aecording to the form of
the material, i.e. whether it be ootton-wool, yavn,
or cloth.

With calico it is usual to impregnate the
fabric with solutions of metallie acétates, then
to dry it, and expose forseveral hours to a moist
warm atmosphère. During this so-called ' age-
ing ' proeess, dissociation of the sait takes
place, aeetic acid escapes, and a more or less
basic sait remains fixed upon the fibre.

Sometimes the ' ageing ' is replaced by a
'steaming proeess,' in which the fabric is ex-
posed from 1 hr. in a closed chamber to the
action of high or low pressure steam. This
method is adopted by the printer of textile
fabrics in the so-called ' steam style,' in which a
mixture of colouring matter and metallic sait
(usually acetate) is printed upon the fabric,
which is then dried and steamed. The metallic
sait is decomposed, a basic sait is precipitated
upon the fibre, at the same time combining with
the colouring matter and producing the coloured
pigment. This method is analogous to the
single-bath proeess of the woollen dyer.

Cotton may also be mordanted by impreg-
nating it with metallic sait solutions, drying,
and then passing through solutions of such
alkaline substances as neutralise the acid and
precipitate upon the fibre a basic sait or the
metallic oxide, e.g. ammonia, chalk, sodium car¬
bonate, &c. One may also use solutions of those
alkali salts whose acids form insoluble com-

pounds with the base of the mordant, e.g. sodium
phosphate, silicate, arsenate, &a. Ail substances
used in this manner for fixing the mordant upon
the fibre are termed jfixing-agents.

In some cases of mordanting, the cotton is
impregnated with the fixing-agent first (e.g.
tannic acid, sulphated-oil, &c.), then dried and
passed through the mordant solution afterwards,
as for example, in Turkey-red dyeing.

Spécial methods of mordanting cotton are
adopted occasionally, in accordance with the
properties of the metallic sait employed. Stannic
oxide, for example, may be fixed on cotton by
passing the fabric through a solution of stannate
of soda, and then through dilute sulphuric acid,
and finally washing. Alumina is precipitated on
the fibre by the rnere exposure to air of cotton
impregnated with aluminate of soda, in which
case atmospheric carbonic acid is the active
fixing-agent.

b. The secorid important class of mordants is
that which ipeludes those of an acid character, and

'which are speeially employed for fixing basic
colouring matters on the vegetable fibres. The
typical représentative of this class is tannic acid.

Cotton is mordanted with this substance by
merely steeping in a cold solution of it, since it bas
a natural attraction for tannic acid ; a subséquent
passage through a hot or cold solution of a sait of
antimony, tin, &o., serves to fix the tannic acid
upon the fibre as insoluble metallic tannates.

Other acid mordants are the fatty acids, e.g.
oleïe acid, sulphated-oil, &c. With these the
cotton is first impregnated, and they are fixed
thereupon by passing through certain metallic
sait solutions, e.g. aluminium acetate, previous
to dyeing with the basic colouring matters.

Vol. J — T

Certain acid colouring matters derived from
benzidine, fluorene, stilbene, &c., may also serve
as acid mordants, since they, too, are naturally
attraeted by the cotton fibre, and they also pro¬
duce insoluble compounds with basic colouring
matters.

Even acid colouring principles may act as
mordants towards those of a basic character.
Alizarin, for example, when fixed on cotton by
means of aluminium or iron, or even in the free
state, readily attracts and combines with the
colour-base of magenta, methyl-violet, &e., and
the colour of the alizarin red or purple already on
the cotton becomes modified or intensified.

Basic mordants are employed for fixing
on animal, and vegetable fibres those colour¬
ing matters which are of an acid character,
i.e. either true acids or bodies containing hy-
droxyl groups, of which the hydrogen is re-
placeable by metals. They comprise the me¬
tallic salts, of which the most important are
those of aluminium, iron, tin, and chromium.

The chief aluminium mordants employed for
wool are aluminium sulphate and alum. The
best results are usually obtained by merely
boiling the wool for 1-1£ hours, in a solution
containing 8-10 p.c. of the weight of the wool
of aluminium sait, with the addition of crearn
of tartar, in the proportion of 3 mois, to 1
mol. aluminium sulphate. Aluminium tartrate
also gives excellent results, but it is cheaper
to allow this sait to be formed in the mordant¬
ing bath itself in the manner described. With
some colouring matters oxalic acid and binoxal-
ate of potash are to be preferred to cream of
tartar as assistants.

Silk is mordanted by boiling with dilute
aluminium sulphate solution, or by steeping 21
hours in a concentrated solution, and then
washing in water, preferably calcareous.

The methods of mordanting cotton with
aluminium are various. It may be impregnated
with a more or less concentrated solution of
alum or aluminium sulphate, dried, and then
passed for a few minutes into a hot solution of
phosphate, arsenate, or silicate of soda, or am¬
monium carbonate. The cotton may also be
impregnated with a cold solution of neutralised
sulphated oil, or of tannic acid, then dried and
steeped in a solution of aluminium acetate or
basic aluminium sulphate. One may also im¬
pregnate the cotton with a solution of aluminate
of soda, dry, and expose to the air, or pass
through a solution of ammonium chloride.
Normal and basic aluminium acetates are also
employed, the' cotton being impregnated with
their solutions, then dried, and exposed to a
moist warm atmosphère ('ageing'), and finally
passed through a hot solution of sodium arsenate
&o. The aluminium acetates employed are pre-
pared by dissolving alumina hydrate in acetic
acid, or by decomposing a solution of aluminium
sulphate with calcium or lead acetate (' red
liquor '). As a général rule. the more basic the
aluminium salis are, tne more readily do their
solutions precipitate by heating or diluting with
water, and the larger is the quantity of alumina
they yield to the fibre when used as mordants.

The chief iron mordants employed by the
dyer are ferrous sulphate and acetate, ferrie
sulphate, acetate, and nitrate.
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The ferrous aeetate employed is made by dis¬
solving scrap iron in pyroligneous aoid. The
1 pyrolignite of iron ' or ' black iron liquor ' thus
obtained is preferable to tliat made by the
rnutual décomposition of ferrous sulphate and
lead acetate solutions ; it keeps better, being less
liable to oxidise because of the presence of tarry
matter or of reducing agents, e.g. pyrocatechol,
&c. Ferrie sulphate is prepared by heating a mix¬
ture of definite proportions of ferrous sulphate,
sulphuric aeid, and nitric acid. Although the
last-mentioned substance is only used as an
oxidising agent, the final préparation is generally
terrned by dyers ' nitrate of iron.' The so-called
'

pure nitrate of iron ' (ferrie nitrate) is prepared
by dissolving scrap iron in nitric acid.

Wool is not now very frequently mordanted
with iron, except after the application of the
colouring matter, i.e. by the so-called saddening
method. In certain cases where it may be
désirable to mordant with iron first in the ordi-
nary manner, one may boil the wool in a solution
of 7 p.c. ferrie sulphate [Fe2(S04)3] and 4 p.c.
binoxalate of potash.

Silk is mordanted by merely steeping about
twelve hours in a cold solution of pyrolignite of
iron (sp.gr. 1-025), and afterwards washing well.
The most usual mordant, employed largely in
black silk dyeing, is the basic ferrie sulphate
Fe4(SOj)5(OH)2. The silk is steeped in a some-
what concentrated solution of this sait (sp.gr.
l'25) for about one hour, then squeezed and well
washed. The opérations are repeated seven or
eight times, after which the silk is boiled in an
old soap bath and finally washed. In this pro-
cess the very sensitive basic ferrie sulphate ab-
sorbed by the fibre is decomposed during the
several washings, a still more basic and insoluble
sait being precipitated within the fibre.

Cotton is usually mordanted with iron by
first impregnating it with cold tannic acid solution,
and then, with or without drying, passing into a
dilute solution of ferrous acetate, ferrie sulphate
or nitrate (sp.gr. 1-01-1-02). The cotton may
also be impregnated with ferrous or ferricacetate,
dried, and exposed to a moist warm atmo¬
sphère (' ageing '), and finally fixed by passing
through a hot solution of sodium phosphate, &c.

