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PREFACE TO TIE FIRST AND SECOND EDITIONS.

AvrnovGH the preparation of most medicinal chemicals has
passed away from the laboratory of the pharmacist, and is suc.
cessfully econducted on a commercial scale in manufacturing estab-
lishments, yet the responsibility for the identity and quality of
medicines, and of the substances nsed in their preparation, rests
properly and legally with those who prepare, compound, and dis-
pense thiem. It is therefore the duty of the pharmacist and the
dispensing practitioner of medicine, as also, to a considerable
extent, of the druggist and the manufacturing chemist, to examine
the medicinal chemicals of commerce as to their identity, quality,
and purity. In the exercise of this duty, they have frequent
occasion to resort for information to references now widely seat-
tered through chemieal, pharmaceutical, and medical manuals and
journals; since our literature, although of vast and increasing
extent, and crystallizing more and more into distinet branches, is
still wanting in a special guide for ready reference in the applica-
tion of chemical analysis to such examinations, !

In the present volume I have endeavored to supply this want,
in a manner and to an extent which, it is hoped, will confine the
work within the precise limits of requirement, without detracting
from its general scope and its practical usefulness.

Since chemical tests and examinations bear upon and involve
the mefhods of systematic chemieal analysis, and as these cannot
be described in each particular instance, I have deemed it expe-
dient to preface the volume with a few notes on operations and
reagents, and on a few important general tests, and to present a




































OPERATIONS AND REAGENTS.

OPERATIONS.

THE operations involved in the application of simple tests and
chemical examinations must be supposed to be familiar to the
harmacist, the druggist, the pharmaceutical or chemical manu-
Facturer, and the physician. For the student and the less experi-
enced operator, however, the following preliminary explanations
and descriptions relating to the more important simple operations
are considered to be of sufficient practical value to merit a brief
notice.

Solutions,— With regard to the nature of the produet, two kinds
of solution are distinguished, simple and chemical. In a “simple
solution” the dissolved body retains all of its original properties,
with the exception of its physical form, and may be obtained
again in its former state on the removal of the solvent by evapo-
ration: for instance, solution of ferrous sulphate in water. It
is “saturated” when the solvent ceases to take up any more of
the dissolved body; but as the coefficient of.solubility of most
substances is increased by heat, the expression of saturation will
therefore always relate to the temperature at which the solution
has been formed. A “chemical solution” is one in which the dis-
solved body no longer retains its original qualities, but, throngh
the action of the solvent, has become converted into a new sub-
stance, possessing variously modified chemical and physieal prop-
er‘gi{:s: for instance, solution of ferrous carbonate in dilute sulphurie
acid.

Solutions for testing are best prepared in test-tubes, or in small
flasks or beaker.glasses,

Increase of the surfaces of contact by comminution, agitation,
and increase of temperature, as is well known, aid and accelerate
the process of solution, as well as of ¢chemical reaction ; and one or
both of these auxiliaries may be employed, unless the nature of
the substance or the effect of heat upon it is such as to exclude
their application,

The common solvent, water, has to be used distilled, and this
fact is to be understood throughout this work ; neither rain-water
nor spr; ng-water, however pure it may appear to be, can be used



18 MANUAL OF CHEMICAL ANALYSIS.

indiseriminately as a solvent or for edulcoration in chemical in-
vestigations.

To effect the solution of substances insoluble in water, for the
purpose of chemical examination, or where the aid of an acid is

uired, only such acids as are found by the operator himself to
be chemically pure should be employed.

Precipitation.—The formation of an insoluble body from a solu-
tion ean he effected either by a change or modification of the
solvent, or by the produetion of one or more new bodies, insoluble
in the solvent. An instance of the first case is an agqueous solution
of barium chloride, which will be precipitated by the addition of
concentrated hydrochlorie acid, or a solution of caleinm sulphate,
which will be precipitated by aleohol ; in both these instances the
solvent power of the liquid is lessened, and solution may be re-
established by the addition of a sufficient quantity of water. In-
stances of the second case of precipitation are a solution of caleium
hydrate precipitated by sodium carbonate, and a solution of mag-
nesium sulphate precipitated by barium hydrate.

Precipitation is resorted to as the most important mode of de-
teeting and dizeriminating bodies by their physical and chemieal
properties, and of effecting their separation. According to the
nature or appearance of the precipitates, they are variously dis-
tingunished ; thus “ flocenlent,” when forming flock-like masses;
“erystalline,” if, when magnified, the small particles are seen to
be composed of minute but distinetly formed erystals; * gelatinous,”
if jelly-like; or *curdy,” if separating in the form of a curd, ete.

The terms “turbidity” and “cloudiness” designate the formation
of a precipitate so insignificant in quantity, orso finely divided, or
so light in weight, that the suspended particles only impair the
transparency of the fluid, and require a certain amount of time
to subside in the form of a precipitate. If the transparency of a
eolorless or nearly colorless liquid becomes so slightly impaired
upon the addition of a reagent as not to become distinetly turbid,
but displays a reflection of pearly light, and thus presents an
opal-like appearance, the minute degree of precipitation thus
produced is designated as “opalescence.”

Filtration and Decantation.—The separation of the supernatant
liquid from a precipitate is effected either by filtration and subse-
quent washing of the precipitate upon the filter by means of
a wash-bottle (Figs, 1 and 2), or, where the precipitate speedily
and completely subsides, by decantation, Asa ruFe, funnels and
filters must be small, and pmpartinnate to the amount of the pre-
cipitate and the liquid requiring filtration,

Filters employed in analytical operations should be as free as
possible from inorganic substances, ﬂs]r-miﬂ]]r such as become dis-
solved b{' the action of acids, as caleinm salts, ferric oxide, ete.,
and for the collection of precipitates shounld be smooth, so placed
in the funnel as to fit closely on all sides, and cut so as not to

. e — -
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project over the rim; it is also advisable always to moisten the filter
upon the funnel with distilled water, by means of the wash-bottle,
previous to the collection of the precipitate, or to filtration,

Fia. 1. PFia. 2.

Decantation is effected either by pouring off the supernatant
clear part of the fluid by simply inclining the vessel, and allowing

Fia. 3.

the fluid to flow down a glass rod (Fig. 3), or by drawing it off
by means of a small glass siphon or a pipette (Figs. 4 and 3).
Washing Precipitates.—In either mode of separation the precipi-
tate, in most instances, must be thoroughly freed from the ad-
dering liquid by washing with water, either on the filter or by
deecantation. As a rule, the washing of precipitates is most
thoroughly and quickly effected by means of hot water; for this
purpose nothing more is required than the ordinary wash-bottle,
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which, however, for convenience in hoelding, is provided either
with a wooden handle, attached by means of a strong wire to the
flask (Fig. 2), or the neck of the flask may be covered with a
thick circular strip of cork, or tightly bound with twine.

In order to ascertain whether a precipitate has heen sufficiently
or thoroughly washed, a few drops of the liquid, as it escapes
from the funnel, may be collected from time to time on platinum
foil, and subsequently slowly evaporated, whereby the presence
of =oluble, non-volatile bodies will be indicated by a visible resi-
due. In some ecases, and particularly where the bodies to be
removed by washing are of a volatile nature, the eompletion of
the operation may be most quickly determined by the application
of chemieal tests; thus, if the liTtitl in which the precipitate
has been produced contains a sulphate or chloride, the eomplete
removal of these salts will be indicated by testing a few drops
of the filtered liquid with barium chloride or argentic nitrate,
whilst if the liquid contain free acid, or a volatile alkali, such as
ammonia, their complete displacement may be determined by
means of litmus, -

.~ Removing Precipitates from the Filter.— W hen a small quantity

of a moist precipitate has to be taken from the filter for further
examination, this is best done by carefully dipping the end of a
thin glass rod into it, and subsequently detaching the adherent
part of the precipitate upon a watch-glass, the interior of a small
test-tube, or the microscopic glass slide,

If a precipitate is to be removed from the filter as completely as
possible, this may be accnmiﬂished either by puneturing the point
of the filter by means of a glass rod, and subsequently washing the
precipitate with a fine stream of water or other liquid from a
wash-bottle into a receptacle beneath, or the funnel may be held
in a horizontal position, so that its rim projects inside the edge of
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a porcelain dish or beaker, when by directing a fine stream of water
against the sides of the filter by means of a wash-bottle, the pre-
cipitate may be removed without breaking the filter.

If, however, it is not desirable to add a liquid to the precipi-
tate, the filter with its contents is first allowed to drain thoroughly
in the funnel, and is then opened and placed upon a glass plate
or upon several layers of bibulous paper, when the moisture
will have soon become sufficiently absorbed to permit the ready
removal of the precipitate with a glass rod or a spatula. When
it is desired to dissolve a precipitate on the filter, the solvent
should, when admissible, be first heated, and gradually poured
upon the precipitate, and the filtrate, which will contain the pre-
eipitate in solution, collected in a test-tube or beaker ; if the pre-
eipitate does not thus become completely dissolved, the filtrate is
again heated, and returned to the filter until complete solution is
effected, which may be finally aided, if necessary, by the addition
of a fresh portion of the solvent. If the precipitate should be
considerable in amount, the larger portion may ]hu first removed
by means of a spatula, and transferred to a porcelain dish or
beaker, and the residue upon the filter subsequently dissolved by
the aid of the proper solvent.

Drying Precipitates.—When a precipitate is required in a dry
condition, it is-first allowed to drain as completely as possible on
the filter, and the funnel and filter are then plac.cdyin a hollow tin
cone or cylinder (Fig. 6), which is supported on a piece of wire

Fia. 8. Fre. 7.

gauze over a moderate gas flame, being careful to so regulate the
heat as not to char the filter. The operation may also be accom-
plished still more quickly by opening the filter and spreading it
with its contents upon a porcelain plate or watch-glass, which is
placed upon a piece of wire gauze over a low flame, the proper
precautions being observed to prevent excessive heat. In either
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case, the precipitate may be first partially dried hf.”"“"”“’i-ﬂm
filter, and placing it with its contents upon several folds of bibu-
lous paper. _ "

In the more exact requirements of analysis, the precipitate or
other substance requiring desiccation may be placed under a bell-
jar containing concentrated sulphuric acid or fragments of fused
caleinm chloride (Fig. 7), or in an air-bath or drying oven, pro-
vided with a thermometer, and the temperature of which is

Fia. 8.

regulated by a gas flame (Fig. 8). By this means a uniform
temperature may be readily maintained, which may be varied
in accordance with speecial requirements,

Weighing Precipitates.—DBefore ascertaining the weight of a pre-
cipitate, it is nsnally required to be first completely dried at a defi-
nite temperature. This is accomplished by means of the above
illustrated air-bath. The precipitate, after partial drying upon the
filter in the funnel, is placed upon a watch-glass, which, together
with another glass of the same size and a small brass elamp, has
been previously accurately weighed. During the process of dry-

ing the glasses are placed one within the

Fia. 9. other, so that the moisture from the
precipitate contained on the nppermost
glass may readily escape. When the
precipitate has become sufficiently dry,
1t is removed from the air-bath, the lower
watch-glass placed upon the upper, and
the whole seeured by means of the brass
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clamp (Fig. 9), in order that on cooling no moisture shall be ab-
sorbed by exposure to the air. The glasses, with the inclosed

recipitate, as indicated in the figure, are brought upon the
Ealmme, and the weight finally determined. In order to ascertain
that no further loss takes place upon drying, the glasses are again
opened, placed in the air-bath as before, and the operafion re-
peated until two successive weighings prove the weight to remain
constant,

Ignition.—The process of ignition refers to the subjeetion of
solids to a more or less elevated temperature, and is employed
for various purposes, but has, usually, for its object, the separa-
tion of a volatile from a less volatile or non-volatile body, when
the latter alone is required; it is also frequently employed for
ascertaining the effect of strong heat upon a substance. In the
latter case the substance is heated in a bent glass tube (Fig. 10),
whereby the nature of the evolved gases or sublimate produced
may be observed, whereas, if it be required simply to ascertain
or confirm the volatile or non-volatile nature of a sabstance, it
is heated on platinum foil, in the non-luminous flame. TFor the
ignition of precipitates, however, the substance is placed in a
porcelain or platinum! erucible of convenient size (Fig. 11), sup-

Fra. 10, Fia, 11.

ported on a wire triangle, and heated in the non-luminous gas
flame, or, if a higher temperature be required, by means of the
blowpipe or gas blast-lamp.

Determination of the Melting and Boiling Point.—The melting

and boiling point of bodies under normal atmospherie pressure

! The use of platinum vessels shonld be avoided for heating substances which
develop chlorine, the alkaline hydrates, nitrates, and eyanides, metallic sul-
phides, readily reducible metallic nxides, salts of the heavy metals with organie
acids, or phosphates in the presence of organic compounds,
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Fic. 12. being eontant and unchangeable, the determination
of these factors is an operation which is frequently
resorted to for the purpose of establishing the iden-
tity of a substance, and for affording confirmatory
evidence of its purity.

The melting point is determined by bringing a
very small portion of the substance into the lower
part of a capillary glass-tube (Fig. 12), and attaching
the latter by means of a small rabber band to a
thermometer, so that the substance will be on the
same level and in the most direct possible contact
with the thermometer bulb (Fig. 13). The ther-
mometer, thus arranged, is then suspended, and the
bulb and the capillary portion of the tube allowed 1o

Fia. 14.

dip below the surface of water or sulphurie acid, contained in a
beaker; the liquid employed being adapted to the melting point



OPERATIONG. 25

of the substance. The liquid is then very gradually heated by
means of a carefully regulated gas flame (Fig, 14), and the moment
when the body melts in the capillary tube is accurately observed
and the temperature noted. At

The hoiling point is cletermul'uegl bgtr bringing the liquid into a
vessel adapted for frnctinna[ distillation (Fig. 15), or into an ordi-
nary glass flask provided with a doubly perforated cork (Fig. 16),

Fia. 135, Fi1c. 16.

in one orifice of which the thermometer is inserted, while the
other is provided with a bent glass tube, which may be connected
with a condenser. The thermometer should not be allowed to
become immersed in the liquid, but should simply project so
far into the interior of the flask
as to be surrounded by the vapor Fie. 17.
of the boiling liquid. On the appli-
cation of heat, the boiling point
will be indieated by the height of
the mercurial column when the
liquid is in a state of active ebulli-
tion.

Bending of Glass Tubing.—Glass
tubing may be regularly and uni-
formly bent in any desired shape
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by the use of the upper edge of the common fish-tail gas-flame; the
flame of the Bunsen gas-lamnp eannot be well employed, producing
unsatisfactory eurves, The tube is held in a horizontal position in
the flame at the point requiring to be bent, so that it becomes
entirely enveloped by the illuminating portion ; it soon'becomes
covered with a deposit of soot, and, when sufficiently heated, bends
itself by the weight of the unsupported end (Fig. 17). The bend, if

roperly made, will form a symmetrical curve, without diminish-
ing the calibre of the tube at any point, and will be free from
sharp angles. Glass tubing or rods when employed in analytical
or chemical operations should have no sharp or protruding edges,
but should be made smooth and round by holding the ends for a
few seconds in the non-luminous gas-flame.

REAGENTS.

The methods of ehemical analysis and investigation consist in
bringing the substances under examination into eontact with
other bodies of known properties, and observing the resulting
phenomena. These phenomena consist in alterations, either in
state of aggregation, form, or color, resulting from some chemieal
change, Il bodies which are employed for this purpose are
called reagents, and the ensuing phenomena reactions.

It is obvious, therefore, that a sufficient knowledge of theo-
retical chemistry in its details, and especially a familiarity with
the deportment, properties, and relations o6f the eommon com-
pounds and reagents, are indispensable to the pursuit of chemical
tests and examinations. Upon such knowledge depend the con-
ception and eomprehension of the conditions necessary for the
formation of new compounds, and for the manifestation of the
various reactions, as well as the correct inference from the ohser-
vations and results of all investigations; and without it they will
remain unavailing and uncertain.

No special and definite rules can be assigned for the applica-
tion of reagents in each instance, with respect to their proportion
and quantity, These must depend upon the quantity and nature
of the substance under examination and its solution, as well as
upon the nature of the reagent, the strength of its solution, and
the processes taking place in each particular reaction. Knowl-
edge and reflection, as well as a ready comprehension of the
object and aim of each test, of its issues, and of the possible inci-
dents, and a correct inference from all phenomena, must decide
at large, as well as in detail, not only what reagents should be
employed, but also the amount and t{ﬂ conditions in each par-
ticular instance.

The general method for ascertaining the sufficient or slightly
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excessive amount of a reagent, as has to be done before proceeding
in the systematic course of analysis, is to add a few drops more of
the reagent to the clear liquid obtained either by allowing the
l]I'El.}i}!'lit.E-te to subside, or bfv filtering off a small quantity of 1t; if
any farther precipitate is formed, the filtered portion must be re-
turned, more of the reagent added, and the clear liquid again
examined with a few additional drops of the reagent, until no
farther precipitate is produced. With some reagents, as, for in-
stance, with E_-,rdmgen sulphide or ammonia water, this method
of procedure 1s rendered unnecessary, an excess being indicated
by their characteristic odor.

A common error, and an obstacle to the less skilled, is the use
of an undue excess of reagents, There are reagents which in
many cases admit a free application without disadvantage to the
correctness of the result—as, for instance, hydrogen sulphide,
solution of caleium hydrate, ete.; but the majority of reagents
need to be applied in common tests only by a few drops of their
solutions—as, for instance, barie, ferrie, cupric, and argentic solu-
tions, ete.  On the other hand, there are not unfrequently errors
arising from an insuflicient amount in the application of reagents,
especially with dilute solutions, or in those cases in which the
complete elimination of a substance by precipitation is required
for the subsequent examination for other bodies: for instance,
hydrogen sulphide, aEplied in a limited quantity, produces a
white precipitate with solutions of mercuric salts; applied in
excess, 1t gives a black precipitate. There are other instances
where an excess of the solution under consideration, as well as of
the reagent, may redissolve, and consequently destroy, the pre-
cipitate whereon the reaction is based.

In operations of chemical analysis it must always be borne in
mind and well understood that, in the processes and phenomena
taking place between the reagents and the substances act:d upon,
as in all chemical changes and reactions, certain laws and definite
limits exist between cause and effect, and that the ability of cor-
rectly applying knowledge, judgment, and skill, and of drawing
the right inference from necessary as well as from casnal reactions
and phenomena, must rule and guide the methods and operations
of the investigator, and carry them beyond mere conjecture and
emfm:lmsm.

t is beyond the scope of this work to deseribe the mode of
preparing the reagents, their use and application, and their deport-
ment with the common compounds, or to dwell npon the general
rules of systematic methods, accuracy, order, neatness, and clean-
liness to be observed in the execution of analytical work, For
such information reference must be had to the text-books of
applied and analytical chemistry. From a practical point of view,
only the usaal strength of the solution of the reagents, as best
~ suited for the common tests and examinations, and the mode of
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REAGENTS AND TEST SOLUTIONS.

Acetic Acid—Spec. grav. 1.045. AT,

Acetic Acid, Diluted.—Obtained by mixing 1 part of acetic acid
with 4 parts of water. g

Hydrochloric Acid—Spec. grav, 1.16; containing 32.2 per cent.
of absolute acid. s

Hydrochloric Acid, Diluted. — Spec. grav. 1.049; containing
about 10 per cent. of absolute acid. Obtained by mixing 6 parts
of hydrochloric acid with 13 parts of
Water.

Hydrosulphuric Acid. See Hydrogen
Sulphide.

Nitric Acid.—Speec. grav. 1.42; con-
taining 69.4 per cent. of absolute acid.

When concentrated acids are applied
in small tests only by the drop, as, for
instance, in testing alkaloids, etc., they
are taken from the bottle by dipping a
rlass rod into the acid and allowing the
ﬁrup or drops to fall npon the substance
to be acted upon, or better by means of
a kind of pipette consisting of a thin,
strong glass tube, adjusted at one end
to a small caoutchoue bulb, and con-
tracted at the other extremity to a capil-
lary end. The fluid is drawn into the
tube, and delivered again by gentle
pressure of the bulb (Fig. 18).

Nitrie Acid, Diluted.—Spec. grav. 1.059; containing 10 per
cent. of absolute acid. Obtained by mixing 1 part of nitric acid
with 6 parts of water.

Nitro-hydrochloric Acid (Aqua Regia)—4 parts by weight of
mtric acid, spee. grav. 1.42, are gradually added to 15 parts by
weight of hydrochlorie acid, spec. grav. 1.160, in a capacious, open
glass vessel, and, when effervescence has ceased, the produet is
transferred to glass-stoppered bottles, which should be not more
than half filled, and preserved in a cool place.

Oxalic Acid.—Solution of 1 part of erystallized oxalie acid in
10 parts of water,

ieric Acid.—Saturated aqueous solution of picrie acid.

Fia. 18.
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Sulphuric Acid, Concentrated. —Spec. grav. 1.84; containing 97
per cent. of absolute acid.

Sulphuric Acid, Strong.—Spec. grav. 1.64; containing 72.75
per cent. of absolute acid. Obtained by carefully mixing, in a
flask or beaker, 3 parts of concentrated acid with 1 part of water
(Fig. 19).

In diluting concentrated sulphurie acid with water, the acid
should invariably and gradunally be added to the water, and in
vessels which are either placed in cold water or which are not
liable to erack from the heat evolved.

Sulphuric Acid, Diluted.—Spec. grav. 1.068; containing about
10 per cent. of absolute acid. Obtained by mixing 1 part of con-
centrated acid with 9 parts of water.

Sulphurous Acid—Spec. grav. 1.046. An aqueouns solution of
sulphurous acid gas, saturated at 15° C. (59° F.), containing 36
times its volume, or about 9.5 per cent. by weight of the gas,

Tanniec Acid.—Solution of 1 part of tannie acid in a mixture
consisting of 18 parts of water and 2 parts of aleohol.

Tartaric Acid—Solution of 1 part of erystallized tartaric acid in
5 parts of water,

Albumen,—The white of one egg is triturated with 100 cubie
centimeters of water, and is then filtered through cotton previously
moistened with water

Alcohol.—Spec. grav. 0.820; containing 91 per eent. by weight
or Y4 per cent. by volume of absolute aleohol.

Alcohol, Absolute.—Spec. grav. 0.795,

Alcohol, Amylic.—Spec. grav. 0.816 to 0.818.

Almminium.—Metallic aluminium in the form of wire or ribbon.

Ammonia Water (Aqua Ammonia).—Spec. grav, 0.959. An
aqueous solution of ammonia, containing 10 per cent. by weight
of the gas.
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Ammonia Water, Stronger (Aqua Ammonie Fortior, U. 5. P.).
—Spee. grav. 0.900. A npearly saturated agqueous solution of
ammonia, containing 28 per cent. by weight of the gas.

Ammonium Carbonate.—Solution of 1 part of uneffloresced am-
monium carbonate in a mixture of 4 parts of water and 1 part of
ammonia water. _

Ammonium Chloride.—Solution of 1 part of erystallized ammo-
ninm chloride in 10 parts of water,

Ammonium Molybdate.

Ammonium Molybdate in Nitric Acid.—Solation of 1 part of
ammonium molybdate in 10 parts of water, to which 10 parts of
nitric acid, spec. grav. 1.2, are subsequently added.

Ammonium Oxalate.—Solution of 1 part of erystallized ammo-
nium oxalate in 20 parts of water.

Ammonium Phosphate.—Solution of 1 part of ammonium phos.
phate in 15 parts of water. _ e

Ammonium Sulphide.— A solution of ammoninm sulphide in
water; it is obtained by saturating, at 15° C. (59° F.) or a lower
temperature, 3 parts of Aqua Ammonie Fortior, U. 5. P., with
hydrogen sulphide gas, and by subsequent addition of 2 parts of
ammonia water, [t 1s best preserved in small vials, tightly corked,
and in a eool place. This solution, being ‘concentrated, has to be
employed, in the common tests, only in small quantities, mostly
by drops.

When hydrogen sulphide is at hand, ammonium sulphide may,
in many of its applications, be produced by saturating the liquid
under examination with the gas, and by the subsequent addition
of ammonia water; or, in ammoniated solutions, if dilution does
not interfere with the reaction, by the addition of an aqueous solu-
tion of hydrogen sulphide.

Aniline Bulphate.—Solution of 5 drops of aniline in 25 eubic
centimeters of diluted sulphurie acid.

Argentic Nitrate.—Solution of 1 part of erystallized argentic
nitrate in 20 parts of water.

Argentic Nitrate, Ammoniated.—Solution prepared by adding
ammonia water, spee. grav. 0L959, in drops, to test-solution of
argentic nitrate, until the precipitate at first formed is very nearly
all redissolved, and filtering.

Argentic Sulphate.—Sclution of 1 part of argentic sulphate in
250 parts of water.

Auric Chloride.—Solution of 1 part of anrie chloride in 20 parts
of water.,

Barium Chloride, — Solution of 1 part of erystallized barium
chloride in 10 parts of water.

Barium Hydrate (Baryta-water)—Saturated aqueous solution
of barium hydrate, containing about 5 per cent. of the hydrate.

Barium Nitrate. — Solution of 1 part of erystallized barium
nitrate in 20 parts of water,
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Benzin (Petrolenm Benzin or Petroleum Ether)—Spee. grav.
from 0.670 to 0.675, and boiling at 50 to 60° C. (122 to 140° F.),

Benzol.—Spec. grav. (.835.

BIII'H.I-

Bromine Water.—A saturated solution of bromine in water,

Caleinm Chloride.—Solution of 1 part of pure erystallized cal-
cium chloride in 10 parts of water.

Calcium Hydrate (Lime-water)—Saturated aqueous solution of
calcinm hydrate.

Calcium Sulphate.—Saturated aqueous solution of caleium sul-
phate, containing about 0.2 per cent. of the salt.

Carbon Bisulphide.—Spec. grav, 1.272,

Chlorine Water.— A saturated aqueous solution of ¢hlorine, con-
taining about 0.4 per cent. by weight of the gas. For analvnml
use, this solution is best preserved in small vials, tightly corked
and sealed, in a cool place, and protected from the light.

Chloroform.—Spec. grav. 1.450.

Cobaltous Nitrate.—Solution of 1 part of cobaltous nitrate in
10 parts of water.

Copper.—Metallic copper in slender wire, or thin foil cut into

strip

Olnprlu Sulphate.—Solution of 1 part of erystallized cuprie sul-
phate in 10 parts of water.

Cupric Sulphate, Ammoniated, — Solution prepared by adding
ammonia water, spec. grav. 0.959, in drops, to test-solution of eupric
sulphate, until the llreclpltate at first formed is very nearly all re-
dissolved, and filtering.

Cupric Tartrate, Solution of, (Fehling's Solution).—
17.32 grams (267.3 graing) of pure crystallized cuprie sulphate are
dissolved in 100 cubic ecentimeters (about 8 fluidounces) of water;
and 85 grams (2 ounces and 457 grains) of pure erystallized potas-
gium and sodium tartrate are dissolved in 300 cubic centimeters
(about 10 fluidounces) of a 10 per cent. solution of sodium hydrate.
The cuprie solntion is then gradually added to the alkaline solu-
tion, and, having been well mixed, so much water is added as to
make the whole measure 500 cubie centimeters (16 fluidounces).
The solution should be free from yellowish-brown sediment, and
ghould depozit none npon boiling.

Ether.—Spec. grav. (.750,

Ferric Chloride.—Solution of 1 part of ferriec chloride in 10
parts water.

Ferric Dinitrosulphide.—Obtained by adding, drop by drop, a
solution of ferrie ehloride or sulphate, with constant stirring, to a
mixture consisting of equal parts of strong solutions of potassium
nitrate and ammonium sulphide, lwﬂtmg the liquid to boiling for
a few minutes, and filtering while hot from qhe sulphur. The
deep-colored liquid deposits, on m{ﬂlllg, black, needle-sha re,d
rhombic prisms of ferric dinitrosulphide; these are dissolve
part in 10 parts of water, to give the requlreui solution,
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Ferrous Sulphate.—Solution of 1 part of ferrous sulphate, ob-
tained by precipitation with aleohol, in 10 parts of water.

Ferrous sulphate is best obtained by pouring an aqueous solu-
tion of freshly prepared crystallized ferrous sulphate, saturated at
the boiling-point, into strong aleohol, collecting the precipitate
upon a filter, washing with a little alcohol, drying by pressing
between filtering-paper, and by immediately filling the humid salt
into small warm vials, which are corked and sealed while warm.
The absence of ferric sulphate may be ascertained by testing the
solution with potassium ferrocyanide; no blue turbidity, or only
a very slight one, should occur, _ ini

Gelatin.— Solution obtained by digesting 1 part of isinglass
(ichthyocolla) with 50 parts of water, on a water-bath, for half an
hour, and subsequently filtering through cotton, moistened with
water.

Gold.—Metallic gold in the form of leaf.

Hydrogen, Nascent, is a very delicate means of detecting arsenic.
The test depends upon the production of hydrogen arsenide (ar-
seniuretted hydrogen), whenever arsenic is present in any soluble
form, in which hydrogen is being evolved by the action of dilute
sulphuric or hy mch?orie. acid upon zinc or magnesium. From
the hydrogen arsenide the arsenic can be separated in a charac-
teristic and unmistakable form, either as metal, or by leading the
gas into a solution of an easily reducible metallic salt, as, for
instance, argentie nitrate, in which case the silver is precipitated
and a solution of arsenious acid is obtained.

AsH, + 3H, O + 6AgNO, = H;As0, + 6HNO, + 3Ag,.

Marshs Test.—Of the different methods for the application
of this test, the one long and commonly known as Marsh's test 18
pre-eminently adapted for the recognition, as also for the quanti-
tative estimation of small amounts of arsenie.

A complete and simple form of apparatus for the application of
Marsh’s test is represented in Fig. 20, It consists of a gas generating
flask or Woulft’s bottle (A), of about 300 to 400 cubic centimeters
(10 to 14 ounces) capacity, provided by means of a peforated cork
or rubber stopper with a []unm:.l tube (4), and a drying tube (a),
loosely stopped at each end with a small plug of cotton, and par-
tially filled with dry caleium chloride in small fragments, followed
by a layer of small pieces of dry potassinm hydrate; the latter
serving to retain any acid which may accidentally be carried
over with the gas, as also any trace of hydrogen sulphide. The
end of this tube is connected with a reduction tube (d), of hard
German glass, narrowly drawn out in one or more places, and at
the end into a capillary point, and bent up so as to form a vertical
jet, as shown in Fig. 20,

The test consists in introducing into the flask (A) pure granu-
lated zine or magnesium, and adding gradually, by means of the
funnel Em'i_}e, a cold mixture of one part of sulphuric acid dnd
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three parts of water, when the hydrogen is more or less quickly
evolved. When perfectly pure zine is employed, the development

Fig, 20,

of gas takes place very slowly, and may be hastened by the addi-
tion of a few drops of test solution of platinic chloride.

Fia. 21.

It is of primary importance in each case where the test is ap-
plied to first ascertain the absolute purity of the zine or magne-
gsinm and acid employed.
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After the evolution of gas has continued long enough to expel
the atmospheric air,! the reduoction tube (d) is lmutedlto redness
in the part indicated in the ﬁlgure for :!llﬂl.lt- ten minutes, t}]e
escaping gas is lighted, and a piece of white porcelain is held in
the flame. If no dark deposit takes place, either in the tube or
on the porcelain, the reagents may be considered pure, and the
liquid to be tested may then be added through the funnel tube (7),
first in small amounts, and the operation continued in the manner
deseribed. !

If arsenic-spots or mirrors are obtained in the tube, a number
of them may be produced by heating the tube in at least two
places, at distances of about three inches, or if an approximately
quantitative estimation of the arsenic is desired, all the arsenic
may be obtained by the employment of a larger redunction tube
and several flames (Fig. 21). The obtained arsenic mirrors may
be examined for identification, or quantitatively determined by
subsequently removing the tube and determining the increase in
weight.

In eases where it is desirable to-estimate the entire amount of
arsenic, and guard against possible loss, instead of allowing the
developed gas to burn, it is preferable to conduct it into a solu-
tion of argentic nitrate, in which case any arsenic which may
have escaped reduction in the glass tube will be recovered, and
contained in the solution as arsenious acid, together with the ex-
cess of the undecomposed silver salt.

As is well known, certain compounds of antimony, when brought
into Marsh's apparatus, give rise to the formation of hydrogen
antimonide (antimoniuretted hydrogen), analogous in composition
to hydrogen arsenide, which, when subjected to the same process
of reduction as above described, produces black spots of metallic
antimony. These spots are so different in their physical appear-
ance and properties as to -be readily distinguished by the experi-
enced operator, and, when subjected to chemical tests, display so
marked a difference that their diserimination from those of arsenic
is readily effected.

To eénumerate in detail all the special tests for each of these
two metals would lead beyond the scope of this work ; the prin-
cipal distinetive characters, however, will be briefly deseribed.

The mirror of arsenie, as obtained in the reduction-tube, when
gently heated during the simultaneous development of a current
of hydrogen, ean easily be driven from one place to another,
and, if the gas be allowed to escape at the exit tube, the develop-
ment of the arsenical or garlic-hike odor can at the same time
be observed ; whilst antimony, on account of the much higher
temperature required for its volatilization, cannot be so readily

! This may be determined by holding an inverted dry test-tube over the point
of exit of the gas for a few seconds, and then bringing the mouth of the test-
tube in contact with the flame ; if the air be entirely expelled from the appa-
ratus, the gas burns guietly, if not, a slight explosion ensues.
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removed from the place in which it was deposited, and the
escaping gas is quite odorless,

The spots of arsenic, obtained by holding the eold surface of a
piece of white poreelain in the flame during the development of
the hydrogen arsenide, have a bright metallic lustre, whilst the
gpots of antimony have a dull velvety black appearance. When
touched with a solution of sedium hypochlorite or ehlorinated
lime, the arsemic spots become immediately dissolved, whereas
the spots of antimony remain unaffected ; by this means arsenic
can be detected, even when accompanied by antimony.,

The spots of arsenic, when touched with a drop of a solution of
ammonium sulphide, and gently warmed, become completely dis-
solved, and, on being allowed to dry, display the bright yellow
color of arsenions sulphide; antimony under the same eireum-
stances gives an orange-red coloration of antimonious snlphide.
The yellow arsenious sulphide remains unaffected upon the addi-
tion of a dm]a of hydrochlorie acid, whilst antimonions sulphide is
readily dissolved ; and inversely a golution of ammoninm carbonate
dissolves the arseniouns sulphide, but does not aet npon the anti-
monious sulphide. These few points of distinetion in relation to
this important and characteristic test are sufficient in the majority
of cases to render possible a prompt determination, as to the pre-
sence or absence of one or both of these metals, and to effect
their diserimination.

Precautions to be observed in the Application of Marsh's Test for
Arsenie.— Although this test is so delicate as to render possible
the detection of exceedingly small amounts of arsenie, certain
precautions are necessary, which, if not observed, may prove a
sm;[.ri::e of ]ﬂe_tl;im_ls ﬁrg&:r, anu;il le:él Fﬂ incorrect infe}:'unﬁesé

e sulphurie acid emplo or generating the rogen

should be }E'rae from the ]Ewgr axy-a%?dﬂ of suffphur a,ljard se%:niug::f
of the proper dilution, and cold; for if concentrated and warm,
sulphurous-acid gas will be produced, which, combining with the
nascent hydrogen, forms hydrogen sulphide, and a precipitation
of arseni¢ as insoluble sulphide would result.
_ Nitrie acid and nitrates, free chlorine and other similar oxidiz-
ing agents must be rigidly excluded in the application of the
test, as preventing the formation of the gaseous hydrogen arsenide.
Hydrochloric acid can also not be substitnted to advantage for
the sulphuric acid for the generation of the hydrogen, for although
it does not interfere with the formation of hydrogen arsenide, yet
on account of its greater volatility, and tendency to the produe
tion of the so called zine spots, the presence of arsenic might be
erroneously inferred.

Another test which may be employed for the detection of
small amounts of arsenic, and which commends itself for con-
venience of applieation, is that known as:

Fleitmann's Test.—This consists in the generation of hydro-
gen by the action of a strong solution of potassium or sodium
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hydrate on metallic zine or aluminium, by the aid of
heat. The operation may be performed quickly in a
long test-tube, taking care that the tube is only filled
to about one-tenth of its capacity. As soon as the gas
is generated, the solution to be tested is eautiously
added to the alkaline liquid, and a cap of white filter-
ing paper, moistened with a drop of solution of ar-
gentic nitrate, placed over the tube (Fig. 22). If
arsenic is present, a purplish-black spot, due to the
reduction of the argentic nitrate to metallic silver,
will be produced upon the moist paper cover. This
reaction is of particular importance and wvalue, for
while antimony combines with hydrogen evolved from
dilute acids and zine, it does not combine with hydro-
gen evolved by the action of an alkali on the same
metal.

Hydrogen Sulphide (Hvdrosulphuric Acid, or Sul-
phuretted Hydrogen).—Obtained by the action of di-
luted sulphurie or hydroehlorie acids upon ferrous sul-
phide. Among the several convenient forms of ap-
paratus for the continuous preparation of the gas and
to keep it ready for use, the one represented in Fig. 23
18 frequently employed. Tt consists of three glass
bulbs, the two lower ones being a single piece, and the
quer one, prolonged by a tube reaching to the bottom
0
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Fic. 29,

the lower, being ground air-tight into the neck of the second.
Through the tubulure of the middle bulb the ferrous sulphide is

mtroduced, and the tubulure then
closed by a cork containing a wide Fia. 23,
glass tube provided with a stop- :
eock, or with a rubber tube, closed
by a Mohr's wire clamp (see p. 74).
The acid is poured in through the
safety-tube, runs into the bottom
globe, and rises to overflow the
ferrous sulphide in the middle one,
When the air has been allowed to
escape through the delivery-tube,
and this is closed, the pressure of
the accumulating hyrﬁ'ogen sul-
phide forces the liquid from the
second bulb down into the lower,
and thence into the upper bulb,
thus stopping the action, and pre-
serving a volume of the gas ready
for nse,

Another form of apparatus,
which is recommended for sim-
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plicity of construction and the facility with which it may be
cleansed or supplied with fresh material, is represented in Fig. 24.
A glass L:ylindler, about 40 centimeters (nearly 16 inches) high,
and 12 eentimeters (43 inches) wide, is partially filled with diluted
sulphuric acid. Tt is closed with a eork or rubber stopper having
a lateral notch, and carrying a rather long tube, drawn out at its
lower end to a small point. This tube is filled with coarse frag-
ments of ferrous sulphide, and is closed with a tightly fitting cork
or rubber stopper, throngh which the delivcr}r-tuhe (provided
with a stop-cock) passes.

When the apparatus is not in use, the inner cylinder is drawn
upwards, until its point merely is immersed in the liquid, When

the gas is required, the tube is depressed to the
Tia. o4, position shown in the figure, and the stop cock
opened. The acid then enters from below, and
generates a more or less rapid current of the
gas, which may be regulated by means of the
stop-cock. When the latter is closed, the pres-
snre of gas inside the inner tube forces the
liquid back into the glass cylinder.

When the above described forms of appa-
ratng are not at hand, hydrogen sulphide may
be generated, in small tests, from a ‘itt]e flask
or test-tube (Fig. 25). taking care that none of
the contents of the flask pass through the de-
livery-tube into the liguid under examination.

Fia. 25,

Hydrogen Sulphide Water.— A solution of hydrogen snlphide (hy-
drosnlphurie acid, or sulphuretted hydrogen) in water, saturated
at 15% C. (59° F.), or at a lower temperature, containing about
four times its volume of the gas. The gas is obtained, as above
deseribed, by the action of diluted sulphuric acid upon ferrous
gulphide, and is washed by water, contained in a small flask or
evlhinder (Fig. 26), before passing it into water for absorption.

In order to preserve the hydrogen sulphide in this form, it is
advisable to fill the freshly-prepared saturated solution immedi-
ately into small vials, ani to place them, tightly corked, in an
inverted position, in a cool place.

When, in the course of a test, a solution has to be acted upon
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for some time by hydrogen sulphide, a test-tube or flask may be
employed, of such size as nearly to be filled by the liquid. It
may then be tightly stoppered, allowing sufficient escape of air
hefore corking, if it has to be warmed.

Fig. 28.

Indigo Solution (Solution of Indigo in Sulphuric Acid).—1 part
of finely powdered indigo is gradually added to 6 parts of fuming
sulphurie acid; the mixtare, after having been well stirred, is
then allowed to repose in a covered vessel for about two days,
when it is poured into 20 times its volume of water, the solution well
mixed, filtered, and preserved for use in a glass-stoppered bottle,

Todine Water.— A saturated solution of iodine in water.

Iodinized Potassium Iodide.—Solution of 1 part of iodine and 3
parts of potassium iodide in 60 parts of water,

Magnesium.— Metallic magnesinm in the form of wire or ribbon.

Magnesium Mixture ( Ammoniated Magnesium Sulphate)—A
solution of 11 parts of crystallized magnesinm chloride or sul-
phate and 14 parts of ammonium chloride in 70 parts of stronger
ammonia water and 130 parts of water. (Magnesium chloride is
to be preferred to the sulphate in the preparation of the solution,
as having less tendency in its application to prodnee basic salts.)

Magnesium Sulphate.—Solution of 1 part of erystallized mag-
nesium sulphate in 10 parts of water,

Mercuric Chloride.—Solution of 1 part of erystallized mercuric
chloride in 20 parts of water.

Mercuric Oxychloride ( Zokliy’s Reagent).—To a dilute solution
of mercuarie ehloride in water (1:30) a dilute solution of potas-
sium carbonate (1:50) is added, drop by drop, with constant
agitation, until a perfectly neatral solution is obtained.

Phosphorous Baﬁ (Sodinm-ammonium-hydrogen Phosphate).
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Platinic Chloride.—>olution of 1 part of platinie chloride in 20
parts of water,

Plumbic Acetate.—Solution of 1 part of erystallized plumbie
acetate in 10 parts of water.

Plumbic Nitrate.—Solution of 1 part of erystallized plumbie
nitrate in 10 parts of water.

Potassium Acetate.—Solution of 1 part of potassium acetate in
O parts of water.

Potassium Antimoniate.—A cold, saturated, aqueous solution of
potassium antimoniate.

Potassium Bicarbonate.—Solution of 1 part of potassium bicar-
bonate in 10 parts of water.

Potassium Bichromate.—Solution of 1 part of potassinm bichro-
mate in 10 parts of water.

Potassium Carbonate.—Solution of 1 part of pure potassinm
carbonate in 3 parts of water,

Potassium Chromate, Neutral.—Solution of 1 part of potassinm
chromate in 10 parts of water.

Potassium Cyanide.

Potassium Ferricyanide.—Solution of 1 part of potassium ferri-
eyanide in 10 parts of water. To be prepared as required.

Potassium Ferrocyanide.—Solution of 1 part of potassinm ferro-
eyanide in 10 parts of water.

Potassium Hydrate (Liquor Potassms, U, 8. P.).—Containing 5
per cent. of potassium hydrate,

Potassium Iodide.—Solution of 1 part of potassium iodide in 20
parts of water.

Commercial potassium iodide occasionally contains traces of
potassinm iodate, and this should be eliminated by dissolving the
salt in boiling aleohol, to saturation, filtering the hot solution, and,
when cool, collecting and drying the separated salt.

Potassinm Mercurie Iodide.— A solution of 1.35 grams of mer-
enric chloride and 4.98 grams of potassium iodide in 100 cubiec
centimeters of water,

Potassium Mercuric Iodide with Potassium Hydrate (Nessler's
Test).—10 grams of potassinm iodide are dissolved in 10 grams of
hot water, and a hot solution of 5 grams of mercaric chloride
added until the precipitate of mercaric iodide ceases to be dis-
solved, The mixture is then filtered, the filtrate mixed with a
concentrated solution of 30 grams of potassinm hydrate, and
diluted to the measure of 200 cubic centimeters, To this solu-
tion 5 eubie centimeters of the above-prepared mercurie chloride
solution are subsequently added, and the liguid, after having been
allowed to become perfectly elear by standing, preserved in well
stoppered bottles,

Potassium Nitrate.

Potassinm Nitrite,

Potassium Permanganate—Solution of 1 part of potassium per-
manganate in 1000 parts of water,
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Potassium Sulphate.—Solution of 1 part of potassium sulphate
in 15 parts of water. ; .

Potassium Sulphocyanide.—Solution of 1 part of potassium sul-
phoeyanide in 20 parts of water. : _ ‘

Soda-Lime.,— Quicklime is slaked with a solution of sodinm
hydrate, of such a strength that about 2 parts of guicklime are
mixed with 1 of sodium hydrate; the product, after drying, is
heated to bright redness, subsequently finely powdered, and pre-
served in tightly stoppered bottles,

Sodium Acetate.— Solution of 1 part of erystallized sodium
acetate in b parts of water. i ,

Sodium Bicarbonate. — Saturated agueous solution of sodium
bicarbonate.

Sodium Bitartrate. — Saturated aqueous solution of sodium
bitartrate. ;

Sodium Carbonate.—Dehydrated by exsiceation.

Sodium Carbonate.—Solution of 1 part of erystallized sodium
carbonate in 10 parts of water.

Sodium Hydrate (Liquor Sodw, U. 8. P.).—Containing 5 per
cent. of sodinm hydrate.

Sodium Hyposulphite.—Solution of 1 part of erystallized sodinm
hyposulphite in 10 parts of water.
gﬂﬂium Molybdate.

Sodium Phosphate.—Solution of 1 part of erystallized sodinm
phosphate in 10 parts of water.

Stannous Chloride.—Saturated solution of real and pure tinfoil
in concentrated hydrochlorie acid, with subsequent m\{lil;inn of a
little concentrated hydrochloric acid.

Starch Mucilage (Gelatinized Starch).—1 part of finely powdered
starch is triturated with a little water, the mixture diluted with
about 100 parts of water, and subsequently heated to the boiling-
point; after cooling, and having been allowed to subside, the clear
liquid is decanted. The reagent should be freshly prepared, when

uired.

ine.—Metallic zinc in slender sticks, or small fragments, or in
thin disks, prepared by melting and pouring in a thin stream into
water,

PREPARATION OF TEST PAPERS, ETC.

Neutral Litmus Solution is prepared by digesting 1 part of com-
mereial litmus with aleohol, with the aid of a gentle heat, for
about fifteen minutes; the aleohglic liquid, which contains objec-
tionable coloring matters, is decanted, and the litmus subsequently
extracted with about 10 parts of water, by digestion on the water-
bath, and filtered.

The filtrate thus obtained is divided into two equal parts; to
one of them, by means of a glass rod, very dilute sulphuric acid
is added, with constant stirring, until the liquid turns faintly red ;
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the red liquid is then added to the reserved blue portion, and the
whaole well mixed.

If it is desirable to preserve the solution for any length of time,
about 5 per cent. of aleohol should be added, or it must be kept
in bottles provided with a perforated stopper, throngh which a
bent glass tube may be inserted, or loosely stopped with cotton, in
order to admit access of air, and exclude dust; if these precau-
tions be neglected, the solution soon becomes mouldy or dis-
colored, and unfit for use.

Blue Litmus-Paper is prepared by drawing unsized white paper
(Swedish filtering-paper) through the above neutral liquid.

Red Litmus-Paper 1s prepared by drawing unsized white paper
(Swedish filtering-paper) through the acidulated reddened part of
the litmus solution, as obtained and deseribed above, in the prepa-
ration of neutral litmus solution.

The paper thus prepared is dried in warm air by suspension
over a thread, and for ready use is eut into strips about one-third
of an inch wide and four inches long, and preserved inclosed in
paraffin-paper, or in tightly corked bottles, protected from the light.

In reactions of nentralization, where carbonic aid gas is
evolved, this substance acts on litmus, and may impair the cor-
rectness of the test; in such operations it is therefore better, if
admissible, to operate on warm solutions, in order quickly to
expel the carbonic acid gas; if heat be incompatible, turmerie-
paper may be used instead of litmus-paper.

ric Solution.—Obtained by digestion of 1 part of powdered
turmeric in a mixture of 4 parts of aleohol and 3 parts of water.
After one or two days, the liquid is filtered off’ and preserved,

Turmeric-Paper is prepared from this tineture by steeping in it
white unsized paper (Swedish filtering-paper). The paper need
not be preserved from the action of the atmosphere, since it
remains unchanged by earbonic acid.

Alkanet-Paper is prepared like litmus-paper, by saturating un-
sized paper with a solution of the alkanet-red. This is obtained
by extracting dry alkanet root with ether; the filtered solution is
ready for use,

The blue paper may be obtained from the red one by dipping
it into an aqueous solution of godium carbonate (1:500). A neu-
tral paper, answering for the alkaline as well as the acid test, may
be prepared by dividing the ethereal solution of alkanet-red into
two eqnal parts; to one is added, drop by drop, an aqueous solu-
tion of sodium earbonate, until the red is just changed to a dis-
tinct blue tint; then both liquids are mixed and used for the
preparation of the paper.

lumbic Acetate-Paper serves for the detection of hydrogen sul-
phide, and is prepared by dipping white unsized paper &Swaﬂish
filtering-paper) into a solation of plumbic acetate, and, when dry,
cutting into strips of a convenient size, which may be preserved
inclosed in paraffin-paper,




A SYSTEMATIC COURSE

oF

QUALITATIVE CHEMICAL ANALYSIS.

CHEMICAL tests and examinations must be founded upon a
thorough knowledge of the nature and relations of the reagents,
and of their deportment with the common eompounds, and also
upon a certain fixed order and methodical system in their appli-
gation. These attainments, and the necessary skill, experience,
and judgment, are requisite for every one who enters upon testing
and investigation with a chance or claim of accuracy or certainty.

It is advisable in analytical work to enter the result of each
test as soon as satisfactorily completed into a note-book, whereby
the brief symbolic notation may be used to advantage: the
analysis is thus recorded, step by step, as it progresses until com-
pleted.

It may also be stated here that a reasonable economy with the
substance under examination, especially if only of a small quan-
tity, and with its solutions is necessary, so as to leave enough of
the former for unseen contingencies and for confirmatory tests,
as well as to repeat or verify any and all results of the examina-
tion. All tests and reactions are, therefore, performed on as small
a scale as is reasonable and appropriate in the particular case ;
and all operations should proceed accordingly, and with constant
obzervance of the principles and processes whereon they depend.

The following brief outline O[P a simple progressive course ot
qualitative chemical analysis depends, first, upon the successive
elimination of groups of elementary compounds which possess
certain common chemical properties, and, finally, upon the recog-
nition of each member of sm-.E groups; it may therefore serve as
a gunide whenever, in the course of investigation, recourse is to be
had to such a systematic method of analysis,

When the object of the examination is only to establish the
presence or absence of some particular substance, the character-
1stic reagent may be employed at onee, provided there be no other
substance present which would interfere with, or exclude, the
direct application of the test; but, if a qualitative analysis is
required, the substance, if a solid body, may be subjected first to
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a preliminary examination in the dry way, by which means
approximate information as to its composition may be obtained ;
after this, it is dissolved and examined. The course of qualitative
analysis, therefore, consists of three parts:—
I. Preliminary examination in the dry way.
IT. Solution, or conversion into the liquid form.
III. Analysis of the solution,

I. PRELIMINARY EXAMINATION.

This consists in an accurate observation, often by the aid of a
lens or a microscope, of the physical properties of the substance,
its form, color, hardness, gravity, and odor, and of its deportment
at a high temperature, either alone, or in contact with some
chemical compound which produces decomposition.

1. THE SUBSTANCE 18 HEATED IN A DRY NARROW TUBE OPEN
AT BOTH EXDS (Fig. 2T7).

(#¢) The substance remains unaltered; indicating absence of

organic matter, of salts containing water

Fie. 27. of erystallization, and of volatile com-
unds,

(4) Non-volatile organie substances car-
bontze and blacken, evolving empyreu-
matie, inflammable gases.

(£) The substance fuses, expelling agueous
vapors, which condense in the eooler parts
of the tube; indicating salts with water
of erystallization (these will generally re-
solidify after the expulsion of the water),
or decomposable hydrates, which often
give off their water without fusing. The
acid or alkaline reaction of the condensed
vapors should be determined by means
of litmus-paper,

(d) A change of eolor takes place ; zine
oxide assumes a yellow color while hot,
which disappears again on cooling ; mer-
curie oxide shows a transitory brown coloration, followed by the
gublimation of metallic mereury; mereuric iodide sublimes with
a yellow color; chromates, and the oxides of lead and bismuth
are colored brown.

(¢) Grases or fumes are evolved ; iodine or bromine vapors would
indicate their respective compounds, and may be recognized by
the violet or brownish-red ecolor and characferistic odor of the
vapor; sulphur dioxide is often produced by the decomposition
of sulphates; nitric peroxide arises from the decomposition of
many nitrates, and is recognized by its brownish color and suffo-
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cating odor ; eyanogen is recognized by its odor, and would indi-
cate such cyanogen compounds as are decomposable by beat
émercuric cyanide) ; ammonia vapors may arise either from the

ecomposition of :}mmnnium 3:111,3_, eyanogen compounds, or f'rpm
nitrogenous organic compounds; in the latter case carbonization
takes place, and either eyanogen or empyreumatic fumes escape
with tll.-.e ammonia,

(f) Sublimates are formed by volatile substances, such as sul-
phur, ammonium salts, compounds of mercury, arsenic, and anti-
mony, and some organic acids (benzoie, suceinie, oxalie, salieylic,
ete.). Sulphur sublimes in reddish-brown drops, which, upon
cooling, assume a yellow or yellowish-brown color; metallic
mercury forms globules, which are sometimes only distinguish-
able by the aid of a lens; mercuric chloride melts before volatil-
izing, and mercurous chloride sublimes without previously melt-
ing ; when touched with a solution of potassium hydrate the
sublimate assumes a yellow color with mercurie, a black one with
mereurous salt; metallic arsenie forms the well-known mirror,
arsenious acid small octahedral erystals, and the sulphides of
arsenic a reddish-yellow, or, when cold, yellow sublimate ; anti-
monious oxide melts first to a yellow liquid, and then sublimes in
bright, shining needles.

2. THE SUBSTANCE IS MIXED WITH SODA-LIME, AND HEATED IN
A DRY GLASS TUBE (Fig. 28).

The development of ammonia vapors will indicate ammonium
salts, or nitrogenous componnds.
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5. THE SUBSTANCE 18 MIXED WITH DRIED SODIUM CARBONATE,
AND HEATED ON CHARCOAL IN THE REDUCING FLAME OF
THE BLOWPIPE (Fig. 29).

(a) Fusion and absorption into the coal indicate alkalies, or
their salts.
(6) An infusible white vesidue, either at once or after previous
fusion in the water of erystallization, indicates compounds of
caleium, barium, strontium,
Fia. 20. magnesium, aluminium,
zing, or tin,

(€) A reduction to the me-

tallic state takes place, with-
out formation ﬂlPa periph-
‘erte incrustation upon the
charcoal. Com pnungs of tin,
silver, and copper, give
malleable shining scales,
Compounds of iron, man-
ganese, cobalt, and nickel,
are reduced to a gray in-
fusible powder; all visible
upon cutfing the fuse from the coal, and triturating and levigating
it in an agate mortar (Fig. 30).

Fia. 30,

(d) Reduction with inerustation: Antimony compounds give a
brittle metallic globule and a white inerustation; bismuth, a
brittle globule and a brown-yellow incrustation ; lead, a mallea-
ble globule and a yellow incrustation: zine and ecadmium are not
reduced, but give, the former, a white inerustation, not volatile
in the oxidizing flame, the latter, a brown-red inerustation.

(¢) Arsenic compounds evolve the smell of garlic,

(/) Borax and alum intumesce, and lose their water of crystal-
lization.

() All sulphur compounds give an alkaline sulphide, which,
when moistened upon a elean silver plate, produces a black stain,
and with acids develops hydrogen sulphide,
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(k) If deflagration takes place, nitrates, chlorates, iodates, or
bromates are indicated.

4. THE SUBSTANCE, CONTAINED ON THE LOOPED END OF A
MOUNTED PLATINUM WIRE (Fig. 31), 18 HEATED IN THE
UPPER REDUCING PORTION OF THE NON-LUMINOUS GAS
FLAME.

() A violet eolor imparted to the flame indicates potassium
galts. As this reaction may be perfectly concealed by the pre-
sence of sodium salts, the flame should be observed through blue
glass.!

Fig. 81,

C —

(5) A yellow colorimparted to the flame indicates sodium salts,

(¢) The substance is moistened with b ydrochlorie acid, and the
eolor of the flame observed ; a purplish-red color indicates stron-
tium, a carmine-red, lithinm, and a yellowish-red color, calcium
salts: a green coloration indicates either copper or barium salts,
more evident with the former than with the latter.

(d) The substance is first heated to deprive it of moisture, then
moistened with a drop of strong sulphurie acid, and the color of
the flame observed ; a green coloration may indicate phosphorie
or boric aecid, which, however, particularly when sodium com-
pounds are present, is only of transient duration,

(¢) A blue coloration imparted to the flame may indieate ar-
seni¢, antimony, or lead compounds,

5. A SMALL AMOUNT OF POWDERED BORAX I8 MELTED ON THE
LOOPED END OF A PLATINUM WIRE, BROUGHT IN COXNTACT
WITH A TRACE OF THE SUBSTANCE TO BE TESTED, AXND
HEATED :

() Inthe outer blowpipe flame, or in the lower oxidizing por-
tion of the non-luminous gas flame.

A blue glass or bead indicates cobalt.

An amethyst-red colored glass indicates manganese,

A green glass indicates chromium or copper (the copper bead
becomes blue on cooling, the chrominm bead vellowish-green),

A brown-red glass indicates nickel or iron (the iron bead,
when cold, is often of a yellowish color).

A vellow glass indicates uranium or lead.

! The blue glass, which is tinted with cobalt monoxide, possesses the pro-
perty of absorbing the yellow rays of light, and permits only the blue and
violet rays of the spectrum to pass through it.



48 MANUAL OF CHEMICAL ANALYSIS.

A colorless glass indicates molybdic acid, tin, antimony, and
bismuth, as alzo the alkaline earths; the latter, however, be-
eoming opaque on cooling,

(4) In the inner blowpipe flame, or in the lower reducing por-
tion of the non-luminouns gas-flame.

A blue glass indicates cobalt.

A yellow or brownish-red glass indicates copper or molybde-
nurm.

A green glass indicates chromium, iron, or uraniam,

A gray glass indicates nickel, bismuth, silver, or antimony.

A colorless glass indicates manganese, as also the alkaline
earths; the latter showing the same behavior in both the re-
ducing and the oxidizing flames.

The operation of reduction iz usually more eagily accomplished
by the use of phosphorous salt, instead of borax; the former pro-
ducing in the exidizing flame with the oxides of manganese,
cobalt, chrominm, eopper, iron, nickel, antimony, and molybde-
num, and in the reducing flame with the oxides of cobalt, iron,
uranitm, ehromium, copper, bismuth, and silver, the same results
as with borax; the oxides of bismuth and silver, however, yield
a yellow colored glass. With either phosphorous salt or borax,
and heated in the oxidizing or reducing portion of the flame,
silica and silicates produce a skeleton in the bead.

II. SOLUTION OF SOLID EODIES.

After having ascertained, by the preliminary examination, to
what class of bodies the substance under consideration belongs, it
has then to be brought into the liquid form—in other words, to
be dissolved. The usual solvents which are employed are water,
hydrochlorie, nitrie, and nitro-hydrochloric acids. The finely pow-
dered substance is first boiled with from 12 to 20 times its weight
of distilled water, in order to ascertain its complete or partial
golubility, or its insolubility therein, If it be not completely dis-
solved, the portion insoluble in water is collected upon a filter, and
is then treated successively with dilute and concentrated -hydro-
chlorie acid ; by this process earbonates evolve carhunic-acit‘f s,
with effervescence; peroxides, chromates, and chlorates, evolve
chlorine ; eyanides give hydrocyanic acid; many sulphides, hy-
drogen sulphide ; sulphites and hyposalphites, sulphurous acid.

If hydrochlorie acid does not completely dissolve the substance,
it generally eflects the separation of one or more of its econstitu-
ents; for this reason the solution should be separated from the
residue and examined apart. The residue may consist of com-
pounds undecomposable by hydrochlorie acid, which existed in
the original substance ; or of insoluble compounds formed by the
decomposition of the original substance by hydrochloric acid.
Thus sulphur is separated from polysulphides, and pulverulent or
gelatinous silica from silicates; or, if lead, silver, or mercurous
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salts be present, ingoluble Gi]]ﬂl'i(lt:‘ﬁ of these rlzc!alg wil} be f'urmc;ml.
In this latter case, argentic chloride may be dlsun_gnmhuq by its
solubility in ammonia water, and mercurous (:lhluruie by its con-
version by ammonia into the gray colored dimercurous ammo-
nium chloride, or its reduction by potassium or qudmm |1_1.fal]'ute
to black mercurous oxide ; while plam i:?u l]|i:ttrl'idu 18 ulmlfa{:lv!'l}:ed
by its solubility in hot water, from which it separates in a crys-
talline form on cooling. J Witk

If the substance is not completely soluble in hydrochloric acid,
the insoluble residue is treated successively with nitric and nitro-
hvdrochlorie acids, which either act as mere solvents or exert an
oxidizing aetion. : .

When a finely powdered substance is not dissolved by succes-
sive treatment with either of these solvents, it must be rendered
soluble by other means, in order that its constitueuts may be de-
termined, This is generally accomplished by fusion with 3 to 4
parts by weight of alkaline carbonates, in the case of the sulphates
of barium, strontium, caleium, and lead, and also of silica and sili-
cates, or by fusion with acid potassium sulphate in the case of
alumina or aluminates.

In the process of fusion with alkaline carbonates, as above
described, in cases where arsenic or an easily reducible metul
(antimony, tin, lead, bismuth, ete.) is present, the application of
platinum crucibles should be avoided (see note on page 23).

III. QUALITATIVE ANALYSIS OF SOLUTIONS.

I. ExaMINATION FOR BasES.

In the systematic course of examination for metals, now gen-
erally employed, use is made of the aualogy in physical and
chemical properties, and especially in the solubilities of certain
classes of compounds; the reagents which give rise to the forma-
tion of these eompounds are: hydrochlorie aecid, hydrogen sul-
phide, ammonium sulphide, ammonium earbonate, and aminonium
phosphate. Their application depends upon the different solubility
and msolubility of metallic chlorides and sulphides, and of the
carbonates or phosphates of the alkaline-earthy and alkali metals,
By means of these general reagents, the metallic compounds are
divided into several groups, and are successively eliminated from
their solutions, whereby the detection of each individual member
of such groups is considerably facilitated.

Group I

Metals whose chlorides are insoluble, or nearly so, in water and
dilute acids :

Silver, white,
Mereurous salts, white,

Lead, white, incompletely precipitated.
4

} completely precipitated.
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Group IT,

Metals awhose sulphides are insoluble, or nearly so, in water and
dilute acids : They are all precipitated from their acid solutions
by hydrogen sul}-ﬂﬁde. They are divided into two subdivisions
according to their deportment with ammonium sulphide.

A. Metals whose sulphides are sulpho-aeids, forming with sul-
pho-bases, soluble sulpho-salts :

Antimony, orange. Molybdenum, black-brown.
Arsenie, yellow. Gold, black-brown.
Stannous salts, brown. Platinum, black-brown.

Stannic salts, yellow.

B. Metals whose sulphides do not possess acid properties, not
combining with, and therefore insoluble in, alkaline sulphides:

Lead, black. Copper,  black.

Mercuric salts,! black. Cadmium, yellow,

Bismuth, black-brown.  IPalladium, black,
Group III,

Mcetals whose sulphides form soluble sulpho-salts, which conse-
quently are not precipitated by hydrogen sulphide from neutral
or acid, but partially from alkaline solutions; which, however,
are completely precipitated by ammoniom sulphide from nentral
as well as from all{alri.ue solutions. These are, again, subdivided
into two groups:

A. Metals which are precipitated as sulphides:

Zine, white. Nickel, black.

Iron, black. Uraninm, black-brown.
Manganese, flesh-colored. Thallinm, black.
Cobalt, black. Indium, yellow.

B. Metals which are precipitated as hydrates:
Alumininm,colorlessandtrans. Chromium, grayish-green.
parent. Cerium, white.
The oxalates, phosphates, and borates of barinm, caleium, stron-
tium, and magnesium, being soluble in dilute acids and insoluble
in water, are similarly precipitated by ammonium sulphide.

Group IV,

Metals whose sulphides and hydrates are soluble in water; and
which, therefore, are not precipitated by hydrogen sulphide nor
by ammonium sulphide. E‘hea& are subdivided according to their
deportment with ammonium carbonate in the presence of ammo-
nium ehloride,

A. Metals whose normal earbonates are insoluble in water or
in solution of ammonium chloride ;

Barium, Caleium, Strontium.

! Mereurie sulphide is slightly soluble in potassium sulphide, and cuprie sul-
plide in ammoninm sulphide.
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B. Metals whose carbonates are solable in water or in solution
of ammoninm chloride:

Magnesium, Potassium, Sodium,

Lithium, A mmonium,.

When entering upon the examination of a solution, the results
of the preliminary examination should be taken into dne consid-
eration, as they often will indicate the number and kind of bases
present. If then a precipitate is caused by one of the general
reagents, the solution should be examined for every member of
that particular group. It is also evident that when the presence
of one or several bases has been ascertained, the systematic and
successive course of examination, as deseribed hereafter, should
be pursued, so as to exclude beyond doubt the presence of any
not-detected metal,

The precipitation by each general reagent must be complete.
To insure this, they must be employed in the order above stated,
and must be added gradually, allowing the precipitate to subside
between each addition, until no further precipitate is produced.
In the case of hydrogen sulphide, the precipitation is complete
when the solution, after agitation, still smells strongly of the gas.
Gentle heat generally facilitates the separation of precipitates.
Kach group, when precipitated, must be thoroughly freed, by
washing with water, from all members of the subsequent groups,
which may be contained in the solution. After the precipitation
of each group, it is advisable to ascertain the presence or absence
of any members of the succeeding groups, by evaporating on
platinum-foil a few drops of the filtrate; if, after ignition, there
1s no distinetly visible residue, non-volatile substances need not
be looked for further. Tt is obvious that, if complete precipita-
tiom and thorough washing be neglected, metals belonging to one
group are liable to be found among those of another group; and,
consequently, as the analysis proceeds, reactions will be obtained
which will be a source of perplexity and errors,
~ Hereupon the following course of analysis may be pursued,
involving the systematic investigation of the several groups :

Group L

A portion of the solution is acidulated with hydrochloric acid.
An ensuing precipitate, which may be marked No. 1, would indi-
cate lead, silver, or mercurous chlorides. In this case the pre-
cipitate is collected on a filter, washed and subsequently boiled
with water, and the solution filtered while hot. ;

Lead chloride is soluble in hot water, and can be precipitated
from its solution as yellow lead chromate on the addition of po-
tassium chromate. 8ilver and mercurous chlorides are insoluble
m water; the former, however, is readily soluble in ammonia
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water, from which solution it is again precipitated on the addition
of an excess of nitrie acid, whilst mercurous chloride in contact
with ammonia is eolored black,

Group II,

The liquid, acidulated with hydrochloric acid, or, if a precip-
itate was produced by the latter, the filtrate therefrom, is satu-
rated with hydrogen sulphide. If no precipitate ensues, the
reagents indicated i the next following group may at once be
employed ; if, however, a precipitate has been formed, indicating
bases of group II, this is collected on a filter, well washed with
water, and the filtrate and washings, which may be marked
Filtrate No. 2, reserved for further examination. The precipi-
tate, which may be marked No. 2, is then examined as follows:
If it is of a light yellowish-white color, it may consist simply of
sulphur, which may be recognized by its volatility when heated
in a small glass tube, or by the formation of an alkaline sulphide
when heated with a little exsiccated sodium ecarbonate on char-
eoal, before the blow-pipe. The precipitation of sulphur results
from the presence of ferrie salts, chromie aeid, or chromates; in
the first case, the ferric is reduced to ferrous salt, and in the latter,
the ehromie acid to chromie oxide, which imparts a green eolor to
the solution. When considerable free nitric acid is present in a
golution, sulphur may also be preecipitated by the decomposition
of hydrogen sulphide.

A yellow precipitate is produced when arsenions or arsenie acid,
stannic acidﬁ] or cadminom salts are present in the solution. 1f
arsenic is present in the form of arsenic acid, the solution must
be heated before or during the time of saturation with the gas,
and subsequently allowed to stand for a few hours in a clgsed
flask or test-tube, in order to insure its complete precipitation.

An orange-colored precipitate is produced when antimony is
present.

A brown precipitate is produced by stannous salts, and the salts
of bismuth and molybdenam.

A black or blackish-brown precipitate is produced by mereurie
salts, lead, copper, gold, platinum, and palladium, as also by silver
and mercurous salts, in case the two latter were previously not
completely precipitated by hydrochlorie acid.

It is evident that when several metals precipitable by hydrogen
sulphide are present, the eolor of the precipitate will be unavail-
able as a eriterion for the recognition of any one substance.

The metallic sulphides precipitated by hydrogen sulphide are
distingnished by their deportment with ammonium sulphide, being
goluble or insoluble therein, and may thus be resolved into two
classes.

The precipitate No. 2, collected upon a filter and well washed
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with water, is digested with ammonium sulphide, by the aid of a
gentle heat, and filtered., The solution may be marked A, and
any insoluble residue upon the filter, B,

The obtained solution A contains those metals whose sulphides
are sulpho-acids, combining with alkaline sulphides or sulphy-
drates to form soluble sulpho-salts. These are: arsenic, antimony,
tin, molybdenum, gold, and platinum. In order to effect their
separation, several methods may be employed, only one of which,
however, need be here described.

The solution A is acidulated with dilute sulphurie acid, and the
resulting precipitate (if not consisting only of sulphur) very
slightly warmed with a concentrated solution of ammonium ear-
bonate. Arsenie is thereby dissolved, and, upon supersaturating
the solution with hydroehloric acid, and warming, is repreecipi-
tated as arsenious sulphide, and may then be reduced to the
metallic state by heating in a small glass tube with a mixture of
potassium eyanide and exsiceated scﬁium carbonate (Fig. 32), or

Fig. B2

it may be dissolved by gently heating with hydrochlorie acid and
a little potassium chlorate, when upon the subsequent addition of
test magnesinm mixture, a white crystalline precipitate of ammo-
nio-magnesium arseniate will be obtained,

Traces of arsenic may be more readily detected, after the above
treatment, by examining the solution in Marsh's apparatus (Fig,
83), as deseribed on pages 33 to 36, %

The portion undissolved by ammonium earbonate is dissolved in
hydrochlorie acid, with the addition of a small amount of potas-
sium chlorate, and gently heating, and the solution thus obtained
tested as follows: A few drops are brought upon platinum-foil,
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together with a fragment of metallic zine, when, if antimony is
present, a deep black spot will be ]'hlUflL'Il}Ll’l upon the foil, or the
solution when brought into Marsh’s apparatus, will dﬂ?elnp hy-
drogen antimonide, “which may be recognized by the method de-

Fra. 338,

seribed on page 85. Another portion of the solution iz warmed
with mcml{ic zine, when tin will be precipitated as a black me-
:ulliu powder, soluble in warm hydrochloric acid, and producing

won the subsequent addition of solution of mercurie chloride a
white or gray-colored precipitate. Molybdenum may be best
detected by the tests of the preliminary examination, as deseribed
on page 48, Gold may be recognized by the brown precipitate of
finely divided metal on the addition of ferrous sulphate to the
original slightly acid solntition. Platinum is detected by the
addition of a little ammonium chloride to the original, Bllghthﬁ
acid solution, evaporating nearly to dryness, and trentmg with
strong alcohol ; : a yellow, erystalline precipitate, consisting of the
double chloride of plnumlm and ammoniam, and reduecible by
heating to black metallic platinum, will thus be formed.

The portion of the hydrogen sulphide precipitate B, insoluble
in ammonium sulphide, contains those metals whose sulphides do
not possess acid properties, not combining with, and therefore
insoluble in, alkaline sulphides or sulphydrates. These are: lead,
bismuth, copper, cadmium, and mercuric salts, also mercurons
salts and silver, in case nitric instead of hydrochlorie acid was
employed for :-mdulatmg the original solution, before precipi-
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tating with hydrogen sulphide. The precipitate B is washed,
subsequently treated upon the filter with concentrated nitric acid,
and the filtrate examined as follows:
1) Portion soluble in nitric acid. ; gt

ad, which can be present in but small amount if the original
solution was acidulated with hydrochlorie acid, as deseribed unr_ler
group L. page 51, may be detected by neutralizing the solution
with ammonia water, evaporating to a small volume, and acidu-
lating with sulphuric acid; a white precipitate will thus be pro-
duced, which is soluble in basic ammonium tartrate, and may be
again precipitated from this solution on the addition of potassium
chromate. The latter precipitate, when mixed with exsiccated
sodium carbonate, and heated upon charcoal, yields a soft me-
tallic bead.

Silver can only be present when hydrochlorie acid was not
employed for acidulating the original solution, as directed under
group L page 51. It may be detected in the filtrate from the
just-mentioned lead sulphate precipitate by the addition of hydro-
ehlorie acid, when a white curdy precipitate, soluble in ammonia
water, will be produced.

Bismuth may be detected in the filtrate from the preceding
silver precipitate by the addition of ammonia water, when a
white precipitate, insoluble in an excess of the reagent, will be
formed. The solution of the precipitate in a small amount of
hydrochlorie acid, becomes turbid on the addition of much water,

Copper is recognized when the filtrate from the preceding bis-
muth solution possesses a blue color, and, after acidulating with
hydrochlorie acid, by a reddish-brown precipitate on the addition
n:)ll solution of potassium ferrocyanide. i

Cadmium may be recognized, when the solution of the preceding
test remains colorless upon the addition of ammonia water, by a
yellow precipitate upon saturation with hydrogen sulphide. If,
however, both copper and cadmium are present in the solution,
then the ammouniacal liquid from the above-mentioned bismuth
precipitate is supersaturated with hydrochlorie acid, the solution
concentrated by evaporation, and ammonium carbonate in excess
added, when eadmium will be separated as a white precipitate,
whilst copper, remaining dissolved, imparts a blue color to the
liquid. The separation may also be effected by adding potas-
sium eyanide to the ammoniacal liquid from the bismuth pre-
cipitate antil the solution appears colorless; upon subsequent
saturation with hydrogen sulphide cadmium will be preeipitated
as yellow cadmium sulphide, while copper remains in solution.

alladium may be detected in the original solution of the sub-
stance under examination by the formation of a black precipitate
on the addition of solution of potassium iodide.

(2) The portion of precipitate B insoluble in nitric acid may
consist of sulphur, which is recognized by its yellowish or gray-
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1sh-yellow color,! as also by its complete volatilization when
heated in a small glass tube, or the formation of an alkaline sul-
l.fh'ule. when heated with exsiccated sodium earbonate on charcoal,
wefore the blow-pipe. Lead sulphate forms a heavy, white pre-
cipitate, and results from the action of the nitric acid on the lead
sulphide. In this ease lead will usually be found and recognized
also in that portion of the precipitate B which is soluble in nitric
acid, page 55.

Mercury, in the form of mereurie salt, is recognized as a black,
flocenlent preeipitate, which, when mixed with sodium carbonate,
and hE:-Itﬂfl} in a glass tube, yields a sublimate of metallic mereury.
Lead salphate may be separated from mereuric sulphide by digest-
ing with a solation of basic ammoniam tartrate, in which lead
sulphate is soluble, and may be subsequently recognized by a black
precipitate with hydrogen sulphide, or a vellow one with potas-
sinm chromate. The washed mercuric sulphide may be dissolved
in nitro-hydrochlorie acid, the excess of aeid removed by evapora-
tion, and the solution tested, either with stannons chloride, which
will praduce a white precipitate, or by immersing a piece of bright
copper foil in the liquid, when a coating of metallic mercury will
be deposited.

Group III.

Filtrate No. 2, page 52, is supersaturated with ammonia water,
and ammonium sulphide added, in an amount sufficient to effect
complete precipitation, if any reaction i8 produced. Il no precipi-
tate is formed by the addition of these reagents, the solution may
be further examined as directed under group IV., page 59. If,
however, a precipitate is produced, it is eollected on a iilter, well
washed with water, and the filtrate, which may be marked No. 3,
reserved for the examination of the bases of group IV. This pre-
cipitate, marked No. 3, may contain iron, nickel, cobalt, manga-
nese, zine, uraninum, chrominm, and alominium, as also caleinm,
barium, and strontinm oxalates and phosphates and magnesium
phosphate. A brown color of the filtrate from precipitate No. 3
would indicate the presence of nickel.

A black precipitate will indicate iron, cobalt, nickel, uranium,
or one or all of these combined with other members of the group.

A greenish precipitate will indieate chromium,

A jflesh-colored precipitate will indicate manganese.

A white precipitate is dependent in its character as to whether
the original substanee was soluble in water, or whether in order
to effect its solution the aid of an acid was required. In the
former case, it may consist of zine or aluminium, either alone, or
combined with manganese and chromium; in the latter case it

1 The sulphur frequently incloses particles of merearie sulphide, which im-
parts to it a brown color,
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mav also contain magnesinm, barium, calcium, or strontium, in
combination with phosphorie or oxalic acids.

Precipitate No. 3 (page 56) is examined as follows: :

a) It is first digeste with eold, dilute hydrochlorie acld_. This
dissolves all the oxides and sulphides of the group, with the
exception of the sulphides of cobalt and nickel, which, if' present,
are separately examined as directed under (e). The acid solution
or filtrate thus obtained is first heated. in order to remove the
hydrogen sulplnde, filtered, and solution of sodinm hydrate, in con-
siderable excess, added, If a precipitate is formed, it is examined
as directed under (b), whilst the alkaline solution or filtrate is
examined as follows: It is first boiled for some time, when chro-
minm will be precipitated ; its identity may be confirmned by fusing
it, on platinum-foil, with an equal weight of exsiceated smliu;u
carbonate and potassium nitrate, dissolving the fused mass in
water, and, after acidulating with acetic acid, testing with plumbie
acetate, when a yellow precipitate will be produced. A portion
of the filtrate from the first chrominm precipitate is then satu-
rated with hydrogen sulphide, when an ensuing white precipitate
will indicate Zzingj; thizs may be confirmed by moistening part of
the precipitate, on the looped end of a platinum-wire, with a drop
of solution of cobaltous nitrate, and heating in the non-laminous
flame, when a green color will be imparted to the bead. If the
hydrogen sulphide has produced no precipitate in the alkaline
solution, then another portion of the latter is supersaturated with
hydrochlorie acid, and subsequently made slightly alkaline with
ammonia water, when an ensning transparent, flocenlent preeipi-
tate will indicate aluminium ; this may be confirmed by moisten-
ing the precipitate, on the looped end of a platinum-wire, with a
drop of solution of ecobaltous nitrate, and heating in the non-lumi-
nous flame, when a blue eolor will be imparted to the bead.

(b) The precipitate, undissolved by solution of sodinm hydrate,
as directed under (a), may contain the oxides or hyvdrates of iron,
manganese, and nraninum, the phosphates and oxalates of the alka-
line earths, caleinm fluoride, and possibly traces of zine. It is
redissolved in dilute hydrochlorie acid, ammonium chloride added,
and subsequently ammonia water in slight excess. By this means
the above-mentioned metals are again precipitated, with the excep-
tion of manganese and zine, which remain dissol ved, and are
separated as follows: From the ammoniacal solution the manga-
nese and zine are again precipitated by ammonium sulphide; a
portion of this precipitate is heated, on platinum-foil, '\‘i‘il{l a mix-
ture of potassium nitrate and exsiceated sodium carbonate, when
a green color of the. fused mass will indicate manganese; the
remaining portion of the precipitate is dissolved in hydrochlorie
acid, sodiom acetate in excess added, and the solution subse-
quently saturated with hydrogen sulphide, when an ensuing white
precipitate will indicate zine,
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The precipitate, as above obtained by the addition of ammonium
chloride and ammonia water, is digested with a concentrated soln-
tion of ammonium earbonate, when uranium and cerium will be
dissolved.

Uranium is recognized by a brown precipitate on supersaturating
the solution with hydrochlorie acid, and the subsequent addition
of potassium ferrocyanide,.

erium is recognized by the formation of a difficultly soluble
double salt with potassium sulphate. The precipitate which
remains undissolved by the above treatment with concentrated
solution of ammonium carbonate, is dissolved in dilute hydro-
chlorie acid, and the solution tested, in separate portions, as
follows:

Iron is recognized by a blue precipitate on the addition of solu-
tion of potassium ferrocyanide.

Barium or strontium by a white precipitate on the addition of
solution of ecaleium salphate.

Caleium by a white precipitate on the addition of sodium ace-
tate, in slight exeess, and solution of ammoninm oxalate.

Magnesium. —Sodium acetate, in slight excess, is added to the
solution, and subsequently ferric chloride until a red coloration is
produced. The liquid is then heated to boiling, filtered, and the
filtrate completely precipitated by ammonium carbonate. The
filtrate from the latter precipitate is finally tested with ammonium
phosphate, when an ensuing white, erystalline precipitate will
indicate magnesium.

Phosphorie Aeid is recognized by an ensuing white precipitate of
ferric phosphate, when to the cold solution sodinm acetate, in
slight excess, and subsequently a few drops of solution of ferrie
chloride are added; or, if on the addition of solution of ammo-
nium molybdate in nitrie acid, and gently heating, a yellow, crys-
talline precipitate is produced.

Oxalic Aeidd, as caleium oxalate, is recognized, when on the addi-
tion of sodinm acetate, in slight excess, a white precipitate 1s
formed, which is insoluble in acetic acid, and by ignition is con-
verted into ealeinm earbonate,

Fluorine, which may be present as ecaleium fluoride, mnst be
tested for with the original substance, and may be recognized by
the etching produced upon a glass plate, which is partially coy-
ered with wax, and placed over a lead or platinum eapsuale in
which a little of the substance is heated with concentrated sul-

hurie aecid.,

(e) The portion of the ammonium sulphide precipitate, insoluble
in cold dilute hydrochlorie acid, may consist, as stated under (),
of the sulphides of cobalt and nickel, or simply of sulphur. If
the latter alone is present, it may be recognized by its eolor, as
also by its complete volatilization when heated on platinum-foil.
The sulphides of cobalt and nickel are black, and may be sepa-
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rated by the following method: The precipitate is dissolved in
nitro-hydrochlorie acid, the solution evaporated, and the residue
taken up with water containing a little acetic acid. To this solu-
tion potassium nitrite in_ considerable quantity 1s added, and
allowed to stand for several hours, when cobalt will be completely
separated as a yellow, pulverulent double salt, whilst nickel re-
mains in solution, and may be precipitated therefrom on the
addition of sodium hydrate, as light green colored nickel hydrate.

The metals thallium and indium, which also belong to this group,
are of such rare occurrence that when their presence may be
reasonably suspected they must be tested for by means of the

spectroscope.

Group IV.

Filtrate No. 3, page 56, is supersaturated with hydrochlorie
acid, and heated until the odor of hydrogen sulphide has entirely
disappeared ; when cold, it is filtered, slightly supersaturated with
ammonia water, and ammonium carbonate in slight excess added.
If no precipitate is formed on the addition of these reagents, the
solution may be further examined as directed under group V.
If, however, a precipitate is obtained, it is collected and washed
on a filter, and the filtrate therefrom, which may be marked No, 4,
reserved for the examination of bases of group V. The preecipi-
tate, marked No. 4, which may contain barium, ealeinm, or stron-
tium, is examined as follows: It is dissolved in dilute hydrochlorie
acid, and to a portion of the solution a saturated solution of cal-
eium sulphate 1s added. If a precipitate is formed at once, it will
indicate the presence of barium ; but if the precipitate is only
formed after standing for some time, strontinm is 1'.1:«51{::'&1::{1:r whilst
if no turbidity is produced, only calcium can be present. In the
latter case ammonia water, in slight excess, and ammonium oxalate
are added to another portion of the dilute hydrochlorie acid =olu-
tion, when, if caleinum is present, a white precipitate of calcium
oxalate will be produced. If caleium has thus been found to be
present, the dilute hydrochloricacid solution first obtained is exaetly
neutralized with ammonia water, and solution of nentral potassium
chromate added, when barium will be precipitated as yellow
barium chromate. Mo the filtrate from the last-named precipitate
dilute sulphurie acid is added, and allowed to stand for some time,
when strontinm will be precipitated as white strontium sulphate.
The filtrate from the latter, on the addition of ammonia water, in
slight excess, and afterward of ammonium oxalate, will yield a
white precipitate of ecaleium oxalate.

Group V.

Filtrate No. 4, page 59, may still eontain magnesium, sodium,
potassium, lithium, and ammonium,
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Magnesium is recognized by an ensuing white erystalline pre-
cipitate of ammonio-magnesinm phosphate on the addition of
solution of ammonium phosphate.

The methods employed for testing the filtrate for potassium,
sodinm, and lithinm are subject to some variation in their appli-
cation, and depend upon the previously determined presence or
absence of magnesinm, If the solution contains no magnesium,
it may be evaporated to dryness, the residue ignited to expel
ammonium salts, and the final residue dissolved in a small amount
of water, It is then examined on platinum-wire in the non-
luminous flame, to which sodium imparts a yellow, potassium a
violet, and lithinm a carmine-red color; the detection of potassium
in the presence of sodinm being effected by observing the flame,
through blue cobalt glass. For the verification of potassium the
remainder of the solution may be tested with a few drops of pla-
tinic chloride ; a yellow crystalline precipitate of potassio-platinic
chloride will be formed, if potassium be present.

For the special detection of lithium, the dry mixture of the
chlorides is digested with a mixture of about equal parts of alco-
hol and ether, filtered, and the filtrate allowed to evaporate spon-
taneously ; the residue from the alecohol-ether solution will contain
all the lithium, which may be recognized when examined on
platinum-wire in the non-luminous flame.

If, however, magnesinm has been found to be present, it has to
be first removed before potassium, sodinm, and lithinm ean be
tested for. The solution is accordingly evaporated to dryness,
ignited to expel ammonium salts, and the residue taken up with
water, To the filtered liquid, solution of barinm hydrate is added
until alkaline to test-paper, again filtered, and the excess of barinm
in the filtrate removed by solution of ammoninm carbonate to
which a little ammonia water has been added. The filtrate from
the latter precipitate is evaporated to dryness, gently ignited, and
the residue tested for potassium, sodinm, and lithium as above
deseribed. In case lithtum is absent, the filtrate from the above-
mentioned ammonio-magnesium phosphate precipitate may be
directly employed for the ordinary flame tests for potassinm and
sodium. , -

Ammonium is always sought for in a separate portion of the
original substance or solution, by heating with a concentrated
golution of potassium or sodium hydrate ; any ammonium com-
pound evolves the characteristic odor of ammonia gas, which
changes moistened red litmus-paper to blue, and produces white
fumes when a glass rod, moistened with acetic acid, is held over
the orifice of the test-tube.

Minute traces of ammonia may be detected by conducting the
vapors into a test-tube containing a small quantity of distilled
water ; if aimmmonia be present a brown precipitate will then be
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produced on the addition of a few drops of solution of pt_)tas:.:iu-
mercuarie iodide with potassinm hydrate (Nessler's reagent).

