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PREFACE

TO THE FOURTH EDITION.

A NEW Edition of my Course of Qualitative Chemical Analysis
having become necessary, within two years from the appear-
ance of the last Edition, I have again been guided in the
changes which I have made by the experience gained, during
the last six years, of its working with large Laboratory Classes.
The Plan of the Book has been left undisturbed. The few
alterations and additions which the more recent progress in
Chemical Analysis rendered necessary, have been carefully
executed ; and the original purpose strictly kept in view,
for which the Book was written, viz., to serve as an Elemen-
tary Text-book for large Laboratory Classes.

The notation employed throughout is that of Dr. F rankland.
An experience extending now over a number of years, and
gained with students of very varying abilities, has shown me
that this notation greatly facilitates the teaching. It complies
with the doetrine of Atomicity, which may now be said to
have struck firm root in Chemical Literature, and the Chemical
Formule of Inorganic as well as Organic Bodies, will be found
expressed in accordance with this comprehensive and elegant
Law, ;

The study of Chemical Analysis, when properly conducted,
imtroduces the student to a vast number of changes, the
verification of which requires, in no mean degree, the cultiva-
tion of habits of close observation and exact reasoning ; and
as a means of mental training, Chemical Analysis cannot fail
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A COURSE

OF

QUALITATIVE CHEMICAL ANALYSIS.

CuarTeEr I.

DEFINITION OF QUALITATIVE ANALYSIS.— RE-
AGENTS. — CHEMICAL OPERATIONS. — GROUP-
REAGENTS AND SPECIAL REAGENTS.

CaEMICAL analysis consists in the performance of certain experi-
ments :—with the object of putting, so to speak, certain questions
to a substance, in order to ascertain the presence or absence of
certain bodies. It is termed gualitative analysis, if the answer which
is received reveals merely what kind of matter is present (from
qualis), without regard to quantity. It is essential that these
questions should not be put at random, but according to a well-
considered systematic order; and that the answers should be inter-
preted correctly.

There exists a resemblance between certain elementary as well
as certain compound bodies; at the same time the metallic, like the
non-metallic elements, bear the stamp of a marked individuality
which renders every classification, from whatever point of view we
attempt it, more or less difficult—a difficulty which extends likewise
to the various compounds which the elements form. Thus silver,
which is classified with the monad metals potassium and sodium,
differs in a marked manner from the alkali metals. Iron, which
exista in the dyad form in FeCl, (ferrous chloride), and in the
tetrad condition in |§:gi: (ferric chloride), partakes in the dyad
form of the character of the isomorphons diatomic metals of the
magnesium group, e.g., manganese and zine, and resembles in the
tetrad form aluminium and chromium. Copper, which in its cupric
compounds offers certain points of resemblance to the magnesium
group, resembles also in many respects the metals of the mercury
group ;* the general composition of the cuprous and mercurouns and
the cupric and mercuric oxides and chlorides being the same.
Inorganic (as well as organic) compound bodies bear, for the most
part, the impress of the elementary bodies which enter into their
eomposition ; and compounds built up of elements which have equal
numbers of bonds, frequently show a cerfain analogy in their struc-
ture as well as a considerable similarity in their reactions. In

* H. Wurtz, Legons de Philosophie chimique, p. 170.
B

.



2 REAGENTS. CHEMICAL OPERATIONS.

studying the chemical changes to which the various bodies—elemen-
tary or compound—can be submitted, our attention must be mainly
directed towards discovering and defining this similarity and dis-
similarity.

We employ reagents as the means of producing chemical changes.
By reagents are meant bodies—either elementary or compound—
which are capable of reacting npon and revealing to us the nature of
the substances under examination. They are usunally divided, with-
out any strict line of demarcation, into two classes, viz., general and
special reagents. General reagents are those which separate a namber
of substances—groups in fact—at one operation; and special reagents
those which are nused to a limited extent only, and for the detection
of individual substances.

In a laboratory the general reaienta are most conveniently
arranged over the working table within reach of each operator;
whilst the special reagents intended for the use of a number of
chemical students, are usually placed in a freely accessible part of
the laboratory.

A list of reagents, as well as dirvections for their preparation,
will be found in an Appendix. Chemical students who have not
the advantage of working in a well-appointed laboratory, should
devote much attention and care to the preparation of the reagents.