Tin mordants are comparatively little used.
As a rule the stannous salts are employed for
wool and the stannie salts for cotton. The chief
stannous mordant is stannous chloride or ' tin
crystals.' It is frequently sold as a somewhat
acid solution under the name of ' single muriate
of tin ' (sp.gr. X-3), or of ' double muriate of
tin ' (sp.gr. 1-6). The général name ' tin spirits '
is given to a variety of solutions of tin in
mixtures of hydrochloric acid and sulphuric or
nitric acid. They usually have a spécifie name
aecording to the purpose for which they are
employed ; ' yellow spirit,' for example, is used in
conjunction with the yellow dyewoodsfor dyeing
yellows. A very favourite mordant with woollen
dyers for producing cochineal scarlet is the so-
called ' scarlet spirit ' or1 bowl spirit.' Itis really
a stannous nitrate containing some stannie sait
prepared by dissolving rods of block tin in cold
nitric acid (sp.gr. 1-16) taking eare to avoid too
energetic action.

The chief stannie mordant employed is
stannie chloride. It is usually sold as a solu¬

tion, or the dyer makes it himself by dissolving
tin in hydrochloric aeid with the addition of
some oxidising agent, e.g. nitric acid or potassium
chlorate. The common name given to the solu¬
tion is ' eottou spirits ; ' occasionally it receives
such names as ' nitro-muriate of tin,' ' barwood
spirits,' &e., aecording to its composition and
character, and the use to which it is applied.

Wool is mordanted by boiling in a solution
containing 6 p.c. of the weight of wool of
stannous chloride, and 6-10 p.c. créant of tartar.
Large proportions of stannous chloride should
be strictlyavoided, otherwise the dyedwool feels
harsh and its général properties are impaired.-
Stannous chloride with addition of oxalic acid is
particularly applicable for the single-bath process
of dyeing with certain colouring matters, e.g.
cochineal, flavin, alizarin, &c.

Silk may be mordanted in the same manner
as wool, or it is steeped several hours in a more
or less concentrated solution of stannie chloride
and then well washed.

Cotton is mordanted with stannie oxide by
impregnating it with a solution of stannate of
soda (sp.gr. 1-02-1-05) and then passing rapidly
through very dilute sulphuric acid and finally
washing. The usual method, however, is to im-
pregnate the cotton with cold tannic acid solu¬
tion for three hours, then squeeze, and, with or
usually without drying, steep one hour in a
dilute solution of stannie chloride (sp.gr. 1*02),
and wash. Cotton thus mordanted was muchused
formerly for dyeing with colouring matters of an
acid character: peachwood,logwood, &c., in which
case the stannie oxide constituted the mordant,
the tannic acid acting as fixing-agent. Now that
the basic coal-tar eolours are so much employed
in dyeing cotton, although the same method of
mordanting is still employed, the rôles of the
tin sait and tannic acid are reversed, for it is
really the tannic acid which is the essential
mordant while the stannie chloride serves only
as the fixing agent.

The chromium mordants are now of the
first importance, since with différent colouring
matters they yield a considérable range of eolours
which are remarkable for their permanence.
The most important chromium sait is potassium
bichromate, and it is now more largely used as
a mordant in wool-dyeing than any other metallic
sait. In eotton-dyeing it is frequently employed
as an oxidising agent, e.g. to develop the colour
in dyeing catechu-brown or aniline-black, and
also to dye chromate of lead yellow and orange.
In recent years the cheaper sodium bichromate
has largely replaced the potassium sait. Other
chromium salts employed as mordants, chiefly
for cotton, are chrome-alum and chromium
acetate. Chrome-alum is obtained in large
quantifies as a by-product during the manufac¬
ture of alizarin ; chromium acetate is prepared
by mixing together solutions of chrome-alum
and lead acetate.

Wool is mordanted with chromium by boiling
for l-lj( hours with 3 p.c. (3 mois.) potassium bi¬
chromate. In many cases it is bénéficiai to add
along with it 1 p.c. (1 mol.) sulphuric acid (sp.gr.
1-84) or 6 p.c. (1 mol.) tartarie acid, whereby fuller
or brighter eolours are ultimately obtained. When
potassium bichromate alone is employed it
would appear that a décomposition of the sait
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oeours, the wool absorbing essentially cliromic aeid
as well as potassium bichromate. When an
addition of sulphuric aoid is made the wool
absorbs only chromie acid. In both cases the
mordanted wool has a yellow colour, and only
in the dye-bath does the réduction to the real
inordanting body cliromic oxide take place
within the fibre through the interaction of the
colouring matter. When tartaric acid is the
assistant employed the mordanted wool has a
green colour, réduction of the chromic acidtaking
placealreadyin themordantingbath,andchromic
hydrate being deposited within the wool. If large
amounts of potassium bichromate are employed
for mordanting, especially if sulphuric acid is also
added to the bath, bad results are obtained, the
colouring matter being oxidised and destroyed by
the excess of chromic acid présent in the wool.
Thisdefectis knownas 'over-chroming.' In some
few cases potassium bichromate may be usefully
applied in the same bath with the Colouring
matter, e.g. with alizarin, or after it, e.g. in the
case of camwood.

Silk is not usually mordanted with chromium.
It is well mordanted, however, if boiled 1 with a
solution of potassium bichromate and tartaric
acid after the manner of wool, but not if one

employs potassium bichromate alone, or even
with the addition of sulphuric acid.

Cotton is mordanted with chromium by im-
pregnating it with a more or less concentrated
solution of ehrome-alum, drying, and passing
through a boiling solution of sodium carbonate
(100 grams per litre) or caustic soda. A method
in vogue with the printer is, to impregnate or
print the cotton with a mixture of colouring
matter and chromium acetate, dry and steam
(' steam colours '). Cotton may also be mor¬
danted by steeping for several hours in an
alkaline solution of chromium acetate, e.g. a
mixture of 100 parts by weight of chromium
acetate (sp.gr. 1-115), 100 parts NaOH (sp.gr.
1-33), 50 parts water, and finally washing. This
method, however, is not employed, it is found
better to pad in the solution and steam.

Acid mordants are employed for fixing basio
colouring matters on cotton. They find no use for
this purpose in wool and silk dyeing, since these
fibres themselves aet as acid mordants, and are

dyed directly without the aid of any mordant.
Tannic acid is the mordant par excellence

for fixing the basio coal-tar colours on cotton.
This fibre absorbs tannic acid by long steeping
in its cold solution, and if when thus prepared it
is immersed in a solution of a basic colouring
matter, the tannic acid combines with the colour-
base, a coloured lake is formed within the sub¬
stance of the fibre and the cotton becomes dyed.
During the dyeing process the acid originally in
combination with the colour-base is displaced,
and sinee in the free state it interfères with the
complété formation of the colour-lake, it is found
bénéficiai to add a small proportion of sodium
carbonate or acetate to the dye-bath. Since the
tannates of colour-bases are somewhat soluble,
especially if there be excess of tannic acid
présent, and also in alkaline solutions, it is
neeessary in practice to fix the tannic acid on
the fibre in the form of an insoluble metallic-
tannate, previous to dyeing. This is done by
passing the tannic acid prepared cotton through

a hot or cold solution of tartar-emetic or stannio
chloride ; tannate of antimony or tin is thus
fixed on the fibre, and these have quite as great
an attraction for the colour-base as free tannic
acid has. Cotton thus mordanted and dyed is
probably permeated with a very insoluble tan¬
nate'of antimony or tin and of colour-base, a
triple eompound which is insoluble in alkaline
solutions, and fast therefore to washing with
soap, &D.

As already pointed out, tannic acid is some-
timés used as a fixing-agent for tin, iron, or
aluminium mordants, and since its iron eom¬

pound is of a bluish-black colour it sometimes
serves with respect to iron as a useful colouring
matter.

Tannic acid finds no use in woollen dyeing, but
for silk it is largely employed, partly for adding
weight to the silk, and partly for the purpose of
dyeing it blaclc in conjunction with iron mor¬
dants. Its utility as a weighting agent is owing
to the fact that silk absorbs as mueh as 25 p.c.
tannic acid from its hot solution, whereby it
not only gains in weight, but also in volume.