IT. EXAMINATION FOR ACIDS,

The examination for the bases is followed by that for the acids and
for chlorine, iodine, and bromine. The preliminary examination,
as well as the nature of the substance and the bases found therein,
will give information, in most cases, as to what acids cannot be
contained in the substance, and what acids may be present therein,
or should especially be looked for. Thus the acids of arsenic,
chromic and earbonie acids, and hydrogen sulphide, have already
been indicated. With soluble substances containing earthy and
metallic bases, the presence of carbonic, phosphorie, boric, and
oxalic acids, is excluded; soluble substances, containing silver,
lead, and mereurons compounds, exclude chlorine; soluble sub-
stances, containing lead, barinm, strontium, and mereurous salts,
exclude sulphurie acid.

In the examination for acids, a neutral solution is frequently
required, and generally ammonia water Is used for neutralization ;
but, as most of the heavy metals, as well as some alkaline earthy
galts, are precipitated when their solutions are neutralized by
ammonia water, it is often necessary to remove from the solution
all metals, except those of the alkalies, before proceeding to search
for acids. When this is not necessary, it is frequently requisite,
according to the nature of the substance and its chemical rela-
tions, to substitute, instead of hydroehlorie acid and its salts, nitrie
acid and the ecorresponding nitrates.

The general reagents employed in the examination for acids are
barium chloride or nitrate, caleium chloride, magnesium sulphate
or chloride, ferric chloride, argentic nitrate, and indigo solution.
By these reagents the more commonly ceenrring acids may be
divided, analogously to the bases, into certain groups, but, nnlike
the latter, the perfect Sapnmtiﬂn of the individual acids embraced
in the different groups cannot thus be effected.

L. Aeids which ave precipitated by barium chlovide or nitrate,

Aa) From acidulated solutions: sulphuric acid as a white pre-
cipitate, insoluble in nitric or hydrochlorie acids.

(b) From neutral solutions(the precipitate being soluble in acids):
sulphurous, phosphorous, phosphoric, carbonde, silicie, borie, arsenious,
and arsenie acids, as white precipitates, and ehromic acid as a yellow
one, all soluble in hydrochloric acid. Of the organie acids, oxalic
and tartaric also produce white precipitates, but only from more
concentrated solutions, and likewise soluble in hydrochloric acid.
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11, Aeids which ave preeipitated by caleium ehloride,

(@) From neutral solutions only: phosphorie, arsenie, and loric
acids as white precipitates, which are readily soluble in ammo- -
nium chloride; earbonic and sulphurous acids, as white precipitates,
but the latter one only in concentrated solutions; fartaric acid, as
a white preuiﬁitata, soluble in ammonium chloride or potassium
hydrate, which alkaline solution becomes turbid on heating ; ecitrie
acid gives a white precipitate, upon the subsequent addition of
lime water or ammonia water in excess, and heating ; ferrocyan-
ides produce gradually a yellowish precipitate. All of the above
precipitates are readily soluble in acetic acid, with the exeception
of that of ferrocyanides, which is diffienltly soluble.

(&) From neutral or acetic acid solutions : oxalic acid, as a white
precipitate, insoluble in ammonium chloride; this precipitate is
also formed with a saturated solution of caleium sulphate; sul-
phuric acid gives a white precipitate, except in very dilute solu-
tions, when it is only produced on the subsequent addition of aleo-
hol; hydrofluoric acid produces a white gelatinous precipitate,
which has the property of etching a glass plate, placed over a
lead or platinum capsule, in which the precipitate is gently heated
with eoncentrated sulphuric acid.

111, Aeids which are precipitated by magnesium sulphate or ehloride
in the presence of ammonium chloride and ammonia water.

Phosphorie acid, as a white erystalline precipitate, which is slowly
formed in very dilute solutions, and soluble in all acids; arsenic
acid yields a precipitate which is precisely analogous in its char-
acter to that of phosphoric acid, but from its acid solution, on
warming, hydrogen sulphide precipitates yellow arsenie sulphide ;
tartaric acid gradually yields a white precipitate in concentrated
solutions, which becomes black on drying, and subsequent inein-
eration upon platinum-foil.

IV. Acids which are detected by ferric chioride.
() Those which are precipitated.

(From neutral or acetic-acid solutions.)

Ferrocyanides yield a blue precipitate, which is also produced
in the presence of free hydrochloric acid; Jiihas orie acid, a yel-
lowish-white one, insoluble in acetie, but soluble in hydrochlorie
acid ; arsenic acid gives a precipitate which is analogous in its
properties to phosphorie acid, but is also precipitated from its
warm acidulated solution by hydrogen sulphide; tannic acid, a
bluish-black precipitate, and the original solution is precipitated
by gelatin,




QUALITATIVE CHEMICAL ANALYSIS. i

(From neutral solutions only.)

Boric acid yiclds a yellowish precipitate; benzoic and suceinie
acids, light brown ones; the latter is also precipitated by a mix-
ture of ammonia water, barium chloride, and aleohol.

(b) Those which produce a coloration, but no precipitate.
(In the presence of free hydrochloric acid.)

Ferricyanides produce a brownisgh coloration, and with ferrous
salts a blue precipitate; sulphocyanides, an intense blood-red
coloration, which disappears on the addition of mercurie chloride.

(In neutral solutions only.)

Acetic acid, a reddish-brown coloration, and, on boiling, a red-
dish-brown precipitate, whilst the solution becomes decolorized ;
formic acid gives also a reddish-brown coloration, but the original
solution rednces silver and mercury from a solution of their salts;
sulplwrous acid, a reddish-brown eoloration, which t:'lisapEenrs on
boiling the solution, without a precipitate being produced ; meco-
nie acid, a blood-red coloration, remaining unchanged on the
addition of solution of aurie chloride; gallic acid, a black colora-
tion, but the original solution is not precipitated by gelatin;
salicylic acid produces a deep violet coloration,

V. Aeids which are precipitated by argentic nitrate.

() Only from neutral solutions Sthe precipitate being soluble in
dilute nitric acid): phosphoric acid (ortho) produces a yellow pre-
cipitate, and is also precipitable by magnesium mixture; pyrophos-
phoricacid, a white precipitate; metaphosphoricacid, likewise awhite
one, but the free acid also coagulates albumen, which distinguishes
it from the preceding ; phosphorus and hypoplhosphorus acids give
white precipitates, which soon change to black ; carfonic acid, a
white precipitate; arsenic acid, a reddish-brown one, and is also
precipitable by magnesium mixture, and from a warm acidulated
solution by hydrogen sulphide; arsenious acid, a yellow precipi-
tate, and is also precipitable from an acid solution by hydrogen
sulllﬂuide; chromie acid, a brownish-red one, and the original
yellow or red compound is changed by sulphurous acid to green;
boric acid gives a white precipitate, and, after the addition of sul-
phurie acid to the compound, the aleohol flame is colored green;
sulphurous acid, a white recipitate, becoming blackened on heat-
ing ; hyposulphurous aciti, a white }Jrecipitate. soon changing to
black, and soluble in an excess of a solution of the ensuing hypo-
sulphite; omalic acid, a white precipitate, insoluble in acetic acid ;
tartaric acid, a white precipitate, becoming black on heating;
eitric acid, a white precipitate, changing to black by the action of
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light; formie acid, a white precipitate, becoming black on heat-
ing: salicylic acid, a white precipitate ; gallie and pyrogallic acids
produce a separation of metallie silver; acetates and fenzoates, in
concentrated solutions, produce white erystalline preeipitates,
soluble in hot water.

() Also from acid solutions (the precipitate being insoluble in
dilute nitrie acid): hydrochloric a::idp produces a white curdy pre-
cipitate, =oluble in ammonia water and sodium hyposulphite ;
hydrolromie acid, a white precipitate, and the original solution
imparts a reddish-vellow c&!lur to earbon bisulphide, when agitated
therewith after the addition of a little chlorine water; hydriodic
acid, a yellowish precipitate, insoluble in ammonia water, and the
original componund imparts a violet color to earbon bisulphide, or a
blue color to mucilage of starch, when agitated therewith afier the
addition of a little chlorine water; hydrocyanie acid, a white pre-
cipitate, soluble in ammonia water and sodinum hyposulphite, and
the original compound, on the addition of a solution of potassium
hydrate, a ferrous and ferric salt, and of hydrochloric acid in
slight excess, produces a precipitate of Prussian blue; sulpho-
eyanides, a white precipitate, dificultly soluble in ammonia water,
and the original solution produces with ferric chloride a blood-
red coloration ; sulphides, a black prer.'sif:nitate, insoluble in ammo-
nia water, which is also produced n solutions of lead and copper
salts; 7odic acid, a white precipitate, soluble in ammonia water,
from which solution sulphurous acid precipitates argentic iodide ;
Sferrocyanides, a white precipitate, insoluble in ammonia water,
and the original compound gives with ferric salts a precipitate of
Prussian blue; ferricyanides, a reddish-brown precipitate, and the
original solution gives with ferrous salts a deep blue precipitate.

V1. Aecids which decolorize indigo solution.

Free chlorine and bromine, and their oxygen acids, when free;
free nitric acid, if not too dilute, and alkaline sulphides. On the
addition of sulphurie or hydrochloric acids, and heating, indigo
solution is also decolorized by all chlorates, bromates, inﬂ%,t,es. and
nitrates, and, on the addition of hydrochlorie acid and heating,
besides all the foregoing acids, also by chromates, permanganates,
and all peroxides.

By the application of these group reagents the identity of many
acids can often be determined ; but, should this not be the case,
the investigation may be further continued according to the fol-
lowing method: The preliminary examination of the substance
will have shown whether it be soluble in water, either alone or
hg the aid of an acid, or whether, in order to effect its solution,
the process of fusion with an alkaline carbonate must be resorted
to. According to this deportment of the substance towards sol-
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vents, the three following divisions may be made, which are also
of service in defining the nature of the acid, and render its iden-
tification possible. Many of the known acids, and particularly of
the organic acids, being of rare occurrence, only those will be
taken into consideration which are more commeonly met with in
analysis, or which are of practical importance.

: A. The substance is wholly or partially soluble in waler,

If a portion of the substance, when heated on platinum-foil,
becomes blackened, or emits combustible vapors, organic acids
should be sought for. Chromic, arsenic, and arsenious acids will
already have been found in the examination for bases, groups IL
and IIT. Carbonates and sulphides will be recognized by the de-
velopment of gas bubbles when dilute hydrochloric acid is added
to a portion of the liquid ; the former produces a white precipitate
when the gas is led into lime-water, and the latter may be recog-
nized by the odor, as also by the blackening of a strip of paper,
previously moistened with a solution of lead acetate, and placed
i contact with the gas. Tannie, gallic, benzoic, suceinie, and
acetic acids, and ferrocyanides, may be detected by the addition
of a little neutral ferric ehloride to the solution, and diseriminated
from each other as indicated on pages 62 and 63,

(@) A portion of the original solution is acidulated with hydro-
chloric aeid; if this produces a precipitate, it is separated by
filtration, and the filtrate is made slightly alkaline with ammonia-
water; in case this should produce a preecipitate, it is again fil-
tered, and the filtrate ﬁnalll}' tested with barinm chloride. A
precipitate with barium chloride will indieate, in the absence of
organic acids, either sulphurie, borie, phosphorie, or silicic acids;
the precipitate with sulphuric acid is insoluble in nitric or hydro-
chloric acids; borie acid in the free state, or mixed with con-
centrated sulphuric acid when in the form of a salt, imparts a
green color to the aleohol flame; phosphoric acid, in neutral solu
tions, gives with argentic nitrate a yellow precipitate, soluble in
nitric acid or ammonia-water, and with magnesinm mixture, a
white crystalline precipitate of ammonio-magnesium phosphate;
very small amounts of phosphorie acid are detected by heating
with a solution of ammonium molybdate in dilute nitrie acid,
when a yellow erystalline precipitate will be instantly produced ;
silicic acid and its salts, with the exception of those of the alkalies,
are 1nsoluble in water, and may be detected by evaporating a
portion of the solution to dryness, and taking up the residue with
water containing a little hydrochloric acid, when the silica will
remain behind as an insoluble powder. If organic acids are pre-
sent in the original solution, the precipitate produced by barium
chloride may also indicate oxalic, tartaric, and eitrie acids, and

these, in neutral solutions, likewise produce white precipitates
5
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with argentic nitrate, which are soluble in ammonia-water and in
nitrie acid. They may be distingunished as follows: oxalic acid,
upon the addition of lime-water in excess, yvields at onee a pre-
cipitate, insoluble in acetic acid ; tartaric acid yields a precipitate,
soluble in acetie acid; citric acid affords no precipitate until the
liguid is boiled, and the precipitate is soluble in acetic acid. Beside
the acids already mentioned as producing precipitates with a neu-
tral solution of barium chloride (a), page 65, may be added
chromic, carbonie, arsenions, and arsenic acids ; but, as previously
stated, these acids would also be found in the examination for
bases, and may thus be readily identified.

(%) A portion of the original solution is acidulated with nitrie
acid, and solution of argentic nitrate added, when a precipitate,
insoluble in dilute nitrie acid, will indicate hydrochloric, hydriodic,
hydrobromic, and hydrocyanic acids, as also ferrocyanides, ferri-
cyanides, sulphocyanides, and sulphides, all of which may be dis-
tinguished from each other by the reactions given on page G4, V. (5).

(¢) A portion of the original solution is tinted faintly blue with
indigo solution, and a little concentrated sulphuric acid added and
heated. Ensuing decolorization will indicate nitrie, chlorie, or
hypochlorous acids, as also free chlorine., Nitric acid may be
readily detected by adding to the solution to be tested, contained

in a test-tube, coneentrated sulphurie acid, cooling the mixture,
and then carefully pouring upon the surface of the liquid a solu-
tion of ferrous sulphate. so as to form two distinet layers (Fig. 84);
a brown or violet coloration of the liquid, or a brownish colored
zone at the point of contact of the two liquids will then be pro-
duced ; ehloric acid, besides being indicated, together with nitrates,
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in the preliminar;.r examination, page 47, is also rc(:qgnizud in its
salts by stron ly heating, when it 1s reduced to chloride, and may
then be tested by argentic nitrate.

OFf the more commonly occurring acids, only acetie, sulphurous,
and hydroflueric acids still remain ; these have already been men-
tioned, and may be recognized by the distinctive tests of the
preceding group reagents, as described on pages 61, 62, and 65,

B. The substance is insoluble tn water, but soluble in acids.

A portion of it is heated on platinum-foil, to ascertain the pre.
sence or absence of organic acids, . iy _

(@) The powdered substance is treated with nitric acid, and
heated; carbonic acid may be recognized by effervescence, and
by the formation of a white precipitate when the evolved gas is led
into lime-water; violet or brown vapors will indicate iodine and
bromine, which may be recognized by a purple or yellowish color-
ation of chloroform or carbon bisulphide, when shaken with a
small part of the dilute nitrie acid solution.

(b)) To a portion of the nitric acid solution, solution of argentic
nitrate is added, when a white precipitate, insoluble in nitrie acid
but soluble in ammonia-water, will indicate hydrochlorie acid.

(¢) A portion of the substance is boiled with a solution of potas-
sium carbonate, and filtered ; a few drops of a solution of a ferrous
and ferric salt are then added, and subsequently hydrochloric
acid in slight excess, when a blue precipitate will indicate hydro-
cyanie acid, .

(d) A portion of the substance is dissolved in hydrochlorie avid,
and solution of barium echloride added; a white precipitate, in-
soluble in water, or in an excess of hydrochloric or nitrie acids,
will indicate sulphurie acid.

(¢) Borie, silicie, and hydrofluerie acids may be recognized in
the preliminary examination, and by previous mentioned tests
(pages 61, 62, and 65); phospheric and oxalie acids, if in combination
with alkaline earths, wounld have been found in the examination
for bases, page 58 ; if combined with metallic oxides, t]il('.;f shonld
be tested for in the liquid from which the bases precipitable by
hydrogen sulphide and ammonium sulphide have been previously
removed.

(f) A portion of the substance is dissolved in hydrochloric
acid, ammonia-water in slight excess added, and, in case a pre-
cipitate is produced, filtered therefrom. Solution of caleium
chloride is then added to the filtrate, when a precipitate, soluble
In aceti¢ acid or potassium hydrate, will indicate tartaric acid;
if the precipitate is formed only after boiling the solution, then
eitric acid is present; if the precipitate produced in the eold solu-
tion is insoluble in acetic acid, and also produced in the ammo-

niacal scrllutipn by the addition of solution of caleium oxalate, then
oxalic acid is present.
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C. The substance is insoluble, or only partially soluble in acids,

The substance, or portion of the substance, insoluble in acids,
may be best brought into a condition suitable for further exami-
nation by mixing it intimately with four parts of dry sodium
carbonate, and fusing at a red heat. The fused mass, when cold,
s boiled with water, and the solution filtered from the insoluble
residue. To the solution nitric aeid is added in slight excess;
sulphides will be recognized by the odor of the developed gas,
and by imparting a lﬁﬂuk stain to paper moistened with lead
acetate. If a precipitate is produced by the addition of nitrie
acid, 1t may consist of silicie acid, and 1s collected upon a filter
for further examination; in the latter ecase the solution may also
contain some silica, and a portion of it is evaporated to dryness
with strong hydrochlorie acid, and the residue taken up with
water acidulated with a little hydrochloric aeid, when silica will
remain behind ag an insoluble powder. To a portion of the origi-
nal solution, acidulated with nitric acid, solution of argentie
nitrate is added, when a white precipitate, insoluble in excess of
nitrie acid, and soluble in ammonia-water, will indicate hydro-
chlori¢ acid; the formation of a white precipitate on the addi-
tion of barinm chloride to the acidulated liguid will indicate sul-
phuric acid. Boric and hydrofluoric ncids may be recognized by
previonsly indicated tests, pages 61 and 62; phosphorie acid 1s
recognized on the addition of ammonium melybdate to the nitrie
acid solution, and gently heating, by the production of a yellow
crystalline precipitate, insoluble in nitric acid, and soluble in
ammonia-water; or by the yellow precipitate produced in the
carefully neutralized solution on the addition of argentie nitrate,
as also by a white crystalline preeipitate on the addition of magne-
sium mixture. It should, however, be remembered that arsenie
acid produees with ammonium molybdate, and magnesium sul-
phate in ammoniacal solution, precipitates precisely analogous to
those of phosphoric acid ; the arsenic acid may be readily recognized
by its reaction with argentie nitrate, or by saturating the warm
golution with hydrogen sulphide, when arsenious sulphide and
sulphur will be precipitated.

f the solution, as above obtained, by boiling the fused mass
with water, shall have been found to contain nothing more than
the excess of the applied sodium carbonate, then the entire fused
mass may be treated with dilute nitric acid, and the solution
thus obtained examined for the above-mentioned acids, in the
manner already indieated.

This ontline of a systematic course of analysis, although neces-
sarily ﬂ[]]ETl to modification in some of its details, such as may
frequently be indicated by the results of the preliminary exami-
nation, and of that for bases, will, it is believed, for those possess-
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THE quantitative estimation of a number of medicinal chemi-
cals and their preparations has been much simplified in practice
by the volumetric method of chemical examination, which 1s based
upon the faet that chemical substances combine in definite and
equivalent proportions, and consists in noting the volume of a
test-solution of known strength, required to produce by chemical
reaction a certain visible effect when added to a known quantity
of the substance under examination. On obtaining this effect, the

Fia. 35.

quantity of the reagent being ascertained,
and that of the substance being already
known, an accarate estimate may readily
be made by equation and simple caleula-
tion, -
By the aid of this simple and rapid
mode of examination, the proportion of
the constituents of many chemical com-
pounds and their preparations may be at
onee quantitatively estimated. In the fol-
lowing part of this volume, in treating of
all those chemicals and preparations in
which a quantitative determination of the
rineipal constituents is required, and to
which the volumetric mode of examina-
tion is best suited, either alone or as a
confirmatory test, reference has frequently
been made to these pages in explanation
of the processes involved ; and in connee-
tion with which, for many substances, is
also stated the quantity of the volumetrie
test solution requisite to produce, with a
definite weight of the substance under ex-
amination, in direct relation or correspond-
ing to its molecular weight, the exaet re-

action indicative of its officinal strength. In treating of the vari-
ous chemicals in the following pages of this volume, where special
volumetric methods of analysis are indicated for their examina-
tion, or when for those methods here given a more detailed deserip-
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tion of the process may be considered necessary or desirable, the
method of procedure will in all cases be fully explained.

The apparatus required for volumetrie analysis consists, besides
the common utensils, as beakers, funnels, poreelain-capsules, eru-
cibles, stirring-rods, balances, etc., of one or several liter-flasks
for the preparation of the test-solutions (Fig. 35); these, when
filled to a mark on the neck, have mostly a capaeity of 1000 cubic
centimeters (1 liter) of distilled water at the temperature of 15° C.
(592 F.); some eylindrical graduated liter-jars (Figs. 36 and 37),

Fioc. 80. Fra. 37.

divided into 100 or 1000 centimeter-parts, and used for the pre-
paration of test-solutions as well as for the admixture of parts
of a liter; and one or several graduated tubes for the delivery
fmd measurement of the test-solutions; pipettes and burettes.
The pipettes (Figs. 38, 39, and 40) are provided either with a






VOLUMETRIC ANALYSIB. T3

Burettes are preferable for delivery and measurement, and are
now cnite universally employed ; they hold to a certain mark 100
or less cubie ecentimeters, and are divided by graduation into a
corresponding number of equal parts. There are three kinds of
burettes inuse, which differ mainly in their construction for deliv-
ery : Mohr's burette, Gay Lussac’s burette, and Geissler’s burette,

Of these, Mohr's burette (Figs. 41 and 42), on account of its
cheapness, simplicity, and convenience, is now in general use for

Fia. 41. Fia, 42,

LA LT A Pl 1 st #5501 T

i

Mohr's burstte,

Mohr's bureite.

the more common purposes, but its application is excluded in the
employment of such solutions as would be affected by contact
with rubber tubing, as in the case of potassium permanganate,
silver, or iodine solutions. Tt consists of a graduated glass tube,
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of about 12 millimeters (half an ineh) internal diameter, and 50
centimeters (twenty inches) in length; to its contracted lower
extremity is fitted a small piece of rubber tubing, into the lower
end of which a small piece of glass tubing, about 25 millimeters
(one inch) in length, and drawn out at the lower orifice to quite
a fine point, is tightly inserted. A strong wire clamp (Fig. 43)

Fic. 48. Fia. 44,

closes the rubber tube, so that the fluid can only
pass through, either in a stream, or drop by drop,
when the knobs of the elamp are pressed. Since the
correctness of the test depends upon the aceurate
reading of the height of the test-solution in the
burette, a small hollow glass float, known as Erd-
mann’s float, is sometimes employed for this purpose
(Fig. 44); it is of such a diameter that it can move
freely in the tube without undue friction, and of
such a weight that it sinks to more than half its length in the
test liquid. A line is seratched around the centre of the float,
serving to mark the coinciding line on the burette, and not the
actual height of the liquid contained therein, which does not
require consideration,

The application of the float for determining the exact volume -
of test liguid employed is subject to certain restrictions; the
burette must be accurately calibrated, for, if in the least ununi-
form in caliber, the reading in the narrow and wider portions of
the tube will not agree with the direct reading by means of the
marks on the burette. As usually constructed, the mercury
contained in the lower end in order to give it the proper weight
is also liable to oxidation, which then disturbs the transparency
of the interior of the bulb, and renders the line on the opposite
gide either invisible or indistinet ; also in the case of highly colored
golutions, as potassium permanganate, iodine, ete., the fine line cn
the float is seen with difficulty, or not at all. For these reasons
the float is not very generally employed, and the readings may
usually be attained with sufficient accuracy, and with but slight
error, by observing, in the case of colorless liquids, simply the
mark on the burette coinciding with the lower line of the concave
meniscus of the liquid when held towards the light ; with colored
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liquids the lower line produced by the concave surface of the
liquid is not so distinctly seen, and in this case it is therefore
better to observe the mark on the burette coinciding with the
upper line of the coneave surface when held from the light, or
against a dark object, by which means readings proportionately
accurate may readily be obtained.

Other forms of Mohr's burette are provided with a glass stop-
cock (Figs. 45 and 46), so as to be suitable for all liquids, iuulull-

Fig. 45. Fie. 46. Fic. 47.

Mohr's buratte, with Mohr's burette, with
glass stop-cock, glass stopecock, Gay Lussuc's Durotte,

ing those which are affected by organie matter; they are, however,
more expensive than the one above described, and in the hands
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of the inexperienced are less convenient, as also not permitting
an equally ready control over the flow of liguid.

Gay Lussac's burette is represented in Fig. 47. This is one of
the oldest forms of burette, and is still in quite frequent use, as
being composed entirely of glass it may be used for estimations
with any of the volumetric test-solutions, and is thus not open to
the objections of the simple form of Mohr's burette. The burette
1s graduated from a point somewhat below the point of delivery
downward, and has usually a capacity of 50 cubic centimeters
to the lowest point of graduation, subdivided into tenths of a
cubic centimeter. In using the burette it is most conveniently
held in the left hand, and so inclined as to allow the test-liquid to
fall drop by drop into the solution of the substance to be esti:
mated, contained in a beaker or other vessel, meanwhile stirring
the liquid with a glass rod held in the right hand. When the
liquid does not flow readily from the exit tube, it may be facili-
tated by producing a slight pressure with the meuth by means of
a piece of glass tubing inserted in the cork of the burette, or
preferably by means of a small piece of rubber tubing attached
to the glass tube; in no case should the liquid come in contact with
the cork. Tn observing the height of the liguid in the burette it
should be held near the top by means of the thumb and forefinger
of the right hand, when it assumes a perfectly vertical position,
and any expansion of the liquid caused by the heat of the hand is
also thereby avoided; the same rules in relation to the concavity
of the upper surface of the liquid being observed, as have been pre-
viously deseribed,

Geissler’s burette is represented in Fig. 48. It is a modifica-
tion of Gay Lussac's burette, but differs from the latter by having
the small tube inelosed within the larger one, thereby tending
to render the burette less fragile; this is, however, one of the
less econvenient forms, and being also difficult of aceurate con-
struction, is not in general use.

Burettes are conveniently kept for ready use on a revolving
stative (Fig. 49), and should be properly labelled in accordance
with the test-solution contained therein, in order to avoiud error.
To prevent the evaporation of the test-solution and exclude dust,
the burette may be closed at the top by means of a marble, as
shown in the figure, but as these are liable to fall from their
position and pruguce breakage of other apparatus beneath, an in-
verted short test-tube placed over the top of the burette is much to
he preferred ; alkaline solutions, when kept for any length of time
in the burette, should be protected from the absorption of carbonic
acid gas by means of a tube filled with fragments of fused potas-
sium hydrate, and inserted in the cork of the burette, as shown in
the figure.

The tests are made by first filling the burette with the test-solu
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that the mark on the float is coin-

tion to exactly such a height
le of the tube, or, if the float is not

cident with the 0 on the sca

Fie. 48, Fra. 49,

Gelssler's burette.

-::lmpll_c}yqd, the mark on the burette coinciding with the surface of
t '.u]e iquid contained therein should be accurately observed. The
solution or mixture to be tested is placed in a beaker under the
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burette (Fig. 50), and then so much of the test-solution is gradu-
ally and carefully delivered into the beaker, with gentle stirring

Fia. 50,

with a glass rod, as to accomplish the reaction indicative of the
completion of the operation.

Volumetrie determinations are prineipally based, either upon
neutralization, in which the quantity of a base or an aeid is deter-
mined by noting the volume of the test-solution of acid or alkali
which is necessary to convert it into a neutral salt; the point of
neutralization being usnally indicated by means of litmus solu-
tion,* which assumes with free acids a red, and with free alkalies

# Phenolphtalein has recently been recommended as an indicator in alkali-
metry ; the neutral and acid solutions of this substance being colorless, but
assuming in the presence of the slighiest excess of alkali an intense carmine-red
eolor. The color developed by alkalies is destroyed by all acids, including
carbonie; hience, like litmus, it is unfitted for nse in the titration of earbonates
in the eold, The solution is prepared for use by dissolving one part of phenol-
phtalein in 100 parts of & mixture of 25 paris of aleohol and 75 parts of water ;
four or five drops of this solution being suflicient for 50 to 100 cubic centi-
meters of the solution to be titrated.

Cochineal solution is oceasionally nsed in preference to litmus, partienlarly
with solutions of the alkaline earths, such as ealcium and barinm hydrates, and
possesses the additional advantage that it is much less modified in color by the
presence of carbonie neid. The solution is prepared by digesting 8 grams of
powdered ecochineal in a mixture of 40 cubie centimeters of aleohol and 160
cubic centimeters of water. Its eolor is yellowish-red, which is changed to violet
by alkalies, mineral acids restoring the original color ; but it is not so sensibly
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a blue coloration; or, upon owidation a_ml reduction, in which the
quantity of the substance to be determined is found by noting the
volume of the test-solution of the oxidizing or reducing agent to
which it is equivalent, or which is required to produce a certain
reaction ; the changes indicating the final completion of the pro-
cess varying in their nature m}cﬂr'dllng to cireumstances ur‘the
process employed ; the principal oxidizing a%pnts being potassium
permanganate, potassium bichromate, and 1odine, and the reducing
agents, ferrous and stannous salts, and sodium hyposulphite (thio-
sulphate); or, upon precipitation, in which ease the quantity of
the substance to be determined is derived from that of the re-
agent required to cause its complete precipitation, or, the reagent
is added until a precipitate begins to make its appearance, when
a certain stage in the proeess is thereby indicated, from which the
ealeulation may be made,

The quantities of the substances to be assayed volumetrically
are submitted to examination by weight, which are sometimes
for convenience in caleulation made coincident with their mole-
cular weights, and are expressed in grams;* those of the test-
splutions by measure in cubic centimeters.f

In the preparation of solutions for volumetric estimations those
designated as normal are, as a general rule, such as contain, for
univalent substances, the molecular weight expressed in grams in
one liter, and for bivalent substances, or salts containing two
atoms of a univalent base, one-half of the molecular weight ex-
pressed in grams in each liter; =olutions of trivalent substances
containing one-third of the molecular weight, etc. Decinormal and
centinormal solutions are, therefore, one-tenth of this strength, and

b

g f tly fi i briefly designated as = and —
fle ieqasntly for pcnvEricued bxlntly: Demgnnted, ant o D =55

golutions. Solutions are, however, sometimes made of such a
strength as to be only empirically normal, and are so prepared
that a certain volume of the liquid (100 cubic centimeters) stands
in direet relation to, or will exactly neutralize, a known quantity
(one gram) of some one definite substance in a pure state, by
which means the number of eubie centimeters of the test-solution
employed for the same amount by weight of the substance to be
estimated, will indicate at once the percentage strength of the
substance under examination. Such solutions, although some-
times conveniently employed in the analysis of technical produets,

affected by the wenker organic acids as litmus, and for these the  Fia, 51.
latter is, therefore, to be preferred.

* One gram is equal to 15.434 grains of Troy weight.

t A cubic centimeter (Fig. 51) is the volume occupied by one
gram of distilled water at its point of greatest density, 4° C. ;

metric measurements, however, are uniformly taken at 15° C.
(592 F.). : ’ 1
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are limited in their application to the estimation of one single
substance, requiring for each acid and alkali a special liquid,
whereas with virtually normal solutions but one acid is required
for all bases, and one alkali for all acids.

Solutions are sometimes designated ‘as normal which bear no
definite relation to the molecular weight of the substance con-
tained therein, or to its neutralizing power, but, asin the processes
of oxidation and reduction, refer to a particular reaction involved
in the process to which the solution is applied: thus a normal
solution of potassium permanganate (E.!MIIJ.])B:I is made to contain
one-tenth of the molecular weight expressed in grams in a liter,
with reference when used as an oxidizing agent to the amount of
available oxygen:

2K Mn 0, + 6H S0, = 2K .80, + 4MnS0, + 6H,0 + 50,
A normal solution of stannous chloride, although tin is a quadri-
valent metal, will thus likewise, when used as a redncing agent,
contain one-half, and not the fourth of its molecnlar weight ex-
pressed in grams in a liter, as is shown by the expression of its
reaction with ferric chloride: Fe,Cl, + SnCl, = 2FeCl, + SnCl,.

ANALYSIS BY NEUTRALIZATION.

ESTIMATION OF ALEALIES (ALEALIMETRY).

The operations of analysis by nentralization are based upon the
fundamental and simple principle, that the proportions in which
chemical substances unite with each other in iErming new coin-
pounds are definite and invariable, and that these proportions are
represented by the molecular weights. In the formation of solu.
tions, therefore, for volumetric estimations by neutralization, a
simple equation, and the molecular weights deducted therefrom,
will at once indicate the amount of solid substance necessary for
the prodoction of a normal solution, which then bears a direct
and simple relation to all other substances with which it may be
employed for nentralization, and which is expressed by the mole-
cular weight of the substance, or a corresponding fraction deducted
therefrom.

The standard test-solutions employed for the estimation of
alkalies are either oxalic or sulphuric acids; the oxalie acid solu-
tion is the more commonly employed, and is generally preferred
on account of the convenience of preparation, but as the amount
of water of erystallization which the acid contains (two molecules)
has to be considered in the preparation of the solution, it is neces-
gary that it should be neither moist, nor that it should have lost a
part of the water of crystallization by exposure—conditions which
would materially influence the correctness of the strength of the
solution, and consequently the results of all the estimations obtained




VOLUMETRIC ANALYSIS. 81

therewith. Its action upon litmus is moreover not quite as deci-
sive or as distinet as that of sulphurie acid, for whieh reason, and
that above mentioned, sulphuric acid is considered in careful re-
search to furnish more accurate results.

For the preparation of a standard sulphurie acid, 49 grams
(corresponding to one-half the molecular weight) of concentrated
sulphurie acid are diluted with water to the measure of one liter.
This affords a solution which is approximately normal, and the
exact strength of which is afterwards determined. A burette
being filled with the acid solution, a certain number of cubic cen-
timeters are allowed to flow into a beaker, a few drops of litmus
solution added, aud from another burette containing a solntion of
potassium or sodium hydrate of empirieal or unknown strength,
but which should be stronger than the acid solution, a safficient
amount is added until the indications of the point of neutraliza-
tion are obtained, or until the last drop of the alkaline solution
which is added produces a decided blue coloration. From the
number of eubie centimeters of the alkaline solution required, as
determined by two or three experiments with concordant results,
a simple calenlation will show to what extent the alkaline solu-
tion has to be diluted in order that equal volumes of the acid and
alkali shall precisely nentral-
1ze each other, and which must Fiq. 52.
again be confirmed by experi-
ment after the dilution of the
alkaline solution. This having
been attained, two or three
portions of pure, freshly ie-
nited sodium earbonate, of
about two grams each (readily
obtainable by the ignition of
portions of pure sodium bicar-
bonate, of abont three grams
each, in an open porcelain
erucible, and preserved after
ignition by filling, while still
warm, into tightly corked test-
tubes), are accurately weighed.
The several portions, dissolved
separately, in small amounts
of water, in a percelain cap-
sule or beaker, and a few
drops of litmus solution added,
are then titrated with the acid
solution (Fig. 52); the liquid
being heated from time to time
to insure the complete removal of the disengaged carbonie acid gas,

until a slight excess of acid has been added, which is evidenced
]
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by the appearance of a bright cherry-red coloration. The excess
of acid employed may be then inversely titrated with the alkaline
solution until the blue coloration is produced, when the amount
required of the latter, dedueted from the number of cubie centi-
meters of acid employed, will give the number of cubic centimeters
of acid which were required for the exact neutralization of the
amount of carbonate taken. The number of eubic centimeters of
acid which wounld be required if the latter were exactly normal,
may be found by dividing the amount of sodinm carbonate taken
by the decimal 0.053 (the amount of sodinum carbonate eguivalam
to one cubic centimeter of strictly normal sulphurie acid). This
number, which will usually be found to be somewhat greater or less
than the number of cubie centimeters employed, will, when divided
by the latter, give a number slightly greater or less than one,
ghowing that the acid is a little weaker or stronger than normal,
and, designated as the correction factor or coefficient, must be
used to multiply the number of cubic centimeters of acid or alkali
used in each estimation, in order to convert it into its equivalent
of normal strength. The exact strength of the acid and alkali
and their correction factor having thus been accurately deter-
mined, the methods of their application remain the same as will
be deseribed for the standard solution of oxalic acid.

Standard Solution of Ozalic Aeid,
H,CO, + 2H,0; 126, 63 Grams in 1 Liter,

Sixty-three grams of pure erystallized oxalic acid are dissolved
in water; the solution is filtered into a liter-flask, and the filter
washed with water until the exact volume of 1 liter, at about
15° C. (59° F.), is obtained.

One hundred cubic centimeters of this solution eontain one-
twentieth of the molecnlar weight, in grams, of oxalic acid, and
are, therefore, capable of neatralizing one-twentieth of the molee-
ular weight in grams of bivalent bases, or salts containing two
atoms of univalent metals, or one-tenth of the molecular weight
in grams of salts containing one atom of univalent bases.

This test solution is anplied for the estimation of the alkaline
hydrates, carbonates, acetates, tartrates, citrates, and borates: 100
cubic centimeters of the solution will exactly neutralize, or other-
wise decompose, if pure, or of officinal strength :

5.2% grams of Ammonii Carbonas, NH,HCO,4+NH,NH,CO,,
17.00 “  Aqua Ammonie, U, 8, P., spec. grav. 0,959,
.07 b Aqua Ammonise fortior, U. 8. P., spee. grav. 0,900,
0468 o Liguor Plumbi Subacetatis, U. 8. P., spee. grav, 1,228,
112.00 i Liquor Potasse, U. 8, P., spee. grav. 1.036
80, GO > Liquor Sode, U. 8. P., spec. grav. 1,059,
0,80 - Potassii Acetas, KO, H,O0,. %

* Atfter ignition.
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10.01 grams of Potassii Biearbonas, KHCO,,

1%.80 o Potassii Bitartras, KHC,H, 0, *
8.30 s Potassii Carbonas, depuratus.
6.01 i Potassii Carbonas, purns, K,C0O,,

10,80 L4 Potassii Citras, K,C H,0.4 H,0.* or 10.20 grams of anhy-
ilrons salt.
14.10 ke Potassii et Sodii Tartras, KNaC H,0,4 4H,0.*
h.61 i IPotassii Hydras, KHO.
2.14 i Potassii Permanganas, K Mn O,
1178 Porassii Tartras, 2K,C . H 0., H,O.*
15.60 b Sodii Acetas, NaC, H,0.4 3H,0.*
£.40 L Sodii Bicarbonas, NaHCO,,
B.63 i Sodii Biecarbonas Venalis
19.10 i Sodii Boras, Na,B,0.4 10H,0.
1480 ¢ Sodii Carbonas, Na,CO,4 10H,0, or 5.3 grams of anhydrous
anlt.
4.00 i Sodii Hydras, NaHO,
17.00 L Bpiritus Ammenie, U. 8. P., spee. grav. 0.810.

The operation is conducted by weighing the above quantity of
the substance, or the preparation to be estimated, placing it in a
beaker, and, when required, diluting or dissolving it by the addi-
tion of a sufficient quantity of water. The tartrates, eitrates, and
acetates have first to be completely converted into carbonates by
ignition in a platinum or porcelain erucible (Fig, 53), care being
taken that no loss of substance is occa-
sioned by the increase of volume on first Fic. 53.
heating; to avoid this, the erucible should
be sufficiently large, and at first very
gently heated, after which the heat may
be increazed until inflammable vapors
cease to be evolved, and perfect reduction
is effected. As this operation is usually
accompanied by the separation of consid-
erable earbon, the fused mass shounld be
extracted with hot water, filtered into a
capsule or beaker, and the filter, together
with the insoluble residue, well washed
with water.

When the solution is ready for the test,
a few drops of litinus solution are added,
g0 as to impart'a distinet bluish tint; the
capsule or beaker is then placed under the
burette containing the test-solution (Fig. 54), and, with constant
gentle stirring with a small glass rod, the test-solution is delivered
into the beaker, first in a stream, and, when approaching the point
of neutralization, drop by drop, until the blue liquid assumes a
cherry-red hue. In the estimation of earbonates it is preferable,
as stated on page 81, to add an excess of the standard acid solu-
tion above that required for the neutralization of the alkali, the

* After ignition.



84 MANUAL OF CHEMICAL ANALYEIS.

solution being heated to expel completely the liberated carbonie
acid gas, which, by its action upon litmus, imparts a violet or
wine-red coloration to the liquid, as distinguished from the light
cherry-red eoloration which 1s produced by the acid test- sniutmn
The excess of acid employed may then be inversely titrated or neu-
tralized by a corresponding standard alkali solution, the preparation
of which has already been mentioned (page 51), and will be fur-
ther described uunder the estimation of acids; the difference
between the amounts of the

Fie. 54. two solutions employed, both

being equal in volumetric
strength, will give the exact
amount of acid solution re-
quired for the neutralization
of the alkali or alkaline car-
bonate. This method of pro-
cedure has the additional ad-
vantage that the change of
color of the litmus solution
from red to blue is mueh more
prominent than from blue to
red, thus insuring a more ac-
eurate determination of the
exact point of neutralization.

These operations require
care and skill in every point,
so as to avoid the slightest
loss of either of the liquids,
and a consequent error in the
final resalt.

When neutralization is in-
dicated by the light, cherry-
red coloration in the one case,
or, in the above described
method of inverse titration, by the appearance of the blue colora-
tion in the other, the process 18 completed, and the volume of the
acid test-solution employed is observed. The npmber of cubie
centimeters employed, less than 100, indicates at onve the per-
centage of impurities, or of de.ﬁciency of strength in the substance
estimated.

On the other hand, each cubic centimeter of the test-solution
of oxalie aeid emp]nj'ed corresponds to one milligram molecule of
alkaline hydrate, one-half milligram molecule of alkaline carbon-
ate, or the proportionate amount of other salts, 7. e.;

1 eubic mnlimeter mrrl:npunﬂs to 0.017 gram Ammonia gas, NH,.

1 hA 0.05253 * Ammoninm Larhnnata
NH,HCO,.NH, NH .00,
1 - # 1 ¢ 0,18025 ** Lead .‘Iu;wtutr:, ur:,rutnllimll,

Ph(C,H,0,),4 8H,0.
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1 cubic centimeter eorresponds to 0.18675 gram Lead Subacetate, as

Pb,0(C,H,0,)..

1 = 0" 0 o 00080 * Potassium Acetate, KC,H,0,.*

1 o i 0 s 01000 Potassium Bicarbonate, KHCO,,

1 s i 1 01880 ¢ Potassium Bitartrate,
KHC,H,0,.#

1 i g 1 00690 v Potassinm Carbonate, anhy-
drous, K,CO,.

1 £l 0 [T s (0,1020 ¢ Potassinm Citrate, anhydrous,
K,C,H,0..*

1 o b i ¢ 0.0560 “ Potassium Hydrate, KOH.

1 w b wl s 0.0314 ¢ Potassinm Permanganate,
K.Mn,O,.

1 L (T “ & 01410 ¢ Potassium Sodivm Tartrate,
ENaC,H,0,+4H,0.%

1 i L L 01175 ** Potassinm Tartrate,
2K,C,H,0,. H,0.*

1 i i L 01360 ** Bodiom Acetate,
NaC,H,0,42H,0.%

1 1 1 (% “o 00840 ¢ Sodinm Bicarbonate, ﬁ'ﬂ.l{ﬂﬂ,-

1 i “ “ o 0.1910 -+ Bodium Borate,
Na,B,0,4-10H,0.

1 & i i o 0,1430 ¢ Sodinm Carbonate, crystallized,
Na,COy410H,0,

1 ik “ w Boo0.0530 ¢ Sodium Carbonate, anhiydrous,
Na,C0,.

1 i i L “ 0.0400 ¢ Sodinm Hydrate, NaOH.

A simple equation will give the amount of alkaline hydrate, car-
bonate, or other salt present. By operating on 100 times the half-
milligram molecule, . e., 6.9 grams of potassium carbonate, or 5.3
grams of anhydrous sodium carbonate, all caleulation is dispensed
with; for, as this amount, if present, would require 100 cubic centi-
meters of standard oxalic acid solution for its neutralization, the
number of cubie centimeters actually required, at once indicate
the percentage of alkaline carbonate.

On the other hand, it is sometimes preferable, instead of weigh-
ing a certain definite quantity of a salt, or of a solution, to take
any convenient quantity, and then ascertain its exact weight. This
13 especially the case with liquids like ammonia-water, which, by
exposure during the time of weighing, would suffer eonsiderable
loss by the volatilization of the gas, or, in the case of concentrated
acids, a certain,loss by evaporation or absorption of moisture
would be experienced. In the latter case, whatever the number
of cubic centimeters of standard acid or alkali solution employed
may be, a reference to the molecular weight of the substance and
a simple equation will give the amount of pure alkali or acid in
the substance under examination.

When, in estimating alkaline carbonates, the amount of car-
bonie acid, namely, the percentage of real carbonate, has to be
determined, the following method is simple and acearate: Two
small light flasks with twice-perforated rubber corks, are con-

* After ignition.
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nected with a twice-bent tube b (Fig, 55); the flask A is provided
with the tube d, reaching to the bottom of the flask, and closed at
its outer end with a globule of soft wax, or by means of a small
piece of rubber tubing, the outer end of which is closed with a
small piece of tightly fitting glass rod ¢; that of A is provided
with the short tube a. Two grams of the ecarbonate under exami-
nation are weighed, and introduced into the flask A, together
with a little water; the flask K is half filled with concentrated
sulphurie acid ; the apparatus is then tightly fitted, and weighed.
A small quantity of air is now
Fra. 55, by suection drawn out of flask K
by means of the tube a, whereby
the air in A is likewise rarefied.
On allowing the air to return, a
gquantity of salphuric acid as-
cends in the tube 5, and flows
over into flask A7, cansing a dis-
engagement of carbonic acid gas,
whiclgﬂem:lpes through the tube
a, after having been dried by
passing through the acid in A
This operation is repeated until
the whole of the carbonate is
decomposed, and the process is
terminated by opening the wax stopper, or removing the rubber
tubing, and drawing some air through the apparatus by means of
a piece of rubber tubing attached to tube @, and suction, or by
connecting the latter with an aspirator. Should the amount of
heat liberated by the admixture of the sulpburic acid with the
water be considered insufficient for the complete decomposition
of the carbonate, the flask A" may be genl:[}r heated, and, after
eooling, air again drawn through the apparatns. The apparatus
is then re-weighed, and the difference between the first and final
weighings will express the amount of earbonic acid in the 2 grams
of carbonate under examination.

ESTIMATION OF ACIDS (ACIDIMETRY).

The volumetric estimation of acids is the reverse operation of
the estimation of alkalies, and the methods involved are founded
uron precisely the same prineiple as has been explained under
alkalimetry. Nothing more is therefore needed than a normal or
standard test-solution of potassinm or sodium hydrate, of such a
strength that one cubic centimeter exactly nentralizes one cubic
centimeter of a normal solution of oxalic or salphurie acid, A
solution of potassinm hydrate having less tendency to attack the
glass vessels in which it is contained than a similar solution of
sodium hydrate, it 18 preferred for the preparation of the normal
alkali solution. The preparation of such a solution for use with
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sulphuric acid, and the method of determining its exact strength
has been explained on page 81; the preparation of a normal alkali
solution, corresponding in strength to that of the normal oxalic
acid, is accomplished as follows:

Standard Solution of Polassivm Hydrate.
KOH; 56. 56 Grams in 1 Liter,

A convenient amount (20 or 30 cubic centimeters) of the normal
oxalie acid solution is allowed to flow from a burette into a beaker,
a few drops of litmus solution added, and, from another burette,
containing a moderately strong solution of potassium hydrate, a
sufficient amount is added to the oxalie acid solution, stirring
gently with a glass rod until exact neutralization is effected, or
until the last drop of the alkaline solution added, produces a
distinet blue coloration of the liguid. The number of ecubic cen-
timeters of alkali solution required, which should be less thap the
number of cubic centimeters of acid taken, is then noted, and,
from two determinations with concordant results, a simple caleu-
lation will show to what extent the alkali solution must be diluted
in order that equal volumes of the two liquids shall exactly neu-
tralize each other; thus, if 20 cubic centimeters of the normal
acid solution have required but 18 eubic centimeters of the alkali
solution for exaet neutralization, it then follows that to every 13
cubic centimeters of the alkali solution 2 eubic centimeters of water
must be added, or, 900 cubic centiineters of the alkali solution
diluted with water to the measure of a liter, for the attainment of
volumetric equivalence. Simple proportion will show to what
extent any other quantity is to be diluted.

One hundred cubic centimeters of this normal test-solution of
potassium hydrate contain one-tenth of the molecular weight
(=5.6) of potassium hydrate, expressed in grams, and will neu-
tralize an equivalent quantity of an acid.

This test-solution is employed for the estimation of the following
medicinal acids:

One hundred cubic centimeters of the solution will neutralize,
if of officinal strength :

16.66 grams of Acidum Aeceticom, U. 8. P., spec. grav. 1.048,

10000« Acidum Aceticum Dilutum, U, 8, P., spec. grav. 1.0083.
6.00 % Acidum Aceticum Glaciale, spee. grav. 1 058,
7.00 < Acidum Citricum.

8L00  *  Agidum Hydrobromieum Dilutum, U. 8. P., spec. grav. 1.077,
11.41 i Acidum Hydrochloricum, U. 8. P., spee. grav. 1.10.

d6.40 Acidum Hydrochloricum Dilutum, U. 8. P., spec. gray., 1,049,
12.00 % Acidum Lacticum, U. 8. P., spec. grav, 1.212,
9.08 ¢ Acidum Nitricum, U. 8. P., spec. erav. 1.42.

63.45 ¢ Acidum Nitrieum Dilutum, U. 8. P., spec. erav. 1.059.
6.80 Acidum Oxalicum,
400  * Acidum Sulphuricum, U. 8. P., spec. grav. 1.84.

2722 Acidum Sulphuricum Aromaticam, U, S. P., spec. grav. 0,955,
49.00  * Acidum Sulphuricum Dilutum, U.8. P., spec grav. 1.067,
T.60 % Acidum Tartaricum,
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The concentrated liguid acids are to be diluted with four or five
times their volume of water, and the solid ones to be dissolved in
about eight times their weight of water before being tested. To
determine the point of neutralization, and the consequent comple-
tion of the process, litmus solution is employed, and the same
rules observed for the details of the manipulation as have been
previously deseribed on page 83, The number of dubic centime-
ters of the normal alkaline solution employed, less than 100, indi-
cates at once the percentage of impurities, or of deficiency of
strength in the substance estimated.

Instead of employing the quantities of acid given in the above
table, it is sometimes preferable, for the reasonsstated on page 85,
to take any convenient l:luantit{v of the substance to be tested, and
then to ascertain its exact weight; the weighings being conducted
in a glass-stoppered bottle, the weight of which has been pre-
viously determined. For such estimations, where the guantity of
snbstance taken for analysis is different from the amount expressed
in the preceding table, the relation of the normal potassium
h l}fdral;a solution to the officinal acids with which it may be em-
ploved, is represented as follows:

1 cubic centimeter corresponds to 0.0600 gram Acetic Acid.

1 -'- “ “ 00700 = Citric Acid, erystallized,
¢, H,0.4 H,0.
1 W i Wi “ 00808 + Hydrobromie Aecid, I:ITET.
1 %i 1 T “ 00364 * Hydrochlorie Acid, HCL.
1 W 1 i “ 01276 ** Hydriodie Acid, HI.
1 “ i ' HooD.0g0D ¢ Lactiec Acid, C Hg)a.
1 i w ) ¢ 0.0630 ** Nitrie Acid, HNO,.
1 “ . “ “0.0830 ¢ Oxalic Acid, erystallized,
CﬁH 04 2H.0.
1 .. “ i 00480 ¢ Bulphuric Acid, H,80,.
1 % % w0750 “ Tartaric Acid, nr:.rmﬂi'md,
i fd

ANALYSIS BY OXIDATION AND REDUCTION.

The principles involved in the process of analysis by oxidation
or reduction have been briefly alluded to on page 79 ; the methods
of estimation being based upon the determination of the volume
of the solution of an oxidizing agent of known composition requi-
site for the ecomplete oxidation of the substance under examina-
tion, or, in the process of reduction, a definite amount of the solu-
tion of the reducing agent in slight excess of the amounnt actually
required is first added, the excess being afterwards determined by
the addition of the proper quantity of the oxidizing agent of known
and definite strength.

The number of substances which may be estimated by these
methods is very large, embracing, in addition to many medicinal
chemicals and preparations, a large number of technical products
which receive no direet application in pharmacy, whilst the results
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atiained are usually characterized by a remarkable accuracy,
combined with rapidity and convenience of determination. Indi-
cators to designate the completion of the process are usually the
permanent pink coloration imparted by potassium permanganate
solution, the deep blue color produced by the reaction of ferrous
salts with potassium ferricyanide, or of free iodine with mucilage
of starch, all of which are so delicate that a little experience on the
part of the operator will insure precision and uniformity of result.

Standard Solution of Potassium Permanganate.
KMnO,; 314, 3.14 Grams in 1 Liter,

This solution is prepared, with reference to the amount of avail-
able oxygen, of a decinormal strength, by dissolving 3.14 grams
of pure erystallized potassium permanganate in distilled water,
and diluting to the measure of one liter. The solution shonld not
be filtered, but separated by decantation from any residual insolu.
ble matter which may be formed upon standing, and carefully
preserved for use in a glass-stoppered bottle ; the solution being
decomposed by contact with organic matter, the use of Mohr's
burette with rubber tubing is not admissible, but the one provided
with a glass stop-cock or the Gay Lussac burette has to be em-

loyed,
; TY{:- determine the exact strength of the solution, about 0.2 gram
of pure iron wire, free from rust and very
aceurately weighed, is dissolved in about 20 Fia. 56,
cubic centimeters of dilute sulphuric acid, in
a flask arranged as represented in Fig. 56.

This 1s made by inserting a piece of glass
tubing through the tightly fitting eork of the
flask, attaching thereto a piece of rubber
tubing in which a vertical slit is made by
means of a sharp knife, and securely closed
at the upper end with a small piece of glass
rod. This arrangement, while permitting the
escape of the gas or steam generated by heat-
ing, affords the best protection against the oxi-
dizing influence of the air during the solu-
tion of the iron; the opening in the rubber
tubing, in consequence of diminished inter-
nal pressure, being drawn together when the heat is removed, and
the solution allowed to cool.

When all the iron is dissolved, by the aid of a gentle heat, the
solution is quickly cooled and poured into a beaker, and the flask
several times rinsed with small portions of distilled water, which
are added to the solution contained in the beaker, and the liquid
finally diluted to about 100 cubie centimeters.
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The solution of potassium permanganate contained in the burette
should now be added until the pink coloration of the liquid remains
permanent, or, until at least 1t does not directly dizappear, indi-
cating that the entire amount of iron eontained in the solution has
been oxidized from the ferrous to the ferric state. The eoloration
15 most distinetly seen when the beaker is placed upon a sheet of

white paper, and the reaction may be expressed by the following
equation:

10Fe”S0, + 2KMnO, + SH,80, = 5Fe,/(S0.), + 2MnS0, +
K80, + SH,0.

The number of cubie centimeters of permanganate solution em-
ployed is now noted, and the amount of iron taken being known,
a simple calealation will determine the amount of metallic iron
equivalent to one cubic centimeter of permanganate solution.

ere the permanganate solution exactly decinormal, one cubic
centimeter would correspond to 0.0056 gram of metallic iron, but
being usually a little deficient in strength, the number obtained,
which should be established by at least two experiments with
closely agreeing results, iz accepted as the factor of the solution.

When the standard permanganate solution has been standing
for any considerable length of time, even when well protecte
from dust, in a glass-stoppered bottle, a glight decomposition takes
place, and the proper factor has then to be ascertained anew in
the manner above deseribed. It should also be remembered that
in volumetric examinations with permanganate, the solution
should be slightly acidulous, in order to hold the resulting man-
ganous oxide in solution, and prevent precipitation. In the larger
number of cases dilute sulphurie acid is employed; nitrie acid,
however, even when very dilute, if it contains the least trace of
the lower oxides of nitrogen, decomposes the solution, and, when-
ever employed, these must, therefore, be carefully removed by
previous boiling. Hydrochloric aeid, when concentrated or
warm, has a reducing action on the permanganate, free chlorine
being liberated, and consequently in such operations where the
use of concentrated hydrochlorie acid is required, as in the esti-
mation of potassium nitrate, the solution, after being heated suffi-
ciently to expel the last traces of nitric oxide, must be quickly
cooled, and largely diluted with water before the permanganate
solution is added. The factor obtained for the permanganate
solution by the solution of metallie iron in dilute sulphuric acid,
usnally differs slightly from that obtained by its solution in
hydrochlorie acid, and consequently in exaet experiments should
be determined for the latter acid when this is required to be used
for acidulation or for effecting solution,

The officinal substances which may be conveniently estimated
by permanganate are the iron salts, chlorine water, chlorinated
lime, manganese dioxide, potassium nitrate, aleoholie solution of
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ethyl nitrite, and oxalic acid. The ferrous salts require no pre-
vious preparation for their estimation, whereas the ferric salts
must first be reduced to the ferrous state by means ol nascent
hydrogen, as evolved by the action of dilute sulphuric acid upon
zinc; as commercial zine usually contains a small percenfage of
iron, this must be separately estimated and considered, if in suf:
ficient amount to influence the result of the estimation,

Standard Solution of Potassivin Bichromate.
K,Cr,0,; 2048, 14.74 Grams in 1 Liter.

This solution receives a similar application in the processes of
volumetric estimation to that of potassium permanganate, and is
sometimes preferred to the latter from the fact of being less sub-
jeet to decomposition through the influence of light and air, or in
contact with organic matter; it possesses, however, the disad-
vantage of not permitting the observation of the completion of
the process by the change in the appearance of the solution itself,
and requiring the employment of an external indicator.

The principl® of its application depends upon the fact that potas-
sium bichromate, in the presence of an excess of acid, yields four
atoms of oxygen to the hydrogen of the acid, leaving three atoms
available either for direct oxidation or for combination with the
hydrogen of more acid, whilst an equivalent proportion of acidu-
lous radieal is liberated. When employed as a volumetric reagent,
however, the bichromate always yields the whole of its oxvgen
to the hydrogen of the accompanying aeid, with the liberation of
an equivalent quantity of acidulous radical ; four-sevenths of this
radical then immediately combining with the potassium and
chromium of the bichromate, whilst three-sevenths become avail-
able.

As one atom of the liberated acidulous radical will convert two
molecules of ferrous into one of ferrie salt, one molecule of potas.
sium bichromate is capable of converting six molecules of ferrous
into three of ferric salt, as shown by the following equations:

K.Cr0,CrO, + TH,SO, + 6FeS0, = K S0, + Cr(80,), + TH,O +
3Fe,(S0,)..
K,Cr0,.CrO, + 14HCI 4 6FeCl, = 2KCl + Cr,Cl, 4 TH,0 +
3Fe,Cl,,

_le. standard solution of potassium bichromate is prepared by
dissolving 14.74 grams of the pure crystallized salt in water, and
diluting the resulting solution to the measure of one liter. In its
apPlicnt.ion for the estimation of iron, in ferrous combinations, a
weighed amount of the salt is dissolved in a small quantity of
water, the solution acidulated with dilute sulphurie acid, and
the solution of bichromate subsequently allowed to flow into the
liquid from a burette until, after well stirring, a drop of the
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liquid, removed by a glass rod, and placed in contact with a drop
of solution of potassinm ferricyanide, on a white plate, ceases to
produce a blue color.

As 100 cabie eentimeters of the bichromate solution contain
gy of the molecular weight of the salt in grams, the same amount
mﬁ effect the conversion of 3} of the weight of 6 atoms of iron,
expressed in grams, or an equivalent amount of the lower salts of
iron, from the ferrous to the ferrie state. Each eubic centimeter
of the test-solution thus corresponds to 0.01474 gram of pure
crystallized potassium bichromate, or an equivalent amount of
metallic iron and the following officinal salts with which it is
employed, . e.:

1 cubic centimeter corresponds to 0.01677 gram of Metallic Iron, Fe.
1 b o 4 o 0.03477 *  Ferrons Carbonate, FeC0,,

1 M (1 LU = D.06337 Ly Ferrous Sulphate, crystal-
lized, FeS0,4TH,0.

1 = Ex 88 Ho0.05007 5 Ferrous Sulphate, &rieﬂ,
‘Fe50,4-H,0.

The following named articles are officially directed to be tested
with this solution, and, if perfectly pure or of offiginal strength,
at least 50 cubie centimeters of the test solution should be required
to effect the conversion of the stated weights of substance from
the ferrous to the ferric state.

Ferri Carbonas Baccharatus 12.12 grames, indicating 15 per cent. of Ferrous

Carbonate.
Ferri Sulphas 4.167 * = 100 per cent. of the salt.
Ferri Bulphas Precipitatus 4,167 £x 100 K o ke

Standard Solution of Todine and Sodivim Hyposulphite (thivsulphate).

The fundamental prineiple upon which the method of estima-
tion with these solutions ig based, depends upon the indireet
oxidizing action of iodine in the presence of water with the for-
mation of hydriodic acid, and the liberation of oxygen in an
active state, which then combines with the oxidizable substance,
as, €. ¢., in the case of arsenious aeid :

As,0, + 2H,0 + 41 = As,0, + 4HI,

or sometimes, as in the ease of hydrogen sulphide, by the direct
abstraction of hydrogen :

HS 4 9 = 2101 + &

These solutions mav be employed for the estimation of bodies
capable of absorbing oxygen and decolorizing the iodine solution,
such as sulphurous acid, sulphites, hydrogen sulphide, alkaline
hyposulphites, arsenites, ete,, as also for bodies which contain
available oxygen, free chlorine, or from which chlorine may be
liberated when treated with concentrated hydrochloric acid, such
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as the chromates, manganates, and all metallic peroxides. Free
chlorine, however, cannot be estimated by direct titration with
sodium hyposulphite solution as in the case of iodine, for instead
of tetrathionic acid being produced, as with the latter, sulphurie
acid is formed, as may be confirmed by testing with barium chlo-
ride: the chlorine must, therefore, in such cases be passed into,
or added to, an excess of solution of potassinm iodide, by which
means the liberation of an equivalent amount of free iodine 1s
effected, and the latter can then be directly estimated with sodium
hyposulphite solution,

The completion of the reaction or process is in all cases indi-
cated by means of mucilage of starch, which assumes in the pre-
sence of the slightest excess of free lodine a beautiful deep blue
color.

Standard Solution of lodine,
I; 126.6. 12.66 Grams in 1 Liter.

This solution is prepared of decinormal strength, and therefore
contains one-tenth of the atomic weight of iodine, expressed in
grams, in one liter,

12.66 grams of pure iodine,* and 18 grams of pure potassium
1odide are placed in a liter flask, about 200 cubie centimeters of
distilled water are then added, and, as soon as the solution of the
iodine is effected, the liguid is diluted to the exact measure of
one liter.

Each eubie centimeter of this solution contains 0.01266 gram
of iodine, and bears a simple relation to the following substances
with which it may be employed, 7. e.:

1 eubic centimeter corresponds to 0.0072 gram of Antimonions Oxide, 8b,0,.

1 b s 00167 o Amtimony Potassinm Tartrate,

crystallized, K(8bO)C,H O+ 1H,0,

or 0.0162 gram of anliydrous salt,

1 i b i Y 0.004945 gram of Arsenious Acid (anhydride),
Ag0,,

1 £l L B 00007 i Potassium Bulphite, erystal-
lized, K80 4-2H,0,

1 L L . “ 10,0052 ] Sodium Bisulphite,

NaHS0,,

1 i T i 00248 (0 Sodium Hyposulphite, erys-

tallized, Na,8,0,4-5H,0.

1 i L s 0.0126 * Bodium Sulphite, erystal-

lized, Na,50,4-7H,0,

1 ik i Lt 00082 L Sulphurous Acid (anhy-

dride), 80,

The following named articles are officially directed to be tested
with this solution, and, by the employment of the stated weights

* In weiching the iodine, it should be brought into a perfectly dry test-tube,
which is afterward tightly corked, in order to protect the balance from the
corrosive action of the vapors,
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L]
of substance, at least 50 eubic centimeters of the standard test-
solution should be required, corresponding to the purity or per-
centage strength below indicated.

Acidom Arseninsum 0.2546 gram, indicating 97 per cent. of the anhydride.
Acidum Sulphurosum 4.571 grams, s BS 4y e,
Liguor Acidi Arseniosi 25,464 ¢ 2 0.07 «  anbydride.
Liguor Potassii Arsenitis 25.464  * Sk 0.07 i+ & “
Potassii Sulphis 0.588 " 90 o 8 erystallized
salt.
Sodii Bisulphis 0938w b 00 T o galt
Sodii Sulphis 0.700 e 90 ¢ ¢ erystallized
sall.

Standard Solution of Sodivm Hyposulphite (thiosulphate).
Na 8,0, + 5H,0; 248. 24.8 Grams in 1 Liter.

This solution, being likewise of decinormal strength, is pre-
pared by dissolving 24.8 grams of pure erystallized sodinm hypo-
sulphite in water, and diluting the solution to the exact measure
of one liter.

Each cubie centimeter of the solution contains 0.0248 gram of
erystallized sodium hyposulphite, and bears a simple relation to
the following substances which may be estimated therewith, ¢. e.:

1 cubie centimeter corresponds to 0.00798 gram of Bromine, Br.
1 £ o re 00854 w  Chlorine, Cl.
1 v ¥ A “ 0.01206 *“ Jodine, L

The following named articles are officially directed to be tested
with this solution, and, by the employment of the stated weights
of substance, at least 50 cubic centimeters of the standard test-
solution should be required, corresponding to the purity or per-
centage strength below indicated :

Agua Chlori 44.25 grams, indicating 0.4 per cent. of the dry gas,
Calx Chlorata 0.71 gram, i 25 ks i chlorine.
Todiim 0.688 «* £ 100 s kR indine.
Liguor Iodi Compositus 12,60 grams, ** b L i indine.
Liguor Sodwe Chloratse R2.88 & L 2 Bt i chilorine.
Tinctura Todi iy L L 8 5 W iodine.

The solations of iodine and sodium hyposulphite, if aceurately
prepared from pure materials, will be volumetrically equal, and
this is rendered necessary in consequence of their frequent inverse
applieation in the methods of volumetrig estimation. In order to
ascertain this fact, one burette is filled with the iodine solution
(only the form of burette provided with a glass stop-cock or the
Gay Lnssac burette should be used for this solution), and another
one with the solution of sodium hyposulphite; a certain number
of eubic centimeters of the latter solution are then allowed to flow
into a beaker, placed upon a sheet of white paper, a little muci-
lage of starch added, and subsequently the solution of iodine,
stirring constantly with a glass rod, until the last drop produces
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a permanent blue coloration of the liguid. The reaction which
thus takes place, resulting in the furmm,mlj of Sl[!l.lll.llrl'l iodide and
tetrathionate, is expressed by the following equation; the per-
manent blue coloration only appearing in the presence of a shght
excess of free iodine :

2Na,S,0, + 21 = 2Nal + NaS.0,.

The number of cubic centimeters of each solution employed is
now noted, and should the one solution be found to be slightly
weaker or stronger than the other, the stronger solution must by
calenlation be diluted with so much water, that an exaectly equal
number of cubic centimeters or volume of the two solutions shall
be required to produce the above-mentioned effect.

As the test-solutions, however, even when carefully prepared,
are seldom of precisely the correct strength, their standard must
be fixed with relation to perfectly pure and dry iodine, and the
proper factor thus determined. This is accomplished by reducing
about one gram of pure iodine to a fine powder, drying it on a
watch-glass over sulphuric acid, and then dividing it into two
nearly equal portions, which should be separately weighed in
small glass tuphus, and the weight of which, when empty, has
been previously determined. The vials, with their contents,
are then placed in a small flask, each containing about 10 cubie
centimeters of a ten per cent. solution of potassium iodide,
and, as soon as the iO(FlTlE has become perfectly dissolved, the
sodium hyposulphite solution added from a burette until complete
decolorization takes place, and a slight excess of the latter solu-
tion has been employed ; a little muecilage of starch is now added,
and the solution inversely titrated with the iodine solution until
the blue coloration is produeced. The amount of 1odine solution,
deducted from the amount of sodinm hyposulphite solution em-
ployed, will give the number of enbic eentimeters of sodinm hypo-
sulphite solution equivalent to the amount of iodine taken, and
from which a simple calenlation will show the amount of pure
1odine corresponding to one cubic centimeter of either of the test-
solutions, The factor thus obtained, which will usually be found
somewhat less than that theoretically required, will receive appli-
eation in all subsequent estimations for which the test-solutions
may be employed.

The farther details relating to the mode of procedure for the
estimation of individual substances with these volumetric test-
solutions will, in order to avoid repetition and to retain the proper
sdys-:tematic arrangement of the special chemicals, be more fully

azsuribed in the second part of this volume, in the appropriate
place.
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VOLUMETRIC ESTIMATION OF SUGARS.

The most convenient method for the volumetrie estimation of
sugars is by a process of reduetion, and is based npon the fact that
the copper from an alkaline solution of eupric tartrate may be
completely precipitated in the form of red cuprous oxide by boil-
ing with a solution of grape- or milk-sugar; one molecule of pure
grape-sugar being eapable of reducing exactly five molecules of
cupric oxide to the euprous state, and, from which relation, the
amount of ecopper reduced from a solution of known strength will
bear a direet and simple proportion to the amount of sugar con-
tained in a definite volume of the solution under examination.

The estimations by this method require but little time, and are
eapable of yielding sufficiently accurate results. ,

The method of preparation of the test-solution of alkaline
cuprie tartrate, or “Fehling’s solution,” has been deseribed under
the head of reagents, page 32 ; it should have been well preserved
in a glass-stoppered bottle, and should give no precipitate on
boiling. In performing the tests, ten eubic centimeters of the
copper solution are measured off by means of a pipette, bronght
into a glass flask of about 100 cubic centimeters capacity, and
diluted with water to about fifty cubic centimeters, The solu-
tion is then heated nearly to the boiling-point, and the solution of
sugar, contained in a burette, gradually added, allowing the liquid
to boil for a few minutes after each addition, and the precipitate
thereby formed to subside until, after carefully repeating the
operation, the blue color of the liquid entirely disappears. The

oint at which exactly the proper amount of sugar solution has

een added is diffienlt to observe by the simple loss of color of
the solution, and, in order to determine this more exactly, as soon
as the blue color of the liquid is no longer distinetly visible, a
few drops should be removed by means of a pipette, brought upon
a poreelain plate, and, after acidulating with acetic or hydrochlorie
aecid, tested with a drop of solution of potassinm ferroeyanide,
when, if eopper still be present in the solution, a distinet, brown
eoloration will oceur; this manner of testing should be frequently
repeated towards the close of the operation to insure the perfeet
rednetion of the copper, eare being taken, on the other hand, that
an excess of the sugar solution be not added.

Grape-sugar and milk-sngar require no previous preparation
for their estimation when in the form of solution, whereas cane-
sugar requires to be first boiled with a dilute acid, l]i( which
process it is converted, through the assumption of a molecule of
water, into grape-sugar, or dextrose, and fruit-sugar or leevulose,
both of which exercize the same reducing action on the alkaline
copper solution,
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¢,H,0, + HO = CH,,0, + CH,O,

e AP e nry, HHE e ) ey
Cane-sugor. Grape-sngar.  Leevulose.

The alkaline {m]]]]:mr _sm'lutinn,dif properly t:lll'EI accurately pre-
pared, bears the following relation to the different varieties of
sugar, and is capable of being exactly red weed in the proportion
of the amounts here indicated,
10 cubie centimeters correspond to 0.05  gram of grape-sugar,
LS

10 i i“ “ 0067 ¢ milk-sugar.
10 it “ i 0,045 o cane-sugar.

The number of cubic centimeters of a sugar solution necessary
to effect the complete reduction of 10 cubic centimeters of the
copper solution will therefore contain, according to the variety,
the amount of pure anhydrous sugar stated above, from which
data the percentage strength of the solution may be readily calcu-
lated.

The estimation of sugar is attended with more accurate resnlts
when in dilute than in concentrated solution; solutions containing
not more than one-half, or one per cent., being best adapted for
the purpose, and, if found by a preliminary estimation to be con-
siderably more concentrated, they shounld be diluted with a defi-
nite quantity of water to the proper extent, and again estimated,
when the result of the second estimation, if fou nd to vary from
that of the first, may be accepted as the more accurate,

The test-solution of alkaline euprie tartrate is subject to slight
changes by keeping; for this reason, or even when freshly pre-
pared, it is ]Jreﬁaru%Ie in all cases to verify its strength, and to
determine its proper factor with relation to the different varieties
of sugar to be estimated. This determination of the factor for
grape-, milk-, and cane-sugar may be readily accomplished as
follows :

L. Grape-sugar, dextrose, or ylucose, C H 0, H,0—A few grams
of pure crystallized grape-sugar should be thoroughly dried in a
desiceator, over sulphuric acid, by which means the hygroscopic
moisture is removed, but not the water of hydration, which can-
not be eliminated without the decomposition of the sugar, and is
aceordingly to be considered in the caleulation, One gram of the
sugar, accurately weighed, is then dissolved in water, and the
solution diluted to the measure of 200 cubic centimeters, forming
a one-half per cent. solution. This solation is then brought into
a burette, and the test performed as explained on page 96; the
percentage strength of the solution. and the number of cubic
centimeters required for the reduction of 10 cubic centimeters of
the copper solution being known, the amount of pure, anhydrouas
grr-l]I:-e-sugar equivalent thereto may be readily caleulated.

1L Milk-sugar, or lactose, C 11,0 | + H,0.—A few grams of pure
milkasul?gar should be thoroughly dried at the tem perature of the
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water-bath until of constant weight; the hygroscopic moisture
being perfectly removed at this temperature withour eausing any
decomposition of the sugar. A solution containing exactly one-
half per cent. of the dry sugar should now be prepared, and,
having been brought into the burette, the process of titration and
the method of caleulation are the same as has been deseribed for
grape-sugar.

111, Cane sugar, or sacchurose, C 0, .—Pure cane-sugar, pos-
sessing of itself no reducing action, must first be con verteﬁ by the
action of an acid into grape- and fruit-sugars, a process which
is commonly designated by the expression inversion. One gram
of the sugar, which has been previounsly dried ar 100° C, (212°
F.) until of constant weight, is dissolved, in a graduated flask, in
about 100 cubic centimeters of water, ten drops of hydrochlorie
acid are then added, and the liquid heated on the water-bath for
half an hour., After cooling, the solntion is diluted with water to
the measure of 200 cubie centimeters; the process of titration and
the caleulation of the amount of pure cane-sugar, equivalent to
ten cubic centimeters of the copper solution, being afterwards
conducted precizely as described for grape- and milk-sugar. The
factors obtained by these means may now be employed for the
estimation of the three varieties of sugar in solutions of unknown
strength, and with accurate results,

For the estimation of the amount of milk-sugar contained in
milk, the casein and albumin shounld first be removed from the
latter before being brought into the burette, and the operation of
titration then condueted as with a solution of pure sugar. For
the quantitative estimation of the amount of sugar contained in
diabetic urine, it is usually advisable to first dilute the urine with
pine times its volume of water, forming thus a ten per cent.
mixture; the latter is then brought into a burette, titrated as
previously deseribed, and the caleulation made in accordance with
the corresponding decimal for grape-sugar, as stated on page 97,
or, with the employment of the proper factor, as derived from
previous estimations with a solution of pure grape-sugar.

ANALYSIS EY PRECIPITATION.

ESTIMATION OF ACIDULOUS RADICALS PRECIPITATED BY ARGENTIC
WITRATE. 5

Standard Solution of Argentic Nitrate,
AgNO,; 169.7. 16.97 Grams in 1 Liter.

The principle of the method of analysis by precipitation has
been briefly alluded to on page 79, so that but a few explanatory
remarks will be required ; the application of this solution for the
estimation of the officinal chemicals and preparations being quite
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as extended as the solutions which have already received consid-
eration in the processes of analysis by neutralization, or by oxi-
dation and reduaection.

The standard test-solution is made of such a strength that it
ghall be exactly decinormal. 16.97 grams (one-tenth of the molecu-
lar weight) of pure, dry, erystallized argentic nitrate, are dissolved
in water, and the solution diluted to the exact measare of vne liter.

This solution may be emploved for the estimation of most of
the officinal chlorides, iodides, bromides, and eyanides, including
hydrochlorie, hydriodie, hydrobromie, and hydrocyanic acids, and
bitter-almond water ; insoluble chlorides must first be converted
into a soluble form by fusing with sodiam hydrate, and dissolving
the fused mass in water, or by boiling with a solution of sodium
hydrate, and acidulating the solutions thus obtained by nitrie acid.

A number of other substances may be estimated indirectly by
means of the standard argentic nitrate solution, and, in fact, all
compounds which are capable of being converted into nentral chlo-
rides by evaporation to dryness with pure hydrochloric acid, and
finally heating to about 1207 C. (248° F.), may be estimated in this
way with aceuracy ; such are the alkaline hydrates and carbonates,
the alkaline earths and their carbonates, and nitrates and echlorates.

The alkalies and alkaline-earths in combination with organic
acids are first ignited in order to convert them into carbonates,
and then treated with hydrochlorie acid, and evaporated as before;
nitrates are converted by evaporation with concentrated hydro-
chloric acid into chlorides, while chlorates are converted into
chlorides by ignition. It is evident that in the above mentioned
indirect estimations the chlorine in a combined state is the only
substance actually determined, but as the laws of chemical com-
bination are well known and constant, the amount of chlorine
present in the compound bears a simple relation to the base with
which it is combined, and from whic[h the amount of base to be
estimated may be calculated.

Each eubic centimeter of the standard argentic nitrate solution,
containing 0.01697 gram of the erystallized s=alt, bears a simple
relation to the following officinal substances for the estimation of
which it may be employed, 7. e.: '

1 cubie centimeter correzponds 1o 0.00978 gram of Ammoninum Bromide, NTI,Br.
ik is W

1 000554 “  Ammonium Chloride, NH,ClL.
1 i i i 00155 “ Ammoniuom Todide, NH,I.
1 s o i * 001276  *  Hydriodic Acid, HIL.

1 b i " | ATV EST T “*  Hydrobromic Acid, HBr.
1 ‘e i £ SO | T T it Hydrochlorie Acid, HCI.

1 L i “ “ 0.0054 **  Hydroeyanie Acid, HCN.
1 “ L W 001198 #  Potassinm Bromide, K Br,
| “ o T “NLNT44 o Potassium Chlorvide, KCL
1 i Wi ik H D180 i PH[II.HSiI.‘II'I'I cj"ﬂ.lﬁlll‘:. I{GH.
1 P L %8 o 001656 o Patassium Todide, KT

1 i s “ 001028 *  Bodium Bromide, NaBr.

1 i “ i < 0.00584 $ Bodinm Chloride, NaCl.

1 L v ¥ 001028 ¢ Sodium lodide, Nal.
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The following named articles are officially directed to be tested
with this solution, and, by the employment of the stated weights
of substance, at least 50 cubic centimeters of the standard argentic
nitrate solution should be required, corresponding to the purity
or percentage strength below indicated :

Acidum Hydrocyanicum Dilutum 18.5 grams, indicating 2 per cent. of absolute

acid.
Ammonii Bromidum 0.477 gram, ¢ BT ¢°  Lromide,
Potassii Bromidum 0.588 o o w5 hromide.
Potassii Cyanidum 0.78% Bl o 8 Ottt
Bodii Bromidum 0.508 ¢ o7 W Bromide.

The operation of analysis with the argentic nitrate solntion may
be performed in the case of chlorides, bromides, and iodides, by
dissolving a convenient and accurately weighed quantity of the
salt in water, or by diluting a weighed quantity of the respective
acids with a small amount of water in a bottle with closely fitting
glass stopper, and allowing the standard test-solution to gradually
flow into the liquid from a burette (preferably the Gay Lussac
burette, or the form provided with a glass stop-cock) until, after
actively shaking the ]l)iquid, and allowing the precipitate to sub-
side, a drop of the test-solution ceases to produce in the clear
liguid any further precipitation. The number of eubie centimeters
of argentic nitrate solution employed represents an equivalent
amount of the substance under examination, as dedueed from the
molecular weight.

In the estimation of the neutral chlorides, iodides, and bromides,
it is more convenient to dissolve the salt in a small amount of
water, in a flask or beaker, and then to add a few drops of a neu-
tral solution of potassium chromate before titrating with the
argentic nitrate solution. DBy this method, the potassium chro-
mate serving as an indicator, the silver solution is simply added,
with constant stirring, until the permanent red coloration of
argentic chromate iz produced, which does not occur until the
entire amount of the chloride, iodide, or bromide present has
been converted into the corresponding silver salt.

In the estimation of hydroeyanie acid, or simple cyanides, a
slight deviation from the above deseribed process 18 made, in eon-
sequence of the fact of argentic cyanide forming with potassium
cyanide an easily soluble double salt. The solution of hydro-
cvanie acid, or potassium cyanide, is first made slightly alkaline
by the addition of the requisite quantity of a solution of potas-
sium or sodium hydrate, a few 31'01:-& of a saturated solution of
sodinm chloride are then added, in order to increase the sensibil-
ity of the reaction, and the solution of argentic nitrate finally
added, with constant stirring, until a permanent cloudiness is pro-
duced in the liquid; this marks the completion of the process,
and indicates the point when the argentic cyanide or chloride
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begins to be precipitated ; the argentic chloride not being pre-
cipitated until after the complete conversion of the U{'anid{; nto
the soluble double ¢yanide of potassium and silver. The reaction
upon which the method of estimation of eyanides is based will
become more clearly understood when expressed by the following
equations; the argentic oxide being produced in the liquid from
the nitrate, throngh the agency of the alkali:

4KON+ Ag,0 + H,0 = 2AgK ON),+2KHO

2AgK(CN),+ Ag,0+H,0=4AgCN +2KHO.

It is obvious that by this method the number of cubic cen-
timeters of the standard argentic nitrate solution employed to pro-
duce the reaction above described, will indicate exactly -;:ne-]haif
of the equivalent amount of cyanide present in the solution; the
soluble double salt still containing one-half of the original amount
of undecomposed cyanide. In the caleulation of such an analysis,
therefore, the number of cubic centimeters of the silver solution
employed must be doubled before multiplying with the molecu-
lar deeimal of hydroeyanic acid or {wntnssium eyanide, or, as has
been done in the table on page 99, the decimal may be doubled,
and directly multiplied by the number of cubic centimeters of
solution used, which result will show in either case the exact
amount of true hydrocyanic acid, or pure cyanide in the substance
under consideration.

The amounts of the individual substances which are most con-
veniently employed for estimation with the argentic nitrate solu-
tion, and the salts with which its employment is most applicable,
will receive further mention in the second part of this volume. .



ALKALOIDS.

THE GENERAL CHARACTERS, AND METHOD FOR THE SYSTEMATIC
SEPARATION AND RECOGNITION OF SOME OF THE PRINCIPAL
ALKALOIDS AND ALLIED PRINCIPLES.

Tue alkaloids constitute an important, large, and constantly
inereasing group of widely distributed organic bases, which are
either solid, and then mostly erystalline, or liquid and volatile;
and usually represent the active prineiple of the plant from which
they are obtained.

They all contain carbon, hydrogen, and nitrogen as essential
constituents, most of them containing also oxygen, which, how-
ever, is wanting in some of the liquid alkaloids. They generally
possess a distinet alkaline character, neutralizing acids with the
formation of salts, which, ag a rule, are capable of erystallization,
but, analogonsly to ammonia, their formation is by direct com-
bination, and not attended with the formation of water.

The liquid alkaloids, with the proper precautions and regu-
lation of temperature, may be distilled unchanged, whereas those
which are solid at ordinary temperatures, upon heating, nsually
first melt, and then with increase of temperature become decom-
pozed. They often possess a powerful physiological or toxie
action, even when administered in exceedingly small amounts, a
fact which renders their separation and recognition of much im-
portance in toxieologieal chemistry and forensie investigations.

When heated with soda-lime they all develop ammonia, and, by
treatment with alkaline hydrates or with acids, they are frequently
resolved into other bases, either volatile or permanent, often of
a eomplex nature, and generally accompanied by various other
produets of decomposition. By the action of concentrated acids
and other chemical agents, the products of oxidation or decompo-
sition which are formed are often of a characteristic color, and
are frequently emploved as a means for their identification.

The alkalowds, with a few exeeptions, are very sparingly soluble
in cold water, but dissolve much more readily in aleohol and
amylic aleohol, as also to a greater or less extent in ether, chloro-
form, carbon bisulphide, benzol, petroleam benzin, and the vola-
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tile and fatty oils. Although no general rule can be established
regarding their solubility, the diﬁ'ura;:_nue. of behavior towards
the simple solvents affords a means of separating many of the
allaloids from other bodies, and from each other, in a form which
will admit of, or aid in, their subsequent identification,

The salts of the alkaloids are for the most part readily soluble
in water, and those which are sparingly soluble are dissolved by
dilute acids with the formation of acid salts. The larger number
of the alkaloids, as also of their respective salts, possess the prop-
erty of circular polarization; the deviation of the plane of polariza-
tion being in most instances to the left, although this deviation is
influenced in character as well as in extent by the solvent em-
ployed and the concentration of the solution, thus restricting the
practical application of this property for their estimation to cer-
tain conditions and limits, -

With many reagents the alkaloids afford special reactions in
common, depending upon their precipitation from their solutions
in a form which, although presenting no sharply diseriminating
individual characters, very frequently serves to determine the

resence of a body of this class, or for its obtainment in a form
Eetter adapted for its purification, estimation, or further chemical
examination. Thus the alkaline hydrates and carbonates preeipi-
tate the alkaloids from the aqueous solution of their salts; the
precipitates, however, in some cases being readily re-dissolved by
an excess of the precipitant. To these may be added the follow-
ing list of the more important and commonly employed reagents,
which, in most cases, produce in agueous solutions of the alka-
loids, or their salts, precipitates possessing general, definite
characters.

Tannie acid produces white or yellowish tannates of the alka-
loids, many of which are soluble in hydrochlorie acid, and in some
instances, as in the case of morphine, are readily re-dissolved by
a slight excess of the preecipitant.

In this connection the fact should, however, be borne in mind
that tannie aeid also precipitates many non-alkaloidal or neutral
b_UL}il:E, and particularly the large class of so-called bitter prin-
ciples.

Ifﬂd:'m in potassium todide solution (Wagner), page 39, produces

ellowish, brown, or reddish-brown precipitates, which are insolu-
le in water, aleohol, and dilute acids.

Potassio-mercuric todide (Planta and Delfts), page 40, produces
white or yellowish-white precipitates, in which the alkaloid takes
the place of the potassium of the reagent, and which are either
amorphous or erystalline, insoluble in acids; but soluble in aleohol.

Potassio-cadmie iodide' (Marmé, Dragendorfl’) produces, in solu-

! Cadminm iodide is dissolved in a hot, coneentrated, agueons solution of
potassium fodide, and this solution is mixed with as much concentrated soln-
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tions slightly acidulated with sulphuric acid, white, amorphous
precipitates, which, after some time, become yellowish and erys-
talline, and are readily soluble in aleohol or an excess of the
reagent,

Potassio-tismuthic iodide* (Dragendorff) produces, in solutions
slightly acidulated with sulphurie acid, orange-red, amorphous
precipitates.