Fatty acids are used as mordants for fixing
the basic coal-tar colours on cotton very mueh
in the same way as tannic acid. They are,
however, not attraeted by cotton from their
soiutions, but they form insoluble lakes with
the colour-bases. The method of procédure
is to impregnate the cotton with a more or less
concentrated solution of their alkali salts, e.g.
soap ; after drying, the fabric is passed through,
or better steeped, in a cold solution of aluminium
sulphate, and washed. Although the fatty acid
is thus fixed on the fibre as an insoluble alu-
mmium-soap, it is still capable of combining with
the colour-base when the cotton is passed into
a solution of a basie colouring matter. Colours
dyed by this method are brighter than, but not
so fast to washing as, those fixed by means of
tannic aoid.

The most eonvenient fatty-aeid mordant to
employ instead of ordinary soap is the so-called
' sulphated-oil.' It is prepared by mixing two
parts by weight of castor-oil with one part of
sulphuric acid (sp.gr. 1-84) and allowing the
mixture to stand for 24 hours. It is then
washed with a strong solution of common sait
to free it from excess of acid, and is finally neu-
tralised with ammonia or caustio soda. Tho
product of the action of the acid upon the oil
has a somewhat complex chemical composition,
but its practical utility dépends upon the fact
that it behaves like a fatty acid and gives an
extremely soluble soap with alkalis. Ordinary
castor-oil soap produced by boiling the oil with
caustic soda is also very soluble and may be
used as an equally good mordant. Sulphated-
oil is frequently called ' Turkey-red oil,' ' aliza-
rin-oil,' and ' soluble-oil,' since it is largely used
in the modem short process of Turkey-red dyeing
as the fixing-agent for the neeessary aluminium
mordant, and it gives the characteristic brilliancy
of colour obtained by the use of the oil prépara¬
tions formerly employed.

Acid colouring principles, e.g. alizarin, and
certain aoid colouring matters derived from benz-
idine, stilbene, fluorene, &c., can also be readily
fixed on cotton, and serve as mordants for basic,
colouring matters, but they are not generally
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used for this purpose unless for the production
of compound shades to suit certain tastes or
requirements.

Natural colouring matters. These belong
for the most part to the acid or phenolie class,
and require therefore the aid of basic mordants
(metallic salts). The notable exceptions are
indigo, safflower, turmeric, catechu, annatto,
and archil.

Indigo is one of the most valuable . blue
colouring matters employed by the dyer.

One method of dyeing with indigo is founded
upon its property of dissolving in strong
sulphurie acid whereby it becomes changed
into indigotin-disulphonic acid (indigo-extract),
which is then applied to the animal fibres by
merely steeping them in its hot acid solutions.
This method, which is not applicable to the
vegetable fibres, yields brighter colours than the
vat-method described below, but they are fugi¬
tive to light and are decolourised by alkaline
solutions.

The most important method of application
is by means of the indigo-vat, which is suitable
both for vegetable and animal fibres and yields
exceedingly permanent colours although thev
are not remarkable for brilliancy. This method
is based upon the fact that under the influence
of reducing agents, the insoluble indigo-blue is
changed into indigo-white which is readily
soluble in alkalis. If textile materials are irn-
mersed in the alkaline solutions and then ex-

posed to the air, the indigo-white absorbed
by the fibre is oxidised and reconverted into
indigo-blue, which being precipitated within and
upon the fibre is permanently fixed.

Cotton is dyed. by means of the ferrous sul-
phate vat, the zinc-powder vat, or the hypo-
sulphite vat.

The ferrous sulphate vat (lime and copperas
vat) is composed of the following ingrédients:
water 4,000 litres, finely ground indigo 40 kilos.,
ferrous sulphate 60-80 kilos., dry slaked lime
50-100 kilos. The following équation shows
the chemical changes which occur during its
préparation :

FeS04 + Ca(OH)„ = CaS04 + Ee(OH)2
2Fe(OH)2 + 2H..Ô = Fe2(OH)6 + H2

C,CH10N2O2 + H2 = C16H12N202.
The lime décomposés the ferrous sulphate with
the production of ferrous hydrate, and this in
the presence of lime and indigo décomposés the
water, yielding ferrie hydrate and hydrogen ;
the latter at once combines with the indigotin
and produces indigo-white, which dissolves by
reason of the excess of lime présent. The nor¬
mal colour of the vat liquor thus obtained is
brownish-amber.

The zinc-powder vat is made up with water,
indigo, zinc-powder, and lime. In the presence
of the lime and indigo the zinc décomposés the
water even at the ordinary température, and
the liberated hydrogen efieets the réduction of
the indigo.

The hyposulphite vat contains water, indigo,
hyposulphite of soda (NaHS02) and lime. The
active reducing agent hyposulphurous acid (also
called hydrosulphurous acid) is prepared by the
short action (lhour) of zinc-powder upon a cold
concentrated solution of bisulphite of soda (sp.gr.
1*3), taking care to avoid access of air and over-

heating of the mixture. After neutralising with
lime and allowing the sediment produced to
subside, the clear solution of hyposulphite is
mixed with lime and indigo. The action of the
zinc upon the bisulphite of soda is somewhat
complex, there being produced a solution of
sodium hydrogen hyposulphite and a precipitate
of zinc sodium sulphite, thus—

Zn + 3NaHSOs = NaHS02 + ZnNa2(S03)2 + H.0
In the presence of the indigo and lime the
sodium hydrogen hyposulphite décomposés the
water, yielding 6odium hydrogen sulphite and
hydrogen which at once reduces the indigo ;

NaHS02 + H.,0 = NaHSOa + H,.
The advantages of this vat are, that it is readily
prepared and gives very little sediment.

Wool is also dyed by means of the hypo¬
sulphite vat, but more frequently the fermenta¬
tion vats are employed, of which the principal is
the so-called woad-vat. The composition of
this vat is about as follows :—

Indigo 15 kilos., woad 300 kilos., bran 10
kilos., madder 2-15 kilos., lime 12 kilos., water
6,000 litres. The bran, madder, and especially
the woad, supply the ferment, a species of bac-
terium which at a température of about 50°C.
causes lactic and butyric fermentation with
évolution of hydrogen. Excessive fermentation
is prevented by making suitable additions of
lime, or it is aceelerated, if necessary, by adding
further quantities of bran.

In the so-called German soda-vat and the
Indian potash-vat, the woad»is replaeed by bran
with the addition of molasses, and the lime is
more or less replaeed by sodium or potassium
carbonate.

To avoid the dérangements to which ail
fermentation vats are liable, Collin and Benoist
propose to employ a pure ferment and a com-
pletely fermentescible food material. The latter
eonsists of starch paste and glucose, while the
former, Desmobacterium hydrogeniferum is culti-
vated by infecting a sterilised solution contain-
ing sodium carbonate and phosphate, ammonium
tartrate, soluble starch and lime, with a erude
ferment obtained by digesting potato cuttings
in tepid water. It is proposed to sell the pure
ferment mixed with dry wood-flour, of which
préparation 50 grams would suflice for a vat of
12 cubie métrés capacity. The results obtained
by its use are said to be 40 p.c. better than those
of the old method.

Silk is seldom dyed with vat blue. Both
the fermentation and the hyposulphite vat are
applicable, or one may employ with advantage
a vat prepared with zinc-powder and ammonia.

Logwood serves principally for producing
blacks, dark blues, greys, and numerous com¬
pound shades when used along with other dye-
stuffs.

Wool is dyed blue or blaek by mordanting
with bichromate of potash, with the addition of
sulphurie or tartaric acid, or cream of tartar,
then washing and dyeing in a separate bath with
15-50 p.c. logwood. It is usual to modify the
tone of colour by the addition of a small quantity
of some other dyewood—e.g. fustic. When sul¬
phurie acid is the assistant employed in the
mordanting bath, or if no addition is made, the
presence of chalk or calcium acetate in the dye-
bath is injurious, whereas if tartaric acid or
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cream of tartar is employed, these additions are
decidedly bénéficiai. Occasionally wool is dyed
black by mordanting it with ferrous sulpliate
before or after dyeing with logwood. A direct
black, known as ' Bonsor's Black,' is a mixed
iron and copper lake sold in the form of a paste.
Wool is dyed by boiling with a solution contain-
îng 20-30 p.c. of the paste, and 2 -3 p.c. oxalic
acid. Woaded blacks are produced by first dye¬
ing a light indigo blue in the woad-vat and then
dyeing logwood black in the ordinary manner.
With aluminium mordant logwood gives a dull
purple, and with tin mordant a still redder
purple, both fugitive to light. In the former
case the presence of chalk or calcium aeetate in
the dye-bath is bénéficiai. With copper mordant
it yields a greenish-black remarkable for its fast-
ness to light. These mordants are employed
much less frequently than bichromate of
potash.

Silk is dyed black as follows :—Mordant with
basic ferrie sulphate, dye blue in a batli of potas¬
sium ferrocyanide slightly acidified with hydro-
chloric acid, steep in a strong hot décoction of
catechu containing stannous chloride, steep in a
second bath containing only catechu, mordant
with pyrolignite of iron, dye in a bath containing
logwood liquor and soap.

Cotton is dyed black by first preparing it
with tannic acid (décoction of myrobalans,
sumach, &c.) or with catechol (décoction of
catechu), then mordanting with pyrolignite or
nitrate of iron, and finally dyeing with logwood.
Aluminium, tin, and copper mordants are only
occasionally employed in connection with log¬
wood by the cotton dyer.

Brazilwood, peachwood, and limawood
possess dyeing properties more or less similar,
and the method of their application to the dif¬
férent fibres is practically the same as for log¬
wood. They are becoming less and less em¬
ployed because of the fugitive character of the
colours they yield.

With chromium mordant they produce colours
ranging from purplish-slate to claret-brown, ac-
cording to the percentage of dyewood employed.
With aluminium and tin mordants they give
moderately bright crimsons, with copper and
iron mordants claret-brown and dark slate re-

spectively.
In the form of extracts these dyewoods are

still much used by the calico-printer for low
class steam styles.

Gamwood, barwood, and sanderswood possess
similar dyeing properties, and are chiefiy em¬
ployed in woollen-dyeing for producing brown
colours. The colouring matter which they con-
tain is of a resinous character and very little
soluble even in hot water ; but if wool is boiled
with water containing the ground wood it absorbs
a considérable quantity of colouring matter and
aequires a full reddish-brown stain. By passing
afterwards into boiling solutions of the various
mordants useful colours are obtained. Chro¬
mium mordant gives a deep purplish-brown,
aluminium a brownish-red, copper and iron
mordants a claret-brown and purplish-brown
respectively. With these dyewoods this so-called
' stuffing and saddening ' method of dyeing is
préférable, as a rule, to the ordinary 'mordanting
and dyeing ' method, since it gives deeper colours.

In cotton-dyeing barwood is the only dyestuff
of this class used, viz., for ' mock Turkey-red '
or ' barwood red.' The cotton is prepared with
tannic acid, mordanted with tin, and boiled with
water containing ground barwood.

In silk-dyeing these dyewoods are never em¬
ployed, because the addition of ground wood to
•the dye-bath is inadmissible with silk, and no
extracts are obtainable.

Madder. This dyestuff, once of such great
importance, has now been almost entirely re-
placedby artificial alizarin, particularly in cotton-
dyeing.

Wool is mordanted with bichromate of potash,
aluminium sulphate, &o., according to the
methods already described, and dyed in a sepa-
rate bath with madder. The addition to the
dye-bath of 1-2 p.c. of chalk or calcium aeetate
is bénéficiai, especially in the case of aluminium
and iron mordants, or when chromium is présent
in the wool as chromic hydrate. Chromium
gives claret-brown, aluminium brownish-red, tin
gives a fairly bright orange, copper and iron
mordants give brown. With stannous chloride
and oxalic acid, also with potassium bichromate
and sulphuric acid, the ' single bath ' method of
dyeing may be employed.

Silk is mordanted in the usual manner and
dyed in a separate bath with madder.

The use of madder in the woad-vat has
already been referred to.

Cochineal. This valuable dyestuff is princi-
pally used in wool-dyeing for the production of
crimson and scarlet colours, although it is now
largely replaced either by azo-scarlet or alizarin-
red. In cotton and silk dyeing its use is ail but
entirely discontinued.

Wool is dyed crimson by first mordanting
with aluminium sulphate and cream of tartar,
and dyeing in a separate bath with cochineal.
By employing oxalic acid as the assistant the
single-bath, method may also be employed.
Cochineal scarlet is always dyed in a single bath,
using about 6 p.c. stannous chloride, 6 p.c.
oxalic acid, and 10-15 p.c. ground cochineal ;
usually a small percentage of flavin is added to
ruake the colour yellower and brighter.

Chromium and iron mordants give purple
and slate colours respectively ; but these mor¬
dants are rarely employed in praetice, because
similar colours can be obtained more cheaply by
other methods. The presence of lime salts or
any alkaline sait in the dye-bath is specially
injurious. AU cochineal colours are fast to
light ; the chief defect of cochineal scarlet is
that it loses brilliancy and becomes blue by the
action of alkalis, soap, Sie.

Lac-dye may be employed in the same way
as cochineal, and similar colours are obtained
with the différent mordants ; but its use is now
almost entirely discontinued. Owing to the
presence of an excess of minerai matter in lac-
dye it is necessary to soak it in a little dilute
hydrochloric acid before use.

Archil, in the form of paste or extract, or in
the dried state as cudbear, is employed in wool
and silk dyeing for the production of compound
colours—chiefiy browns, maroons, olives, &c.
It is applied in a neutral, slightly alkaline, or
slightly acid bath. It yields full rich colours,
which unfortunately are not fast to light.
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Annatto is now little used, except in silk-dye-
ing. It is applied in a hot soap bath. It gives
nice orange shades, which are fugitive with re¬
spect to light.

Safflower was formerly much used for dyeing
bright pinks on cotton ; but its employment for
tliis purpose is now almost entirely discontinued.
Cotton is dyed in a slightly alkaline bath, which
is gradually acidified by the addition of tartaric,
acetie, or stflphuric acid, the colouring matter
being thus precipitated upon the fibre.

Weld is now employed only to a limited es¬
tent in silk and wool-dyeing, chiefly for produ-
cing yellow in eonjunction with tin and alumi¬
nium mordants, or for olive with iron mordant.

Wool is dyed yellow by mordanting with 4
p.e. aluminium sulphate with the addition of
cream of tartar, and dyeing in a separate bath
with 80 p.e. weld, with the addition of 8 p.c.
chalk. Silk is dyed in a similar manner. The
eolour is remarkable for its purity, i.e. freedom
from orange, and its fastness to light. With tin
mordant a pure, bright, and fairly fast yellow is
also obtained.

Olcl-fustic is the most largely used natural
yellow dyewood now employed, principally in
wool-dyeing, for the production of eompound
shades. With chromium mordant it yields an
olive-yellow (old-gold) eolour, with aluminium
and tin mordants yellows are obtained, those
with tin being the brightest ; eopper and iron
mordants give olives. Prolonged dyeing, espe-
cially at high températures, should be avoided
in the case of yellows, otherwise the colours be-
como dull. The brightest yellows are those ob¬
tained with tin mordant in single bath. The
chromium and iron colours are fast to light.

Quercitron-bark is not much used in dyeing,
except by the calico-printer, beeause of its com-
paratively high price. With the différent mor¬
dants it gives shades more or less similar to
those yielded by old-fustic ; the yellows produced
by the aid of tin mordant are brighter and more
orange.

Flavin, which consists essentially of quer-
cetin, the modified colouring of quercitron-bark,
is almost entirely used in wool-dyeing, and chiefly
for bright orange or yellow in eonjunction with
tin mordant by the single-bath process. It is
used along with coehineal to obtain yellow shades
of scarlet.