Phospho-molyluic acid?® (De Vrij, Sonnenschein).—This reagent,
applied in the form of an acid solution of the sodinum salt, pro-
duces yellow or brownish-yellow, amorphous, flocenlent precipi-
tates, which are insoluble in alcoliol and dilute mineral acids, but
are dissolved by the concentrated mineral acids, and by several of
the organie acids,

Mereuric chloride, page 39, produces white, ervstalline precipi-
tates, which are soluble in hydrochlorie acid.

Platinic chiloride, page 39, and auric chioride, page 31, form with
most of the alkaloids double salts, analogons in composition to those
of the inorganic alkalies, which are unsually of a bright yellow
color, either crystalline, or gradually becoming so upon standing,
or amorphous and flocenlent, and generally sparingly soluble in
water, but soluble in warm hydrochlorie acid.

Pierie acid Sﬂnger) preeipitates most of the alkaloids, even from
very dilute =olutions, in a yellow, erystalline, or amorphous form ;
the precipitates are insolu ble in an excess of the precipitant, or in
dilute El.lﬂ}hul‘iu acid, but are soluble in hydrochlorie acid.

In addition to the large class of alkaloids derived from the vege-
table kingdom, science has been enriched, and at the same time
the labors of the chemical expert rendered more arduous, by the
comparatively recent discovery and development of a class of
bodies produced by the putrefaction of animal substances, which
closely resemble some of the vegetable alkaloids in their physical
and chemical properties, and which have been designated as
plomaines (cadaver poisons).

From the time of their discovery by Szlmi and Ganthier, in
1878, much valuable knowledge has been contribnted respecting
their physiological action and chemical behavior, by the labors

tion of potassinm jodide as will be sufficient to retain the eadminm iodide in
solution when eald.

1 Prepared from bismuth iodide as potassio-cadmic iodide is prepared from
cadmium jodide.

2 An agueons solution of ammaoninom molybdate, acidulated with nitrie acid,
is added to an agqueons solution of sodinm phosphate, acidulated with nitrie
acid ; the resulting precipitate, after standing for some time, is filtered off, well
washed with water, and dissolved in a solution of sodinm earbonate. The solu-
tion is then evaporated to dryness, and the residue gently ignited until ammo-
nia ceases to be given off. The conled produet is finally dissolved in water,
and =0 much nitric acid added as may be required to dissolve the precipitate
which is first fvrmed.
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and observations of a number of investizators, but which is not
yet sufficiently complete to admit of their classification. The
ptomaines appear to exist in several distinet forms, although
Tager has designated the alkaloidal produet of the decomposition
of animal matter as septicin, with reference to one special body,
which, in explanation of the difference in physieal, chemical, and
physiologieal properties, he believes to be capable of assuming
different modifications, or of undergoing further decomposition
with the production of other bodies of an alkaloidal nature, accord-
ing to the extent of putrefaction.

The ptomaines are mostly volatile, and in this form appear to
bear some resemblance to coniine, possessing in addition to the

eneral characters of alkaloids a narcotie odor, as also being pre-
cipitated by chlorine-water, but, unlike coniine, not becoming turbid
on gently warming; while others present a more permanent charac-
ter, with some analogies to atropine, hyoscvamine, veratrine, etc.
They all possess strongly reducing properties, and when added
to a solution of potassinm ferricyanide convert the latter into
ferrocyanide, which, on the addition of ferric chloride, yields a
precipitate of Prussian blue. These bodies, although in some
mstances inert, have been found to possess, in the majority of
cases, powerful toxie properties ; their distinction from the vege-
table alkaloids may, therefore, be destined to become an im-
ortant factor in the problems of toxicological chemistry and
orensie research.

The isolation and identification of the alkaloids and allied prin-
ciples, and especially those of a toxic character, is a subject of
such importance, and of necessity so extended in its details, that
it iz properly confined to the departments of toxicological chem-
istry. With this consideration it is the aim to present here simply
a brief outline of the generally adopted process of separation,
together with the more important and Jlarauteristic tests for
their recognition.

Although the physical and chemical properties of the alka-
loids, as has been indicated, present a marked variation amon
themselves, yet they are nevertheless capable of being ﬂivideﬁ
Into certain groups with respeet to their behavior towards sol-
vents, which, although by no means so sharply defined as in the
case of the inorganic bases, still suffices for their separation in a
form sufficiently pure for their identification, or for further expe-
riment.

For the separation of the alkaloids and allied prineiples from
other extraneous, organic, coloring, or extractive matters, the
method of Stas, as modified by Otto, will here be briefly de-
seribed. This method, which consists in treating the acid and
alkaline solutions successively with ether, and finally with amylic
aleohol, recommends itself by its simplicity, and is often adopted
in preference to the more complicated method of Dragendorff,
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which consists in the snceessive treatment of both the acid and
the alkaline solution with benzin, benzol, chloroform, and amylie
aleohol, or to the other variously modified processes.

The organic material to be examined, if not already in a flaid
eondition, should first be mixed with, or dissolved in, water, and
then tested with litmus-paper, in order to ascertain its possible
acid or alkaline character. If it be perfectly neutral, it should be
slightly acidulated with tartaric acid, or, if acid, it is first to be
nentralized with sodinm hydrate, and then, as in the case of an
originally neutral reaction, slightly acidulated with tartaric acid;
if, however, it possess an alkaline reaction, in which case the vola-
tile alkaloids coniine and nicotine would be indicated by their
odor, tartaric acid is likewise added until a pereeptibly acid reae-
tion is obtained. If the substance in its acidulated solution, as
above obtained, forms a perfectly clear liquid, it may be treated
at once with ether, but in the case of articles of food, the contents
of a stomach, vomited matter, ete., the direet treatment with ether
is precluded, in consequence of the presence of fatty matter or
other impuarities, which would likewise become dissolved, and dis-
guise the characteristic reaction of the subsequently applied tests.
The substance in this case, after the previonsly deseribed treat-
ment, should first be evaporated upon the water-bath to a semi-
solid consistence, then transferred to a flask, about twice its weight
of strong alcohol added, and digested upon the water-bath for
about half an hour. The clear liquid is then poured off, and the
residue digested twice or thrice suceessively in the same manner
with aleohol. The entire amount of mixed alcoholic liquid is
then filtered into a capsnle, and evaporated upon the water-bath
to the consistence of a soft extract; this is again treated with
strong aleohol, and the aleoholie solution filtered and evaporated
as hefore.

This latter residue is now treated with a small amount of cold
water, and the slightly acid solution thus obtained filtered into a
flask or other suitable glass vessel, and snccessively shaken with
two or three times its volame of pure ether, The ethereal solu-
tions, which have been separated as completely as possible from
the aqueous liquid by means of a glass separating funnel, are
then allowed to evaporate spontaneously.

1. From the acid solution are herely absoried 63; ether:

COLCHICINE,
DIGITALIN,
PioroToxIx.
CANTHARIDIN,

(Alzo traces of atropine and veratrine, which, however, if present,
will be subsequently extracted much more completely from the
alkaline solution.)
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The residue left by the evaporation of the ether from the acid
solution, as previously described, is to be dissolved in a small
amount of hot water, the solution filtered, and further examined
for the above-named substances.

In order to avoid repetition, the description of all the more
important alkaloids, together with the allicd neutral prineciples
and glucosides, will be reserved for the second part of this vol-
ume, where their physical properties and chemical character-
istics will be fully detailed, and to which in searching for the
above-named substances, reference should always be made. For
this reason, but a limited number ot the more important indi-
vidual reactions of these bodies will here be stated, when, if such
be found to correspond with any one of the substances mentioned,
and in order to exclude any possibility of error, its identity should
be invariably confirmed by the other known tests.

Colehicine, if present, will be indieated by the yellow color of
the solution; it is, moreover, precipitated by tannic acid and
iodine solution, but by potassio-mercurie iodide only after being
previously acidulated with a mineral acid. Chlorine-water pro-
duces a yellow precipitate, soluble in ammonia-water with an
orange-yellow color. Concentrated nitric acid colors its solution
violet, changing to red ; if the nitric acid solution be diluted and
made alkaline with sodium hydrate, an orange-red color is pro-
duced.

Digitalin, not properly an alkaloid but closely related by its
properties, is precipitated by tannin only from a concentrated
solution. When it is dissolved, in a capsule, with concentrated
sulphurie aeid, and a trace of bromine water is brought into the
liquid, a violet-red color is produced. If a trace of digitalin,
together with a little purified ox-gall, be dissolved in a little
water, in a capsule, a small amount of eoncentrated sulphurie
acid added, and warmed at from 60 to 80° C, (140 to 176° I¥.),
the solution gradually assumes a fine red color.

Pierotowin is not precipitated by tannin, nor by the other alka.
loidal reagents. It may be readily obtained in a erystalline form
from its solution in hot water or in aleohol. Tts aqueous solution
possesses an intensely bitter taste, and, when made alkaline with
a few drops of sodinm hydrate solution, reduces an alkaline solu-
tion of enprie oxide on heating. ‘

Cantharidin does not afford the general reactions of alkaloids,
and may be obtained in a crystalline form from its solution in
ether or hot aleohol, Tt is very sparingly soluble in water, and,
for want of characteristic chemical tests, may be extracted from
the ethereal residue by fatty oils, and recogmzed by its vesicating
properties,
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 The original acidulated, aqueous liquid, which has been sub-
Jjected to the above treatment with ether, is subsequently gently
warmed in order to expel the small amount of ether which re-
mains dissolved therein, and solution of sodium hydrate in slight
excess then added until, upon testing with litmus or turmerie-
paper, a distinet alkaline reaction is obtained; the alkaloids are
thus liberated from their combination, and are precipitated, or, as
in the case of morphine, become re-dissolved by the excess of al-
kali. The alkaline liquid is then agitated twice or thrice succes-
sively with pure ether, allowing an interval of about half an hour
to elapse before the separation of each portion of ether from the
aqueous liquid, and finally the mixed ethereal liquids are allowed
to evaporate spontaneously.

I1. From the alkaline solution are hereby absorbed by ether ;

{n) Liguip axp VOLATILE. (b) Sonip AND PERMANENT.
NICOTINE. STRYCHNINE,
CONIINE. BruciNe,

VERATRINE,

’ ATROPINE,
ACONITINE,
DELPHININE,
NARCOTINE,
THEBAINE,
CODEINE,
PAPAVERINE,
Hyoscy AMINE,
PHYSOSTIGMINE,
EMETINE.

(Also, possibly, traces of eolehicine and digitalin, which are diffi-
cult to abstract perfectly from the acid solution by means of ether.)

Betore proceeding to apply the individual tests for the identifi-
cation of the alkaloids, 1t 1s preferable first to test the residue
which may be left by the evaporation of the ether, in order pri-
marily to establish or confirm the presence or absence of such a
body. This may be conveniently accomplished without loss of
material, by placing a very small portion of the residue upon a
watch-glass, together with a few drops of water, and then, by
means of a glass rod, adding a trace of hvdrochlorie acid, in
order to forin a solution of the salt. A few drops of this solution
may then be tested upon a glass or poreelain plate, with some of
the general alkaloidal reagents, e. g., potassio-mercurie iodide,
iodine solution, tannie acid, platinie chloride, ete., adding a drop
of the reagent by means of a glass rod, and, for better observing
the formation of such precipitates with the reagents as are of a
light color, the glass plate should be placed upon a piece of dark




ALKALOIDS. 109

paper or other suitable object. With the attainment of a negative
result by the use of these reagents no further examination need be
made of the substance in question for an alkaloid, and much time
and labor will, therefore, be saved.

If, however, the above general tests have revealed the presence of
an alkaloid, small portions may then be taken for applying the most
characteristic individual tests, commencing the search by testing
for the more commonly oceurring alkaloids of the list, and finally,
in case of an affirmative reaction, confirming the result by the

“application of as many of the other well-known tests for the sub-
stance as may seem necessary to establish its ll'.]f.‘:l'.lt-l'f}', or as the
usually limited supply of the substance may admit.

Nicotine, in case of the obtainment of a liquid residue by the
evaporation of the ether, will be indicated by its strong narcotic
odor. It is not precipitated by chlorine-water, and its aqueous
solution does not become turbid on warming. When mixed
with hydroehlorie acid, and cautiously warmed, a reddish-brown
mixture ensues, which, by further evaporation and cooling, gives
upon the addition of nitrie acid a violet color, gradually changing
to orange.

Coniine will be indieated by the strong, peculiar, and unpleasant
odor of the obtained liquid residue. It is precipitated by chlorine-
water, and its agueous solution becomes turbid on gently warm-
ing. Dry hydrochloric acid gas produces first a purplish-red, and
finally an indigo-blue color.,

Stryehnine cﬁgsulves in concentrated sulphuric acid, forming a
colorless solution, which, upon the addition of a trace of potassinm
bichromate, assumes a bluish-violet color, changing to cherry-red,
and rapidly fading. (Curarine produces a reaction somewhat
similar to strychnine, but it is not absorbed by ether, either from
an acid or an alkaline solution, and is further distinguished by
other tests, which will be described under group II1.)

Brucine produces with concentrated nitric acif an intense blood-
red color, which soon changes to yellowish-red, and, upon gentl
warming, becomes yellow. If to this solution water then be added,
it assumes, upon the addition of stannous chloride or ammonium
sulErhide (preferably freshly prepared), a beautiful violet color,

eratrine dissolves in concentrated sulphurie acid with a yellow
color, which, upon warming, changes to blood.red. It dissolves
in concentrated hydrochloric acid, forming a colorless solution,
which, npon warming, assumes a fine, permanent, dark-red hue.

Atropine, when heated with concentrated sulphuric acid and
potassium bichromate or ammonium molybdate, develops the odor
of bitter almond oil. When applied to the eye, it powerfully
dilates the pupil.

Aconitine produces with concentrated phosphoric acid, upon
warming, or slowly with concentrated sulphuric acid at ordinary
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temperatures, a violet color. (Delphinine produces a similar
reaction with phosphorie acid, but gives also the digitalin reaction
with sulpharie acid and bromine-water.)

Narcotine dissolves without color in eoncentrated sulphuarie acid,
but the solution soon becomes yellow, and, upon the addition of a
trace of nitrie aeid, blood-red. Concentrated sulphuric acid, which
contains a trace of sodium molybdate, produces a green color, but
if the solution of molybdate g’e applied more coneentrated, the
green soon changes to a fine cherry-red. A freshly prepared solu-
tion of narcotine in dilute sulphuric acid (1 part of concentrated
acid to & parts of water), when evaporated very gradually in a
small porcelain capsule, produces a successive change of colors,
becoming first orange-red, then on the edges bluish-violet, and
finally, at the temperature at which the sulphuric acid begins to
volatilize, intensely reddish-violet. Chlorine-water eolors solu-
tions of salts of narcotine greenish-yellow, which, upon the addi-
tion of a very little ammonia-water, changes to a transient eherry-
red color,

Thebaine assumes with concentrated sulphurie acid a fine, dee
blood-red color, which gradually ehanges to yvellowish-red ; wit
ammoninm molybdate in concentrated sulphuric acid the same
coloration is produced. Its solution in chlorine-water assumes
ilpﬂﬂ the addition of ammonia-water an intense reddish-brown
ne.

Cadeine assumes with concentrated salphurie acid which con-
tains a trace of ferric oxide in solution, gradually at ordinary
temperatures, or immediately npon warming, a beautiful indigo-
blue color. When dim]veg in eoncentrated salphuric acid, one
or two drops of a concentrated cane-sugar solution added, and
gently warmed, a fine purplish-red color 1s produeced.

Papaverine dissolves in cold concentrated snlphuric acid with a
slight yellowish color, which, upon warming, changes to violet.
The solution in ehlorine-water is colored deep reddish-brown upon
the addition of ammonia-water, after some time becoming almost
blackish-brown. With concentrated sulphuric acid, containing a
little ammonium molybdate in solution, it assumes a green color,
which, upon warming, rapidly changes to blue, and finally becomes
of a fine cherry-red,

Hyoscyamine, for want of any specially characteristic chemieal
reactions, may be best recognized by the physiological property,
which it shares with atropine, of producing dilation of the pupil
when applied to the eye. It is distinguished from atropine in
being erecipimted from its solutions by platiniec chloride, if not
applied in excess, whereas atropine is J)reni pitated by this reagent
only from relatively very concentrated solutions.

Physostigmine is characterized by its physiological property
of producing eontraction of the pupil when applied to the eye.
Its aqueous solution assumes a reddish eolor upon the addition of



ALKALOIDS. 111

a small amount of a solution of chlorinated lime, which, upon the
further addition of the latter, becomes discharged,
Umetine is particularly characterized by its strongly emetic

roperties, which may be confirmed by experiments upon small
animals, by the subeutaneous injection of its aqueous s;u!uu::m.
Tts nitrate is a very sparingly soluble salt. An aqueous solution
of emetine assumes with a few drops of a freshly prepared, satu-
rated solution of chlorinated lime, and the subsequent addition
of one or two drops of hydrochloric or acetic acid, an orange
or lemon-yellow color. Concentrated sulphuric acid dissolves
emetine with the production of a green color, which soon changes
to vellow.

It should be observed that veratrine also possesses violent emetic
properties, but this alkaloid is so characterized by other special
tests that it cannot be mistaken for emetine,

IIT. Alkaloids remaining dissolved in the alkaline solution:

MoRPHINE,
NARCEINE,
CURARINE,

The alkaline liguid remaining after the extraction by ether for
the obtainment of the alkaloids of group 1I. should first be gently
warmed in order to expel the small amount of dissolved ether,
then acidulated with hydrochloric aecid, and subsequently made
glightly alkaline with ammonia-water. The ammonical liquid is
then treated at least twice successively with warm amylie rﬂu{}h-}],
separating the latter liquid earefully from the aqueous solution,
and allowing it to evaporate, either spontaneously, or by means of
a gentle heat. The amylic alechol will have thus abstracted the
entire amount of morphine, and the larger portion of the narceine
from the solution, whilst the remainder of the nareeine and the
entire amount of curarine still remain dissolved in the ammoniacal
liquid. The residue left by the evaporation of the amylic alcohol
should first be tested by the general reagents in order to ascertain
the presence of an alkaloid; when, in case of an affirmative result,
the special tests may be subsequently applied.

Morphine reduces iodine from a solution of iodie acid, which
dissolves in carbon bisulphide or chloroform with a violet color.
A neuntral solution of morphine or its salts assumes with a small
amount of a dilute neutral solution of ferri¢ chloride a deep blue
color. When dissolved in concentrated sulphuric acid, the solu-
tion gently warmed, allowed to cool, and then a trace of dilute
nitric acid added, a deep blood-red eolor is produced.

Narceine assumes upon the addition of iodine-water an intense
blue color. Tts solution in concentrated sulphuric acid is of a
grayish-brown color, which, upon warming, changes to blood. red.
A golution of narceine in chlorine-water assumes also upon the
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addition of ammonia-water a blood-red color. (Narceine may be
readily separated from morphine by its much greater solubility
in hot water.)

For the separation of the remainder of the narceine (in case its
presence should have been determined by the previous extraction
with amylic aleohol), as also of the curarine, the alkaline liquid
should be evaporated in a poreelain capsule upon the water-bath
to dryness, the residue then reduced to powder, transferred to a
flask, and digested for some hours with strong aleohol, with the
aid of a genﬁe heat and frequent agitation, %[’he liquid is then
saturated with dry earbonie acid gas, in order to convert the free
alkali into carbonate, afterwards brought upon a filter, the inso-
luble residue well washed with strong alecohol, and the aleoholic
liquid finally evaporated. If this residue is found to be still too
impure for the application of the tests, it should be treated with
warm water, the agqueons solution filtered, and evaporated upon
the water-bath, this residue again taken up with aleohol by the
aid of a gentle heat, the solution filtered, and evaporated as before,
In the :ﬁuolmlic residue the narceine may be recognized by the
previonsly-deseribed tests, whilst the curarine may be readily
abstracted therefrom by means of eold water, in which it is freely
soluble.

Curarine, as previously stated, page 109, produces with sulphurie
acid and potassium bicﬂrmnata a reaction somewhat similar to
strychnine, but the coloration is more of a bluish tint, and much
more permanent, It dissolves in concentrated sulphurie acid with
a pale violet color, which gradually changes to a dirty red, and,
after some hours, assumes a rose-red color. With potassium bichro-
mate it forms a quite sparingly soluble salt, analogous to the
strychnine chromate, differing, however, from the latter by its
amorphous character.

*

It is of particular importance in testing for alkaloids, especially
when contained in complex organic mixtures, to obtain them in
the purest possible state, as slight impurities may, according to
their nature, either altogether conceal, or materially influence the
characteristic reactions upon which the recognition of the sub-
stance depends.

In order to effect the purification of the alkaloids when con-
taminated with adhering coloring matter, ete., as also for the
separation of the indivigual alkaloids from each other, recourse
must be bad to the distinctions in their physical and chemical
properties, such as behavior towards the simple solvents, or the
production of sparingly soluble simple salts, ete., from which the

ure alkaloid, if desired, can again be obtained.

It should also be made a rule in the application of the tests to
employ the smallest possible quantity of substance, as the reac-
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tions from their delicacy are usunally quite as well obtained as
with larger quantities, even should the amount of t!a:um'ial at
disposition be considerable, which, however, in forensic research
is rarely, if ever, the case; and the amount of the reagent added
should always be proportionate to the amount of the substance to
be tested. For the observance of such reactions as depend upon
the production or change of color, a

srnal} porcelain plate or capsule will be Fic. b7,

found the most serviceable, applying
the reagent, when required in but small
quantity, by means of a glass rod or
small pipette (Fig. 57). :

In the preceding briefly deseribed
course for the systematic separation of
the alkaloids, it will be evident that
only the more commonly occurring
bodies of this elass, and such as possess
toxie properties, have been considered,
whilst such as are non-poisonous in
their character, as, e. g., caffeine, the
cinchona alkaloids, ete., have been in-
tentionally omitted, as not properly in-
cluded within the province of forensic
chemistry. Should the presence of such
a body, however, be presumed or sus-
pected in the substance under examina-
tion, a consideration of its deportment towards ether or other sol-
vents, in acid or alkaline solntion, will at once indicate the method
to be adopted for its isolation, after the accomplishment of which,
the proper tests for its identification may be applied.

For the separation of the alkaloids when associated with other
organic or inorganic poisons, such as hydrocyanic acid, phosphorus,
arsenic, metallic salts, ete., which may likewise be the object of
search, special methods of manipulation and precautions are re-
quired to be observed, in order that none of the substances shall
undergo decomposition, or escape detection in the process of ex-
traction, or that the correctness of the result may be thereby
impaired.

Investigations of this character, therefore, should only be en-
trusted to the experienced expert, possessing special knowledge
of the properties and deportment of the bodies in question, which
from their importance are too extended in their scope to admit of
a more detailed consideration in this place, although the charac-
teristic and most reliable tests for the recognition of the above
mentioned, and the more commonly occurring organic and in-
organie poisous, will receive further attention in their appropriate
places in the second part of this volume, and the methods indi-
cated 1-;11&1'(:':}_? their isolation may be effected.













THE

MEDICINAL CHEMICALS

AND THEIR PREPARATIONS.

ACETUM.
Vinegar.
Ger. Essig; Fr. Vinaigre; Sp. Vinagre,

VINEGAR, as obtained by the acetic fermentation of dilute
aleoholic liquids, presents considerable variation in its physical
characters, such as eolor, odor, taste, ete, imparting properties
which in most instances are unobjectionable, and are frequently
desired in its employment for domestic purposes, while they do
not always render it inadmissible for pharmaceutical applications.
It must, however, form a perfectly transparent liquid, possessing
a true acetic odor, free from empyreuma, and should contain no
metallic impurities or acrid vegetable substance, as also no free
inorganic or other foreign acids, with which it is not unfrequently
adulterated for the purpose of increasing its strength.

Vinegar contains, on an average, from 4.5 to 6 per cent. of true
acetic acid. The British Pharmacopeeia requires a spec. grav. of
1017 to 1.019, corresponding to 4.6 per cent. of absolute acetic
acid. The Pharmacopwia Germanica requires that 10 cubie cen-
timeters of vinegar mneutralize 10 cubic centimeters of normal
solution of potassium hydrate, corresponding to 6 per cent. of
absolute acetic acid.

Examination :

Free mineral acids are readily detected by adding to 20 cubie
eentimeters of the vinegar, about 4 or 5 cubic centimeters of strong
ammonia-water, and evaporating in a shallow glass capsule on the
water-bath. If the vinegar is pure, a slight yellow or brownish
residue will remain, whereas in the presence of free mineral acids,
or with tartaric and citrie acids, a erystalline mass is obtained.
As the ammoninm salts are readily volatilized on heating, and the
tartrate and citrate become thereby carbonized, the presence of
fixed impurities may at the same time be determined.
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The presence of mineral acids may be also readily detected as
follows: A solution of ferric acetate 1s diluted with water to such
an extent as to appear slightly vellowish, and a small amount of
ammonium or potassinm sulphoeyanide dissolved therein, when
no red coloration will be produced, even upon the addition of
acetie acid ; the smallest trace of free sulphurie, nitrie, or hydro-
chlorie acids, however, produces an intense red eoloration, which
may be rendered still more evident by shaking the liquid with
ether, when the latter will absorb the red ferric sulphocyanide.

Another method consists in mixing a freshly prepared solution
of pure ferrous sulphate, free from oxide, with a selution of gallic
acid in cold water, which has been previously well boiled ; to the
colorless ligquid thus obtained a little sodium acetate is added, and
subsequently a small portion of the vinegar to be tested. The
violet coloration produced by sodium acetate is destroyed by the
Er{%sunue of mere traces of free mineral acid, but is not affected

v acetic acid.

Sulphurie and Hydroehlorie Aeids—A erude mode of deteeting
the presence of sulphurie acid in vinegar consists in the addition
of a little cane-sugar to a small portion of it, and evaporating the
solution, at a gen Iﬁe heat, in a poreelain capsule, to the consistence
of a thick syrup; this will become almost black if free sulphuric
acid be present,

Since the water and the materials used for the preparation of
vinegar generally contain traces of sulphates and chlorides, most
vinegar vields a slight turbidity with barium and argentic nitrates,
An undue proportion of gulphurie or hydrochloric acid may, how-
ever, be readily detected by adding to 20 grams of the vinegar
0.5 cubic centimeter of solution of barium nitrate and 1 cubic
centimeter of decinormal solution of argentic nitrate, and filter-
ing ; the filtrate should afford ne turbidity upon the subsequent
addition of either barium or argentic nitrates.

The presence of sulphurie acid may also be detected, or verified,
by adding to a portion of vinegar, contained in a test-tube, a satu-
rated solution of calcium chloride, and subsequently heating to
boiling ; if, upon eooling, a eloudiness or a precipitate of caleium
sulphate is produced, the presence of free sulphurie acid will be
verified, Oxalic acid would also yield a white precipitate, but
may be distinguished by affording a precipitate with a solution of
calcinm sulphate,

The presence of hydrochlorie acid, in the free state, will be
detected or verified by submitting a portion of the vinegar to
distillation (Fig. 58), changing the receiver when about one-fourth
of the liquid has distilled over, and reserving this portion for
examination for aldehyde, and afterward continuing t]he distilla-
tion until nearly the entire amount of liquid has passed over; the
gecond portion of the distillate is then acidulated with nitrie acid,
and tested with argentic nitrate, when a white, eurdy precipitate,
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insoluble in nitric acid, but soluble in ammonia-water, will prove
the presence of hydrochlorie acid.

Fig. 58,

Aldehye, if present, will be indicated in the first or reserved
portion of the distillate by its peculiar and unpleasant odor, and
may be recognized by its property of reducing metallic
silver from a solution of the nitrate; by the formation Fie. &9.
of a erystalline compound when shaken with an alka-
line bisulphite; and by a yellow or brown coloration,
or formation of resinous bodies, when mixed with a
strong solution of a caustic alkali, and gently heated.

Sulphurous acid and sulphites may be detected by
adding a portion of the vinegar to a few fragments of
~ zine and a little dilute sulphurie acid, contained in a
test-tube, and placing over the orifice of the tube a
small cap of white, bibulous paper, moistened with a
drop of solution of plumbic acetate (Fig. 59); if sul-
phurous acid be present, hydrogen sulphide will be
evolved, and cause the production of a black stain
upon the paper.

Nitrie actd may be detected by adding a drop of
indigo solution to a small portion of the vinegar, con-
tained in a test-tube, and heating, when decoloration
of the liguid will indicate free nitric acid; if, upon
heating, the original tint of the liquid remains perma-
nent, a few drops of concentrated sulphurie acid should
be added, and the liguid again heated, when decolora-
tion of the liquid after this addition will indicate the
presence of nitrates. The test may also be made by
mixing earefully, in a test-tube, 2 volumes of the vine-
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gar with 1 volume of concentrated sulphuric acid, and subse-
quently adding 1 volume of a concentrated solution of ferrous
sulphate, so as to form two layers (Fig. 60); a brown or violet

Fra. 60,

colored zone at the line of contact of the two liquids will reveal
the presence of nitrie acid or nitrates,
fetallic impurities are detected by saturating the vinegar with
hydrogen sulphide, and allowing the liquid to stand for a few
hours in a closed vessel; if a white turbidity is produced, it will
indicate zinc or sulphurons acid, the latter giving rise to the depo-
sition of r.mh;hur, whereas a brown or black precipitate may indi-
cate tin, lead, or copper. The precipitate may be examined for
the latter metals by collecting it on a filter, washing with a little
water, and digesting with ammonium sulphide ; sulphide of tin will
become thereby dissolved, and, after filtration, may be precipitated
from its solution on the addition of an excess of hydrochlorie acid
as yellow stannic sulphide. The portion of the precipitate insoluble
in ammonium sulphide is dissolved in a little nitric acid, and a
few drops of dilute sulphuric acid added, when an ensuing white
precipitate will indicate lead; after the removal of the latter, if
present, by filtration, ammonia-water is added, in slight excess,
when a blue coloration of the liquid will reveal the presence of
ﬁﬂ{}}‘?-‘ﬂ". Other metallic impurities than those here mentioned,
which may aceidentally be present, may be songht for or deter-
mined according to the systematic method of analysis, as described
on pages 51 to 61.
fi-‘:r:}ﬂ vegetable substances may be recognized by their odor and
taste, either in the residue obtained Uy the direct evaporation of
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a portion of the vinegar, or by previously neut ralizing the latter
with magnesium or sodium carbonate, filtering, and subsequently
evaporating the filtrate, at a eentle heat, to about one-third of its
volume, ) 4

Fized impurities may be detected by evaporating a portion of
the vinegar to dryness, and igniting the residue at a gentle heat;
sodium salts may then be recognized by their property of impart-
ing a bright yellow color to the non-luminouns flame, guml cal-
cinm salts by dissolving the residue in a little water, acidulated
with acetic acid, and testing with ammonium oxalate, when a
white precipitate will be produced. This examination for fixed
impurities may also serve for the detection of free mineral acids,
which, if present, would render the ignited residue neutral in its
action upon litmus, whilst with pure vinegar it will always be
found to possess an alkaline reaction,

Estimation:

About 10 grams of the vinegar, accurately weighed in a flask
or beaker, are diluted with about 50 cubic centimeters of water,
a few drops of litmus solution added, and a normal solution of

otassium or sodium hydrate, page 57, allowed to flow into the
iquid from a burette, until a slight excess above that required
for the perfect neatralization of the liquid has been employed, and
the liquid assumes a distinet bluish tint; the excess of alkali is
then inversely titrated with normal nitric acid until a permanent
red coloration is produced. From the difference between the
number of cubic centimeters of alkali and acid employed, the
number of cubie centimeters of normal alkali required for the
perfect neutralization of the liquid is given, and from this the
acetic strength of the vinegar may be calenlated ; one eubic centi-
meter of normal alkali corresponding to 0.06 gram of absolute
acetic acid.

As vinegar is frequently more or less colored, the transition of
color of the litmus from blue to red is not always clearly percep-
tible, and in this case it is better to omit the litmus entirely,
titrating the excess of alkali first added by means of normal nitric
acid as before, until a drop of the liquid, removed by means of a
glass rod, after repeated testing, no longer produces a brown zone
upon turmeric paper, which thus proves the perfect neutralization
of the free alkali,

Should free sulphurie or hydrochloric acid be present in the
vinegar, these must be separately estimated by precipitating small

rtions of the vinegar with barium chloride or argentic nitrate;

rom the amount of barium sulphate or argentie chloride thus ob-

tained, the equivalent amount of free sulphuric or hydrochloric
acid may be determined, and the result of the calculation of the
acetic estimation correspondingly corrected,
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ACIDUM ACETICUM,
Acetic Acid.
Ger. Essigsiiure; Fr, Acide acetique ; 8p. Acido acético.
C,H,0, = CH,~CO-OH ; 60.

Acetic acid, when free from water, forms at or below 15° C,
(59° F.)large, colorless, transparent, tabular crystals of the rhom-
bic system (Glacial Acetic Acid), which melt at 17° C, (62.6° F.),
to a colorless, limpid liguid, of a pungent odor, and strongly aeid
reaction. The acid containing mucl: water does not erystallize
even at 0° G, (32° F.). The specific gravity of the pure liquid
acid is 1.056 to 1.058, at 15 C. (59° F.); it boils at 118° C. (24447
F.), emittibg very pungent and acid, inflammable vapors, which
burn with a blue flame.

Acetic acid is miseible in all proportions with water, aleohol, and
ether, and dissolves albumen, fibrin, camphor, and many resins,
gnm-resins, and essential oils; diluted with water, it forms the
commercial and mediecinal acetic acids, which maintain the cha-
racter of acetic acid as long as the admixture of water does not
exceed 18 to 19 per cent., beyond which dilution the acid loses
more or less the character of a strong aeid, and its solveut prop-
erties for the above mentioned substances.

In addition to the glacial acid (Acidum Aceticum Glaciale),
two strengths of acetic acid are officinal : Acidum Aceticum of
the spee. grav. of 1.045 (1.044 British Pharmac., 1.064 Pharm,
German.), and Acidum Acetienm Dilutum of the spee. grav, of
1.0085 (1.006 British Pharmae.,, 1.041 Pharmae, German.). The
strong acid of 1.043 spee. grav. contains 36 per cent. of absolute
acetie acid, or 30.6 per cent. of acetic arthyd‘ric]a, and G grams of
it require for neatralization 56 cubic centimeters of volumetrie
solution of potassium or sodimin hydrate, or 100 parts are neuntral-
ized by 60 parts of erystallized potassium bicarbonate ; the diluted
acid of 1.0083 spee. grav. containg 6 per cent. of ahzolute acetic
acid, corresponding to 5.10 per cent. of acetic anhydride, and 24
grams of it require for neutralization 24 cubic centimeters of
volametrie solution of potassium or sodium hydrate, or 100 parts
are nentralized by 10 parts of erystallized potassinm bicarbonate.

Acetic acid is recognized in its soluble salts, or in the free state,
after previous neutralization with an alkali, by the production of
a deep-red color on the addition of a few drops of solution of
ferric chloride; this coloration iz discharged on strongly acidu-
lating the solution with salphurie acid, or by boiling, in the latter
case the iron being completely precipitated as a basie salt. The
acid may also be recognized, when not too dilute, by the odor of
acetic ether, when heated with a mixture of equal parts of
aleohol and concentrated sulphurie acid.
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Examination : g

Glacial acetic acid may be tested for water by mixing 10 parts
of it with 1 part of fresh or unaltered lemon oil, when a perfectly
clear solution should be formed. A much better method, how-
ever, for the determination of the presence of small quuutitil_fﬁ of
water consists in mixing equal parts of the acid and carbon bisul-

hide in a small dry test-tube, which is inclosed in the hand;
when maintained at this temperature for a few moments, a per-
fectly clear mixture should result, whilst the smallest amount of
water will produce a c¢londiness in the liquid. The other tests of
purity are the same as those applied for the examination of the
diluted acids, as follows:

Empyreumatic substances will be rendered evident by their
odor, and, when present in but small amount, may be also recog-
nized by neutralizing a little of the acid with solution of potas-
sinm hydrate, and subsequently tingeing the solution
faintly with potassinm permanganate ; the color should  Fra. 61.
not be sensibly changed by standing five ninutes at the
ordinary temperature.

Owrganic fmpurities may be recognized by an ensuing
dark coloration, when the acid is mixed with an equal
volume of concentrated sulphuric acid, and subse-
guently heated to boiling.

Sulplowrie and hydrochioric acids may be detected by
an ensuing white precipitate, when the diluted acid 1s
tested, in separate portions, with barium nitrate or
chloride, and with argentic nitrate.

Sulphurous aeid is indicated by a greenish colora-
tion, when a little of the acid is heated with a few
drops of solution of potassium bichromate ; it may also
be recognized by adding a portion of the acid to a few
fragments of zine and a little dilute sulphuric acid,
contained in a test-tube, and placing over the orifice
of the tube a small cap of white, bibulous paper, moist-
ened with a drop of solution of plumbic acetate (Fig.
61); 1f sulphurous acid be present,-hydrogen sulphide
will be evolved, and cause the production of a black
stain upon the paper.

Nitrie acid may be detected by the decoloration of
the liquid, when the acid is tinged slightly blue with
indigo solution, and heated; or by mixing the acid
with an equal volume of concentrated sulphuric acid, and subse-
quently carefully adding to the cooled mixture a concentrated
solution of ferrous sulphate, so as to form two layers (Fig. 62); a
brown or reddish-brown zone at the line of contact of the two
liguids will reveal the presence of nitric acid.

Metallic impurities are recognized by a turbidity or precipitate
upon saturating the acid with hydrogen sulphide, or upon subse-
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quent supersaturation with ammonia-water. If a brown or black
precipitate is produced by hydrogen sulphide, it may indicate

tin, lead, or copper, and may be further examined by collecting
it on a filter, washing with a little water, and digesting with am-
momnm su'l!lallidﬁ; sulphide of #/z will become thereby dissolved,
and, after filtration, may be reprecipitated from its solution by
the addition of an excess of hydrochlorie acid as yellow stanuie
sulphide. The portion of the precipitate insoluble in ammoninm
sulphide is dissolved in a little mitrie acid, and a few drops of
dilute sulphuric acid added, when an ensuing white precipitate
will indicate lead : after the removal of the latter, if present, by
liltration, ammonia-water is added in slight excess, when a blue
eoloration of the liquid will reveal the presence of copper. If the
acid, after saturation with hydrogen sulphide, and filtering, vields
a black precipitate upon subsequent supersaturation with am-
monia-water, the presence of iron is indicated.

Pure acetie acid should leave no residue upon evaporation; a
brownish-colored residue would indicate foreign organic matters,
and, upon subsequent ignition, a permanent white residue will
indicate salts of the inorganic bases, sodium, ealcinm, ete. If the
residue, when heated on a platinam wire, irnrnrls a bright-vellow
color to the non-luminous flame, sedivm salts will be indicated,
and, when subsequently dissolved in water, the solution acidulated
with a few drops of acetic acid, and tested with ammoninm oxa-
late, an ensuing white precipitate will indicate ealeium salts.

Estimation:

In econsequence of the existing anomaly between the specific
gravity of acetic acid and its strength, the hydrometer does not
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always give a correct indication of the latter; the specific gravity
being increased to a certain extent upon the dilution of the acid,
in consequence of contraction, as will be seen by reference to the
subjoined table.

Thus an acid containing from 77 to 80 per cent. of ahsolute
acetic acid has the highest specific gravity, 1.0748 at 15° C. (59°
F.), above which strength it again deercases similarly as upon
dilution, so that the anhydrous acid and an acid containing 43 per
cent. of absolute acid have the same specific gravity at 15° C. (59°
F.), viz., 1.055. It will be seen, however, that a specific gravity
below 1.0552 can only apply to an acid containing less than 43
per cent. of absolute acetic acid.

The strength of acetic acid may be determined by observing
the exact quantity of erystallized potassium bicarbonate require
to saturate a known weight of the acid, and by subsequent equa-
tion, see page 122; or by the following process of volumetric
analysis:

Five grams of the acid, accurately weighed in a flask or beaker,
are diluted with about 10 times its volume of water, a few drops
of litmus solution added, and a normal solution of potassium or
sodinm hydrate (page 87) allowed to flow into the hiquid from a
burette until, with constant stirring, the liquid assumes a distinet
bluish tint. From the number of cubic centimeters of alkali
solution required for the exact neutralization of the liquid, the
percentage strength of the acid may be readily caleulated : 1 cubie
centimeter of normal alkali corresponding to 0.06 gram of absolute
acetic acid.

Instead of the employment of a normal solution of potassium
or sodium hydrate, as above deseribed, very aceurate results may
also be obtained by the addition of so much of a measured volume
of baryta-water of known strength to a weighed quantity of acid,
as to be slightly in excess of that required for its exact neutraliza-
tion, and subsequently determining the excess employed by means
of a normal acid; the point of exact neutralization being deter-
mined by means of turmerie paper, which, by the delicacy of its
reaction with baryta-water, will indicate the slightest excess of
the latter by the production of a brown coloration. From the
amount of baryta-water, of previously ascertained strength, re-
quired to neutralize a definite amount of acid, the percentage
strength of the acid may be readily calealated: 1 part of barium
hydrate, Ba(OH),, corresponding to 0.7017 part of absolute acetic
acid, C,H,O,.
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tallization from its solution in water or hydrochloric acid: or the
form of rhombic prisms,“which are occasionally deposited in the
roasting furnaces, and are also obtained wh!an hot saturated solu-
tions of arsenious acid, in solution of potassium hydrate or arsenic
acid, are allowed to evaporate slowly.

When freshly prepared by sublimation it forms heavy, trans-
parent, glassy cakes, with a smooth conchoidal fracture, and has a
spec. grav. of 8.738; this becomes gradually opague and porcelain-
like by passing into the crystalline state, which change proceeds
from the surface toward the interior; at the same time its specilic
aravity is slightly diminished (3.689), and
its solubility 1n water increased. In con- Fia. 63,
sequence of the simultaneous occurrence
of the amorphous and the erystalline modi-
fications, and the difference in their solu-
bility, the statements of the solubility of
arsenious acid in water are slightly at
variance.

The crystalline modification is soluble
in about 9 parts of water at 15° C.
(59° F.), while the amorphous variety re-
qnires 25 parts of water for solution; but
saturated solutions with cold water are
very slowly formed. It is slowly but completely soluble in 15
parts of boiling water, but very sparingly soluble in alecohol; the
amorphous variety requiring 94 parts, and the erystalline variety
400 parts of absolute aleohol for solution, Tt is insoluble in ether,
but freely soluble in the alkaline Lvdrates and in warm diluted
acids, especially in hydroehloric and tartaric acids, from which
latter solutions it is deposited, on cooling,in small transparent octa-
hedral erystals. It is also soluble in warm concentrated glyeerin,
from which solution it gradually separates by absorption of water,
or at once upon the addition of water.

The aqueous solution of arsenious acid has a feeble acid reac-
tion on litmus; it yields a white precipitate with lime-water, which
18 soluble in ammoninm chloride; and, after acidulating with
hydrochlorie acid, a yellow precipitate with hydrogen sulphide,
which is soluble in ammonia-water or in ammonium sulphide, but
insoluble in hydrochloric acid. Argentic nitrate and euprie sul-
phate produce only a turbidity in an aqueous solution of arsenious
acid; upon exact neutralization with ammonia-water, however, a

ellow precipitate is formed with the former reagent, and a bril-
iant green one with the latter, both precipitates being soluble in
an excess of ammonia-water or of acid.

Arsenious acid, when heated in an open tube, volatilizes at
about 218° C, (424.4° F.) without fusion, forming a colorless, in-
odorous vapor, which condenses, on cooling, in small, transparent,
and brilliant, octahedral erystals. When heated in contact with
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This method of reduction is also applicable to the arseniates

and to the yellow arsenious sulphide,
The reduction of arsenious acid by carbon is best effected in a
small tube, drawn out at one end to a narrow point, as shown in

Fig. 65.

Fia. 6.

The small particles of arsenious acid are placed in the point of
the tube, and above them a splinter of previously ignited wood-
charcoal, as shown in the figure. The portion of the tube con-
taining the charcoal is first heated to redness, maintaining the
tube in a nearly horizontal position, after which the tube is grad-
nally inelined, and finally brought into a nearly vertical position,
so that the point of the tube becomes also heated. The vapor of
the arsenions acid in passing over the red-hot carbon is redunced
to the metallic state, and deposited above the carbon in the form
of a bright metallic mirror. After cooling, the carbon may be
removed from the tabe, and the metallic arsenic heated for itself,
when, if the amount be quite small, it will be oxidized for the
most part in the aet of volatilization to arsenious oxide, forming
a white sublimate of small, shining, octahedral erystals in the
upper part of the tube, and readily distinguishable by the aid of
a lens.

A solution of arsenious acid in contact with nascent hydrogen,
as developed by the action of dilute sulphuric acid on metallie
zine or magnesium, gives rise to the formation of hydrogen arse-
nide, which, when ignited, burns with a bluish-white flame, and
emits, when considerable arsenic is present, dense white clouds of
arsenious oxide ; when a piece of cold white poreelain is held in
the flame, shining brown or black spots of metallic arsenic are
deposited (Marsh's test). For further details relating to the appli-
cation of this test, see pages 33 to 36.

When a solution of arsenious acid is mixed with an excess of
concentrated hydrochlorie acid, and a piece of bright copper-foil
or wire immersed in the liquid, and boiled, a dark gray metallie
film, consisting of a compound of copper and arsenic, Cu,As, is
deposited upon the copper. If the copper-foil or wire be now
removed from the liguid, well washed with water, carefully dried,
and then strongly heated in a perfectly dry test-rube, the arsenic
will become volatilized, and at the same time oxidized to arsenious
acid, forming a sublimate of small, brilliant, octahedral crystals
in the upper part of the tube ( Reinsch’s test). :

WI:&E the same test is made as the preceding, with the employ-
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ment of pure tin-foil, or stannous chloride, instead of copper, the
tin becomes likewise coated with arsenie, and at the same time a
more or less voluminous brown deposit is formed ( Beftendor/’s
test). To insure success, concentrated hydrochloric acid, and a
very small quantity of the arsenical solution must be employed,
as the presence of much water prevents the reaction.

Examination of Powdered White Arsenic:

When a small portion of the powder is heated'in a glass tube,
it should be completely volatilized, and form a colorless subli-
mate, which will prove its freedom from admixture with metallic
arsenic or arsenious sulphide; and when dissolved in warm con-
centrated sulphurie acid, it should form a perfectly colorless solu-
tion, which will prove the absence of organic substances.

Earthy admixtures are recognized by a non-volatile residue
when a little of the white arsenie is strongly heated on platinum-
foil, or by an insoluble residue when heated with a solution of
potassinm hydrate or hydrochlorie acid. When a residue is ob-
tained by either of these tests, it is collected on a filter, washed
with a little water, and, after drying, mixed and fused in a por-
celain cracible with four times its weight of a mixture of equal
parts of exsiceated sodium and potassinm earbonates; the obtained
fused mass is triturated and boiled with a sufficient quantity of
water, and the filtered solution, after acidulation with nitric aeid,
tested with barium nitrate for snlphates (ealcium and barinm sul-
phates). The residue on the filter iz washed with water, and
treated with warm diluted hydrochlorie acid, and the filtrate sub-
seqitently tested with sodinm sulphate for barium, and, in another
portion, neutralized with ammonia-water, with ammonium oxalate
for ealeium,

Ammonium salls will be recognized by the development of the
odor of ammonia, when a small portion of the arsenious acid is
heated, in a test-tube, with an excess of a strong solution of potas-
sium hydrate, and by the formation of white Elt’l’l.ﬁﬂ when a glass
rod, moistened with acetic acid, is subsequently held over the
orifice of the tube.

Chiorides may be detected by treating a {:ortim] of the arsenious
acid with concentrated nitric acid until complete solution is
effected, and red nitrous fumes cease to be evolved, and subse-
quently adding to the acid solution, slightly diluted with water,
a few drops of solution of argentie nitrate, when a white preecipi-
tate, soluble in ammonia-water, will prove the presence of chlo-
rides,

Estimation:

I. One gram of arsenious acid, As,0, when dissolved in warm
diluted hydrochloric acid, yields, upon complete precipitation
with hydrogen sulphide, a precipitate of arsenions sulphide, AsS,,
which, when eollected npon a tared filter, washed, and dried,
should weigh 1.24 grams,
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IT. One gram of arsenious acid, As,0, is dissolved, by the aid
of heat, in dilate hydrochloric acid, and potassium chlorate, in
small portions, from time to time added, finally continuing the
heat until all free chlorine is expelled ; the arsenious acid is thus
converted into arsenic acid, which, after dilution with water, may
be precipitated by test magnesium mixture, as erystalline, ammo-
nio-magnesium arseniate, NH MgAsO, + 6H,0. The precipitate,
after standing for twenty-four hours, 1s collected upon a tared
filter, which has been previously dried at 105° C. (221° F.),
washed with a mixture of three parts of water and one part of
ammonia-water, and dried first at 100° C. (212° F.), and finally
at 105° C. (221° F.), until of constant weight. Its ecomposition is
then represented by the formula NHMgA=O, + 31H,0, and 100
parts correspond to 39.47 parts of metallic arsenie, or 52.11 parts
of arsenious acid, As0O,.

III. The estimation of arsenious acid may also be very accu-
rately and quickly accomplished volumetrically by the followin
process: 0.1 gram of the acid is aceurately weighed, and dissolve
mm 20 cubic centimeters of boiling water, with the addition of
ab}fut one gram of pure sodium bicarbonate. To the solution,
when cold, a little mucilage of starch is added, and a standard
decinormal solution of iodine, page 93, allowed to flow into the
liquid from a burette until, after well stirring, a permanent blue
coloration is produced. The amount of pure imline equivalent
to the number of cubic eentimeters employed may then be caleu-
lated, and therefrom its equivalent in pure arsenie trioxide; 508
parts of iodine being equivalent to 198 parts of arsenious oxide,
as shown by the equation:

21, + As,0, + 5H,0 = 4HI + 2H,As0,
e e

H0s 198
or as follows:

2Na,HAsO, + 21, + 2Na,CO, = 2Na,HAsO, + 4Nal + 200
D P A

St et

i ous
Ag0,
i

198

The calenlation may also be made with the consideration that
one cubie eentimeter of the volumetric solution of iodine, if
exactly decinormal, corresponds to 0.00405 gram of pure arsenious
oxide, As O,

The United States Pharmacopeeia directs that if 0.247 gram of
arsenious acid be dissolved, with 0.5 gram of sodium bicarbonate,
in boiling water, the solution should decolorize not less than 48.5
cubic centimeters of the volumetrie solution of jodine (corespond-
ing to at least 97 per cent, of pure arsenious acid).
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Separation and Detection of Arsenic in Forensic Investigations.—
Avrsenions acid, from the fact of being one of the more commonly
employved and readily obtainable poisons, is sometimes the canse
of accidental or intentional poisoning, and therefore becomes not
unfrequently the object of search in forensie investigations. In
consequence of the sparing solubility of arsenious acid in agueous
liquids, it may frequently, in ecases of poisoning, be found adher-
ing to the coatings of the stomach or intestines, or in the vomited
matters. In all cases, however, it should be carefully searched
for among the folds and in the inflamed portions of the stomach
and intestines, when, if thus found, and after purification by
washing with a small amount of eold water, it may be at once
identified by subjecting it to the several tests already mentioned.
Should the direct isolation of the arsenions acid in substance prove
unsuecessful, other methods for ascertaining its presence must
be then resorted to. The organiec matters, as finely divided as pos-
sible, are brought into a flask or retort provided with a condenser
and well cooled receiver, fused common salt or pure rock salt,
and a quantity of pure sulphurie acid not sufficient to decompose
the entire amount of the salt, are then added, and the mixture
subjected to distillation (Fig. 66). In the presence of arsenie, the

Fia, 66,

very volatile and poisonous arsenic trichloride, AsCly is formed,
which, in the presence of water, is decomposed into arsenious and
hvdrochlorie acids: 2AsCl, + 3H,0 = As,0, + 6HClL. The dis-
tillate thus obtained, which contains the arsenic in quite a pure
state, may be at once precipitated by hydrogen sulphide, or em-
ployed in part for the application of the previously described
tests.

The above method for the separation of the arsenic is oniy
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applicable, however, when present in the form of arsenious acid
or its salts; and in order to ascertain the presence of arsenical
compounds in general, which may possibly be accompanied also
by other poisonous metallic compounds, the following method may
be resorted to. _

The substance under examination, in the finest possible state of
division, is first deprived as completely as possible of organic
matter, an operation which is most effectually and conveniently
accomplished by first placing it in a large porcelain dish, and
diluting it with sufficient water to form a thin paste. Concen-
trated hydrochlorie acid, eqnal in amount to the volume of sub-
stance, and a few grams of potassium chlorate are then added, and
the mixture heated upon the water-bath; the addition of potas-
sium chlorate being from time to time renewed, and the evapo-
rated water or expended acid being also renewed, if necessary, until
finally the mixture assumes the form of a thin, homegeneous, yel-
lowish lignid. A small additional quantity of potassinm chlorate
mav now be added, and the mixture again heated until the odor
of chlorine entirely disappears. The solution, which should still
possess a strong aeid reaction, is then filtered into a small flask,
and, after heating to about 60-80° C. (140-176° F.), saturated
with hydrogen sulphide, the flask loosely stoppered, and allowed
to stand in a warm place for about twenty-four hours. If the
odor of the gas should have disappeared after standing, the solu-
tion must be again warmed, and subsequently again saturated with
hvdrogen salphide, until complete Freaipitation is finally effected.
The precipitate thus obtained is collected on a filter, washed with
water previously saturated with hydrogen sulphide, and, in con-
gideration of the possible presence of the sulphides of other metals
than arsenic, digested with ammonium su}'phidm The solution
thus obtained is brought upon a filter, and the filtrate, together
with the washings, evaporated in a poreelain capsule, by the aid
of a gentle heat, to dryness, The residue i1s then treated with
concentrated nitrie acid, and the obtained solution evaporated at
a gentle heat until the residue no longer shows a dark coloration,
but in a moist condition appears of a yellowish hue. A small
quantity of pure sodium hydrate, sufficient to neutralize the free
acid, is then added, the mixture evaporated to dryness, subse-
quently mixed with the proper quantity of a mixture of one part
of fused sodium carbonate and two parts of sodium nitrate, and
bronght into a small porcelain crucible, and, with a graduall
increased temperature, heated to fusion. The fused mass, whic{
will contain the arsenic in the form of soluble sodium arseniate,
1s treated with water, the soluble portion filtered off, and the re-
sidue washed with water containing a little alcohol, when any
antimony present will remain behind as insoluble sodium antimo-
niate. To the arsenical solution a small quantity of sodium biear-
bonate is added, or preferably carbonic acid gas is passed into the
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solution, in order to separate any traces of tin which may have
become dissolved, and the solution filtered., The solution is now
strongly acidulated with dilute sulphurie acid, and carefully evap-
orated, at a gentle heat in a porcelain capsule, until vapors of
gulphurie¢ acid begin to appear, in order to effect the removal of
the nitric and nitrous ucidlf The residue in the capsule, which
will form a ecolorless, strongly acid liquid, is to be diluted with
water, and 1s then adapted for the application of the several tests.
If a quantitative estimation of the arsenic is desired, it may be either
Hrempitamd from the warm solution direetly, or, after previous re-

uction by means of sulphurous acid, as arsenic trisulphide, and
weighed as such; or precipitated in the form of the crystalline
ammonio-magnesiam arseniate by the addition of test magnesinm
mixture. 100 parts of arsenic trisulphide, As,S, when dried at
100® C. (212° F.), correspond to 8049 parts of arsenious oxide,
As, 0, or 61 parts of metallie argenic ; and 100 parts of ammonio-
magnesium arseniate, NH Mg AsO,41H,0, dried at 105° C. (221°
F.), correspond to 52.11 parts of arsenious oxide, As O, or 3947
parts of metallic arsenie.

Detection of Arsenic in Coloring-matters, Wall-paper, Fabrics,
eto.—The employment of arsenie in the grepur&t.iun of some of
the aniline colors, and the application of Scheele's Green (eupric
arsenite) or Schweinfurth Green (cuprie arsenite and acetate) in
painting, paper staining, ete., often renders the examination of
various materials and products for arsenic necessary or desirable,
The following method, which is simple and accarate, will admit
of general application :

’gﬁe material to be examined is finely divided, and, when pos-
sible, the coloring-matter separated from the material (wood,

aper, cotton, wool, silk, ete.) to which it is attached. It is then
Emught into a poreelain capsule, concentrated hydroehloric acid
and a little potassium ehlorate added, and ﬁmdual] y heated upon
the water-bath. The organie substances will thereby become com-
pletely destroyed and dissolved, or, after the complete oxidation
of the coloring-matter, may be mechanically removed from the
capsule. A little potassium chlorate is oceasionally added to the
solution, which is further heated on the water-bath, and finall
evaporated to dryness, to effect the complete removal of the free
chlorine. The residue is then dissolved in water with the addi-
tion of a little dilute sulphurie acid, and finally examined in
Marsh's apparatus, as described on pages 33 to 306.

Another method consists in digesting the material to be ex-
amined, or the coloring-matter removed therefrom, with hydro-
chloric acid, spec. grav, 1,12, for about one hour, subsequently
warming gently, and finally heating a portion of the liquid thus
obtained, in a test-tube, with a.concentrated solution of stannous
chloride, or a piece of pure tin-foil; if arsenic be present a brown
coloration, or a brownish-black precipitate, will be produced. As



ACIDA. 185

a confirmative test the precipitate may be collected on a small
filter, washed with a little dilute hydrochloric acid, subsequently
dissolved in nitrie acid, and the filtered solution evaporated at a
gentle heat, in a porcelain capsule, to dryness. The residue, dis-
solved in a little water, is then adapted for further examination
by the application of Marsh’s test. _

[f the article under examination is suspected to contain Schwein-
furth or Scheele’s Green, a small portion may be digested with
ammonia-water, which will thereby assume a deep blue color, A
portion of the ammoniacal solution, after acidulation with dilute
sulphurie acid, may then be tested in Marsh’s apparatus for arsenice,
and another portion, acidulated with hydrochloric acid, tested with
potassium ferrocyanide, when a reddish-brown coloration will
reveal the presence of copper.

ACIDUM BEENZOICUM.

ACIDUM BENZOICUM SUBLIMATUM. FLORES BENZOES.
Benzoic Acid, Phenyl-formic Aeid. Benzol-carbonde Aeid,

Ger. Benzoésiure ; Fr. Acide benzoique ; Bp. Acido benzoico.
C,H,0, = C,H,~CO-OH; 122.

Colorless, soft, feathery needles, or lamina, of a silky lustre,
inodorous when cold and pure, but developing a faint odor when
gently warmed. The agreeable aromatic odor of the officinal
benzoie acid is due to traces of essential oil. When derived from
solutiong, benzoic acid forms colorless, pearly needles or laminwe
of six-sided prisms. When warmed, the acid begins to volatilize
below 100° C, (212° F.), and melts at 121 C, (249.8° F.), forming
a colorless liquid, which, on cooling, solidifies to a mass of radi-
ating crystals; at 145° C. (293° F.) it volatilizes freely, and at
240-250° C. (450.2-482° F.) boils, without decomposition, emitting
acrid and irritating, inflamable vapors, When heated with water,
it is also volatilized to a certain extent with the aqueous vapor;
and when heated with an excess of freshly slaked lime, benzol is
evolved.

Benzoie acid is soluble in 500 parts of water at 15 C. (59° F.),
and in 15 parts of boiling water, the solutions possessing an acid
reaction ; it is also soluble in 8 parts of cold, and 1 part of boiling,
aleohol, in 3 parts of ether, T parts of chloroform, and freely solu-
ble in carbon bisulphide, warm petroleum benzin, glycerin, and
many volatile and fatty oils, as also in solutions of the alkaline
hydrates. Concentrated sulphurie acid dissolves benzoic aeid
readily, without decomposition, and without coloration, if pure,
the officinal acid produecing a slight brownish coloration; on the
addition of water it is precipitated unchanged. A concentrated
aqueous solution of benzoic acid, when carefully neutralized by
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ammonia-water, produces, on the addition of a solution of ferric
chloride or sulphate, a reddish-yellow or flesh-colored precipi-
tate of basic ferrie benzoate, which dissolves on the addition of a
small quantity of warm hydrochlorie acid, and, upon cooling,
benzoic acid 1s again separated, re-dissolving on the addition of
aleohol or ether.

Pure benzoic acid does not melt under water, but certain im-
purities, even when present in but small amount, impart to it this
property, at the same time rendering it more freely soluble in
water, and cansing the formation of smaller erystals. These obser-
vations formerly led to the incorrect acceptance of the existence
of different modifications of the acid, as derived from different
sources; a supposition which is not in harmony with the present
views of the constitution of benzol derivatives, according to
which, but one mono-substitution product of benzol is capable of
existence, whilst the error of the conclusion may be also demon-
strated by the purification of such an acid, either by distillation
with aqueous vapor, treatment with potassinm permanganate, or
other means, when a produet possessing all the dphysiuu.l and
chemical properties of the pure acid will be obtained.

Examination :

Hippuric acid, as is well known, is resolved by the action of
hydrochlorie aecid, and other agents, into benzoie acid and glyco-
coll, and much benzoie acid is obtained from this source.

CH,—CO-OH
|
NH—CO-C,H,

Hippur}c acid. Glft:',uml'l. Benzoic acid.

Such acid, althongh ehemically identical with the acid obtained
from benzoin or other sources, is usually accompanied by an un-
pleasant, persistent odor, which renders it objectionable for phar-
macentical or mediciual purposes unless further purified, or the
characteristic and agreeable odor of the officinal acid subsequently
imparted to it by mixing with a portion of benzoin, and subjecting
it to sublimation. e/

Hippuric acid may be distinguished from, or recognized in, ben-
zoie acid, by heating, in a test-tube, a small portion of the acid
with about twice its weight of dry potassium hydrate, and a little
water ; if hippuric aeid is present, it will be indicated by the odor
of ammonia, as also by the formation of white vapors, when a
glass rod, moistened with acetic acid, is held over the orifice of the
tube. It may also be recognized by forming a very dark colored
or black solution when warmed with concentrated sulphuric acid ;
and when heated for itself in a glass tube an odor resenbling that
of bitter almond oil is produced, accompanied by the final pro-
duetion of a black, earbonaceous, or resinous like residue.

Chioro-benzoie acid may be recognized by mixing a small por-
tion of the acid with a little recently ignited and moistened cuprie

+ H,O = CH(NH)CO-OH + C,H,-CO-OH
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oxide, and introducing the mixture, contained on the looped
end of a platinum-wire, in the non-luminous flame; a green or
bluish-green color imparted to the flame wonld indicate a coun-
tamination with chlorinated compounds.

Cinnamie acid may be detected by the development of the odor
of bitter-almond oil, when a small portion of the acid is gently
heated in a test-tube, with an equal quantity of potassium bi-
chromate and sulphurie acid, and allowed to eool; or when gently
heated with about an equal quantity of potassium permanganate
and a little water.

Salieylic acid may be detected by the production of a violet
coloration upon the addition of a drop of a solution of ferrie ¢hlo-
ride to the aqueons golution of the acid,

Boric acid may be recognized by the green coloration of the
flame of burning alcohol, previously saturated with the aecid.

Ozalic acid may be readily detected by its much greater solu-
bility in cold water, and, when subsequently nemtralized by
ammonia-water, a white precipitate of caleium oxalate will be pro-
duced on the addition of a solution of ealeium sulphate.

Mineral substances, not readily volatilizable or soluble in aleo-
hol, may at onee be detected by a residue left on volatilization, as
well as upon solution of the acid in aleohol. If any fixed residue
is left, it may be dissolved in warm water acidulated with nitrie
acid, and tested with barium nitrate for sulphates, and with ar-
gentic nitrate for echlorides, and, after neutralization with ammonia-
water, with the latter reagent for phosphates.

ACIDUM BORICUM.

Borie Acid. Ortho-borie Acid. Boracis Acid.
Ger. Borsiure ; Fr. Acide boracique ; Sp. Acido bérico.

H,BO,=B(OH),; 62.

Colorless, translucent, shining, six-sided laminz (Fig. 67) belong-
ing to the tri-clinic system, permanent in the air, and somewhat
unctuous to the touch. TIts specific gravity
is 1.4347 at 15° C, (59° F.). Fic. 67.

Borie acid is soluble in 25 parts of cold,
and in 3 parts of boiling, water. The solu-
tion has but little taste; it feebly affects blue
litmus-paper, but imparts to turmerie-paper
a reddish-brown tint, which becomes more
distinet after drying.*

The acid is also soluble in 15 parts of cold,
and in 5 parts of boiling, alecohol, and the

* A similar coloration is produced by alkalies with turmeric paper, but the
eolor disappears on the addition of hydrochloric acid, whilst that produced by
borie acid remains unaltered,
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solution burns, when ignited, with a flame tinged with green. The
same green tint may be observed when the acid is dissolved in
warm concentrated glycerin, the latter heated to boiling, and the
vapors then igmted, or when a small portion of the acid, con-
tained on the looped end of a platinum-wire, is brought into the
fusion zone of a non-laminous flame. The salts of copper and
thallinm, as also some organic compounds, impart a green colora-
tion to the flame, but these are usually readily distinguished by
other physical or chemical characters,

When borie acid is heated to 100° C, (212° I.), it parts with 1
moleeule of water of constitution (not erystallization), and is con-
verted into meta-borie aecid, BO(OH); if heated for some time at
140° C. (284° F.), pyro-boric acid, B,O(OH), is formed, which may
be cousidered as produced from 4 molecules of the ordinary
or ortho-boric acid, by the abstraction of 5 molecules of water,
4B(OH),—5H,0=B,0,(0OH),. This acid, which iz dibasi¢, forms
very stable salts, of which the ordinary borax may be taken as a
represeutative. If borie acid be heated to redness, a further de-
composition takes place, by which from 2 molecules of the acid 3
molecules of water are abstracted (corresponding to a loss of 43.55
per cent. in weight), and boron trisxide, B,0,, is obtained.

9B(OH),— 3H,0=B.0,.

This forms a glassy, transparent, and very hygroscopic solid,
which readily unites with water to form borie acid. It possesses
the property of dissolving most metallic oxides at a red heat,
which frequently impart characteristic colors to the mass, and
thus render it, or the more commonly employed borax, a valuable
agent in blow-pipe analysis,

Examination :

A small portion of the erystals of borie acid is added to five
times its weight of water in a test-tube, and heated ; a clear and
complete solution must take place, and, when part of the hot solu-
tion ig dropped into aleohol, no turbidity or precipitate must
ensue; otherwise the presence of admixtures insoluble or less
soluble in water or aleohol is indicated.

It should dissolve in warm conecentrated sulphurie acid without
disengagement of gas bubbleg, and without ﬂﬂ?ﬂ]‘aﬁf}n, and, when
cold, the solution should afford no coloration upon the addition of
a saturated solution of ferrous sulphate, which would prove the
absence of nitrates.

Metallie impurities may be recognized in the agueons solution
of the acid by an ensuing dark coloration or a precipitate when
saturated with hydrogen salphide, or upon the subsequent addition
of ammoninm sulphide.

Caleium and Sodium Salts—The former may be detected in the
aqueous solution of the acid by an ensning white precipitate when
tested with ammonium oxalate, and the latter by heating a frag-
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ment of the acid, contained on the looped end of a platinum-wire,
in the non-luminous flame; a persistent yellow color imparted to
the flame would indicate the presence of sodium salts or borax.

Chlorides and sulphates are detected in the agueous solution,
acidulated with nitrie acid, by white precipitates, when tested with
argentic nitrate and barium nitrate respectively.

Estimation :

The estimation of free boric acid may be accomplished by
adding an accurately weighed quantity of pure, fused sodium
carbonate (about 2 parts of carbonate to 1 part of acid), evapo-
rating to dryness, after the addition of the carbonate, if the acid
slmuﬁl be in the form of solution, finally heating the residue to
the point of fusion, and, when cold, determining its weight. The
amount of carbonie acid contained in the fused mass is now deter-
mined, as described on page 86, and, from the difference in the
amount of carbonie :miE contained in the weighed ciuantit,_}r of
carbonate taken, and that determined after fusion with the acid,
the amount of carbonic acid expelled by the borie acid is ascer-
tained, from which the equivalent amount of boric acid may
readily be calculated.

ACIDUM CARBOLICUM.

Carbolic Acid, or Phenic Acid. Phenol. Phenylte Aleohol. Hydroxyl-benzol,

Ger. Carbolsiure ; Fr. Acide carboligque ; Sp. Acido carbélico.

Long, colorless, prismatic needles, or erystalline masses, possess-
ing a peculiar distinctive odor, and a sharp, burning taste, and
having the specific gravity of 1.065 at 18° C. (64.4° F.). When

erfectly pure, as obtained by re-crystallization from warm petro-
eum benzin or other solvents, it undergoes no change, melts at
44° C. (111.2° F.) to an oily, colorless liquid, and boils at 187° C,
(365.6° F.); but, when slightly impure, or through the influence
of certain agencies, as, for instance, ammonia-gas, 1t assumes a
more or less pinkish tint, absorbs moisture on exposure to the air,
and gradually deliquesces. The commercis! 1cid usually contains
a small quantity of cresol, and probably also other homologous
phenols, whiﬁh,“imwever, do not materially modify its essential
properties or value; but the melting-point and factor of solubility
of the pure acid in water become thereby slightly decreased.

Carbolic acid is soluble in 20 parts of water at 15° C. (59° F.);
with about one-tenth of its weight of water it forms a crystalliza-
ble hydrate (C,H,~OH),+ H,0, which remains liquid at tempera-
tures above 16° C. (60.8° F.), and which is rendered turbid by the
further addition of water until 20 parts have been added, when a
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clear and complete solution is formed. It is freely soluble in
aleobol, ether, chloroform, carbon bisulphide, glycerin, acetic acid,
golutions of the alkaline hydrates, and the volatile and fatty oils.
Its agueous solution has no action upon test-paper, coagulates
albumen and eollodion (distinetion from creasote), and assumes a
permanent violet-blue eolor upon the addition of a few drops of a
dilute neutral solution of ferrie chloride; with bromine, in the
form of wapor or in aqueous solution, it vields a floceulent,
white precipitate of the very sparingly snluﬂ!u tribrom-phenol,
CyH,Br~OH, which, by re-crystallization from aleohol, may be
obtained in the form of long, fine, colorless needles,

Carbolic acid is miscible with concentrated sulphurie acid, with
slight evolution of heat, and forms therewith two isomeric sul-
phonic acids of the composition C;H (SOH)OH ; these are distin-
guished and may be separated from each other by the difference
in solubility of their salts (sulpho-carbolates, sulplio-phenates),
which usually erystallize with great facility. By the action of an
excess of concentrated nitric acid, carbolic acid vields bright
yellow, shiniug, prismatie crystals or laminwe of trinitro-phenol
(pierie acid), C Hy(NO,),0H,

e presence of very small amounts of carbolie acid may be
recognized or detected by the following characteristic reactions
and tests: When an aqueous solution of earbolic acid, to which
a small quantity of ammonia-water has been added, is brought in
contact with the vapor of bromine, a bright blue coloration is
produced. This reaction is =o delicate, that if the ammoniacal
solution of the acid, contained in a test-tube or small poreelain
capsule, be thrown out, a sufficient quantity will still adhere to
the sides of the vessel to produee in contact with the vapor of
bromine the characteristic blue color.

An aqueous solution of carbolic acid assumes, upon the addition
of a littcile mereurous nitrate and a trace of nitrie acid, and heating,
an intense red color, with the separation of metallic mereury.

If to one or two cubic centimeters of pure concentrated sul-
phurie acid, contained in a test-tube, an equal volume of an
aqueons solution of carbolie acid (1: 500) is carefully added, and
a small erystal of potassium nitrate subsequently allowed to fall
into the l)i(quid, a violet coloration will be produced, which is
changed to orange-red upon the addition of water.

Examination :

The quality of earbolic acid is sufficiently recognized by the
above u%amcteriﬂtiﬂs, by its odor, and by its appearance ; in order
to deteet admixtures, the liquified acid may be tested by mixing
it with twice its volume of solution of potassium hydrate. and
warming the mixture by immersing the test-tube in boiling water ;
a complete solution should be formed, which, when cold, should
remain limpid, and not separate any oily liguid upon dilution
with three times its bulk of water.
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Creasote and eresylic acid, or eresol, may be likewise deteeted by
adding to the liquefied acid, containing 5 per cent. of water, an

nal volume of glycerin; a perfectly clear mixtare should be
formed, which should not be rendered turbid by the subsequent
addition of 3 volumes of water, otherwise an undue amount of
the above-mentioned impurities will be indicated.

Estimation :

The estimation of pure carbolic acid in an impure produet may
be accomplished by dissolving a few grams of it in a poreelain
eapsule, by the aid of heat, in a solution of potassium or sodium
hydrate, evaporating the solution to dryness, heating to a tem-
perature not exceeding 170° C. (338° F.), and dissolving the
residue in about ten times its weight of water. To the filtered
solution, sufficient dilute hydrochlorie or sulphuric acid iz added
to liberate the combined carbolic acid, which may then be sepa-
rated by means of a pipette, washed with a saturated solution of
common salt, and finally deprived of water by means of fragments
of caleinm chloride, after which it may be introduced into a dry
glass vessel, and weighed; or, after purification, the agueous
solution of the earbolie acid may be precipitated by bromine-
water, in the form of the sparingly soluble tribrom-phenol,
Gl Br, OH, the precipitate then collected upon a filter, washed
with a very small amount of water, and dried at a temperature
not exceeding 90° C. (194° F.). One hundred parts of this com-
pound correspond to 28.40 parts of pure carbolic acid.

The estimation of carbolic acid may also be effected with con-
siderable accuracy volumetrically, by a process which likewise
depends upon the formation of the sparingly soluble
tribrom-phenol.  Bromine-water (tEc strength of  Fre. 68.
which has been previously determined separately by i
adding an excess of potassium iodide to a measured
portion, and estimating the liberated iodine by means
of a standard solution of sodium hyposulphite, page
94) is added, in slight excess, to a known amount
of an aqueous solution of the earbolic acid; the
number of cubie centimeters of bromine-water re-
‘ll'-”m{,] are then noted, and, after the separation of
the tribrom-phenol by filtration, an excess of potas-
sinm iodide is added to the filtrate, and the liber-
ated iodine, which bears a direct proportion to the
excess of bromine employed, estimated with standard
solution of sodinm hyposulphite, as deseribed on
page 94. The first reaction is expressed by the
equation :

C,H~OH + 6Br = C,H,Br,,OH + SHBr,
W

94 450
As 480 parts of bromine thus correspond to 94

K
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arts of carbolic acid, the amount of pure earbolic acid contained
n a weighed quantity of the acid, or in a measured quantity of its
acueous solution, may readily be calenlated.

The amount of water contained in solutions of earbolic aeid
may be determined by ﬂgﬁiﬂ-ill? it, in a graduated cylinder (Fig.
63), with an equal volume of ehloroform, and allowing the mixture
to repose until it separates into two layers; the upper layer will
consist of the water originally present in the solution,

ACIDUM CHROMICUM.

Chromie Aedd,  Ohromie Anlydride. Chromivm Triozide.

Ger. Chromsiure ; Fr. Acide chromique ; Sp. Acido crémico.
Cr0,; 100.4.

Long, scarlet, rhombic prisms, of considerable lustre, or masses
of loose, bright red, acicular crystals; very deligueseent, and
therefore frequently presenting a moist appearance. Tts specific
gravity is 2.819 at 20° C. (68° F.). At 193° C, (3794° F.) it
melts to a dark red liguid, which, on ecooling, solidifies to a red-
dish-black, crystalline mass, having a metallic appearance; at
temperatures above 250° C. (482° F.) it is decomposed into chro-
minm sesquioxide, Cr0, and oxygen: 2CrO,= Cr,0, + O..
Chromic acid dissolves readily and without decomposition in
water, cold diluted alecohol, and in pure ether; it alzo dissolves in
glacial acetic acid, and in concentrated sulphuric acid, but not in
the latter when containing from 16 to 17 per cent. of water. Its
golution In water, in which the presence of true chromic acid,
H,CrO,, is assumed, is, when concentrated, of a yellowish-brown
color, but, on further dilution, it assumes a pure yellow color, and
possesses an acid reaction and an acid and astringent taste,

Chromie aecid is a powerful oxidizing agent, decomposing most
organic substances, and becoming readily reduced to chromic
oxide. This reduction ig effected by hydrogen sulphide, sulphur-
ous and arsenious acids, as also by various organic substances,
such as oxalic aecid, sugar, paper, ete,, particularly on warming,
for which reason its solution cannot be filtered through paper.
If strong aleohol be poured upon the acid, the alcohol becomes
ignited, and, when dissolved in glycerin, the mixture explodes
violently upon agitation,

With hydrogen peroxide, chromie acid forms an intensely blue
eompound, of not yet ascertained composition, which is very
unstable ; it is soluble in water, and may be extracted there-
from by agitation with ether. A somewhat similar and much
more permanent blue coloration is produced when an aleoholie
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tincture of guaiacum wood is added to a dilute aqueous solution
of chromic acid, and is best observed by allowing the liquids to
form two layers, when the coloration will appear at the point of
contact. By means of this easily applied reaction exceedingly
amall amounts of chromic acid may be recognized, although it
should be remembered that other oxidizing agents show a sinilar
behavior. An aqueous solution of chromic acid, after the addition
of a few drops of' hydrochlorie acid and a few drops of aleohol,
assumes, upon heating, a bright green color, with the evolution
of etherial vapors. A similar green coloration is immediately
produced by concentrated hydrochlorie acid, or by the action of
the reducing agents previously mentioned, such as sulphurous
acid, hydrogen sulphide, ferrous salts, ete.

Examination :

Sulphuric acid may be detected by boiling a diluted solution of
the acid, to which a few drops of hydrochlorie acid and a little
aleohol have been added, until the liquid appears green. It is
then tested with barium chloride, when an ensuing white precipi-
tate will indicate the presence of sulphuric acid. Traces of sul-
phuric acid, from the difficulty of effecting its complete removal,
will usunally be found, and the following test may serve to estab-
lish its limit for pharmaceutical application. One gram of chro-
mie acid is dissolved in 100 cubic centimeters of cold water, and
the solution mixed with 10 cubie centimeters of hydrochlorie
acid : the further addition of 1 eubic centimeter of test-solution
of barium chloride should eanse not more than a white turbidity.

Potassium bichromate or sulphate, which should not be present
in any considerable amount, may be detected by igniting a por-
tion of the acid in a platinum crucible, and extracting the re-
sidual chromie oxide with boiling water. A portion of the neu-
tral solution is then tested with barinm chloride, when a yellow
precipitate, insoluble in acetie, but soluble in hydrochlorie, acid,
will prove the presence of chromate; another portion, previously
acidulated with hydrochlorie acid, will, with the same reagent,
yield a white precipitate, if sulphate be present.
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ACIDUM CITRICUM.
Citrie Aeid,

Ger. Citronensiiure ; Fr. Acide citrique ; 8p. Acido citrieo.

CH,~CO-OH

| L or
CHO, + HO = (a5 op + HO; 210.
CH,-CO-0OH

Colorless, rhombie prisms, with dihedral summits (Fig. 69),
containing one molecule (8.6 per cent.) of water of erystallization,
and having the specific gravity 1.617. They are permanent in
the air, bat slightly efflorescent in a dry and warm atmosphere,

and becoming moist in a damp one, and
Fre. 69. possess an agreeable, purely acid taste, and
an acid reaction.

The acid melts at 100° C. (212° F.) in
its water of erystallization, and, when de-
prived of water, at 153 to 154° C. (307.4
to 300.2° ). Exposed to a strong heat,
the acid first fuses, and afterwards becomes
decomposed, with the separation of earbon,
and the evolution of earbon monoxide,
carbon dioxide, acetone, and empyreumatic
acid vapors, finally becoming wholly dissi-
pated. It dissolves in concentrated sul-
phuric acid on gently warming, at first
without coloration, and with the rapid evo-
lution of carbon monoxide and carbon
dioxide gases, but afterwards becomes
blackened, with the development of sulphurouns acid vapors,

Citric acid is soluble in 0.75 part of cold, and in 0.5 part of
boiling, water, in 1 part of aleohol at 15° C. (59° F.), and in 0.5
part of boiling aleohol, and in 48 parts of ether; it is nearly in-
soluble in absolute ether, chloroform, benzol, and benzin. Tts
aqueous solution possesses a strongly acid taste and reaction, and,
when exposed to the air, is subjeet to gradual and spontaneous
change,

When eitric acid, with abont three times its weight of ammo-
nia-water, contained in a sealed tube, is allowed to repose for
some weeks at about 100° C, (212° F.), and the solution then
allowed to evaporate slowly in a shallow open vessel, it assumes
a beautiful deep blue eolor.

Citrie acid forms no precipitate with potassinm salts (exeept
the tartrates), and, when sparingly added to lime-water, so that
the alkaline reaction still predominates, it does not render it tur-
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bid (distinetion from oxalie, tartarie, and racemic acids); when,
however, the liquid is warmed and agitated, it becomes turbid,
but transparent again upon cooling.

Examination : )

In order to obtain an average sample of the crvstallized acid
for examination, it is advisable to reduce to powder a consider-
able portion of the crystals, and to make from a small portion of
the powder two solutions: an aqueous one, in the proportion of 1
part of the acid to 2 parts of water; and an alcoholic one, in the
proportion of 1 part of acid to 4 parts of aleohol.  Both the solu-
tions should be complete and clear. _

Tartaric acid is detected by the formation of a granular white
precipitate, when 2 parts by measure of the above aqueous solu-
tion and 1 part by measure of the aleoholic solution are mixed
together, and agitated with 1 part by measure of a concentrated
solution of potassium acetate. The presence of more than 1 per
cent. of tartaric acid may be ascertained by the ensuing darkening
of the liquid within five minutes, when one gram of citric acid is
dissolved, without heat, in 10 enbic centimeters of a cold, satu-
rated solution of potassium bichromate,

When many samples of the erystallized acid have to be ex-
amined, the following method is also aﬂ?liﬁable:

A large glass pane is placed upon blue or dark-brown paper
on a horizontal table or board; a solution of potassium hydrate
in diluted aleohol (1 part of dry potassium hydrate in 20 parts of
distilled water and 10 parts of strong aleohol) is then spread over
the pane as thick as will remain stationary upon it; a number of
erystals and fragments of the acid are now placed from one to
two inches apart, in this ligunid, the crystals of each sample
separate. Instead of a glass pane, small plates may be employed.
Agitation being carefully avoided, the citric acid crystals, after
several minutes’ action of the alkaline solution, appear clearer
and more transparent; if crystals of tartaric acid be present, they
will be recognized by their cloudy and white appearance; after
two or three hours, the crystals of citrie acid are nearly or quite
dissolved, and in their stead is frequently left a small, delicate,
dust-like spot (due to traces of caleium salts); if crystals of tar-
taric acid be present, they will appear whitish, covered with a
coat of small transparent acicular crystals, and surrounded by a
deposit of small overlapping groups of similar erystals, or a thin,
though broad, erystalline film (all erystals of potassinm bitartrate).

Metallic impurities may be detected in the agqueous solution by
a dark coloration or tarbidity with hydrogen sulphide ; if it be so
considerable as to form a deposit, this is collected and washed
upon a filter, and then dissolved in a few drops of warm nitrie
acid ; to the obtained solution a few drops of dilnte sulphuric acid
are added, when a white precipitate will indicate lead; after the

remnvalﬁ of the latter by filtration, the liquid, upon supersatura-
1
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tion with ammonia-water, will assume a blue color if copper be
present.

Sulphates may be deteeted in the diluted agqueous solution, to
which a few drops of diluted nitrie acid have been added, by a
white precipitate with barinm nitrate,

Oxalic acid will be indicated in the aqueons solution by a white
precipitate, soluble in hydrochlorie acid, upon the addition of a
solution of ealeium sulphate,

Caleiwm salts, traces of which are usually present in the com-
mercial acid, will be deteeted by the production of a white preci-
pitate or an opalescence upon the addition of a solution of ammo-
nium oxalate.

Estimation : :

One hundred parts of citric acid neutralize 98.57 parts of dry,
anhydrous potassinm carbonate, 142.85 parts of potassium bicar-
bonate, 204.28 parts of erystallized sodiom earbonate, 120 parts
of sodium bicarbonate, and 63.20 parts of magnesium carbonate.

Citric acid may be estimated volumetrically by means of a
standard solution of potassinm or sodium hydrate, page 87, one
cubic centimeter of which, if exactly normal, corresponds to 0.07
gram of pure erystallized acid; or 35 grams of the acid should
require for complete nentralization 50 cubic centimeters of the
standard alkali solution. The point of neantralization, as deter-
mined by litmus, is, however, in the case of citric acid not clearly
seen, and only approximately correct results can thus be obtained.
It may be more correctly estimated by the following gravimetrie
woeess. A weighed quantity of the aeid, or its aqueous solution,
is carefully neutralized by ammonia-water, a slight excess of a
perfectly neutral solution of barinm acetate added, and finally a
volume of 95 per cent. aleohol, equal to twice the volume of the
mixture. The precipitate is then collected on a filter (the weight
of the ash of which has been previously determined), washed with
63 per cent. alcohol, and dried at a moderate heat. The barium
citrate is then transferred to a porcelain crucible, the burned filter
added, and, after the addition of a little eoncentrated sulphurie
acid, it is repeatedly ignited until the carbonaceous matter is
removed, and the entire amount of barium citrate has become
completely converted into barium sulphate. From the amount
of t{:e latter its equivalent in eitrie acid may be readily deter-
mined ; 1 part of barinm sulphate corresponding to 0.601 part of
crystallized citrie acid.
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TasLE of the parts by weight of erystallized Citric Acid contained in
100 parts by weight of agqueous solutions of the acid of different
specific gravities ( Gerluch). ]

Temperature 152 C, (592 F.).

Specifie | Per cent. of Specifie Per cent. of Bpecific Per cont. of
gravity. i eitrle acld, Eravivy, citrie acid. graviey. cltric neid,
1.0087 | o1 e T | P T 45
1.0074 g || 10972 24 11998 | 46
1.0111 PRI R T R B R | R T R R T
1.0149 4 1.1060 | 926 1.2108 = | 48
1.0186 5 1.1106 a7 | 19168, .| - 49
1.0227 6 1.1152 28 1.92041 | 50
1.0268 T k1168 |- 2 19257 | 51
1.0309 8 112489 | o 80 1.2807 | 52
1.0850 9 1.1288 31 1.2359 5%
1.03916 10 | 1.13338 92 1.2410 54
1.0481 i) 1.1378 88 || . 1.2468 55
1.0470 121 1.1422 84 ¢ 19514 56
1.0500 13 1.1467 TR ST T R R
1.0549 14 1.1515 36 | 1.2627 58
1 0588 15 | 1.1564 87 1.2683 50
1.0632 16§ 1.1612 38 1.27382 G0
1.0675 17 1 1661 50 1.2704 61
1.0718 18 | 1.17098 40 1.2549 G2
1.0762 19 | 1.1750 4 || 1.2904 63
1.08052 20 1.1814 42 1.2060 Gd
1.0848 a1 | 1.1851 43 || -1 1.8015 65
1.0889 ag- . | 1.1899 44 || 18071 | &8

ACIDUM GALLICUM.