Young-fustic yields fugitive colours ; hence
it is gradually falling into disuse. On wool mor-
danted with bichromate of potash it gives a
reddish-brown, with tin mordant a bright orange-
yellow, very similar to tbat given by quercitron
bark and flavin.

Persian-berries. This dyestufï is chiefly
used by the calico-printer, since it is much more
expensive than other yellow colouring matters,
which serve the purpose of the dyer equally well.
With the différent mordants it yields colours
similar to those given by other yellow dyewoods.
On wool it produces a good reddish-brown with
chromium mordant, and with tin mordant a par-
ticularly bright orange. The olive eolour obtained
by means of copper mordant is remarkable for
its fastness to light.

Twrmeric is still largely used in wool, silk,
and.cotton-dyeing, beeause of its eheapness, not-
withstanding the very fugitive character of the

eolour it yields. Wool and silk may be dyed
yellow without making any addition to the dye-
bath, but brighter colours are obtained by acidi-
fying the bath with aluminium sulphate.

Cotton is dyed simply by immersion in a bot
décoction of turmeric, without having been pre-
viously mordanted. The yellow eolour thus ob¬
tained is fugitive to light, and is changed to
reddish-brown by alkalis.

Catecliu is a most valuable dyestuff, and is
largely used in cotton and silk-dyeing. In wool-
dyeing it finds little or no employment.

In silk-dyeing it is used to add weight to
logwood blacks. After mordanting with basic
ferrie sulphate and dyeing Prussian blue, the silk
is steeped in a hot and strong décoction of
catechu with or without the addition of stannous
chloride. The silk absorbs a very large per ceut-
age of cateehol, which is fixed on the fibre as a
tin-lake. Mordanting with pyrolignite of iron
and dyeing with logwood follow the weighting
opération.

Dark browns are - produced on silk plush
intended to imitate seal-skin, by working the
silk in a hot catechu décoction, and afterwards
passing into a solution of bichromate of potash.

Cotton is dyed brown in the manner just
described for silk. In both cases the catechol
absorbed by the fibre is oxidised and changed
into a brown insoluble substance called japonic
acid. Dark shades are best dyed by repeating
the processes. Catechu may be used instead of
tannie acid for fixing iron mordant previous to
dyeing logwood blaek, or as a mordant for basio
coal-tar colours. Catechu browns, espeeially on
cotton, are extremely fast to light and most other
agencies.

Artificial colouring matters. This group in-
cludes every variety of colouring matter, basic,
acid, and neutral, and their methods of applica¬
tion are very varied, although they are in some
measure always dépendent upon the chemical
constitution of the individual colouring matters.

Nitro- colouring matters. The important
members of this class are : picric acid, Victoria
orange, aurantia, palatine orange, naphthalin
yellow, naphthol yellow S. AU these colour¬
ing matters are only applicable to the animal
fibrgs, which are dyed in a bath slightly acidified
with sulphuric acid. The colours they yield are
not fast to light. Picric acid yellow is remark¬
able for its extreme freedom from any trace of
orange. On exposure to light it rapidly beconies
orange, and then gradually fades.

Azoxy- colouring matters. The sole représen¬
tative of this class is Cureumin S,

C14H8(N20)(NaS03)2.
It is applied in exactly the same way as the nitro-
eolouring matters.

Nitroso- colouring matters. This class in-
cludes fast-green or dark-green and naphthol-
green B. In eonjunction with iron mordants
both these dyestuffs give olive-green colours re¬
markable for their fastness to light.

Cotton is dyed with dark-green by mordant¬
ing with iron and dyeing in a neutral bath.
Wool is mordanted with ferrous sulphate and
oxalic acid, and dyed in a neutral bath. Silk is
dyed in a similar manner.

Naphthol-green is only applicable to tho
animal fibres. Wool is dyed in a single bath
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with the addition of ferrous sulpliate and sul¬
phuric acid.

Azo- colourvng matters. This large group
comprises several sub-divisions : amido-azo-
aolours, oxy-azo- colours, benzidine colours, &c.

The chief amido-azo- colours are aniline
yellow, chrysoïdine, Bismarck brown. Of these
only the two last are now used, tire first-named
being too fugitive and sensitive. Cotton is mor¬
danted with tannic acid and tartar emetic, and
dyed in a neutral bath. Wool and silk are dyed
in a neutral bath. None of the colours produced
are fast to light. Of the amido-azo-sulphonic-
acid colours the following may be mentioned :
Fast yellow, dimethylaniline orange, or orange
III., diphenylamine orange or orange IV.,
metanil yellow, brilliant yellow, and azo-fiavin.
These colours are not suitable for cotton. Wool
and silk are dyed with the addition of sulphuric
acid. The colours are only moderately fast to
light.

The oxy-azo- colours are exceedingly mimer¬
ons, and include yellow, orange, red, brown, and
black or dark-blue colouring matters. They are
for the most part sulphonic acid colours, and are
hence specially applicable to wool and silk,
which are dyed in an acid bath. Although many
yield colours having only a moderate degree of
fastness to light, others are very good indeed in
this respect, e.g. the tetrazo- compounds, such as
croceïn scarlet, &c. The following are a few of the
leading colours of this class : Chrysoïn, orange I.,
orange II., orange G, Ponceau II, Biebrich scarlet,
croceïn scarlet, fast red, archil brown, Bordeaux,
amaranth, naphthol black, wool black, &c.

Of these colours the oranges and reds présent
little or no difficulty in dyeing if the température
of the dye-bath is raised very slowly to the boil-
ing-point, but the browns, Bordeaux, and dark
blues are exceedingly apt to dye unlevel shades,
the colour being for the most part precipitated
on the surface of the wool or silk. To prevent
this it is well to add to the dye-bath 5-10 p.c.
on the weight of wool, of sodium sulphate.
Azarin S difi'ers somewhat in constitution from
the foregoing. It is a non-sulplionated azo-red,
which has been rendered soluble by means of
bisulphite of soda. It is specially suitable for
cotton, which is first mordanted with aluminium,
and dyed with the addition of sulphated-oil.

An interesting method of dyeing cotton with
the azo- colours consists in immersing the cotton
alternately in solutions of an azo- eompound
{e.g. diazo-benzene chloride) and of a phénol.
It is best to apply the phénol solution first, and
dry the fabric before passing into the azo- solu¬
tion. The azo- colour is precipitated upon the
fibre, and, although fairly fast to light and
washing, it tends to rub oiï.

The benzidine and allied colouring matters
seem likely to become as numerous as the oxy-
azo colours. Their distinguishing feature, to
which they owe their great utility, is that they
dye cotton direct, in a neutral or slightly alkaline
bath. The addition of a certain proportion of
common sait is essential, since it gives deeper
colours, probably because it tends to precipitate
the colouring matter upon the fibre.

The following are a few of the colours of
this class : Congo red, benzopurpurin, azo-blue,
benzo-azurin, chrysamin, Hessian yellow, &c.

Primulin is the représentative of a spécial class
of amido- colouring matters (eontaining sulphur)
which dye cotton directly. It dyes cotton in a
neutral bath a bright yellow colour. If the dyed
colour is azotised by passing the fabric through a
solution of nitrous acid, a variety of colours, e.g.
orange, red, brown, and blue, can be developed
from it by further passing through alkaline solu¬
tions of various phénols and aminés. The colours
are fast to soap, but not to light.

Tartrazin is a yellow azo- colour of spécial
constitution derived from phenyl-hydrazin, but,
being a sulphonic acid eompound, it is applied
to wool and silk in the usual manner, and is not
applicable to cotton. It is specially remarkable
for yielding colours which are extremely fast to
light. It is indeed the fastest to light of ail
yellows now known.

Triplienylmethane colours. This class includes
the most important basic colouring matters, a
few sulphonic acids of colour-bases, and one or
two hydroxyl compounds of little importance to
the dyer.

The basic colouring matters comprise the
following : Magenta, rosaniline blue or spirit-
blue, rosaniline violet, Hofmann's violet, methyl
violet, methyl green, benzaldehyde green, ethyl
purple, crystal-violet, Victoria blue, night-blue,
auramine.