Gallic Acid,
Ger. Gallussiiure; Fr. Acide gallique; Sp. Acido gilico.

. GHO4HO = CH s + H,0; 188

Small acicular prisms or silky needles, or a erystalline powder,
nearly colorless, or of a pale fawn color, and containing 1 molecule
(9.57 per cent.) of water of erystallization.  When heated to about
100° C. (212° F.) the acid loses its water of ecrystallization, at
about 200° C. (392° F.) it melts, and when heated to about 215° C.
(4197 F.) it is resolved into carbon dioxide and pyrogallol or pyro-
gallic acid, which latter sublimes in small erystalline plates; when
exposed to a strong heat, with free access of air, gallic acid burns
away without residue.
_ Gallic acid is soluble in 100 parts of cold and in 3 parts of hoil-
ing water; in 4.5 parts of cold and in 1 part of boiling aleohol ;
i 40 parts of absolute ether; and is also sparingly soluble in
chloroform, benzol, benzin, and glycerin.
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The aqueons solution has an acidulous and astringent taste and
an acid reaction, and is liable to spontaneous decomposition on
exposure to the air; it gives no precipitate with solutions of fer-
rous salts, if’ free from ferrie salt, but it gives a bluish-black pre-
{:irimte with solutions of ferrie salts, the color of which disappears
when the liquid is heated, from the reduction of the ferric to fer-
rous salt, at the expense of the gallic acid. A solution of gallie
acid, when dropped into lime-water, produces a white turbidity,
which soon becomes blue, and passes through a greenish or violet
tint to a purple color. The solution forms no precipitate with
argentic nitrate, but reduces it to metallic silver, gradually at
common temperatures, at once when heated.

Solutions of the alkaline hydrates, as well as coneentrated sul-
phuric and nitrie acid, when poured upon dry gallic acid, dissolve
it, with a deep-red color,

Examination :

Tannie neid may be detected by a white precipitate, when the
solution of the acid is added to a dilute solution of gelatin, or by
a precipitate occasioned with solutions of alkaloids, albumen,
antimony and potassinm tartrate with ammonium chloride, and
selatinized starch.

Sugar and dextrin remain behind upon solution of the aeid in
strong aleohol.

Resinous admixtures will remain undissolved, and float upon
the surface, when a small portion of the acid is dissolved in
boiling water.

ACIDUM HYDRIODICUM.

ACIDUM HYDRIODICUM DILUTUM,
Hydriodie Acid. Diluted Hydriedic Acid,
Ger. Jodwasserstoffsiiure ; Fr. Acide hydriodique ; Sp. Acido hidroiddico.

A clear, colorless liquid, which, when concentrated, possesses a
pungent odor, a strongly acid taste and reaction, and fumes by
exposure to the air. The acid, satnrated at 0° C. (32° F.), has
the specific gravity 1.99. Such an acid, “l;fm warming, develops
a large amount of hydrogen iodide, until the temperature of 55°
C. 51131“ F.) is attained, and on further heating, in an atmosphere
of hydrogen (to prevent oxidation and liberation of iodine), the
temperature rapidly rises to 127° C. (260.6° F.), when an acid of
constant composition distils over, having the specific gravity of
1.7, and containing 57.7 per cent. of hydrogen iodide. When a
weak acid is subjected to distillation, it loses at first principally
water, until at 127° C. (260.6° F.) an acid of constant composi-
tion distils over, of the strength above mentioned.
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The diluted hydriodic acid has usually a specific gravity of
1.077 at 12 to 14° C. (53.6 to 57.2° T.), corresponding to 10.15
per cent, of true hydriodic acid. ] :

Hydriodic acid in its aqueous solution rapidly undergoes oxida-
tion by exposure to the air, wil;ll_tllq liberation of iodine, I-!IE
originally colorless solution assuming in consequence of the dis-
solved iodine a brown eoloration, and will then impart a blue color
to mueilage of starch, and a red or violet one to chloroform or
carbon bisulphide when agitated therewith. The dilute solution
of the acid assumes upon the addition of a few drops of concen-
trated nitrie acid, or a little chlorine-water, a brown or yellowish-
brown eoloration, due to the liberated iodine, which may be
recognized by its action upon starch, or by agitation with a few
drovs of chloroform or carbon bisulphide as above deseribed.

Hydriodic acid produces with a solution of argentic nitrate a
pale yellow precipitate of argentic ilodide, which becomes but
slowly discolored by exposure to light, is nearly insoluble in ammo-
nia-water, and quite insoluble in dilute nitrie acid ; with palladinm
chloride it yields a black precipitate of palladium iodide, insoluble
in nitrie acid; and with plambic acetate a bright yellow precipi-
tate of plumbic iodide, which is insoluble in cold, but soluble
in hot water, and in a solution of potassium iodide or sodium
hydrate.

Examination:

The acid should be colorless or nearly so, and when a portion is
evaporated in a small poreelain capsule, at a gentle heat, it should
leave no residue (absence of phosploric acid or fived impurities).

Hydrochlorie acid may be detected by completely precipitating
a small portion of the acid with argentic nitrate, collecting the
precipitate upon a filter, and digesting it with ammonia-water;
the ammoniacal solution is then filtered, and supersaturated with
nipiia acid, when a white precipitate will indicate hydrochlorie
acid,

flydroliromie acid may be detected by completely precipitating
a small portion of the acid with palladium chloride, filtering the
solution from the precipitate of palladium iodide, and adding
thereto a little chlorine-water; if hydrobromic acid is present
bromine will be liberated, imparting a yellow color to the solution,
as well as to a few drops of carbon bisulphide or chloroform, sub-
sequently added and agitated with the same.

Hydrogen sulphide will be recognized by a brown or blackish
coloration on the addition of a solution of plumbic acetate.

Estimation:

The strength of aqueous hydriodie acid may be determined by
aseertaining its-specific gravity, and reference to the subjoined
table, or more accurately estimated by the following methods:

I. Volumetrice—(1) About 20 grams of the acid are weighed in
a beaker, diluted with a small amount of water, a few drops of
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litmus solution added, and a normal solution of potassinm or sodium
hydrate (page 87) allowed to flow into the liquid from a burette
until a permanent blue coloration is produced. One cubic cen-
timeter of the normal alkali corresponding to 0.128 gram of abso-
late hydriodic acid, HI, the percentage strength of the acid may
be readily calculated.

(2) The acid may be likewise estimated volumetrically by means
of a standard decinormal solution of argentic nitrate, page 98 ;
one cubic centimeter of the argentic nitrate solution correspond-
ing to 0.0128 gram of absolute hydriodic acid, HI,

IL. Gravimetric—A weighed portion of the acid is completely
E}mcipitated by a solution of argentic nitrate, the precipitate col-
ected upon a filter, well washed with water, amﬁ after drying,
heated in a weighed poreelain erucible at a temperature just suf-
ficient to fuse the argentic iodide. The crucible and its contents,
after cooling, are again weighed, and from the weight of argentie
iodide the amount of hydriodic acid is caleulated; 100 parts by
weight of argentic odide corresponding to 54.46 parts of absolute
hydriodie acid, HI.

TasvLe of the parts by weight of Hydviodic Acid contained in 100 parts
by weight of agueous acid of different specific gravities ( Topsie). -
Temperature 12 to 14~ C. (53.6 to 57.2C F.).

Specifie Per cont. of I Bpecific Par cont. of | Bpecific Per cent. of

gravity. i ‘ gravicy. HI. | graviey, .
1.017 2296 || 1.258 28.41 1.542 49.13
1.052 T.019 | 1.274 50.20 1.573 0.7
1.077 1015 1.500 83,07 1,603 52,43
1,085 12.21 1 347 26,07 | 1.630 eH B LH
1.102 15.09 1.882 38.68 | 1.674 56.15
1.138 15.73 1.418 4045 1. (646G a7.28
1.164 10.97 l 1.4451 45,59 1.708 57.42
1.1481 22.03 | 1.486 45.71 1. 706 57,64
1.825 25.80 1.528 48.22 1.508 ., 07,74

ACIDUM HYDROBROMICUM.

ACIDUM HYDROBROMICUM DILUTUM,.
Hydrobromie Acid. Diluted Hydrobromie Acid.

Ger. Bromwasserstoffsiaure ; Fr. Acide hydrobromique ; Sp. Acido
hidrabrdmico.

A clear, colorless, and, when concentrated, pungent and strongly
acid liquid, which does not readily undergo change by exposure
to the air. When saturated at 0° C. (82° F.), it has a specific
gravity of 1.78, and contains 81 to 82 per cent. of hydrogen bro-
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mide. Such an acid fumes on exposure to the air, and, when
subjected to distillation, develops hydrobromic acid gas, until at
125 to 125.5° C.(257 to 257.9° F.) an acid of constant composition
distils over, having the specific gravity of 1.49 at 14° C. (57.2°
F.), and containing 48 per cent. of hydrogen bromide. When a
weak aqueons acid is subjected to distillation, it loses water, until,
like hydrochlorie acid, at a definite temperature, 125 to 125.5° C.
(257 to 257.9° F.), an acid of constant composition distils over,
which, however, is subject to variation in strength in accordance
with the atmospheric pressure.

The diluted hydrobromic acid (Acidum Hydrobromicum Dilu-
tum, U. 8. P.) has the specific gravity of L.O77 at 15° C. (59° F.),
corresponding to 10 per eent. of absolute hydrobromic acid. Hy-
drobromic acid yields with argentic nitrate a yellowish-white
precipitate of argentic bromide, which becomes but slowly dis-
colored by exposure to the light, is insoluble in dilute nitrie acid,
and sparingly soluble in ammonia-water, but dissolves readily in
a solution of potassium eyanide ; with palladium nitrate (but not
with the chloride) it affords a reddish-brown precipitate of palla-
dinm bromide; and with solations of plumbic or mereurous
nitrates, white precipitates of plumbic or mercarous bromide,
which are sparingly soluble in water. From a dilute solution of
hydrobromie acid or a soluble bromide, no bromine is liberated on
the addition of a few drops of concentrated nitrie acid (distinetion
from hydriodie acid and iodides); chlorine-water, however, when
mixed with the aqueous solution of the acid, liberates bromine,
which imparts a reddish-yellow color to the liquid, and, upon
subsequent agitation with a few drops of chloroform or carbon
bisulphide, it is absorbed by the latter with an orange-yellow
eolor,

Examination :

The acid should be colorless, and, when a portion is evaporated
in a small porcelain capsule, at a gentle heat, it should leave no
residue (absence of phosploric acid or fized impurities).

Bromine.—The presence of bromine will be indicated by a yel-
low or reddish-vellow color of the liquid, and, when shaken with
a few drops of chloroform, will impart an orange-yvellow color to
the latter.

fodine and Hydriodic Acid—Free iodine may be detected by
agitating a small portion of the acid with a few drops of chloro-
form, when'the latter will assume a violet coloration. Hydriodie
acid may be detected by the formation of a black precipitate of
palladium iodide, on the addition of a solution of palladinm c¢hlo-
ride ; or, by an ensuing turbidity, when 5 drops of the acid are
mixed with 5 cubic centimeters of water and an equal volume of
stronger ammonia-water, one drop of solution of argentic nitrate
added, and the whole well mixed.

Hydrochloric acid may be detected by neutralizing the acid with
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baryta-water, evaporating the solution to dryness, igniting the
residue, and finally extracting with absolute aleohol. The barium
bromide will become thereby completely dissolved; should a
residue remain, it is dissolved in water, the solution acidulated
with nitric acid, and tested with solution of argentie nitrate, when
a white preeipitate, soluble in ammonia-water, will prove the
presence of hydrochloric acid.

Sulpliuric acid will be recognized by a white turbidity or pre-
eipitate when a dilute solution of the acid is tested with barium
chloride or nitrate.

Sulphurous Aeid.— A small portion of the acid is added to a few
fragments of pure metallic zinc in a test-tube, and a small piece

of bibulous paper, moistened with a solution of plumbie
Fia, 70.  acetate, placed over the mouth of the tube (Fig. 70);
a discoloration or production of a black stain upon the
paper will prove the presence of sulphurous acid.

Metallic vmpurities may be detected by a dark colora-
tion or a precipitate, upon saturating a dilute solution
of the acid with hydrogen sulphide, or upon the subse-
quent addition of ammoniam sulphide.

Estimation:

The strength of agueous hydrobromic acid may he
determined by ascertaining its specific gravity, and
reference to the subjoined table; or more accurately
estimated by the following methods :

I. Valumetrie.—(1) About 20 grams of the acid are
weighed in a beaker, diluted with a small amount of
water, a few drops of litmus solution added, and a nor-
mal solution of potassium or sodium hydrate (page 87)
allowed to flow into the liguid from a burette until a
permanent blue eoloration is produced. One eubic
centimeter of the normal alkali corresponding to 0.081
gram ol absolute hydrobromie acid, HBr, the percent-
age strength of the acid may be readily calenlated,

To neutralize 16.2 gram of the officinal acid should
require 20 cubic centimeters of normal solution of
potassinm or sodinm hydrate,

(2) The acid may be likewise estimated volumetri-
eally by means of a standard decinormal solution of argentic
nitrate, page 98; one cubic centimeter of the argentic nitrate
solution eorresponding to 0,0081 gram of absolute hydrobromie
acid, HBr.

I1. Gravimetriec—A weighed portion of the acid is completely
wrecipitated by a solution of argentie nitrate, the precipitate ecol-
Ilmte upon a filter, well washed with water, and, after drying,
heatedd in a weighed porcelain erucible at a temperature just
sufficient to fuse the argentic bromide. The crucible and its
contents, after cooling, are again weighed, and from the weight of
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argentic bromide the amount of hydrobromic acid is ealeulated ;
100 parts by weiﬁht of argentic bromide corresponding to 43.08
parts of absolute hydrobromic acid, HBr.

TABLE of the parts by weight of absolute Hydrobromie Aeid contained in
100 parts by weight of agueons avid of different specific gravities ( Biel).
Temperature 152 C. (392 F. ).

Epecifle graviiy.| PM]':;EE-;': at Specific gravity. lmrﬁ'i;':: = Bpacifle gravity, Purﬁ?;‘:_' i
1.0082 1 Ty, TP IR |- R | IR 1 SO A
1ous | &8 {| 1se | 1 || xsee |30
1.0230 | 3 1.163 a0 | . 1.338 a7
1.0305 4 1118 | = _ 1.850 ‘ 58
1.038 ] TE T A (MR T 1.562 40
1.048 [ 1.190 [F5 aE 1.875 | 40
1.058 v 1.200 | 2 1988 | 41
1.061 ] 1.209 a5 1.401 42
1.069 9 Fs | g 1.415 43
1.077 10 1.220 27 | 1,429 44
1.085 11 1.259 28 1444 | 45
1,003 12 1.249 a9 | 1.450 | 48
1.103 13 1.260 30 e | 4w
1.110 14 1.270 81 | 14900 | 48
1.119 15 | 1.241 32 1.496 49
1.127 16 | 1.293 88 | 1.518 | 60
1186 | ' 19 | 1.308 Tl

ACIDUM HYDROCHLORICUM.

ACIDUM MURIATICUM.
. Hydvochloric Acid. Muriatic Acid.

Ger. Balzsiiure, Chlorwasserstoflsiure ; Fr. Acide hydrochlorigue ;
Sp. Acido hidroclérico.

Concentrated hydrochloric acid is a colorless fuming liquid,
of a pungent and suffocating odor and corrosive acid taste; its
gpecific gravity depends upon the quantity of hydrogen chloride
held in solution, and varies in the strong acid between 1.160 and
1.120, corresponding to 32.21 and 24.46 per cent. of absolute hydro-
chloric aecid.

The erude commercial acid has generally a spee. grav, of from
1160 to 1.180, containing 32.21 to 36.29 per cent. of the gas,
together with various impurities, such as sulphuric and sulphurous
acids, chlorine, iron, and organic matters (the two latter of which
impart a yellowish color to the acid), and also frequently arseniec.

Two strengths of hydrochloric acid are officinal: Acidum
Hydrochloricum of the spec. grav. 1.16 (1.16 Brit. Pharm.=32.21
per eent. HCL and 1.124 Pharm. Germ.= 25 per cent. HCI), contain-
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ing 32.21 per cent., and Acidum Hydrochloricum Dilutum of the
spec. grav, 1.049 (L.052 Brit. Pharm.=10.6 per cent. HCI, and
1.061 Pharm. Germ.=12.5 per cent. HCI), containing 10.19 per
eent, of absolute hydrochlorie acid,

Hydrochlorie acid may be recognized by the formation of a
white, curdy precipitate on the addition of a solution of argentic
nitrate; the precipitate is insoluble in nitric acid. but soluble in
ammonia-water and in solutions of potassium cyanide and sodium
hyposulphite, and assumes a violet or blackish-brown color on
exposure to solar light. The acid may also be recognized by the
evolution of chloriue gas, when heated in a test-tube with a little
manganese dioxide.

Examination:

Fized impurities are recognized by a residue, upon evaporation
of the acid in a watch glass. To determine the natare of such a
residue, whether organic or inorganie, or the possible presence of
substances of both classes, it should be strongly heated on plati-
num-foil or in a small poreelain erucible, when organic matters
will burn entirely away, while most inorganic substances leave a
permanent residue,

Sulpluric acid may be deteeted in the acid, after dilution with
at least five times its volume of water, by the formation of a white
precipitate, either immediately or upon standing, on the addition
of solution of barium chloride.

Sulphurous acid may be detected in the filtrate of the preceding
test, after the sulphurie acid, if such be present, has been com-
pletely eliminated, by mixing with it a little chlorine-water; an
ensuing white turbidity would indicate sulphurous acid.* This
may also be recognized or confirmed when to alittle of the hydro-
chlorie acid, diluted with 4 or 5 parts of water, a perfectly clear
and saturated solution of hydrogen sulphide in water is added ;
an ensuing white turbidity or opaleseence, due to the separation
of sulphur, will, in the absence of ferric salts, likewise indicate
sulphurous aecid,

Another very reliable test for sulphurous acid, and which will
at the same time detect the presence of arsenic, consists in adding
to a portion of the aeid, diluted with an equal volume of water,
in a test-tube, a few fragments of pure %'mn ular zine, and cover-
ing the orifice of the tube with a small eap of bibulous paper,
moistened with a solution of plumbie acetate (Fig. T1); or,1f 1t is
desired at the same time to test for arsenie, a cork provided with
two strips of bibulous paper, as shown in the figure, one of which
is moistened with a solution of plumbic acetate and the other with
a solution of argentic nitrate, is loosely inserted in the mouth of
the tube.

* Chlorine and sulphurous acids, when in contact with water, form hydro-
chloric and sulphuric acids; therefore the presence of either one of these
impurities in hydrochlorie acid excludes the other one,

i s
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In the presence of sulphurous acid, l].y}ilmgeu sulphide will be
developed, and produce a blackening of both strips of paper,
whereas, if arsenic alone be present, only the one moistened with
the argentic solution will become discolored. :

Chlorine may be detected by the oceurrence of a blue coloration,
when the acid, diluted with about five times its bulk of water, is
mixed with a few drops of solution of potassium iodide (free from
jodate) and a little mucilage of starch; or by imparting a violet
color to chloroform or earbon bisulphide, when agitated therewith,
after the addition of a few drops of solution of
potassinum iodide. :

Todine and Bromine—About eight volumes
of the acid are agitated in a test-tube with
one volume of ehloroform; after subsidence,
the stratum of chloroform will appear red
when iodine, and yellowish when bromine,
is present. If the chloroform, however, re-
mains eolorless, a few drops of chlorine-water
are added; when, after agitation and subse-
quent subsiding, the chloroform still remains
colorless, the absence of hydrobromic and of
hydriodie acids is also proved.

Metals are detected in the acid, diluted with
at least four times its bulk of water, when
tested with hydrogen sulphide: a white tur-
bidity would indicate sulphurous acid or ferrie
chloride, a vellow one, arsenie, and a dark one,
copper, lead, or tin. In order to distinguish
the latter, the precipitate is collected npon a
filter, washed, and then treated with a little
warm ammonium sulphide; the sulphides of
tin or arsenic would become thereby dissolved,
and, after their removal by filtration, may be
separated by again precipitating them from
their solution by hydrochlorie acid, and digest-
ing the resulting precipitate with a concentrated solution of ammo-
nium carbonate, when the arsenic is redissolved, and upon the
addition of hydrochloric acid in excess is obtained as yellow
arsenious sulphide, whilst the tin by digestion with the ammo-
nium earbonate solution remains undissolved as yellow stannie
sulphide. The portion of the original precipitate insoluble in
ammonium sulphide is washed with water upon the filter, and
dissolved in a small quantity of warm nitric acid. To this solu-
tion a few drops of dilute sulphurie acid are added, when a white
precipitate will indieate lead ; after the removal of the latter by
filtration, if present, ammonia-water in slight excess is added,
when a blue coloration will indicate copper.

fron may be detected in the acid, after its previous dilution with

Fia. T1.
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a little water, by a blue coloration or precipitate on the addition
of solution of potassium ferrocyanide, or by a red coloration on
the addition of potassinm sulphoeyanide.

Arsenic.—The presence of arsenie, if sulphurous acid is absent,
will have been indicated by the previously deseribed test for the
latter, page 154; it may also be recognized by the addition of a
few drops of a saturated solation of stannous chloride, or a strip
of pure tm-foil and a little pure concentrated sulphurie acid, to
the concentrated acid, in a test-tube, and warming very gently. If
arsenic be present, brown flakes will be deposited, or, if the amount
be very small, only a brown eoloration of the liquid will ensue.

The recognition of very small quantities of arsenic may be best
accomplished by the application of Marsh's test, as deseribed on
pages 83 to 36.%

timation :

The estimation of pure hydroehloric acid is most conveniently
accomplished volumetrically by the process of neutralization.
About 5 grams of the acid are accurately weighed in a small
beaker, diluted with a small amount of water, a few drops of
litmus solution added, and a normal solution of potassinm or so-
dinm hydrate (page 87) allowed to flow into the liguid from a
burette until, with constant stirring, by means of a glass rod, the
liguid assnmes a permanent blue tint. One cubic centimeter of
normal alkali solution corresponding to 0.0365 gram HCIL cor-
rected if necessary by itz proper factor, the number of cubic cen-
timeters employed will at once indicate by simple ealeulation the
amount of absolute hydrochlorie acid in the quantity of liquid
taken, and from which its percentage sirength may then be eal-
culated. For the confirmation of the correctness of the result
the specific gravity of the acid may be taken, and compared with
the strength of that indicated in the subjoined table, page 158,

Hydrochlorie acid may also be estimated volumetrically by the
process of precipitation. About one gram of the acid is first
accurately weighed in a beaker or small flask, subsequently
diluted with from 50 to 100 eubic centimeters of water, and, after
exact neutralization with pure sodium carbonate, and the addition
of a few drops of a solution of potassium chromate, as an indi-
eator, a decinormal solution of argentic nitrate (page 98) is
allowed to flow into the liguid from a burette until, with constant
stirring, by means of a glass rod, a permanent red coloration is
produced. One cubic centimeter of decinormal argentic nitrate

# In the application of the above tests for arsenie, sulpliurons acid should be
excluded, as, in the first instance, it produces of itzself with stannons chloride
a vellowish or brown eoloration, and, in the second instance, by the formation
of hiydrogen sulphide in eontact with naseent hydrogen, the arsenic would be
dleposited as insoluble arsenious m:lghide; when sulphurons acid is present, it
should, therefore, first be eliminated by the addition of a very small quantity of
a solution of iodine in potassinm iodide, when the tests as described may be
upplied.
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solntion corresponding to 0.00365 gram HCI, this number, when
multiplied by the number of cubic centimeters of silver solution
employed, will represent the amount of absolute hydrochlorie
acid in the quantity under cxaminntmu_, from which the per-
centage strength of the acid may be readily ealculated. :

The estimation of hydrochlorie acid may be also accomplished
gravimetrically, by adding to a weighed portion, diluted, if neces-
sary, with water, a solution of argentic nitrate until no further

recipitate is produced, and subsequently rendering the liquid
slightly acid, by the addition of a few drops of nitric acid. The
precipitate of argentic chloride is collected on a tared filter,
washed with water, and, after drying at 100° C. (212° F.) until
of constant weight, weighed ; or, the dried precipitate, if sufficient
in amount, is bronght into a small, previously weighed porcelain
crucible, and ignited at a gentle heat. 100 parts of argentic
chloride correspond to 25.43 parts of absolute hydrochloric
acid, HCI.

Rules for the dilution of Hydrochloric Aeid,

For the purpose of diluting a concentrated aeid with water, or
with a weaker acid, in order to obtain an acid of some special
strength, the following simple and concise rules are applicable
and convenient ;— _

If a stronger acid () is to be diluted to form an acid of the
strength (4) by mixing it with water, or with a weak acid (¢), the
difference in percentage strength is sought, on the one hand,
between @ and 4, and, on the other, between & and ¢, and « and ¢
are then mixed in the proportion shown by the difference in
the numbers. It has, however, to be taken into consideration that
when the difference between a and § is greater than between & and ¢,
less must be taken of a than of ¢ in order to obtain &; but when
the difference between @ and & is less than between & and ¢, more
must be taken of @ than of ¢ in order to obtain &,

Example ;

I. Hydrochloric acid, containing 29 per cent. HCI, is to be
mixed with water to form an acid containing 25 per cent. HCI:

(@) (@) (©)

29 per cent. 25 per cent. 0 per cent.

Difference 4 25

Accordingly 25 parts of the 29 per cent. acid are to be mixed
with 4 parts of water,

or 100 grams Hydrochloric Acid = 29 grams HCI
16 grams water -

116 grams Hydrochloric Acid = 29 grams HCI
or 100 grams . “ =25 grams *“
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11. Hydrochloric acid, eontaining 82 per cent. HCI, is to be
mixed with an acid containing 8 per cent, HCI, to form an acid

containing 14 per eent. HCI,

Difference

Accordingly 1 part of the 32 per cent. acid is to be mixed with 3
parts of the 8 per cent. acid, ;

ar

or

100 grams H
300 grams

(a)

— ——

®)

(<)

18
(3)

vdrochlorie

6
(1)

a5

[

39 per cent, 14 per cent. 8 per cent.

Acid = 32 grams HCI
= 24

&

400 grams Hydrochloric Acid = 56 grams HCI

100 grams

[

ik

= 14 grams *“

Tavre of the quantity by weight of Hydrochlorie Aeid Gas, and the cor-
responding equivalent of Chlorine, contained in 100 parts by weight of
Aqueous Hydrocklorie Aeid of different specific gravities ( Ure).

Temperature 152 C. (509 F.,).

|Par et. of | Por cent. | |

il’ar ol. of  Per coot.

Per et. of 'I'nr cant.

specifle | yygroehl. of | Speeific |y groohl. af Specific |y yvirochl. of
geavity.| “ouag chlorine. | gravity. aeid. chlorine. |E""""T' acid. ehlovine
1.2000 | 40.777  89.675 | 1.1328 | 26.918 | 26.186 | 1.0687 | 18.040 = 12.697
1.1982 | 40,360 89.278 | 1.1308 @ 20.545  25.780 | 1.0617 | 12.641 12300
1.1964 | 89.961 | 38.862 | 1.1287 | 26.008 | 25.892 | 1.0507 | 12.233 | 11.908
1.1946 | 80.554  88.485 || 1.1267 | 25.600 | 24.906 | 10377 | 11.825 | 11.506
1.1928 | 80.146  58.089 | 1.1247 | 25,282 | 24.540 | 1.0557 | 1L.418 | 11.109
1.1910 | 38 728 | 87.692 | 1.1327 | 24874  24.202 | 1.0587 | 11.010 | 10.712
1.1808 | 88,830  87.269 | 1.1206 24466  23.805 | 1.0517 | 10.602 | 10.816
1.1875 | 87.023  86.900  1.1185 | 24.058 | 25.408 | 10407 | 10.194 | 9.919
1.1857 | 87.516 | 86.503 || 1.1164 | 23.650 | 22,012 | 1.0477 | 9.786 | 9.522
1.1846 | 87.108 | 86.107 || 1.1148 | 23.242 | 22.615 | 1.0457 | 9.870 | 0.126
11822 | 86,700 | 85.707 | 1.1193 | 22834 | 22,918 || 1.0487 | 8.971 | 8729
1.1802 | 86.292 | 85310 | 1.1102 | 22,426 | 21.822 | 1.0417 | 8.563  8.339
1.1783 | 85.884 | 34.018 || 1.1082 | 23.019 | 21.425 || 1.0807 | 8155 | 7.085
1.1762 | 85.476 | 84.517 | 1.1081 | 21.611 | 21,028 | 1.0877 | 7.747 | 7.588
11741 | 85.068 | 34.121 | 1.1041 | 21.204 | 20,682 || 1.0857 | 7.840 | 7.141
1.1721 | 84,660 | 33.724 || 1 1020 | 20.796 | 20.235 || 1.0337 EﬂBﬂi 6.745
1.1701 | 84.252 | 83.828 | 1.1000 | 20.988 | 19.887 || 1.0818 | 6.524 | 6.848
1.1681 | 83,845 | 32.031 | 1.0980 | 19.980 | 19.440 -1.uzusi G116 5.051
1.1661 | 83.487 | 82.585 | 1.0060 | 19.572 | 19.044 | 1.0279 | 5700  5.554
1.1641 | 83.020 | 82,136, 1.0080 | 10.165 | 18.647 | 1.0250 | 5801 | 5.158
1.1620 | 82.621 | BL.745 | 1.0019 | 18757 | 18.250 || 1.0239 | 4.804 | 4.762
1.1599 | 82,218 | 81.843 | 1.0809 | 18.349 | 178564 | 1.0220 | 4.486 4.865
1,1578 | 81,805 | 80.040 || 1.0879 | 17.941 | 17.457 |1.uzm 4,078 | B.068
1.1557 | 81.808 | 80.550 | 1.0859 | 17.534 | 17.060 || 1.0180 | 8.670 | 8.571
1.1587 | 80.990 | 30.158 | 1.0828 | 17.126 | 16.060 || 1.0160 | 3,262 | 5.174
1.1515 | 80.582 | 20.757 | 1.0818 | 16 718 | 16.267 || 1.0140 | 2854 | 2.778
1.1494 | 80.174¢ | 20.861 ' 1.0708 | 16.310 | 15.870 || 1.0120 | 2.447 @ 2.881
1.1473 | 29.767 | 28.964 | 1.0778 | 15.902 | 15.474 || 1.0100 | 2.030  1.984
1.1452 | 20.850 | 28.567 | 1.0758 | 15.494 | 15.077 || 1.00B0 | 1.681-  1.588
11451 | 28.051 | 28.171 | 1.0788 | 15.087 | 14.580 || 1.0060 | 1.124 1.191
1.1410 | 28.544 | 27.772 | 1.0718 | 14.679 | 14.284 || 1.0040 = 0816  0.795
11380  98.186 27.876 | 10697 | 14.271 | 13.887 | 1.0020 0.408 0,397
L1369 | 27.728  206.979 | 1.0677 | 18.868 | 13.400

1.1349  27.321  26.588 | 1.0657 | 13.457 | 13.004

— e —
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The specific gravity of the agueous acid being decreased by an increase of
temperature, and increased by a decrease of temperature, the consequent change
of the specific gravity amounts for each degree of the centigrade thermometer
in either direction—

i vity of 1.1741 to those of 1,138 to about 0.0005

For ME?H of a sqr:ciﬂn gravity Ll 0! L asen ottt 000

i L L 1. 04859 & 10637 e 00003

For instance : An acid of a specific gravity of 1.1234 at 16° C., containing 35
per cent. of hydrochloric-acid gas, will have at 18.5° C. a specific gravity of
1.1234 — (0.0004 % 2.5) = 1.1224, and at 13.5° C, a specific gravily of 1.1234 4
(0.0004 x 2.5) =1.1244.

ACIDUM HYDROCYANICUM DILUTUM.

ACIDUM HYDROCYANATUM.
Diluted Hydrocyanie Acid. Prussic Acid.

Ger. Cyanwasserstoffsiure, Blausiure ; Fr. Acide hydrocyanique ; Sp. Acido
hidrocidnico.

Pure hydrocyanie acid is a thin, colorless, and exceedingly poi-
sonous, volatile, and unstable liguid. Its odor is very powerful
and characteristie, resembling that of peach-blossoms or o1l of bitter
almonds. It mixes with water, alcohol, and ether, in all propor-
tions. The officinal acid 15 a very dilute hydro-aleoholic solution,
containing two per cent. of absolute acid. It imparts a faint eva-
nescent color to litmus, and forms a white curdy precipitate with
a solution of argentic nitrate. This precipitate is soluble in solu-
tion of potassium cyanide, ammonia-water, and boiling nitric acid,
but insoluble in dilute acids, and does not readily change color on
exposure to solar light; when strongly heated it is completely
decomposed into metallic silver and cyanogen gas. If the acid 1s
rendered slightly alkaline by potassium hydrate, a few drops of a
solution of ferrous sulphate and ferrie chloride added, and the
mixture subsequently acidulated with hydrochlorie acid, a pre-
cipitate of ferrie ferrocyanide or Prossian blue will be produced.

Hydrocyanic acid may also be recognized by the followin
characteristic reactions. When neutralized with a dilute solution
of potassium or sodium hydrate, a few drops of yellow ammonium
sulphide added, and the mixture carefully evaporated in a porce-
lain capsule to dryness, a residue is obtained which, when dis-
solved in water, acidulated with hydrochloric acid, and filtered,
yields on the addition of a drop of solution of ferric ehloride an
intense blood-red color. When the acid is neutralized with a
dilute golution of potassinm or sodium hydrate, a little picrie acid
added, and the mixture warmed, an intense blood-red color, due
to the formation of picroeyanie acid, C,;H,N O, is produced. If
a solution of mereurons mitrate is added to a solution of hydro-
cyanic acid, a gray precipitate of metallic mercury is at once pro-
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duced, with the simultaneous formation of mercuric cyanide,
which remains in solution,

Examination :

A small portion of the acid, when allowed to evaporate on a
watch glass, should leave no residue,

Mineral acids in general may be detected by producing a per-
manent red coloration with litmus, as also by causing the precipi-
tation of red mercurie iodide upon the addition of a solution of
the double salt of mercuric cyanide and potassinum iodide,
HgK(CN),L* the latter being decomposed by all acids, with the
exception of hydrocyanic and earbonie acids.

Hydrochloric and phosphoric acids may be detected by the addition
of an excess of ammonia-water, and evaporating the solution in a
poreelain capsule, at a gentle heat, to dryness; the residue is dis-
golved in dilute nitrie acid, and a portion of the filtered solution
examined with argentic nitrate for hydrochloric acid, which is in-
dicated by a white precipitate. To another portion of the solu-
tion ammonium molybdate is added, and heated to boiling; an
ensuing yellowish precipitate indicates phosphoric acid.

Formic acid, if present, will be detected by its property of
reducing red oxide of mercury to gray metallic mercury, when a
little of the acid is warmed and agitated with the oxide; or by
the reduction of metallic silver on the addition of a solution of
argentic nitrate, which will impart a grayish color to the precipi-
tated argentic cyanide.

Sulphurie acid is deteeted by the formation of a white precipi-
tate upon the addition of a few drops of barium nitrate to the acid,

Estimation of the Strength of Hydrocyanic Acid:

There are two simple methods of ascertaining the quantity of
absolute acid contained in h%(drm}ru,nit: acid. The one depends
upon the fact that one part of absolute hydrocyanic acid forms 5
parts of argentic cyanide; that, accordingly, 100 parts of the
officinal acid should yield 10 parts of argentic eyanide.

The second method is the volumetric one, and depends upon
the property of argentic cyanide to form a soluble double salt
with alkaline eyanides. When, therefore, the officinal hydro-
eyanic acid is converted into sodium or potassinm cyanide by the
addition of sodinm or potassium hydrate, no permanent preeipi-
tate will appear upon the addition of argentic nitrate until more
than sufficient argentic eyanide is produced to form the soluble
compound.

I. Ten grams of the acid are completely precipitated by a solu-
tion of argentic nitrate, Then two filters of exactly the same size
and paper are ent; through the one the liquid is filtered, the pre-

# Obtained by mixing hiot eoncentrated aleoholie solutions of 3 parts of mer-
curie eyanide and 2 parts of porassium iodide ; the compound crystallizes out
upon eooling, and may be dissolved in waler for use.
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cipitate washed, and then both the empty filter and the one con-
taining the argentic eyanide are dried, at a temperature not
exceeding 100° C. (212° F.). When the weight of the latter filter
remains constant, both filters are weighed, the empty one serving
as a counterpoise of the one containing the precipitate; the
excess of weight of the latter is argentic cyanide, of which—

1. gram represents 2.015 per cent, of absolute hydrocyanic acid.
1‘“5 ik bk 3."} i b e we
11{] L wk 22{} (1 ki ek ik

TI. The principle involved in the volumetric estimation of
hydrocyanie acid has been fully deseribed on page 100, 5.4 grams
of the acid are accurately weighed, and diluted, in a beaker, with
about 200 cubic centimeters of water. The liquid is then made
slightly alkaline with a solution of potassium or sodinm hydrate,
a few drops of a saturated solution of sodium chloride added, and
a decinormal solution of argentic nitrate (page 98) allowed to flow
into the liquid from a burette until, with constant stirring, a slight
permanent turbidity is produced in the solution, The number of
cubic centimeters of silver solution required to produce this reac-
tion with the above-mentioned quantity of aecid, divided by 10,
will g{{ve at once the percentage strength of the acid in hydrogen
eyanide.

Jrﬂepa:ratinn and Detection of Hydrocyanic Acid in Forensic Inves-
tigations,—ITydrocyanic acid, being one of the most formidable of
poisons, is sometimes the object of search in forensic investiga-
tions, and the process for its isolation, and subsequent recognition
and estimation will, therefore, be briefly described.

The organic materials or substances to be examined are brought
into a flask, a little water added, if necessary, and the mixture
slightly acidulated with tartaric acid. A preliminary test is then
first made by inserting in a cork adapted to the flask containing
the mixture a small strip of paper, moistened first with a little
tincture of guaiace, and, after ﬂ]r:.ring.r with a very dilute solution
of cupric sulphate,® and subsequently gently warming the mix-
ture to about 50° C. (122° ¥.). In the presence of the vapor of
hydroeyanic acid the paper will assume a deep blue color. As,
however, other substances, ammonia, nitric ox icl'nje, ete., are capable
of producing a similar blue eoloration, this reaction does not afford
ungualified proof of the presence of hydroeyanic acid; and when
thus indicated by the above reaction, or by the odor of the mix-
ture under examination, the isolation and identification of the
acid must in all cases be effected,

* The tincture of goaiac is best freshly prepared, in the proportion of one
part of the wood to ten parts of alcohol, or one part of the resin to twenty
parts of aleoliol ; the solution of enpric sulphate in the proportion of one part
of the salt to two thousand parts of water, by which dilution it forms a perfectly
colorless solution.

11
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The substance to be examined, therefore, after acidulation with
tartarie acid, and dilution, if necessary, with water, is subjected to
distillation in a flask or retort, provided with a condenser, and the
distillate collected in a receiver containing a little water (Fig. 72);

Froa. T2.

the distillation being continued until about one quarter or one-
third of the hquid has distilled over. The distillate iz then
examined by its odor, action upon litmus, and by thvl_a application
of the previously deseribed reactions, viz,, the fm:matmn of argen-
tic eyanide, Prussian blue, and ferric sulphocyanide. If a quanti-
tative estimation of the acid is required, it may be converted into
argentic evanide, by the addition of solution of argentic nitrate to
the distillate until a precipitate ceases to be produced, and from
the argentic cyanide, dried at 100° C. (212° F.) until of constant
weight, the amount of pure hydrocyanic acid calculated: 100
parts of argentic eyanide f.nr:res‘a{:-nndlllg to 20,15 parts n[j absolute
hydroeyanic acid.  As the distillate, however, may contain hydro-
chlorie acid in addition to hydrocyanie acid, the former should be
tested for, and, when present, must be eliminated by the rectifica-
tion of the distillate over a little powdered borax or precipitated
ealeinm carbonate, previous to its pr&-‘.{ipltutmn with argentic
nitrate; these substances serving to combine the free hydrochloric
aeid, but are not acted upon” by hydroeyanic acid, which is thus
obtained ip a pure form, ,

In view of the possibility of the occurrence of potassium ferro-
eyanide in the substance under examination, 1.1.-']11::.]3 would also
yield hydrocyanic acid by distillation with an ﬂ.{_l'td, and of the fs_mt
that it is a non-poisonous salt, the examination should be in-
variably preceded by a test for ferrocyanides, by digesting a por-
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tion of the substance with water, filtering the solution, and,
after acidulating with hydrochloric acid, applying the well-known
reaction with ferrie chloride. For the separation of potassinm
ferrocyanide when associated with hydrocyanic acid, or a soluble
simple cyanide, the organic materials, if not already possessing an
acid reaction, should be first slightly acidulated with sulphuric
acid, and then sufficient of a neutral solution of ferric chloride
added to precipitate the entire amount of ferrocyanide as Prus-
sian blue. After standing for some time the mixture is filtered,
and the filtrate, after the addition of a sufficient quantity of neu-
tral potassium tartrate to insure the -::mnﬁyletu combination of the
free sulphurie acid, is subjected to distillation. By operating in
this manner the distillate ean only contain hydrocyanic acid
when originally present as such, or in the form of potassium
cyanide,

ACIDUM HYPOPHOSFHOROSUDM.
Hypophosphorous Aeid.

Ger. Unterphosphorigesiiure ; Fr. Acide hypophosphoreux ;
8p. Acido hipofosfirico.
OH
H,PO, = O=PTH ; 66. '
H

A dense, syrupy, strongly acid liquid, which, at low tempera-
tures, forms large, colorless laminar erystals, The erystals melt
at 17.4° C. (63.8° F.), and deliquesce gradually at ordinary tem-
peratures. By exposure to the air it becomes slowly oxidized to
phosphorous acid, and by the action of chlorine or nitrie acid it
is converted into phosphoric acid.

Hypophosphorous acid in its aqueous solution possesses strongly
reducing properties, precipitating gold and silver from solutions
of their salts, and, when added to a solution of mercuric chloride,
either mercurous chloride or metallic mercury is separated, ac-
cording to the amount of acid present. W hen the acid, in excess,
18 wently warmed with a few drops of solution of cuprie sulphate,
at a temperature not exceeding 60° C. (140° F.), a reddish-brown
precipitate of cupri¢ hydride, Cull, is produced ; with an excess
of the cupric solution, and upon more strongly heating, metallie
culi er is separated,

he acid, when strongly heated, is decomposed into hydrogen
phosphide and phosphoric acid : 2H,PO, = PH, + H,PO,.

Examination :

Lead and Caleium Salts and Phosphorie Aeid.—A small portion
of the acid is neutralized with ammonia-water, and is then tested,
n separate portions, as follows: A dark coloration or precipitate
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Foreign Organic Acids.—Two drops of the lactic acid are added
in a test-tube to so much lime-water that the alkaline reaction
predominates; if a turbidity takes place at once, oxalic, tartaric,
or phosphoric acids are indicated ; if the turbidity does not ensue
before the liquid is heated to boiling, eitric acid is indicated. Acetic
and butyric acids are recognized by their respective odors when
the acid is gently heated in a poreelain eapsule,

Sulphurie, hydrochlorie, and phosphoric acids may be deteeted in
the diluted aqueous solution of the acid by testing it, in separate
portions, with barium chloride for the former, and with argentic
nitrate for the two latter.

Acid ealcivm phosphates or other caleium salts would be indi-
eated by a white turbidity of the dilute solution of the acid when
tested with ammonium oxalate.

Metals are detected in the acid, when nentralized with ammonia-
water, and then tested with hydrogen sulphide ; a white turbidity
or precipitate would indicate zine, a brown or blackish coloration
or precipitate, copper, lead, or tron.

stimation :

Ninety parts by weight of the officinal acid should be nentral-
ized by not less than seventy-five parts by weight of crystallized
potassinm bicarbonate, corresponding to 75 per cent. of absolute
lactic acid. The acid may be also estimated volumetrically by
the process of neutralization, whereby 6 grams of the officinal
acid shonld require for exact neutralization 50 cubic centimeters
of a normal solution of potassinm or sodinm hydrate, which like-
wise corresponds to 75 per cent. of absolute acid. By the employ-
ment of other quantites of the acid than that above indicated, the
ealeulation may be made with the consideration that 1 cubic cen-
timeter of normal potassium or sodium hydrate corresponds to
0.09 gram of absolute lactic acid.

ACIDUM NITRICUDNM.
Nitprie Aeid,

Ger. Salpetersiure ; Fr.Acide nitrique ; Sp. Acido nitrico.

Nitrie aeid, in its most concentrated form, is a colorless, fuming,
corrosive liquid, having the spec. grav. of 1530 at 15° C. (59°
F.). Tt begins to boil at 86° C. (186.8° F.), and becomes of a
dark-yellow color, due to the partial decomposition of the acid
nto nitrogen tetroxide, oxygen, and water. When a strong acid
1s subjected to distillation, it loses nitrie acid, and the boiling
point is gradually increased until, at the temperature of 120.5° C,
(248.9° I.), an acid of constant composition distils over; a weak
acid, under the same conditions, loses water until, at 120.5° C.
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(248.9° F.), the boiling point remains constant. This acid having
a constant boiling point has the spec. grav, of 1.414 at 15.5° C.
(6U° F.), and contains 68 per cent. of absolute nitrie acid.

The crude commercial nitrie acid is of two strengths: the so-
called double acid has a spec. grav. of 1.36, containing about 57
per cent. of absolute nitrie acid; and the single acid, of 1.22 speec.
grav., containing about 35 per cent. of absolute acid.

The officinal nitric acid has the spec. grav. of 1.420 (1.185
Pharm. Germ, = 30 Her Cent., HED,], and contains 69.4 per cent.
of absolute nitric acid. The Acidum Nitricam Dilutum, of 1.059
spec. grav. (1.101 Brit. Pharm,= 16.8 per cent. HNO,), contains
10 per cent. of absolute nitric aeid.

Nitrie acid is readily decomposed, and is a powerful oxidizing
agent, acting violently upon most of the metals, and upon organic
compounds, converting many non-nitrogenous vegetable sub-
stances into explosive bodies. From its tendency to decompose,
nitric acid has [requently a yellowish color from nitrogen oxides,
held in solution, which, upon dilution of the acid with water, or
npon heating, eause a further decomposition and consequent dis-
engagement of nitric peroxide. Nitric acid may be recognized
by its property of dissolving copper-turnings to a blue solution,
with the evolution of colorless nitric-oxide gas, which, however,
at onee unites with atmﬂsgheric oxygen, forming red fumes of
nitric peroxide; by the ready decoloration of diluted solution of
indigo; by its coloring pine-wood bright yellow ; and by deep red
or brown componnds with ferrous salts.  An exceedingly delicate
test for nitrie acid depends upon its reaction with the alkaloid
brucine. A few drops of coneentrated sulphurie acid, and one or
two drops ol a saturated aqueous solution of bracine, are added to
the solution to be tested, when a fine rose or dark-red eoloration
will be produced. By means of this reaction a solution eontaining
but one part of nitric acid in 100,000 parts of water will assume
a distinet pink coloration. Another excellent test, but somewhat
less delicate than the preceding, depends upon the reaction of
nitric acid with aniline. About 0.5 cubic centimeter (approxi-
mately 5 drops) of a solution of 10 drops of aniline in 50 cubie
centimeters of 15 per cent. sulphurie acid (Aeid. Sulph. Dil,, U. 5.
P., may be employed) is brought into a small porcelain eapsule,
and a glass rod, moistened with the liquid to be tested, is then
brought in contact with the lignid. If the nitric acid be very
dilute, a rose-red eoloration will be produced, bat, if concentrated,
the entire liquid will assume a brown or dark brownish-red tint.

The characteristic reaction of nitrie acid with ferrons salts ex-
tends also to the nitrates, when previounsly acted upon by stron
sulphurie acid. The test is performed either by placing a crysta
of ferrous sulphate in the liquid under examination, mixed with
concentrated sulphurie acid, or by mixing the liquid with a con-
centrated solution of ferrous sulphate, and pouring this mixture
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carefully upon concentrated sulphuric acid in a test-tube, so as to
form in either case two layers (Fig. 73). If a large quantity of
nitric acid is present, the surfaces of the crystal, or the line of
contact between the liquids, become black; if but a small quan-
tity is present, they become reddish-brown or purple.

Fia. T3.

e

Examination :

Hydrochloric acid may be detected in the acid diluted with about
five times its volume of water, by the formation of a white preci-
pitate, when tested with argentic nitrate.

Sulphuric acid is detected in the acid, previously diluted with
at least five times its volume of water, by the production of a
white precipitate, either immediately or upon standing, on the
addition of a solution of barium nitrate.

Nitrous and hyponitric acids (nitrogen tetroxide) are detected in
the diluted acid, by the addition of one or two drops of a very
dilute (1:100) solution of potassium permanganate: their presence
is indicated by decoloration. They may also be recognized by add-
ing to the acid, previously diluted with about five times its volume
of water, a few drops of a solation of potassium iodide, and a little
mucilage of starch, when a blue coloration will be produced.

lodine and fodic Acid.—A small portion of the acid (the con-
centrated acid should be diluted with about five times its volume
of water) is shaken, in a test-tube, with a few drops of chloro-
forin, which, after subsiding, will appear of a reddish-violet color
if free todine be contained in the acid; when it remains colorless,
or after the removal of the free iodine, if present, by agitation
with chloroform, a very small quantity of an aqueous solution of
hydrogen sulphide or saulphurous acid is added, drop by drop,
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with gentle agitation; if a eoloration of the chloroform now takes
place, dodic acid is indicated,

A confirmatory test is, to mix the acid, after dilution, if strong
acid iz under examination, with a few drops of mucilage of starch;
a bluish coloration will take place after a while, when iodine is
present ; 1f no reaction oceurs, a few drops of solution of sulphur-
ous acid may be added, diop by drop, when the blue color will
appear, if iodic acid be present.

Metals may be detected by saturating the diluted acid with
hydrogen sulphide, when an ensuing dark coloration or precipi-
tate will indicate lead or eopper; the liquid is then filtered, if
necessary, and supersaturated with ammonia-water; if a dark
coloration is now produced, it will indicate éron.

Arsenie, in the form of arsenic acid, is detected by neutralizing
a portion of the acid with solution of potassinm hydrate, subse-

quently adding twice its volume of a strong solution
Fre. 14. of potassium hydrate and a few fragments of pure
zine, and heating the mixture in a test-tube, provided
with a cap of bibulous paper moistened with a drop of
solution of argentic nitrate (Fig. T4); the production
of a black stain upon the paper will reveal the pres-
ence of arsenie,

Estimation :

The estimation of nitrie acid is most conveniently ae-
complished volumetrically by the process of neutraliza-
tion. About 5 grams of the acid, aceurately weighed
in a beaker, are diluted with about 50 cubic centime-
ters of water, a few drops of litmus solution added, and
a normal solution of potassium or sodium hydrate
(page 87) allowed to flow into the liguid from a burette
until, with constant stirring, the lignid assumes a per-
manent blue tint. One cubice centimeter of the normal
alkali solution corresponding to 0.063 gram HNO,,
the amount of absolute acid in the quantity employed,
and its percentage strength, may readily be calculated,
In addition thereto the gpecific gravity of the acid may
be determined, and the resulf of the volumetric estima-
tion compared with the pereentage strength of an acid
having a corresponding specific gravity, as indicated
by the subjoined table, page 170,

Of the strong officinal acid .54 grams, and of the
diluted acid 31.5 grams, are nentralized by 50 cubie centimeters
of normal solution of potassium or sodium hydrate.
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Tavre of the quantity by weight of abselute Nitric Acid, and the cor-
responding equivalent of Nitrie Anhydride, contained in 100 parts by
wetght of Nitrie Aeid, of different specific gravities.

Temperature 152 C. (502 F.).

specifie
gravity.

1.530
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00

e e - e
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406 |
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07 00
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B, 00
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22,00
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70.00
77.00
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096.00
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| T8.86 ||
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i
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T4.95 |
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T1.14
T0.28
69 39
G857
#7.71 |
G, i
65.14
G4.28
6. 44 |

Specific
|| gravity.

S

1.435

1.433
1.429
1.493
1.419
1.414
1.410
1405
1400
1.895
1,885
1.5386G
1581
1.374
1.372
1,368
1,863
1.858
1.853
1. 5400
1.841
1.839
1.335
15451
1323
1.317
1.312
1.804

Per et.
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HXO, |
Ta.00
T3, 30
T1.24
G,
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GR. 00
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4. 00
(3.59 |
(2,00
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I'tr;ant | EPBEIUE : Por el.
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02.57 I 1.208  47.18
G205 || 1.205 | 406.04
61.08 || 1.284  45.00
60.00 || 1.274  48.53 |
5051 | 1.264 | 42.00
58,29 1.257 | 41.00
BT.43 | 1.251 | 40,00
56.57 1.244 | 39.00 |
55.77 || 1.987 | 97.95 |
5485 || 1.225 | 36.00
5450 | 1.218 | 2500
.14 || 1.211 | 33.86
52.46 | 1.198 | 32.00
51.43 || 1.192 | 81.00 |
51.08 | 1.185 | 80.00
50.47 || 1.179 | 29.00
49.71 | 1.172 | 28.00
48.86 | 1.166 | 27.00
48.08 || 1.157 | 25.71
47.14 1.138 | 23.00
4629 | 1.120 | 20.00
46.13 || 1.105 | 17.47 |
4540 || 1.080 | 15.00
4485 | 1.077 |13.00
42.70 || 1.067 | 11.41 |
42,88 1.045 | 7.29
4200 1022 | 4.00
41.14 1.010 | 2.00

Iar cent.
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40,44
30.9%
38,57
37.31
36.00
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20.29
20.02
27.43
26.57
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24.85
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12.85
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0.77

.62
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With the decrease and inerease of temperature, the specific gravity of nitric
acid suffers a corresponding increase or decrease, amounting for each degree ol
the centigrade thermometer in either direetion :

Foracids of a specific gravity of
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1.474 1.456 ° 0.003 b
1456 1.485 * 0.00186 *
1.429 “ 1.410 = 0.001571
1.4045 s 1.881 * 0.00165 **
1.574 2 1.858 * 0.00141 *
1,546 i 1.817 * 0.00128 ‘¢
1.804 ., 1.274 * 0.00114 ¢
1.274 B 1.237 ** 0.001 s
1.287 i 1.198 * 0.00085 «
1,18 ¢ L166 ** 0 00071 &
1157 A 1.120 < 0,0006
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For instance; An acid of 1.179 spec. grav. at 150 C., containing 24.85 per
cent. of nitric anhydride, or 29,00 of absolute nitric acid, will have at 17.59 C.

a spec.

grav, of 1179 —(0.00071 x 2.5) = 1.1773, and at 139 C, a spec. grav.
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ACIDUM OLEICUM.

ACIDUM OLEINICUM.
Olede Aeid.

Ger. Oelsiure ; Fr. Acide oléique; Sp. Acido oléico,
0, 0.0, = O H,~C0-OH ; 282.

An oily liquid, without odor or taste, and colorless or having
but a slight yellow color. It solidifies at 4° C. (39° F.) to a com-
pact, white erystalline mass, and from its solution in aleohol it
erystallizes in brilliant white needles, which melt at 14° C. (57°
F.) to a colorless oil. Tts specific gravity is 0.808 at 19° C. (66°
F.). When perfectly pure, and unoxidized, it is neutral in its
action upon litmus, but on exposure to the air, especially when
slightly impure, it rapidly absorbs oxygen, acquiring thereby a
ye?lm\r or brownish-yellow color, a rancid taste and smell, and an
acid reaction. When strongly heated, it becomes decomposed, but
with super-heated steam it may be distilled unchanged at 250° C.
(482° F.). By treatment with nitrous acid, oleic acid is converted
into the solid isomeric elaidic acid, which erystallizes in laminze,
melting at 44 to 45° C. (111 to 113° F.). Oleic acid iz insoluble
in water, but freely soluble in aleohol, ether, chloroform, benzol,
petrolenm benzin, and the volatile and fatty oils; it is also soluble
in cold, concentrated sulphurie acid without decomposition,

Examination :

Stearic and palmitic acids will be indicated by a higher con-
gealing point than 4° C. (39° F.), and may be also detected by
the following test: A portion of the acid is completely sapouified
by potassinum carbonate, with the aid of a gentle heat, the result-
ing soap dissolved in water, exactly neutralized with acetic aeid,
and the solution precipitated with plumbic acetate; the ensuing
precipitate of plumbic oleate, after being twice washed with boil-
g water, should be completely or almost completely soluble in
ether ; any considerable insoluble residue will indicate an undue
proportion of an admixture of stearic or palmitic acids.

Fized oils, with the exception of ricinus or castor oil, may be
detected by the formation of a turbid mixture or the separation
of oily drops, when the acid is mixed with an equal volume of
strong aleohol, and heated to 25° C. (77° F.).

Lead may be detected by a brown or blackish eoloration or
precipitate when the aleoholic solution of the acid is saturated
with hydrogen sulphide.
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ACIDUM OXALICUM.

Oxalic Acid,

Ger. Oxalsiiure ; Fr. Acide oxalique ; Sp. Acido oxdlico.
CO-OH

OO, & 2HD = | + 2H,0; 126.
co-on

Colorless, transparent, oblique-rhombic prisms (Fig. 75), con-
taining two molecules (28 per cent.) of water of crystallization,
which they lose gradually upon exposure in a warm and dry

atmosphere, or quickly upon heating at
Fra. 5. 1007 C. (212° F.), becoming reduced to
a soft white powder. By cantiously
heating at a temperature not exceeding
150° C. (302° F.), the anhydrous acid
may be com Eleml y sublimed ; exposed
to a strong heat it develops irritatin
inflamable vapors, and is resolved,
without earbonization, into earbon di-
oxide, earbon monoxide, formic acid, and water, and is finally
completely dissipated.

Oxalic acid is soluble in 14 parts of water at 15° C. (59° F.),
and in its own weight or less of boiling water, in 6 to T parts of
90 per cent., and 4 parts of absolute, aleohol ; it is also soluble in
7 parts of glycerin, but sparingly soluble in ether and chloroform.
Its solution has a very sour taste, and a strong aeid reaction; it
forms with the alkali metals soluble, with all other bases, for the
most part, insoluble, salts, which, however, are soluble in dilute
mineral acids.

When a cold saturated aqueous solution of oxalie acid is
dropped into strong aleohol, it should not produce a turbidity ;
when dropped into lime-water, a copious white precipitate must
ensue at once, which remains unchanged upon the addition of
acetic acid, as well as of ammoninm chloride, but which is readily
dissolved by hydrochloriec and nitric acids. Added to a solution
of caleium sulphate, a precipitate is also produced after a while,

When heated with eoncentrated sulphurie acid, oxalic acid is
resolved into water and equal volumes of carbon monoxide and
carbon dioxide gases, without being charred.

Examination :

Binoxalates and guadrowalates of potassium (sorrel and lemon
salts) are detected by heating a small portion of the oxalic acid in
a platinum or poreelain capsule, to redness, and until no more
fumes are emitted; a white fused residue, turning red litmus-
paper blue, and effervescing with a few drops of hydrochlorie
acid, would indicate potassinm or traces of ealeium,

The erude commereial acid mostly leaves a very small trace of
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residue, too insignificant, however, to impair the quality of the
acid, or to render it unfit for its common technical applications.

Tartarie, citric, and racemic acids, and their salts, as accidental
admixtures in oxalic acid, may be detected by gently heating a
small quantity of the acid on platinum-foil, when they will be
recognized by the development of a peculiar caramel-like odor,
and a voluminous carbonaceous residue ; when heated, in a test-
tube, with concentrated sulphurie acid, the erystals, as well as
the sulphuric acid, must not become dark-colored or blackened,
otherwise the presence of one or the other of such admixtures is
indicated.

The acid should dissolve perfectly in water, forming a clear
solution, and, when saturated with hydrogen sulphide, should
afford no coloration or precipitate.

Estimation :

Oxalic acid may be estimated volumetrically, either by the
process of neutralization with a normal alkali, or by oxidation in
its warm aqueous solution, slightly acidulated with sulphurie acid,
with a standard or decinormal solution of potassium permanga-
nate; it being resolved by the latter, through absorption of oxygen,
into carbon dioxide and ‘water.

I. Three grams of the air-dry, but unefloresced, acid are dis-
golved in about 50 eubic centimeters of water, and, after the addition
of a few drops of litmus solution, a normal solution of potassinm
ur sodium hydrate ﬁpﬂge 87) is allowed to flow into the liquid
from a burette until, with constant stirring, a permanent blue
coloration is produced. Oxalic aecid being dibasie, each cubic
centimeter of alkali solution employed, corrected if necessary hﬂy
its proper factor, corresponds to 0.063 gram of crystallized acid,
from which the percentage amount of pure acid in the specimen
under examination may be readily determined.

IT. 0.2 gram of the crystallized acid are dissolved in about 200
eubic centimeters of water, in a beaker, 5 to 10 grams of dilute
sulphuric acid are then added, and, after gently heating, a standard
solution of potassinm permanganate (page 89) is allowed to flow
into the liquid from a burette until, with constant stirring, a
permanent pink coloration is produced,

The reaction may be expressed as follows: C,H, 0, + 0 =
200, + H,0. One atom of oxygen thus oxidizes one molecnle
of oxalic acid, and the same amount of oxygen would oxidize
two atoms of iron from the ferrous to the ferric state: 2FeS0, 4+
H,S0, + O = Fe,(80,), + H,0. From these deductions one mole-
cule of oxaliec acid corresponds to two atoms (one molecule) of
iron; and placing then the molecular weight of iron (112) as the
first term, the molecular weight of uryst%ﬁﬁzcd oxalie acid (126)
as the second term, and the amount of metallic iron, expressed in
grams, corresponding to the number of cubie centimeters of per-
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manganate solution employed, as the third term, a simple pro-
portion will determine the amount of pure erystallized oxalic acid
contained in the specimen under examination.

ACIDUM FHOSPHORICUM.

LPhosphorie Aeid.
Ger, Phosphorsiiure ; Fr, Acide phosphorigue ; 8p. Acido fosférico.

S 0
Metaphosphorie Acid, HPO, = 0=P (1 80.

OH
Z0H ; 98.
NOH

Monobasic or metaphosphoric acid, HPO, when perfeetly pure,
forms a soft pasty mass, which, on exposure to the air, readily
absorbs moisture, and deliquesces to a thick syrupy liquid, The
glacial phosphoric aecid (Acidum Phosphoricnm (;}'r’lacia,le] is an
impure metaphosphorie acid, containing frequently considerable
amounts of sodium or ecaleium phosphates, and forms colorless,
transparent, glass-like, fusible masses, deliquescent, and slowly
but freely soluble in water and in aleohol, yielding colorless, ino-
dorous, acid solutions, The aqueouns solution of metaphosphorie
acid, when freshly prepared, produces white precipitates with
albumen and with solutions of argentic nitrate and barium and
caleium chlorides, which are soluble in an excess of the acid, while
free orthophosphoric acid precipitates none of the above men-
tioned reagents. When its solution is allowed to stand for some
time, or by continued boiling, the monobasic acid is converted
into the tribasie acid, which is contained in the medicinal Acidum
Phosphoricum Dilutum. This process is accelerated by the ad-
dition of a little nitric acid to the boiling solution of the mono-
basic acid.

Trilasic or erthophosphoric acid, H,P’O,, when free from water,
forms an odorless and colorless, dense, syrupy liquid, possessing
a strongly acid taste and reaction. On standing over sulphuric
acid, or by exposure to cold, it erystallizes, forming six-sided
prisms, terminated by six.sided pyramids, belonging to the
rhombie system, which melt at 38.6° C. (101.5° F.), and readily
become liquefied in the presence of a small amount of water.
The specific gravity of the anhydrous acid is 1.88 at 15° C. (59°
F.). At temperatures above 160° C. (320° F.) it loses water, and
at 213° C. (416.4° F.) it is completely converted into pyrophos-
phoric acid, H,P,0,; when heated to redness, the latter acid
becomes in turn further decomposed, losing water, and metaphos
phoric acid, HPO,, is produced.

Orthophosphoric Acid, H PO, = O=P
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Orthophosphoric acid, as previously stated, when in the free
state, does not precipitate albumen, nor a solution of argentic
nitrate or barium chloride ; when carefully neutralized by amino-
nia-water, however, it yields a white precipitate with a solu-
tion of barium chloride, soluble in nitric or hydrochlorie acids;
with argentic nitrate a yellow precipitate of argentic phosphate,
goluble in nitric acid or ammonia-water, and with test magnesium
mixture, a white crystalline precipitate of ammonio-magnesium
phosphate. When heated with a solution of ammonium molyb-
date, acidulated with nitric acid, a yvellow erystalline precipitate
of ammonium phosphomolybdate is produced. . .

Two strengths of orthophosphoric acid are officinal :* Acidum
Phosphoricum, containing 50 per cent. of absolute acid, and having
a specifiec gravity of 1.347; and Acidum Phosphoricum Dilutum,
containing 10 per cent. of absolute acid, and having a specific
gravity of 1057,

Examination of Metaphosphoric Acid:

Ammonium salts may be detected by heating a few fragments
of the fused acid in a strong solution of potassium hydrate in a
test-tube, when they will be recognized by the odor of ammonia,
as also by the production of white fumes, when a glass rod, moist-
ened with acetic aecid, is held over the orifice of the tube.

Caleium, magnesivm, and aluminium salts may be detected by
dissolving a small portion of the acid in water, boiling with a few
drops of nitric acid, and, after the removal of the excess of nitric
acid, carefully neutralizing with ammonia-water, when the phos-
phates of caleinm, magnesium, and alaminium will be precipitated.
If a precipitate is thus obtained, it is separated by filtration, the
filtrate reserved for subsequent examination for sodium or potas-
gium salts, and the precipitate further examined as follows: It is
first digested with a concentrated solution of potassium or sodinm
hydrate, the solution filtered, and to the filtrate solution of ammo-
nium chloride added, when a transparent, floceulent precipitate
will indicate aluminium. The portion of the precipitate insoluble
in the alkaline hydrate is then dissolved in hydrochlorie acid, an
excess of a solution of sodium acetate, and subsequently a little
ferric chloride added, until the liquid assumes a yellowish hue,
heated to boiling, and filtered ; to a portion of the filtrate solution
of ammoninm oxalate is added, when a white precipitate will indi-
cate qai’ciﬂm ; to another portion of the filtrate ammonium carbo-
nate in slight excess is added, the solution filtered, and to the fil-
trate ammonium phosphate and ammonia-water then added, when
a white erystalline precipitate will indicate magynesium.

* The phosphorie acid of the Pharmacopeia Germanica has a specifie gravity
of 1.120, corresponding to 20 per cent. of absolute acid ; and the diluted phos-
phoricacid of the British Pharmacopaia a specific gravity of 1.08, corresponding
to 14 per cent. of absolute acid.
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Sodiuin or potassium salls may be detected in the filtrate from
the precipitate produced by ammonia-water, as above described,
by the l’uﬂowing method: The phosphoric acid is first completely
precipitated by neutral plumbie acetate, the filtrate freed from
lead by hydrogen sulphide, filtered, and the filtrate evaporated
and ignited. If a residue is thus obtained, it will contain the
sodinm or potassium salts in the form of carbonates, and may be
further examined or identified by the color imparted to the non-
luminous flame, when tested on {:-ln,l,inu m wire.

Silieie actd may be detected by evaporating a portion of the
solution of the acid, to which a small quantity of hydrochlorie
acid has been added, to dryness, with the aid of a gentle heat ; the
residue is then dissolved in water, slightly acidulated with hydro-
chlorie acid, when the silicie acid, if present, will remain behind
as an insoluble granular powder.

Metallic and other impurities may be detected by"the methods
deseribed under orthophosphorie acid.

Examination of Orthophosphoric Acid:

Monobasie or metaphosphorie acid may be detected by a white
freuipitate on the addition of a solution of barium chloride, and
»y the formation of a gelatinous white precipitate when tested
with solution of albumen. :

Phosphorous acid may be detected in the diluted acid by the
addition of a few drops of a solution of argentic nifrate or mer-

curie chloride, and gently warming; a brown or blackish colora-
tion or precipitate with the first reagent, and a grayish-colored
precipitate with the latter, will indicate phvséjhc-muﬂ acid. A
dilute solution of the acid, to which one or two drops of a solution
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of potassinm permanganate is added, will also become readily
decolorized on warming, if phosphorous acid 1s present.

Hydrochloric acid is detected in the diluted acid, to which a few
drops of concentrated nitric acid have been added, by a white
precipitate on the addition of a solution of argentic nitrate.

Nitrie acid is indicated by ensuing decoloration when a little of
the acid is gently heated with one drop of indigo-solution. TIts
presence may be confirmed by mixing with the acid nearly an

ual bulk of concentrated solution of ferrous sulphate, and
placing this mixture upon concentrated sulphuric acid, with the
precaution that the two fluids do not mix (Fig. 76); a red-brown
eoloration upon the line of contact between the two fluids will
confirm the presence of nitrie acid.

Sulphuric acid is detected in the diluted acid, to which a few
drops of nitrie acid have been added, by a white precipitate with
bariumn nitrate.

Meials are detected by saturating the diluted acid with hydrogen
sulphide, and allowing the liquid to stand for 12 hours in a corked
test-tube or flask; the occurrence of a coloration or precipitate
will indicate metals;* a light-yellow, flocculent one, arsenic; a
brown or black one, copper or lead.

Arsenious as well as arsenie acid, besides having been  Fie. 77.
detected in the test for metals with hydrogen sulphide,
may be specially tested for by the application of Marsh’s
test, as deseribed on pages 33 to 35, or by the follow-
ing modification of the same. To a small gquantity
of the dilute phosphorie acid, contained in a test-tube,
one drop of solution of potassinum permanganate is
added, and the liqnid gently warmed; if decoloration
takes place, the aﬂrlitiml of solution of permanganate
1s continued, drop by drop, until decoloration of the
reagent ceases; dilute sulphuric acid and fragments of
pure zine (both of which should have been previously
tested for arsenic) are then added, not allowing the
liquid to occupy more than one-fourth of the capacity
of the tube. A small eap of bibulous paper, previously
moistened with a drop of solution of argentic nitrate, 1s
then placed over the mouth of the tube (Fig. 77), and
the reaction accelerated, if necessary, by gently warm-
ing; the production of a purplish-black spot on the
paper, due to the reduction of metallic silver, will con-
firm the presence of arsenie.

Estimation :

The strength of officinal phosphorie acid may be ap-
proximately determined by ascertaining its specific

* Upon long standing, a separation of sulphur, from the decomposition of
ll;‘-'ﬂi'ug]Eﬂn sulphide, may ensue, but this may be readily recognized.
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gravity, and subsequent reference to the subjoined table (page
1580). Unlike most other acids, it cannot be estimated by direct
neutralization with an alkali, since the point of neutralization,
as indicated by means of litmus, cannot be distinetly observed,
and in eonnection therewith is the fact of its forming three classes
of salts—Nall,PO,, which has an acid reaction, and Na,HPO, and
Na,PO,, both of which possess an alkaline reaction.

Among the various methods employed for the quantitative
estimation of the officinal or Drt]lopllﬂﬂphﬂl‘iu acid, the two fol-
lowing will be found expedient and sufficiently accurate.

I. Volumetric.—This method depends upon its indirect estima-
tion by the process of neutralization. A convenient quantity of
the acid (about 10 grams of the officinal diluted acid, or 2 grams
of the stronger mﬁ(% is accurately weighed, in a beaker, a normal
solution of potassinmn or sodinm hydrate (page 87) then allowed
to flow 1 from a burette, until sufficient of the latter has been
employved to insure the formation of the neutral sodinm salt,
Na,PO,. To the strongly alkaline liquid a solution of barium
ehloride is then added until no further precipitate iz produced, the
resulting barium phosphate Ba(PO,),, after being allowed to
stand for a few hours, filtered off, the precipitate well washed
with water, and the filtrate together witﬁ the washings collected
in a beaker; after the addition of a few drops of litmus solution,
a normal solution of oxalic or sulphuric acid (page 82) is allowed
to flow into the liquid from a burette until, with constant siirring, a
permanent pink tint is produced. The number of cubie centimeters
of normal acid solution required, deducted from the number of cubie
centimeters of alkali solution first employed, will give the amount
of the latter required for the exact neutralization of the phos-
phoric acid; one cubic centimeter of the normal alkali corre-
sponding to (L0327 gram H,PO, the percentage strength of the
acid may bhe readily caleulated.

II. G'ravimetric—About 10 grams of the officinal diluted aeid,
or about 2 grams of the stronger aecid, are accurately weighed, in
a beaker, ammonia-water, in slight excess, then added, and subse-

uently test magnesium mixture, until, after having been well
stirred and allowed to stand for a short time, no further preeipi-
tate is produced on the addition of the reagent. Ammonia-water,
in an amount equal to about one-fourth of the volume of the liquid
contained in the beaker, is then added, and the latter being covered,
it is allowed to stand for about twelve hours. The precipitate of
ammonio-magnesinm phosphate is then collected on a filter, washed
with a solution eonsisting of 1 part of ammonia-water and 3 parts
of water until the washings no longer produce a turbidity in a
golution of argentic nitrate acidulated with nitric acid, dried at
100° C. (212° F.), and finally ignited in a weighed porcelain eru-
cible at a low, red heat. From the weight of the resulting mag-
nesium pyrophosphate, Mg, P,0,, the amount of phosphorie acid
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contained in the solution, or the percentage strength of the same,
is readily caleulated : 100 parts of magnesium £yrn|1|mr-;|1|]:1t13 cor-

Y 2 . G i 3 A
responding to 88.38 parts of phosphoric acid, H,PO,, or 6425
parts of phosphoric anhydride, P,0,.

The U. 8. Pharmacopaia directs that on pouring 5 grams of the
stronger acid upon 10 grams of plumbic oxide free from plumbic
carbonate and from moisture, evaporating and igniting, the obtained
residue should weigh 11.81 grams; and that 5 grams of the diluted
acid with 5 grams of plumbic oxide, under the same conditions,
should yield a residue weighing 5.36 grams.

Rules for the Dilution of Phosphoric Aeid.

If a strong acid, @, has to be diluted with water, or with a
weaker acid, ¢, in order to obtain an acid of some special strength,
b, the following rules are applicable : :

The difference in percentage strength is songht on the one hand
between @ and &, and, on the other, between & and ¢, and @ and ¢ -
are then mixed in the proportions represented by the difference
in the respective numbers.

It must be considered, however, that when the difference between
a and & is greater than between & and ¢, less of @ than of ¢ must
be taken in order to obtain 5; and when the difference between a
and & is less than between & and ¢, more of a than of ¢ must be
employed in order to obtain &; for example :

. Phosphorie acid, containing 45 per cent. of absolute acid, is
to be mixed with water, to form an acid containing 10 per cent.
of absolute acid:

. b. e.
45 per cent. 10 per cent. 0 per cent,

Difference 850 10

10 parts of 45 per cent, acid are therefore to be mixed with 35
parts of water, or

100 grams of phosphoric acid = 45 grams H,PO,

850 “  * water
450 grams of phosphoric acid = 45 grams H,PO,
or 101} b i wh LE— ) 1 T

. II. Phosphoric acid, containing 32 per cent. of absolute acid,
18 to be mixed with an 8 per cent. acid, to form an acid containing
10 per cent. of absolute acid :

a. b. e.
32 per cent. 10 per cent. 8 per cent.
Difference 3 22

2
(11) (1)
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1 part of 82 per eent. acid is therefore to be mixed with 11 parts
of 8 per cent. acid, or

100 grams {'rf phnsphnrm acid = 32 grams I, PO,

1100 SN e R S g
1200 grams of phusphﬂrlc acid = 120 grams H,PO,.
1{}{] i 1 bk — 1{:. i l¥

TasLe of the quantity 53! weight of Orthophosphorie Aeid, and the cor-
responding amonnt of Phosphoric Auhydride, contained in 100 parts
by weiqht of agueons Phosphoric Acid of different speeific gravities
(Schiff).

Temperature 152 C, (502 F.),

I
| Par ct.

Per cent. | | Perct. | Per cont.

Epecilic Epecifle | Bpecific | Peret. | Tercent.
H-Ia\rltr. H;.Ii't;-'lr P:':;;- gravity. " ‘l’fﬂ ],'!"':—.5‘ | ETWYILY. H_‘%‘TU,. . P‘:Lb

1.0054 | 1 0.726 || 1.1262 Bl 15.240G 1.2781 41 20,766

10109 2 1.452 || 1.13249 22 15.072 1.28182 42 30,4492 |
1.0164 | 8 | 2178 || 11807 | 28 | 16608 || 1.2804 | 43 | 81.218 |
1.0220 4 .00 1143 | 24 17.424 L2096 | 44 | 81.944 |
10270 i} 2.06:30 a5 18150 | 1.8068 [ 45 | 82.670 :
IR i} 4 850 | lﬂIM 20 18,576 L3144 46 53400

10300 T 5.082 || 1.1ﬂ74 a7 19 602 1.8227 | 47 | 54.982

1.0449 B 5,808 || 11745 | 28 | 20.828 || 18318 48 @ 34.048 |
1.0018 L 6.584 || 11817 29 21.054 || 1.33089 4% | 85.674 |
1.0567 10 7.260 1.1889 a0 21.780 1.3484 Al - 86400 |
1.0627 11 708G 119628 | @ 22506 ' 1.357 il | 47.126 |
1. 0i4ES 12 8.712 || 1.2036 a2 28,233 || 1.8661 n2 37.802

1.0749 13 0.438 1.2111 a3 23.958 | 1.3750 58 | B8 4TS

1.0811 14 10,164 1.2186 44 24,684 1.8840 a4 0. 504

1.0874 14 10800 || 1.2283 Ha 25,410 1.83931 0h 40, 00

104887 16 11.616 | 1.2:838 A 206,136 1,402 Ofi 407506

1.1001 1% 12.842 1.2415 i 26.802 || 1.4114 a7 41,482 1
1, 10465 18 18.008 1.8498 it 27 588 1.4207 il ) 42.208

1,1180 | 19 18.704 || L2572 | 30 28,914 1.480M1 Y 42,0954

1.1196 20 14.520 || 1.2851 . 40 a4 040 1.4305 G0 | 43.060

With the decrease or increase of temperature, the specific gravity of phos-

phoric acid suffers a

degree of the centigrade thermometer in either direction ;
Fnr nclr.la nt" H.ﬂ]](.ﬂﬁ{'. gmm}r of 1.0567 to those of 1.1196 to about 0.00055

bR
B
ki

Lk
L

1]

ki
Wi

(3

Wk

ks

3-1- Eﬂ‘a
1.1963
1.2581
1.85748

L1
ki
s
i

1.1859
1.2651
1.5486
1.4805

ki
i
k&

corresponding increase or decrease, amounting for each

0.00040
0. 00052
0. 068
0.00082

For instanes : An acid of 1.1262 spee. grav. at 15 C., containing 15.246

per cent, of phosphoric anh
A SpEC. ETAV.

at 200 C.

{{

spec. grav. of 11202 4 (0.0004 x 2) = 1.127.

Iride or 21 per cent. of plmsphnrw acid, will have
11262 — (00004 s 5) = 1.1942, and a1 130 C. a
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ACIDUM SALICYLICUDM.
Salieylic Acid. Ortho-oxybenzoic Aecid.
Ger. Salicylsiure ; Fr. Acide salieylique ; 8p. Acido salicilico.

; O 5
GHD, = 0B o5 0 128

Fine, light, colorless needles, or four-sided prisms (Fig. 78),
odorless, or having but a slight aromatic odor, and permanent in
the air. They fuse at 156° C. (312.8° F.), and when carefully
heated may be sublimed without decomposition ;
when quickly or more strongly heated, they are Fia. 78.
resolverd into earbon dioxide and phenol, a de-
composition which talkes place to a slight extent
when aqueous solutions of the acid are boiled ;
when strongly heated on platinam-foil they are
completely dissipated.

Salicylic acid is soluble in 450 parts of water,
and in 2.5 parts of aleohol at 15° C, (59° F.); in
14 parts of boiling water, and very freely in boil-
ing aleohol; in 2 parts of ether or absolute aleo-
hol, in 3.5 parts of amylie aleohol, and in 80
arts of chloroform ; and sparingly solnble in

enzol, carbon bisulphide, glycerin, and the vol-
atile and fatty oils; it iz readily soluble in solu-
tions of the alkaline hydrates, forming erystal-
lizable salts; and is also soluble in cold, concen-
trated sulphuric acid, without coloration, being precipitated from
the latter solution unchanged on the addition of water. The
solubility of the acid in water is greatly increased by the presence
of warions salts, such as the alkaline carbonates and acetates,
borax, ete., which form with the acid readily soluble eompounds.

The aqueous solution of the acid has an agreeable, somewhat
sweetish taste, and an aecid reaction, and assumes with a trace of
ferric chloride an intense violet color; this reaction, however, is
modified by the presence of alkaline hydrates, carbonates, acetates,
and phosphates, as also by borax, potassium iodide, oxalie, citrie,
tartarie, phosphorie, and arsenie acids, With bromine-water the
aqueons solution vields a white precipitate of bromo-salieylie
acid, C.H BrO,. If to an aqueons solution of salieylic acid, or pre-
ferably a perfeetly neutral solution of its sodium salt, a solution
of cupric sulphate be added, a bright emerald-green color is pro-
duced, but which is destroved by the presence of free alkalies or
acids.

Examination ;

Fixed impurities may be recognized by a non-volatile residue

}vhen a small portion of the acid is strongly heated on platinum-
oil,
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Organie admiztures may be detected by the separation of car-
bon when a little of the acid is heated on platinum-foil, or in a
dry test-tube; or by a dark coloration when a small portion of
the acid is agitated with about fifteen times its weight of cold,
concentrated sulphurie acid.

Chiorides or hydrochlorie acid may be detected by an ensuing
white precipitate when a little of the acid, dissol ved in about ten
times 1ts weight of aleohol, and acidulated with nitrie acid, is
tested with solution of argentie nitrate.

Phenol or carlolic acid may in most instances be detected by its
odor; smaller quantities may be readily recognized by agitating
the acid with a small guantity of warm water, and, after being
allowed to eool, and the addition of a little ammonia-water,
exposing the solution to the vapor of bromine, when a deep
blue eoloration will be produneed; or, about 5 cubie centimeters
of a saturated solution of salicylic acid are poured into a test-
tabe, in which 2 eubic centimeters of strong hydrochloric acid
and a little granular potassium chlorate have just been mixed ;
gome ammonia-water 1s then, by means of a pipette, carefully

laced upon the mixture; the former will assume a reddish or
Emwnish tint, if carbolic acid be present.

Detection of Salicylic Acid in Syrups, Extracts, Articles of
Food, etc.: i

A sufficient quantity of the sabstance to be examined is mixed
or dilated with water, if necessary, and evaporated at a gentle
heat, in order to expel any aleohol which may be present. After
being allowed to cool, the clear filtered liguid is strongly acidu-
]alef with sulphurie acid, and subsequently shaken with ether.
The ether is then carefully separated from the aqueous liquid,
allowed to evaporate spontaneously, and the residue dissolved in
a little water and tested with ferric chloride; if salicylic acid be
present a deep violet eoloration will be produced.

ACIDUM SUCCINICUM.

Sueeinie Aoid.

Ger, Bernsteinsiure ; Fr. Acide succinique ; Sp. Acido succinico.

CH,-CO-OH

U0, e ;
Ll éH,—GD—OH

Colorless, oblique-rhombic prisms, or thombohedral plates, with-
out odor when pure, and with a more or less strong odor when
the acid iz obtained from amber by sublimation, and is only
imperfectly freed from the empyreumatic oils.

It melts at 180° C. (856° F.), but may be sublimed at a much

118,
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lower temperature, and boils at 235° C. (455° F.), at the same
time undergoing decomposition into water and succinic anhydride,
When heated upon platinum-foil, it emits irritating, inflammable
vapors, without the separation of carbon, and is entirely dissi-
pated at a red heat. ; »

Suceinic acid is soluble in 18 parts of water at 17° C. (62.6° F.)
and in 0.8 part of boiling water, in 10 parts of cold 90 per cent.
alecohol, in 1.5 parts of boiling aleohol, and in 80 parts of pure
ether, but is insoluble in carbon bisulphide, petroleum benzin, m}d
turpentine oil (distinetion from benzoie acid); it is also soluble in
warm nitrie acid, and in concentrated sulphuric acid, without de-
eomposition, and, if perfectly pure, preduces with the latter no
coloration,

The aqueous solution of the acid has an acid taste and reaction,
and, when carefully neutralized with ammonia-water, yvields on
the addition of a solution of ferric chloride a reddish-brown, floe-
eulent precipitate of " basic ferrie succinate, which is dissolved
upon the addition of hydrochlorie acid (further distinetion from
benzoic acid).

Examination :

Fized Admiztures—If a residue remains when the acid is
heated upon platinum-foil, a small portion of it should be com-
pletely incinerated in a poreelain crucible, and the residue, when
eold, tested with moist turmerie- as well as with red litmus-paper.
It is then divided into two parts, one of which is mixed with a
little strong alecohol, and this ignited ; a green color of the flame,
especially toward the termination of the ignition, indicates boracie
aeid ) the second portion of the residue 1s dissolved in a small
quantity of water acidulated with a few drops of nitrie acid ; effer-
vescence would indicate earbonates, originally present as such, or
produced by the decomposition of some organie salts, if carboniza-
tion occurred upon ignition. The acid solution is then tested in
separate portions, with argentic nitrate for chlorides, and with
barium nitrate for sulphates, which will be indicated in either
instance by an ensuing white precipitate.

Ammonium salts are detected by the odor of ammonia, and by
white fumes when a glass rod, moistened with acetic aecid, is held
over the orifice of the test-tube, when the acid is heated in solu-
tion of potassinm hydrate.

Foreiyn organie acids may be detected as follows :

Tartaric acid will be indicated by a white erystalline precipitate
of acid ammonium tartrate, upon partial saturation of the acid
with ammonia-water; or, by the production of a white erystalline
precipitate of acid potassium tartrate, upon the addition of a few
drops of a coneentrated solution of potassium acetate to the aqueous
solution of the aecid.

Oxalic acid will be detected in the agqueous solution of the acid,
after neutralization with ammonia-water, and the addition of a
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solution of calcium chloride, ealeium sulphate, or lime-water, b
the formation of a white precipitate, which is insoluble in acetic
acid, or a solution of ammonium ehloride.

Citric actd will be detected by the addition of a few drops of a
solution of the acid to an excess of lime-water, so that the alka-
line reaction still predominates, and subsequently heating to
boiling ; an ensuing white precipitate will indicate citric acid.

Benzoie acid may be detected by its solubility in earbon bisnl-
phide or warm petroleum benzin; or by its separation, when the
precipitate produced in the neutralized solution of the acid by
ferrie chloride is digested with a little hydrochlorie acid.

Sugar may be detected, in the absence of other organie acids or
their salts, by a corbonaceous residue on gently heating a little of
the acid on platinum-foil ; and, in the presence of other organie
avids, by heating a small portion of the solution with a few drops
of dilute sulphurie acid, and subsequently testing with Fehling's
solution, when a red preeipitate of euprons oxide will be formed.

Metallie impurities may be detected in the concentrated solution
of ‘the acid, by a dark eoloration or a precipitate upon saturation
with hydrogen sulphide, or upon subsequent supersaturation with
ammonia-water,

The following may serve as a general test for the purity of
suceinie acid: 1 part of the acid is dissolved in 15 parts of strong
or absolute aleohol; the solution is aided by dipping the test-tube
in hot water; when eold it is divided into two parts, one of which
is mixed with an equal volume of chloroform, the other with an
equal volume of ammonia-water; a complete solution must take
place in the first test, and a clear mixture in the second, otherwise
one or more of the above-mentioned adulterations are present.

When a erade acid, containing empyrenmatic substances, has to
be examined, it is first agitated and washed with a little ether,
and is then dissolved in boiling water, and the solution, when
cold, passed through a filter previously moistened with water,

ACIDUM SULFHURICUM.

Sulphurie Aeid.

Ger, Sehwefelsiure ; Fr. Acide snlfurique ; 8p. Acido sulfiirico,

1,80, = 80,{O1: 98,

A dense, eolorless, inodorous, highly corrosive liquid, of a spec.
grav. of 1.8426 at 15° C. (597 F.). When the pure acid of the
above eomposition is heated, it is partially decomposed into water
and sulphur trioxide. This dissociation increases with increase
of temperature, until at 338° C. (640.4° F.) a liquid acid of eon-
stant composition and boiling-point distils over without further
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alteration, which contains from 984 to 98.8 per cent. of abso-
lute acid, The commereial concentrated acid usually has a spee.
grav. varying from 1.834 to 1836 at 15° 3 {"..’Hﬂ F.), correspond-
ing to from 93 to 94 per cent. of absolute acid. Two strengths
of sulphuric acid are officinal, an acid having a spec. grav. not
less than 1.840 (1.836-1.840 Pharm. Germ.; 1.843 Brit. Pharm.),
and containing not less than 96 per cent. of absolute sulphuric
acid; and Acidum Sulpharicum Dilutum, spee. grav. about 1.067
(1.110-1.114 Pharm. Germ.; 1.094 Brit. Pharm.), containing 10
per cent. of absolute acid.

Sulphurie acid has a strong attraction for water, absorbing 1t
from the atmosphere, and withdrawing it or its elements from
organic eompounds immersed in, or mixed with, the acid; sul-
phurie acid, therefore, when in contact with organic substances,
or with air containing dust, gradually loses its colorless appear-
ance, and becomes more or less brown, and rapidly chars and
destroys most organic substances.

Sulphurie acid is miscible with water, glycerin, alecohol, and
other solvents, with evolution of heat, and produces, with most
organic liquids, a more or less vehement decomposition; in its
relations to other compounds, it maintains the character of one of
the strongest acids, its affinity for bases being so powerful as to
withdraw them from most of their componnds, forming sulphates,
which, with the exeeption of those of barinm, strontium, caleium,
and lead, are freely soluble in water, the latter three being very
sparingly soluble, while barium sulphate is practically insoluble
in both water and dilute acids. By the same powerful affinity,
sulphurie aeid, in its dilute condition, dissolves most of the metals
(iron, zine, magnesium, cobalt), with the evolution of hydrogen
and formation of sulphate of the metal; when concentrated it
does not act in the cold upon many of the metals, but, when
heated, most of them (copper, mercury, silver, lead, tin, ete.) are
attacked, with the evolution of sulphur dioxide, in consequence
of the reduection of the acid by the liberated hydrogen at the high
temperature.

In consequence of its affinity for water, a piece of pine wood
dipped into concentrated sulphuric acid becomes black from sepa-
ration of earbon, and when a fragment of cane-sugar is placed in
eontact with the acid the latter will likewise assume a dark colora-
tion, and upon heating develop the odor of sulphurous aeid.
When one drop of the acid is diluted with a test-tubeful of water,
a white precipitate will be produced on the addition of a few
drops of a solntion of barium chloride.

Examination :

Fixed vmpurities are recognized by a residue after the complete
evaporation of a small quantity of the acid in a platinum or
poreelain eapsule.

Lead is indicated by a white turbidity taking place upon the
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eareful admixture of one part of the
acid with about four or five times
its volume of aleohol. Another
method of readily recognizing the
presence of lead in salphuric acid
15, to about half fill a small conical
eylinder with concentrated hydro-
chloric acid, and then to place below
the acid, by means of a pipette, a
nearly equal volume of the sulphurie
acid, with eare that the fluids do not
mix (Fig. 79); an ensuing white tur-
bidity atthe junction of the two fluids
would confirm the presence of lead.

The presence of metallic impuri-
ties in general may be detected, after
the previous dilution of the acid
with several times its volume of water, and warming it gently, by
saturating with hydrogen sulphide. The liquid, after standing
for several hours, is filtered from any precipitate which
may have been formed, subsequently supersaturated
with ammonia-water, ammonium sulphide added, and,
when required, further examined by the methods de-
seribed in the conrse of analytical investigation (pages
o1 to 59).

Arsenie may be detected in the acid, previously diluted
with about five times its volume of water, and gently
warmed, by the production of a yellow preeipitate upon
gaturation with &lydmgen sulphide, as indicated in the
preceding test. If specially sought for, it may, together
with sulphurous acid, be readily detected by heating
the diluted acid, in a test-tube, with a few fragments of
pure zine, and placing over the orifice of the tube a cap
of bibuloug paper moistened with a drop of solution of
argentic nitrate (Fig. 80); the production of a black
stain upon the Faper will indicate either arsenious or
sulphurons acids,

Nitric and witrous acids may be deteeted by the addi-
tion of a drop of indigo solution to a small portion of
the acid, and gently warming, when decoloration of the
liquid will ensue; or a crystal of ferrous sulphate is
added to the acid, or a solution of the latter salt carefully
poured upon it, without mixing, so as to form two dis-
tinet layers (Fig. 81), when, in either case, a brown
coloration of the erystal, or a brown zone at the point
of contact of the two liquids, will indicate the above-mentioned
impurities. :

By carefully mixing the concentrated acid with about half its
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volume of a solution of 5 drops of pure aniline in 25 cubie cen-
timeters of dilute sulphuric acid, so as to form at first two layers,
the mixture will assume a rose-red coloration in the presence of
nitrie or nitrous acids. A special test for nitric acid consists in
the produetion of a rose-red coloration on the addition of a few
drops of an aqueous solution of brucine.

Fia. 81,

-

Hydrochloric acid will be detected in the acid, diluted with
twenty times its volume of water, by the production of a white,
curdy precipitate on the addition of solution of argentic nitrate.

Estimation :

Sulphuric acid may be most conveniently estimated volumet-
rically by the process of neutralization. From 2 to 3 grams of
the strong aeid, or a corresponding quantity of dilute acid, 1s
accurately weighed in a beaker, about 50 cubie centimeters of
water, and a few drops of litmus <olution added, and a normal
solution of potassinm or sodinm hydrate (page 87) allowed to flow
into the liquid from a burette until, with constant stirring, a per-
manent blue tint is produced. Sulphuric acid being dibasie, 1
enbie centimeter of the normal alkali solution corresponds to
0.049 gram H,SO,, which, multipliel by the number of cubic
centimeters of normal alkali solution emploved. will give the
amount of absolute acid in the specimen under examination, and
from which the percentage strength may be caleulated. By deter-
mining the spec. grav. of the acid, the correctness of the result
may be verified by comparing it with the percentage strength of
an acid of the same specific gravity, as indicated in the subjoined
table, page 189,

To neutralize 2.45 grams of the strong officinal acid, diluted
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with about 10 volumes of water, not less than 48 cubie centimeters
of normal solution of }ljntas:'-'sium or sodium hydrate should be
required ; and to neutralize 9.8 grams of the officinal diluted acid
shounld require from 19.2 to 20 cubic centimeters of normal alkali.

The gravimetric estimation of sulphurie acid is readily aceom-
plished, although less quiekly than Ey the pre.ﬁeding method, by
1ts conversion into bariam sulphate. To a weighed quantity of
the acid, largely diluted with water, a few drops of hydrochloric
acid are added, the mixture heated to boiling, and subsequently
a solution of barium chloride added until no further precipitate 1s
produced. After standing for some hours, the precipitate is col-
lected on a filter, t.lmrougﬁly washed with hot water, dried, and
finally ignited at a red heat. 100 parts of barinm sulphate corre-
spond to 42.06 parts of sulphurie acid, H SO, or 34.33 parts of
sulphurie anhydride, 50,

Rules for the Dilution of Sulphuric Acid.

If a strong acid @ has to be diluted with water or with a weaker
acid e, in order to obtain an acid of some special strength &, the
following rules are applicable: The difference in percentage
strength 1s sought on the one hand between @ and 5, and on the
other between & and ¢, and « and ¢ then mixed in the proportions
represented by the difference in the respective numbers. It must
be observed, however, that when the difference between « and 5
is greater than between & and e, less of @ than of ¢ must be taken
in order to obtain 4; and when the difference between a and b is
less than between & and ¢, more of a than of ¢ must be employed
in order to obtain &; for example:

I. Sulpharie acid eontaining 29 per cent. of absolute aeid is to
be mixed with water to form an acid containing 25 per cent. of
absolute acid :

a. b, c.
29 per cent. 25 per cent. 0 per cent.

Difference 4 2b

25 parts of 29 per cent. acid are therefore to be mixed with 4 parts
of water, or

100 grams of sulphuric acid = 29 grams H, SO,

19 % Y whater —
116 grams of sulphuric acid = 29 grams H_S80,,
or100 ® 4 B 4 g8 &

II. Sulphurie acid containing 82 per cent. of absolute acid is to
be mixed with an 8 per cent. acid to form an acid containing 14
per cent. of absolute acid:
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a. b. c.
82 per cent. 14 per cent. ~ 8 per cent,
Difference 18
(3) (1}

1 part of 32 per cent. acid is therefore to be mixed with 3
of 8 per cent, acid, or

100 grams of sul]:-hurlr acid = 32 grams H CBD

200 (1 i R 7 [
400 grams of a.ulphurm acid = 56 grams H S0,
or 100 T T
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TanLe of the quantity by weight of Sulphuric Acid (HS0)), and the
corresponding amount of Sulphuric Anhydride (S0,), contained in

101 purts -ﬁ_y weigﬁt of Agueous St-t{-pfnu"i:: Aeid frf di fferent
gravities ( Otto).
Temperature 152 C. (3090 F.).

specifie

Specific | Peret.  Per cent. | | Specifie | I-"&r ek, | Per cent. Bpecitis | Por ot |

gravity. n) El'-[! 5“':"& | gravity. H,ﬂﬂ !-'ﬂi,. | graviry. | H;éru-i.
1.8426 | 100 | 81.68 || 1.578 | 66 ! 53.87 || 1.289 | 32
1.842 | 99 | 80.81 || 1557 | 65 | 53.05 || 1.281 | 81
1.83406 | 98 80.00 || 1.545 64 | 52.24 || 1.228 | 30
1.840 | o7 | 7918 || 1.584 | 68 | 5142 || 1.215 | 20 |
1.8884 | D6 78.86 || 1.523 62 50,61 1.2mm| a8 |
1.8876 | 95 | 77.55 || 1.512 | 61 | 49.79 || 1.198 | 27
1.8836 | 94 | 76.,8 || 1.500 | 60 | 4898 || 1.190 | 26
1834 | 03 | %0l || 1490 | 59 | 48.16 || 1.18 | 25
1881 | 93 | %510 || 1.480 | 585 | 4734 || 1174 | 24 |
1.827 | 91 74.28 || 1460 | 57 | 4658 | LioT | 23
1.892 | 90 | 7847 || 14588 | 56 | 457 || 1150 | 92
1.816 | 80 | 72.65 || 1448 | 55 | 4489 || 11516 | 21
1.808 | 88 | 71.48.|| 1.488 54 | 44.07 || 1.144 | 20
1.802 87 | 71.02 1.428 it 43.96 || 1.186 | 19 |
1.704 | 88 | 70.10 || 1.418 | 52 | 4245 || 1.120 | 18
1786 | 85 | 69.38 || 1408 | 51 | 4163 | 1131 | 17
1717 | 84 | @8.07 || 1.808 | 50 | 40.81 || 1.1186 | 16
1967 | 88 | 67.75 || 1.8886 | 40 | 40,00 || 1.106 | 13
L1756 | 82 | 66.94 || 1379 | 48 | 89.18 || 1.098 | 14
1.745 | 81 | 60613 || 1870 | 47 | 88.86 | 1.001 13 |
L34 | 80 | @530 || 1861 | 46 | 87.55 || 1083 | 12 |
1.792 | 70 | 6448 || 1.851 45 | 88.78 || 10756 | 11

1.710 78 63.67 1,843 | 44 | 385.82 1,068 10
1.698 i 62.85 1333 | 43 85.15 1.061
1.686 76 62 04 1824 | 42 | 84.98 1.0536
1.655 75 G1.22 1,315 41 33.47 1.0464
1.663 T4 G0, 40 1,806 40 3965 1,089
1.651 | 78 | 5009 || Leste | 30 | siss | 1082
1.639 72 58.77 || l.289 88 21.02 || 1.0256
1.627 71 57.95 || 1281 | 87 30.20 1.019
1.615 | 70 | 5714 || 1978 | 36 29.88 || 1.018 |
1.604 60 | 56.39 1.264 35 28,58 1.0064
1.592 68 | 5559 | 1,256 34 | 21.75 |
1.580 67 | 54.69 || 12476 | 33 | 26.94

Par cent.

of
&0,.

26.12
25,80
24.49
23 07
22.85
22.08
21.232
20.40

| 19.58
| 1857

17.95

| 17.14
| 18.32

15.51
14. 069
13.87
13,00
13.24
11.43

| 10.61

0.7
8.98
5.16
T84

2.445
ﬂ' s10
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With the decrease and increase of temperature, the specific gravity of sulphuric
acid suffers a corresponding increase or decrease, amounting for each degree
of the centigrade thermometer in either direction :

For acids of a specific gravity of 1,842 to those of 1,786 to about 0.0014

:‘ aTT 1.665 0.0012
. kR 5 1,651 e 1. 3006 o 0.00

i i kY Lt 1.207 Ak 1,216 000075

2 e 55 i 1.206 = 1.144 o DL00045
L t v 1. 1486 s 1.G68 “ 0.00047

ACIDUM SULPHUROSUM.

Sulphurous Aeid.
Ger. Schweflige Siiure ; Fr, Acide sulfarenx ; Sp. Acido sulfuroso.

A colorless liquid, possessing the characteristic suffocating odor
of burning sulphur. The most concentrated acid which can be
obtained by saturating water with the gas at ordinary tempera-
tures contains 9.54 per cent. of sulphur dioxide, and has a specific
gravity of 1,046, The officinal acid is stated to have a specific
gravity of 1.022 to 1.023 (1.04 Brit. Pharm, = 9.2 per cent S0,),
corresponding to about 5.7 per cent. of sulphur dioxide. It pos-
sesses a very acid, snlphurous taste, and has a strongly acid reae-
tion upon litmus, which it first reddens and afterwards bleaches.
When heated to boiling, it loses sulphur dioxide, becoming finally
completely volatilized ; and when exposed to the light it becomes
gradually decomposed with the formation of pentathionic acid,
]-[{:'i,{},, and in contact with the air is readily oxidized to sulphuric
acid,

Sulphurous acid possesses a strongly reducing action, to which
are due also its bleaching properties; it separates metallic gold,
gilver, and mereury from solutions of their salts, and liberates
iodine from a solution of potassium iodate, which imparts a blue
color to mucilage of starch. When hydrogen is generated by the
action of dilute sulphurie acid nupon a few fragments of pure metal-
lic zine, contained in a test-tube, and a few drops of sulphurous
acid are added, the latter will become reduced to hydrogen sul-

hide, and impart a black stain to a piece of bibulous paper moist-
ened with a solation of plumbic acetate, and placed over the
mouth of the tube.

Examination :

Sulphuric acid may be detected by a white precipitate, insoluble
in hydrochlorie acid, upon the addition of a solution of barium
chloride. The amount of sulphuric acid present should not be
sufficient to produce more than a very slight turbidity, when to
10 eubic centimeters of sulphurous acid 1 cubic centimeter of
diluted hydrochlorie acid is added, and subsequently 1 cubic cen-
timeter of test-solution of barium chloride,
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Estimation: _ ‘

The strength of an agqueous solution of ﬂquhurqlls acid may be
approximately determined by ascertaining its specific gravity, and
subsequent reference to the subjoined table, or, more accuri tely,
by the following method of volumetric estimation :

" About 2 grams of the acid, diluted with 50 cubic centimeters
of water, are placed in a flask, a little mucilage of starch added,
and then a decinormal solution of iodine, the exact strength of
which has been previously determined, page 93, allowed to flow
into the liquid from a burette until, with constant stirring, a per-
manent blue coloration is produced ;* the sulphurous acid be-
comes thus oxidized to sulphuric acid, according to the equation :

I, + H,S0, + H,O0 = IS0, + 2HIL.

ey o

254 82

(127) (41)
From the number of cubic eentimeters of iodine solution employed,
the amount of sulphur dioxide or of absolute sulphurous acid
may be caleulated ; one cubic centimeter of the iodine solution,
corrected if necessary by its proper factor, page 95, corresponding
to 0.0032 gram of su]piur dioxide, S0, or 0.0041 gram of abso-
lute sulphurous acid, H,S0,.

The U. 8. Pharmacopeeia directs that 1.28 grams of sulphurous
acid, diluted with 20 volumes of water, and a little mucilage of
starch added, should require the addition of at least 14 cubic cen-
timeters of the volumetrie solution of iodine before a permanent

blue tint is developed, corresponding to at least 3.5 per cent. of
sulphur dioxide.

TABLE of the parts by weight of Sulphur Diozide contained in 100 parts

by weight of agueons Sulphurous Acid, of different specific gravities
(Anthon).

Temperature 152 C. (592 F.).

Epecific gravity. | Per eont. of 804, ' Epecifle gravity. | Por cent. of 804
1.044 9.54 ! 1.020 | 4.97
1.086 5.59 | 1.018 | 2.82
1.081 7.68 1.013 - .86
1.027 6.68 1,009 | 1.90
1.023 5.72 1.005 | 0.95

* On account of the volatility of sulphurouns acid, it is important that such

estimations be performed as quickly as possible, in order to prevent loss by
evaporalion,
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ACIDUM TANNICUM.

Tannic Aeid. Tannin,
Ger. Gerbsiiure ; Fr. Acide tannique ; 8p. Acido tinico,

1 C,H,(OH),CO-OMH | .
C1,0, = CHYON)C0 }0, 329,

Amorphous, friable, porous, and inodorous masses, or thin shin-
ing scales, of a pale greenish-yellow color, and feeble, mild odor®
(mostly combined with a faint odor of ether); when heated upon
platinum-foil, tannic acid fuses, swells up, and burns away without
residune.

Tannic acid is soluble in 6 parts of water or glveerin, in 0.6

art of alecohol, and in less than its own weight of diluted aleohol,
and very freely soluble in boiling water and in boiling aleohol ; it
1s but sparingly soluble in absolute alcobol and in commercial
ether, and almost insoluble in absolute ether, chloroform, carbon
bisulphide, benzol, benzin, and the fixed and volatile oils. Its
aqueous solution reddens litmus-paper, and has an astringent taste,
without bitterness; it becomes turLid when boiled, and gradually
dark-colored and mouldy, when exposed to the air; it suffers pre-
ci]]:-itatiml by the alkaline salts, and by the mineral acids, and forms
soluble compounds with the alkaline hydrates, sparingly soluble
ones with the earthy oxides, and more or less insoluble ones with
most of the metallic oxides; its solution coagulates solutions of
gelatin, albumen, and starch (distinetion from gallic acid), and
affords white precipitates, soluble in acetic acid, with the alka-
loids ;¥ it produces no reaction with ferrous salts, if completely
free from ferric salts, but it gives a bluish-black precipitate with
the latter, which is soluble in oxalic and minera aaic}?ﬂ. When
solution of tannie acid is dropped into lime-water, it produces a
white turbidity, which soon becomes gray and dingy green, and
passes through various shades to a dark purple-brown color.

If to a very dilute agqueons solution of tannic acid a small quan-
tity of iodine-water be added, a colorless solution will be obtained,
which, on the addition of a very little ammonia-water, assumes a
transient, fine red coloration ; if the iodine-water be added in such
an amount as of itself to impart a slight reddish tint to the liquid,
and lime-water, instead of ammonia, be then added, a blue colora-
tion will be produced.

Examination :

The abzence of admixtures of resinous sulstances, quwm, dextrin,
and of sugar, may be ascertained by the property of the acid to
yield a clear or nearl l?: clear solution with about four or five parts
of warm water, which should remain so when tested in two por-
tions, the one by addition of twice its volume of strong aleohol,

* The eolor and odor are due to traces of a greenish resin.
4 Morphine is precipitated only from very concentrated solutions, and the
precipitate is readily dissolved by a slight excess of tannic acid.
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the other by dilution with water; if any such adulterations be

resent, they may be separated and recognized by making two
solutions of the acid, one in strong aleohol, when gum, sugar, and
dextrin will remain behind, and another one in boiling water,
when resinous substances will remain undissolved or be separated
on cooling,

Estimation : )

In consequence of the variable nature of tannic matters as de-
rived from different sources, and the impurities with which they
are frequently accompanied, their exact quantitative estimation
in technical products, vegetable extracts, ete, is often attended
with considerable difficnlty. Of the various methods proposed,
two of the less complicated will here be given, which, however,
in most instances afford sufficiently accurate results.

I. The substance to be examined is extracted with strong
alecohol, the alcoholie liquid evaporated at a gentle heat to the
consistence of a soft extract, and the residue taken up with just
sufficient water to insure the complete solution of the tannic mat-
ter. To the elear agqueous solution a solution of neutral plumbic
acetate is then added until a precipitate ceases to be produced, the
preeipitate collected upon a tared filter, washed three or four times
with small portions of water, dried at 100° C. (212° F.) until of
constant welght, and its weight finally determined. The precipi-
tate is then removed from the filter, the latter, together with a
little ammoninm nitrate, brought into a porcelain erucible and
ignited, and afterward the precipitate added, and the whole ignited
at a strong heat until the weight remains constant. The weight
of the ignited plumbic oxide, subtracted from the previously
determined weight of the lead precipitate, will represent the
amount of tannic acid, together with other organie acids or bitter
principles precipitable by plumbie acetate, which may be contained
in the substance under examination.

II. This method depends upon the precipitation of the tannie
acid as zine tannate, and the estimation of the latter by means of
a solution of potassium permanganate. A solution of zine acetate
in an excess of ammonia water yields with tannic acid a precipi-
tate of zinc tannate, insoluble in an excess of the reagent, in water
or ammonia-water, but is not precipitated by alcohol, glyeerin,
potassium or calcium tartrate, albumen, or by ferric and ferrous
salts of the organie acids; with gallic acid and aluminium salts it
yields a precipitate, which, however, is soluble in an excess of the
reagent and in ammonia-water.

The solutions required in this process of estimation are: 1. A
solution of zine acetate, prepared by dissolving 10 grams of crys-
tallized zine acetate in 200 cubic centimeters of water, and the
subsequent addition of 130 grams of ammonia-water, spec. grav.
0.960. 2. Diluted sulphuric acid, prepared by mixing 1 part of

su]phurig:: acid, spec. grav. 1.84, with O parts of water; and 3. A
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solution of 1.333 grams of crystallized potassium permanganate in
1 liter of water. In order to determine the oxidizing power of the
permanganate solution, a solution of pure tannie acid of known
strength is prepared ; for instance, 1 gram of pure tannin dis-
solved in 1 liter of water. If it be found, for example, that 20
cubic centimeters of this tannin solution require the addition of
10 cubic centimeters of permanganate solution in order to pro-
duce a permanent pink tint, then 1 cubic centimeter of the per-
manganate solution corresponds to 0.002 gram of pure tannin.
The estimation is then performed as follows: To about 50 cubice
centimeters of the liquid to be examined, a slight excess of the
solution of zine acetate above that required to completely preeipi-
tate the tannin is added, the mixture heated to boiling, subse-
guentl ]y evaporated to about one-third of its volame, and allowed
to cool. The precipitate of zine tannate is then collected on a
filter, washed with hot water, subsequently dissolved in diluted
sulphuric aeid, and the solution titrated with potassium perman-
ganate until a permanent pink tint is produced. If, for example,
15 cubic centimeters of the potassium permanganate solution are
employed, and, as by the above determination, 1 cubic centimeter
of permanganate solution corresponds to 0.002 gram of tannin,
congequently 15 eubic centimeters of permanganate solution cor-
respond to 0.002 x 15 = 0.03 gram of tannin, As this amount is
coutained in 50 cubic centimeters of the liquid under examination,
100 cubie centimeters will contain 0.06 gram, or 0.06 per cent. of
pure tannic aeid.

TavLe of the amount by weight of pure Taunic Aeid contained in 100
parts by weight of its agueous solutions of different specific gravit.es
( Hammer).
Temperature 152 C. (502 F.).

Paor ¢ i Per cont. I ! Par cont. IPer conl.
Bpacifie n?:a::r: Epeeific | of ppunie || Speeifie | oryuppje || Specifie |¢I'uu_nu'i¢
graviny. acid. graviey. | “gojd, || sreviy | aeid, graviey. | acid.

—_— e [ o — | |

1.0010 | ©0.25 || 1.0211 | 5.25 | 1.0416 | 10.85 || 1.0025 | 15.25
1.0020 | 0.50 || 1.0222 | 550 | 1.0427 = 10.50 || 1.0635 & 15.50
1.0020 | 0.75 || 1.0282 | 5.95 | 1.0487 | 10.75 || 1.0646 | 15.%5
1.0040 1.00 | 1.0242 | 6.00 | 1.0447 | 11.00 || 1.0656 | 16.00
10050 1.25 || 1.0252 | $.25 1.0458 11.256 || 1.0666 16.25
1.0060 1.50 | 1.0268 | 6.50 | 1.0468 = 11.50 || 1.0077 16,50
1.0070 1.5 || 1.0273 | 6.90 || 1.0470 | 11.%5 || 1.0888 16.75
1.0080 2,00 || 1.0283 | 7.00 | 1.0480 = 12,00 || 1.0698 @ 17.00
1.0000 9,95 1.0008 | 7.85 || 1.0400 | 12.25 || 1.0709 | 17.25
1.0100 a.50 || 1.0804 | 7.50 || 1.0510 | 12.50 || 1.0719 | 17.50
1.0110 2.75 || 1.0814 | 7.75 |l 1.0520 | 12.95 || 1.0780 | 17.%5
1.0120 4.00 || 1.0824 | 8.00 || 1.0530 | 18.00 || 1.0740 | 18.00
1.0130 $.95 || 1.0884 | B.25 || 1.0541 | 18.25 || 1.0751 | 18.25
1.0140 3.50 1.0345 | 8.50 1.0551 | 18.50 | 1.0701 18.50
1.0150 8.75 | 1.0855 | 8.7 || 1.06062 | 18.75 || 1.0772 | 18.75
1.0160 4.00 | 1.0365  9.00 | 1.0572 = 14.00 | 1.0782 | 19.00
1.0171 4925 | 1.0875 | 9.25 || 1.0588 @ 14.25 || 1.0792 | 10.25
10181 | 4.50 | 1.0886 | 9.50 || 1.0503 @ 14.50 || 1.0808 | 19.50
1.0191 4.75 1.0808 | 9.75 | 1.0604 | 14.75 || 1.0814 | 10.55
10201 | 5.00 | 1.0406  10.00 | 1.0614 | 15.00 1.0824 | 20.00

e SR

SR [



ACLDA. 195

ACIDUM TARTARICUM.
Tarferic Acid.
Ger. Weinsiure ; Fr. Acide tartarique ; Sp. Acido tartirico,

CH(OH)-CO-OH
CHO, = | ;150
CH(OH)-CO-OH

Colorless, transparent, monoclinic prisms (Fig. 82), permanent
in the air; they contain no water of erystallization, and, when
cautiously heated in a glass tube, fuse at 135° C. (275° F.) to a
transparent, vitreous, very deliquescent
mass of metatartaric acid, C,H,0, : when
strongly heated, with exposure to the air,
they are decomposed with the evolution
of inflammable vapors of a peculiar odor,
resembling that of burnt sugar, and with
the separation of carbon, and are finally
wholly dissipated.

Tartaric acid is soluble in 0.7 part of
cold, and in 0.5 part of boiling, water ;
in 2.5 parts of cold, and in 0.2 part of
boiling, alecohol; in 36 parts of absolute
alecohol, in 23 parts of commercial ether, or 250 parts of absolute
ether; and iz nearly insoluble in chloroform, benzol, and benzin.
Its solutions possess a strongly acid taste and reaction, and, when
dropped into solutions of neutral potassinm salts, give rise to the
formation of a white granular precipitate, at once in concentrated
solutions, and after a time in diluted ones. This reaction, how-
ever, does not take place in solutions containing free mineral
acids or acid salts thereof. When s=olution of tartaric aecid is
dropped into lime-water, so that the alkaline reaction predomi-
nates, a white turbidity oceurs (distinetion from citrie acid), which
disappears again upon the addition of solution of ammonium chlo-
ride (distinetion from racemic acid), and also upon the addition of
acetic acid (distinction from oxalie acid); solution of caleinm sul-
phate remains unchanged upon the addition of tartaric acid (addi-
tional distinetion from oxaliec and racemie acids).

Crystals of tartaric acid, when immersed in concentrated sul-
phuric acid, dissolve gradually without coloration, unless warmed,
when they become black, and, on more strongly heating, with the
development of earbon monoxide, carbon dioxide, and sulphurous
acid gas,

Examination :

Nalts.— An admixture of salts is recognized by the addition of an
equal volume of alecohol to a cold saturated aqueous solution of
the acid, or by dissolving the powdered acid in 6 parts of strong

Fig. 83,
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%
aleohol ; a complete and permanent solution must ensue in either
case,

Sulphuric acid or sulphates may be deteeted in the diluted solu-
tion, to which a little hydrochloric acid has been added, by a
white turbidity with barinm nitrate. If 10 cubic centimeters of
a strong solution of tartaric acid be employed for the test, no pre-
cipitate should be produced within five minutes upon the subse-
quent addition of 1 cubic centimeter of test-solution of bariam
chloride, and an exeess of hydrochlorie acid.

Chlorides may be detected in the diluted solution, by a white
precipitate, insoluble in nitrie acid, on the addition of a solution
of argentic nitrate.

Oxalie acid or owalates may be detected in the concentrated
aqueous solution of the acid, by a white precipitate when tested
with solution of ealeium sulphate. §

Caleium salts may be detected in the diluted solution, pre-
viously nearly neutralized with ammonia-water, so that the acid
reaction still predominates, by a white precipitate on the addition
of ammonium oxalate,

Metallic impurities (copper or lead) are deteeted by a hrown or
blackish eoloration or precipitate, when a concentrated agueous
solution of the acid is saturated with hydrogen sulphide; after
filtering, if necessary, and subsequent super-saturation with am-
monia-water, an ensuing dark coloration would indicate iron.

Estimation :

One hundred parts of tartarie acid require for exact neutraliza-
tion 92.2 parts of anhydrous potassium carbonate, 133.33 parts of
erystallized potassium bicarbonate, 190.66 parts of erystallized
sodium carbonate, 112 parts of sodium bicarbonate, and 63.35
parts of magnesinm carbonate.

The estimation of tartaric acid may also be conveniently ac-
complished volumetrically with sufficient acenracy, since, unlike
eitric acid, its point of neutralization as indieated by means of
litmus may be distinetly observed.

About 3 grams of the erystallized aecid, accurately weighed, are
dissolved in about 50 eubic centimeters of water, a few drops of
litmus solution added, and a normal solution of potassium or
sodium hydrate (page 87) allowed to flow into the liquid from a
burette until, wit‘l constant stirring, a distinet blue tint is pro-
duced. Tartaric acid being dishasic, one cubic centimeter of
normal alkali corresponds to 0.075 gram of the erystallized acid,
and from the number of cubic centimeters of alkali solution em-
ployed. the purity or percentage strength of the acid may be
readily caleulated. If 5.75 grams of aeid, and a strietly normal
solution of alkali are employed, the number of eubie ecentimeters
of the latter required for neatralization, when multiplied by 2,
will represent at once the percentage purity of the acid.

Another method of estimation consists in adding to a solution

-
.
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of 1 part of tartaric acid in 3 parts of cold water, a solution of 1
part of potassium acetate in 3 parts of ecold water, and subse
quently adding a volume of alcohol equal to that of the whole
mixture ; after being allowed to stand for 2 hours, the white,
crystalline precipitate of acid potassium tartrate 1s collected upon
a tared filter, well washed with dilated aleohol, and dried at 100°
C. (212° F.), when it should weigh between 1.25 and 1.26 parts.

TABLE of the parts by weight of erystallized Tartaric Acid contained in
100 parts by weight of agueous solutions of the acid of different specific
gravities ( Gerlach).

Temperature 152 C, (58= F.).

Specifle Per eont. of | | Speeifie Per cont. of | | Bpaeifie | Per gant of

gravity. tartarie acld, || gravity. tumaric asid.| | grav.y. tartarie ucid,
1.0045 1 1. 00695 a0 [| 1.2019 an
1.00480 3 [ 1.1030 21 1. L0735 40
1.0136 3 1.1073 22 (| 1.2138 41
1.0170 4 1.1124 23 . 1.2198 44
1.0224 a P 21 [ 1.2359 44
1.0273 G | 1.1227 a5 [ 4 44
1.0322 N 1.1282 26 g i 2377 45
1.0871 2] 1.1838 a7 1.2441 | 46
1.0420 0 1.1393 28 | 1.2504 47
1.04692 10 1.1449 20 1.2568 43
1.0517 11 L 115047 s | 1.263% | 449
1.0565 12 1. 1560 a1 |  1.20902 | it
1.0613 13 1.1615 32 | 1.2762 | 5l
o 1.0661 14 1.1670 | 03 | 1.8828° | ha
1.0709 15 1.1726 [ a4 | 1.2894 i
1.0761 16 [ 1.1781 [ ] [ 1.2061 ; a4
1.081% 17 1.18540 {1 | 180T | 53
1.0865 | 18 | 1.1900 | &t || 1.8008 | n6
| 1.3169 h7

1.0917 19 1.1959 i)

ACIDUM VALERIANICUM.
Valerianie Aeid.  Isopropyl-acetic Aeid,

Ger. Valeriansiure, Baldriansinre ; Fr. Acide valérianique;
Sp. Acido valeriinico.

CH,™, :
C#HII}DE = G[IJ/U}[-G[I’r"GO-O]I ,* 102,

Pure valerianic acid forms a thin, colorless, or nearly colorless
liquid, having the persistent odor of valerian-root, and a pungent,
acid taste; it reddens litmus, bleaches the skin, and burns when

* Of the acids having the empirical formula C,H,,0,, four modifications are
theoretically possilile, all of which are at present known :
(1) Normal valerianic acid, CH~CH_-CH,~CH ~CO-0OH. (2) The medicinal
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inflamed with a bright, smoky light. Tn contact with water, it
absorbs about 20 per cent. of its weight without losing its oily con-
sistence, and is itself soluble in 25 parts of’ water at 15° C. (59° F.);
it is miscible with ammonia-water, aleohol, and ether, in all pro-
portions. Its spee. grav, is 0.934 at 15° C. (58° F.), and it boils
at 1759 C. (347° F.). The commercial acid is generally the
hydrate C,H, 0, + ILO, formed as above mentioned from the
absolute acid by the absorption of about 20 per cent. of its weight
of water, and, with reference to the old notation, was formerly
krown as the trihydrated acid, C,,H,0,.8HO; it has the speecific
gravity 0.945, boils at 165° C. (329° Is*], and may be also distin-
guished from the absolute acid by its limited solubility in carbon
bisulphide, When pure concentrated valerianic acid is added to
an excess of mercurie oxide, a fine red solution of basic, unerys-
tallizable valerianate is obtained; the same coloration is produced
by a less concentrated acid on warming the solution, a consider-
able excess of the mercurie oxide being always maintained.

Examination :

Inorganic salts (valerianates) may be detected by a non-volatile
residue on the evaporation of a small quantity of the acid in a
small porecelain capsule.

Foreign fatty acids will be indicated by a higher specific gravity
of the acid, and may also be recognized as follows: One gram of
the acid is weighed in a tared fask, and water, of a temperature
of from 12 to 15° C. (53.6 to 597 FE.), is carefully added, with
constant agitation, until the acid is just dissolved. The flask is
weighed again, and the quantity of water required for solution
must be not less than twenty-five times the weight of the acid; in
this instance, not less than twenty-five grams. If the acid dis.
solves in less water, it is not pure, containing admixtures (aleohol,
acetic acid, and butyrie acid), which by their greater solubility
increase that of the valerianic acid. On the other hand, the quan-
tity of water required for solution must not exceed thirty times
(30 grams) the weight of the valerianie acid, in which case it
would contain less soluble or insoluble admixtures (eaproic and
similar monatomic acids, valeric aldehyde, ete.). The presence of
valeric aldehyde, as also of amylic aleohol and amyl valerianate,

e = — -

CH,\,

acid, or isopropyl-acetic acid, gy /CH-GH,—GO-DH. (3) Trimethyl-acetic
d
CH, CH, CH,
acid, C : and (4} Ethyl-methyl-acetic acid
GH,> <cmuu i é%cﬂ,
H
CO-0H,

These acids, however, with the exception of the second or medicinal acid, are
principally of theoretieal interest, being formed for the most part by difficalt
synthetieal methods, and differ materially in their physical and chemical

properties,
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may likewise be detected by neutralizing the acid with ammonia-
water, when they will either separate as an oily layer or impart
a turbidity to the liquid.

If the preceding tests leave doubt as to the purity of the acid,
or if a more conclusive examination be required, five grams
of the acid are weighed in a beaker, .
and mixed with about ten grams of Frc. 83.
hot water; then from a burette, ora &
graduated pipette (Fig. 83), a solution
of potassium carbonate, of 1.289 spec.
grav. (containing 29 per cent. of an-
hydrous carbonate), is added drop by
drop, until the acid is exactly neu-
tralized. The quantity by weight of
the solution of potassium carbonate
used must not exceed twice the quan-
tity of the acid; if a greater quantity
be required, the presence of butyrie,
acetic, and similar homologous acids,
is evident. When, in this test, oily
drops are separated upon the surface
of the liquid, the admixture of some
neutral oily eompound is indieated.

Acetic aciid may be detected by care-
fully neutralizing a small portion of
the aeid with ammonia-water, and
subsequently adding a dilute solution
of ferric chloride until no further
precipitate 18 produced; after the
subsidence of the amorphous reddish-
brown precipitate of ferric valerianate, the supernatant liguid
should appear colorless or nearly so; a bright red color will indi-
cate the presence of acetic acid,

Mineral acids may be detected in the aqueous solution of the
valerianic acid by adding a few drops of nitric acid, and subse-
quently testing portions of it with barium nitrate for salphurie
aeid, and with argentie nitrate for hydrochlorie acid.
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ACONITINA.

ACONITINUM.
Heonitine.  Aeconitia.
Ger. Aconitin ; Fr. Aconitine ; Sp. Aconitina.

C HNO,; 645.

White, amorphous pulverulent grains, or a white or yellowish-
white powder, which, with some difficulty, may be obtained from
its solutions in a erystalline form, It melts at 120° C. (248° F.),
and at a higher temperature is decomposed, with the evolution of
ammonia; when strongly heated on platinum-foil, it burns with a
smoky flame, and is finally completely dissipated,

Aconitine is soluble in 150 parts of cold water; with hot water
it becomes soft and resin-like, and dissolves gradually in the pro-
portion of 1 part of aconitine to 50 parts of boiling water, most
of the alkaloid being again separated on cooling; it dissolves
freely in aleohol, ether, chloroform, amylie alcohol, benzin, warm
benzol, and in dilute acids.

The aqueous solution possesses a feeble alkaline reaction, and
an acrid and persistent bitter taste; the latter being dependent,
however, upon the presence of another alkaloid, Pieraconitine,
having the formula C,H NO,,.

The solutions of aconitine in water yield with phospho-molybdic
acid a yellowish-gray precipitate, becoming blue on the addition
of ammonia; with tannic acid, potassio-mercuric iodide, and potas-
sio-cadmie iodide, white, amorphous precipitates; with potassio-
bismuthic iodide an orangered precipitate, and with iodine in
potassium iodide a reddish-brown precipitate, but are not I|Jrer:.i i-
tated by platinie or mercuric ¢hlorides, or pierie acid. - The solu-
tions of the salts of aconitine show the same behavior towards
reagents, but are precipitated by picric acid, as also by solutions
of sodium hydrate, sodium carbonate, and ammonia-water,

Aconitine dizsolves in nitric acid with but a slight yellowish
coloration ; with concentrated sulphurie acid, it forms a coherent
mass, which dissolves upon agitation, with a bright yellow color,
and, at ordinary temperatures, gradually passes through brown or
reddish-brown to violet-red. When dissolved in dilute phosphoric
acid, and the solution allowed to evaporate slowly in a poreelain
capsule on the water-bath, a fine violet color is also produced.

hen aconitine is boiled with inorganic acids or alkalies, it is
resolved into lenzoie acid, and an unerystallizable base, aconine:
c,H,NO, + HO = CHO, + C,HNO,,
[ e iy ey
Aconitine. Benzoic acid. Aconine.

An alkaloid formerly oceasionally met with in commerce under
the name of Morson's, or Fnglish aconitine, which differs in its
physical, chemieal, and therapeutical properties from the above
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deseribed, is now recognized as consisting wholly or in part of a
distinet body, and has received the name of Pseudaconitine or
Nepaline, C,, H,NO,. It is derived from the Indian or Nepal
aconite, Aeonitum ferox Wallich, and is distinguished from aco-
nitine by its elementary composition, its higher melting-point,
185-200° C. (365-392° I.), and much more sparing solubility 1u
water, alcohol, ether, and chloroform, requiring about 250 Y:il‘lﬂ-
of the latter for solution, while ordinary aconitine is soluble
in 3 parts of chloroform. It erystallizes very readily from its
golutions in the form of colorless, rhombic octabedra, and vields
some well erystallizable salts, but does not produce the above
described reactions of ordinary aconitine with sulphuric and phos.
horie acids, which, however, do also not pertain to true, crystal-
ized aconitine.

When pseudaconitine or nepaline is boiled with inorganic acids
or alkalies, it appears to be first converted by dehydration into
apopsendaconitine, C,,H NO,,, which latter is atterwards split into
veratrie acid and apopsendaconine :

CH,NO, = CH(OH)CO-OH + C,H/NO,
oy L . =i

— e

Peeudaconitine, Veratric acid. Apopsendaconine,

Commerecial aconitine appears of itself not to be a definite sub-
stance, but to consist of a mixture of true crystallizable aconitine,
together with psendaconitine, picraconitine, and their various
«gerivatives, aconine, pseudaconine, and possibly other amorphous

ases,

For the isolation of aconitine from complex organic mixtures,
or its separation and discrimination from other alkaloids, see also
pages 108 and 109.

ZETHER.

Ether. Ethylic Ether. Ethyl Oxide.
Ger. Aether; Fr. Ether; Sp. Eter sulfiirico.

CH,0 = (CH)0; 74.

A colorless, light, limpid, and highly refractive liquid, of a
characteristic fragrant u-:Fur, very volatile and inflammable ; it
does not redden litmus, but gradually becomes slightly acid by
the absorption of oxygen and the formation of acetic acid, from
contact with the air in imperfectly stoppered bottles. When
pure, 1ts spec. grav., at 15.5° C. (60° I.), is about (.720; it boils at
3499 C. (94.8° F.) under a pressure of 760 mm., and does not
solidify by exposure to the most intense cold.

The United States Pharmacopeeia provides two sirengths of
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ether, one of the spec. grav. 0.750, at 15° C. (59° F.), contain-
ing about T4 per cent., and :wether fortior, of a spec. grav. not
exceeding 0.725 at 15° C. (59° F.), or 0.716 at 25° C. (77° F.), and
containing about 94 per cent. of ethylic ether.

Ether is miscible, in all proportions, with aleohol, earbon bisul-
phide, ehloroform, benzol, benzin, and the fixed and volatile oils;
pure ether dissolves but one thousandth part of its weight of
water, but is soluble in 20 parts by weight of water at 12° C.
(53.6° F.). From its solution in ether, thé water can again be
almost wholly abstracted by contact with anhydrous potassium
earbonate, provided that the ether be pure and free from aleohol.
When eompletely free from aleohol and water, ether has no aetion
on dry tannic acid, which deliquesces to a thick, syrupy fluid in
sether fortior,

Ether dissolves sulphur and phosphorus sparingly, but bro-
mine, iodine, caoutchoue, essential oils, and most of the fatty and
resinous substances, freely ; it is also a solvent for a number of
alkaloids, and for some metallic salts, e. g., mereurie, aurie, platinie,
and ferrie chlorides, ete.

Examination :

Aleohol and Water.—Shaken with an equal bulk of water, in a
small graduated eylinder (Fig. 84), officinal ether should not lose
more than from one-fifth to one-fourth, and mther
fortior not more than from one-tenth to one-eighth,
of its volume: otherwise an excess of one or the
other of the above is contained in the ether, which
fact will also be indicated by a greater specific gravity
of the ether than that above stated.

A still more accurate result of this test is obtained
when pure glycerin is emploved instead of water,
whereby both water and alecohol are at the same time
abstracted ; the latter may then be recognized by sub-
sequent distillation from the glyeerin, and the addi-
tion of a few drops of an agueons solution of potassium
cliromate and sulphuric acid to the distillate, when
the green color of chromic oxide will soon appear.
In the application of the preceding test, the U. S.
Pharmacopeeia requires that 10 cubic centimeters
of ether, upon agitation with an equal volume of
glveerin, should not be reduced to less than 7.5
eubie centimeters; and that when 10 cubie centi-
meters of mther fortior are agitated with an equal
volome of glycerin, the ether layer, when fully
separated, should measure not less than 8.6 cubic
centimeters,

The presence of water in ether may also be detected by the
appearance of a blue eoloration on the addition of a little anhy-
drous cuprie sulphate, or by forming a turbid solution when the
ether is mixed with an equal volume of earbon bisulphide.

I i e ¥ 0 b il
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Acids.—Neutral blue litmus-paper, when previously moistened
with water and immersed in both the ethereal and aqueous layers
in the eylinder, should remain unaltered, as also when a small
quantity of the ether is evaporated in a porcelain capsule until
rednced in volume to a few drops, and then tested with litmus.
paper; a slight acid reaction wounld indicate acetic acid, and, in
erude ether, possibly sulphurous or sulphuric acid ; the acid re-
action may also be caused by traces of et yl-sulphuric acid, which,
together with other compound ethylic or amylie ethers, or aleohols,
are also indicated when a small portion of the ether is allowed to
evaporate spontaneously in a shallow porcelain eapsule; when
the ether has entirely evaporated, the inner surface of the capsule
should be covered with a deposit of moisture, without taste or
smell, and without any oily appearance.

TABLE of the quantity by weight of pure Ethylic Ether contained in 100
parts by weight of Ether of different specific gravities.
Temperature 17.52 C. (63.5° F.).

| |

| Per cont. | Par cant. Par cont. Par cant
g fle Bpeclf Bpecific | g iy
vy, |ofomrle | GASISY || vy, |G | e | O
0.7185 | 100 0.7810 | 87 | 0.7456 | 74 0.7614 | 61
0.7198 09 0.7320 | 86 0.7468 78 0. 7627 G0
0.7208 | 98 | 0.7381 | 85 0. 7480 1 0. 7640 59
0.7215 | 97 || 0.7842 84 0. 7402 T || 0.7653 bl
0.7224 96 || 0.7353 83 | 0.7504 | 0.7666 57
07288 | 95 || 0.7364 82 | 0.7516 | 69 || 0.7680 56
0.7242 04 0.7375 1 0,728 68 | 0.7693 a5
0.7251 |- 93 | 0.7386 80 0.5540 67 | 0.7707 54
0. 7360 02 0.7397 70 0.7552 g8 || 0.7T21 53
0.7270 o1 || 0.7408 78 || 0.7564 | 65 || 0.7785 | &3
0. 7280 00 0.7420 7 0.7576 | 64 0.7750 5l
0.7290 &0 0.7432 76 0.7588 63 0.7764 50
0. 7300 B8 0.7444 | 75 0. 7601 62 | 0.7778 49

With the decrease and increase of temperature, the specific gravity of ether
suffers a corresponding increase or decrease, amounting for each degree of the
centigrade thermometer in either direction—

For ether of a specific gravity of 0.7198 to that of 0.7331, about 0.0013
W “ o 0.7342  © 0.7504, *+ 0.0011
T o i L 0.75106 L 0.7627, ** 0.0009
PR T T 0.7640 *  0.7764, ** 0.0008

For instance : An ether of 0.7206 spec. grav. at 17.5° C., containing 98 per
cent. ethyl oxide, will have, at 20© C., a spec. grav. of 0.7206 — (0.0013 X 2.5)
=, 71735, and at 152 C., a spec. grav. of 0.7206 4 (0.0013 x 2.5) = 0.72385.
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HATHER ACETICUS.

Avetic Ether. Ethyl Acetate.
Ger. Essigither ; Fr. Ether acétique ; Sp. fter acético.

CH,0, = CH,0-0-C,H,: 88.

A colorless, light, limpid liquid, of an agreeable, ethereal, and
fruity odor and taste; very volatile and combustible, When
perfectly pure, its specific gravity is 0.898 at 15° C. (59° F.) and
1ts boiling point 74.3° C. (165.7° F.), but as the removal of the
last traces of aleohol is effected with great difficulty, its specific
gravity usually varies from 0.900 to 0.904 at 15° C, (59° F.), and
its boiling-point from T4 to 767 C. (1652 to 168.8° F.). Acetic
ether is miscible in all proportions with ether, aleohol, chloroform,
carbon bisulphide, and benzol, and soluble in approximately 17
parts of water. It absorbs oxygen from the air, especially if it
contains some water, forming acetic acid ; both the water and the
acid can be removed from the ether by shaking it with exsiceated
potassium carbonate, which will become more or less liquefied
when these fluids are present,

Examination:

Itz arueous solution should afford no precipitate with a solution of
barium chloride (sulphurie acid); and when a portion of the ether
is allowed to evaporate in a poreelain capsule, it should leave no
permanent residue (sodiwm or maynesium acetales).

Aleohol.—When shaken with an equal volume of water in a
graduated glass cylinder (Fig. 84, page 202), the ether, after sub-
siding, should not have decreased in volume more than one-tenth
to one-eighth ; when pure glycerine is employed instead of water,
the volume of both liquids should remain nearly unaltered.
Aleohol and water are also indicated in connection with the pre-
ceding test by a lower or higher specific gravity of the ether than
that above mentioned. As acetic ether may be mixed in such
proportions with aleohiol and ether that the presence of these
admixtures is not readily detected on the one hand by the deter-
mination of the specific gravity alone, or on the other hand, by
the test with absorption by water, it is necessary in its examina-
tion to apply successively both of the above mentioned tests, by
which means the admixture may be readily detected.

Aecids—Neutral blue litmus-paper, when previously moistened
with water, and immersed in both the ethereal and aqueous layers
in the eylinder, should remain unaltered, as also when a portion
of the ether is reduced to a small .volume by evaporation in a
porcelain eapsule, and then tested with litmus-paper.

Estimation of the Ethyl Acetate contained in Acetic Ether:

The quantitative estimation of acetie ether is accurately and most
conveniently accomplished volumetrically, by a process which de-
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pends upon its previous decomposition into aleohol and the acetate
of an alkaline base; the amount of alkali required to effect the
decomposition of a known and weighed amount of the ether being
subsequently determined by the estimation of the excess of alkali.
employed with a standard acid. _ .

About 3 grams of acetic ether are accurately weighed in a bot-
tle pmvideﬁ with a closely fitting glass stopper, and having a
capacity of at least 200 cubic centimeters; 100 cubic centimeters
of a decinormal solution of erystallized barinm hydrate (contain-
ing 15.75 grams Ba(OH), 4+ SI1,0 in a liter) are then added, the
whole well mixed, and, having fastened the stopper securely by
means of twine, the mixture is heated upon the water-bath for
about two hours. The decomposition of the ether which is thus
effected is expressed by the equation: ’

2C,H,0(CH,) + Ba(OH), = 2C,H,O + Ba(CH).0,),.

- ; B [ s e
Ethyl acetate. Barium hydrate. Alcolol. Barium acetate.

o = 2

The bottle and its contents are finally allowed to cool, then
opened and the liquid tested with eurcuma paper, which should
indicate by its brown coloration a decided alkaline reaction, while
the odor of the acetic ether must at the same time have com-
pletely disappeared. The contents of the flask are then trans-
ferred to a beaker, the flask subsequently well rinsed with several
small portions of water, and, after the addition of a few drops of
litmus solution, a decinormal solution of oxalic acid (containing
6.3 grams C,H,0, + 2H,O in a liter) is allowed to flow into the
liquid from a burette until, with eonstant stirring, a permanent
red coloration appears, or preferably until a drop of the solution
brought upon eurcuma paper no longer produces a brown colora-
tion. The number of uugic centimeters of oxalic acid solution
employed for neutralization, when subtracted from that of the
barium hydrate solution originally emploved (100), will represent
the number of cubic centimeters of barium hydrate solution re-
quired for the decomposition of the ether, and therefrom the
amount of ethyl acetate eontained in the specimen under exami-
nation or its percentage strength may be subsequently readily
ealenlated : one cubic centimeter of decinormal barinm hydrate
solution corresponding to 0.0085 gram of ethyl acetate.
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ALCOHOL.

SPIRITUS RECTIFICATUS.
Ethyl Aleohol.

Ger. Spiritus, Weingeist ; Fr. Alcool ; Sp. Aleolol.
O,H,0 = C,H,~OH ; 46.

A colorless, limpid, neutral liquid, inflammable, and burning
with a pale blue flame, without smoke; its spec. grav. is 0,795 at
15° C. (59° F.); its boiling-point at 78.4° C. (173.1° F.) ;* it is
miscible in all proportions with most liquid bodies, but not with
the fatty oils, witﬂ the exception of ricinus or castor oil, and,
next to'water, is the most extensive and important solvent, dis.
solving most of the organic acids and resing, alkaloids, and many
other bodies which are sparingly soluble in water. It replaces
water in some organie compounds (chloral aleoholate, C;HCLO +
C,H,0), and may be substituted for the water of erystallization in
some inorganic salts; e g, CaCl, + 3C,H,0, ZnCl, + 2C H,0,
Mg(NO,),+6C,H,0, PtCl 4+2CHO; all of which !atter, Ow-
ever, are decomposed by water with the liberation of the aleohol,
and the absorption of their normal equivalent of water.,

Anhydrous aleohol has a great attraction for water, absorbing
its vapor from the atmosphere, and abstracting the moisture from
organie substances immersed in it.  In the act of dilution, a con-
traction of volume and an inerease of the temperature of the
mixture take place. When 55 volumes of absolute aleohol are
mixed with 45 volumes of water, the mixture, after cooling,
will oceupy only 96.2 volumes, having therefore suffered a con-
traction of 3.8 per cent. ; and, vice versa, an expansion of volume
takes place when diluted alcohol is mixed with water: e. g, when
100 volumes of aleohol, of a spec. grav. of 0.966, containing 29 per
cent., by volume, of absolute aleohol, are mixed with 50 volumes
of water, 153 volumes will he obtained.

The percentage of absolute alcohol in its agueous dilutions can be
determined approximately, and with sufficient accuracy for any
practical purpose, by ascertaining its specific gravity at a known
temperature. The specitic gravity of any sample of aleohol es-
tablished will, by the aid of the following table, at once indicate
the percentage of absolute aleohol:

# The officinal aleohol has a spee. grav, of 0.820 at 15.6° C. (60° F.), or
0.512 at 252 O, (772 F.), and contains 4 per cent. by volume or 91 per cent. by
weight of absolute aleohol ; the diluted aleohol (Aleohol Dilutum}) has a spee,
grav. of 0.828 at 15.6° C. (602 F.), or 0,920 at 25° O, (772 F.), and contains
53 per cent. by volume, or 45,5 per cent. by weight of absolute aleohol.
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TaeLE of the quantity of absolute Alcohol, by weight and by volume, con-
tained in 100 pdrts of aqueous Alcokol of different specific gravities.

Temperature 152 C, (592 F.).

Bpecifle

gravity.

0.7951
0. 8000
0. 8046
T H
0.8130
0.8160
0.8206
0.8242
0.8277
0.8311
0.8344
0.8377
0, 3400
0. 8440
0.8470
0, 8500
0.83530
0.8550
0, 8588
0.8616
1. 2644
0.8671
0, 8605
08725
0.8752
0.8778
0, 3804
0.8830
0.8855
0, 8880
0. 84905
0. 8030
0.8954
"D_8078
0. 9002
0, 9026
0. 9049
0.9072
09095
0.9117
0.9180
0.9161
0.9183
0.0205
0. 9224
0.09247
0.9267
0.9288
0.9308
0.0328

1060 volumes contain:

s

Aleohol. Water. :
100 0.00
99 1.28
98 2.54
07 8.77 |
06 4.97 |
* 95 6.16
04 ~.49 |
93 H.48
92 | 9.2
91 10,76
90 | 11.88
80 | 18.01
88 | 14.12
8y | 15.23
86 | 16.82
85 17.42
84 18.52
83 19,61
B2 | 20.88
8t | 21.7¢
B 29 &3
79 23,00
78 24 06
T 26.03
! 27.09
"5 28.15
74 20,20
il 30.26
"3 81.30
i 52.85 |
70 33.380
9 34,44
68 | 85.47 |
67 | 86.51 |
66 87.54 |
65 88,58 |
04 49,60
(1B 40,63
02 41.65
61 43 .67
£ 43.65
59 44.70
58 45.72
57 46.73
o6 47.73
55 48.74
id4 | 4D.74
53 50,574
62 51.74
il 52.73

100} pares by
welght con- |

i
Ale ubl.'l]

lﬂﬂ (11}
H L
H T ]
H ]
H b
4 45
91 .08
89,72
B8, 47
B7. 04
H53.74
84,47
By 22
81.406
80.73
T9.01
Ta. 2
TT.04
Ta.41
74.95
73,54
T2, 48
T1.30
T0.16
Gy . 04
G708
GG . 52
G572
G4.64
L H
G,
G1.43
GO s
54.33
i )
a7.25
06.23
55.21
ad L 20
o .14
562.20
al .20
50.21
40 .24
48,26
47.929
46.93
45.87
44 .41
43 .47

Speecific

| gravicy.

[| A
.
.
0.
0421
L0459
L0456

0
0
L

05348
LI
ARG

0408 |

0.9453

:0*
0,

L0
‘0
0
0

| O
0

| O
0

9400
9506

0523
L D5as
O5na
0568 |
0,
0,
0,

0582
L ]
HG07

G20
Rl
0,
0.
0,
0,

0645
9657
0668
9679

L9600
700

0.9711

0
0
0
0
1]
| 0
0

0
0

0,
i,

9721

9781
A741
751
761
AT
LUTE1

aTin
9801
9513

.9823
| 0.

O=38

L0844
0.
0. 08067
0.
0.

b

0974
08490

0, w902
09915
0.
]
0

0928

0942
| D.0056
| 0,
|| 0.9985

L

EH] \'uiunl?‘- contain:
Alcolinl. Waier.
a0 5.T2
49 o4, 50
45 5h. 68
4'? l:lﬂ “ﬁ
4G a7.04
45 08,61
44 ho .54
45 B 58
43 G1.50
41 62,46 |
40 3. 42
bt G4, 87
ne LT+
8T G, 26
o i7.20
&5 G8.13
a4 GO 04
b (Y, 06
22 T0.89
53| 71.80
i T3.73
29 73. ﬁﬂ
28 4,58
T Th.43
26 T6.38
pLly 7.98
24 T8.13
23 T0.09
b 79,92
21 H0.81
20 81.71
19 82.40
18 B3. 50
17 B4.39
16 B5.29
15 Bi.19
14 BT.00
13 H8.00
13 BE.00
11 BH.80
10 0,72
b 01.62
8 0254
T 0345
i 04,88
a | 95.80
4 | 06.94
3 .17
8 | 0811
1 | 99.05

Aleshol.

1id) parts by
welght con-
talm:

42 453
41,59
40, GG
39.74
88,83
a87.90
7. 00
86.00
#a.18
3430
da. 40
33,59
81.63
30,55
20.88
29,01
28,14
27.27
26. 41
23.50
24.70
23.85
23.00
22.16
21.81
20.47
19. 63
18.7h
17.96
17.12
16.29
15. 406
14.63
13.80
12.95
12.15
11.33
10.51
9.6
B.87
B.0G
T.24
G.43
5.62
4.81
4.00
#.20
2.40

1.60
.80
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Since, however, the temperature exercises a considerable ex-
panding and contracting influence upon alechol and its dilution
with water, it is necessary to ascertain, simultaneously with the
specific gravity, also the temperature of the sample; for this rea-
son, the areometers (alcoholometers) constructed for determining
the specific gravity of alecohol are provided with a thermometer,
and differences in the temperature of the aleohol under estima-
tion may readily be corrected by caleulation based upon this
rule: The number of degrees of temperature of the aleohol above
or below 15° must be multiplied by four-tenths; the produet is
then to be added to the percentage of the absolute alcohol indicated
by the specific gravity, when the temperature of the liquid was
lower than 15° C,; and subtracted, when it was higher.

If, e. g., the spec. grav. of a sample is found to be 0.861, at a temperature of
52 O, its percentage of real aleohol would be, according to the preceding table, 81
per cent,, by volume ; since. however, the alcohol was weighed at a tempera-
ture 10% lower than the standard temperature of the above table, its specific
gravity was accordingly greater. Therefore, in order to correct this difference,
10 has to be multiplied by four-tenths ; the product (=4) must be added to the
percentage of aleohol (81) inferred from IRE spee. grav., and the sum (=85)
expresses the real quantity of aleohol in 100 parts by volume,

Examination :

Aleohol should be perfectly neutral in its action upon litmus,
wholly vaporizable by heat, and afford no coloration on the addi-
tion of ammonia-water,

Fusel o1l (consisting prineipally of amylie aleohol, with traces
of propylie, butylie, and other alcohols, free fatty acids or
compound ethers) and aldehyde may be detected by mixing a por-
tion of the aleohol with an equal volume of pure ether, and
subsequently adding an amount of water equal to the volume
ol the mixture; the whole is shaken, and, when subsidence has
taken place, the ethereal layer is decanted, and allowed to evapo-
rate spontaneously in a shallow porcelain capsule. After the
evaporation of the ether, the residue will give the characteristie
odor of fusel oil, or of any flavors indicative of a previous employ-
ment of the aleohol for the extraction of vegetable substances.
The residue, if sufficient in amount, may be also further exam-
ined by bringing it into a test-tube with a few drops of water,
subsequently adding a very small quantity of sodinm acetate,
and a few drops of concentrated sulphuric acid, and gently
warming the mixture; if fusel oil present, the charac-
teristic odor of amyl acetate (pear essence) will be fleve]ured.
The presence of fusel oil may likewise frequently be detected by
simply pouring a few grams of aleobol upon three or four times
its volume of hot water, contained in a large beaker, and causin
the mixture to flow to and fro, when, in proportion as the alecho
evaporates, the odor of the fusel oil will become more distinet.
Aldehyde will also be further indicated by a dark coloration on
the addition of ammonia-water, or when a small portion of the

]
i
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aleohol is warmed with a fragment of pure potassium hydrate; as
also by the reduction of metallic silver, on the addition of a few
drops of a solution of argentic nitrate to the alecohol, and gently
warming. 1

Methyl Aleohol.—Among the several methods for the detection
of methyl aleohol as an admixture in ethyl alecohol, the following
two are preferable: 1. About 150 cubic centimeters of the alcohol
are digested for an hour with 20 grams of plumbic carbonate, and
filtered, the filtrate is then ﬂistillef from a water-bath, and the first
20 cubic centimeters of the distillate treated with 1 cubic centi-
meter of test-solution of potassium permanganate; the color
should not disappear within one or two minutes, otherwise methy!
aleohol is indicated. 2. Ten grams of powdered potassium bichro-
mate are dissolved, in a flask, in about 75 eubic centimeters of
water, 15 grams of concentrated sulphuric acid are then added,
and subsequently about 10 grams of the aleohol to be examined.

Fia. 85.

The flask is then connected with a condenser (Fig. 85), and, after
having been allowed to stand for about a quarter of an hour,
gentle heat is applied until about two-thirds of the liguid has
distilled over. The distillate (which will contain aldehyde and
acetic acid from the oxidation of the ethyl aleohol, and also
formiec acid from the oxidation of the muthy{:ﬂculml, if the latter
were present) is then slightly supersaturated with erystallized
sodium carbonate, and evaporated at a gentle heat, with the re-
peated addition of water, if' necessary, until the odor of aldehyde
has entirely disappeared. The solution is then filtered into a
test-tube, slightly acidulated with acetic acid, a few drops of solu-
tion of argentic nitrate added, and the mixture gently warmed.

If the liquid merely darkens a little, but remains quite trans-
14
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lugent, the aleohol is free from methyl aleohol; but if a dark-
brown or black precipitate of reduced silver separates, and the
test-tube, after being rinsed and filled with water, shows upon its
mterior a bright metallic mirror, whjch, when seen against

white Fapar, appears brown by transmitted light, the aleohol is
methylated.

ALCOHOL AMYLICUM.

Amylic Aleohol, Fusel Oil.
Ger. Amylaleohol, Fuzelil ; Fr. Alcoliol amylique ; Sp. Aleohol amilico,

O,H,0% = gg::}{]H—GH,—-GE[,—DH;_ 8.

Amylic aleohol, as obtained by fractional distillation from fusel
oil, is a mixture of two isomeric alcohols, having nearly the same
boiling-point, in consequence of which they have not yet been
perfectly separated from each other; the one deviates a ray of
polarized light to the left, the other is inactive, or possibly pos-
sesses the property of right-handed polarization. The mixture,
when treated with concentrated sulphurie acid, yields two isomeric
amyl-sulphurie acids, which are also distinguished from each
other by the varying solubility of their barium salts,

Pure amylie aleohol is a colorless or nearly colorless, mobile,
oily liquid, of a strong, offensive odor, and acrid, burning taste;
its spec. grav. is 0.818 at 15° C. (59° F.), and its boiling-point
between 132° and 1337 C, (269.6°-271.4° F.); it solidifies at about
—23° C. (—%4° F.). When dropped upon water, it floats upon
the surface like an oil, but is soluble in about 40 parts of water;
it is miscible, in all proportions, with aleohol, ether, carbon bhisul-
phide, chloroform, and essential and fatty oils, and dissolves iodine,
sulphur, phosphorug, camphor, and many resins. When mixed
with an equal volume of concentrated sulphurie acid, it forms a
violet-red mixture, from which, upon dilution with mueh water,
the amylic aleohol is for the most part separated unchanged;
if the mixture, however, is allowed to stand for several hours, no
separation takes place upon dilution, in consequence of the forma-

* Of the aleohols !mmasing the empirieal formula C,H,,0, eight modifica-
tions are theoretically possible; viz., 4 primary, 3 secondary, and 1 tertiary,
of which number, five are now known, viz., two primary; (1) Normal
amylic aleohol, CH-CH -CH,-CH~CH~OH. (2) The commercial amylic
alecohol of the above ﬂungitutinm Two secondary ; {‘,‘.& %} Izoamylic H.(I:i:ll::lxlnm],
0 : PN -
GH;.-EH,_—GH;—GH\CH‘. {4) Amylene hydrate, GHHKFH_GH\EH{

And one fertiary: (5) Psendoamylic alcoliol, or Eth:,rsl-dimelhjrl carbinol,
CH, o0H

CH,.~ ~~ CH,-CH,.
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‘tion of the above-mentioned amyl-sulphurie acid, which is soluble
in water. When amylic alecohol is heated with strong sulphuric
acid and a fragment of potassium bichromate, the odor of valeri-
anie acid is evolved. Amylic aleohol does not take fire by contact
with flame, and, when dropped on paper, does not leave a perma-
nent greasy stain.

ALOINUM.

Aloin.
Ger. Aloin ; Fr. Aloine; Sp. Aloina.

The term aloin, althongh originally applied to a erystalline
rinciple obtained from Barbadoes aloes, has now, in view of the
iscovery of allied ecrystalline principles in other varieties of
aloes, been extended to the entire group, which, however, with the
consideration of the distinetions in their physical and chemical
characters. have received, aceording to their derivation, the appel-
lations barbaloin, nataloin, and socaloin. The different varieties
of aloin are apparently isomerie, and differ from each other in
their chemical composition simply by the amount of combined
water; thus:—Nataloin, C,H0,; Barbaloin, C H 0, + HO;
Socaloin, C,,H,.0, + 3H,0.

Nataloin, C,H,0,, erystallizes from ethyl or methyl aleohol in
thin, brittle, rectangular scales, of a pale yellow color; it is very
sparingly soluble in water, either hot or cold, but at 15.5° C.
(60° F.), is soluble in 60 parts of alcohol, 35 parts of methyl alco-
hol, 50 parts of acetic ether, 1236 parts of ether, and 230 parts of
absolute aleohol. By oxidation with nitrie acid it affords oxalie
and pierie acids, and with chromie acid it yields carbonic and
acetic acids; with cllorine or bromine no definite derivative
produets have as yet been obtained.

Barbaloin, CH,,0, + H,0, is a neutral substance, erystallizing
in tufts of small yellow prisms, which lose one moleenle of water
by drying in vacuo, or by prolonged heating at 100° C.(212° F.).
It is sparingly soluble in water or in aleohol, but very freely if
either I}}iquid be slightly warmed ; it is insoluble in ether.
oxidation with nitric acid it yields about one-third of its weight of
chrysammic acid, G, ,H (NO,),0,, besides aloeticacid, C, [ H (NO,),0,,
and oxalie and pierie acids; with chromic aeid, or a mixture of
Eotassium bichromate and sulphurie acid, it yields, besides car-

onie and acetic acids, a peculiar yellow compound, aloxanthin, ot
the composition CH, 0, which 18 soluble in alkalies, forming a
cherry-red solution, and, when heated with zine dust, yields methyl-
anthracene, C, H(CH,). Aloxanthin may thus be considered as
tetroxymethylanthraquinone, C, H,(CH,)(OH),0,; when treated
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with nitric acid, it is converted into ehrysammic acid. With
bromine or chlorine, barbaloin combines to form yellow erystal-
lizable compounds of brom- or chloraloin.

Socaloin, C JH O, 4+ 3H,0, forms small tnfted acicular prisms of
a yellow color, and is much more soluble than nataloin. It is
very freely soluble in methyl aleohol, and, at ordinary tempera-
tures, is soluble in 350 parts of aleohol, 9 parts of acetic ether, 380
parts of ether, and 90 parts of water. It melts at 118 to 120° C.
(242.6 to 248° F.) to a soft mass, and parts with its water of crys-
tallization by drying over sulphuric acid. By the action of oxi-
dizing agents, potassium bichromate and sulphurie acid, or nitrie
acid, 1t furnishes the same produects as those yielded by barbaloin,
but with bromine no well-defined compound has as yet been
obtained.

Zanaloin, prepared from a variety of Socotrine aloes imported
from Zanzibar, is believed to be identieal with socaloin.

Distinguishing Tests:

The three varieties of aloin, nataloin, barbaloin, and soealoin,
may be distinguished from each other, and, to a certain extent, also
themselves identified, by the following reactions: A drop of nitric
acid, contained on a poreelain plate, produces with a few particles
of nataloin or barbaloin a bright erimson coloration, ra,?ir]lj fading
in the case of barbaloin, but permanent with nataloin, unless
heat be applied ; with socaloin but little effect is produced. To
distingnish barbaloin from nataloin, they are separately tested
by -adﬁing a minute quantity to a drop or two of sulphurie acid,
on a poreelain plate, and then allowing the vapor from a glass
rod, moistened with nitric acid, to pass over the surface; barba-
loin and socaloin undergo no change, but nataloin assumes a fine
blue color.

ALUMEN.

ALUMINII ET POTASSII SULPHAS. ALUMINII ET AMMONTI
SULPHAS.

Alwm.
Ger. Alaun ; Fr. Alun; Sp. Alimbre.
ALK(S0,), + 24H,0; 948, Al(NH,),(S0,), + 24H,0; 906.*
Colorless, transparent, octahedral erystals (Fig. 86), often ex-

hibiting the faces of a ecube and dodecahedron, and containing 24
molecules (45.57 per cent.) of water of crystallization. On ex-

# If alominium be aceepted as trivalent, as iz indicated by the molecular
composition of several organic compounds, the composition of alum is more
correctly expresged by the formula AIK (or NH,)(80,), 4+ 12H,0.

T T—
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posure to the air, the surface of the
erystals becomes opaque and white,
which, however, is not due to the loss
of water, but to the absorption of am-
monia, and the formation of a basie
sulphate.

Alum melts in its water of erystalli-
zation at 92° C, (197.6° I.), and loses
the whole of its water very slowly by
prolonged heating at 100° C. (212° F.)
in a eurrent of air, much more quickly
at temperatures above 185° C. (365°
F.), swelling up to a white porous mass
(burnt alum), which, when moistened with a few drops of solu-
tion of cobaltous nitrate, and again strongly heated, assumes a
blue color.

Potassium alam, which is the official one of the U. S. and the
German Pharmacopceias, is soluble in 25.6 parts of water at 07 G,
(82° F.), in 10.5 parts at 15° C.(59° F.), in 6.6 parts at 20° C. (68°
F.), and in 0.27 part of boiling water ; it is also soluble in glycerin,
but insoluble in alechol, ether, and chloroform. Itssolution has a
sweetish, astringent taste, reddens litmus.paper, and gives with the
alkaline hydrates a voluminous white precipitate of alaominium
hydrate, which is nearly insoluble in ammonia water, but readily
soluble in an excess of potassium or sodium hydrates, from which
solution, however, it is again precipitated on the addition of am-
monium chloride; the alkaline carbonates and phosphates also

roduce white precipitates of aluminium hydrate or phosphate,
insoluble in an excess of the reagents, and with solutions of barium
salts a white precipitate of barium sulphate is produced. The
aqueons solution of alam dissolves metallic zing, especially when
heated therewith in a platinom capsule, with the evolation of
hydrogen, and the formation of zine sulphate and a basic salt of
the composition Al(S0)),+2A1(HO),+ K,SO, +3H,0.

Ammonium alum is very similar to potassium alum, and analo-
gous in its composition, but differs therefrom in some of its
chemical and physical properties. Its specific gravity is 1.626,
whilst that of potassium alum is 1.724. It is soluble in 19.3 parts
of water at 0° C. (82° F.), in 7.4 parts at 20° C. (68° F.), and in
0.24 part of boiling water; its relations to other solvents and re-
agents being similar to those of potassium alum,

Commercial alum frequently contains both ammoninm and po-
tassinm in varying proportions, the former being substituted, to
a greater or less extent, for the latter ; since their properties are
nearly the same, this admixture is of little consequence in the
common uses of alum. Potassium alnm consists, in 100 parts, of
18.35 parts of potassium sulphate, 36.14 parts of aluminium sul-
phate, and 45.57 parts of water of erystallization; while ammo-
nium alum containg, in 100 parts, 14.55 of ammoniunm sulphate,
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37.82 of aluminium sulphate, and 47.63 of water of erystallization,
The presence of ammoniom alam is recognized by the odor of
ammonia, and by its reaction upon moistened red test-paper, as
also by the formation of white fumes when a glass rod, moistened
with acetic acid, is held over the mouth of the test-tube in which
a little of the powdered alum is heated with a solution of potas.
sium hydrate.

Examination:

[ron is recognized in the solution of alum, after the addition of
a few drops of sulphuric acid, by a blue eoloration when tested
with potassium ferrocyanide ; most crude alom contains traces of
ferrie salts; their quantity, however, should not be so consider-
able as to produce a purple coloration of a solution of the alum
upon the addition of a few drops of solution of tannie acid, or
more than a bluish coloration when one drop of test-solution of

otassinm ferroeyanide is added to a solution of 1 gram of alum
in 30 cubie centimeters of water.

Other metallic impurities may be detected in the solation, after
the addition of a little tartaric acid and subsequent supersatura-
tion with ammonia-water, by hydrogen sulphide or ammonium
sulphide; a dark coloration or preecipitate indicates metallie im-
purities ; a white precipitate, not disappearing upon the addition
of potassinm hydrate, would ghow zine. If required, the nature
of such a precipitate may be determined by the method deseribed
on pages 52 to 54,

ction of Alum in Flour or in Bread:

From 50 to 100 grams of the substance to be examined are
digested in a flask or porcelain capsule, at a gentle heat, with
concentrated nitrie acid, or with concentrated hydrochlorie acid
and a little potassinm chlorate, until the organic substances are
completely destroyed, and a limpid slightly yellowish solution is
obtained. The liquid is then diluted with water, filtered, evapo-
rated to a small volume, potassium hydrate (free from alumi-
nium) in slight excess added, and the liquid afterward acid-
ulated with hydrochlorie acid, and finally supersaturated with
ammonia-water; if a transparent, flocenlent precipitate 1s thus
produced, iv will indicate a salt of aluminium, or alum.

ALUMINII HYDRAS.

ALUMINIUM HYDRICUM. ALUMINA HYDRATA.
Hydrate of Aluminium. Alwminiwm Hydrate. Hydrated Alumina,
Ger. Thonerdehydrat ; Fr. Hydrate d'alumine ; Sp. Hydrato de aldmina.
AL(OH),; 156,

A white, amorphons, inodorous, and tasteless powder, neutral in
its action upon litmus, and permanent in the air. It is insoluble in
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water, either hot or cold, but soluble in acetic and the dilute mineral
acids, partieularly upon warming, and is also dissolved by solu-
tions of potassium or sodium hydrate, but is insoluble in ammo-
nia-water. Its solution in the fixed alkaline hydrates is not
rendered turbid by boiling, but it is separated therefrom as a
transparent floceulent precipitate, on the addition of a solution of
ammonium chloride. When a small portion of aluminium hydrate,
contained on the looped end of a platinum-wire, is moistened with
a drop of a solution of cobaltous nitrate, and strongly heated, a
beautiful blue color will be imparted to the bead.

One hundred parts of aluminium hydrate, when strongly heated
in a weighed porcelain crucible, until after cooling and repeated
weighing the weight remains constant, should afford a residue of
aluminium oxide Al O, weighing 65.4 parts.

Examination :

Soluble salts in general may be detected by boiling a portion of
the powder with about twenty times its weight of water, {ilteri?ﬁ,
and evaporating the filtrate to dryness. If a residue is obtained,
it is dissolved in water, and acidulated with a few drops of nitric
acid : effervescence will indicate carbonates. The solution is then
tested, in separate portions, with argentic nitrate for ehlorides, and
with barium chloride for sulphates, when a white precipitate in
either ease will reveal the presence of such impurities.

Barium, caleiuin, and zine, when in the form of soluble salts or
carbonates, may be detected by dissolving a portion of the powder
in acetic acid, with the aid of a gentle heat, and testing the solution,
in separate portions, as follows: Toa portion of the solution, solu-
tion of potassium chromate is added, when a yellow precipitate will
indicate barium, or possibly lead; after filtration, if necessary, solu-
tion of ammonium oxalate is added, when an ensuing white pre-
cipitate will indicate ealeium, To another portion of the acetic
solution ammonia-water in considerable excess is added, the mix.
ture filtered, and tested with ammonium sulphide, when an ensuing
white precipitate will indicate zine.

Silica and tnsoluble sulphates will be indicated by an insoluble
residue when a portion of the powder is treated with warm dilute
hydrochloric acid. Such a residue may be further tested by mix-
ing it with about three times its weight of exsiceated sodimm
carbonate, and fusing in a small porcelain erucible; the fused mass
is then treated with warm water, filtered, the filtrate acidulated
with hydrochlorie acid, and tested with barium chloride, when a
white precipitate will indicate sulphates. The portion of the fused
mass 1nsoluble in water is supersaturated with acetic acid, the
solution evaporated to dryness by the aid of a gentle heat, and the
residue dissolved in water acidulated with acetic acid, when silica
will remain behind as an insoluble powder; the clear solution is
then tested, in separate portions, with ammonium oxalate for cal-
etum, and with sulphurie acid for barium.
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Metallic impuritics may be detected by dissolving a portion of

the alaminium hydrate in dilate hydrochloric acid, and testing
with hydrogen sulphide; a dark eoloration or precipitate will
indicate copper or lead.

Another portion of the dilute acid solution may be subse-
quently tested with a drop of solution of potassium fgrmc}rani&e,
when an ensuing blue coloration or precipitate will reveal the
presence of iron.

ALUMINII SULFHAS.

ALUMINIUM SULFURICUM.
Sulphate of Aluminivm. Aluminiuvm Sulphate.

Ger. SBchwefelsaures Aluminium ; Fr. Sulfate d’alamine ; Sp. Sulfato de alimina.
AL(S0,), + 18H,0; 666.

A white erystalline powder, or small pearly, six-sided, mono-
clinic tablets, permanent in the air, and containing 18 molecules(48.6
per cent.) of water of erystallization. When exposed to heat, it first
melts in its water of crystallization, which it loses at about 200° C,
(392° I}, swelling up to a light, porous mass of anhydrons salt,
which dissolves but slowly again in water. Ata I'Eé]fr heat it is
decomposed with the liberation of sulphurie acid, leaving behind
aluminium oxide (alumina or argilla), which, when moistened with
solution of cobaltous nitrate and reheated, assumes a blue color.

Alumininm sulphate is =oluble in 1.2 parts of water at 15° C,
(59° F.), and very soluble in boiling water, but is almost insoluble
in aleohol. Its aqueous solution possesses an acid reaction and
an astringent taste, and yields a white precipitate with barium
chloride, insoluble in hydrochlorie acid ; with the alkaline hydrates
it also yields a voluminous white precipitate, of which that with
the fixed hydrates is soluble in an excess of the precipitant
(evidence of the absence of magnesium), but is precipitated again
upon the addition of ammoninm chloride. The alkaline solution
should yield no reaction npon the addition of a few drops of ammo-
nium sulphide; the oceurrence of a brown or yellowish-red pre-
cipitate would indicate ferric and manganic salts, and of a white
one zine,

The presence of salls of the alkualies may be detected by adding
to a solution of the salt a slicht excess of ammonia-water, heating
until the odor of ammonia has disappeared, filtering, evaporating
the filtrate to dryness, and igniting the residue at a gentle heat;
no fixed residue, or but a very slight one, not exceeding 5 per
cent, of the weight of the salt, should remain.
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AMMONII BENZOAS.
AMMONIUM BENZOICUM.

Benzoale of Ammeonium. Ammonium Benzoate.

Ger. Benzoésaures Ammoninm ; Fr. Benzoate d'ammoniaque ;
Sp. Benzoato de amoniaco,

NH,C,H,0, = CJH,-CO-ONH,; 139.

Small, colorless, shining, thin, four-sided, tabular erystals, per-
manent in the air, and having a feeble odor of benzoic acid, and a
saline. somewhat balsamic, and bitterish taste. When heated to
120° C. (248° F.), the salt melts; at 239° C. (462.2° F.) it boils,
but becomes thereby partially decomposed, with the elimination
of two molecules of water, and the formation of benzo-nitrile
(phenyl evanide), C,H,-CN, a colorless, limpid liquid, having an
odor resembling that of bitter-almond oil; when strongly heated
on platinum-foil, the salt first fuses, emits vapors having the
odor of ammonia and of benzoic acid, and is finally completely
dissipated.

Ammonium benzoate is soluble in 5 parts of cold, or 1.2 parts
of boiling water; in 28 parts of cold, or 7.6 parts of boiling alco-
hol; and is also soluble in glycerin, Its agueous solution loses
ammonia upon evaporation, and is converted into the more spar-
ingly soluble acid salt, NH,C,H,0, + C,H,0,: if not too dilute, it
emits the odor of ammonia when heated with potassium hydrate,
and gives a white precipitate of benzoic acid upon the addition of
hydrochloric acid, and a copious, pale, reddish-yellow precipitate
of basic ferric benzoate with ferric salts. The diluted solution of
ammonium benzoate must remain 'clear when mixed with lime-
water (evidence of the absence of ammonium oxalate), and, when
acidulated with nitrie acid, should afford no turbidity or precipi-
tate on the addition of a solution of barium chloride (absence of
sulphates), or with argentic nitrate (absence of chlorides).

AMMONII BEROMIDUM,
AMMONIUM BROMATUM.

Bromide of Ammonium. Ammonium Bromide,

Ger. Bromammonium ; Fr. Bromure d’ammonium ; Sp. Bromuro de amonio.
NH,Br; 97.8.

Colorless, transparent, anhydrous, prismatic erystals, or a white,
granular salt, which, by exposure to the air, gradually assumes a
yellow color, from the liberation of a minute quantity of free
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bromine. “When strongly heated, the salt is completely volatil-
ized, without decomposition or charring.

Ammonium bromide is soluble in 1.5 parts of water and in 150
parts of aleohol at 15° C. (59° F.), in 0.7 part of boiling water
and in 15 parts of boiling aleohol, and very sparingly soluble in
ether. Its aqueous solution has a saline, pungent taste, is neutral
to test-paper, and, when acidulated with a few drops of nitrie acid,
yields on the addition of a solution of argentic nitrate a yellowish
eurdy precipitate of argentic bromide, which is sparingly soluble
in ammonia-water; when the agqueous solution is added to a very
dilute solution of mereuric chloride, no precipitate is produced
(distinetion from alkaline iodide). An aqueous solution of the
salt, mixed with a little mucilage of starch, and a few drops of
chlorine-water subsequently added, produces a yellowish-brown
coloration, without exhibiting a blue tint (absence of iodide).

Heated with potassium hydrate, it emits the odor of ammonia.

Examination :

Ammonium bromate is detected in the aqueous solution by a
yellow coloration on the addition of a few drops of dilute sul-
phuric or nitric aeid, due to the liberation of bromine, which is
rendered more evident by subsequent agitation with a few drops
of earbon bisulphide or chloroform.

Ammonium ehloride, or other alkaline chlorides; when present
in any considerable amount, may be detected by precipitating the
aqueous solution with argentic nitrate, and digesting the moist,
well-washed precipitate with a cold, saturated solution of ammo-
nium carbonate. After standing for some time, the solution is
filtered, and the filtrate supersaturated with nitric acid; if the
bromide is pure, but a slight turbidity will oecur, whereas, if
chlorides are present, a white, curdy precipitate will be produced.
In order to ascertain, in this case, the presence of not more than
three per cent. of chlorides, three grams of the dry salt are dis-
solved in so much distilled water as to make the solution mea-
sure 100 eubic eentimeters, Then to 10 eubic centimeters of this
golution a few drops of test-solution of potassium bichromate
are added, and subsequently, with constant stirring, standard solu-
tion of argentic nitrate; not more than 51.4 cubic centimeters of
the latter should be required, before the red eolor ceases to dis-
nﬂ)ean otherwise the salt contains more than three per cent. of
ehlorides.