Wool is dyed with most of these colours in a
neutral bath, heating gradually up to the boiling-
point. The addition of sodium acetate in smail
quantity is bénéficiai, since it changes the
chlorides of the colour-bases into the acetates.
Silk is dyed in a neutral bath with the addition
of boiled-off liquor, i.e. waste soap-hquor eon¬
taining silk-glue. The exceptions to the above
rule are rosaniline blue and violet, which require
a slight addition of sulphuric acid to the bath;
Victoria blue and night-blue require either the
same addition or a little acetic acid instead, in
order to prevent précipitation of the colouring
matter in the dyebath.

Cotton is mordanted with tannic acid and
tartar-emetic and dyed in a neutral bath.

The sulphonic acid colours of this group in¬
clude the following : acid-magenta, acid-violet,
àcid-green. AU these are specialiy suitable for
wool and sill;-dyeing and are inapplicable to
cotton, the former being dyed with the addition
of sulphuric acid to the bath. Soluble-blue is
also an acid colour, but it dyes tannin prepared
cotton fairly well if the bath is acidulated with
alum.

Alkali blue, green, and violet are also sul¬
phonic acid colours specially suitable for dyeing
wool, to which they are applied in a spécial
manner. The wool is boiled with a solution of
the alkali sait of the colour-acid, for which it
seems to possess a definite attraction. The
fabric, which at this stage has only a pale tint,
is then passed into warm dilute sulphuric acid,
whereby the colour-acid is liberated within the
fibre which thus becomes dyed, a full colour
being developed.

Of the hydroxyl derivatives of triplienyl¬
methane only aurinehas acquiredany importance,
but it is not now used in dyeing because of its
extremely fugitive character. None of the tri-
phenylmethane derivatives appear to be fast to
light. Wool dyed withmost of themis not suitable
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for goodswhich havetobe milled,since the oolour
' bleeds ' ; notable exceptions are Victoria blue
and night-blue. Fixed on cotton they withstand
the action of soap remarkably well.

Phthaleïn colouring matters. Tliese inclnde
two classes of hydroxyl derivatives. The mem-
bers of the first class comprise eosin, erythrosin,
'rose-bengale, phloxin, cyanosin. They are spe-
'oially suitable for wool and silk, these fibres
being dyed in an acid bath. Cotton impregnated
iwith lead acetate and dried may also be dyed in
neutral solutions, a lead-lake being formed upon
the fibre. Ail the above colours are remarkable
for the brilliancy of the dyes they yield, but
which, unfortunately, are amongthemostf ugitive.

Bhodamine is a brilliant pink amido- colour¬
ing matter related to the foregoing and re¬
markably fast to light. It is a basic colouring
matter, and applied according to the method
usual for this class of dyestuffs.

The second class of phthaleïn colours in-
cludes the two important dyestuffs galleïn and
cœruleïn. XJnlike the foregoing colours they
only yield useful dyes when applied in conjunc-
tion with mordants which must of necessity
have a basic character.

Wool, silk, and cotton are mordanted accord¬
ing to the usual methods with metallic salts,
and dyed in a separate bath with the colouring
matters.

Galleïn yields with chromium mordant a
bluish-purple colour, with aluminium a reddish
purple, with iron mordant a deep-violet colour.
The chromium mordant is the most useful,
especially in the case of wool. AU the colours
are fairly fast to light.

Cœruleïn yields with the différent mordants
various shades of olive-green, ail of which are
remarkably fast to light. In wool-dyeing the
chromium mordant is the most useful. Cœru¬
leïn S is the soluble sodium bisulphite compound
of ordinary insoluble cœruleïn. It is applied
in the same manner, care being taken to dye for
sorne time at a température of 50°-60°C., since
at a higher température it is decomposed, the
ordinary insoluble cœruleïn being liberated.
Attention to this point ensures more level
shades. The presenee of lime salts in the dye
bath is injurious. Galleïn and cœruleïn are-
very useful colouring matters to apply along
with anthracene colours in order to obtain com¬

pound shades of fast brown, olive, <Sic.
Anthracene colouring matters. This is one

of the most important classes of dyestuffs, be-
cause it comprises those which give colours
remarkable for their fastness to light and other
agencies. The colouring matters at présent in
use are alizarin, anthrapurpurin, flavopurpurin,
purpurin, nitro-alizarin or alizarin orange,
alizarin blue, anthragallol or anthracene brown.
Ail these, being phenolic colouring matters, re-
quire the aid of basic mordants.

The various fibres, wool, silk, and cotton are
mordanted in the usual manner with metallic
salts, and then dyed in separate baths with the
colouring matters.

Alizarin, anthrapurpurin, anàflavopurpurin,
give similar shades with the différent mordants,
viz., brown with chromium, red with aluminium,
orange with tin, purple or slate with iron mor¬
dants.

In wool-dyeing the chief mordants employed
are bichromate of potash, and aluminium sul-
phate with addition of cream of tartar. With
the former the presenee of lime salts in the dye
bath is not necessary, but with the latter it is
all-essential, the best form being calcium acé¬
tate. The coloured lake fixed upon the fibre is
an aluminium-calcium compound of the colour¬
ing matter. The usual form of alizarin, anthra¬
purpurin, and flavopurpurin is that of thin
watery pastes containing 20 p.e. of solid matter,
but they also occur in the form of powder under
the name of alizarin S, 2S, 3S, WS, &c. These
are sulphonic acids of the ordinary products, and
are speeially useful in wool-dyeing because they
are more soluble and yield more readily level
colours. Their method of application is exactly
the same. With the chromium, aluminium, tin,
and iron mordants useful single-bath methods
are available.

In silk-dyeing the fibre is mordanted as usual,
and dyed in a separate bath as in wool-dyeing.

In cotton-dyeing these colouring matters are
chiefly used for the production of Turkey-red,
the essential feature of which is that it pos-
sesses a remarkable brilliancy and fastness— be¬
cause of the presenee on the fibre of oil in
a modified insoluble form in conjunction with
the alizarin and aluminium mordant.

The préparation of the fibre with olive oil
is effected, according to ' Steiner's process,' bv
passing the fabrie once through hot oil and
then several times through weak solutions of
alkaline carbonate, exposing the material be-
tween each passage to a température of 70°C.
in a stove. After removing unchanged oil by
means of warm dilute carbonate of soda, the
cotton is mordanted in a slightly basic solution
of aluminium sulphate or acetate, washed and
dyed with alizarin. After dyeing, the colour is
rendered brighter by boiling under pressure with
soap to which a little stannous chloride may
be added. This process is only suitable for
cloth.

The so-ealled ' emulsion process ' employed
for cotton yarn differs from the above, mainly
in that the material is not passed through hot
oil, but receives repeated immersions in emul-
sions composed of olive oil and carbonate of
soda or potash, being exposed after each immer¬
sion to 70°C. in a stove.

Both these processes seem to be gradually
giving way to the much shorter ' sulphated-oil
process,' in which the cotton is impregnated
with an alkaline solution of sulphated castor oil
or olive oil and then dried. Thus prepared it is
mordanted with basic aluminium sulphate or
acetate, dyed, dried, steamed, and boiled with
soap solution. The steaming opération after
dyeing helps materially to brighten and fix the
colour-lake upon the fibre.

In ail these processes the oil, in the form of
a modified fatty acid, acts the part of a fixing-
agent for the alumina, and enters into the eom -

position of the red lake, imparting to it both
brilliancy and permanency.

Nitro-alizarin is applied to the various fibres
in exactly the same way as alizarin. Its chief
employment is in wool-dyeing, with bichromate
of potash as the mordant, for the production of
compound shades. It gives a reddish-brown, very
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similar in shade to that given by madder. With
aluminium and tin mordants it gives an orange
eolour, with copper a brownish-red, and with
iron a purplish-brown.

Alizarin blue ocours eitlier in an insoluble
form as a dark blue almost black paste, or in a
soluble form as a reddish-brown paste. The
latter, known as alizarin blue S, is the sodium
bisulphite compound of the former. Both forms
are used principally in wool-dyeing, the material
being mordanted with bichromate of potash.
With alizarin blue S care must be taken to dye
for some time at 50°-60°C., since above this
température the compound décomposés, yield-
ing the insoluble form which does not penetrate
the fibre so well. Calcareous water is not béné¬
ficiai, and the dye bath should always be acidified
slightly with acetic acid. Ail the metallic mor¬
dants give various shades of blue, that yielded
by chromium is a rich purplish-blue. When
used in combination with coefuleïn, nitro-aliza-
rin, &c., very deep-blue shades may be obtained
very similar to those yielded by vat-indigo, for
which alizarin blue seems likely to beeome a
serious rival. It yields colours fast to light,
milling, and ail natural agencies.

Satisfactory results may be obtained also in
silk and cotton-dyeing by adopting the usual
methods of mordanting and dyeing in separate
bath.

Anthragallol or anthracene brown is prin¬
cipally used in wool-dyeing, and with bichrom¬
ate of potash mordant gives dark-brown shades
remarkable for fastness to light and other
agencies. It is applied in the same manner as
alizarin.

Naphthazarin, the alizarin of naphthalene,
is now employed as a sodium bisulphite com¬
pound in wool-dyeing under the name of
alizarin black. It is applied in the same
manner as alizarin blue S, and with chromium
mordant yields a somewhat brownish-black,
very fast to light and other agencies. Its ehief
use is for the production of compound shades.

Galloflavin, although not an anthracene
colour, is best mentioned here because it is ap¬
plied in the same manner as the foregoing. It
is prepared by oxidising an alkaline solution of
gallic acid at a low température, and is sold as
a yellowish paste. In wool-dyeing, where it is
chiefly employed for compound shades, it gives
with the various mordants colours very similar
to those given by old-fustic.

Quinoline and acridine colouring matters.
The members of this group are—flavaniline,
quinoline red, quinoline blue, alizarine blue,
chrysaniline or pliosphine, and quinoline yellow.
Of these only the last three are now of any prac-
tical importance.

Alizarin blue has already been spoken of as
an anthracene colour.

Phosphine, being the hydrochloride of a
colour-base, is a basic colouring matter, and is
applied in exactly the same manner as magenta.
It yields a dull orange colour not remarkable for
any spécial feature. Being very expensive it is
now very little used.

Quinoline yellow is the sodium sulphonate of
quinophthalin and, as such, is applicable only
to the animal fibres in an acid bath. It dyes
woo! and silk a pure yellow colour exactly
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similar to that given by picric acid, but which pos-
sesses the advantage of greater fastness to light.

Indamine and indophenol colouring matters.
To this group belong Bindsehedler's green,
toluylene blue, and indophenol blue. Of these,
only the last-mentioned has been employed in
jiractice for dyeing. Formerly the calico and
woollen printer obtained indigo-blue shades by
printing on the fabric a tin-reduction compound
(indophenol-white), steaming and developing the
colour by passing through a solution of bi¬
chromate of potash. The colour was very sensi-
tive to acids, whereby it was changed at once to
a reddish brown. Indophenol blue is now used
along with indigo for dyeing cotton, employing
a hyposulphite vat containing stannous ehloride.

Thionine colouring matters. Metliylene blue
is an important colouring matter of this group,
It is of a basic character, and consequently ap¬
plied to the various fibres in exactly the same
manner as magenta. It is only used in cotton-
dyeing for dark indigo-blue shades, for which
purpose the fibre is mordanted with tannie acid
and nitrate or acetate of iron.

Oxazine colouring matters. Gallocyanin or
Fast violet, is a useful dye-stuiï which dyes
wool and silk direct, but being of a phenolic
character it may also be fixed on these and
also vegetable fibres by means of mordants,
when it yields more permanent colours. It
yields various tones of purple with the différent
mordants, of which chromium is the most useful.

Prune is closely allied to gallocyanin, and is
similarly applied.

Meldola's blue or New blue, and Muscarin,
are allied dark-blue colouring matters specially
applicable to cotton prepared with tannic acid
and tartar-emetic. The former is very fast to
light.

Nile blue is a bright blue amido- colouring
matter of this class suitable for cotton and
applied in the same manner as Meldola's blue.
It is not fast to light.

Azine, eurhodine, and saffranine colouring
matters. This group comprises the following
commercially useful colouring matters—neutral
red, or toluylene red, neutral blue, neutral
violet, and saffranine. Ail these are basic co¬
louring matters, and are applied to the various
fibres according to the methods suitable for this
class. Tliey are chiefly employed in cotton-
dyeing. When fixed on cotton with tannic acid
and tartar-emetic they are fast to soap, and
also tolerably fast to light, at least very muclx
more so than the basic colouring matters of
the triphenylmethane group.

Closely related to the foregoing is Magclala-
red, an expensive colouring matter, now only
occasionally employed in silk-dyeing for produ-
cing certain delicate shades of. pink. It is a
basic colouring matter, and is applied in a
neutral or slightly acid dye-bath. The colour it
gives is not fast to light.

Mauve, or rosolan, seems also to be related
to the foregoing. It is a basic colouring matter,
and is applied, therefore, in the same manner as
magenta. On cotton it yields a tolerably fast
violet colour.

Induline colouring matters. This group
comprises a number of dark-blue and grey dye-
stuffs very similar to each other in général pro-
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perties and methods of application, e.g. induline,
nigrosine, bleu Coupier, azo-diphenyl blue, &e.
Being ail sulphonic acids they are applied in an
aeid dye-batli, principally in wool and silk-dye-
ing. The colours they yield are tolerably fast
to light, and have in silk-dyeing almost entirely
replaced vat-indigo blues. In wool-dyeing they
are less useful, ehiefly becausa it is difficult to
obtain level colours.

Aniline black is a colouring matter of un-
known constitution, and tlie only important
member of its class. It is not a commercial
article, but has to be produced upon the fibre
itself. Its application is almost entirely confined
to the cotton fibre, since silk and wool, especially
the latter, hinder the formation of the colour.
Aniline black is a product of the oxidation of
aniline. Cotton is dyed by immersing it for about
two hours in a cold solution containing aniline
hydrochloride, bichromate of potash, and hydro-
chloric acid sufficient to liberate chromic acid.
Insoluble aniline black is gradually produced
and largely attracted by the immersed cotton.
Another method is to impregnate the cotton with
a solution containing aniline hydrochloride,
sodium chlorate, and vanadium or copper clilor-
ide ; after drying, the fabric is rapidly steamed
or passed through a heated chamber, and finally
through a boiling solution of bichromate of
potash and sulphuric acid. The latter method
produces a black not liable to rub off, a defect
which is eommon to the first method. A usual
defect with ordinary aniline black is that it
gradually assumes a greenish hue under the in¬
fluence of acids (e.g. sulphurous acid), but this
is removed if the black is highly oxidised, as for
example, by passing rapidly through a boiling
solution of dilute'chromic acid, as described.

Cachou de Laval is a dyestuff produced by
heating waste vegetable matter with sodium sul-
phide. It is employed in cotton-dyeing for pro-
ducing fast shades of grey and drab. The cotton
is first worked for some time in a hot concen-

trated alkaline solution of the colouring matter,
and afterwards passed into a solution of copper
sulphate, ferrous sulphate, or bichromate of
potash.

Minerai colouring matters. This group in-
eludes chrome yellow, iron-buff, manganèse
brown, and Prussian blue, ail of which are spe-
cially suitable for cotton-dyeing.

Chrome yellow is produced on cotton by im-
pregnating the fibre with a lead sait solution,
drying, and passing into a solution of bichromate
of potash. The chief defects of this colour are
that it is poisonous and readily affected by hy-
drogen sulphide.

Iron-buff is obtained by impregnating cotton
with a ferrie sait solution, and, after squeez-
ing, passing through a solution of carbonate of
soda.