Smaller quantities of chloride may be detected by mixing 5
arams of the powdered and well-dried salt with 6 grams of pure
powdered potassinm bichromate, bringing the mixture into a small,
perfectly dry flask, which is connected with a receiver containing
a small amount of water (Fig, 87), and subsequently adding 1o the
mixture in the flask 15 parts of pure concentrated sulphuric acid ;
the reaction being finally aided by the application of a gentle heat.
If chlorides are present, chloro-chromic anhydride, CrO,Cl,, will
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be volatilized, and may be subsequently recognized in the distil-
late. after neutralization with ammonia-water, by the yellow color
of the solution, and by the application of the several reactions for

Fia. 87,

chromates ; or, by its reduction to green chromic oxide, on the
addition of a little hydrochloric acid and alcohol, and gently
warming.

Nitrates will be indicated in the agqueous solution of the salt by
a brown coloration, when a little dilute sulphuric acid is added,
and the mixture heated to boiling. The presence of nitrates may,
however, be more conclusively established by precipitating an
aqueous solution of the salt with plumbic acetate, or preferably
argentic acetate, in slight excess, filtering from the preeipitate of
plumbie or argentic bromide, and subsequently adding to the fil-
trate a solution of ferrous sulphate, and afterward concentrated
sulphuric acid, o as to form two layers (Fig. 83); a brown or
purplish zone at the line of contact of the two liquids will reveal
the presence of nitrates.

Sulphates may be detected in a solution of 1 part of the salt in
about 20 parts of water, by a white turbidity or precipitate on the
addition of a few drops of solution of barium ehloride.

Estimation :

One part of the dry salt, when completely precipitated by ar-

entic nitrate, yields, if perfectly pure, 1.917 parts of argentic
bromide. Upon the relation of the amount of argentic nitrate
required to completely precipitate a definite amnount of the salt,
the following volumetric method of estimation is based: Two
grams of ammonium bromide, previously reduced to powder, and
carefully dried, are dissolved in water to the measure of 100 eubic
centimeters; 10 cubie centimeters of this solution, corresponding
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to 0.2 gram of ammonium bromide, are then brought into a
beaker, diluted with about 50 cubic centimeters of water, and,
after the addition of a few drops of a solution of potassium chro-
mate, a decinormal solution of argentic nitrate (page 98) is allowed

Fia. 88,

to flow into the liquid from a burette until, with constant stirring,
a permanent reddish-brown coloration 1s produced. If the salt is
pure ammonium bromide, 20,41 enbie centimeters of the silver
solution will be required to produce this effect, as containing 0.547
gram of argentic nitrate, which corresponds to 0.2 gram of am-
monium bromide, according to the equation:

AgNO, : NH Br=10.347 : 0.2,

"._.._._'_._.-' \_,.._f,_...._..ﬂ

170 98

If the salt were pure ammonium chloride, 37.85 cubic centime-
ters of the silver solution would be required, in accordanee with
a similar proportion; the difference in the amount of silver solu-
tion required for 0.2 gram of the two salts, wonld, therefore, be
37.30—20.41 = 16,94 cubic centimeters; from which it follows,
that for each 0.1694 cubic centimeter of silver solution required in
excess of 20,41 cubic centimeters, in order to effect complete pre-
eipitation, 1 per cent, of ammonium chloride will be represented,
as ',5{5"{;4 = (,1694, It is evident, that the presence of ammonium
1odide, or other alkaline chlorides or bromides, would influnence
the result in proportion to the quantity of the admixture.

P T
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AMMONII CARBONAS.
AMMONIUM CARBONICUM.

Carbonate of Ammonium. Ammonium Sesqui -earbonate.

Ger. Kohlensaures Ammonium ; Fr. Carbonate d’ammoniague ; Sp. Carbonato
de amoniaco.

N.H,,0,0, = NHHCO, + NHNH,CO,; 157.

Colorless, hard, translucent, erystalline masses, consisting of
equal molecules of acid ammoninm carbonate and carbamate. It
possesses a pungent ammoniacal odor, f_ree from empyreuma, a
sharp saline taste, and an alkaline reaction, and, when strongly
leated, is completely volatilized without fusion. When exposed
to the air the salt decomposes rapidly, becoming opaque, with
the liberation of both carbonic acid gas and ammonia, and is
converted into a white, crystalline powder of acid ammonium
carbonate (bicarbonate).

Ammonium carbonate is soluble in 4 parts of water at 15° C.
(59° F.), and in 1.5 parts at 63° C. (149° F.); it is also soluble
in about 5 parts of glycerin, and is freely dissolved by dilute acids,
with the liberation of carbonic acid gas. In contaet with aleohol,
the salt is resolved into ammonium carbonate, which dissolves,
whilst the acid carbonate remains behind ; the latter salt 1s solu-
ble, however, in about 8 parts of water at 15° C. (59° I.). The
aqueons solution of the salt, when heated to 47° C. (116.6° F.),
becomes partially decomposed, with the liberation of carbonic
acid gas ; this decomposition takes place more rapidly at 75° C.
(167° F.), and at temperatures above 85° C. (1857 F.) much am-
monia is also evolved, so that by prolonged boiling the salt is
completely decomposed and dissipated, and the solution upon
evaporation leaves no residue.

Examination :

Acid ammonium carbonate (bicarbonate) will be indicated by
the change from the hard erystalline state of the salt to the friable
pulverulent condition, by the much less pungent ammoniacal
odor, and by the more sparing solubility of the salt in water, and
insolubility in aleohol, as above mentioned.

Ammonium sulphate is detected in the aqueous solution, pre-
viously acidulated with nitrie aeid, by a white precipitate on the
addition of barinm chloride.

Ammoniwm chloride and hyposulphite are recognized in the
aqneous solution, previously neutralized with acetic acid, by test-
ing it with argentic nitrate; a white preecipitate, insoluble in
diluted nitric acid, will indicate chloride ; a white turbidity, which
gradually turns black, indicates hyposulphite.

Caleium salts will be detected in the agqueous solution, acidu-
lated with acetic acid, by a white precipitate on the addition of
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ammonium oxalate, and will also remain behind when a little of
the ammonium carbonate is strongly heated on platinum foil,

Metallic impurities are detected in the aqueous solution, pre-
viously acidulated with hydrochloric acid, by the successive ap-
plication of hydrogen sulphide and ammonium sulphide, accord-
ing to the systematic method of analysis, as deseribed on pages
51 to 61, with special consideration of the possible presence of
arsenie, lead, copper, and iron,

Empyreumatic substances may be detected in the =olution of 1
part of the salt in about 20 parts of water, supersaturated with
diluted sulphuric acid, by the addition of a few drops of solution
of potassinm permanganate ; after standing for about five minutes
at the ordinary temperature, no perceptible change of color

should ensue, otherwise the above mentioned impurities will be
indicated.

Estimation :

The purity of the salt may be approximately determined by
the amount of tartaric or citrie aci(i, required for its neutraliza-
tion: one part of ammeoninm carbonate requiring for exact neu-
tralization 1.33 parts of eitrie, or 1.43 parts of tartarie, acid. Tts
quantitative estimation may, however, be more conveniently and
accurately accomplished volumetrically, Two grams of the salt
are dissolved, in a beaker, in about 20 cubic centimeters of cold
water, a few drops of litmus solution added, and a normal solu-
tion of oxalic or sulphuric acid (page 52) subsequently allowed
to flow into the liguid from a burette until an exces= of acid has
been employed, and the liquid assumes a permanent, bri%'ht
cherry-red color; after having been heated to boiling, in order
to completely expel the liberated carbonie acid gas, a solution of
normal alleali (page 87) is added to the liquid from a burette,
until, with constant stirring, a permanent blue tint is produced.
The number of cubic centuneters of acid solution required for
the exact neutralization of the salt having thus been determined,
its purity or percentage strength may be readily calenlated : one
cubic centimeter of normal acid corresponding to 00523 gram of
pure ammonium earbonate. By the employment of 2.615 grams
of the salt, and a strietly normal acid solution, the number of
cubic centimeters of the i'.:atter required for neutralization, when
mualtiplied by 2, will represent at once the percentage purity of
the salt.
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AMMONII CHLORIDUM.

AMMONII MURIAS. AMMONIUM CHLORATUM.
SAL AMMONIACUM.

Chloride of Ammonium. Ammonium Chloride. Sal Ammoniac.

Ger. Chlorammonium ; Fr. Chlorure d'ammonium ; Sp, Clorure de amoniaco.
NHCl; 534.

A colorless, anhydrous salt, either in translucent, crystalline
masses, of a tough, fibrous texture, or a granular white powder,
or, as obtained by erystallization from its saturated aqueous solu-
tion, feather-like ?mwths, eonsisting of an aggregation of small,
regular octahedral or cubical crystals,
or combinations of such, which often
exhibit trapezohedric hemidedry, and
thus appear to belong to the hexa-
gonal or quadratic system (Fig. 89).

The salt has the specific gravity of
1.52. It is permanent in a dry atmos-

here and at ordinary temperatures;
whenstrongly heated, it volatilizes with-
out fusion or charring, forming dense,
white fumes, and suffers thereby a
l:-artiﬂl dissoeiation into ammonia and
iydrochlorie acid gases, which, how-
ever, again combine upon condensation in the form of a light
erystalline powder of the original salt.

Ammonium chloride is soluble in 3.5 parts of water at 0° C.
(32° F.), in 2.85 parts at 15.5° C. (60° F.), and in 1.37 parts of
boiling water; it is also soluble in about 6 parts of glycerin, but
only sparingly in alcohol, and not at all in ether or chloroform.
Its aqueons solution has a sharp, saline taste, a slightly acid reac-
tion, and becomes partially decomposed on boiling, with the loss
of ammonia; it emits the odor of ammonia when heated with a
solution of potassium or sodinm hydrate, and yields with argentic
nitrate a curdy, white precipitate, which is insoluble in nitrie acid,
but soluble in ammonia-water.

Examination:

Sulphates are detected in the diluted solution, acidulated with
hydrochloric acid, by a white precipitate, when tested with barium
nitrate.

Fized impurities are indicated by a residue left after complete
volatilization of the ammonium chloride, upon platinum-foil, or
in a porcelain crucible.

Metallic impurities may be detected in the aqueouns solution,
previously acidulated with hydrochlorie acid, by a coloration or
precipitate when tested successively with hydrogen sulphide and

Fig. 89,
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ammoninm sulphide. A precipitate thus obtained may be further
examined or identified according to the systematic methods of
analysis, as described on pages 51 to 61.

fron way also be recognized at once by a blue coloration, when
the solution of the salt is acidulated with hydrochlorie acid, and
tested with potassium ferrocyanide.

Aminonium sulphoeyanide and barium salts having been occa-
sionally detected as a contamination of ammonium chloride, they
may be tested for as follows: The sulphocyanide may be extracted
h]y digestion with hot aleohol, and, after the evaporation of the
aleohol, and dissolving the residue in a small quantity of water,
will be reeognized by a blood-red color on the addition of a few
drops of solution of ferrie chloride. Soluble barium salis will be
recognized in the aqueouns solution by a white precipitate on the
addition of a few drops of dilute sulphuric acid. In the presence
of lead, which wonld likewise be precipitated by the sulphuric
acid, the two precipitates may be distingnished by the solubility
of the lead sulphate in basic ammonium tartrate, whereas the
lead will have been also detected in the previously applied tests
for metals, with hydrogen sulphide.

Estimation :

One gram of the powdered and dry salt, when comypletely precipi-
tated by argentic nitrate, yields a precipitate of argentie chloride,
whiek, when washed and dried, should weigh 2.652 grams. Its
purity, when free from other chlorides, may be also conveniently
and aceurately determined volumetrieally by dissolving 0.2 gram
of the powdered and dry salt, in a beaker, in about 20 cubic cen-
timeters of water, and, after the addition of a few drops of a
solution of potassinm chromate, allowing a decinormal solution of
argentic nitrate (page 98) to flow into the lignid from a burette
until, with constant stirring, the red coloration of argentic chro-
mate remaing permanent. The number of cubie centimeters of
the silver solution which are required to produce this effect, when
multiplied by the decimal 0.00535, will represent the amount of
pure ammonium chloride in the guantity nnder estimation. By
the employment of exactly 0.2675 gram of the salt, and proceed-
ing as above, the number of cubie centimeters of the silver solu-
tion required to effect complete preeipitation, multiplied by 2,
will indicate at once the percentage amount of pure ammonium
ehloride.

i — e bl el o s e
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AMMONII IODIDUM.

AMMONIUM IODATUM.
Todide of Ammonium. Ammonium Todide,

Ger, Jodammonium ; Fr. Todure d’ammonium ; Sp. Ioduro de amonio.

NH]I; 144.6.

A white, granular, and deliquescent salt, crystallizing in cubes,
which, when exposed to the air, becomes yellow or yellowish-
brown, from oxidation and consequent liberation of 4 minute
quantity of iodine. When heated, it is completely volatilized
with the evolution of purple vapors,

Ammoniam iodide 18 soluble in 1 part of cold, and 0.5 part of
boiling, water ; and in 9 parts of cold, or 5.7 parts of boiling, alco-
hol (distinction from ammoniam and potassium bromides, which
are less soluble in aleohol). Its agueouns solution has a pungent,
saline taste, and emits the odor of ammonia when heated with a
solution of sodium or potassium hydrate; it yields with mercurie
chloride a red precipitate, soluble in an excess of either the
ammonium or mercuaric salt; and with argentic nitrate, a yellow-
ish-white precipitate, which remains unchanged upon the addition
of dilute nitric acid or ammonia-water; the solution assumes a
blue color upon the addition of muecilage of starch and a little
chlorine-water.

Examination :

An admixture of alkaline iodides, bromides, or chlorides, is
approximately recognized, when a concentrated aqueous solution
of the salt is dropped into strong aleohol; the liquid must remain
clear; the separation of a white crystalline powder would indicate
such an admixture.

Chlorides and bromides are detected by completely precipitating
the solution of the salt with argentic nitrate, subsequently digest-
ing the precipitate with ammonia-water, and filtering ; the filtrate
is then supersaturated with nitric acid, when a slight turbidity
may ensue; a white precipitate would indicate chlorides and
bromides. In this case, and in order to distinguish argentic
chloride or bromide, the precipitate is collected and washed upon
a filter, and is then rinsed through the pierced filter into a test-
tube; the supernatant water is decanted as far as practicable, and
good chlorine-water is poured upon and agitated with the silver
salt. This will remain unchanged if it consists of argentic chloride,
but, if it contains argentic bromide, the chlorine-water assumes a

ellowish or reddish color, due to the elimination of free bromine,
;Erhir._;g will be absorbed by chloroform when agitated with that
iquid. -

:S'u{p-’{gtea may be detected in the diluted solution, acidulated
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with hydrochlorie acid, by a white precipitate on the addition of
a few drops of a solution of barium chloride.

Estimation :

One part of the salt, in agqueons solution, when completely pre-
cipitated by argentic nitrate, yields a precipitate of argentic iodide,
which, when washed and dried, should weigh 1.62 parts. The
urity of the salt may also be determined volumetrically as fol-
ows: 0.2 gram of the perfeetly dry salt is dissolved in a beaker
in about 50 eubie centimeters of water, a few drops of neutral
potassium chromate solution are then added, and subsequently a
decinormal solution of argentic nitrate (page 93) iz allowed to flow
into the liquid from a burette until, with constant stirring, a per-
manent red coloration is produced. IF the salt is pure ammonium
todide, 13.76 eubiec centimeters of the silver solution will be re-
quired to effect 1ts eomplete precipitation; one eabie centimeter
of the decinormal silver solution corresponding to 0.0145 gram
of ammonium iodide. If ammoninm bromide or chloride 1s pres-
ent, the number of eubie centimeters of silver solution required

for precipitation will be larger in proportion to the extent of the
admixture.

AMMONII NITRAS.
AMMONIUM NITRICUM.,

KNitrate of Ammonium. Ammonivm Nitrate,

Ger. Salpelersaures Ammonium ; Fr. Azotate d’ammoniaque ; Sp. Nitrato de
amoninco.

NH,NO,; 80.

Long, flexible, colorless needles, or a fibrous erystalline mass,
when obtained by erystallization at temperatures above 40° C,
(104° F.); and large six-sided, rhombic prisms,
Fra. 90. terminated by six-sided pyramids (Fig. 90), when
erystallized at a temperature below 388° C.
(100.4° F.). The salt has the specific gravity of
1.7; it is anhydrous, and qnite permanent in a
dry atmosphere, but deliquesces in a moist one,
losing a portion of its ammonia, and acquiring
an acid reaction. When perfectly dry, and grad-
ually heated, it fuses at 165-166" C. (329-331°
F.); and at about 185° C. (365° F.) it is resolved
into agqueous vapor and nitrogen monoxide (ni-
trous oxide gas), without leaving any fixed resi-
due :
NH,NO, = 2H,0 + N,0.

When thrown upon a red-hot surface, it be-
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comes decomposed, with the production of a yellow flame and a
slight explosion, into nitrogen, water, and nitric oxide ; and when
heated with concentrated sulphurie acid, it emits nitrons vapors,

Ammoninm nitrate dissolves in about half its weight of water
at ordinary temperatures, a considerable reduction of temperature
being produced ; it is freely solable in hot water, and is also solu-
ble in 20 parts of cold, or 3 parts of boiling, alcohol, so that its
concentrated aqueous solution remains perfectly limpid upon the
addition of strong aleohol, Its aqueous solution has a sharp,
bitter taste: it emits the odor of ammonia, when heated with a
solution of potassinm or sodium hydrate ; and when mixed with a
few drops of a solution of ferrous sulphate, and carefully poured
upon concentrated sulphuric acid, it affords a dark zone at the
junction of the liquids, characteristic of the oxides of nitrogen,

Examination :

Ammonium chiloride and sulphate may be deteeted by white pre-
cipitates, when the dilute aqueous solution of the salt is acidulated
with nitric acid and tested in separate portions, with argentic
nitrate for the former salt, and with barinm nitrate for the latter.

Fized tmpurities will be recognized by a non-volatile residue, on
strongly heating a small quantity of the salt upon platinum-foil.

AMMONII FPHOSPHAS,
AMMONIUM PHOSPHORICUM.

Phosphate of Ammonium. Dribazic Ammonium Phosphate. Diammonio-
hydric Phozphate.

Ger. Phosphorsaures Ammonium ; Fr. Phosphate d'ammoniague ; Sp. Fosfato
de amoniaco.

(NH,),HPO,; 132.

Transparent, colorless, monoclinic prisms, having the specific
gravity of 1.64. They are effloresceut in dry air, and on exposure
to a moist atmosphere readily lose ammonia. When heated nupon
platinum-foil, the salt first fuses, and is resolved into metaphos-
phoric acid, with the liberation of water and ammonia, and, at a
bright red heat, is wholly dissipated. When heated with a solu-
tion of potassium or sodium hydrate, ammonia gas is evolved.

Ammonium phosphate is soluble in 4 parts of water at 15.5° C.
(60% F.), with ensuing reduction of temperature, and soluble in
0.5 part of boiling water, but is insoluble in aleohol. The
aqueous solution of the salt possesses a cooling, saline taste, and a
slightly alkaline reaction, but. when the salt has been exposed to
the air or is old, the solution is neutral, or even acid, a change
resulting from the loss of ammonia and the formation of the
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primary mono-ammonium phosphate NI H PO  which takes place
more rapidly when the solution of the salt is boiled.

With solution of argentic nitrate, the diluted solution of am-
monium phosphate gives a yellow precipitate of argentic phos-
phate, soluble in ammonia-water or in nitric acid: and with
solution of ammoninm molybdate, acidulated with nitrie acid, it
yields, on warming, a vellow erystalline precipitate of ammonium
phospho-molybdate. The solution of the salt should produce no
coloration or precipitate with ammonium sulphide, and, after
acidulation with diluted hydrochlorie acid, none with hydrogen
sulphide or with barium chloride. A eoloration or precipitate
with the first two reagents would indicate metals, a white precipi-
tate with the latter reagent, insoluble in diluted nitric aeid, would
indicate sulphate.

If a solution of one gram of ammoninm phosphate is completely
precipitated with magnesium mixture, the precipitate collected
and washed upon a filter with a mixture of one part of ammonia-
water and three parts of water, dried, and subsequently heated to
redness in a 1|'|.!"Ef]l poreelain crucible, the residue of mugnesinm
pyrophosphate obtained should weigh 0.841 gram.

AMMONII SULPHAS.
AMMONIUM SULFURICUM.
Sulphate of Ammentuni, Ammonium Suilphate.

Ger. Schwefelsaures Ammonium ; Fr. Sulfate d’ammoniagque ; Sp. Sulfato de
amoniaco,

(NH,),S0,; 132.

A granular powder, or large, transparent, colorless crystals,
belonging to the rhombie system (Fig. 91), permanent in the air,
and having the specific gravity of 1.77. The salt melts at 140

C. (284° F.) with the development of

Fie. 91. ammoniacal vapors; at a higher tem-

perature itis decomposed into ammonia,

nitrogen, water, and ammoninm sul-

phite, which sublimes, becoming finally,
at a red heat, entirely dissipated.

Ammonium sulphate is soluble in 1.3
parts of water at 15° C. (59° F.), and in
its own weight of boiling water, but is
sparingly soluble in aqueous, and in.
soluble in absolute, alechol. The aque-
ons solution is neutral in its action upon litmus, possesses a strong
and unpleasant saline taste, and, similarly to ammonium chloride,
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is partially decomposed on boiling, with the development of am.
monia. When heated with a solution of potassium or sodinm
hydrate, it develops the odor of ammonia, and yields with a solu.
tion of barium chloride a white precipitate, insoluble in hydro-
chloric acid.
Examination : ‘ ;
('hlorides may be detected in the dilute aqueous solution of the

salt, acidulated with nitric acid, by a white precipitate on the
addition of solution of argentic nitrate. .

Sulphocyanides will be recognized in the aqueons solution by an
ensuing deep-red coloration on the addition of a few drops of solu-
tion of ferrie chloride. ! ;

Metallic impurities (lead or copper) will be detected in the
aqueous solution, acidulated with hydrochlorie acid, by a dark
coloration or precipitate upon saturation with hydrogen sul phide ;
after filtration, if necessary, ammonia-water in slight excess is
added, when an ensuing dark-colored precipitate will indicate
iron, and a white one, zine.

AMMONII VALERIANAS.

AMMONIUM VALERIANICUM.
Valerianate of Ammondum. Ammontum Velerianate.

Ger, Baldriansaures Ammonium ; Fr. Valérianate d'ammoniaque ; Sp. Vale-
: rianato de amoniaco.

NH,C,H,0,; 119.

b B

Colorless, transparent, quadrangular plates, or a white, trans-
lucent, crystalline mass, having the odor of valerianic acid, a
sharp, sweetish taste, and a neutral reaction. When heated, the
salt melts and emits vapors of the odor of ammonia and of vale-
rianic acid ; at a stronger heat it becomes black, with the evolu-
tion of pungent, inflammable vapors, and is at last wholly dissi-

ated. It is decomposed, and emits the odor of ammonia, when
eated with a solution of potassinm hydrate.

Ammonium valerianate iz deliquescent in moist air, and is
freely soluble in water, glycerin, and.aleohol; its aqueous solu-
tion, if not very dilute, separates, upon supersaturation with
acids, an oily layer of valerianic acid. The underlying aqueous
liquid, when nearly saturated with ammonia-water, should not
become red upon the addition of one drop of dilute solution of
ferric chloride, for in this case acetic acid (admixture of potassium
or sodinm acetate) would be indieated, which may also be recog-
nized by a fixed residue upon complete dissipation of the salt
npon platinum-foil, which residue will effervesce when moistened
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with one drop of concentrated hydrochlorie acid. The aqueous
solution of the salt, when acidulated with nitrie acid, and tested,
in separate portions, with barinm chloride and argentic nitrate,
should afford no precipitate (absence of sulphates and chlorides).

AMYL NITRIS.

AMYLIUM NITROSUM. AMYLAETHER NITROSUS.
Nitrite of Amyl. Amyl Nitrite.

Ger. Balpetrigsiinreamylester ; Fr. Azotite d’amyle ; Sp. Amilo nitrico.
C,H, NO,= C,H,-0-NO; 117.

A transparent liquid, of a pale yellow color, possessing an ethe-
real, fruity odor, and an aromatie taste. It has the speeifie gravit
of 0.902 to 0.9026, and boils at 94 to 95° C. (201.2 1o 203° F.),

lelding an orange-colored vapor, which, when ignited, burns
with a yellow, luminous, and sooty flame. It is miseible, in all
proportions, with aleohol, ether, ¢chloroform, benzol, and benzin,
but not with water. When carefully placed upon a mixture of a
solution of ferrons sulphate and concentrated sulphurie acid (Fig,

92), a brown zone will appear at the line of contact of the two
liquids.

Frg. 92.

Amyl nitrite, when perfectly pure and freshly prepared, is neu-
tral in its action upon litmus, but, upon long standing, or by ex-
posure to the air, especially when containing water, 1t gradually
acquires an acid reaction, and then contains the various produets

|
|

|
q
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of decomposition, nitrous or nitric_acid, valerianic acid, Famyl
valerianate, and amylic alecohol. When gently warmed with an
excess of a solution of potassium or sodium hydrate, it is readily
resolved into nitrous acid, which combines with the alkali, and
amylic alcohol, which floats upon the surface in the form of an
oil: if this alkaline mixture be supersaturated with acetic acid, a
few drops of solution of potassium iodide, and subsequently a
little mucilage of starch added, a deep blue color will be produced.

Examination:

Aleokol and Water.—The former may be recognized, and its
amount also approximately estimated, by an ensuing reduction of
volume of the amyl nitrite, when shaken with an
equal volume of water in a small graduated glass tube
or eylinder (Fig. 93); the presence of water will be
indicated by a higher specific gravity than that above
stated, and by a turbid appearance of the liquid when
exposed to the temperature of melting ice.

Aldehyde may be detected by mixing a small por-
tion of the amyl nitrite with three times its volume
of a mixture of equal parts of ammonia-water and
absolute aleohol, subsequently adding a few drops of
solution of argentic nitrate, and warming gently; an
ensuing dark-brown coloration, due to the separation
of metallic silver, would indicate the presence of
aldehyde.

Free acids may be detected in amyl nitrite when
tested with moistened blue litmus paper; and should
not be present in an amount sufficient to redden the
latter when 10 cubic centimeters of the amyl nitrite
are agitated with 2 cubic centimeters of a mixture of
1 part of ammonia-water and 9 parts of water, and
the liquid subsequently tested.

Hydrocyanie acid, resulting as a by-product from
the action of nitrous acid on amylic alcohol, may be
recognized by diluting about 10 drops of amyl nitrite with ten
times its volume of alecohol, and adding thereto a few drops of
solution of argentic nitrate ; as hydrochlorie acid does not oceur
in amyl nitrite as an impurity, an ensuing white turbidity or
precipitate would indicate hydrocyanie acid.
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ANTIMONII ET POTASSII TARTRAS.

ANTIMONIUM TARTARATUM, ANTIMONIUM ET POTASSIUM
TARTARICUM. TARTARUS STIBIATUS.

Tartrate of Antimony and Potassium. Tartar Emetie. Potassio-
antimonions Tartrate.

Ger. Weinsaures Antimonoxyd-kalium ; Fr. Tartrate de potasse
et d'antimoine ; Sp, Tartrato de potasa y antimonio,

CH(OH)-CO-OK
K(SbO)C,HO, + IHO = | + JH,0; 882,
CH(OH)-CO-0(Sh0)

Colorless, ransparent, shining, octahedral erystals of the rhom-
bic system, which, in consequence of the four remaining alter-
nating surfaces, often assume a hemihedral, tetrahedron-like form

Fig. 94); or a white, granular pow-
Fio. 94. éer. The crystals have a specific
TR i R gravity of nitnut 2.6, and eontain
one-half molecule (2.7 per cent.) of
water of crystallization; they efilo-
resce slightly when exposed to the
air, and lose their water of erystalliza-
tion completely at 108° C. (226.4° F.),
becoming white and opague; when
powdered and heated in a dry test-
tube, tartar emetic emits acid empy-
renmatic vapors, and leaves a charred
residue which, when eool, turns moist turmeric-paper brown;
when the residue ig placed upon charcoal and heated before the
blow-pipe, white fumes are evolved, coating the coal, and brittle
g]nhu]gs of antimony are formed. _

Tartar emetic is soluble in 17 parts of water at 15° C. (59° F.),
in 8 parts of boiling water, and is also soluble in glycerin, but
insoluble in strong aleohol. Tts aqueous solution has at first a
sweetish, afterwards a nauseous metallie taste, a slightly aeid
reaction upon blue litmus-paper, and gradually decomposes if not
concentrated or containing a small addition of aleohol; with the
mineral acids (not acetic, tartarie, and citric acids) a white turbid-
ity ig produced, which disappears on the addition of a large excess
of acid, and from the solution, upon the subsequent addition of
water, an abundant precipitate of basic antimonious chloride, sul-
phate, or nitrate is produced ; its solution is also precipitated by
the alkaline hydrates, and by all soluble carbonates, but not by
bicarbonates; the precipitate produced by the alkaline hydrates
being =oluble in an excess of a solution of potassium or sodinm
hvdrate, but insoluble in ammonia-water, :

'HJ_,r[l rogen sulphide produces an orange-red coloration in con-
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centrated solutions of tartar emetic, and gradually a precipitate of
the same color; in very dilute solutions, only a coloration takes
place; but, npon warming, or upon the addition of an acid, or
when the tartar emetic is contaminated with free tartaric acid or
potassium bitartrate, a turbidity ensues immediately. ‘

Solution of tartar emetic reduces a solution of mercuric chloride
to mercurous chloride, gradually at eommon temperatures, and
quickly at elevated ones; and likewise reduces a solution of auric
chloride, with the separation of metallic gold.

If to a solution of tartar emetic a solution of potassium or
sodium hydrate be added, until the precipitate first formed is just
redissolved, and a solution of argentic nitrate subsequently added,
a copions dark colored precipitate of argentous oxide, Ag 0O, is
produced, which is insoluble in ammonia-water.

Examination :

Arsenie is indicated by the garlic-like odor when a small portion
of the powdered tartar emetic is at first gently heated in an iron
spoon, or in a poreelain crucible, and subsequently heated to
redness.

If the result of this test be doubtful, or confirmatory evidence
be required, a small quantity of the tartar emetic is dissolved, in a
test-tube, in concentrated hydrochloric acid, a little
concentrated solution of stannous chloride or a frag-
ment of pure tin-foil added, and the mixture gently
warmed ; the liguid must remain clear and colorless
on cooling; a brown turbidity or precipitate would
indicate arsenic. The presence of arsenic may be also
detected by adding to a little of the powdered tartar
emetic, contained in a test-tube, a small quantity of
powdered iron, a few fragments of metallic zine, and a
concentrated solution of potassium or sodium hydrate :
the mixture is then gently heated, when, if arsenic be
present, hydrogen arsenide together with free hydrogen
will be developed, and impart a dark stain upon a piece of
bibulons paper moistened with a drop of a solution of
argentic nitrate, and placed over the orifice of the tube
(Fig. 95).

Metallic {mpurities, caleium salls, ehlorides, and sul-
phates may be detected in a solution of 1 part of tartar
emetic in about 100 parts of water, acidulated with
acetic acid, by testing it, in separate portions, with solu-
tion of potassium ferrocyanide, ammonium oxalate,
argentic nitrate, and barinm chloride; a blue colora-
tion or precipitate with potassium ferrocyanide would
indicate iron, a reddish-brown one, copper ; and a white
one, zine ; an ensuing white precipitate upon the addi-
tion of ammonium oxalate, argentic nitrate, or barium chloride,
would indicate respectively caleium salls, chlovides or sulphales.

Fia. D5.
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Potassium Bitartrate—An admixture of this salt may be ap-
proximately recognized by the diflerence of the solubility of tartar
emetic (1:17), and of eream of tartar (1:210) in water at 15° C,
(59° F.); when, therefore, one part of the tartar emetic is agitated
with 18 parts of warm water, a complete solution mnust take place,
and remain unchanged after cooling, If eream of tartar be pre-
sent, 1t will separate in small erystals, The presence of potassium
bitartrate, as also of free tartaric acid, may be farther recognized
by the liberation of carbonic-acid gas, when a cold saturated solu-
tion of sodium carbonate is poured upon the erystals,

Estimation : _

The determination of the amount of pure tartar emetie con-
tained in any specimen of the salt may be accomplished by ihe
following methods:

L. Gravimetric—One gram of the uneffloreseed erystals, or the
same weight of the powdered tartar emetie previously dried at
110° C, (2307 I.), 15 dissolved, in a flask, in about 50 cubie centi-
meters of water, the solution acidulated with hydrochlorie aeid,
gently warmed, and mmrletm}' saturated with hydrogen sulphide ;
the flask is then loosely stoppered and allowed to ul;unc[] in a
warm place for a few hours, the orange-red precipitate of anti-
Tﬂ{iﬂji’ trisulphide, SbS, collected on a tared filter, previousl
dried at 100° C, (212° F.), quickly and thoroughly washed wit
water to which a small quantity of water saturated with hydrogen
sulphide has been added, and finally thoroughly dried at exactly
1002 C. (212" F.), until of constant weight. One gram of erystal-
lized tartar emetic should thus yield 0.510 gram, or, if the salt has
been previously dried at 110° C. (230° I), 0.528 gram of antimony
trisulphide, Sb,S,,

II. Volumetric.—0.2 gram of uneffloresced crystals of tartar
emetie, or, if in powder, the same qunantity previously dried at
110° €. (230° F.), 1s dissolved, in a beaker, in 10 cabic centimeters
of water; about 20 cubic centimeters of a cold saturated solution
of sodinm bicarbonate, and a little freshly prepared, neutral muei-
lage of starch are then added, and subsequently a decinormal solu-
tion of iodine (page 93) allowed to flow into the liguid from a
burette until, with constant stirring, a blue coloration, which for
a moment remains permanent, is produced ; the antimonions oxide
is thus converted into antimonie acid, as represented by the
equation :

Sb,0, + 21, + 6NaHCO, = 2NaSkO, 4+ 4Nal 4 3H,0 + 6CO,.
..
2K (SbO)C,H,0,
650 508 |
With reference to the above proportion, one eubie centimeter
of decinormal iodine solution, corrected, if necessary, by its pro-
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per factor (page 95), corresponds to 0.0072 gram of antimonions
oxide, Sb,0,, and to 0.0162 gram of anhydrous, or 0.0167 gram
of crvstallized tartar emetic, K(SbO)C H,0, + $H,0; from the
namber of cubic centimeters of jodine solution employed, the
percentage purity of the specimen under examination may be
thus readily calculated.

ATIMONII OXIDUM.

ANTIMONIUM SEU STIBIUM OXYDATUM.
Ozide of Antimony. Antimonious Oxide. Antimony Triozide.

Ger. Antimonoxyd ; Fr. Oxyde d’antimoine ; Sp. Oxido de antimonio.
Sb,0,; 288.

A grayish-white or pale-buff colored, crystalline powder, when
obtained by precipitation; or small, colorless, transparent, bril-
liant needles, when obtained by sublimation (Flores Antimonii).
When heated, antimonious oxide becomes yellow, and fuses at a
dull-red heat, forming a yellowish liquid, which solidifies, on
cooling, to a erystalline mass of a pearly color; at a higher tem-
perature, it volatilizes in white vapors, which eondense, on cool-
ing, in colorless, shining, needle-shaped erystals; when mixed
and heated with exsiceated sodium carbonate on charcoal before
the blow-pipe, antimonious oxide is reduced, forming globules of
metallic antimony which are brittle when cold.

Antimonious oxide ig insoluble in water, ammonia-water, sul-

hurie, nitric, and acetic acids, but is readily dissolved by warm
E}rdmﬂhloriﬂ acid, with the formation of antimony trichloride; it
is also soluble in warm solutions of potassinm or sodium hydrate,
and in solutions of tartaric acid, and the alkaline tartrates. Its
acid solutions afford with hydrogen sulphide an orange-red preci-
pitate of antimony trisulphide, Sb.S,; its solutions in the fixed
alkaline hydrates are not acted apon by this reagent (distinetion
from alkaline solutions of salts of lead and zinc), but, with argentic
nitrate, a black precipitate of argentous oxide is produced, which
is insoluble in ammonia-water.

Examination :

Antimonie oxide may be detected by its much more sparing
solubility in hydrochlorie acid; and by dissolving a portion of the
oxide in hydrochloric acid, diluting the solution with water, to
which a little tartaric acid has been added (in order to avoid
any turbidity by the separation of a basic salt), and adding
a solution of potassium iodide, free from iodate; the mix-
ture will remain colorless, if free from antimonie oxide; but, 1f
the latter be present, it will assume a brown coloration, due to
the liberation of iodine, and when agitated with a few drops of
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chloroform or carbon bisulphide will impart to these liquids a
violet-red color.

Antimonious oxy-chloride (Algaroth’'s Powder) and entimonius
oxy-sulphate are indicated by the formation of white precipitates,
when a diluted solution of the oxide in an excess of tartarie acid
is tested with argentic nitrate for the former, and with barium
chloride for the latter. Their presence may be confirmed by
digesting a little of the oxide for about one hour with a cold con.
centrated solution of sodium ecarbonate, filtering, and testing the
filtrate, after supersaturation with nitrie acid, with argentic nitrate
for oxy-chloride, and with barium chloride for oxy-sulphate; an
ensuing white precipitate in either instance will reveal the re
spective impurity.

Metallic antimony will be indieated by a gray color of the oxide,
and will remain uu':{ism}lved when the oxide is treated with hydro-
chlorie acid,

Arsenie 18 recognized by the garlie-like odor, when a little or
the oxide is mixed with exsiceated sodium carbonate, and then
fused and reduced upon charcoal before the blow-pipe. Its
presence may be confirmed by dissolving a small portion of the
oxide in eoncentrated hydrochlorie aeid, subsequently adding a
few drops of a coneentrated solution of stannous chloride, or a
fragment of pure tin foil, and warming the mixture gently; the
liquid should remain elear and colorless on cooling ; a brown tur-
bidity or precipitate will indicate arsenie.

Estimation :

I. Gravimetric—A weighed portion of the oxide (about 0.5
gram) is dissolved in hydrochloriec acid, the solution largely diluted
with water, to which a little tartaric acid has been added, in
order to prevent precipitation, and after warming, c-;bml]}]etely
saturated with h ‘}’:lmgen sulphide; the flask is then loosely
stoppered, and allowed to repose in a warm place for a few
hours; the precipitate of antimony trisulphide is collected upon
a tared filter, previously dried at 100° C. (212° F.), quickly and
thoroughly washed with water to which a small quantity of water
saturated with hydrogen sulphide has been added, and finally
thoroughly dried at exactly 100° C. (212° F.) until of constant
weight ; 100 parts of antimonious sulphide, Sb,S,, correspond to
85.71 parts of antimonious oxide, Sb,0.,

I1. Volwmnetrie~0.1 gram of the oxide is dissolved, in a beaker,
in about 10 cubie centimeters of water, to which the required
quantity of tartaric acid has been added to effect solution, the
solution exactly neutralized with sodium carbonate, and subse-
quently about 20 cubic centimeters of a cold saturated solution of
sodinm bicarbonate, and a little freshly prepared neutral muci-
lage of starch added ; a decinormal solution of iodine (page 93) is
then allowed to flow into the liguid from a burette until, with
constant stirring, the blue coloration which is produced remains

i S tiaiciine i
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for a moment permanent ; the antimonious oxide is thus converted
into sodium antimoniate, as represented by the following eq nation :

Sb,0, + 21, + 3Na,CO, = 9NaSbO, 4 4Nal 4 3C0,.

it ! b

288 503

(1.2) (12.7)
With reference to the above proportion, one cubic centimeter of
the decinormal iodine solution, corrected, if necessary, by its
proper factor (page 95), corresponds to 0.0072 gram of antimonious
oxide, Sb0, which, maultiplied by the number of cubic centi-
meters of 1odine solution employed, will give the amount of pure
antimonious oxide in the specimen under examination.

ANTIMONII SULPHIDUM.

ANTIMONII SULPHURETUM. ANTIMONIUM SULFURATUM
NIGRUM. STIBIUM SULFURATUM CRUDUM.

Native Sulphide of Antimony. Trisulphide of A nttmeony. Antimonious
Sulphide.

Ger. Graues Schwefelantimon (Spiessglanz) ; Fr. Sulfure d'antimoine ;
Sp. Sulfure de antimonio.

Sh,S,; 336.

Heavy fused masses, which, when broken, present a striated

erystalline texture, and a lead-gray metallic brillianey; when
alverized, they form a dark iron-gray powder. Spec. grav.

about 4.6. When heated upon charcoal before the blow-pipe,
black antimonious sulphide fuses and burns, emitting dense white
fames and the odor of sulphurous acid; when mixed with some
dried sodium carbonate and potassium cyanide, and heated in the
same way, metallic globules are obtained, which are brittle when
cooled.

Black antimonious sulphide, when reduced to a fine powder, is
insoluble in water, alcohol, the dilute mineral acids, and organic
acids, with the exception of tartaric acid, which, at the boiling
temperature, dissolves it to a certain extent, with the liberation of
hydrogen sulphide, and the formation of antimonious tartrate ; it
is readily soluble, however, in concentrated hydrochloric acid,
with the formation of antimony trichloride, and the development
of hydrogen sulphide; and in hot concentrated sulphuric acid,
with the formation of antimonious sulphate, separation of sul-
phur, and development of sulphur dioxide. With concentrated
nitrie acid it is oxidized to antimonious nitrate, with the forma-
tion of some antimonious sulphate, separation of sulphur, and
development of nitrogen dioxide; nitro-hydrochloric acid dis-
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solves it with the formation of antimony trichloride and sulpha-
rie acid, accompanied by the separation of sulphur. The solution
in hydrochloric acid, when dropped into water, produces a copi-
ous white turbidity, which becomes orange-red in contact with
hydrogen sulphide (a brown or black color of the precipitate
would indicate the presence of lead or other metals). Black anti-
monious sulphide is also partially dissolved by boiling concen-
trated solutions of potassinm or sodium hydrate, with the forma-
tion of sulpho-salts (sulphantimonites), leaving a brown residue,
eonsisting of a mixture of oxysulphide and antimonite: it is
almost insoluble in ammonia-water (distinetion from arsenic tri-
sulphide).

The native antimonions sulphide generally contains sulphides
of iron, lead, copper, and arsenic; and there are also found, espe-
cially in the commercial black powder, silicates and mineral ad-
mixtures, while occasionally an article sold under the name of
“black antimony” has been found to consist simply of a mixture
of powdered lime-stone and anthraeite coal.

amination :

Metallic impurities (ivon, lead, and copper), which, as previously
stated, are usually present in variable proportions in native anti-
monions sulphide, will be indicated by a yellowish or brownish
residue when abont two grams of the finely-powdered sulphide
are intimately mixed with four times its weight of sodium nitrate,
the mixture cautiously ignited in a poreelain crucible, and the
fused mass subsequently boiled with about three times its weight
of water, to which a little aleohol has been added. The farther
identification of such impurities may be effected by the method
described in detail under antimonium sulphuratum, on page 244,

Arsenic may be detected in the filtrate of the preceding test by
acidulating it with nitrie acid, boiling until nitrous vapors cease
to be evolved, subsequently adding a few drops of solution of
argentic nitrate, again filtering, if necessary, and finally pouring
upon the surface of the clear solution, contained in a test-tube, a
few drops of ammonia-water ; a white cloud at the line of contact
of the two liquids will indieate traces of arsenie, whilst if larger
amounts are present, a red or reddish-brown precipitate will be
produced.

Admixtures of black manganiec peroxide, of pyrites, and of
other ernde minerals, are recognized by their infusibility when
heated in the ordinary gas-flame, whereas black antimoniouns sul-
phide readily fuses at this temperature, and also by dissolving
the black powder in boiling hydrochlorie acid; the first-named

ives rise to the evolution of chlorine, the latter remain mostly
undissol ved.

The artificially prepared black antimonious sulphide contains
frequently more or less metallic antimony, which may be recog-
nized by its insolubility in warm hydrochlorie acid, remaining
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behind in minute brilliant iron-gray particles, which, however,
dissolve upon the addition of potassium chlorate, and subsequent
heating,.

Silica may be recognized by its remaining undissolved when
the sulphide is heated for a short time with about ten parts of
nitro-hydrochlorie acid, whilst the unoxidized sulphur will prin-
cipally float upon the surface of the liquid as a spongy mass. The
siﬁca, after washing with a solution of tartaric acid, and subse-
quently with water, will remain unchanged upon ignition, and,
when heated with a little borax on a platinum wire in the non-
luminous flame, will produce the characteristic skeleton in the
bead.

A mixture of lime-stone and eoal, the oceurrence of which as
a sophistication of commercial black antimonious sulphide has
been previousty alluded to, may be readily recognized by treating
the powder with warm hydrochlorie acid; the carbon will remain
undissolved, and the clear, filtered solution, after dilution with
water and the addition of sodium acetate in excess, will afford,
upon the addition of a few drops of a solution of ammonium oxa-
late, a white precipitate of ealcium oxalate.

Estimation

The estimation of the amount of pure antimony trisulphide in
black antimonious sulpbide may be best effected by the following
method : A weighed amount (1 gram) of the very finely powdered
sulphide is dissolved, in a flask, in hydrochloric acid, with the aid
of a gentle heat and the addition of a small quantity of nitric acid,
the solution slightly supersaturated with potassium hydrate, and
subsequently a solution of potassium sulphide added, and digested
at a gentle heat; the sulphides of lead, copper, and iron will
thereby remain undissolved, whilst the antimonious sulphide,
together with arsenie, if present, will be obtained in solution :

AsS, + 2KHS = 2KAsS, + H,S.

After cooling, the mixture is filtered, the undissolved portion
well washed upon the filter with water, and the combined filtrate
and washings saturated with sulphur dioxide gas until the latter
ceases to be absorbed. The antimony, together with the arseni-
oung sulphide, becomes thereby precipitated, but by subsequent
digestion of the mixture upon the water-bath, and afterwards
boiling until about two-thirds of the water has evaporated, and
the escaping vapors no longer possess the odor of sulphur dioxide,
the arsenious sulphide becomes redissolved, whilst the antimonious
sulphide, associated with some sulphur, remains insoluble :

4K AsS, + 530, + 2H,0 = 2As,S, + S, + 4KHSO,;
2AsS, + 16KHSO, = 4K AsO, + 6K,8,0, + 8H,0 + S, + 750,

The insoluble residue is then filtered, thoroughly washed with
water, dried at 100° C. (212° F.), and the free sulphur completely
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removed by washing it upon the filter with pure carbon bisul-
phide, until the washings upon evaporation no longer leave a
deposit of sulphur.  After the above treatment, it is brought into
a weighed porcelain erucible, moistened with a few drops of nitric
acid, spee. grav. 142, then eight to ten times its weight of fuming
nitriec acid added, and the acid subsequently allowed to evaporate
gradually on the water-bath. The sulphur which is at first sepa-
rated becomes completely oxidized to sulphurie acid, and the
antimonions sulphide converted into antimonic acid. The eruci-
ble, and its contents, are then first gently heated to expel the sul-
phurie acid, and finally heated to redness, whereby the antimonie
acid is converted into antimony orthoantimonate, Sb,0, and,
after cooling, is weighed assuch ; 100 parts of the latter compound
correspond to 110.52 parts of antimony trisulphide, 5b,S,.

ANTIMONII SULPHIDUM AURANTIACUM.

ANTIMONIUM SEU STIBIUM SULFURATUM AURANTIACUM.
SULFUR AURATUM ANTIMONIL

(Folden Sulphur., Pentasulphide of Antimony. Antimonie Sulphide,

Ger. Antimonsulfid. Goldschwefel ; Fr. Soufre doré d’antimoine ;
Sp. Bisulfuro de antimonio hidratado.

Sh,S,; 400,

A fine orange-red powder, nearly odorless and tasteless, becom-
ing gradnally lighter colored by the action of air and light, and
at the same time undergoing slow oxidation with the develop-
ment of sulphurous acid gas; when heated in a dry test-tube, it
gives off sulphur, leaving behind black antimonious sulphide;
when heated upon charcoal before the blow-pipe, it burns away
with a pale, bluish flame, emitting the odor of sulphurous aecid
gas, and causing a white inerustation of the coal.

Antimonie sulphide is insoluble in water, aleohol, and ether,
and is but slowly decompozed by the organie and dilute mineral
acids. When treated with ten to fifteen times its weight of
warm concentrated hydrochlorie acid, it dissolves for the most
part with effervescent evolution of hydrogen sulphide, leaving
behind a seanty residue of red-colored sulphur; the solution,
when deprived of the hydrogen sulphide by heat, produces, when
dropped into water, a white turbidity, disappearing upon the ad-
dition of tartarie acid, which solution is precipitated orange-red
by hydrogen salphide. . _

Antimonie sulphide is completely soluble in a warm solution
of potassium hydrate, in solutions of the alkaline sulphides and
sulphydrates, and in warm solutions of the allkaline carbonates,
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with the exception of ammonium carbonate (distinetion from
arsenic sulphide); it is also nearly or completely d].-sﬁ-:ﬂvurl:{l by
about 150 times its weight of an aqueous 10 per cent. solation of
ammonia, spec. grav, 0.960 ; if a small residue iz left, it will dis-
solve in a solution of tartarie acid, or of potassium hydrate, on
boiling.

Examination :

Sodium Sealts, Sulphates, and Chlorides.—A small portion of the
antimonie sulphide is digested with frequent agitation for about
15 minutes with ten times its weight of tepid water, filtered, and
the filtrate evaporated to dryness; if a residue is obtained which
imparts a bright yellow color to the non-luminouns flame, sodinum
salts will be indicated. The residue is then dissolved in a little
water, acidulated with nitric acid, and tested, in separate por-
tions, with barium chloride for sulphates, and with argentic ni-
trate for ehlorides ; an ensuing white precipitate in either instance
will reveal the respective impurity,

Sulplur, Kermes Minerale, and Antimonious Oxide—A portion
of the antimonie sulphide is digested with frequent agitation for
about 15 minutes with 150 times its weight of strong ammonia-
water ; the above-mentioned impurities will thus remain andis-
solved, and, after separation by filtration, may be further exam-
ined as follows: Sulphur may be detected in the insoluble residue
by its complete volatilization when strongly heated, with the
development of sulphurous acid gas, and, when present in the
free condition in the antimonic sulphide, may be extracted and
quantitatively estimated by means of carbon bisulphide, which
will deposit it in a pure state upon evaporation: kermes minerale
will be recognized by its reddish-brown eolor, and solubility in
hydrochloric acid with the evolution of hydrogen sulphide ‘and
formation of antimony trichloride ; antimonious oxide may be
detected by its complete solubility in a solution of tartaric acid,
and the solution, after acidulation with hydrochloric acid, will
yield a reddish-yellow precipitate of antimony trisulphide upon
saturation with hydrogen sulphide.

Arsenic may be detected by digesting the antimonic sulphide,
with occasional agitation for about half an hour, in a closely stop-
pered flask, with a concentrated solution of ammoninm carbonate,
and filtering; the filtrate is then supersaturated with hydro.
chloric acid, when the formation of a lemon-yellow precipitate,
either at once or upon subsequent saturation with hydrogen sul-
phide. will indicate the presence of arsenic. As traces of anti-
moni¢ sulphide are also dissolved by ammonium earbonate, and
would likewise be precipitated by supersaturation with an acid,
the presence of small amounts of arsenic may be more aceurately
determined by the method of fusion with sodium nitrate, as ex-

plained in detail under antimonium sulphuratum, on page 243,
16
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Lead, Copper, and Jron.—The sulphides of these metals will
remain undissolved when a portion of the antimonic sulphide is
digested with a solution of potassium sulphide. The insoluble
residue, after washing with water, is n:lissr:ﬂ]:red in a little warm
nitrie acid, the solution diluted with water, heated to expel the
excess of nitrie acid, and, after filtering, is tested in separate por-
tions, as follows: To a portion of the solution a few drops of a
solution of potassium ferroeyanide are added, when a blue pre-
cipitate will indicate ¥ron; to another portion of the solution a
few drops of dilute sulphurie acid are added, when a white pre-
cipitate will indicate lead; and, after the removal of the latter
by filtration, and subsequent supersaturation of the liquid with
ammonia-water, a blue coloration will reveal the presence of
COPYET.

Ceeleium salts may be detected by agitating the antimonic sul-
phide with water slightly acidulated with hydroehlorie aeid, and
filt ‘ring ; after the addition of a considerable excess of sodium
acetate to the filtrate, a few drops of a solution of ammonium
oxalate are added, when an ensuing white precipitate will indi-
cate calcinm,

ANTIMONIUM SULPHURATUM.

STIBIUM SULFURATUM RUBEUM.
Sulphurated Antimeny. Mineral Kermes. Antimonious Ozysulphide.

Ger. Braunes Schwefelantimon ; Fr. Sulfure d'antimonine hydraté ;
8p. Protosulfuro de antimonio hidratado.

Sb,S, + #8b,0,.

An insipid powder of a reddish-brown color, becoming gradu-
ally lighter by the action of air and light. Tt is a mixture of
antimonious sulphide with a small and variable amount of anti-
monious oxide, the former appearing under the microscope in
amorphous globules, or laminm, and the latter in small, colorless
crystals, or fragments of such. When heated upon charcoal
before the blow-pipe, sulphurated antimony fuses and burns away,
with the evolution of white fumes, and the odor of sulphurous
acid ; heated with the addition of a little dried sodinm carbonate,
brittle globules of antimony are obtained.

Sulpﬁurated antimony is insoluble in water and alcohol, but
readily and wholly soluble in hydrochlorie acid, which solution,
after the hydrogen sulphide has been completely expelled by heat,
gives a white precipitate when dropped into water, which, how-
ever, is re-dissolved upon the addition of tartarie acid; this solu-
tion yields an orange-red precipitate with h{ﬂrﬂgen sulphide.

Hu{ph nrated antimony is only slightly soluble in ammonia-water,
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but is dissolved by a warm solution of potassium hydrate, with
the formation of potassium antimonite and sulphantimonite, and
should also form a clear, colorless solution, with the exception of
an inconsiderable insoluble residue, when heated to about H0° C,
(194° F.), with 200 parts of a solution of 1 part of sodiumn car-
bonate in 2 parts of water. When treated with a solution of
tartaric acid (1 part of acid to 3 parts of water), the antimonious
oxide is dissolved, whilst the antimonious sulphide remains un.
affected ; the latter, however, is completely soluble in a solution
of potassinm hydrate.

Examination:

When a small quantity of sulphurated antimouy is agitated
with water and filtered, the filtrate must not affect either blue or
red litmus-paper, nor leave a residue when evaporated ullmu plati-
num-foil ; a crystalline residue effervescing upon the addition of
an acid will indicate sodinm earbonate. The residue may then be
dissolved in a little water, acidulated with hydrochlorie acid, and
tested with barium chloride, when an ensuing white precipitate
will indicate sulphates.

Antimonious oxide and sodinwm antimonite may be detected, and
at the same time quantitatively estimated, by agitating the sul-
phurated antimony repeatedly with a solution of tartarie acid,
when they will become dissolved, and, from the clear liguid, acidu-
lated with hydrochloric acid, the antimony may be subsequnentl
completely precipitated by hydrogen snlphide as antimony trisal-
phide, dried at 100° C. (212° F.), weighed, and therefrom the cor-
responding amount of antimonions oxide ealculated. The amount
of pure sulphide or of the oxide therein contained may likewise
be determined by thoroughly washing the portion undissolved by
the tartaric acid with pure water, drying, and subsequently deter-
mining the loss of weight.

Arsenic may be detected by digesting a portion of the sulphurated
antimony with a cold saturated solution of ammonium carbonate,
when the arsenious sulphide will be dissolved, and may be re-pre-
cipitated from the solntion by supersaturation with hydrochlorie
acid, and subsequent saturation with hydrogen sulphide. The
most reliable method, however, for the detection and separation
of the arsenic is as follows: One part of the powder is intimately
mixed with 3 parts of sodinm nitrate, and the mixture is brought,
in small portions, into a small porcelain erucible, previonsly heated
to a low, red heat, and containing 1 part of pure sodium nitrate ;
t!ie heat is then maintained until complete deflagration and oxida-
tion of the melted mass is effected, after which the contents of the
crucible may be removed while still warm, then allowed to cool,
subsequently reduced to powder, and digested with the necessary

nantity of a mixture of 1 part of aleohol and 5 parts of water.

'he antimony thus remains as insoluble sodinm. antimoniate,
together with ferric and cuprie oxides and lead antimoniate, if
these metals are present, whilst the solution will contain the
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arsenic in the form of soluble sodium arseniate, together with
sodium sulphate, nitrite, and undecomposed nitrate. The filtered
solution is then acidulated with sulphurie acid, evaporated to
dryness, the residue dissolved in water, and, after warming to
about 60° C. (140° F.), saturated with hydrogen sulphide; the
arsenic is thus, together with a little separated sulphur, com-
pletely precipitated as yvellow arsenie trisulphide ; or the filtered
solution, as originally obtained by the extraction of the fused
mass with water containing a little aleohol, is acidulated with
nitric acid, boiled in order to remove all traces of nitrous aecid,
and a few drops of a solution of argentie nitrate subsequently
added, when, in ease a turbidity is produced by the separation of
argentic chloride, the solution is again filtered; a few drops of
ammaonia-water are then carefully poured upon the surface of the
solution, contained in a test-tube, when in the presence of small
amounts of arsenic (not exceeding 5 of L per cent.), a white eloudi-
ness will appear at the line of eontact of the two liquids, whereas
with larger amounts a more or less reddish-brown precipitate of
silver arseniate will be produced, soluble in an excess either of
ammaonia-water or of nitric acid. If the resualt of the above test
should leave any doubt as to the presence or absence of minute
quantities of arsenie, it may be made still more delicate, by ren-
dering the above solution to which the argentic nitrate was added
strongly ammoniacal, evaporating to dryness in a poreelain cap-
sule by the aid of a gentle heat, treating the residue with water,
and finally bringing the solution, together with any adhering un-
dissolved particles of silver arseniate, upon a small filter; after
thorough washing with water, the undissolved residue upon the
filter is dissolved in hydrochlorie acid, the solution diluted slightly
with water, (iltered, and tested in Marsh's apparatus, as described
on pages 35 to 36.

Iron, Lead, and Copper—To a portion of the sulphurated anti-
mony, contained in a poreelain capsnle, concentrated nitric acid is
added, and the mixture evaporated upon the water-bath to dry-
ness, the operation being repeated with the addition of more nitrie
acid, if necessary, until complete oxidation is eflected; to the
residue, water is added, and repeatedly evaporated to dryness,
until the free nitric acid i completely eliminated; the residue is
then treated with dilute nitrie acid, the solution filtered and tested
in separate portions as follows: To a ]mrtiqn of the solution a
few drops of a solution of potassium ferrocyanide are added, when
a blue precipitate will indicate iron ; to another portion of the
solution a few drops of dilute sulphurie acid are added, when a
white precipitate will indicate lead, and, after the removal of the
latter by filtration, and subsequent supersaturation of the liquid
with ammonia-water, a blue Pz:%nr:niml will reveal the presence of
copper. " : ‘ :

Admixtures of powdered silicates (brick-dust, ete.) remain
unfused before the blow. pipe, and undissolved in hydrochlorie acid.

SRS
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APOMORFPHINZE HYDROCHLORAS.

APOMORPHINUM HYDROCHLORICUM.
Hydrochlorate of Apomorphine.  Apomorphine Hydroclkliorats.

Ger. Chlorwasserstoffsaures Apomorphin ; Fr Hydrochlorate d'apomorpline
Sp. Clorhidrato de apomorfina,

C,H,NO,HCI; 303.4.

A white or grayish-white, erystalline powder, without odor,
but possessing a bitter taste, and a neutral or faintly acid reaction.
By exposure to light and a moist atmosphere, it readily absorbs
oxygen and assumes a green color; in contact with concentrated
nitric acid it produces a blood-red; with a dilate solution of ferric
chloride an amethyst-red; and with molybdie acid a bright-green
coloration. When strongly heated on platinum-foil, iv burns en-
tirely away, without residue.

Apomorphine hydrochlorate is soluble in 6.8 parts of water,
and in 50 parts of aleohol at 15° C. (597 F.), but is slowly decom-

osed by boiling water or boiling aleohol, the solution acquiring
an alkaline reaction, and, when concentrated, a greenish-brown
color; it is almost insoluble in ether or chloroform, but soluble
in an excess of a solution of sodium hydrate, forming a solution
which, on exposure to the air, quickly assumes a purple-red eolor,
and afterwards becomes black.

The aqueous solution of the salt, when freshly prepared, is
eolorless and neutral in its action npon litmus, and vields with a
solution of sodinm biearbonate a white amorphous precipitate of
apomorphine ; this precipitate rapidly acquires a green color by
exposure to the air, and then forms a bluish-green solution with
aleohol, a purple one with ether or pure benzol, and a violet one
with chloroform. The lignid from which the alkaloid has been
precipitated, after supersaturation with nitrie acid, yields, with a
solution of argentic nitrate, a white precipitate of argentie chlo-
ride, insoluble in nitrie acid, but soluble in ammonia-water.

AQUA AMMONIZAE.
LIQUOR AMMONIE. AQUA SEU LIQUOR AMMONII CAUSTICL
Water of Ammonta. Solution of Ammonia,

Ger. Salmiakgeist ; Fr Ammoningue liguide ; Sp. SBolucion acuosa de amoniaco,

A colorless, transparent liquid, consisting of an aqueous solu-
tion of ammonia gas; the latter being soluble in water to an
extraordinary degree, with the simultaneouns development of heat.
The degree of absorption of the gas by water is dependent npon
the temperature and pressure ; according to recent determinations,
one volume of water absorbs:
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at 02 C.(32C F.) 1050 volumes of gas, at 150 C.(592 F.) 727 volumes of gas,
“ RO (4IOF.) M8 v w w200 (080 F.) 63« o
100 C.(50c F.) sl3 o B YN0 C.(TTC P BB6 " e

The quantity of ammonia coutained in the commercial and offi-
cinal solutions varies from 32 to 10 per cent. by weight of gas;
the latter strength corresponding with a speec. grav. of 0.959 at
152 C. (592 F.), being the average strength of the aqua ammonix
of the majority of the pharmacopeeias. The United States and
the British pharmacopeias include also an almost saturated solu-
tion, Aqua Ammoniwe Fortior; the former of 0.800 spee. grav.,
containing 28 per cent., the latter of 0.891 spec. grav., containing
52.5 per cent. of the gas.

This gas is also soluble in aleohol, which solution is officinal
as Spiritus Ammonim, or Liquor Ammonii eaustiei spirituosas
(Spirituas Ammoniaci eaustici Dzondii), generally of a strength
containing 10 to 12 per cent. of the gas.

These solutions have the properties of the gaseons ammonia,
its pungent odor, sharp burning taste, and canstic action upon
animal membranes; they have a strong alkaline reaction, and form
white fumes when bronght in contact with the vapors of chlo-
rine or acids, however dilated with atmospheric air they may be,
Solution of ammonia is miscible in all proportions with water,
olycerin, and aleobol, and is neutralized by all acids with the
formation of mostly well ervstallizable salts; it decomposes and
precipitates most of the earthy and metallic oxides from their
compounds ; several of these precipitates are redissolved by
an excess of the precipitant, It also precipitates most of the
alkaloids.

The purity of commercial aqua ammonie depends upon the
mode of preparation, the materials employed, and the water used
for the absorption of the gas. For medicinal use, distilled water
ought to be employed, while this precantion is not required for
solutions used in the arts and trades. The strength of solutions
of ammonia may be determined by ascertaining their specific
gravity ; this method, however, is reliable and accurate ouly when
the water contains ammonia alone, and is free from other, and
especially from fixed substances, which would inerease the specific
gravity of the solution,

Examination ;

Fixed substances are recognized by a residue upon the evapora-
tion of the aqua ammonis in a glass capsule or on a watch-glass,

Ammonium carbonate is detected by mixing equal volumes of
aqua ammoniw and lime-water; a turbidity would indicate car-
bonate. The United States Pharmacopeeia limits the amount of
carbonie acid to the production of at most but a faint cloudiness
when mixed with five times its volume of lime-water.

Empyrewma, if not recognized by the odor, will be distinctly
developed when the ammonia-water is nentralized by diluted sul-
phurie acid, and, when slightly supersaturated with the acid, and
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subsequently diluted with water, the solution will decolorize a
solution of potassium permanganate, if such impurities are present,
Tarry matters, which invariably contain traces of aniline and
toluidine, are also detected by adding the ammonia-water, drop
by drop, to a little colorless nitrie acid, previously diluted with
one-fourth its volume of water, in a test-tube, when the liquid
will acquire a rose or deep-red coloration, aradually changing to
brown upon the further addition of ammonia-water, and disap-
pearing entirely if the latter is added in excess. ‘

Caleium salts are recognized by a white precipitate of ealeium
oxalate on the addition of a solution of oxalic acid or ammonium
oxalate.

Chloride, Cyanide, and Sulphate—A portion of the ammonia-
water is slightly supersaturated with nitric acid, and the solution
evaporated on the water-bath to dryness. The residue is then
dissolved in a little water, filtered, if necessary, and tested in
separate portions with argentic nitrate for chloride and eyanide,
and with barium nitrate for sulphate; when a precipitate has
been formed with argentic nitrate, its natare may be ascertained
by slightly supersaturating a little of the ammonia-water with
hydrochloric acid, and subsequently adding to the solution a few
drops of a solution of a ferrous and ferrie salt; a blue coloration
or precipitate would indicate the presence of eyanide: if such
reaction does not occur, the silver precipitate, if insoluble in
diluted nitric acid, eonsists of argentic chloride.

Metallic impurities will remain behind upon the evaporation of
a little of the ammonia-water, and will also be precipitated by
hydrogen sulphide, either before or after neutralization with
hydrochlorie acid.

Estimation :

The strength of aqueous solutions of ammonia, if free from
fixed or other impurities, may be approximately determined by
ascertaining the specific gravity, and reference to the subjoined
table. OF the officinal Aqua Ammoniw, containing 10 per cent.
by weight of ammonia gas, 100 parts should dissolve, without
effervescence, 37.058 parts of pure, erystallized oxalie acid, to form
a perfectly nentral, clear, colorless, and odorless liquid.

The ammonia strength of pure agqua ammoniz, or of erude am-
moniacal liquors (free from other alkaline hydrates or carbonates),
may be more accurately estimated, however, by the following
simple method of volumetric analysis: A convenient quantity of
the liquid (10 grams) is aecurately weighed in a flask, a few
drops of litmus solution added, and a normal solution of oxalie
or sulphurie acid (page 82) allowed to flow into the liquid from a
burette until, with constant stirring, a permanent red tint is pro-
duced. If exactly 10 grams of a 10 per cent. solution of ammo-
nia are employed for the test, 59 cubic centimeters of the normal
acid will be required for neutralization. As, however, one cubic
centimeter of the normal acid, corrected if necessary by its proper
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factor, corresponds to 0,017 grams of ammonia gas, NI, this
number, when multiplied by the number of ecubic centimeters of
acid required for neutralization, will indicate the exact amount of
ammonia contained in the solution, and therefrom its percentage
strength may be readily calenlated.

TasLe of the guantity by weight of Awmonia contained in 100 parts by
wei ght of Agqua Ammoniee of different specific gravities ( Carius).
Temperature 142 C. (57.22 F. .

|

it
Bpecifie F‘"':,f’"" Speciflc P“’L,"r""'" | Specific | ““u";,“"' | Spuoifie iF"'u‘i'r“"
ETAVIlY. | Ammonis.  ETavity. Mll.lmruiﬂ..i gravioy. | Ammonls, | EFAYILY. | Ammonia.
0.85844 360 0.9052 | 27.0 | 0.9314 18.0 | 0.9631 9.0
). 5844 45.8 0.9057 26.8 | 0.9321 | 17.8 | 0.9630 4.8
i, 8852 25.0 0.9063 | 26.6 || 0.982T | 17.6 | 0.0047 | B.5
0.8856 | 85.4 | 0.0068 | 26.4 | 0.0333 | 17.4 | 0.9654 B.4
0.88G0 | 85.2 0,907 9.2 || 0.9340  17.2 | 0.0682 | 8.2
0.8564 | 85.0 0.9078 | 26,0 | 0.9847 | 17.0 | 0.9650 | 8.0
0.8868 | #4.8 0.9088 | 25.8 || 0.9858 | 16.8 | 0.9677| 7.8
0.8472 | B4.6 0. 9084 a5.6 || 0.9800 | 16.6 | 0.9685 | 7.6
0.8877 | 84.4 0.9094 | 25.4 | 0.9806 | 16.4 | 0.9893 | 7.4
0.5881 | 84 2 0.9100 | 25.3 || 0.9878 | 16.2 | 0.9701 | 7.2
(), S8R5 24,0 0. 01006 25.0 | 0.9380 , 16.0 | 0.9709 7.0
(). 8550 93.8 0.9111 948 || 00386 15.8 | 0.9717| 8.8
0.5804 | 831.6 0.9116 | 24.6 || 0.9508 | 15.6 | 0.9725 | 6.6
0.8808 | 83.4 09128 | 24.4 | 0.0400 | 15.4 || 0.9738 6.4
0.6003 | 83.2 0.0127 | 24.2 | 0.0407 | 15.3 || 0.9741 6.2
0, 8007 33.0 0.9133 4.0 | 0.0414  15.0 | 0.974% | 6.0
0.58011 228 0.9130 | 23.8 | 0.9420 | 14.8 | 0.9757 | 5.8
0.5016 32.6 0.9145 o3.6 || 0047 | 14, 0.9765 | 5.6
0). 8920 42.4 0.9150 | 23.4 || 0.9484  14.4 || 00778 | 5.4
0. 8925 32.2 oms6 | 21.92 | 0.0441 @ 14.2 | 0.9781 5.9
0. 8020 #2.0 0.0162 | 24.0 | 0.9449 | 14.0 | 0.9790 | 5.0
0. 5034 31.8 0.9168 | 22.8 | 00456 | 13.8 | 0.0790 | 4.8
0. 8948 31.6 0.9174 | 22.6 | 0.04G3  13.6 | 0.9807 | 4.6
0. 5943 1.4 | 0080 | 22,4 | 0470 | 13.4 | 0.0815 | 4.4
0. 5048 81.9 00185 | 22.% | 0.0477 | 18.2 | 0.0823 | 4.2
00, 5953 91.0 0, 9101 22.0 | 09484 [ 18.0 | 0.9831 4.0
0.8057 | 80.8 || 0.9197 | 21.8 | 0.9491 | 12.8 | 0.9849 3.8
0), 4962 0.6 | 0.9208 | 21.6 | 0.9498 126 | 0.9847 8.6
0.8067 | 80.4 0.9200 | 21.4 || 0.9505 | 12.4 | 0.9835 | 8.4
0,871 30.2 09215 | 21.2 | 0.9512 | 12.2 | 0.98063 | 3.2
0.8976 | 20.0 0.9221 21.0 || 0.9520 | 12.0 | 0.9873 | 8.0
(), 4081 29,8 0.9227 | 20.8 |/ 0.9527 | 11.8 || 0.u883 | 2.8
08086 | 20.6 0.0238 | 20.0 | 09584  11.6 || 0.9800 | 2.6
0 Sl 24,4 0.9239 | 20.4 | 0.0542  11.4 | 0.9809 | 2.4
0. 8996 20,2 0.9245 | 20.2 | 0.9540 | 11.2 | 08007 | 2.2
0, 4001 20.0 0.9251 20.0 | 0.9556 | 11.0 | 0.9m5 | 2.0
0.9006 | 28.8 0.0257 | 19.8 | o0.9588 | 10.8 || 0.992¢| 1.8
o011 | 286 || 09284 | 1l | oiosma| 1006 | 0.9982| 1.6
0. 9016 28.4 || 0.9271 19.4 | 0.9578 10.4 || 0.9941 1.4
0.0021 | 282 | 0.9277 | 19.2 [ 0.9386  10.2 | 0.9930 | 1.3
0.0026 | 28.0 || 0.928% 19.0 ,n.{r:.-u.'s| 0.0 | 09959 1.0
i, U1 27.8 || 0.9289 18.8 | 0.9601 9.8 | 0.9967 0.8
00086 | 27.6 || 0.9206 | 18.6 | 0.9608 | 9.8 | 0.9975 | 0.6
. D041 27.4 || 0.0302 18.4 | 0.9616 0.4 || 0,9983 0.4
0.9047 | 27.2 || 0.9308 1.2 | 0.962 9.2 | 0.9991 0.2

— i——

o, B e il



AQUE. 249

With the decrease and inerease of temperature, the specific gravity of agua
ammonie suffers a corresponding inerease or decrease, amounting for each
degree of the centigrade thermometer in either direction—

i faspee. erav. of 09001 to that of 09221 to about OLOMGS
For aqunt‘nmmumnfhn asp ug 0 0281 o ot o gt
L s ) 0. 0520 ok . 0670 i 000053
i i = 0.9709 -, 0. =51 s 0. 0002

For {natance - An agqua ammoniz of 0.9593 specific gravity at 149 C., contain-
ing 10 per cent. of ammonia, will have at 189 C. a specific gravity of 0.9503 i
{U.E[HH}E % 4) = 0.9581, and at 120 C. a specific gravity of 0.9595 4+ (0.0003 x 2)
= (.9599.

Rules for the Dilution of Ammonia- Water.

If the amount of ammonia contained in any solation of the
same is greater than desired, and it is required to be diluted with
water to obtain a certain percentage strength, the same rules and
method of caleulation may be employed as directed for hydro-
chloric acid, on page 157. Thus, if the specific gravity of the
ammonia-water at 14° C. is 0.940, it contains 15.4 per cent. of
ammonia, and, if required to be diluted with water so that it shall
contain 10 per cent. of ammonia, the following proportion will be
obtained :

15.4 per cent. 10 percent. 0 per cent.
Difference 5.4 10

Thus, 10 parts of the 15.4 per cent. ammonia are to be mixed
with 5.4 parts of water, for

100 grams Ammonia-water = 15.4 grams NH,
o4 *  water =—

154 grams Ammonia-water = 15.4 grams NH,
or 1[1{} i [ i — 'lﬂ..[} i [

AQUA AMYGDALMS AMAR A.

AQUA AMYGDALARUM AMARARUM.
Bitter- Almond Water,

Ger. Bittermandelwasser ; Fr. Ean d'amandes améres ; Sp. Agua
de almendra amarga,

Bitter-almond water, when prepared from the essential oil of
bitter almonds, is a clear, when derived by distillation from bitter
almonds, mostly a slightly opalescent, colorless liquid, with the
odor of oil of bitter almonds, which odor must not disappear
after the elimination of the hydrocyanic acid by argentic nitrate.

The preparation of the U. S. Pharmacopeeia contains one part
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of bitter-almond oil in 1000 parts of water: that of the Pharm.
German., one part of absolute hydrocyanic acid in 1000 parts of
the produet (corresponding to one-tenth of 1 per cent.), which is
associated in the water, containing a little aleohol, with benzoic
aldehyde.

Argentic nitrate and mercurous nitrate produce but a slight
turbidity in bitter-almond water; but, when a few drops of ammo-
nia-water have been previously added, and the liquid is then
supersaturated with diluted nitric acid, argentic nitrate will yield
a white precipitate of argentic cyanide, and mercurous nitrate,
upon warming, a dark-gray precipitate of metalliec mercury, while
mercarie eyanide will remain in solution.

Ferrous salts produce no direct reaction with bitter-almond
water; if, however, a few drops of asolation of an alkaline hydrate
are first added, then a little of a solution of an oxidized ferrous
salt, and the solution subsequently slightly supersaturated with
hydrochlorie acid, a deep blue coloration will be produced, and,
upon standing, a precipitate of Prussian blue will be deposited.

Examination :

Nitrobenzol (essence of mirbane), or so-called awrtificial oil of
bitter alimonds, when employed as a substitute for the bitter almond
or the true oil in preparing the water, may be readily recognized
by warming the bitter-almond water with a few drops of nitrie
acid for several hours, upon the water-bath, when the odor of the
nitrobenzol will still remain perceptible, whereas pure bitter-
almond water will become odorless, in consequence of the vola.
tilization of the hydroeyanic acid, and conversion of the bitter-
almond oil, by oxidation, into odorless benzoic acid.

The further examination of bitter-almond water should be
directed to the determination of the proper amount of contained
hydroeyanie aeid, for which the following volametrie method is
eonvenient and applicable,

Estimation :

Fifty-four grams of the bitter-almond water, or the correspond-
ing amount by volume, if it be measured, is brought into a beaker,
and a few drops of solution of potassium hydrate added, sufficient
to impart an alkaline reaction ; if the liquid is opaleseent or tur-
bid, a few ecubie centimeters of aleohol should also be subse-
quently added in order to render it transparent. Afrer the addi-
tion of a few drops of a solution of sodinm ehloride, to serve as an
indicator, a decinormal solution of argentic nitrate (page 98) is
allowed to flow in from a burette until, with constant stirring, a
permanent cloudiness of the liguid is just produced. The num-
ber of eubie centimeters of silver solution required for this pur
pose, divided by 100, will give the percentage strength of the
water in hydroeyanic acid. Thus, if 10 cubic centimeters of the
silver solution are emploved, the bitter-almond water will con-
tain {5 per cent., or the proper amount of hydrogen cyanide.
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If for the above estimation the bitter-almond water be measured,
instead of weighed, its specific gravity should be previously de-
termined in order to ascertain the amount by volume which will
correspond to 34 grams by weight; for, if it contain alcohol,
which is sometimes added f{or the purpose of retarding the decom-
position of the hydroeyanic acid, its specific gravity will become
thereby lessened, and in proportion to the amount of alcohol
present. For example, if its specific gravity is 0.98, 54 grams
will correspond to 55.1 cubic centimeters, according to the equa-
tion, 0.98 : 1 = 54 : 55.1.

AQUA CHLORIL,

AQUA CHLORATA. LIQUOR CHLORL
Chlorine- Waler.
Ger. Chlorwasser ; Fr. Eau chlorée ; Sp. Solueion de cloro,

A satnrated solution of ehlorine gas in distilled water, contain-
ing at 15° C. (59° F.) 2.3681 times its volume of the gas. The
gas is most soluble in water at 10° C. (50° F.), when the coefficient
of absorption is 2.5852, and above this temperature the solubility
uunstzmt?_}r diminishes, until at 100° C. (212° F.) the gas ceases to
be absorbed. If the gas be led into water at temperatures below
10° C. (50° F.), a sohid yellow erystalline compound of the gas
with water (chlorine hydrate) is formed, having the composition
Cl, + 10H,0. This compound is readily decomposed by expo-
sure to the air into an aqueous solution of chlorine and chlorine
aas, but, when preserved in a sealed tube, it may be heated to
38° C. (1004° F.) without decomposition, being resolved at this
temperature into an agueous solution of the gas and ligquid
chlorine, '

Chlorine-water has the pale, greenish yellow color, the irri-
tating and suffocating odor, and the chemical properties of the
gas.  When heated, the chlorine becomes completely volatilized,
‘a change which takes place more gradually by simple exposure
to the air; by exposure to solar light it undergoes gradual decom-
position with the formation of hydroehlorie acid and the elimina-
tion of oxygen, a change which also oecurs, but much more
slowly, when chlorine- water is protected from the hight.

Chlorine-water destroys instantaneously the color of dilute
indigo-solution, and all vegetable colors, By the strong affinity
of chlorine for all the elements except oxygen, nitrogen, and car-
bon, and for many compound radicals, it 1s a powerful chemieal
agent, and, especially by its property of abstracting or displacing
hydrogen, bromine, and 1odine, from almost all their combinations
by equivalent substitution, a must energetic oxidizer.
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An aqueous solution of ehlorine may be recognized, indepen-
dent of its physical properties, by its property of dissolving gold
leaf, and by the liberation of iodine from a solution of potassium
iodide, which will impart a blue color to mucilage of starch;
when added to a clear solution of barium chloride in sulphurons
acid, the latter will become oxidized to sulphuric acid, and a white
precipitate of barium sulphate will be immediately produced.

Chlorine-water shouid be preserved in small, well-stoppered
hottles, in a cool place, and protected from the light. Bottles of
black glass afford the best protection, althongh red, yellow, and
green glass exert a similar action, whilst in vessels of blue or vio-
let glass it becomes as speedily decomposed as by exposure to
the direct action of light.

Examination :

Hydrachloric acid, resulting from the decomposition of the chlo-
rine-water, or from the imperfect washing of the chlorine gas,
cannot be directly tested for by means of litmus or argentic
nitrate, as the former is immedintely bleached, and the latter
vields with pure chlorine-water a slight turbidity in consequence
of its ready decomposition, and the formation of hypochlorons,
ehlorie, and hydrochlorie acids.  The presence of hydrochloric acid
may be readily deteeted, however, by agitating a portion of the
chlorine-water, in a stoppered vial, with a little metallic mercury
until the edor of chlorine has entirely disappeared; the latter then
combines with the mercury to form mercurous chloride (calomel),
whilst the hydrochloric acid remains unchanged, and, after filtra-
tion, may be recognized by its acid reaction nupon litmus, and by
the production of a white precipitate of argentie chloride npon
the addition of golution of argentic nitrate, The loss of the strong
odor of the gas, an acid reaction upon litmus, and the formation
of a white precipitate with argentic nitrate, when tested after the
above-mentioned treatment with metallic merenry, would indicate
a degree of decomposition which renders the chlorine- water unfit
for nse.

Inorganic salts, as an evidence of the employment of spring-
water for the absorption of the gas instead of distilled water, may
be ascertained by a fixed residue remaining upon the evaporation
of a little of the water on platinam-foil, or on a watch-glass; as
well as by testing it, afier tﬁe addition of a hittle ammoma-water,
with oxalic acid; a white precipitate would prove the presence
of caleium salts, and would be indicative of spring-water.

Estimation of the Strength of Chlorine-water:

As the value of chlorine-water depends upon the amount of
contained chlorine, which, aceording to most Pharmacopeias,
should not be less than 0.4 per cent. by weight, and, for the sake
of uniformity, shonld not execeed 0.5 per cent. in maximum
strength, the following methods may be employed for its quantita-
tive estimation,

o —— il o
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I. Approximate Fstimation : _ b

One hundred parts by weight of chlorine-water are agitated
with a solution of 8 parts of erystallized or granulated lerrous
sulphate (free from peroxide) in 10 parts of a mixture of equal
volumes of water and dilute sulphurie acid. When, now, a few
drops of diluted test-solution of potassium permanganate are
added, no discharge of its color should take place. This test
provides for a chlorine-water which shall contain not less than
(1.383 per cent. of dissolved chlorine; if it contain a less amount,
the first drops at least of the ]|‘-erm=mgu|mt|3 solution, which are
added, will become decolorized, as a portion of its oxygen will
then be applied for the oxidation of the excess ol ferrous salt,
and the formation of colorless manganous salphate. If, on the
other hand, the maximum strength be confined to 0.5 per cent.
of chlorine, the same test may be applhed, with the employment,
however, of 4 parts of erystallized ferrous sulphate in dilute acid
solution, which corresponds to 0.510 per cent. of free chlorine; if
a greater amount of chlorine is present, it will oxidize a larger
amount of ferrous sulphate, and, if it econtain less than 0.51 per
cent., the first few drops of a solution of potassium permangate
which are added will become decolorized.

I1. Quantitative Volumetric Kstimation :

Among the several methods of volumetric estimation, the fol-
lowing may be recommended for its simplicity, and as affording
accurate results. This method depends upon the property of
chlorine of liberating an equivalent amount of iodine from a =olu-
tion of potassinm iodide, and of the subsequent conversion of the
iodine by means of a standard solution of sodinm hyposalphite
(thiosulphate) into sodinm iodide and tetrathionate, as explained
on page 95,

25 grams, or the same number of cubic centimeters, of ehlorine-
water are added to 20 cubic centimeters of an aqueous 10 per
cent. solution of potassinm iodide, contained 1n o flask or beaker,
and the whole well mixed by stirring with a glass rod. A stan-
dard solation of sodinm hyposulphite (page 94) is then allowed
to flow in from a burette, until a slight excess has been em-
ployed, and eomplete decoloration is effected ; to the solution
a little mueilage of starch ig then added, and the liguid subse.
quently inversely titrated with a standard solution of iodine
(page 93) until, with constant stirring, a permanent blue eolora-
tion is just prodnced. If) for example, 35.5 eabic centimeters of
sodinm hyposulphite solution were first employed, and subse-
aquently 2.8 cubie eentimeters of standard iodine solution, then
#3.5 — 2.8 = B0.7 cubic centimeters of sodium hyposnlphite solu-
tion, or the amount required for combination with the liberated
iodine. Accepting the hyposulphitesolution tobe of such a strength
that 1 eubic centimeter corresponds to 0.012318 gram of iodine,
which factor must be established by a previous experiment, as
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explained on page 95, then 30.7 x 0.012318 = 0.3781 gram of
iodine, which, according to the equation—

127 : 85.0 = 03751 : 0.10435,

I Cl

eorresponds to 0.10435 gram of chlorine, and, as this is contained
in 25 grams of chlorine-water, the percentage strength of the
latter would be, in the instance qunie(}i, 0.417 per cent.

The U. 8. Pharmacopeeia requires that on mixing 35.4 grams
of chlorine-water with a solution of 0.9 gram of potassinm iodide
in 20 grams of water, the resulting deep red liguid should require
for complete decoloration at least 40 cubic centimeters of the
volumetrie solution of sodium hyposulphite (corresponding to at
least 0.4 per cent. of chlorine).

AQUA DESTILLATA.

Distitled Waler.

Ger, Destillirtes Wasser ; Fr. Eau destilleé ; Sp, Agun destilada.
ik 1 H

An insipid, transparent and colorless, odorless liguid, which,
under a pressure of 760 millimeters, botls at 1007 C. (212° F.),
but evaporates slowly at ordinary temperatures, and, at 0° C,
(327 F.), solidifies in the form of ice, in erystals of the hexagonal
system. Its greatest density is at 4° C. (89.2° F.). If, however,
its expansion is prevented, it retains the liguid form even at — 24~
C.(—11.2°F.). -

Water is an almost incompressible fluid, one million volumes
becoming less by fifty volumes when the atmospherie pressure is
doubled ; it iz a bad conductor of heat, and a still worse conduetor
of electricity. Pure water, from the fact of being a simple solvent
for a large class of bodies, is the most valnable and indispensable
chemical agent, and should respond to the following tests of
puarity.

Distilled water must not leave a fixed residue upon evaporation,
When reduced by evaporation to one-fourth or one-sixth of its
volume, and then tested in separate portions with lime-water for
ecarbonates, with argentic nitrate and a few drops of nitric acid for
chlorides, with barium nitrate for sulphates, with ammoninm oxa-
late for caleinm, and, after acidulation with hydroehlorie acid, as
also after snbsequent supersaturation with ammonia-water, with
hydrogen sulphide for metals, it must in no instance yield any
reaction.

Ammonia or ammonium salts may be detected by the addition
of a few drops of Nessler's rengent (page 40) or of Bohlig's reagent
(page 39); a brown coloratioa or turbidity with the first men-

e il i
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tioned reagent, and a white turbidity with the latter, due to the
formation of a compound of mercur-ammonium chloride with

mercuric nml:iv[h:ﬂl"wl'fII EEGLIIgD, will reveal the presence of

L
ammonia.