Manganèse brown is produced on cotton by
impregnating the fibre with manganous chloride,
passing it through dilute caustic soda, and,
finally, through a dilute solution of bleaehing
powder in order to change the precipitated man¬
ganous hydrate into dark-brown manganie hy¬
drate. The colour is fast to light, acids, and
alkalis, but very sensitive to reducing agents,
e.g. sulphurous acid, by which it is rapidly
bleaehed.

Prussiaii'blue is obtained by simply passing
cotton dyed with iron-buff through a cold aeidu-
lated solution of potassium ferrocyanide. This
colour is extremely fast to light, but readily de-
composed by the action of alkalis. It is ehiefly
employed in cotton-dyeing, and incidentally iu
silk-dyeing in the production of certain blacks.

The dyeing of mixed fabrics of cotton and
wool is carried out either by selecting those
colouring matters for which both fibres have au
attraction, e.g. the benzidine colours &c., or
mqre usually by first dyeing the wool with an
aeid colouring matter in the usual manner, then
mordanting the cotton with tannic acid and
tartar-emetic or stannic chloride, and dyeing in
the cold with a basic colouringmatter. Logwood
blacks are dyed by first mordanting the cotton
in the cold with tannic acid and nitrate of iron,
then the wool with a boiling solution of bi¬
chromate of potash, and finally dyeing both
fibres thus mordanted in a hot décoction of
logwood. Mixtures of cotton and silk are dyed
by methods similar to those employed for cotton
and wool. Fabrics of wool and silk are dyed by
methods similar to those usual for wool or silk
alone.

When dyeing compound shades, the main
principle to be observed is to apply siniul-
taneously only such colouring matters as are
applicable, when used singly, by methods as
similar as possible to each other. Basic and
acid colouring matters ought not to be applied
together in the same dye-bath, since the one
requires a neutral, the other an acid bath in
order to yield their full colouring power. Basic
colouring matters, however, may be quite well
applied to mordanted cloth along with phenolic
colouring matters, since both these classes dye
usually in a neutral bath.

It is very irrational to produce compound
shades by the application of fast and fugitive
colours ; the best results are obtained by em-
ploying colouring matters of about equal fast-
ness to various influences. If this rule is not
observed the dyed colour is liable to change
materially in shade under those influences to
which it is subsequently submitted, e.g. light,
washing, &e.

For further information on the subject of
dyeing, consult the following works of reference

1835- Becherches chimiques sur la tein-
1861. ture. E. Chevreul.
1845. L'art de la teinture des laines.

D. Gonfreville.
1846. Traité théorique et pratique de l'im¬

pression des tissus. J. Persoz.
1847. Précis de l'art de la teinture.

J. Dumas.
1849. Dyeing and Calico-printing.

E. A. Parnell.
1855. Handbueh der Seidenfarberei.

P. David.
1860. The Chemistry of Calico-printing, Dye¬

ing, and Bleaehing. C. O'Neill.
1864. Dictionary of calico-printing and dye¬

ing. C. O'Neill.
1867. Traité des matières colorantes.

P. Schutzenberger.
Die Spinnfasern und die im Pflanzen-

und Thier-kôrper vorkommenden
Farbstoffe. P. A. Bolley,
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Blanchiment, blanchissage", apprêt, im¬
pression et teinture des tissus.
D. Kaeppelin.

1868. Aniline and its Derivatives. Beimann.
1869. The Secrets of the Art o£ Dyeing.

E. C. Hasericlr.
The Art of Dyeing, Cleaning, Scouring,

and Finishing. T. Love.
1871. Aide-mémoire pratique du teinturier.

G. Van Laer.
1872. Traité pratique de la teinture, l'im¬

pression sur étoffes, et du blanchis¬
sage. M. de Vinant.

1873. Traité des dérivés de la houille. Girard
et De Laire.

1874. A Praetical Handbook of Dyeing and
Calico-printing. W. Crookes.

A Manual of Dyeing and Dyeing Re-
ceipts. J. Napier.

Die Priifung der Zeugfarben.
W. Stein.

Traité des matières colorantes arti¬
ficielles. Bolley et Kopp.

Anilin-Fârberei. A. Beekers.
Filrberei und Druckerei. A. Spirk.
Die Wollengarn-Fârberei. Richter und

Braun.
Musterbuch der Baunvwoll-Farberei.

Wieland und Stein.
1875. Die Colorie der Baumwolle. C. Romen.
1876. Cantor Lectures—course of six lectures

on wool-dyeing. G. Jarmain.
Textile Colourist, 4 vols. C. O'Neill.
Dyeing and Calico-printing.

F. C. Calvert.
Tintura délia seta. L. Ponci.

1877. Traité de la teinture des soies.
M. Moyret.

Die Seidenfarberei. W. Schmid.
1878. Die Fabrikation der Anilinfarbstoffe.

J. Bersch.
Handbuch der gesammten Wollen-

fârberei. V. Joclet.
Die Wollen- und Halbwollen-Stiiekfâr-

berei. H. Priifer.
ThePractice and Principles of Calico-

printing, Bleaching and Dyeing.
C. O'Neill.

The American Dyer. R. H. Gibson.
1879. Progrès de l'industrie des matières

colorantes artificielles. A. Wurtz.
The History of Alizarin and Allied

Colouring Matters. W. H. Perkin.
1880. La teinture moderne. M. Singer.

The Praetical Dyer's Guide. D. Smith.
Bleicherei, Fiirberei, Appretur der

Baumwollen und Leinenwaaren.
C. Romen.

Musterbuch der Baumwollgarnfârberei.
Iiudloff und Stein.

Eneyclopœdia of Industrial Arts and
Manufactures. E. & F. N. Spon.

Auerbach's Anthracene. W. Crookes.
Die kiinstlich erzeugten organischen

Farbstoffe. R. Meyer.

Lexicon der Farbwaaren. F. Spring-
miihl.

Matières textiles et Matières tinc¬
toriales. Leçons de chimie, IV.
J. Girardin.

1881. The Structure of the Cotton Fibre.
F. H. Bowmann.

1882. The English Dyer. D. Smith.
The American Praetical Dyer's Com-

panion. F. J. Bird.
Dyeing and Tissue-printing.

W. Crookes.
Les procédés chimiques de blanchi¬

ment, de teinture, &a. P. Schiitzen-
berger.

1883. La teinture du coton. A. Renard.
1884. Bleaching, Dyeing and Calico-printing.

J. Gardner.
La teinture au dix-neuvième siècle.

T. Grison.
1885. The Dyeing of Textile Fabrics.

J. J. Hummel.
Die Beizen. H. Wolff.
The Structure of the Wool-fibre.

F. H. Bowmann.
1886. Die Chemie des Steinkohlentheers.

G. Schultz.
Fortschritte und Verbesserungen der

Wollenstiickfarberei. E. H. An-

garyd.
1887. The Printing of Cotton Fabrics.

A. Sansone.
Die kunstlichen organischenFarbstoffe

P. Julius.
1888. Tabellarische Uebersicht der kunst¬

lichen organischen Farbstoffe.
G. Schultz und P. Julius.

Fortschritte der Theerfarbenfabrika-
tion. P. Friedlander.

Dyeing. A. Sansone.
Chemische Technologie der Gespinnst-

fasern. Otto N. Witt.
Die Anilinfarben und ihre Fabrikation.

K. Heumann.
The Praetical Ostrich Feather Dyer.

A. Paul.
1889. Die Fabrikatiou der Theerfarbstoffe.

W. Harmsen.
Chemie der organischen Farbstoffe.

R. Nietzki.
The Chemistry of the Coal-tar Colours.

Benedikt and Knecht.
Histoire du Noir d'Aniline.

E. Noelting.
Die Echtfârberei der losen Wolle.

A. Delmart.
J. J. H.

DYNAMAGNITE v. Explosives.
DYNAMITE v. Explosives.
DYSODIL. A soft laminated carbonaceous

substance of a yellowish grey or green eolour,
burning with a luminous flame, and a smell
resembling that of burning caoutchouc. Found
in Sicily and in Bavaria (Fricldinger, J. M.
1875, 760 ; also Church, C. N. 34, 155).

END OF TIIE FIRST VOLUME.
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