Nitrous acid may be detected by mixing in a beaker a little
mucilage of starch, acidulated with sulphuric acid, with a solution
of potassium iodide; the mixture must remain colorless; the
water under examination is then added, stirring it with a glass
rod : if the liguid assumes a bluish tint, traces of nitrous acid are
indicated.

Nitric acid may be detected by reducing a ||}{}rtim} of the water
by evaporation to about 4 of its volume, and to the liquid, con-
tained in a test-tube, subsequently adding a few drops of solution
of aniline sulphate, and, afterward, about 10 drops of concentrated
sulphuric acid; the liquid is then slowly stirred with a glass rod,
when, if nitric acid be present, rose-colored lines will appear after
a while, and the whole liquid also will gradually assume this tint.
Nitric acid may also be tested for by adding to about 100 cubie
centimeters of the water, 2 or 8 drops of pure concentrated sul-
phurie acid, a few fragments of metallic zine, and a little mucilage
of starch, together with a few drops of a solution of potassium
iodide : if nitric acid or nitrates are present, thev will become
thereby reduced to nitrous acid, which will liberate iodine from
the solution of potassium iodide, and impart a blue coloration to
the starch.

Organic sulstances may be recognized in the water, if it is free
from nitrous acid, by warming to near 60° C. (140° F.) a portion
of the water in a beaker, which is then placed upon white paper;
then a few drops of sulphurie acid, and subsequently a very dilute
solution of potassinm permanganate (1:1000), are added, drop by
drop. If the water 1s entirely free from organic substances, it
should assume and retain, upon the addition of the first drop of
the solution, a slight rose-colored hue, which increases in intensity
rogressively with the number of drops added. If the water,

owever, contains organic substances, the coloration received
from the first drop will either not appear at all, or will soon dis.
appear.

If decoloration takes place, an approximate estimate of the
quantity of organie substances contained in the water may be had
from the number of drops which it is necessary to use before this
effect ceases, and the permanent color begins to appear.

This same decoloration is also produced when the water con-
tains certain inorganic substances, as nitrous and sulphurous
acids, hydrogen sulphide, ferrous, and other sub-salts, and other
readily oxidizable substances. Organic matter in combination with
the above-mentioned substances may. however, be recognized by
evaporating a considerable quantity of the water by the aid of a
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gentle heat to dryness, and finally strongly heating the residue in
a porcelain or platinum crucible. If a brown or blackish colora-
tion is thereby produced, the presence of organie matter is indi-
cated, and, if the latter contains nitrogen, an odor resembling that
of burnt hair will be also at the same time developed.

ARGENTI CYANIDUM.

ARGENTUM CYANATUM.
Cyanide of Silver.  Argentie Cyanide.

Ger. Cyansilber; Fr. Cyanure d’argent : Sp. Cianuro de plata.
AgCN; 133.7.

A white, amorphous powder, which becomes but slowly dis-
colored by ex |msu re to light (distinetion from argentic chloride).
When strongly heated, the salt fuses and beecomes decomposed,
with the development of eyanogen gas, leaving finally a grayish
residue, consisting of metallic silver and argentic paracyanide.
Argentie cyanide is insoluble in water, aleohol, ang the dilute
mineral acids, but is soluble in a solution of sodium lhyposulphite
or ammonia-water, and from the latter solution, upon supersatu-
ration with nitrie acid, it is precipitated unchanged.

When heated with an exeess of concentrated nitrie acid, it is
partially dissolved, but is again precipitated on cooling; by pro-
longed heating with the acid 1t becomes decomposed, and is
finally entirely dissolved. When boiled with a mixture of equal
parts of concentrated sulphuric acid and water, it is decomposed,
with the development of hydrocyanie acid and the formation of
argentic sulphate, and can thus be separated from argentic chlo-
ride. By the action of hydrochlorie acid, even in the cold, it is
readily converted into argentic chloride, and, in the liguid filtered
therefrom, the hydrocyanic acid may be readily detected by neu-
tralization with ammonia-water, addition of a few drops of a solu-
tion of a ferric and ferrous salt, or partially oxidized ferrous sul-
phate, and subsequent supersaturation with hydrochlorie aeid,
when a precipitate of Prussian blue will be produeed. When
digested with a solution of yellow ammoninm sulphide, it is
converted into argentic sulphide, and if the liquid filtered there-
from, which contains ammonium sulphoeyanide, be cautionsly
evaporated to dryness, the residue dissolved in water, filtered,
and, after acidulating with hydrochloric acid, tested with a few
drops of a solution of ferrie chloride, a deep blood-red color will
be produced.

Argentie cyanide has a great tendency to enter into combina-
tion with the alkaline cyanides, with the formation of readily
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soluble and erystallizable double salts, Thus with potassium cya-
nide, it forms potassio-argentic cyanide AgK(CN), which may be
obtained by the evaporation of its solution in colorless, hexagonal
tables, soluble in 4 parts of water at ordinary temperatures, and
also soluble in aleohol ; with sodium eyanide it forms sodio-argen-
tic eyanide, AgNa(CN), which erystallizes by the evaporation of
its solution in colorless laming, soluble in 5 parts of water, and
also readily soluble in aleohol, From the solutions of both of
these salts, the argentic cyanide is again precipitated upon the
addition of a mineral acid, with the liberation of hydrocyanic

acid.

ARGENTI IODIDUM.

ARGENTUM IODATUM.,
Todide of Silver. Argentic lodide.
Ger. Jodsilber ; Fr. Iodure d’argent ; 8p. Ioduro de plata.
Apl: 2343,

An amorphous powder, of a light-yellowish color, and having
the specific gravity of 5.807 at 0° C. (32° F.). When perfectly
pure, it undergoes no change by exposure to solar light, but, as
prepared by precipitation from a solution of argentic nitrate, it
usually contains traces of the latter salt, and then assumes on ex.
posure to the light a greenish or grayish-black color. It melts at
a dull red heat, withont decomposition, forming a yellow liquid,
which, on further heating, assumes a red, and finally a dark red-
dish-brown color, and, on cooling, solidifies to a soft yellowish
mass, which has then the specific gravity of 5.687 at 0° C.
(82° F.).

When argentic iodide is gently heated in chlorine gas, it is con-
verted into argentic chloride, with the liberation of iodine ; the
same decomposition is effected when an excess of the salt is agi-
tated with concentrated chlorine-water, and the filtered liquid
will then assume a blue color on the addition of a little mucilage
of starch.

Argentic iodide is insoluble in water, aleohol, diluted acids, or
solution of ammoninm carbonate, and is almost insoluble in strong
ammonia-water, spec. grav. 0.800, one part of the salt requiring
of the latter 2493 parts for solution (distinetion from argentic chlo-
" ride and bromide). It is quite readily soluble in a solution of
sodium hyposulphite (thiosulphate), although less freely then ar-
gentic chloride; and is soluble in a concentrated solution of potas-
sinm iodide, being re-precipitated, however, on the addition of

water. It is also dissolved by an aqueous solution of potassium
17 :
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cyanide, and the resulting solution yields a black precipitate with
hydrogen sulphide or ammonium sulphide.

If a small portion of the salt be digested with a concentrated
solution of ammonium carbonate, filtered, and the filtrate slightl
supersaturated with nitrie acid, not more than a slight opaleseence
should be produced ; a white turbidity or precipitate would indi-
cate a contamination with argentie chloride.

ARGENTI NITRAS.

ARGENTUM NITRICUM,
Nitrale of Silver. Argentic Nitraie.

Ger. Balpetersaures Silber (Hillenstein) ; Fr. Azotate d*argent ;
Sp. Nitrato de plata,

ApgKO,; 169.7.

Anhydrous, colorless, transparent, rthombie erystals (Fig. 96),
or, when fused and cast into moulds, thin, white, transparent,
eylindrical sticks. Argentic nitrate, when
Fic. 96, perﬂ:ct]{ i:-ure, is not altered by expo-
sare to light and air, but, in contact with
organic matter, becomes rapidly black-
ened by exposure to the light, Its spe-
cific gravity is 4.328. When heated to
198° % (388.4° F.), it melts without de-
composition, forming a pale yellowish-
eolored liguid, which solidifieg on cooling
to a white fibrous erystalline mass; at a
higher temperature it is partially decomposed with the formation
of some argentic nitrite and oxide, which impart an alkaline
reaction to the salt, and, at a red heat, further decomposition
ensues, with the development of oxygen, nitrogen, and nitrogen
dioxide vapors, leaving a residue of metallie silver., When fused
upon charcoal before the blow-pipe, it deflagrates, emitting yellow
vapors and sparks, while a reticular coating of metallic silver
remains behind,

Argentic nitrate is soluble in 0.8 part of water and in 26 parts
of aleohol at 15° C, (59° F.), and in 0.1 part of boiling water and
5 parts of boiling aleohol, but is only sparingly soluble in ether
and chloroform; its strong agueous solution, therefore, when
dropped into alcohol, sufters no precipitation.

The agueous solution of argentic nitrate must be clear, and
perfectly neutral in its action upon litmus; a white turbidity
wonld indicate argentic chloride or nitrite; a bluish color, cuprie
nitrate ; a grayish-black turbidity in the solution of the fused salt,
a partial reduction by an excess of heat in the fusion, or cuprie
chloride or oxide.
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The solution yields, with hydrochlorie acid or soluble chlorides,
a white, curdy precipitate of argentic chloride; with hydrogen
sulphide, a brownish-black precipitate of argentic sulphide; with
the alkaline hydrates a grayish-brown precipitate of argentic
oxide, readily soluble in ammonia-water; with the alkaline car-
bonates, a pale vellow precipitate of argentic carbonate; with
sodium phosphate, a bright yellow precipitate of argentic phos-
phate; and with potassium chromate, a brow nis-:h-rmfl precipitate
of argentic chromate, all of which are soluble in nitric acid or
ammonia-water. From a solution of argentic nitrate many of the
metals effect the separation of metallic silver; such are lead, tin,
cadmium, zine, copper, mercury, and also bismuth, arsenic, and
antimony.

Examination:

In the employment of argentic nitrate for surgical, ophthalmie,
and similar purposes, it is desirable to overcome its brittle pro-
perties, and to impart thereto greater solidity, or to modify to some
extent its action. This is attained by fusing the argentic nitrate
with definite proportions of argentic chloride or potassium nitrate,
and such admixtures are officinal in some pharmacopeeias, Argentt
Nitras Fusus, and Argenti Nitras Dilutus, U. S, P.; the former
containing about 5 per cent. of argentic ehloride, and the latter
50 per cent. of potassium nitrate. The Argentum nitricum cuin
kali wnitrico of the Pharm. German. is a mixture obtained by
fusing 1 part of argentic nitrate with 2 parts of porassium nitrate.

Such admixtures are indicated in the fused siiver salt, by an
alteration of its appearance, which is less translucent, whiter, and
without the distinet radiate crystalline strueture of pure argentic
nitrate.

Among the methods of detecting such admixtures, the follow-
ing are the readiest and most practicable ones:

Potassivin Nitrate—1. A concentrated agueous solution of
argentic nitrate is dropped into ten times its bulk of strong aleo-
hol; if potassium nitrate be present, it will separate after a while
in small, white granules, as it is far less soluble in alecohol.
Sodium nitrate, which, however, on account of its hygroscopic
character, is not adapted to this purpose, cannot be detected by
this test, sinee it 1s more soluble in aleohol.

2. A small quantity of a dilute solution of argentic nitrate is
completely precipitated with diluted hydrochlorie acid ; the liquid
is then warmed, and must, in the case of pure argentic nitrate,
when filtered, leave no fixed residue upon evaporation; such a
residue would indicate alkaline nitrates or other impurities, the
amount of which may be quantitatively estimated by repeated
evaporation with a httle dilute nitrie aeid, finally dryving the
residue at 100° C. (212° F.), and determining its weight, or
by ascertaining the amount of dry argentic chloride which is
yielded by a weighed amount of the salt.
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3. A number of larger and smaller erystals are mixed and
broken in a mortar; a small portion of the coarser powder, or
fused argentic nitrate, if this be tested, is fused and completely
reduced on charcoal before the blow-pipe (Fig. 97): a slight re-

ticular metallic coating will

Fie. 97. remain behind, and some

alkaline carbonate, if potas-

sium or sodinm nitrates

were present; they will be

recognized by the alkaline

reaction, when moist, red

litmus-paper is pressed upon

the spot of the coal where
the fusion took place.

Argentic chiloride is indi-
cated, as stated, by a white
turbidity of the solution of
argentic nitrate; itsidentity
may be ascertained by its dissolving upon the addition of am-
monia-water, but remaining insoluble in nitrie acid.

Copper and dron may be detected by completely precipitating
the aqueous solution of the salt with hydrochlorie acid, and by
subsequent approximate neutralization of the filtrate with am-
monia-water; this solution is then tested with a few drops of
a solution of potassium ferrocyanide; a red precipitate would
indicate copper, a blue one, iron; eopper may also be detected,
or its presence confirmed, by dissolving a small quantity of the
argentic nitrate in a little water, in a test-tube, and sabsequently
adding to the solution a few drops of ammonia-water; an ensuin
blue coloration would indicate copper; a white turbidity, lead or
zine, which, in the case of zine, disappears upon the addition of
an excess of ammonia-water.

Lead and bismuth, as also foreign metals in general, may be
detected by completely precipitating the silver from the aqueous
solution of the argentic nitrate by means of hydrochloric aeid,
washing the precipitate well with water, subsequently testing the
filtrate with hydrogen sulphide, and, after again filtering, if neces-
sary, and snpersaturating with ammonia-water, testing with ammo-
nium sulphide; a eoloration or precipitate in either case will indi-
eate contamination with foreign metals. Lead may also be specially
tested for by adding to a solution of 1 part of argentic nitrate in
10 parts of water, 4 times its volame of dilute sulphuric aeid;
i w[hite precipitate will indicate the presence of lead.

Nitrows acid or argentie nitrite, traces of which are frequently
met with in the fused argentic nitrate, and which are more con-
aiderable in amount in proportion to the extent of the admixture
with potassium nitrate, will be indicated by a slight torbidit
upon dissolving the salt in water, and readily recognized as fol-
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lows: A dilute solution of the salt is completely precipitated by
the addition of a slight excess of hydrochloric acid, rapidly filtered,
and the filtrate added to a solution of potassium iodide, contain-
ing a little mucilage of starch; if nitrous acid be present, a blue
coloration will be immediately produced.

Estimation :

The determination of the purity of crystallized argentic nitrate,
as also the amount of the latter salt when associated with argentic
chloride, potassium nitrate, or other substances which may be
used as admixtures or for the purpose of adulteration, may be
readily accomplished either gravimetrically or by the method of
" volumetrie analysis.

L. Gravimetric.—One gram of the salt is dissolved in a small
amount of water, the solution filtered, if necessary, and hydro-
chloric acid subsequently added until a precipitate ceases to be
produced : the precipitate is collected upon a tared filter, tho-
roughly washed with water, and finally dried at 100° C. (212°F.)
until of constant weight. If the salt be pure argentic nitrate, the
precipitate of argentic chloride thus obtained will weigh 0.5441
gram ; if it be argenti nitras fusus, it will weigh 0.801 gram, and
if argenti nitras dilutus, 0.422 gram, respectively.

II. Volumetric—About 0.5 gram of the salt is dissolved, in a
beaker, in about 20 cubic centimeters of water, a few drops of a
solution of potassium chromate added, and subsequently a deci-
normal solation of pure sodinm chloride (containing 5.85 grams
of the dry, crystallized salt in 1 liter) allowed to flow into the
liquid from a burette until, with constant stirring, the red colora-
tion of argentic chromate remains permanent.

One cubie centimeter of the decinormal sodium chloride solu-
tion corresponding to 0.017 gram of pure argentic nitrate, this .
number, when multiplied by the number of cubic centimeters
emploved, will indicate the amount of pure argentic nitrate in
the specimen under examination.

ARGENTI OXIDUM.

ARGENTUM OXYDATUM.
Ozxide of Silver. Argentic Ozide.
Ger. Silberoxyd ; Fr. Oxyde d’argent ; Sp. Oxido de plata.
AgO; 2814,
An olive-brown, amorphous, odorless powder, which, when
heated at a temperature of from 60 to 80° O, (140-176° F.),

becomes almost black ; at 250° C. (482° F.) it begins to decom-
pose, and at 300° C. (572° ¥.) it loses the whole of its oxygen,
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leaving behind spongy metallic silver; it is also gradually re-
duced by solar light.

Argentic oxide 1s sparingly soluble in water, one part requiring
about 3000 parts for solution, but is freely dissu!vevf by ammonia-
water, as also by warm, concentrated nitric and sulphurie acids;
it is insoluble, however, in the fixed alkaline hydrates. TIts aque-
ous solution has an alkaline reaction and a metallic taste, and is
rendered turbid by a small quantity of earbon dioxide, but
becomes clear again upon the absorption of a larger quantity of
the gas, When argentic oxide is triturated in a mortar with the
sulphide of arsenic or antimony, finely divided sulphur, amor-
phous phosphorus, tannie acid, and many other readily oxidizable
substances, 1ignition takes place.

The purity of argentic oxide is ascertained by its solubility in
ammonia-water, and also in hot nitrie acid, without effervescence,
and by the fact that the latter solution, when completely preecipi-
tated with hydrochloric acid, gives a filtrate which leaves no
residue upon evaporation, and yields no reaction with hydrogen
sulphide, either in the acid solution, or on subsequent supersatu-
ration with ammonia-water., One gram of argentic oxide when
dissolved in nitrie aecid, the solution evu]lmrated, diluted with
water, if necessary, and subsequently completely precipitated by
hydrochlorie acid, yields a precipitate of argentic chloride, which,
when washed and griud, should weigh 1.236 grams.

ARSENII BEROMIDUM.

ARSENICUM BROMATUM.
Bromide of Arsenie. Avsenious Bromids. Avsenie Tribromide.
Ger. Arsenbromiir ; Fr. Bromure d'arsenic; Sp. Bromuro de arsénico.

AsBr,; 314.3,

Colorless, prismatic erystals, which possess a peculiar (arsen-
ical) odor, and deliquesce upon exposure to the air. The salt
has a specific gravity of 3.66. It melts at from 20 to 25° C.
(68-77¢ F.), boils at 220° C. (428° F.), and is completely vola.
tilizable by lLeat. Arsenions bromide is miscible with a small
amount of water, forming a clear solution, from which, upon
standing, arsenie oxybromide, As(OH),Br, is separated; in con-
tact with a larger amount of water, it is decomposed with the
formation of arsenious and hydrobromic acids, Its aqueous solu-
tion, when saturated with ﬁydmgcn sulphide, yields a yellow
precipitate of arsenic trisulphide; and when heated with diluted
nitrie acid, it is decomposed with the liberation of bromine, which
dissolves, upon agitation with a few drops of chloroform or car-
bon bisulphide, with a yellowish or reddish-brown color.

i e i —
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ARSENII IODIDUM.

ARSENICUM IODATUM,
Iodide of Arsenie. Arsenious Iodide. Arsanic Trifodide.

Ger. Arsenjodiir ; Fr. Iodure d’arsenic ; 8p. Toduro de arsénico.
Asl,; 464.T.

An orange-red or purple, erystalline solid, or bright red, shining,
hexagonal tables, gradually losing iodine on exposure to the air,
and possessing an 1odine-like odor and taste. Its specific gravity
is 4.39. When gently heated, the salt fuses, and may be su blimed
without decomposition; when strongly heated, it is completely
volatilized.

Arsenious iodide is soluble in 3.5 parts of water and in 10
parts of aleohol at 15° C. (59~ I), but is decomposed by boiling
water into arsenions and hydriodie acids; it is also soluble in
glycerin, ether, and carbon bisulphide, and crystallizes from the
latter solutions upon evaporation unchanged. From its solution
in a relatively small amount of water, upon standing, a compound
consisting of arsenie trioxide with arsenic oxyiodide, As(OH),I,
is separated, which erystallizes in bright yellow, shining, crystal-
line laminz.

The aqueous solution of arsenious jodide is of a yellow color,
and when saturated with hydrogen sulphide vields a bright yel-
low precipitate of arsenic trisulphide; when heated with diluted
nitric aeid, it is decomposed with the liberation of iodine, which
dissolves, upon agitation with a few drops of chloroform or carbon
bisulphide, with a reddish-violet or purple color.

ATROPINA.

ATROPINUM.
Atropine. Atropia.

Ger. Atropin ; Fr. Atropine ; Sp. Atropina,
C,11,,NO,; 289.

Colorless, silky, acieular erystals, or a yellowish-white crystal-
line powder, without odor, and of a bitter and acrid taste. 5

When carefully dried, the erystals melt at 1120 C. (233.6° F.),
and by very eautionsly heating, in small amounts, may be partially
sublimed ; upon more strongly heating they become decomposed
with the development of ammonia, swelling and emitting in{lam-
mable vur:-rs_t, and leaving a carbonaceous residue, which is wholly
dissipated at a red heat.
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Atropine is soluble in 600 parts of water at 15° C. (59° I),
in 35 pavts of boiling water, in 60 parts of ether, in 3 parts of
chloroform, freely in aleohol and amylic aleohol, and is also solu-
ble in glycerin, but is very sparingly soluble in earbon bisulphide.
The agqueons solution possesses a purely bitter taste, without
acridity, a strongly alkaline reaction, and powerfully dilates the
pupil of the eye.

Atropine dissolves in coneentrated nitrie acid, imparting to it a
yellowish eolor, and in cold concentrated sulphurie acid, without
color, but, upon warming, the solution becomes reddish-brown,
develops an odor resembling that of orange flowers, partienlarly
’I.}POTI the addition of a little water, and becomes finally black,

he solution in cold concentrated sulphurie acid is not colored
upon the addition of nitrie acid (distinetion from merphine and
birucine), nor at once by solution of potassinm bichromate (dis-
tinction from stryehnine), but gradnally assumes with the latter a
green coloration, and, upon warming, the odor of oil of bitter
almonds ig evolved ; the same odor is developed when, instead of
potassinin bichromate, potassium permanganate, manganese diox-
ide, or ammonium molybdate is employed. The aqueous solution
of atropine or its salts yields precipitates with most of the ordi-
nary alkaloidal reagents, but is not precipitated by pieric acid
(distinetion from daturine), nor by platinic chloride, unless very
concentrated (distinetion from hyoseyamine and belladonnine); the
latter is alzo distinguished by its amorphons character, and by its
msolubility in a boiling solution of barium hydrate.

Atropine and its salts are decomposed and rendered inert by
rolonged contact with potassium or sodium hydrate, and, when
eated with either of the latter, vapors of ammonia are evolved.
An aqueons solution of atropine or its salts also undergoes gradual

decomposition at ordinary temperatures.

When atropine is heated at from 120 to 140° C, (248 to 284° F.)
with concentrated hydrochlorie acid, or with a concentrated solu-
tion of barinm hydrate, it is resolved by assimilation of a mole-
cule of water into a crystallizable base, tropine, C;H, ,NO, which
is readily soluble in water, alcohol, and ether, and fropic acid,
C,H,,0,(phenylhydracylic auiﬂ,ﬂ,H,—GH(iEEjE%? ), which erys-
tallizes in small colorless prisms, quite readily soluble in water,
and freely in aleohol and ether.

Uif-'HHHﬂi + H!{} — CtI{HNG + UDHIID:
e —— e — = o e e
Atropine. Tropine. Tropic acid.

Tropic acid, by further treatment with the above-mentioned
reagents, is resolved by the loss of a molecule of water into
atropic and isatropic acids, both of which have the composition
C,H,0,, and are therefore isomeric with cinnamic acid.
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Tm_::ﬂc acid. Alrn-pi:;- acid.
Isatropic acid,

Atropic acid, by oxidation with a solution of potassium bichro-
mate in dilute sulphurie acid, is further converted into benzoie
acid, with the evolution of carbon dioxide :

CH,0, + 50 = HO0 + 200, + C,H,,
R ey e e
Atropic acid. Benzoie acid.

When melted with potassium hydrate, it yields alphatoluylic
acid, C,H,0,, together with formic acid: and, upon heating with
fuming hydrochloric acid, it is converted into isatropic aeid.

For the separation of atropine from other alkaloids, or when
associated with complex organic mixtures, see page 108,

ATROPINA SULFPHAS.

ATROPINUM SULFURICUM.
Sulphate of Atropine or Atropia. Atropine Sulphate.

Ger. Atropinsulfat ; Fr. Sulfate d’atropine ; Sp. Sulfato de atropina.
(C,H,N0,),HSO,; 676.

A colorless, indistinetly crystalline powder, permanent in the
air, without odor, but possessing an unpleasant, bitter taste.
When heated to 180° C. (356° F.) it fuses, and when more strongly
heated upon platinum-foil, it is decomposed with the evolution of
acrid vapors, leaving a carbonaceous residue, which is tinally
wholly dissipated at a red heat. It gives the same reactions as
atropine with concentrated nitric and sulphuric acids, and, in the
latter solution, with potassium bichromate or permanganate, and
other oxidizing agents,

Atropine sulphate is soluble in half its weight of water at 15° C.
(59° F.), in 2.6 parts of alcohol, spee. grav. 0.835, in 0.3 part of
absolute alcohol, and very freely soluble in boiling water and boil-
ing aleohol ; it is very sparingly soluble in amylic alcohol, ether,
chloroform, and carbon bisulphide. Itsaqueonssolution is neutral
n its action upon litmus, and yields with a solution of barium chlo-
ride a white precipitate of barinm sulphate, insoluble in nitric acid.

From its concentrated aqueous solution, potassium or sodium
hydrates, ammonia-water, and sodium carbonate precipitate the
pure alkaloid, which is soluble in an excess of the solutions of
the alkaline hydrates, as also in a large amount of water. In
other respects, atropine sulphate shows the same behavier towards
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reagents as atropine, and, like the latter, when applied to the eye,
even in very dilute solution, produces dilation of the pupil.

The aqueous solution of atropine sulphate, acidulated with sul-
phuric acid, should afford no precipitate upon the addition of a
solution of picric acid; the formation of a precipitate with the
latter reagent will indicate the presence of daturine.

- AURI ET SODII CHLORIDUM.

AURO-NATRIUM CHLORATUM.
Chloride of Gold and Sodivm. Soedium Chlor-aurats.

Ger. Natrium-goldchlorid ; Fr. Chlorure d’or et de sodiom ;
Sp. Cloruro de oro y sodio,

AuCl, NaCl 4+ 2H,0; 396.8.

The double chloride of gold and sodium forms large yellowish-
red rhombic tables or prisms, containing 2 molecules (9.04 per
cent.) of water of crystallization. As officinal in the United
States and German Pharmacopeeiag, however, a considerably larger
amount of sodium chloride is employed than is required for the
formation of a double salt of the above ecomposition ; the prepara-
tion comsisting of a mixture of equal parts of the anhydrous
chlorides of gold and sodium, corresponding to 82.4 per cent. of
metallic gold, whereas the pure erystallized double salt contains
76.25 per cent. of auric chloride, or 49.49 per cent. of metallic
gold. The officinal preparation, like the pure double salt, is of a
yellow color, deliqueseent upon exposure to the air, and, in contact
with dust or other organic substances, becomes readily reduced.
It is decomposed at red heat, leaving a residue of metallic gold ;
Em'l imparts an intense, persistent yellow color to a non luminous

ame,

Sodium chlor-aurate is freely soluble in water, forming a yel-
low solution of an acid reaction, and imparts to the skin a per-
manent red coloration ; it suffers reduetion in contact with many
organic and inorganic bodies, and, when heated in a test-tube with
a solation of oxalic acid, a light violet colored mirror of metallic
gold is produced.

The solution of aurie ¢hloride, upon the addition of ammonia-
water, vields a brownish-yellow precipitate of ammoniacal aurie
oxide or fulminating gold, Au,O(NH,),, which explodes most
violently when in the dry state, either on percussion or when
heated : the solution is not precipitated, however, by potassinm
or godinm hydrate, or their carbonates, in consequence of the com-
bination of auric oxide with the alkali, and the formation of solu-
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hle alkaline aurates. The solution of aurie ehloride, when added

“to a solution of potassium iodide, assumes a dark-green color, and
yields a green precipitate of auric iodide, Aul, which dissolves
upon agitation in consequence of the formation of soluble potas-
sium iod-aurate; upon the addition of an excess of the gold solu-
tion, however, a permanent precipitate is produced, which, after
washing, may be dried, but is then quite readily decomposed with
the evolution of iodine, and, upon standing, is converted into
aurous oxide, An, 0. Potassinm bromide produces no precipitate
in a solution of auric chloride, the auric bromide being readily
soluble in water. With solution of argentie nitrate it yields a
white, eurdy precipitate of argeutic chloride, insoluble in nitrie
acid, but soluble in ammonia-water.

Hydrogen sulphide produces in a cold solution of auric chloride
a brownish-black precipitate of auric disulphide, Au,S,, which is
soluble in solutions of the alkaline sulphides, and still more
readily in a solution of potassinm eyanide ; from a hot solution of
the chloride, a precipitate of metallic gold is produced.

Examination :

Free acid may be detected by the development of white fumes,
when a glass rod, moistened with ammonia-water, is held over the
surface of the salt,

The further examination of the chloride of gold and sodium
should be directed to the estimation of the amount of contained
gold. About 0.5 gram of the dry salt is accurately weighed, dis-
solved in about 50 cubie centimeters of water in a poreelain cap-
sule, the solution acidulated with sulphurie acid, and sub:-;equcntﬁr
gently heated for about two hours with a considerable excess of a
clear solution of ferrous sulphate or oxalic acid. The gold is
thereby completely reduced to the metallic state, according to the
reactions expressed by the following equations:

2 AuCl, 4 6FeSO, = Au, + Fe,0l, + 2Fe(S0),
2AuCl, + 3C,H,0, = Au, + 6HCI + 6CO,

The precipitated gold is finally collected on a filter, thoroughly
washed with water, dried, ignited, and weighed. From the resuli-
ing weight, the percentage amount of pure gold contained in the
preparation may be readily caleulated,

£ 0.5 gram of the officinal salt be employed for the test, the
ignited residue should weigh not less than 0.162 gram, correspond-
ing to 32.4 per cent. of metallic gold.
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BARII CHLORIDUM.

BARYUM CHLORATUM. BARYTA MURIATICA.
Uhloride of Barium. Barium Chlovide.

Ger. Chlorbaryum ; Fr. Chlorure de baryum ; 8p. Cloruro de bario.
BaCl, + 2H,0; 243.6.

Colorless, shining, rhombic tables (Fig. 98), permanent in the
air, and having a specific gravity of 3.05 at 4° C.(30.2° F.). They
contain two molecules (14.75 per cent.) of water of erystallization,
which are eliminated at a temperature of 113° €, (235.4° F)), form-

ing a white powder, which fuses at a

Fic. 98, red heat,and imparts a yellowish-green

color to the flame. By exposure to the

air during the process of fusion, it loses

a small amount of chlorine, with the for-

mation of a little barium oxide, which

imparts an alkaline reaction to the
fused salt.

Barium ehloride is soluble in 2.3 parts of water at 15° C. (59° F.),
and in 1.3 parts of boiling water; it is insoluble in absolute or
strong aleohol, but is sparingly dissolved by dilute aleohol, and in
an amount proportionate to the quantity of water present. It is
less soluble in diluted hydrochlorie and nitrie acids than in water,
and is therefore partly precipitated from it aqueous solution, if
not very dilute, upon the addition of concentrated hydrochloric
or nitrie acids, in the latter case with the formation of barium
nitrate ; the salt is, however, redissolved upon dilution with
water. The aqueous solution has a bitter, nauseous, saline taste,
is nentral in its action upon litmus, and yields copious white pre-
cipitates with sulphurie acid and sulphates, and with argentic
nitrate, insoluble in diluted nitrie acid; the latter precipitate being
soluble in ammonia-water. With the soluble carbonates, phos-
phates, and chromates, precipitates of the respective barinm salts
are produced, all of which are soluble in hydrochloric and nitrie
acids,

Examination :

Aluminium may be detected, in the dilute agqueous solution, by
a white turbidity on the addition of ammona-water; a bluis
coloration of the liquid would indicate copper.

Metals will be detected by a dark precipitate, or, if only traces
of iron are present, by a dark-greenish coloration, upon the addi-
tion of ammonium sulphide to the aqueous solution; if a precipi-
tate be formed, it is collected upon a filter, washed with water,
dissolved in a few drops of warm nitric acid, and the solution
supersaturated with ammonia-water; a bluc coloration would con-
firm the presence of copper ; a brown precipitate that of dron.
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Caleium, potassium, and sodivm chlorides, are detected, in the
aqueous solution, by completely precipitating the barinm with
dilated sulphurie acid, and by subsequent examination of the
filtrate in separate portions; ealeium 18 recognized by a white
precipitate WE&!‘I one of these portions is slightly supersaturated
with ammonia-water, and tested with ammonium oxalate, Potas-
siwm and sodivm chlorides will be indicated by a fixed residue
upon complete evaporation of another part of the filtrate; they
may be distinguished by the characteristic flame reactions, or by
dissolving the residue 1n a few drops of water, and testing the
solution with potassium antimoniate; a white tarbidity would
indicate sodium salt.

Strontium chloride is detected by agitating some of the pow-
dered salt with about twenty times its weight of strong aleohol,
filtering, antd subsequently igniting the filtrate; the presence of
strontium will be indicated by a red eolor of the flame, especially
apparent toward the end of the combustion.

BENZINUM.
BENZINUM PETROLEL

Benzin, Petroleuwm Benzin, Petrolenm Ether.

Ger. Benzin; Fr. Benzine; Sp. Bensino,

A transparent, colorless, neutral, and highly inflammable liquid,

?ossessing a characteristic odor, resembling that of petroleun.

ts specific gravity varies from 0.670 to 0.675 at 15° C. (59° F.)
and 1ts boiling-point from 50 to 60° C. (122 to 140° F.),

Petrolenm benzin, as indicated by the boiling-point, is not a
definite body, but consists of a mixture of isomeric and homolo-
gous hydrocarbons of the paraffin series, among which hexane,
UsH,,, and heptane, C,11,, in their different isomeric modifications,
are present in predominating amounts,

It is not miscible with water, and requires abont six times its
volume of aleohol, spec. grav. 0.835, for solution, but is miscible
in all proportions with chloroform and ether; it possesses valu-
able properties as a solvent, dissolving fats, volatile oils, caont-
choue, and many resins, as also, to a certain extent, some of the
alkaloids and other organic principles, but anhydrous earbolic
acld is insoluble therein (distinction from benzol).”

Examination :

Heavy hydrocarlons may be detected by a more or less viscid
residue, when a small portion of the benzin is allowed to evapo-
rate spontaneously on a watch-glass, or in a shallow glass or
poreelain capsule.
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Sulphur compounds and the products of distillation of eonl tar oils
may be detected by a brown coloration wheun a little of the benzin
is mixed, in a test-tube, with one-fourth its volume of an alco-
holie solution of ammonia, a few drops of solution of argentic
nitrate subsequently added, and the mixture carefully heated for
a few minutes to boiling; or, by a dark coloration of the liquid,
attended with considerable elevation of temperature, when a small
portion of the benzin is agitated with an equal volume of cold,
concentrated sulphuric acid.

Sulphur compounds may be also detected by boiling a little of
the benzin with a fragment of bright metallie sodium, decanting
the clear liquid, and, after the careful addition of a little water to
the residue, testing the aqueous liquid with sodium nitro-prus-
side ; if sulphur compounds are present, a beautiful violet color-
* ation will be produced.

Benzol, a hvdrocarbon of the composition C,H,, obtained by the
distillation of coal-tar oil, is the body to which the name benzin
was first applied, and is consequently still, by the misapplication
of names, frequently confused with petrolenm benzin, It differs
essentially from benzin in its chemical and many of its physical
Erupartius, solidifying at 0° C. (32° F.)to a mass of erystals, which

ave the form of rhombic pyramids, and yielding, with balf its
volume of aleohol, spee. grav. 0.835, a perfectly clear mixture.
It may be readily detected by mixing, in a test-tube, 40 drops of
concentrated sulphurie aeid with 10 drops of pure nitrie acid,
subsequently adding to the mixture 5 drops of the benzin to be
tested, and gently warming; if benzol is present, the character-
istic odor of nitro-benzol (so-called artificial oil of bitter almonds)
will be produced, which is rendered still more evident by subse-
quently pouring the liquid into a small poreelain eapsule, dilut}iudg
it with twice its volume of water, and allowing the nitrous acid,
which is formed by the reaction, to evaporate.

BISMUTHI CITRAS.

BISMUTUM CITRICUM.

Oitrate of Rismuth, Bismuthous Citrate.
Ger. Citronensaures Wismut ; Fr. Citrate de bismuth ; Sp. Citrato de bismuto.
BiC,H,0,; 399,
A white, amorphous powder, without odor or taste, and permm-
nent in the air. When heated with exsiccated sodinm carbonate,
on charcoal, before the blow: pipe, it yields brittle metallic grains,

and, at the same time, a brownish-ye l::}w incrpstgtllnn of the coal
is produced. When heated upon platinum foil, it is decomposed,
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with the separation of earbon, and the evolution of empyrenmatic
vapors, and, at a red heat, a fused mass remains, which, upon
cooling, acquires a lemon-yellow color on the surface, and which
is readily soluble in warm concentrated nitric acid: this solu-
tion, when dropped into a quantity of water, produces a white
turbidity.

Bismuthous ecitrate is insoluble in water or aleohol, but is solu-
ble in acids and in ammonia-water, The ammoniacal solution
yields upon saturation with hydrogen sulphide a black precipitate
of bismuth sulphide, and the filtrate therefrom, after being heated,
to expel the excess of hydrogen sulphide, and the addition of a
little lime-water or solution of caleium chloride, and again hLeat-
ing to boiling, yields a white precipitate of calcium citrate,

Examination :

Carbonates, Chlorides, and Sulphates—A small portion of the
hismuthous citrate is dissolved in dilute nitrie acid: if efferves-
cence ensues, carfonates are indicated. The dilute acid solution
is then tested, in separate portions, with argentie nitrate and
barium chloride, when an ensuing white precipitate will indicate
chlorides or sulphates respectively.

Nitrates may be detected by dissolving a small portion of the salt
in ammonia-water, completely precipitating the bismuth by hydro-

Fra. 99,

gen sulphide, filtering, heating to remove the excess of hydrogen
sulphide, and to the elear liquid, contained in a test-tnbe, subse-
quently adding an equal volume of concentrated sulphurie acid,
and afterward a solution of ferrons sulphate, so as to form two
layers (Fig. 99); a violet or brown-colored zone at the line of con-
tact of the two liquids will reveal the presence of nitrates.
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BISMUTHI ET AMMONII CITRAS.
BISMUTUM ET AMMONIUM CITRICUM.

Citrate of Bismuth and Awimoniwm. Bismuth and Ammondum Citrate.

Ger. Citronensaures Wismut-Ammonium ; Fr. Citrate de bismuth
et d'ammoniaque ; Sp. Citrato de bismuto y amoniaca.

Bi(OH),(NH,),CH,0,; 504.

Colorless, glossy, translucent scales, of a slightly acidulous and
somewhat metallic taste. They contain, in acceptance of the cor-
rectness of the above formula, 46.43 per cent. of bismuth trioxide,
Bi 0, corresponding to 41.66 per cent. of metallic bismuth.
When l!t‘:ﬂf.'l:l{% with exsiceated sodium earbonate, upon chareoal,
before the blow-pipe, they yield brittle metallic grains, and, at the
same time, a brownish-yellow incrustation of the coal is pro-
duced; when heated upon platinum-foil, they are decomposed,
with the separation of earbon, and the evolution of moisture and
of ammoniacal and empyreumatic vapors; and, at a red heat, a
fused mass remains, which, upon cooling, aequires a lemon-yellow
color on the surface, and which is readily soluble in warm con-
centrated nitric acid; this solution, when dropped into a quantity
of water, produces a white turbidity. The salt, when heated with
a solution of potassium or sodium hydrate, develops the odor of
ammonia,

Bisinuth and ammonium eitrate is readily soluble in water,
sparinglv so in aleohol, and insoluble in ether and chloroform.

y exposure to the air, it loses its transparency, and becomes
gradnally more or less insoluble in water, but is again rendered
soluble by the addition of a little ammonia-water.

Its aqueous solution reddens blue litmus-paper slightly, gives
white precipitates with dilute hydrochloric acid (soluble in an
excess of the acid), with potassium hvdrate, and with the alkaline
carbonates, the latter precipitates being insoluble in an excess of
the precipitants; it is not acted upon by ammonia-water; with
potassium chromate, it forms a yellow precipitate, soluble in dilute
nitric acid, and, with hydrogen sulphide, a brownish-black pre-
cipitate, insoluble in ammonium sulphide, but readily soluble in
nitriec acid. An aqueous solution of the salt, after complete pre-
cipitation with hydrogen sulphide, and subsequent warming to
expel the excess of the latter, yields, upon the addition of a little
lime-water or solution of ealeium chloride, and heating to boiling,
a white precipitate of ealeium citrate.

Examination :

Chilorides and sulphates may be detected in the agueous solution
of the salt, acidulated with nitrie acid, by an ensuing white pre-
cipitate, when tested, in separate portions, with argentie nitrate
and barium chloride,
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* Nitrates mav be detected in the aqueous solution of the salt by
mixing it with an ejual volume of concentrated sulphuric acid,
and adding a solution of ferrous sulphate, so as to form two
layers (Fig. 99, on page 271); a violet or brown colored zone at
the line of contact of the two liquids will reveal the presence of
nitrates.

BISMUTHI SUBCARBONAS.
BISMUTUM CARBONICUM.

Carbonate, Subearbonaie, or Oxy-carbonate of Bismuth. Buasic Bismutlous
Ciarbonate,

Ger. Basischies Wismutcarbonat; Fr. Bous-carbonate de bismuth ;
Sp. Subcarbonato de bismuto.

9(Bi0),00,.H,0; 1042,

A white, or pale yellowish-white, odorless and tasteless pow-
der, permanent in the air, and which is blackened when in contact
with hydrogen sulphide.

At 100° C. (212° F.) it loses water, and when more strongly
heated it is readily converted into yellow bismuth trioxide, Bi O,
with the elimination of earbonie acid gas: 100 parts of the salt
thus yielding, upon ignition, 89.83 parts of bismuth trioxide, cor-
responding to a loss of 10.17 per cent. of water and earbonic acid
gas. When heated with exsiceated sodium earbonate, on char-
coal before the blow-pipe, it yields brittle globules of metallie
hismuth and an incrustation on the eoal, which is of an orange
color when hot, and yellow when cold.

Basic bismuthous carbonate is insoluble in water, but slightly
soluble in water saturated with carbonic acid gas; it is readily
soluble, with effervescence, in acids, forming solutions whiel,
when nearly neutralized by the bismuthous earbonate, prodnce
white precipitates of very sparingly soluble basic salts when
poured into a quantity of water, and yield upon the addition of
alkaline hydrates a white precipitate of the hydroxide, which is
msoluble in an excess of the precipitant,

Examination :

Nitrate may be detected, in a solution of the carbonate in cold
diluted hydrochloric acid, by the addition of one or two drops of
indigo solution, sufficient to impart to the liquid a slight bluish
tinge, and subsequently heating to boiling ; if decoloration of the
liquid ensues, the presence of nitrate is indicated,

Insoluble admiztures may be detected by a residue, when 1 part
of the salt is dissolved, by the aid of a gentle heat, in about 6

parts of a mixture of equal parts of concentrated nitric acid and
water,
18
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Metallic Tmpurities, Chlorides, and Sulphates.—The solution
obtained in the preceding test is poured nto 50 parts of water,
filtered from the white precipitate thus produced, the filtrate con-
centrated by evaporation to 6 parts, and subsequently tested as
follows: A portion of the liquid i1s mixed with 5 times its volume
of diluted sulphuric acid, when a white eloudiness or precipitate
will indicate the presence of lead; another portion is precipitated
with an excess of ammonia-water, when an ensning blue colora-
tion of the liquid will reveal the presence of copper ; a third por-
tion of the liguid is diluted with five times its volume of water,
and subsequently tested, in separate portions, with hydroehlorie
aeid for silver, with argentie nitrate for efilorides, and with barium
nitrate for sulphates, when a white turbidity or precipitate, in-
soluble in nitrie acid, will indicate in either case the respective
impurity.

Alkalies, Alkaline Farths, and Zine—A portion of the salt is
dissolved, by the aid of a gentle heat, in diluted hydrochlorie
acid; after being allowed to cool, the ligquid is filtered, subse-
quently saturated with hydrogen sulphide, and again filtered.
The filtrate thus obtained slmuﬁl leave no residue upon evapora-
tion. If a residue is obtained, it is dissolved in a little water, and
tested with sodium carbonate, when an ensuing white precipitate
will indicate salts of ealeinm, magnesium, or zine. In order to
distingnish the latter, the precipitate, if sufficient in amount, is
collected and washed upon a filter, dissolved in a little dilute
hydrochlorie acid, ammonia-water in slight excess added, and
subsequently tested with ammonium sulphide, when an ensuing
white precipitate will indicate the presence of zine. The filtrate
from the latter is tested with ammonium carbonate, when a white
precipitate will indicate ealeium, and, after filtration and the addi-
tion of solution of sodinm phosphate, an ensuing white, erystalline
precipitate will reveal the presence of magnesinm.

The presence or absence of alkalies or alkaline earths in bis-
muthous carbonate may also be ascertained, by boiling a portion
of the salt for a few minutes with about ten times its weight of
strong acetic acid ; the liquid is then filtered, and completely pre-
cipitated with hydrogen sulphide; the filtrate must Jeave no fixed
residue upon evaporation; if any such residue remains, alkalies
or alkaline earths are indieated.

Caleiwm phosphates may be detected in the residue leftby the evap-
oration of the liguid of the preceding test, by dissolving 1t in a little
acetic acid, filtering, if necessary, and testing the solution, in sepa-
rate portions, as follows: To a portion of the solution ammonium
oxalate is added, when a white preecipitate will indicate the presence
of ealeium ; to another portion solution of ammonium molybdate is
added, and the liquid heated to boiling, when a yellow erystalline
precipitate will indicate the presence of plhosphates. The presence
of phosphates may be likewise determined in the solution, which

el o e

o,
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is first nentralized with am. Fic. 100
monia-water as completely
as possible, without causing
precipitation, by the produc-
tion of a lemon-yellow pre-
cipitate on the addition of
ammoniated solution of ar-
gentic nitrate.

Ammonium salts may be
detected by the odor of am-
monia, and by white fumes
from a glass rod moistened
with acetic acid, and held ;
over the orifice of the test-tube, when about 1 gram of the bis-
muthous carbonate is heated with 10 eubic centimeters of a strong
solution of potassium or sodium hydrate. 1 ;

Arsenie, Antimony, and Tin.—The alkaline solntion obtained in
the preceding test, after thorough boiling, is diluted with water

b b}

to the measure of about 50 cubic centimeters, filtered, the filtrate
snpersaturated with hydrochloric acid, and subse-

quently saturated with hydrogen sulphide; an ensu. Fre. 101
ing yellow or orange-colored precipitate would indi-
cate the above-mentioned impurities.

Arsenie will also be indicated, as a preliminary test,
by the development of the characteristic garlic-like
odor, when a little of the bismuthous salt iz heated
upon charcoal, before the blow-pipe (Fig. 100).

For the confirmation or more exact determination
of the presence or absence of arsenie, one of the follow-
ing tests should be applied :

&i. About 1 gram of the bismuthous salt is boiled for
gome time with 10 cubic centimeters of a strong solu-
tion of potassium hydrate, which is free from caloride ;
after cooling, the clear alkaline solution is decanted
into a test-tube, which should be filled to not more
than one-fourth of its capacity, and containing about
0.5 gram of aluminium wire, cut in small pieces, or a
little bright iron wire and a few fragments of metallic
zine; a cap of, bibulous paper, moistened with a drop
of a solution of argentic nitrate, is then placed over
the month of the tube (Fig. 101), and the liquid gently
warmed, when, if arsenie is present, hydrogen arsenide
will be gradually developed, and produce a black stain
upon the paper.

II. Three parts of the bismuthous salt are boiled for ten min-
utes with a solution of 3 parts of crystallized sodium carbonate
(free from chloride) in 30 parts of water, the solution filtered, the
filtrate evaporated to dryness, and the residue strongly heated ;

i
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after cooling, 2 parts of concentrated sulphuric acid are grad-
ually added to the fused residue, and, after first cautious]
heating, the temperature is gradually increased until a fused
mass results, from which, by continued heating, yellow vapors
cease to be evolved. The fused residue thus obtained is then dis-
solved in a small amount of water, and may be tested for arsenie,
either in Marsh's apparatus, as described on page 83, or aceord.
ing to either of the following methods:

1. A portion of the solution is added to a solution of pure tin-
foil or stannous chloride in concentrated hydrochloric acid, and
the mixture gently warmed ; a brown turbidity of the mixture,
either at once or after a while, and a gra}'ishagrown precipitate
after subsiding, would indicate arsenie.

2. The remaining portion of the solution is added to dilute sul-
phurie acid, contained in a test-tube, together with a few frag-
ments of pure metallic zinec or magnesium, not allowing the tube
to be filled to more than one-fourth of its capacity ; a cap of bibu-
lous paper, moistened with a drop of a solution of argentic nitrate,
having been placed over the mouth of the tube (Fig. 101), the
mixture is allowed to repose for a short time, when, il' arsenic is
present, hydrogen arsenide will be developed, and produee a black
stain upon the paper.

BISMUTHI SUENITRAS.

BISMUTUM S5UBNITRICUM. BISMUTUM ALBUM.
Subnitrate or Ozy-nitvate of Bismuth., Basie Bismuthous Nitrate.

Ger. Basisches Wismutnitrat ; Fr. Sous.azotate de bismuth; Sp. Subnitrato
de bismuleo,

BiO(N0,).H,0 = Bi(OH),NO,; 306.

A heavy, white powder, which, aceording to its preeipitation
from hot or cold solations, is either indistinetly erystalline, or in
the form of microscopically minute crystalline scales; it reddens
moistened blue litmus-paper, and becomes black in contact with
hydrogen sulphide, but is not changed by exposure to light, except
w:{]en gontaining certain 1mpuritie5, as silver salts, organic mat-
ters, ete. At 100° C. (212° I.) it is converted into the compound
BiO(NO,),(OH),. When heated in a dry test-tube, it first emits
moisture, and afterward reddish-yellow acid vapors, leaving a
vellow residue, which, npon more strongly heating, melts to a
reddish.brown mass, but, upon cooling, again assumes a yvellow
color. This residue is readily soluble in warm hydrochloric acid,
forming a solution which, wlhen poured into a quantity of water,

roduces a white precipitate, but, when mixed with strong alco-
Eui, furnishes a perfectly elear mixture. Basic bismuthous nitrate,
when dried at 120° C. (248° F.), loses from 3 to 5 per cent. of
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water, and, when dried at this temperature, yvields upon ignition
from 79 to 82 per cent. of oxide, Bi,0,; the varation being
attributable to a lack of uniformity in the composition of the salt,
as, according to the deviations in temperature, and proportions
and strength of the solutions employed for its precipitation, a
preparation varying in its chemical composition, as also in its
physical properties, is obtained.

When heated with exsiceated sodium earbonate, on charcoal,
before the blow-pipe, brittle globules of bismuth are obtained, and
the charcoal becomes covere§ with a slight incrustation, which is
of an orange color when hot, and yellow when cold. When mixed
with a little potassium iodide and salphur, and heated on char-
coal, before the blow-pipe, a bright scarlet-red incrustation of
bismuthous iodide is produced upon the coal.

Basi¢ bismuthous nitrate is nearly insoluble in water ; upon con-
tinued digestion, or by prolonged washing therewith, however, it
suffers an alteration in its composition, in the latter case with the
formation of the more basic salt, BIONO, + BiO(OH), and is
finally econverted into the hydroxide. It is also insoluble in solu-
tions of the alkaline hydrates, but by prolonged hoiling with a
concentrated solution of potassium or sodinm hydrate, traces of
bismuth are occasionally dissolved, as a probable result of the
formation of bismuthic acid, and the alkaline solution then affords,
upon saturation with hydrogen sulphide, a dark coloration or
precipitate of bismuth trisulphide. Basi¢ bismuthous nitrate is
readily soluble in nitric and hydrochlorie acids, and these solu-
tions, when poured into a large amount of water, form white pre-
cipitates of basic bismuthous salts,

Examination :

Carlonates and insoluble admiztures are detected, the former by
effervescence in the cold, the latter by remaining undissolved,
when a portion of the salt is warmed with about ten times its
weight of a mixture consisting of equal parts of concentrated
nitric acid and water.

The examination for other adinixtures or impurities is the same
as deseribed under bismuthous earbonate, on pages 274-275.

BISMUTHI VALERIANAS.
BISMUTUM VALERIANICUM.
Basic Vilerianate of Bismuth, DBasic Biamuthous Valerianate.

Ger. Basisches Wismutvalerianat ; Fr. Valérianate de bismuth; Sp. Valeria.
nato de bismuto.

A relatively heavy, white, amorphous powder, or, when con-
taminated with nitrate, of an indistinetly crystalline appearance,
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and possessing the odor of wvalerianic acid. When the salt is
strongly heated in a dry test-tube, colorless, acid vapors are
evolved, possessing the odor of valerianie acid, and which con-
dense in the upper part of the tube to oil-like drops, while a dark
grayish-colored residue, cﬂnsisting of a mixture of bismuthous
oxide with metallic bismuth, remains behind. This residue is in-
completely dissolved by hydrochloric acid, but readily upon the
subsequent addition of a few drops of nitric acid, and gently warm-
ing; the acid solution thus obtained is abundantly precipitated
by the addition of a large amount of water, but forms with strong
alcohol a perfectly clear mixture,

When heated with exsiceated sodinm earbonate, or with a mix-
ture of potassinm ilodide and sulphur, upon chareoal, before the
blow-pipe, bismuthouns wvalerianate affords the same reactions as
bismuthous carbonate and nitrate (pages 273, 277). In contact
with hydrogen sulphide 1t becomes blackened (distinetion from
zine valerianate).

Bismuthous valerianate is insoluble in water and aleohol, but
soluble in hydrochloric and nitrie acids, separating an oily layer
of walerianic acid, and forming solutions which produce white
precipitates with a quantity of water,

Bismuthous valerianate 18 not a well-defined salt, and, in conse-
quence of the facility with which it is decomposed, is of incon-
.stant and variable composition.  One part of the salt, when repeat-
edly moistened with nitric acid in a small tared porcelain erucible,
and eompletely incinerated at a red heat, yields 0.68 to 0.75 (68
to 75 per eent.) part of bismuthous oxide, Bi0,; thus corre-
sponding approximately to a salt of the molecular composition
(BiO)YC, H,0,, which, upon ignition, should yield 7T1.56 per cent.
of oxide.

Examination :

The solution of bismuthous valerianate in acids, after dilution
with water to an extent insnfficient to eaunsge the precipitation of
the salt, should be passed through a moist double filter until a

rfectly clear solution is obtained, in order to effect as completel
as possible the separation of the valerianic acid before the apph-
cation of the several tests,

Bismulhous nitrate or carbonates may be detected by dissolving
a portion of the valerianate in cold concentrated hydrochloric
acid ; effervescence indicates carbonates, and, in this case, the solu-
tion of the salt diluted with a small amount of water, insufficient
to cause its precipitation, is completely precipitated with hydro-
gen sulphide; the solution is then filtered, warmed in D!‘!ﬁiﬂr to
expel the excess of hydrogen sulphide, and the filtrate slightly
gupersaturated with sodium earbonate; a white precipitate would
indicate salts of ealeium, magnesium, or zine; they may be dis-
eriminated by the same method as described on page 274.

Another part of the solution of the valerianate in hydrochloric

e
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acid is diluted with about four times its volume of water, and is
faintly tinted with one drop of solution of indigo, and then gently
warmed ; if decoloration takes place, nitrate is indicated. The
presence of nitrate may be also determined by dissolving a little
of the valerianate in cold concentrated sulphurie acid, and adding
to the liquid, in a test-tube, a concentrated solution of ferrous sul-
phate, so as to form two distinet layers (Fig. 102); a brownish or

Fia. 102

violet coloration at the line of contact of the two liguids will
indicate contamination with nitrate.

The examination of bismuthous valerianate, 7. e., of its solutions
in nitric or hydrochlorie acid, for chlorides and sulphates, for cal-
cium phosphate and salts of ealeium, magnesium, and zine, and for
metallic impurities, is performed in the same way as with the
corresponding solutions of bismuthous carbonate, described on
pages 274276,

BEROMTU M,
BROMINIUM.
Bromins,
Ger, Brom ; Fr. Brome; Sp. Bromo.
Br: 7TH.8.

A heavy, dark brownish-red, very volatile liquid, of an intense
and saffocating odor, somewhat resembling that of chlorine; its
spee. grav, 1s 2.99 at 15° C. (59° F.).
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Bromine solidifies at —24.5° C. (—12.1° F.), forming a dark-
brown, brittle, crystalline mass, with a semi-metallic lustre, some-
what resembling that of iodine, which at —12° C, ( +104° F)
still retains its solid condition ; when containing water it solidifies
at —77 O, (+194° F.). It is liquid and volatile at ordinary tem-
peratures, and boils at 637 C. (145.4° F.), forming yellowish-red
vapors of the spee. grav. 5.54 (compared with air), which strongly
i]rrimte the organs of respiration, and impart a green color to the

HEIL A

Bromine is soluble in 33 parts of water at 15° C. (59° F.), yield-
ing an orange-yellow solution, which has the odor of bromine, -
bleaches vegetable colors and solution of indigo, and imparts an
orange-vellow color to mucilage of starch; when the =olution is
exposed to a temperature near the freezing-point, it forms red
octahedral crystals of bromine hydrate, Br, + 10H,0, which at
157 C. (59° F.) are again resolved into bromine and water. The
aqueous solution of bromine, on exposure to sunlight, gradually
undergoes decomposition with the formation of hydrobromie aeid,
and the evolution of oxygen; it is deprived of its bromine and of
its color when agitated with ether, chloroform, or carbon bisul-
phide ; these solutions, however, are themselves decolorized when
agitated with a solution of potassium hydrate; but either of them,
with the exception of carbon bisulphide, will form a new solution
of the bromine, and consequently regain the color, upon the addi-
tion of an excess of any mineral acid.

Bromine is freely soluble in alcohol and ether with a reddish-
brown color, and in chloroform, benzol, and carbon bisulphide,
forming solutions of a yellowish-red color; it is also soluble in
solutions of the alkaline hydrates, with the formation of bromide
and bromate of the alkali, and, with an excess of alkali, vielding
solutions which are colorless, or possess but a slight yellowish
tinge :

3Br, + 6KOH = 5KBr + KBrO, + 3H,0.

In its chemical relations, bromine closely resembles chlorine,
having a powerful affinity for hydrogen, though not quite so
strong, and bence it acts with energy on many organic eom-
ponnds, abstracting hydrogen with equivalent substitution.

Examination :

Water may be detected by the following method, which also
admits of its quantitative estimation: To a weighed amount of
the bromine, contained in a glass-stoppered bottle, about ten times
its weight of water is added, and subsequently an accurately
weighed amount of metallic mereury, equal to about twice the
weight of bromine employed. The combined liquids are then
shalken until complete decoloration ensnes; thereupon the insoluble

mixture of mereurous bromide and mereury is separated by filtra-
tion, dried at 100° C. (212° F.), and weighed. The difference
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between the combined weight of the amount of bromine and
mercury employed and the weight of the obtained dried mix-
ture, will indicate the presence, and represent the amount of
contained water in the bromine, :

(hlorime may be detected by adding to 3 grams of the bromine
about ten times its weight of water, and subsequently water of
ammonia, in small portions, until a perfectly colorless liquid is
obtained. The liquid is then digested with an excess of barium
carbonate, the solution filtered, evaporated to dryness, and the
residue gently ignited. The ignited residue, which will contain
all the bromine, together with any chlorine which may be present,
in the form of barium bromide, or chloride, is then treated with
absolute aleohol, when it should become entirely dissolved, or
leave but a slight residue. The amount of insoluble residue, consist-
ing of barium chloride, will bear a direet proportion to the amount
of chlorine contained in the bromine, which, in the commercial
product, is usually present to the extent of from 1 to 2 per cent.

Todine may be tested for by dissolving a portion of the bromine
in forty times its weight of water, and the solution thus obtained,
with the exception of a small reserved portion, is agitated with
reduced iron or iron filings until a nearly colorless liquid is
obtained, and the bromine is completely converted into ferrous
bromide. The liquid is then filtered into a test-tube, a little
mucilage of starch added, and subsequently a few drops of the
reserved agqueous bromine solution carefully poured upon the sur-
face ; if iodine be present, a blue zone will appear at the line of
contact of the two liquids. The presence of iodine may also be
detected by the addition of an agueons solution of the bromine
to a solution of ammonium sulphide until no further separation of
sulphur is produced, the liquid then evaporated upon the water-
bath to dryness, the residue dissolved in water, filtered, a few
drops of a dilute solution of ferrie chloride added, and the mix-
ture shaken with chloroform; if iodine be present, the chloroform
will assume a violet color.

Bromoform will be recognized by the development of its charae-
teristic odor, when a little of the bromine is added to a solution of
Eutassium iodide, and the liberated iodine subsequently dissclved

y means of a solution of sodium hyposulphite. When present to
any considerable extent, it may be separated by fractional distilla-
tion ; its boiling-point being at 150 to 152° C. (302 to 305.6° F.).

('yanogen or its compounds may be detected by adding about
10 grams of the bromine to be tested, very gradually, and with
constant stirring, to an equal weight of iron filings, previously
mixed with 4 or 5 times their weight of water. The liquid, while
still warm from the reaction, is filtered into a flask, which is after-
ward partially closed, and allowed to repose for one or two days;
if cjranu%en or its compounds are present, a precipitate of Prussian
blue wili be gradually deposited.
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Estimation :
The quantitative estimation of free bromine, with a view to the
determination of the amount of impurities present, may be most
convenientl [yl' accomplished by the following volu-

Fia. 103, metric method: About 0.3 gram of the bromine

' is acenrately weighed in a small glass bulb (Fig.

103), which is afterwards opened under the sur-
face of a solution of about 1 gram of potassium
iodide in 10 cubie centimeters of water, and the
liberated iodine estimated by means of a standard
solution of sodinm hyposulphite, page 94. From
the amount of liberated iodine, the corresponding
amount of bromine may be calenlated by simple
equivalent proportion; oneatom of iodine (126.6)
corresponding to one atom of bromine (79.8).
Should the bromine, however, contain chlorine as
an impurity, the latter will likewise liberate iodine
from the potassium iodide, and thus preclude the
direct calenlation of the bromine. lln the latter
case, the caleulation may be based upon the fol-
lowing consideration: If A = the amount of libe-
rated iodine, as determined by titration with a solution of sodium
hyposulphite, and B = the weight of employed bromine ; then the
amount of chlorine, X, which 1s contained in the bromine under
examination, may be ascertained in accordance with the follow-
ing formula:

Fats D

and the amount of pure bromine is consequently B — X,

BRUCINA.

BRUCINUM.
Brucine, Brueia.

Ger. Brucin ; Fr. Brucine ; Sp. Brueina.
O H N0, + 41,0 ; 466.

Transparent, colorless, four-sided prisms, aggregations of stel-
late needles, or a ecrystalline powder, with a pearly lustre, and
possessing a strongly bitter taste. Brueine contains 4 molecules
(1545 per cent.) of water of erystallization, and effloresces upon
exposure to the air; it melts at 150° C. (266° F.), gradually losing
its water of crystallization, and, upon further heating, may be
partially sublimed without decomposition; when strongly heated
upon platinum-foil, it is decomposed with the evolution of inflam-
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mable vapors, which burn with a bright sooty flame, and is finally
completely dissipated. g

Brucine is soluble in 320 parts of cold, and in 150 parts of
boiling, water, very freely soluble in aleohol, amﬁyliu aleohol,
chloroform, and benzol, but is spuringhy soluble 1n e't-hc]* and
petroleum benzin. Tt neutralizes the acids, forming erystallizable
salts, which possess a bitter taste, and are readily soluble in water
and aleohol, but insoluble in ether.

Brucine dissolves in moderately concentrated nitric acid with an
intense blood-red color, which, however, soon changes to yellow-
ish-red, and finally, upon warming, to yellow. If the acid solution
be snbsequently slightly warmed with a little water, again allowed
to cool, and a few drops of solution of stannous chloride or am-
monium sulphide added, the mixture assumes a beautiful violet
eolor. The reaction is best obtained by the employment of but
little nitric acid, and is not influenced by the presence of strych-
nine. If a solution of mercurous nitrate be slightly warmed in a
shallow poreelain capsule on the water-bath, and an aqueous solu-
tien of brucine aﬂdedﬁ' a fine red eoloration is gradually produced at
the edges of the liquid, which, by the slow evaporation of the liquid
to dryness, remains permanent. Brucine dissolves in concen trated
sulphuric acid with a slight rose-red coloration, and the solution
assumes, upon the addition of potassium bichromate, a transient
reddish-brown color. If the brucine contains strychnine, traces
of which are frequently present in the commercial alkaloid, its
solution in sulphuric acid will afford, upon the addition of potas-
sium bichromate, a rapidly fading blue-violet coloration. With
concentrated sulphurie acid, which contains a trace of nitric acid,
brucine affords an intensely red solution,

Chlorine-water colors an aqueous solution of a brueine salt first
violet and then red, and, upon the subsequent addition of ammo-
nia-water, a yellowish-brown color is produced. Aqueous solu-
tions of brucine salts are precipitated by the alkaline hydrates and
carbonates, as also by most of the commonly employed alkaloidal
reagents, and vield crystalline precipitates with potassium chro-
mate, sulphoeyanide, and ferrieyanide. By the action of oxidizing
agents, brucine affords several interesting produects of decompo-
sition. Thus upon heating with dilute sulphuric acid and man-
ganese dioxide, methylic alcohol and formie acid are produced,
with the development of carbonie acid gas. By treatment with
concentrated nitric acid, it assumes, as previously stated, an
intense red color, and is resolved into water, nitric oxide, oxalic
acid, methyl nitrite, and a crystallizable base, cacoteline.

C,H N, 0 451INO,=2H,04+2NO0+C, 1,0 +CH,NO4C, H N O,
el L S S —

e — =
Brucine. Cacoteline.

For the separation of brucine from other alkaloids, or when
associated with complex organic mixtures, see page 108,
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CADMII IODIDUM.

CADMIUM IODATUM,
Todide of Cadmivm, Codminvm Todide,

Ger. Jodeadmium ; Fr. Indure de eadmium ; Sp. Toduro de cadmio.
CdL,; 363,

Colorless, flat, micaceous erystals, or hexagonal tables, of a
pearly lustre, permanent in the air, and bhaving a specific gravity
of 4.576.

When heated to about 316° C, (600.8° F.), the salt melts, form-
ing an amber-colored fluid, and, at a dull red heat, is decomposed
with the evolution of violet eolored vapors of iodine.

Cadmium indide is freely soluble in water: 100 parts of water
dissolving, at 20° C, (68° F.), 92.6 parts, at 60° C. (140° F.), 107.5
parts, and at 100° C, (212° F.), 133.5 parts of the salt; it is also
quite freely soluble in aleohol, and in a mixture of aleohol and
ether. The agqueouns solution has a slightly acid reaction upon
litmus, and yields with hydrogen sulphide or ammoninm sulphide
a yellow precipitate, which is almost insoluble in an excess of the
latter reagent (distinetion from arsenic): with argentic nitrate it
yields a pale yellow precipitate, insoluble in ammonia-water ; with
mercurie chloride a bright red precipitate ; and with the alkaline
hydrates and earbonates white precipitates, of which that with
ammonia-water is soluble, the |'em=1indi;r insoluble in an excess of
the precipitant. If to the aqueous solution of the salt a little
ehlorine water be added. drop by drop, and subsequently a little
mueilage of starch, the mixture will assume a deep blue color.

One hundred parts of eadmium iodide, when completely pre-
cipitated by argentic nitrate, vield a precipitate of argentic im]lide,
which, when thoronghly washed, and dried at 100° C. (212° F.),
should weigh 12855 parts.

Examination :

Metallic Impurities.—The agqueous solution of the salt, acidu-
lated with hydrochlorie acid, is completely precipitated by hydro-
gen sulphide, the resulting precipitate collected and washed upon
a filter, and subsequently digested with ammonia-water, and
again filtered ; the latter filtrate, when supersaturated with hydro-
chlorie acid, should afford no turbidity; an &nﬁuingye.llaw colora-
tion or precipitate will indicate the presence of arsenic. The
filtrate from the original hydrogen sulphide precipitate is then
supersaturated with ammonia-water; an ensuing white precipi-
tate would indicate zine, a black one, fron.

(hiorides may be detected by completely precipitating a small
portion of the aqueons solution of the salt with argentie nitrate,
collecting and washing the resulting precipitate upon a filter, and
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subsequently digesting it with ammonia-water, and filtering; the
ammoniacal filtrate is then supersaturated with nitric acid, when
an ensuing white curdy precipitate will indicate the presence of
chloride.

CADMII SULFHAS.

CADMIUM SULFURICUM.

Sulphate of Cadmiwin. Cadmivm Sulphate.
Ger, Schwefelsaures Cadminm ; Fr. Sulfate de eadmium ; Sp. Sulfato de cadmio,

3CdSO,8H,0; 7674,

Colorless, transparent, thombic tables, having a specific gravity
of about 8. and containing, for 3 molecules of the salt, 8 mole-
cules (18.8 per cent.) of water of erystallization, They effloresce
slightly by exposure to the air. lose 5 molecules of water upon
drying at 100° C, (212° F.), and the remaining 3 molecules at a
higher temperature.

Cadium sulphate is soluble in twice its weight of water at 17° C.
(62.6° F.), but insoluble in alecohol. The solution has an acid re-
action upon litmus, an astringent, acidulous, and slightly austere
taste, and, when diluted with six times its volume of water, may
be mixed with considerable amounts of aleohol without the sepa-
ration of the salt, which firally takes place in the form of thick
lignid drops.

The aqueous solution yields upon the addition of potassium or
sodium hydrate, or ammonia-water, a white precipitate of ecad-
mium hydroxide, which is insoluble in an excess of the first-
named reagents, but soluble in an excess of ammonia-water; with
alkaline earbonates it yields a white precipitate of cadmium
carbonate, insoluble in an excess of the precipitant; and with
hydrogen sulphide, a yellow Freuipitate of cadminm sulphide,
which is soluble in moderately concentrated, warm sulphurie,
hydrochloric and nitric acids, and to a slight extent in a solution
of ammoninm sulphide, but is insoluble in diluted acids and
ammonia-water (distinetion, in the latter instance, from arsenious
sulphide).

amination :

Arsenic may be detected by completely precipitating an acidu-
lated solution of the salt with hydrogen sulphide, digesting the
resulting precipitate with ammonia-water, filtering, and subse-
q|1.l|3nl:|_j.P supersaturating the clear liquid with hydrochlorie acid ;
the separation of a yellow precipitate will reveal the presence of
arsenic, The acidulated solution of the salt, when completely
precipitated by hydrogen sulphide, should yield a filtrate, which,
upon evaporation to dryness, should leave no residue ; if a residue
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remains, admixtures of other salts are indicated. In the latter
case, the residue shonld be dissolved in dilute hydrochlorie acid,
and examined for metallie, earthy, and alkaline oxides by the
systematic method of analysiz as deseribed on pages 56 to 61.

Estimation :

The quantitative estimation of ecadmium may be readily accom-
plished by precipitating the carbonate from a boiling solution of
a weighed quantity of the salt, by means of sodium carbonate ;
the precipitate is thoroughly washed. dried, and, by ignition at a
red heat, converted into cadminm oxide, CdO, from the weight of
which the corresponding amount of anhydrous or of erystallized
cadmium sulphate may be caleulated: 100 parts of cadmium
oxide, CdO, corresponding to 162,69 parts of anhvdrous sulphate,
CASO,, or 20031 parts of erystallized sulphate, 30450, 8H,0.

It may also be estimated by precipitation by hydrogen sul-
phide from an acidulated solution of its salt as cadmium sulphide,
CdS, which, after washing, is dried at 100° C. (212° F.), and
weighed. One hundred parts of eadmium sulphide eorrespond to
144.56 parts of anhydrous sulphate, CdSO,, or 178 parts of erys-
tallized sulphate, 3CAS0, 81,0,

CAFFEINA.
COFFEINUM.
Cuffeine. Caffeia. Theine. Guaranine. Methyl-theobromine.
Ger. Caffein ; Fr. Caféine ; Sp. Cafeina.
C,H,N,0, + H,0 = C,H,(CH)N,O0, + H,0; 212.

Colorless, slender, and flexible, silky needles, containing one
molecule (3.49 per cent.) of water of erystallization, which 1s lost
by drying at 100° C, (212° F.). The crystals are odorless, neu-
tral in their action npon litmus, and possess a slightly bitter taste.
They melt at 234 to 235° C, (453.2 to 4556° F.), although begin-
ning to sublime at 180° C. (356~ F.), and boil at 884° C. (723.2°
F.); when slowly heated upon platinum foil, they are completely
volatilized, without carbonizing.

Caffeine, when previously deprived of its water of erystalliza-
tion, is soluble in 75 parts of water at 15° C.(59° F.), in 2 parts at
70° C. (158° F.), in 8 parts of chloroform, in 50 parts of ordinary
aleohol, and in 520 parts of absolute alcohol, and is still less soluble
in ether and earbon bisulphide. The aqueous solution is neutral
in its action upon litmus, and possesses a slightly bitter taste; 1t
is abundantly precipitated by tannic acid, the precipitate being
readily re-dissolved upon warming, or upen the addition of an
excess of the reagent, but is not precipitated by pieric acid, nor

L et e —————i
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by a dilute solution of potassio-mercuric iodide (distinction from
most other alkaloids); it also remains unaltered, and does not as-.
sume a purple color, when it is exposed to the air, after the addition
of a little ammonia-water (distinetion from phlorizin).

Caffeine enters into combination with the stronger acids, with-
out neutralizing them, with the formation of salts having an acid
reaction, and which are readily decomposed ; it also forms crys-
tallizable compounds with some metallic salts. From its solution
in the weaker acids, it erystallizes, upon evaporation, unchanged.
With concentrated sulphuric and nitrie acids, caffeine suffers no
change of color in the cold (additional distinetion from many alka-
loids, and from salicin, which, with the former acid, produces a
bright red coloration. When caffeine is added to chlorine-water,
in a small porcelain capsule, and evaporated to dryness, a yellow-
ish-red residue is obtained, which, upon the addition of a little
ammonia-water, assames a beautiful purplish-red color. The
same reaction may be obtained by the employment of a little
nitrie acid, instead of chlorine-water, care being taken to avoid
an excess of the acid; with the application of bromine-water,
instead of chlorine, the coloration, upon the addition of ammonia,
is more of a violet hue.

When boiled with an aleoholic solution of potassium hydrate,
or with an aqueous solution of barium hydrate, caffeine is re-
solved, by the absorption of water and the elimination of carbonic
acid gas, into an uncrystallizable base, eaffeidine, C,H, N O, which
is very readily soluble in water and alcohol, and whose sulphate
crystallizes in long, colorless needles:

C,HNO, + HO=CH,N0 + CO,.
T S I
Caffeine. Caffeidine,

The decomposition of caffeine by barium hydrate is, however,
not confined to the production of caffeidine, but methylamine,
formic acid, and ammonia are simultaneously formed, and, by the
long-continued action of the reagent, the caffeidine is itself decom-
posed into the above products and sarkosine, C;H,NO,, with the
evolution of carbonic acid gas.

CALCII BROMIDUM.

CALCIUM BROMATUM.
Bromide of Caleium. Caleivm Bromide.
Ger. Bromealcium ; Fr. Bromure de ealcium ; 8p. Bromuro de cal,
CaBr,; 199.6,

A white, granular salt, rapidly absorbing moisture on exposure
to the air, and deliquescing to a svrupy liquid, Its specific grav-
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ity is 3.32. When heated to 680° C. (1256° F.) the salt under-
goes igneous fusion, and, at a higher temperature, it is decomposed
with the liberation of bromine,

Caleium bromide is soluble in 0.7 part of water and in 1 part of
alevhol at 15° C. (59° F.), and very freely soluble in boiling water
and boiling aleohol. Tts aqueous solution is neutral in its aetion
upon litmus, and possesses a pungent, saline, and bitter taste; it
vields a white precipitate with ammonium oxalate, soluble in
hydrochlorie, but insoluble in acetic acid ; and a white precipitate
with argentic nitrate, which is sparingly soluble in ammonia-
water. If a little chloroform or carbon bisulphide be added to a
solution of the salt, and subsequently a little chlorine-water, dro
by drop, and the whole agitated, the chloroform or earbon bisul-
phide will acquire a yellow or yellowish-brown color,

One gram of the dry salt, when completely precipitated by
argentic nitrate, yields a precipitate of argentic bromide which,
when washed, and dried at 100~ C. (212° F.), should weigh 1.875
g'ramﬂ.

Examination :

Bromate may be detected by a yellow coloration when diluted
sulphuriec acid is dropped upon the salt; or by udding to an aque-
ous golution of the salt a few drops of diluted sulphurie acid, and
subsequently a little chloroform or earbon bisulphide, and agita.
ting the mixture; if bromate be present, the chlorofurm or earbon
bisulphide will acquire a yellow or yellowish-brown color.

Jodide may be recognized in a solution of one part of the salt
in about ten parts of water by the addition of a little mucilage of
starch, and subsequently pouring a few drops of chlorine-water
upon the surface of the hiquid; a blue coloration at the line of
contact of the two liguids will reveal the presence of iodide.

Chloride may be detected by completely precipitating a small
portion of an agqueons solution of the salt with argentic nitrate,
collecting the resulting precipitate upon a filter, washing it tho-
ronghly with water, and subsequently digesting it with a concen-
trated solution of ammonium carbonate: the mixture is then
filtered, and the filtrate supersaturated with nitrie acid, when not
more than a faint turbidity, insufficient to form a precipitate, should
be produced ; a white, curdy precipitate would reveal the presence
of more than traces of chloride,

Sulphate may be detected in a solution of 1 part of the salt in
about 20 parts of water by an ensuing white precipitate on the
addition of a few drops of solution of barinm chloride.

Magnesinm salts may be recognized by first adding to an aque-
ous solution of the salt a little solution of ammonium chloride,
and afterward solution of ammonium earbonate and ammonia-
water until a precipitate ceases to be produced, and gently warm-
ing: the mixture is then filtered, and the filtrate tested with
sodinm phosphate, when an ensuing white, erystalline precipitate
will reveal the presence of magnesium salt.
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CALCII CARBONAS PRAECIFPITATUS.

CALCIUM CARBONICUM PRECIPITATUM. CALCARIA
CARBONICA PRECIPITATA.

Precipitated Carbonate of Caleiwm. Precipitated Caletum Carbonate,
Ger. Kohlensaurer Kalk ; Fr. Carbonate de chaux ; Sp. Carbonato de cal.

CaCO,; 100,

A white, light powder, without odor or taste, and permanent
in the air. When obtained by precipitation from hot solutions,
it is seen, when observed under the microscope, to consist of
minute rhombie prisms, or, w hen precipitated from eold solutions,
of minute rhomboliedral erystals, although the crystalline form is
frequently influenced by other substances which may be present
in the solution, It displays a feebly alkaline reaction in contact
with carefully prepared litmus; when exposed to a red heat, par-
ticularly when a current of air is passed over the surface, or, when
heated upon charcoal before the blow-pipe, it loses carbonic acid
gas, and is converted into calcinm oxide, which possesses a strongly
alkaline reacsion.

Caleium carbonate is almost insoluble in water, 1000 parts of
water, either cold or hot, dissolving but about 0.018 part, and iz
still less soluble in the presence of free ammonia or ammonium
earbonate; but is more freely soluble in the presence of ammo-
ninm chloride or nitrate, with which, by mutual decomposition, a
more readily soluble caleinm salt is formed. It is also more freely
soluble in water saturated with earbonic aeid gas than in pure
water ; this solution reddens litmus, but changes the yellow color
of turmeric-paper to brown: by boiling or exposure to the air,
the carbonic acid is evolved, and the caleium carbonate partially
deposited ; the liquid still retaining, in 1000 parts, 0,034 part of
ﬁu}uium carbonate in solution, and this solution does not render
lime-water turbid. It i1s readily soluble, with effervescence, in
dilate hydrochlorie, nitric, and acetic acids. The solution in
acetic acid is precipitated by oxalic acid, but not by a solution of
caleinm sulphate (distinetion from barinm and strontium car-
bonates), nor by ammonia-water (evidence of the absence of
aluminium and 1ron salts, and of phosphates), nor by potassium
hydrate {distitmtiun from magnesium carbonate). The solution
should also afford no coloration or precipitate with h ydrogen sul-
phide, either when containing an excess of acid, or upon subse-
quent supersaturation with ammonia-water (free from carbonate),

Examination : '

If the caleinm earbonate be agitated with a little water, and the
mixture filtered, the filtrate should be perfectly neutral in its
action upon litmus, and, with the exception of traces of dissolved
carbonate, should leave no residue upon evaporation. Upon igni-

tion, at a red heat, it should afford a perfectly white residue,
19



200 MANUAL OF CHEMICAL ANALYSIS.

possessing a strongly alkaline reaction, without the development
of any empyreumatic odor.

An insuflicient washing in the manufacture, or a frandulent or
accidental admixture of calcium sulphate, may be detected by
agitating some of the carbonate witﬁ water, and by testing the
filtrate, acidulated with one or two drops of nitrie acid, in separate
portions, with argentic nitrate for chloride, and with barium
nitrate for sulphate.

Magnesium carbonate may be recognized, in addition to the
above-mentioned test, by adding to a neutral solution of the salt
in acetic acid, first solution of ammonium chloride and then am-
monium earbonate and ammonia-water until a precipitate ceases
to be produced, and gently warming ; the mixture is then filtered,
and the filtrate tested with sodinm phosphate, when an ensuing
wlluite, crystalline precipitate will prove the presence of magnesinm
salt.

The erude var'eties of ealeium carbonate — chalk, prepared
oyster-shells, and others derived from animal organisms—contain
more or less of other bases (magnesium, iron, potassium, sodium,
ete.) and aeids (phosphorie, silicie, and sulphuric), and always, also,
traces of organic substanees; they do not afford a complete solu-
tion with dilute acetic or hydrochloric acid, and. although in every
instance the acid solution should remain unaffected by hydrogen
sulphide, Eet upon subsequent supersaturation with ammonia-
water a white or greenish turbidity is usually produced, depend.-
ent npon the presence of traces of phosphates. The estimation
of the amount of carbonie acid contained in ealcium earbonate
may be accomplished by the method described for alkaline car-
bonates, on page 86.

CALCII CHLORIDUM.

CALCIUM CHLORATUM.
Chloride of Caleinm. Calefum Chloride,

Ger. Chilorealeium ; Fr. Chlorure de ealcium ; Sp. Chloruro de calcio.
CaCl,; 110.8.

A white, granular salt, or, as prepared by fusion, eolorless, trans-
lugent, and friable masses; it may also be obtained by erystalli-
zation from its saturated solution in the form of large hexagonal
prisms, having the composition CaCl, 4+ 6H,0. The crystals melt
at 29° C.(84.2° F.)in their water of crystallization, and deli-
quesce rapidly by exposure to the air, forming a thick syrupy
liquid. When heated to 200° C. (892° F.), they lose 4 molecules
of water, leaving a white, porous, hygroscopic mass, and, upon
more strongly heating, the anhydrous salt is obtained ; the latter

L e e ———— e
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melts at a red heat, and, upon cooling, solidifies to a crystalline mass
of the specific gravity 2.205, which, in contact with a small amount
of water, produces a considerable elevation of temperature.

Caleinm chloride is soluble in 1.5 parts of water and in 8 parts
of aleohol at 15° C. (69° F.), very freely soluble in boiling water,
and soluble in 1.5 parts of boiling aleohol; with alecohol it unites
to form a cr:,rsta{liznble compound, having the composition
CaCl, + 4C,H,0O, which is decomposed by water with the separa-
tion of the aleohol; but is insoluble in ether. The agueous solu-
tion of the salt possesses a sharp saline taste, and is neutral in its
action upon litmus, unless the salt, by exposure to the heat of
fusion, has undergone partial decomposition, with the loss of hy-
drochlorie acid, and the formation of a little ealeium oxide, when
it will have an alkaline reaction ; it yields white precipitates with
the alkaline carbonates and phosphates, which are readily soluble
in acetic aeid, and, if' the solution be not too dilute, a white crys-
talline precipitate with salphurie acid, which is soluble in a large
amount of water, The solution of the salt, even when very dilute,
is likewise precipitated by oxalic acid and by argentic nitrate;
both precipitates being insoluble in acetie acid, and that with the
latter reagent also insoluble in nitric acid, but readily soluble in
ammonia-water.

Anhydrous caleium chloride absorbs dry ammonia gas with great
avidity, forming therewith a voluminous powder, having the com-
position CaCl, 4+ 8NH,; this is decomposed by exposure to the
air, in eontact with water, or on heating, with the loss of ammo-
nia, and takes fire when thrown into chlorine gas.

If a concentrated solution of caleium chloride is boiled with
slaked lime, and the solution filtered while hot, a basic salt sepa-
rates out on cooling, in long, white, needle-shaped crystals, having
the composition ClCa—0-Ca(OH) 4- TH,0O.

Solutions of caleinm chloride of various degrees of concentra-
tion are employed as baths for constant temperatures above 100°
C. (212° F.), and the anhydrous salt, in consequence of its strong
affinity for water, is largely employed as a desiccating agent, for
drying gases, and for the removal of water from organic liquids,
The crystallized salt, when dissolved in water, produces a consider-
able diminution of temperature, and, when mixed with snow, in
the proportion of 1.3 parts to 1 part of the latter, the temperature
sinks to —48° C, (—54.4° F.).

Examination :

Caleium sulphate may be detected by the incomplete solubility
of the salt in aleohol, and may also be recognized in the aqueous
solation of the salt by an ensuing white precipitate on the addition
of solution of barium chloride.

Alwininium salts may be recognized in the aqueous solution,
after the addition of a little ammonium chloride, by an ensuing
white, floceulent precipitate on the addition of ammonia-water or
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ammoninm sulphide; if the precipitate be brownish or black, it
will indicate iron, which may also be recognized in the aqueous
solution of the salt by a blue coloration or precipitate on the
addition of a few drops of solution of potassinm ferrocyanide.

Magnesinum salts may be recognized by adding to the aqueous
solution, first a little solution of ammonium chloride, and subse-
quently ammonium carbonate and ammonia-water until a pre-
cipitate ceases to be produced, and gently warming; the mixture
is then filtered, and the filtrate tested with sodium phosphate,
when an ensuing white, erystalline precipitate will reveal the
presence of magnesium.

CALCII HYFOFPHOSPHIS.

CALCIUM HYPOPHOSPHOROSUM. CALCIS HYPOPHOSPHIS,
Iypophosphite of Caleium. Caleium Hypophosphite,

Ger, Unterphosphorigsaurer Kalk ; Fr. Hypophosphite de chaux;
Sp. Hipofésfito de eal.

Ca(IL,PO,),; 170.

&/

Small, eolorless, transparent, four-sided prisms, or thin, flexible
scales, or a white, erystalline powder, of a pearly lustre, perma-
nent in the air, and containing no water of erystallization. When
strongly heated in a dry test-tube, the salt decrepitates, emitting
inflammable vapors of hydrogen phosphide, and a little water,
and leaving a residue, amounting to about 80 per cent. of its
weight; this residue, after cooling, appears yellowish-red, and
consists of a mixture of ealeium pyrophosphate and metaphos-
phate, together with a little red amorphous phosphorus, resulting
from the decomposition of the hydrogen phosphide.

Caleium hypophosphite dissolves in six parts of cold water,
and in about the same amount of boiling water, but is insoluble
in aleohol (digtinetion from sodium h:rp-:}phﬂ.ﬁrhite}; the agqueous
solution has a slightly bitter taste, and, when largely diluted with
water, suffers no change upon the addition of diluted sulphuric
acid, nor with solutions of barium and caleinm chlorides, nor of
plumbie acetate (distinetion from soluble phosphates and phos.
phites); it forms, however, white precipitates with the soluble
carbonates, with oxalic acid and oxalates, and with argentic
nitrate, which latter precipitate, in consequence of its rapid reduc-
tion to argentic phosphide and metallic silver, soon becomes
black. When an aqueous solution of the salt, acidulated with
hydrochlorie acid, is added to an excess of solution of mereuric
chloride, a white preui{[;il;ate of mercurous chloride (calomel) is
produced, and, on the further addition of the solution of hypo-
phosphite, metallic mercury separates.
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Examination:

The salt, when triturated with water, should not develop the
alliaceous odor characteristic of hydrogen phosphide.

Caleium sulphate will be indicated by an msoluble residue when
a portion of the salt is digested with about ten times its weight
of cold water, and may also be recognized in the aqueons solution,
acidulated with nitrie acid, by an ensuing white [:rem‘fltatu on the
addition of a few drops of solution of barium chloride.

Magnesium salts may be detected by first adding to an aqueons
solution a little solution of ammonium chloride, and afterward
solution of ammonium earbonate and ammonia-water until a pre-
cipitate ceases to be produced, and gently warming; the mixtare
is then filtered, and the filtrate tested with sodium phosphate,
when an ensuing white, crystalline precipitate will reveal the
presence of magnesium,

———

CALCII IODIDUM.

CALCIUM TODATUM.
Todide of Caleium. Caleiwm Todide.

Ger. Jodealeium ; Fr. Iodure de calcium ; 8p. Ioduro de cal.
Cal,; 203.2.

A white, granular salt, or lamellar masses of a pearly lustre,
rapidly absorbing moisture on exposure to the air, and deliques-
«eing to a syrupy liquid. When strongly heated, with access of
air, it becomes decomposed, with the liberation of iodine, and
leaving a residue of caleium oxide.

Caleium iodide is very freely soluble in both water and aleohol.
Its agqueous solution is neutral in its action upon litmus, and pos-
sesses a pungent, saline, and bitter taste; it yields a white pre-
cipitate with ammonium oxalate, soluble in hydrochlorie, but
insoluble in acetic acid, and a yellowish precipitate with argentic
nitrate, which is nearly insoluble in ammonia-water. If a little
chloroform or carbon bisulphide be added to a solution of the salt,
and subsequently a little chlorine-water, drop by drop, and the
whole agitated, the chloroform or earbon bisulphide will acquire
a red or violet color. Oune gram of the dry salt, when completely
precipitated by argentie nitrate, yields a precipitate of argentic
1odide which, when washed, and dried at 100° C, (212° F.), should
weigh 1.59 grams,

Examination :

fodate may be detected in the aqueous solution of the salt by a
yellowish or brown coloration on the addition of a little acetic or
tartaric acid; the solution will then also impart a blue color to
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mucilage of starch, and a red or violet tint to a few drops of ehloro-
form or carbon bisulphide, when agitated therewith, if iodate be
present.

Chilorides and Bromides—To a small portion of the salt, dis-
solved in water, solution of argentic nitrate is added until a
precipitate ceases to be produced. The resulting precipitate is
collected upon a filter, washed with water, and subsequently
digested with a strong solution of ammonium earbonate, and fil-
tered ; the filtrate is then slightly supersaturated with nitrie acid,
when an ensuing turbidity, or the formation of a white, curdy
precipitate, will reveal the presence of chloride. The residue
upon the filter is digested with a considerable excess of ammonia-
water, filtered, and the filtrate slightly snpersaturated with nitrie
acid, when not more than a faint turbidity should ensue ; a white,
eurdy precipitate will reveal the presence of hromide,

Sulphate may be deteeted in a solution of 1 part of the salt
in about 20 parts of water by an ensaing white precipitate on the
addition of a few drops of solution of barium chloride,

Magnesium salts may be recognized by first adding to an aque-
ous solution of the salt a little solution of ammoninm chloride,
and afterward solution of ammoninm earbonate and ammonia-
water until a precipitate ceases to be produced, and gently warm-
ing; the mixture is then filtered, and the filtrate tested with
sodinm phosphate, when an ensuing white, crystalline precipitate
will reveal the presence of magnesium.

CALCII PHOSPHAS PRACIPITATUS.

CALCIS PHOSPHAS. CALCIUM PHOSPHORICUM. CALCARIA
PHOSPHORICA.

Precipitated Phosphats of Caleium. Dribasgic Caleium Phosphate,
ormal Caleium Orthophosphate.

Ger. Neutraler Phosphorsaurer Kalk; Fr. Phosphate de chaux précipité ;
Sp. Fozfuto de eal.

Ca,(PO,),; 810.

A light, white, inodorous, and tasteless powder, which, when dried
at 100° C.(212° F.), contains no water. and is perfectly amorphous.
It is fusible, without decomposition, at an intense heat, and the
powder, before or after ignition, assames when moistened with a
solution of argentic nitrate a straw-yellow color (distinction from
acid ealeium phosphate). : _

Neutral caleinm phosphate is nearly insoluble in water, but
upon long boiling therewith it _is decomposed with the formation
of an insoluble basie salt, CaPO,), + Ca(PO)OMH, and a soluble
acid salt which dissolves; it'is more readily soluble in water satu-
rated with carbonic acid gas, as also in solutions of sodium nitrate,

SRS S ———
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sodium chloride, ammoniacal, and other salts, and is freely soluble
in nitrie, hydrochlorie, and acetic acids,

An acid ealeium phosphate (Monohydrogen Caleium Ortho-
phosphate, CallPO, + 2H,0) is officinal in the German, Austrian,
and Swiss Pharmacopeeias. This salt is obtained as a erystalline
powder, consisting o mieroscopically small, monoclinie tables or
prisms, of an acid reaction, and containing two molecules (20.93

r cent.) of water of crystallization; when heated to from 150 to
200° C. (302 to 392° F.), it loses its water of erystallization, and,
at a higher temperature, water of constitution is also eliminated,
amounting in all to 26 per cent. of its weight. When moistened
with a solution of argentic nitrate, it assumes a yellow color,
whieh is not the case, however, after having been strongly heated
upon platinum-foil, in consequence of its conversion into calelum
pyrophosphate : 2CaHPO, = H,0 + Ca,P,0,. In its relation to
~ solvents, the characters of acid ealeium phosphate are similar to
those of the normal salt, as above deseribed, but it is not readily
soluble in acetic acid,

Both varieties of calecium phosphate are readily and completely
soluble in warm, diluted nitric acid, without effervescence. The
solution, when heated with a few drops of a solution of ammonium
molybdate, affords a yellow erystalline precipitate of ammaoniam
phospho-molybdate (presence of phosphoric acid), and, after the
addition of an excess of sodium acetate, yields a copious white
precipitate on the addition of a solution of oxalic acid or ammo-
nium oxalate (presence of caleium).

Examination :

Carbonates are indicated by effervescence when a little of the
caleium phosphate is first thoroughly mixed with a little water,
and conecentrated nitric acid afterwards added.

Bariwm and stroutium salts may be detected in the dilute nitrie
acid solution by a white precipitate on the addition of a solution
of caleium salphate.

Chlorides are detected in the dilute mitric acid solution by a
white curdy precipitate on the addition of solution of argentic
uitl:late, which is soluble in ammonia-water, but insoluble in nitric
acid.

Sulphates may be detected by agitating a little of the ealeium
phosphate with water for a few moments, filtering, and, after
acidulating with a few drops of acetic acid, testing with solution
of barium hydrate or nitrate; a white precipitate will reveal the
presence of sulphates,

Magnesium Phosphate—A. portion of the salt is dissolved in
hydrochlorie acid, an excess of sodium acetate and a little solu-
tion of ferric chloride are added, and the mixture boiled and
filtered ; to the colorless filtrate a little ammonium chloride is
added, and subsequently ammoninm’ oxalate until a precipitate
ceases to be produced ; after standing for a few hours, the mixture
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is filtered, and to the filtrate solution of sodium phosphate and
ammonia-water in slight excess are added, when an ensuing white
erystalline precipitate will reveal the presence of magnesium.

Lron and metallic salts are detected by first saturating the solu-
tion of the calcium phosphate in dilute hydrochloric acid with
hydrogen sulphide, and subsequently supersaturating the acid
liquid with ammonia-water. The solution must remain perfectly
nnchanged with the first-named reagent, and the ensuing precipi-
tate upon the addition of the latter should be perfectly white; a
black coloration would indicate iren, which wounld hkewise be
detected in the dilute acid solution of the salt by a blue colora-
tion or precipitate on the addition of a few drops of solution of
potasginm ferroeyanide.

CALX CHLORATA.

CALX CHLORINATA. CALCARIA CHLORATA. CALCIUM
HYPOCHLOROSUM., CALCARIA HYPOCHLOROSA.

Chiorinated Lime. fleaching-Powder.  Caleium Hypochlorite,
Ger. Chlorkalk; Fr Chlorure de chaux; Sp. Hipoehlorito de eal.

A homogenous, duall-white, granular powder, possessing an
alkaline reaction, the odor of hypochlorous acid rather than of
chlorine, and becoming moist and gradually decomposing on
exposure to the air. .

In its composition, chlorinated lime is commonly regarded as a
mixture of calcium hypochlorite and chloride, together with
undecomposed hydrate, and its formation represented by the
equation :

90a(0M), 4 201, = Ca(OC1), + CaCl, + 2H,0.

With reference, however, to the amount of available chlorine
which ean be obtained from a perfectly saturated produet, it may
be considered, with a much greater degree of probability, as con-
sisting of a mixture of a basic salt (caleium hydroxy-chloride),
with ealeium echloride; and its formation expressed by the
equation :

1 O
8Ca(OH), + 201, = 205y + CaCl, + 2H0.
| S —
Caleium hydroxy-
chloride,

In contact with water, the caleium chloride dissolves, and the
basic salt is decomposed. with the foriation of caleiam hypochlo-
rite and hydrate, as follows:

/S OH SOH /00l
20 o1 = CoH * “Nocr

==
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When exposed to a gentle heat, chlorinated lime is converted,
aceording to its composition and the temperature, into caleium
chlorate and chloride, and, at a higher temperature, by de-
composition of the chlorate, yields oxygen, and probably also
some chlorine; by the action of sunlight, it is partially decom-
posed with the formation of caleium chlorate m_ll.l chloride, and
the liberation of oxygen. When well mixed with ten or more
parts of water, it forms a creamy liquid, while its soluble con-
stitnents enter into solution, leaving behind ealeium hydrate, and
the insoluble impurities of the lime employed in the manufacture
of bleaching-powder; the filiered solution is colorless, {111{1 of an
acrid, nauseous taste, changes red litmus for a moment into blue,
and decolorizes it almost at once, and completely; it emits the
odor of chlorine with acids, and forms a white precipitate with
sulphuric and oxalic acids. : i

By the decomposition of chlorinated lime with acids the entire
amount of contained chlorine is available, as shown by the follow-
ing equations :

(1) CaCl, + Ca(OCY), + 4HC! = 20, + 2CaCl, + 2H0.
(2) CaCl + Ca(OC), 4 2H,S0, = 201, + 2CaS0, + 2H,0.

Chlorinated lime, exposed to the carbonic acid and moisture
of the air, evolves hypochlorous acid, which, when free, readily
breaks up into water, chlorine, and chloric acid ; the latter is also
soou resolved into oxygen, water, chlorine, and perchloric acid; a
deliquescent residue, consisting of caleium hydrate, earbonate, and
chloride, forms the final residual product. Upon this decomposi-
tion, or by the direct elimination of chlorine throngh the agency
of stronger acids, depends the energetic chemical action of chlori-
nated lime as an oxidizing agent, which, therefore, is proportionate
to the percentage of caleinm hypochlorite, or, in other words, of
the available chlorine, which, for most pharmacentical and thera-
peutical purposes, should amount to 25, or, as the minimum, 20
per cent. In order to estimate this, and to determine the value
of commereial bleaching-powder, several methods of testing are
ﬂnlplnyad, among which the following two are simple and reliable

. 1.96 parts of pure crystallized ferrous sulphate are dissolved
in a capacions glass flask in a mixture of 20 parts of water and 5
parts of hydrochloric aeid; 1 part of chlorinated lime is then
thoroughly mixed, by trituration in a mortar, with 50 parts of
water, and the mixture added at once to the solution of the fer-
rous salt. The flask being then tightly closed, it is actively
agitated for a few minutes, and the mortar in which the chlori-
nated lime was triturated, subsequently rinsed with a little water,
and this liquid added to the contents of the flask. After again
agitating for a moment, the liquid should still retain the odor of
chlorine, and, after filtration, when tested with a few drops of a
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solution of potassinm ferrideyanide, should afford no blue colora.
tion or preeipitate.

This test, when employed with the above stated proportions of
ferrous sulphate and chlorinated lime, will indicate a strength of
the latter corresponding to at least 25 per cent. of available chlo-
rine.  With the employment of 1.57 parts of ferrous sulphate to
1 part of chlorinated lime, the application of the same test, which
is based upon the oxidation of the ferrous to ferric salt through
the agency of the liberated chlorine, will then indicate a strength
of the chlorinated lime corresponding to at least 20 per eent. of
available chlorine.

The United States Pharmacopoeia directs that if 0.71 gram of
chlorinated lime be mixed with a solution of 1.25 grams of potas-
sinm iodide in 120 cubic centimeters of water, and 9 grams of
hydrochlorie acid be then added, the resulting red-brown liquid
should require for complete decoloration not less than 50 cubic
centimeters of standard solution of sodinm hyposulphite, corre-
spnndin%; to at least 25 per cent. of available cﬁlﬁrine.

II. The following method of estimation will afford an acenrate
result, when not alone the minimum, but the determination of the
exact percentage amount of chlorine contained in the chlorinated
lime is desired. One gram of the chlorinated lime is triturated
in a mortar with a small portion of water until a uniform pasty
mass is obtained, which is afterwards further diluted with water,
and, together with the rinsings of the vessel, transferred to a

graduated eylinder, provided with a glma-stu]nger

Fie. 104.  (Fig. 104), and the lignid finally diluted to 100 enbie

centimeters. The one per cent. solution thus ob-
tained, after being thoroughly mixed by agitation,
is allowed to repose until it becomes perfectly clear;
50 cubic centimeters of the clear liquid are then
carefully drawn off by means of a pipette, and al-
lowed to flow into a solution of 2 grams of potas-
sium iodide in about 20 cubic centimeters of water,
corttained in a beaker. To the mixed solutions
hydrochlorie acid sufficient to render the mixture
shightly acid is.added, and the liberated iodine
subsequently estimated by means of a standard
solution of sodium hyposulphite, page 94. The
strength of the sodiam hyposulphite solution, or the
amount of pure jodine corresponding to one cubic
centimeter of the same, being known, the number of
cubic eentimeters required to produce decoloration
of the liquid will indieate the amount of iodine libe-
rated by the chlorine, and therefrom, by simple
equivalent proportion (I, 127 = Cl, 35.5), the amount
of ¢hlorine contained in the number of eubic centi-
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meters of the solution of chlorinated lime employed, from which
the percentage strength of the chlorinated lime in active chlorine
may be readily calculated. ) : ‘ _

In consequence of the facility with which chlorinated lime
undergoes decomposition, particularly by exposure to the air and
moisture, the amount of active chlorine contained in the commer-
cial article is often found to vary from 10 to 35 per cent.

CALX SULPHURATA.

CALCIUM SULFURATUM.
Sulphurated Lime, Caleium Sulphide.
Ger. Schwefelkalk ; Fr. Sulfure de caleium ; Sp. Sulluro de ealcio.

Pure calecinm monosulphide, Ca8, forms a white or yellowish-
white mass, which is very sparingly soluble in water, and in
moist air d:velops the odor of hydrogen sulphide. As prepared
by the reduction of caleium sulphate with earbon, or by the
ignition of a mixture of eanstic lime and sulphur (Calx Sal-
phurata, U. 8. P.), a grayish or reddish-white mass is obtained,
which is not a definite chemical compound, but consists of a mix-
ture of caleinm sulphide and polysulphides, with small and vari.
able amounts of caleium sulphate, and earbonaceous matter or
other impurities.

Caleium sulphide is dissolved to but a small extent by water,
and, upon boiling therewith, is partially decomposed, with the
formation of ealeinm hydrate and sulphydrate: 20aS 4 2H,0 =
Ca(HS), + Ca(OH),. The solution is at first colorless, .but, on
exposure to the air, becomes decomposed, with the absorption of
oxygen and carbonic acid gas, and acequires a yellowish color; it
possesses an alkaline reaction, and the odor of hydrogen sulphide,
which latter gas is abundantly developed therefrom upon the
addition of an acid.

Caleinm soniphide, when shaken with water, and the lignid fil-
tered, should yield a solution which is not precipitated by solution
of caleium sulphate, but affording upon the addition of solu-
tion of ammonium oxalate a white precipitate, solnble in hydro-
chlorie, but insoluble in acetic acid. It should dissolve in dilute
hydrochloric acid, with the abundant development of hydrogen
sulphide, and without leaving a considerable insoluble residue.

The presence of at least 36 per cent. of pure calcium sulphide
in sulphurated lime may be ascertained by gradually adding 1
gram of the salt to a boiling solution of 1.25 grams of eupric sul-

hate in 50 eubic eentimeters of water; the mixture is then

eated nearly to boiling for about ten minutes, and, when cold,
filtered. The filirate, when tested with one drop of test-solution
of potassium ferrocyanide, should remain colorless,
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CAMPHORA MONOBROMATA.
Monobromated Camphor. Camphor Monobromide.

Ger. Monobromeampher ; Fr. Camphre monobromé ; Sp. Monobromato de
- aleanfor.

C,H,BrO; 230.8.

Thin, colorless prisms, when erystallized from aleohol, or elon-
gated, flat E:risms, which are }]::r'arfect] y transparent and hard, when
erystallized from petrolenm benzin. 1t is permanent in the air;
not affected by direct sunlight; slowly volatilized when boiled in
water, and possesses an odor reminding of Borneo eamphor, and
a taste which is terebinthinate and scarecely bitter. It fuses at 65
C.(149° F.), and boils at 274° C, (525.2° F.), with partial decompo-
sition ; 1t does not sublime at ordinary temperatures, but sublimes
abundantly at temperatures above its fusing-point, in the form of
long, slender, colorless needles.

Monobromated eamphor is almost insoluble in water, and spar-
ingly soluble in glycerin, but freely in aleohol, although less so
than ordinary ecamphor, and is readily dissolved by ether, chloro-
form, carbon bisulphide, warm petrolenm benzin, and the volatile
and fatty oils; it is also soluble in eold, concentrated sulphurie
acid, and is precipitated unchanged upon the addition of water.

In aleoholie solution, in contact with sodium amalgam or
argentic nitrate, it is converted into ordinary camphor; and,
when boiled with a solution of argentic nitrate in dilute nitrie
acid, it is decomposed, with the formation of argentic bromide,
corresponding in amount to 81.2 per cent. of the monobromated
eamphor employed,

CANTHARIDINUM.
Cantharidin,

Ger. Cantharidin ; Fr. Cantharidine ; Sp. Cantaridina.
CJDHJ!DII; lgﬁ'

Bright, colorless, rhombic prisms or laminwe (Fig. 103), per-

manent in the air. When heated to 210° C. (410° F.) they soften,

and fuse at 218° C. (424.4° I¥.); at higher

Fre. 105, temperatures, by the cautious application

of heat, they may be sublimed unchanged.

Cantharidin is soluble in 30,000 parts

of c¢old, and half that amount of boiling,

water, and sparingly soluble in cold alco-

hol and carbon bisulphide, but quite

readily soluble in hot alcohol, and in

chloroform, ether, acetic ether, benzol, and the volatile and fatty
oils, particularly upon warming.
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When digested for some time at about 100° C. (212° F.) with
a dilute solution of potassium or sodium hydrate, it is converted,
by assimilation of the elements of water, into cantharidic aeid,
C,.H,.0, or C,H,0,, which combines with the alkali with the for-
mation of well erystallizable salts. The aqueous solution of these
salts possesses an alkaline reaction, and, upon the addition of a
stronger acid, cantharidie acid is separated, but becomes, by the
elimination of the absorbed elements of water, immediately re-
solved into cantharidin.

When heated with hydriodic acid of the speec. grav. 1.8, can-
tharidin is gradually eonverted into the crystallizable, monobasic
eantharic acid, which has the same composition as cantharidin;
it is soluble, however, in 120 parts of cold, and 12 parts of boil-
ing, water, very soluble in aleohol, sparingly in ether, and does
not produce vesication when its solution in glycerin is applied to
the skin.

Cantharidin is an active poison, and, when applied to the skin,
exerts powerful vesicating properties, which, for the want of any
distinguishing chemical tests, may be employed as a means for its
identification.

_Fur the separation of cantharidin when associated with alka-
loids or other organic principles, see page 106.

CARBONEI BISULPHIDUM.
CARBONEUM SULFURATUM. ALCOHOL SULFURIS.
Bisulphide of Carbon. Carben Bisulphide.

Ger. Schwefelkohlenstoff ; Fr. Sulfure de carbone; Sp. Bisulfuro de earbon.

CS,; 7T6.

_ A transparent, colorless, very volatile liquid, of great refrac-
tive and dispersive power, of a pungent, somewhat aromatic
taste, and a peculiar odor, which, when pure, slightly resembles
that of chloroform. Tts spec. grav. is 1272 at 15° C. (59° F.),
and it boils at 47° C. (116.6° F.), but does not solidify when ex-
posed to a temperature of —110° C. (—166° F.). It is highly
inflammable, taking fire in the air at 149° C. (300.2° F.), and
burns with a blue flame, yielding, as the products of combustion,
carbon dioxide and sulphur dioxide. Ls vapor, when mixed
with one-third of its volume of oxygen or atmospherie air, forms
an explosive gas, which detonates with great vi::r[lt:m;{: n contact
with flame; when mixed with nitric oxide, its vapor burns upon
ignition with a very bright blue flame, which is particularly rich
in chemieally active rays,

Carbon bisulphide is not dissolved to any appreciable extent
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by water, and sinks in that liquid ; when agitated with iodine-
water, it absorbs the minute guantity of iodine dissolved in the
water, and acguires a faint, purple color.

Carbon hisulphide is remarkable and important on account of
its extensive solvent powers; it is miscible, in all proportions,
with absolute aleohol (the solubility decreasing with the decrease
of strength of the aleohol), with ether, ehloroform, benzol, essen-
tial and fatty oils; it dissolves readily and freely, among other
substances, sulphur, phosphorus, bromine, iodine, iodoform, cam-
phor, ecaoutehoue, gutta-percha, many resins, wax, paraffin,
stearin, chloral hydrate, and many alkaloids which are soluble in
ether and aleohol,

The vapor of carbon bisulphide is a powerful anti-putreseent,
and retards fermentation, but is also an aetive poison when in-
haled in large quantity, and is capable of producing very serious
effects when inhaled for a considerable time, even in very small
amount. By exposure to sunlight, carbon bisulphide becomes
partially decomposed, acquiring a disagreeable odor and a yellowish
color; 1t then contains sulphur in solution, and reddish-brown
flocks of polymerie carbon monosulphide (CS), are separated.
When preserved under water, it also acquires a yellowish color,
with the formation of small amounts of carbonic and sulphuric
acids, and, when heated with water in a sealed tube, at 150° C,
(302° 1.), it is further decomposed with the formation of hydro-
gen =sulphide.

" Carbon bisulphide may be recognized, even in very minute
© quantities, by warming it in a closed flask with

Fra.106.  concentrated ammonia-water, or by mixing it with

a little ammoniacal aleohol and gently heating ;
these liquids furnish, upon evaporation on the
water-bath, a residue consisting of ammonium sul-
phoeyanide, which, when dissolved in a little water,
and a drop of solution of ferric chloride added,
yields the characteristic blood-red color of ferric
sulphocyanide.

amination :

The odor of earbon bisulphide ghould not be re-
yulsive, nor fetid; it should not cause a dark tur-
idity or }1reci itate in a solution of plumbic acetate,
when agitated with it (absence of hydrogen sul-
phide), nor change the color of moist litmus-paper
(absence of sulphurous acid), and, when allowed to
evaporate spontaneously upon a watch-glass, should
leave no residue (absence of free sulphur, or other
impurities).

An admixture of ethyl or methyl alcohol may
readily be detected by the lesser specific ﬁfﬂwty_ of
the liquid, by its impaired property of dissolving
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fatty oils, and by its diminution in volume when shaken, n a
graduated eylinder (Fig. 106), with an equal volume of water or
glycerin.

CERII OXALAS.
CERIUM OXALICUM.

Oxalate af Cerium. Cerium Ozalate,

Ger. Ceroxalat ; Fr. Oxalate de cérium ; Sp. Oxalato de cerium,
Ce(C,0,), + 9H,0; 708,

A white, granular powder, without odor or taste, containing 9
molecuales (22.88 per cent.) of water, and permanent in the air; it
is almost insoluble in water, aleohol, ether, chloroform, and solu-
tions of potassium or sodium hydrate, but soluble in hydrochlorie
and sulphuric acids. Exposed to heat, the salt is decomposed,
and at a dull red heat is completely converted into eeroso-ceric
oxide, Ce,0,, which is of a dark-red color when hot, yellowish-
white when cold (a brown color would indicate the presence of
didymium), and soluble without effervescence in boiling hydro-
chlorie aeid; this solution gives, with an execess of a saturated
solution of potassium sulphate, a erystalline precipitate of potas-
sinm-cerons sulphate, 3K S0, + Ce,(S0,),

Cerium oxalate, when heated with a solution of potassinum
hydrate, filtered, and the filtrate neutralized with acetic aecid,
affords upon the addition of a solution of ecalcium chloride a
white precipitate of calcium oxalate, which is insoluble in acetie,
but readily and completely soluble in hydrochloric acid.

Examination :

FEarthy cartonates are indicated by effervescence of the salt with
hydrochlorie acid.

Soluble salls may be readily detected by digesting the cerinm
oxalate with water, filtering, and evaporating the filtrate to dry-
ness; any considerable residue, upon evaporation, will reveal the
presence of such impurities.

Alumina or aluminium salts may be detected by boiling the
oxalate of cerium with a strong solution of potassium hydrate,
filtering, and adding an excess of solution of ammonium ehloride,
when a white, flocculent precipitate of aluminium hydrate will be
formed, if such be present.

Other impurities, such as metallic oxides, insoluble earthy
phosphates, foreign oxalates, ete., may be sought for, when indi-
cated, according to the systematic methods of analvsis. as
described on pages 51 to 61. %
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CHINOIDINUM.

Chinoidin, Quineidin,
Ger, Chinoidin ; Fr. Quinoidine ; 8p. Quinocidina.

A brittle, resin-like mass, of a deep brown eolor, a glossy, con-
choidal fracture, and a peculiar aromatic odor, and consisting
principally of diquinidine, C, H N O, accompanied by varyin
amonnts of quinicine, G“H“i\’l(}, cinchonicine, C, 0, N.O, an
other amorphous bases ; 1t becomes soft and tough at a moderate
temperature, and melts like a resin when warmed ; at a stronger
heat, it burns away, and leaves, upon incineration, a white ash,
which should not amount to more than 0.7 per cent. of its weight.

Chinoidin is almost insoluble in water, and only partly soluble
in ether, benzol, and in glycerin, but freely soluble in diluted
acids, in aleohol, and in ehloroform, forming dark brown solutions
of an aromatie, bitter taste and odor; the aleoholie and ethereal
solutions are precipitated by water, and the acid uq|umus solution
becomes green when first mixed with sufficient chlorine-water to
decolorize it, and subsequently with an excess of ammonia-water.

Examination :

(Fuin-fesins, —A small portion of the triturated chinoidin is
agitated, in a test-tube, with about 20 times its weight of water;
the mixture is then heated to boiling, with constant agitation
when cool, the water must be nearly colorless, and remain so
upon the addition of a few drops of a concentrated solution of
potassinm hvdrate, and subsequent heating; if a brown colora-
tion takes place, in either of these tests, gnm-resinsg (aloes) or
other soluble admixtures (liquorice, glucose, dextrin, ete.) are
indicated.

Resins may be detected in the chinoidin remaining undissolved
in the preceding test, by dissolving it, with the aid of heat, in
diluted sulphuric acid; a complete or almost complete solution
must take place, otherwise an admixture of resing, insoluble in
dilnted acids, is indicated.

As a confirmatory test for gnm-resins, liquorice, glucose, ete., a
few drops of the obtained solution may be allowed to fall into
aleohol; they must form a clear solution; an ensuing turbidity
wonld establish the presence of such admixtures.

Inorganie admiztures are indicated by an insoluble residue
when the chinoidin is dissolved in aleohol, or by a residue left
upon ignition.® .

Copper may be specially sought for in the residue left upon

* In eonsequence of the slow combustion of the sulstance, ils r:nmplrlw:
ignition may be facilitated by the addition of a few drops of nitric acid to the
earbonaceous residue left upon heating, and again strongly heating, when the
organic matter will become completely removed.
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ignition, by dissolving it in a few drops of warm hydrochloric acid,
and, after dilution with water, testing the solution in separate
portions, with a drop of solution of potassium ferrocyanide, and
with an excess of ammonia-water; a reddish-brown turbidity with
the first-named reagent, and a blue coloration of the liquid with
the latter, will determine the presence of copper.

CHLORAL.

CHLORALI HYDRAS. CHLORALUM HYDRATUM.
Chloral. Hydrate of Chloral, Chloral Hydrate.
Ger. Chloralhydrat: Fr. Hydrate de chloral ; Bp. Hidrato de cloral.

CHOLO + H,0 = 00L-CHS g1 165.2.

Colorless, semi-transparent, needle shaped erystals, or erystal-
line plates, belonging to the monoclinic system, and possessing a
peculiar ethereal odor and punyent taste. Exposed in a dry test-
tube to a gentle heat, by dipping the tube into hot water, ¢hloral
hydrate tuses at 53° C. (136.4° F.), forming a clear, colorless liquid
ot the spec. grav. 1.575, which, at 46° C. (114.8° F.), again solidi-
fies; at 78° C. (172.4° F.), it is resolved into chloral, which boils
at 99° C. (210.2° F.), and water, and, at a higher tntrqlmratul'e, is
wholly volat:lized, without the evolution of inflammable vapors.

Chloral hydrate is soluble in about half its weight of cold water,
and freely in both aleohol and ether, but only sparingly soluble
in eold chloroform, in earbon bisulphide, in benzol, benzin, and in
fixed and volatile oils. Its aqueous solution possesses a faintly
acid reaction, but, when slightly acidulated with diluted nitrie
acid, no change, or but a faint opalescence, should be produced
upon the addition of solution of argentic nitrate: upon the sub.
sequent addition of a little ammonia-water, Lowever, and heating
the mixture, decomposition takes place with effervescence, and
with the formation of argentic chloride and metallic silver, the
latter coating the walls of the tube. When the agueous solution
is acidulated with diluted sulphurie acid, and faintly tinged with
a few drops of solution of potassinm permanganate, no decolora-
tion should take place within a few hours. The aleoholic solution
of chloral hydrate, in distinetion from the aqueous, should not
affect the color of moistened blne litmus-paper, and should also
afford no turbidity upon the addition of a solution of argentic
nitrate,

Concentrated sulphurie, nitrie, and hydrochlorie acids dissolve
chloral hydrate with decomposition, but without color, and with-

out the evolution of colored vapors. Solutions of the alkaline
20
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hydrates decompose it, when heated, into soluble formiates and
chloroform. Ammonium sulphide dissolves e¢hloral hydrate, with
the evolution of heat, forming a turbid, reddish-brown liquid ;
the same reagent produces, in concentrated as well ag in diluted
solutions of ﬂlliul"!th:'i"(ll‘H'tE, a yellow eoloration, which hecomes
dark brown, forming, with the separation of sulphur, a reddish-
brown compound, gradually when cold, immediately upon
warming. :

Chloral hydrate liquefies when mixed with earbolic acid or
with eamphor, without decomposition, and is separated again by
the subsequent addition of water,

Examination:

Decomposition of ¢hloral hydrate is indicated by the emission
of vapors and by a pungent odor upon opening the vial, by the
reddening of moistened blue litmus-paper when immersed in it,
as also by a yellowigh color and incomplete solubility in water,
with the formation of oily drops. It is further indicated, in
the aqueous solution of chloral hydrate, acidulated with a few
drops of diluted nitrie acid, by a white Ereci iitate with argentic
nitrate, and in another portion, acidulate wid} sulphurie acid, by
decoloration of solution of potassinm permanganate.

Chloral aleoholate, CHCLO 4 OH,0 = (0010 §FHs), s

distinguished from the hydrate by the evolution, upon strongly

heating, of inflammable vapors, which burn with a yellowish,

smoky flame; by the property of heing readily and freely soluble

in cold chloroform, in carbon bisulphide, or in oil of turpentine,

but less soluble in eold water than is the hydrate; and by its

yielding a reddish-brown or brown solution with warm concen-

trated sulphurie acid, and by the evolution

Fie. 107. of red nitrous vapors with concentrated

nitric acid.

m An admixture of the aleoholate with the

& hydrate may be detected by dissolving a

= P * portion of the salt in about 10 times its

E‘; weight of water, in a test-tube, adding suf-

4 ficient of a solution of iodinized potassium

4 g"v" iodide to impart a dark brown coloration,

and subsequently a solution of potassium

hydrate, in small port'ons, until the liquid

is nearly decolorized and retains but a

slight yellowish tint; the mixture isrthe:! gently warmed, by im-

mersing the test-iube for a short time in hot water, and subse-

quently allowed to cool; if cl:ullomi _nlr:nlyulme is present, srr!all

yellow crystals of iodoform (Fig. 107) will be separated, which

may be recognized by their odor, and their appearance under the

microseope, whilst the liquid, in consequence of the separated
chloroform, will assume a milk-like turbidity.
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The following methods of approximate estimation of the purity
of chloral hydrate depend upon the volumetrie determination of
the quantity of chloroform produced by the decomposition of a
known quantity of chloral hydrate, or upon the determination of
the amount of normal alkali which is required for the complete
decomposition of the salt into chloroforin and an alkaline for-
miate :

C,HCLO+H,0 + NaHO = HO + NaCHO, 4 CHCI,

5 s J e | SRS,

Chloral hydrate, Sodinm formiate. Chloroform.

I. Fifty parts of the chloral hydrate are dissolved in about an
equal weight of water in a graduated glass tube or cylinder,
divided into 100 parts (Fig. 108); a warm solution
of potassium or sodium hydrate (containing about
20 parts of potassium hydrate, or 15 parts of sodium
hyc{mte] is then added, and, finally, sufficient water
to make the entire liquid measure 100 parts. The
eylinder is then closed, agitated for a short time, and
allowed to repose, when the fluid will soon separate
into two layers, a lower one of chloroform, and an
upper layer, consisting of an alkaline solution of
potassium or sodium formiate.

If the sample was pure hydrate, the chloroform
should measure not less than 24.06 parts, correspond-
ing to 36.10 parts by weight, or 72.2 per cent. of the
L]ﬁoral hydrate employed ; if it was chloral aleohol-
ate, the chloroform will measure 20.535 parts, corre-
sponding to 30.88 parts by weight, or 61.75 per cent.
of the chloral aleoholate.

An admixture of the aleoholate with the hydrate
will, therefore, be indicated, proportionately, by the
decrease of the quantity of chloroform, ranging, in
the above test, between 24.06 and 20.53 parts by
volume, and 36.10 and 30.88 parts by weight.

IT. About 3 grams of chloral hydrate are accu-
rately weighed, and dissolved, in a beaker, in about 10 eubie cen-
timeters of water ; the solution being then gently warmed, about
25 cubic centimeters of a normal solution of potassium or sodinm
hydrate (page 87) are allowed to flow in from a burette, when the
chloral hydrate will become completely decomposed into chloro-
form and potassium or sodium formiate. To the cooled liquid a
few drops of a neutral solution of litmus are then added, and the
excess of alkali (18.12 cubic centimeters of normal alkali are
theoretically required for the decomposition of 8 grams of chloral
hydrate) inversely titrated by means of a normal solution of
oxalie acid, page 82, The number of cubic centimeters of the
normal acid which are required for the exact neutralization of
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the liquid, subtracted from the number of eubic centimeters of
normal alkali originally employed, will indicate the amount of
alkali required for the decomposition of the chloral hydrate, and
therefrom the purity of the salt may be readily determined; one
eubic centimeter of normal alkali corresponding to 0.1655 gram
of pure chloral hydrate.

If the chloral hydrate contains alecoholate, the number of enbie
centimeters of alkali required to effect the decomposition of the
salt will be less, and in proportion to the extent of the admix-
ture; 8 grams of ehloral aleoholate requiring for its decomposition
15.50 cubie centimeters of normal alkali.

CHLORALUM EUTYLICUM.

BUTYLO-CHLORALUM HYDRATUM. CROTONO-CHLORALUM
HYDRATUM.

Butyl-chloral Ifydrate. Crofon-ehloval Hydrafe.

Ger. Butylehloralbydrat ; Fr. Hydrate de chloral butylique ;
Sp. Hidrato de cloral-croton,

C,IL,CL0 + H,0; 1902,

Thin, white seales, of a silky lustre, fusing at 78° C. (172.4°
F.), and readily volatiliz'ng above that temperature, with the
evolution of irritating vapors.

Butyl-chloral hydrate is soluble in about 20 parts of eold water,
and readily soluble in boiling water, in aleohol, and in glycerin;
it volatilizes freely with the vapors of boiling water.

Tts solution should be neutral in its action upon litmus, and
affords no turbidity when tested with solution of argentic nitrate.
Upon gently heating with concentrated sulphuric acid, butyl-
chloral hydrate should remain ecolorless, and form oily drops of
colorless butyl chloral. Tt is decomposed by alkaline hydrates,
forming bichlorallylene (C,H,C),), and alkaline formiate and chlo-
ride.

CHLOROFORMUM.

CHLOROFORMIUM,
Chioraform.
Ger, Cliloreforn ; Fr. Chloroforme ; Sp. Cloroformo.
CHOCL,; 119.2.

A dense, colorless, volatile, and limpid lignid, of an agreeable,
ethereal, aromatic odor, and sweetish taste; it does not act upon
litmus, and is not readily inflammable, but, when a wick is satu-
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rated with chloroform, and ignited, it burns with a greenish flame,
emitting pungent vapors which contain hydrochlorie acid. It is
very volatile at common temperatures, produeing, by rapid evap-
oration, great cold, and leaving neither a residue, nor a film of
moisture, nor any unpleasant odor, when wholly evaporated by
the warmth of the hand, by causing the chloroform to flow to and
fro, in a porcelain eapsule. It boils at 62° C. (143.6° I.),
Chloroform sinks in water, being but slightly soluble, one part
requiring about 200 parts of water for solution. The spec. grav.
of pure chloroform 1s 1.502 at 15° C. (59° F.); in this state of
purity, it is subject to rapid decomposition by the combined
action of atmospheric oxygen and of solar llgjht; it is, however,
protected against this deterioration by a slight percentage of
ethylic aleohol, which is, therefore, retained in the preparation of
medicinal chloroform, or subsequently added thereto in amounts
of from one to two per cent., whereby its specific gravity 1s
decreased from 14854 to 1.4705 at 15° C.(59° F.), and its boil-
ing-point, despite the higher boiling-point of pure aleohol, reduced
in the first instance, from 60.2 to 61.6° C. (140.3 to 141.8° F.),
and, in the latter, from 59 to 61.2° C. (138.2 to 142.1° F.%.
Chloroform is miscible, in all proportions, with absolute aleo-
hol, with ether, benzol, carbon bisulphide, and fixed and volatile
oils, and is an extensive solvent for resins, caoutchoue, gutta-percha,
camphor, paraffin, ete. ; it also dissolves iodine, bromine, and, more
or less completely, most vegetable alkaloids, whicl: latter it almost
completely withdraws from their aqueous, alkaline solutions.
Chloroform is not miscible with glycerin, and is insoluble in
the concentrated mineral acids; when shaken with themn, even at
an elevated temperature, it undergoes no perceptible change ; nor
is it acted upon at ordinary temperatures by agqueous solutions
of the alkaline hydrates, iodides, or bromides, nor by argentic
nitrate,
When heated with an alecoholie solution of potassium or sodinm
hydrate, it is decomposed, with the formation of alkaline chloride
and formiate :

CHCI, + 4NaHO = 2H,0 + 3NaCl + NaCHO,

On the subsequent addition of a little water, and the evapora-
tion of the chloroform and alcohol, the liquid, when exactly neu-
tralized by dilute sulphuric aeid, will yield a white precipitate
upon the addition of a solution of argentic nitrate; if the fil-
trate therefrom be then gently warmed, a reduction of the argen-
tic nitrate will take place, and a silver mirror obtained on the
sides of the tube. When heated to 180° C. (356> F.) with an
agqueous or aleoholic solution of ammonia, it is resolved into am-
monium chloride and eyanide; and, in the presence of a little
potassium hydrate, the decomposition takes place below 100° C.
(212° F.):

CHCI, + NH, + 4KHO = 41,0 4+ 3KCl + KON,
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The liquid, upon the subsequent addition of a few drops of a
solution of a ferrous and ferrie salt, and supersaturation with
bydrochloric acid, will yield a precipitate of Prussian blue.

When chloroform, or its agueous or aleoholic solution, is gently
heated with an aleoholic solution of sodium hydrate, and a few
drops of aniline, vapors of phenyl-isocyanide (phenylearbylamin),
C,H,-NC, are evolved, which possess an exceedingly penetrating
and unpleasant odor, and produce insensibility when inhaled.

CHOY, + 8NaHO + C,H,(NH,) = C,H,~NC + 8NaCl + 3H,0,

When chloroform, or its agqueous solution, is warmed with an
alkaline solution of cuprie tartrate (Fehling’s solution), a separa-
tion of red enprous oxide is produced, in consequence of the for-
mation of a trace of sodinm formiate.

Examination of Commercial Impure and of Purified Chloroform:

As a preliminary test for the indication of a partial decomposi-
tion of chloroform, a test-tube may be rinsed with ammonia-
water, and, subsequently, one or two drops of the chloroform
allowed to fall to the hottomn of the tube; the appearance of
white fumes would indicate such decomposition. In another test-
tube equal volumes of the chloroform and of water, the latter
slightly biued with neutral litmus-solution, are shaken together;
a decoloration or a red appearance of the water, after subsiding,
would likewise show decomposition,

The result of these tests should also be negative, if the chloro-
form has been previously exposed, in a white glass bottle, to
direct sunlight, for about ten hours.

When shaken with half itg volume of concentrated sulphurie
acid in a bottle closed by a glass stopper, no coloration should be
produced, either at once or upon standing; a dark coloration of
either liquid will indieate a partial decomposition of the ehloro-
form, attended by the liberation of chlorine, which, combining
with the ethylic or other alcohols which may be present, gives
rise to the formation of chlorinated ethers, which impart a brown
color to the sulphurie acid.

Chlorine and Hydrochloric Aetd.—Two volumes of chloroform
are shaken in a graduated cylinder (Fig. 109) with one volume
of water. A perceptible diminution of the volume of the chloro-
form, after subsiding, would indicate an objectionable percentage
of aleohol. The supernatant water must neither appear turbid,
nor redden blue litmus-paper, nor afford a precipitate when tested
with a dilute solution of argentie nitrate. An acid reaction upon
litmus, and the oceurrence of a precipitate with the latter reagent,
would indicate free ellorine or hydrochloric acid,

Chlorine may also be detected by adding the e¢hloroform, drop
by drop, to a solution of potassinm iodide (free from iodate) in a
test-tube. When agitated, the chloroform, after subsiding, will
appear rose-colored, and the agueous solution yellow, if even
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traces of free chlorine be eontained in the ehloroform ; when this
is the case, and the addition of chloroform, in drops, is continued,
each drop, falling through the agqueous solution, will assume
slight parplish tint. i | _ ngrie
Eithylene dichloride (Duteh liguid), C,H,Cl,, will be indicated
by its lower specific gravity (1247 at 153° C. = (4.4° F.), and
higher boiling-point (85° C.=185" F.), as also by the
following test: A little fused potassium hydrate 1s Fia. 109,
dismlvcﬁ, in a dry test-tube, in some absolute alco- T
hol ; after complete solution is effected, and the im-
purities have subsided, the clear liquid is decanted
into a dry test-tube, and a little chloroform added.
No reaction will take place in the clear fluid unless
the chloroform contains Duteh liguid, in which case
an elevation of temperature will appear perceptible
by a small thermometer ilnlrnf.ars:edJ in the liquid ; a
slight evolution of gas from the liguid will also
oceur, and a erystalline precipitate of potassium
chloride will be gradually produced.

T e el

T rTal.T’r

T
2

I

Aleohol—Since medicinal chloroform, as stated Ew |
above, contains about one or two per cent. of aleohol, e
an examination for an admixture of alcohol by one E o

3

of the following sensitive tests would obviously be a
contradietio in adjecto. The specific gravity, the vol-
umetrie test in the preceding examination, and the
property of chloroform to form a perfectly clear and
transgparent mixture with sweet oil of almonds, which
it will not do if it contains more than five or six per
cent. of aleohol, afford sufficient evidence of the
quality of ehloroform in this respect. A chloroform which has a
specific gravity of less than 1.4705 at 15° C. (59° F.), and which
renders oil of almonds turbid, and causes a perceptible rise of
temperature when aetively shaken, in a dry test-tube, with an
equal volume of concentrated sulphuric acid, cannot be considered
as being of medicinal strength.

Tests for the I]':zi.'m!ion of Aleolol in Cllovoform.

1. Strong sulphuric acid, to which a little potassinm bichro-
mate has been added, when shaken with an equal bulk of ¢hloro-
form, will turn green, if the latter contains alcohol.

2. Two volumes of ¢chloroform and one volume of eoncentrated
sulphurie acid are mixed in a bottle closed with a glass stopper ;
after repeated agitation, the bottle is set aside for a few hours;
the liquid is then carefully diluted with about an equal bulk of
water, the supernatant aqueous liquid is decanted into a beaker,
and so much of a mixture of pure barium carbonate in water is
added, with constant stirring with a glass rod, as completely to
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neutralize the acid, so that, after gentle warming, the cooled liquid
does not change blue litmus-paper; it is then passed through a
moist filter, and the filtrate tested with dilated sulphurie acid. TIf
the chloroform contained traces of aleohol, this would have given
rise to the formation of ethyl-sulphurie acid (sulphovinie acid),
and subsequently to soluble barinm ethyl-sulphate, contained in
the filtered solution, and which is precipimte(f by sulphuric acid
as barium sulphate. Consequently, the oceurrence of a white
precipitate will be evidence of the presence of aleohol.

3. A mixture of two volumes of the chloroform with five vol-
umes of water is warmed in a test-tube to about from 30 to 40°
C. (86 to 104° F.); after active agitation for a few minutes, the
lic}uifl is passed through a moist filter, and to the filtrate is added
a little solution of iodinized potassium iodide ; a solution of potas-
sium hydrate is then gradually added until the eolor of the liquid
disappears, Afier twelve hours’ standing in a conical glass, a
erystalline deposit of iodoform (Fig. 110) will have taken place

Fia. 110, Fia. 111.

il aleohol be present; the erystals may be recognized under the
microscope, when the liquid is carefully removed by means of a
small pipette (Fig. 111), and the deposit transferred to a glass slip.

CHRYSAROBINUM.
Chrysarobin.
Ger. Chirysarobin ; Fr. Chrysarobine ; 8p. Crisarobin.

A pale, orange-yellow, erystalline powder, without odor or
taste, and permanent in the air, When heated to 162° C 5323.6"
F.), it melts, and, at a higher temperature, may be partially sub.
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limed ; when strongly heated on platinum-foil, it emits yellow -
vapors with the separation of carbon, and is finally completely
dissipated. _ _ :

Chrysarobin is almost insoluble in water, and sparingly solu-
ble in aleohol, but is quite readily soluble in ether, chloroform,
benzol, and the fixed aund volatile oils; it is also soluble in solu-
tions of the alkaline hydrates, with a yellowish-red or reddish-
yellow color, which is changed to red by passing. air through
the liquid. When shaken with ammonia-water, chrysarobin
assumes, after some hours, a fine carmine-red color. Tt dissolves
in cold concentrated sulphuric acid, with a deep blood-red color,
and on pouring the solution into water it is again separated un-
changed. If a little of the powder be strewn upon a drop of
fuming nitric acid, and the red solution exposed in a thin layer
to the action of the air, it then assumes in contact with ammonia
a violet color,

CINCHONIDINA.
CINCHONIDINUM.

Tinchonidine. Cinchonidia.
Ger. Cinchonidin ; Fr. Cinchonidine ; Sp, Cinconidina.

C,H,N,0; 204,

2

Colorless, hard, shining prisms, odorless, possessing a bitter
taste, although less intense than that of quinine, and an alkaline
reaction. Thev contain no water of erystallization, and fuse at
206.5° C. (405.7° F.): when strongly heated upon platinum-foil,
they become decomposed and charred, and are finally completely
dissipated.

Cinchonidine is soluble 1in 1680 parts of water at 10° C, (50° F.),
in 19.7 parts of 80 per cent. aleohol, and in 76.4 parts of ether;
it dissolves readily in diluted acids with the formation of neutral
and acid salts, which are mostly well erystallizable, more freely
soluble in water than the corresponding salts of quinine, and qnuite
readily soluble in aleohol, but very sparingly soluble in ether.

In contact with concentrated nitric or sulphuric acid, cincho-
nidine suffers no change of color (distinetion from brucine, mor-
phine, salicin, ete.), and its solution in the latter acid does not
afford a purple coloration in contact with a erystal of potassiumn
bichromate (distinetion from strychnine).

When dissolved in water, acidulated with diluted sulphurie
acid, the solution displays no fluorescence, and, upon the addition
of a little chlorine water, and subsequently of ammonia, no green
eoloration is produced (distinetion from quinine and gquinidine).
It is distinguished from cinchonine by its greater solubility in
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cther, the latter requiring at 17° C. (62.6° F.) 870 parts of ether
for selution, :

In the absence of any specially characteristic chemieal test for
cinchonidine, its identity as a cinchona alkaloid may be deter-
mined, in connection with the described physical characters, by
its property of affording, when mixed with a little sugar, and
heated in a perfectly dry test-tube, a bright-red tarry sublimate,
which, as far as at present known, isonly produced” by the dry
distillation of cinchona barks or their alkaloids, when in contact
with some indifferent organic substance, such as sugar.

When einchonidine is dissolved in water, acidulated with dilute
sulphurie acid, it responds to the tests for a solution of cincho-
nidine sulphate, as described under the latter, on page 814,

CINCHONIDINAE SULFPHAS.

CINCHONIDINUM SULFURICUM.
Sulplate of Cinchonidine or Cinchonidia. Cinchonidine Sulphate.

Ger. Schwelfelsaures Cinchonidin ; Fr. Sulfate de cinchonidine ; Sp. Sulfato de
cineonidina.

(C,H,,N,0). HS0, + 3H,0; T40.

Colorless, silky, lustrous needles, or thin quadrangular prisms,
without odor, but possessing a very bitter taste, and feebly alka-
line reaction. 'They contain about three molecules (7.30 per
cent.) of water of erystallization when erystallized from a concen-
trated aqueous solution, or gix molecules (13.60 per cent.) when
erystallized from a dilute aquneous solution. When heated to
100° (2, (212° FE.) the salt loses its water of crystallization, and
whert strongly heated upon platinam-foil it is decomposed and
charred, and finally completely dissipated.

Cinchonidine sulphate is soluble in 100 parts of water and in
71 parts of aleohol at 15° C. (39° F.), in 4 parts of boiling water
and in 12 parts of boiling aleohol, freely soluble in acidulated
water, and soluble in 1000 parts of chloroform; but nearly in-
goluble in ether and benzol. The aqueons solution possesses a
bitter taste, and is precipitated by the general alkaloidal reagents:
potassio-mercurie 1odide, platinie chloride, tannic acid, ete., and
upon the addition of solutions of the alkaline hydrates, carbon-
ates, or bicarbonates, a white precipitate of cinchonidine is pro-
duced, which is nearly insoluble in an excess of the precipitant,
but soluble in about 76 times its weight of ether, and, upon stand-
ing, becomes crystalline; with solation of barium chloride it
yields a white precipitate of bariumn sulphate, insoluble in hydro-
chlorie acid,

In contact with concentrated nitrie or sulphurie acid, einchoni-

S S S —"
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dine sulphate suffers no change of color (distinction from bruecine,
morphine, salicin, ete.), and its solution in the latter acid does not
afford a purple coloration in contact with a erystal of potassium
bichromate (distinction from stryehnine).

The solution of cinchonidine sulphate in water, acidulated with
sulphuric acid, displays no fluorescence, and, upon the addition
of a little chlorine-water, and subsequently of ammonia, no green
coloration is produced (distinction from the sulphates of quinine
and quinidine). It is distinguished from einchonine sulphate by
the solubility of the latter in 60 parts of chloroform, whereas cin-
chonidine sulphate, as previously stated, requires 1000 parts of
chloroform for solution.

A cold saturated solution of cinchonidine sulphate affords, upon
the addition of a solution of potassium and sodinm tartrate (Ro-
chelle salt), in slight excess, a white crystalline precipitate of cin-
chonidine tartrate, (C,,H_N,0),.C HO, + 2H, 0, which requires
1265 parts of water for sufutiuu, and is quite insoluble n an
excess of the reagent,

Examination:

Moisture, or the verification of the proper amount of water of
erystallization, may be determined by exposing one gram of the
salt to the temperature of 100° C. (212° F.), until the weight
remains constant; when thus dried the residue should weigh not
less than 0.92 gram, indicating an amount of water corresponding
to between three and four molecules.

Cinchonine and Quinidine Sulphates—In addition to the above
described points of distinetion, the presence of any appreciable
amount of cinchonine or quinidine sulphates may be readily
detected by the following test: 0.5 gram of the cinchonidine sul-
phate is digested with 20 cubic centimeters of cold distilled water,
(.5 gram of potassium sodium tartrate added, the mixture mace-
rated, with frequent agitation, for one hour, at 15° C. (59°® F.),
then filtered, and one drop of ammonia-water added to the filtrate,
when not more than a slight turbidity should oecur; a white
precipitate would indicate the presence of more than 0.5 per cent.
of cinchonine sulphate, or of more than 1.5 per cent. of quinidine
sulphate.

CINCHONINA.
CINCHONINUM.
Cinehontne. Cinchonia,
Ger. Cinchonin ; Fr. Cinchonine ; 8p. Cinconina.
C, H,N,0; 294,

Colorless, transparent, monoclinic prisms or needles, withont
odor, and at first nearly tasteless, but developing a bitter after
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taste, and possessing an alkaline reaction, They contain no water
of erystallization, and are permanent in the air. When heated
to 220° C, (428° F.) they begin to volatilize, and when heated in
a current of hydrogen or ammonia gas, they may be sublimed,
without decomposition, in long needles; they melt at about 250°
C. (432° F.), but assume a brown color, and become thereby par-
tially decomposed; when more strongly heated, upon platinum-
foil, they become charred, and are finally completely dissipated.

Cinchonine is very sparingly soluble in cold water, one part
requiring at 17° C, (62.6° F.) 3700 parts for solution, and is not
much more soluble in solutions of the alkalies or in boiling water,
requiring of the latter about 2500 parts for solution; it is soluble
in 110 parts of aleohol at 15° C. (59° F.), in 28 parts of boiling
aleohol, in 370 parts of ether, and in 850 parts of chloroform. It
dissolves readily in dilute mineral acids, with the formation of
neutral or acid salts, which are mostly well crystallizable, and
possess a persistent, strongly bitter taste,

I'n contact with concentrated nitrie or sulphurie acid, cinchonine
suffers no change of color (distinetion from brucine, morphine,
saliein, ete.), and its solution in the latter acid does not afford a
purple coloration in eontact with a erystal of potassium bichro-
mate (distinetion from strychnine).

The aqueous solution of einchonine possesses an alkaline reac-
tion and a bitter taste. When cinchonine is dissolved in water,
acidulated with dilute sulphurie acid, the solution digplays no fluo-
rescence, and, upon the addition of a little chlorine-water, and sub-
sequently of ammonia, no green coloration is produced (distinetion
from quinine and quinidine). It is distinguished from eincho-
nidine by the solubility of the latter in 76 parts of ether, whereas
einchonine, as stated above, requires 370 parts for solution.

In the absence of any specially characteristic chemical test for
cinchonine, its identity may be determined, in conneetion with
the above deseribed physical characters, by its property, common
to all einchona alkaloids, of affording, when mixed with a little
sugar, and heated in a perfectly dry test-tube, a bright-red tarry
sublimate, which, as far as at present known, iz only produced
by the dry distillation of einchona barks, or the alkaloids contained
therein, when in contact with some indifferent organie substance,
such as the above-mentioned carbohydrate.

When cinchonine is dissolved in water, acidulated with dilute
sulphurie aeid, it responds to the tests for a solution of cinchonine
sulphate, as described under the laiter, on page 317.




CINCHONINA. 317

CINCHONINZE SULFHAS,

CINCHONINUM SEU CINCHONIUM SULFURICUM.
Sulphate af Cinchonine or Cinchonia. Cinchonine Sulphate.

Ger. Schwefelsaures Cinchonin ; Fr. Sulfate de cinchonine ; Sp. Sulfato de
cineonina.

(CoH,N,0), H,80,+2H,0; 722.

Transparent and colorless, hard, shining prisms of the moneo-
clinic system, possessing no odor, but a very bitter taste, and a
slightly alkaline reaction. They contain two molecules (4 98 per
cent.) of water of crystallization, which are lost by drying at
100° C. (212° F.). When heated to about 240° C, (464° F.), the
salt melts with partial sublimation, and when strongly heated,
upon }iﬂﬂtilmm-fui]., it fuses to a red, resinoid mass, becomes
charred, and is finally completely dissipated.

Cinchonine sulphate is soluble in about 70 parts of water and
in 6 parts of aleohol at 15° C. (59° F), in 14 parts of boiling
water, in 1.5 parts of boiling aleohol, and in about 60 parts of
chloroform, but is insoluble in ether or benzol ; it dissolves readil
in dilute sulphurie acid, with the formation of an acid sulphate,
or mono-cinchonine sulphate, C,,H, N O.H S0, +4H,0, which is
difficultly erystallizable, and soluble in half its weight of water,
but requires 100 parts of absolute aleohol for solution.

The aqueouns solution of c¢inchonine sulphate possesses a very
bitter taste, and exhibits no fluorescence; it is precipitated by
the general alkaloidal reagents: potassio-merecuric iodide, platinie
chloride, tannie acid, etc., and upon the addition of solutions of
the alkaline hydrates, carbonates, or bicarbonates, a white pre-
ciilyimte, of cinchonine is produced, which is but very sparingly
soluble in an excess of the precipitant; with potassinm ferro.
cyanide a white amorphous precipitate iz produced, which, upon
warming, is soluble in an excess of the reagent, and is separated
in a erystalline form upon cooling; with solution of barium
chloride it yields a white precipitate of barium sulphate, insoluble
in hydrochlorie acid, ;

In contact with concentrated nitriec or sulphurie aeid, cincho-
nine sulphate suffers no change of color (distinetion from brucine,
morphine, salicin, ete.), and its solution in the latter acid does not
afford a purple coloration in contact with a crystal of potassium
bichromate (distinetion from strychnine). :

Uinchonine sulphate is distingnished from the salphates of qui.
nine and quinidine, by its greater solubility in water, by the
absence of any fluorescence of its solution in dilute sulphuric
acid, and by the latter solution, upon the addition of a little
chlorine-water and subsequently of ammonia, affording no green
coloration ; it is also distinguished therefrom by the very sparing
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solubility of the pure alkaloid, when precipitated from a solution
of its salt by ammonia-water, and subsequently shaken with ether.
Ttisdistinguished from cinchonidine sulphate by the latter requir-
ing 1000 parts of chloroform for solution, whereas anhydrous
cinchonine sulphate is soluble in 60 parts of chloroform ; and, on
the other hand, free cinchonidine is soluble in 76 parts of ether,
whereas pure cinchonine requires 370 parts of ether for solution.

CODEINA.
CODEINUM.
Codeine, Codeia.
Ger. Codein ; Fr. Codéine ; 8p. Codeina.
¢, H,NO,+H,0; 317.

Colorless, transparent, occtahedral erystals, belonging to the
rhombic system, and containing one molecule (5.68 per cen t.}‘ul'
water of erystallization, which is lost by drying at 120° C, (248° F.).
When erystallized from anhydrous ether or carbon bisnlphide, it
forms small, colorless erystals, containing no water of crystalliza-
tion, but likewise belonging to the rhombic system,

Codeine, when previously deprived of its water of erystalliza-
tion, melts at 150° C. (302° F.), and solidifies upon cooling in a
crystalline form ; when strongly heated upon platinum foil, it is
decomposed with the evolution of inflaimmable vapors, and is
finally ecompletely dissipated. It is soluble in 80 parts of water
at 157 C, (59° F.), and in 17 parts of boiling water, in 6 parts of
ether, in 10 parts of benzol, and freely soluble in aleohol, amylic
alcohol, chloroform, and carbon bisulphide, but very sparingly
goluble in petrolenm benzin; when heated with less water than 1s
required for solution, or when dropped into boiling water, it sinks
to the bottom, and melts in the form of an oily liguid, It is also
readily soluble in dilute acids, with the formation of well erystal-
lizable salts, which are soluble in water and aleohol, but nearly
insoluble in ether, and possess a strongly bitter taste,

The aqueous solution of codeine has a very bitter taste and
strongly alkaline reaction, precipitating from neutral solutions of
the salts of lead, iron, copper, cobalt, and nickel, their respective
hydrates; and is itself precipitated by the ordinary alkaloidal
reagents: potassio-mercuric lodide, iodinized potassinm iodide,
tannie acid, platinic chloride, ete., as also from 1ts saturated solu-
tion by concentrated solutions of potassium or sodium hydrate,
but remains unchanged upon the addition of ammonia-water, in
which liquid it is nearly as soluble as in pure water.

When a cold saturated agqueous solution of codeine is care-
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fully nentralized with dilute sulphurie acid, it affords no colora-
tion with a neutral solution of ferric chloride, and does not reduce
iodine from a solution of iodie acid (distinction trom morphine);
neither does it aftord any coloration, or but a slight brownish
one, upon the gradual addition of concentratéd sulphurie acid,
and subsequent addition of a trace of potassium bichromate (dis-
tinetion from strychnine).

Nitrie acid, of the spee. grav. 1.200, dissolves codeine with a
yellow color, without becoming red (additional evidence of the
absence of morphine). With concentrated sulphuric acid it forms
a colorless solution, which, upon warming, assumes a green or
bluish coloration, and, after being allowed to cool, yields, upon the
addition of a drop of nitrie acid, a blood-red color. With concen-
trated sulphurie acid, containing a trace of ferric oxide in solution,
it affords a deep blue color, which, upon warming, changes to violet
or red. When dissolved in concentrated sulphurie acid, and one
or two drops of a eoncentrated solution of cane-sugar are added,
and gently warmed, a fine purplish-red coloration is produced.
With concentrated sulphuric acid, containing a little ammoninm
molybdate, it affords a green solution, soon changing to blue, and
gradually becoming vellow. It dissolves in chlorine-water, form-
ing a colorless solution, which, upon the addition of ammonia,
becomes yellowish-red,

When equal parts of codeine and iodine are dissolved separately
in the smallest possible quantity of aleohol, and the solutions
mixed, small, deep violet-colored crystals of codeine tri-iodide,
C,H,NO.I,, are separated upon standing ; they possess an almost
metal lie lustre, are insoluble in water and ether, but dissolve with
a reddish-brown eolor in aleohol.

When heated with concentrated hydrochloric acid, in a sealed
tube, codeine is resolved into methyl chloride and apomorphie
hydrochlorate:

C,,H,,NO, 4+ 2HCl = H,0 + CHCI 4 C,,H, NO,HCL
e —————— et L

Codeine, Apomorphine hydrochlorate.

With lgl_alr:ial acetic acid or acetic anhydride, codeine is readily
converted into aceytl-codeine :

C,H,NO, + CHO, = H,0 + C,I,(C,HONO,

——— e ——

Codine, Acetyl-codeine,

ka‘;de_,'ine hydrochlorate, when heated for a short time at 180° C.
(356 F.) with a concentrated solution of zine chloride, is con-
verted into apocodeine hydrochlorate :

C,H,NO,HCl = H0 + C,H,NO,HCI,

RS e e

— g

Codeine iydrochlorate, Apocodeine hydrochlorate.
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Codeine in its composition and chemical characters may be
regarded as methyl-morphine, C,H (CH)NO, It is distin-
guished from morphine by its ready solubility in ether and chlo-
roform, and greater solubility in water, as also by affording no
precipitate with solution of mercurie chloride, by not reducing
1odine from a solution of iodie acid, and other special tests; it is
distinguished from narcotine in not being precipitated by ammo-
mia-water from an aqueous solution of its salts, and by not being
absorbed by chloroform from an acid solution of its salts, as also
by the special chemiecal tests and reactions.

The above deseribed characteristics of codeine are sufficient to
ascertain its identity and purity. Fraodulent admixtures, like
sugar-erystals, or erystallized inorganie salts, are at once indicated
by their ready solubility in cold water. and by their insolubility
in aleohol and ether, and the latter also by a fixed residue upon
incineration on platinum-foil.

For the separation of codeine from other alkaloids, or when
associated with complex organie mixtures, see page 108.

COLCHICINA.
COLCHICINUM.

Colehicine,

Ger. Colchicin ; Fr. Colehicine ; Sp. Colehicina.
C,, H,,NO,; 387.

An amorphous, yellow, or yellowish-white mass or powder,
possessing a feebly aromatic odor, a very slight alkaline reaction,
and a persistent, strongly bitter taste. It melts at 145° C. (293°
F.), acquiring thereby a brown color, and solidifies on cooling, to
a transparent brittle mass; when heated upon platinum-foil, it
melts and burns away, with intumescence, leaving no residue, or
but slight traces of ash.

Colehieine is freely soluble in water, aleohol, and chloroform,
but very sparingly soluble in ether. Its agueous solution has a
bright yellow color, which becomes more intense upon the addi-
tion of alkalies or mineral acids, and a very bitter, but not an
acrid taste; it is precipitated by tannie acid, phospho-molybdic
acid, and iodinized potassinm iodide, and assumes with ferric
chloride a dark green coloration; but with potassio-mercuric
iodide, potassio-cadmic iodide, and pierie acid, no precipitate
or but a faint turbidity is produced, until after the addition of a
mineral acid; with chlorine-water, a vellow precipitate 1s pro-
dueced, which dissolves in ammonia-water with an orange-yellow
color,
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Colehicine, when added to concentrated sulphuric acid, in a dry
test-tube, agelomerates, and, upon agitation, dissolves with an
intense yellow color; upon the subsequent addition of a drop of
nitrie acid, a dark-brown zone is produced, which gradually changes
to violet, and becomes finally yellow; the reaction being more
distinet and the violet coloration more permanent when, instead
of nitrie acid, a little potassium nitrate is employed.

When brought in contact with a few drops of very concen-
trated nitrie acid, in a small porcelain eapsule, a violet or bluish-
violet coloration is produced, which soon -::Lnnges toa brownish-red
upon the subsequent addition of a little water, a bright yellow
solution is obtained, which, upon supersaturation with an alkali,
assumes a fine orange-yellow or orange-red color, With mod-
erately concentrated nitric acid, colchicine produces simply a
vellow coloration, but if a little concentrated sulphuric acid be
subsequently carefully added, a transitory, but pure violet eolora-
tion will be preduced at the point of contact of the two liguids.

Colchicine, by long-continued exposure to the air, or upon
warming, is converted, through the loss of water and ammonia,
into an amorphous, dark-brown, resinous body, very sparingly
so'uble in water, colehicoresin, C, Hy,N,0,..

3(C,,H,,NO,) = C,H;,N,0,, + NH, + 3H,0.
LT TR i SR et ;
Colchicine, Colchicoresin.

By the action of dilute mineral acids in the cold, or more
quickly upon heating, colehicine is converted into crystallizable
colchiceine, associated with small and varying amounts of an amor-
phous, dark-brown, resinous product, insoluble in water and
ether, beta-colchicoresin, C, H NO, .

C,H,NO, = C,H,NO, + H,0O.
L, -—

e o p—

Colelicine. Colehiceine.

Colchiceine, C,,H, NO, + 2H,0, crystallizes in small, colorless,
rhombie tables or prisms, which melt at 150° C. (8027 F.), and
solidify upon cooling to an amorphous, vellow, brittle mass ; it
possesses a taste less bitter than that of colchicine, and a slightly
aeid reaction,

Colchiceine is sparingly soluble in cold, more readily in hot,
water, and freely soluble in aleohol, chloroform, and solutions of
the alkalies, but is difficultly soluble in ether; its aleoholie solu-
tion deviates the plane of polarization to the left, and possesses a
slight acid reaction. When heated for some time w.th water, at
a temperature of 100° C. (212° F.), it is converted into a yel-
lowish-brown, unerystallizable mass, and is apparently thercby
inversely converted into colchicine. Its aqueous solution assumes
a yellow color upon the addition of mineral ac ds, and, upon
hoi]ingztiherewith, is decomposed, with the separation of a brown-
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has a strongly alkaline reaction, becomes turbid when warmed,
turns brown when exposed to the air, and gradually deposits a
brown resinous mass; it forms precipitates with tannie acid,
otassio-mercuric iodide, iudinixcil potassinm iodide, mercuric
chloride, and picric acid, as also with chlorine, bromine, and
iodine-water, but not with platinic chloride.

Coniine dissolves readily in water acidulated with hydrochlorie
acid, and iz mizcible with a{mhm, amylic aleohol, ether, and aceton,
as also with the fixed and volatile oils, but is sparingly soluble in
chloroform and petrolenm benzin; it decomposes carbon bisul-
phide, particularly upon warming, the solution assuming a yellow
eolor, with the separation of sulphur,

When coniine is carefully nentralized with hydrochloric acid,
and the resulting salt dissolved in alecohol, it affords upon the
addition of platinic chloride a precipitate of the double salt
(C,H, N.HCI),P1Cl,, which is very freely soluble in water, but
may be ur_'!,.rst:-ﬁ]f:::u;i from aleohol.

Coniine readily dissolves sulphur, with the formation of a red-
dish-yellow liquid, as also argentic oxide and chloride, and
resembles ammonia in its behavior towards solutions of the salts
of aluminium and the heavy metals; it precipitates the hydrates
or oxides from solutions of the salts of aluminium, tin, mercury,
copper, silver, lead, zinc, iron, and manganese, but the precipitate
produced in solutions of eupric salts is insoluble in an excess of
coniine (distinction from ammonia).

Coniine neutralizes diluted acids completely with the formation
of neutral salts, which are mostly difficultly erystallizable and
deliquescent, readily soluble in water, aleohol, and in a mixture
of ether and aleohol, but not in pure ether. Although odorless
in their dry condition, the aqueous solutions of salts of coniine
are very prone to decomposition, svon becoming discolored, even
at ordinary temperatures, and evolving the odor of coniine.

Coniine produces white fumes with the vapors of nitrie, hydro-
chlorie, and acetic acids, and is rapidly decomposed in contact
with the concentrated mineral ﬂ(}i(llﬂ. With concentrated sul-
phuric acid, it assumes a purplish-red color, which gradually
changes to olive-green. With a very small amount of concen-
trated nitric acid, a blood-red coloration is produced ; upon the
addition of large amounts of the acid, a violent reaction ensues,
with the evolution of nitrous acid vapors. In contact with dry
chromic anhydride, coniine becomes instantly inflamed.

When coniine, dissolved in a little ether, is allowed to evapo-
rate in a small poreelain capsule, by swaying it to and fro, and
the residue, distributed over the interior surface of the capsule, is
brought in contact with dry hydrochloric acid gas, a purplish-red,
and finally an indigo-blue coloration is produced.

The alkaline l1_~,-r¥mtes do not act upon coniine, with the excep-
tion of decreasing its solubility in water.
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Examination :

An admixture of wvelatile or firxed oils, or of ammonia (which
may also have resulted from the gradual decomposition of the
coniine), may be detected by mixing one drop of coniine with 10
drops of water, upon a watch-glass or in a test-tube, and by the
subsequent addition of one drop of strong hydrochlorie acid ; the
coniine should readily and wholly dissolve to a elear homogeneous
liquid ; any turbidity or ni]Li/ appearance would indicate snch an
admixture, If, now, a few drops of a golution of platinie chloride
are added, a yellow crystalline precipitate will be produnced if
ammonia is present. The presence t:fi ammonia may also be de-
tected by mixing 2 parts of coniine with 1 part of water, and
subsequently carefullly neutralizing the mixture with oxalic acid ;
after standing for some hours, erystals of ammonium oxalate will
geparate from the solution if ammonia be present, and the filtrate
will afford an additional amount of the salt upon the addition of
a mixture of one part of ether and three parts of aleohol; pure
coniine oxalate is soluble in the latter liguid as also in strong
aleohol, ,

Nicotine will be indicated by a higher specific gravity (1.027
at 157 C. = 59° F.), as also by 1tz property of mixing with water
in all proportions, forming clear solutions, which do not become
turbid upon warming, nor upon the addition of chlorine-water, or
in contact with bromine vapor, but afford a erystalline precipitate
upon the addition of a solution of platinic ehloride.

The separation of coniine from many other alkaloids or from
complex organic matters, may be effected by its :frc};mrt}r of being
absorbed by ether from an alkaline solution, as described on page
108 ; and may usually be readily recognized by its characteristic
odor, and the above-deseribed physical and chemieal properties.
It shonld, however, in toxicological research, be carefully identi-
fied as distinet from the elass of bodies called plomarnes or septi-
cine, which are produced by the spontaneous decomposition of
animal matter, and which have received brief notice on pages
104 and 105,

CREASOTUM.
CREOSOTUM. KREOSOTUM.
Creasote,  Wood-Tar Creasote.

Ger. Kreasot ; Fr. Créosole ; Sp. Creosola.

A distinetion has to be made with commercial creasote between
the ereasote obtained from wood-tar and that derived from coal-
tar; the latter is principally a mixture of impure phenol, cresol,
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and similar homologous phenols, or only an impure ecarbolic
acid, and exhibits the properties and reactions of carbolic acid
(sce page 139), whereas wood-tar creasote, although not a sub-
stance of definite or constant composition, contains as 1its essen-
tial constituents, eresol, C,H(CH,)OH, in its different isomeric
modifieations, phlorol, C,H(CH)OH or CH (C,H,)0H, yuaiacol,
C.H(OCH,)OTI, and ereosof, C,H(OCTH )(CH)OH.

Wood tar creasote is a colorless or pale yellow, transparent,
somewhat oily and strongly refractive liquid, of a peculiar, per-
sistent odor, resembling that of smoked meat, and of a caustic,
pungent taste; it is neutral in its action upon litmus, and does
not decompose by exposure to the air and light, but absorbs
moisture, and becomes in time yellowish or reddish. It is com-
bustible, and burns with a sooty flame.

The specific gravity of wood-tar creasote is 1.035 to 1.085 at
129 C. (53.6° F.), and its boiling-point at about 203° C. (397.4° F.),
but it does not crystallize, nor solidify, when its temperature is
reduced to —27° C. = —16.6° F. (distinction from coal-tar crea-
sote).

Wood tar creasote is but sparingly soluble in water; when
mixed with from 120 to 150 parts of hot water, it affords a clear
solution, which, however, becomes turbid on cooling, and grad-
ually, after the separation of the excess of creasote, again clear.
It is miscible with absolute alechol, ether, chloroform, benzol,
glacial acetic acid, carbon bisulphide, and with fixed and volatile
oils, and some varieties form a clear mixture with anhydrous
glyeerin, while others do not. It is also readily soluble in mod-
erately concentrated or strong solutions of potassinm or sodium
hydrate, but sparingly soluble in ammonia-water; when mixed
with a little ether, it affords, upon the addition of a concentrated alco-
holie solution of potassium hydrate, a erystallizable compound of
potassinm creosolate, KC,H,0, + H,0 (C,H,(OCH,)CH,0K + H,0),
which is soluble in water; 1t is decomposed by heating with
an alcoholic solution of potassium or sodinm hydrate, as also by
contaet with cold, concentrated sulphurie or nitrie acid.

Wood-tar ereasote dissolves phosphorus, sulphur, many resins,
camphor, and fats; it does not eoagnlite albumen nor collodion
(distinction from carbolic acid), and is a powerful antiseptic and
antiputrescent.

A freshly prepared, clear, aqueous solution of wood-tar crea-
sote assumes, upon the addition of a drop of a dilute solution of
ferric chloride, a bright blue color, which, however, in distinetion
to the coloration prodaced by carbolie acid, changes immediately
to gray, and, upon the addition of aleohol, to green.

Examination :

Carbolic acid, or coal-tar creasote, in their physical properties
and behavior towards reagents, have many similarities with
wood-tar ereasote, so that they may be either mistaken for, or
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to 260° C. (464 to 500° F.) acetic acid and aceton are evolved,
and at 270° C. (518° F.) white, woolly flakes of cuprous acetate,
Cu(C,H,0,),, begin to sublime, together with
the evolution of carbonie acid and inflammable
gases, whilst a residue, consisting, for the most
part, of metallic copper and its oxides, re-
mains. When strongly heated upon platinum
foil, the crystals glimmer with a greenish-
colored flame, and when triturated, or gently
warmed in a test-tube, with concentrated
sulphuric acid, the odor of acetic acid is
evolved.

Cupric acetate is soluble in 15 parts of
water and in 135 parts of aleohol at 15° C.
(59° F.), in & parts of boiling water, and in
14 parts of boiling aleohol, spee. grav. 0.830,
but is insoluble in ether; its solutions have
a bluish-green eolor, a nauseous, styptic taste,
and assume, when mueh diluted with water, an azure-blue color
upon the addition of an excess of ammonia-water or solution of
ammoninm carbonate, the cold solution remaining elear upon the
subsequent addition of a solution of potassium hydrate, but, uﬁmn
heating therewith, the entire amount of copper is precipitated as
black, hydrated capric oxide,

When eupric acetate is dissolved to saturation in dilute acetie
acid, at 60° C. (140° F.), the cold solution affords large prismatic
erystals of a salt baving the composition Cu(C,H,0,), +5H,0; at
30° C. (86° F.) this salt is resolved into a erystalline powder of
the ordinary acetate, with the elimination of water.

Examination :

Alkalies and alkaline earths may be detected by completely pre-
cipitating the aqueous solution of eupric acetate, acidalated with
hydrochlorie acid, by hydrogen sulphide ; the filtrate should leave
no residue upon evaporation, and should vield no precipitate upon
the addition of a solution of sodium carbonate in excess; in the
lagter instance confirming also the absence of alumininm, zine,
and fron.

Metallic impurities may be detected by completely precipitating
a boiling aqueous solation of the salt with potassium or sodium
hydrate; the filtrate should afford no eoloration or precipitate
when saturated with hydrogen sulphide; a dark eoloration or
precipitate would indicate lead, a white precipitate, zine.

Carbonie, sulphuric, and hydrochlorie acids may be detected by
dissolving a little of the salt in dilute nitric acid; effervescence
will indicate earlionates ; the clear solution is then tested in sepa-
rate portions, with barium chloride for sulphurie acid, and with
argentic vitrate for hydrochloric acid; a white precipitate in
either case will reveal the presence of such impurities,

Fia. 112,
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Arsende, the presence of which may be due to an aceidental ad-
mixture with Sehweinfurth green (a mixture of cupric acetate
with arsenite), or Scheele's green (cupric arsenite), may be detected
by dissolving a little of the salt in diluted sulphurie acid, and
testing in Marsh’s apparatus, as deseribed on page 33 ; or, by the
repeated evaporation of the cupric acetate to dryness with ammo-
nia-water, and finally extracting the residue with hot water, as
long as it thereby affords a colorless liguid upon filtration; the
filtered solution, which will then contain the arsenie, if present,
in the form of arsenic acid, will respond to the well-known tests
of the later.

Cupri Subacetas.—.Aerugo or verdigris is a mixture of several
basic cupric acetates with various impurities; it oceurs in masses
of a pale-green or bluigh color, or in bluish erystalline scales or
needles, which, upon gently heating, or by exposure to the air,
assume, in consequence of the loss of water, a green color. When
heated upon charcoal before the blow-pipe, it becomes decom-
posed, with the evolution of inflammable vapors, leaving a residue
of metallic copper. When heated in a test-tube, with concen-
trated salphurie acid, it emits acetic-acid vapors. Water resolves
verdigris into a more freely soluble, less basic acetate, and an in-
soluble, more strongly basic salt; the decomposition takes place
more quickly upon gently warming, and may be represented
essentially by the following equation :

3[Cu(C,H,0,),+Cu(OH),] = [Cu(C,H,0,),+ Cu(OH),] +
[Cu(C,H.0,),+2Cu(OH),].

Verdigris is soluble in diluted acetie, hydrochlorie, nitrie, and
snlpburic acids, and in an excess of ammenia-water or golution of
ammonium earbonate; the insoluble residue eonsists mainly of
impurities, among which caleium earbonate (erude chalk) is ree-
ognized by effervescence of the verdigris with acids. For further
examination, its solution in diluted hydrochloric acid is com-
pletely precipitated by hydrogen sulphide; the filtrate should
leave no residue upon evaporation, nor afford a precipitate when
snpersaturated with sodium carbonate; a residune and a brown
precipitate wonld indicate alkaline salls or earthy admizvtures, or
LFfrrL.
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CUFPRI OXIDUM.
CUPRUM OXYDATUM.
Black Ozide of Copper. Cuprie Ozxide.

Ger. Kupferoxyd ; Fr. Bioxyde de enivre ; Sp. Oxido de cobre.
CuQ; 79.2,

A dense, black powder, when pre{m'ed by the ignition of cupric
nitrate; or a less dense, bluish-black, soft powder, when obtained
by the ignition of eapric carbonate or by prccii}itﬂtiun. It re-
mains unaltered when heated to redness, is insoluble in water and
aleohol, but slightly soluble in saliva and in the gastric juice, and
readily soluble in acids; its solutions have a blue or greenishi-blue
color, and they assume, when so much diluted as to appear almost
colorless, an azure-blue color upon the addition of ammonia-water,
and a brownish-red eolor with potassium ferrocyanide.

When heated upon charcoal, gcf’ure the blow-pipe, cuprie oxide
is readily reduced to metallic copper. It has a strong affinity for
moisture, and should therefore LE: preserved in tightly closed
vessels,

Cupric oxide, when prepared by precipitation, is readily and
completely soluble in a warm solution of ammonium chloride
(distinetion from ferrie oxide).

Examination :

Cupric nitrate is recognized, in the oxide, by the evolution of
acid nitrous vapors, when heated, in a test-tube, either dry, or
with concentrated sulphurie acid ; if they are not distinetly rec-
ognized by the odor, they are by their action upon moist blue
litmus-paper, when held in the orifice of the tube.

Metallic Impurities.—A portion of the oxide is dissolved in
warm concentrated hydrochloric acid, the solution diluted with
water, and the copper completely precipitated by hydrogen sul-
phide; the liquid, rapidly filtered from the precipitate of cuprie
sulphide, should leave no residue upon evaporation, and yield
no precipitate upon supersaturation with sodium carbonate; an
ensuing precipitate would indicate metallic (ferric) or earthy
oxides,

Carbonie, hydrochloric, and sulphuric acids may be detected by
dissolving a little of the cupric oxide in nitric acid ; effervescence
will indicate ecarfonates; the elear solution is then diluted with
water, and tested in separate portions, with barium chloride for
salphurie acid, and with argentic nitrate for hydrochloric acid;
an ensning white precipitate in either case will reveal the presence
of such impurities.
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CUFPRI SULPHAS.

CUPRUM SULFURICUM,
Sulphate of Copper. Cupric Sulphate. Blue Viiriol,

Ger. Schwefelsaures Kupferoxyd : Fr. Sulfate de cuivre ; Sp. Sulfato de cobre,
Cus0, + 5H,0; 249.2,

Large, transparent erystals, of a deep blue eolor, belonging to
the triclinic system (Fig. 113), and having a specific gravity of
2.277. They contain five molecules
Fia. 118 (36.08 per cent.) of water of erystalliza-
tion, effloresce slightly upon the surface
by exposure to a very dry atmosphere,
and lese four molecules (28.9 per cent.)
of water when heated for some time to
1007 C. (2122 F.), leaving a salt of the
eomposition CuSO, + H.O, in the form
of a blu sh-white powder; at a temper-
ature of from 220 to 240° C. (428 to
464° F.) the remaining molecule of
water is eliminated, and at a white
heat the salt is decomposed, with the
evolution of sulphur trioxide, sulphur
dioxide, and oxygen, leaving a residue of black cupric oxide.
The anhydrouns =alt is eolorless, but absorbs moisture with great
avidity, assuming again a blue color.

Cuprie sulphate is soluble in 2.6 parts of water at 15° C. (59°
F.), and in 0.55 part of boiling water, but is insoluble in absolute
aleohol and ether, and very sparingly soluble in dilute alcohol.
Its solution has an acid reaction, a strong metallie, styptic taste,
and, when dilated with so much water as to make 1t appear
almost colorless, reassumes a blue eolor upon the addition of am-
monia-water; it gives a white precipitate with barium chloride, a
reddish-brown one with potassium ferrocyanide, and a green one
with arsenions and arsenie acids upon subsequent exact neutrali-
zation of the liquid with ammonia-water,

Examination : ;

Ferrous sulphate is recognized by dissolving the sulphate in
diluted ammonia-water, or, in solutions, by mlﬁi
ammonia-water; the ferrous hiydrate is precipitated together with
the cupric hydrate, without, however, being redissolved by an
excess of the reagent.

Traces of iron may be detected by mixing an agueous solution
of the salt with twice its volume of e¢hlorine-water, and by the
subsequent addition of ammonia-water; the precipitate, formed
by the first addition of the ammonia-water, will be dissolved by
a sufficient addition of the reagent, yielding a complete violet-

ng an excess of
1
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blue solution. This is then filtered, and, when all the liquid has
passed through the filter, the latter is washed with a little dilute
ammonia-water; a brown coating, remaining upon the filter,
would indicate traces of iron salts,

Aluminium, Magnesium, Zine, Potassivm, and Sodiwm Sulphates,
— A small portion of the eupric sulphate, taken from a number
of triturated erystals, 1s dissolved in about ten times its weight
of water, the solution acidulated with hydrochlorie aeid, and the
copper completely precipitated by hydrogen sulphide; the liquid is
then rapidly filtered from the precipitate of caprie sulphide, and
the filtrate evaporated to 