Chemical Operations.—We add a
reagent to a solution of an unknown
body either by pouring it directly from the
bottle or by running it from a pipette, as
shown in Fig, 1, with the view of producing
n precipitate, ie, of converting the body
from the soluble to the insoluble state. The
reaction which takes place is mostly e change
by double decomposition. Sometimes a pre-
cipitation is produced by woltaic action,
sometimes merely by the substibution of
one solvent for another. One or more
bodies may be precipitated by one and the
same reagent. As most precipitates are
heavier than the liquid in which they are
suspended, they fall to the bottom with
more or less rapidity ; and the supernatant
liguid may often be poured off or decanted,

without much {Hslilll"l.'lii]% the Pl‘ﬂﬂipi!ul?.

oz This mode of separating fluids {rom preci-

O e T TR pitates is by far the most expeditious, and

ol ” should be resorted to whenever it is appli-

cable. The precipitate may be washed in

the vessel itself by treatment with hot water

and repeated decantation.

ﬁun a large quantity of a fluid has to

be removed from a precipitate, it is best

to siphon off the supernatant fluid. The

precipitate may be washed with water, and
the wash-water siphoned off' repeatedly.

Small quantities of a precipitate which

do not subside readily are more quickly
separated by filtration. For this purpose

J




CHEMICAL OPERATIONS AND APPARATUS. 3

funnels are used, mostly of glass, conieal in shape, and inclined at an angle of 60°,
They may be conveniently supported on a wooden stand, Fig. 2, or an iron or brass
filtering stand as seen in Fig. 3. The filtering paper should be porous and
unsized, and cut in the form of a round sheet, which by being folded twice in
the shape of a quadrant, forms, on opening up, a paper cone, at an angle of
60°. The flter should exactly fit the funmel, without reaching quite to the
rim, and should be moistened in the funnel with distilled water before any
liquid is poured through it. As most kinds of filtering paper contain traces of
iron, lime, silica, ete.,—with the exception of the so-called Swedish filterin

per, which contains scarcely perceptible traces of mineral substances,—aci
iquids frequently dissolve out traces of these bodies. In all accurate analyses the
filtering paper should, on this account, be washed first with dilute hydrochlorie
or nitrie acid, and then with hot water, before being used ; or else Swedish filter
paper only should be employed.

Most precipitates retain with great pertinacity traces of the fluid in which
they were suspended, and it is therefore of the utmost importance to thoroughly
wash them in order to obtain accurate
results. For this purpose a wash-bottle
(Fig. 8) is employed, whereby a fine jet
of hot or cold distilled water can be di-
rected on to the filter in such a manner as
to loosen and detach the precipitate from
the paper. The liguid should at no time
quite fill the filter, as some precipitates
have a tendency to creep up and to get
between the paper and the glass, and are
carried into the Altrate. This would
entail repented filtvation. The washin
of a precipitate on the filter is effec
most rapidly by allowing the wash-water
to run off entirely each time before adding
fresh quantities of distilled water. By re-
peating this four or five times, mo:;l.‘pr&
cipitates will be found sufficiently washed
for qualitative purposes,

The student should guard himself against using too large a quantity of the
substance which he wishes to examine. ]Eenv}' precipitates entail much washing,
an operation which is most tedious and yet indispensable.

. Test-tubes answer the purpose of precipitation and separation in qualita-
tive analysis, especially as there is generally no need for collecting the wash-water




4 CHEMICAL APPARATUS.

or adding it to the main filtrate. These tubes are conveniently placed in a test-

tube stand (Fig. 4). After being well cleansed by the aid of a test-tube

E;:ksht, and rinsed out with distilled water, they should be set aside to drain in a
et.

Beakers are sometimes emplnfged if an analysis involves the separation of a
small quantity of one substance from a large amount of another, and when, of
necessity, large quantities of the substance must be operated upon.

. Porcelain dishes are employed for the purpose of concentration, or evapora-
tion and ignition. They can be heated either by means of a spirit Iamp
(Fig. 5), or a so-called Berzelius lamp (Fig. 6),
or, where coal-gas can be procured, by means of a
Bunsen gas Iamp, Pm'rided with a rose top.
Sometimes a sheet of iron wire gauze or a uaug-
bath is interposed between the poreelain vessel and
the gas flame, and is supported on a retort ring,
or tripod stand. Illustrations of convenient tripod
supports for porcelain and glass vessels, which
gr&runt at the same time the flame from being

lown about, have been given in my Introduction
to Inorganic Chemistry.

If solid substances have to be examined, they
should always be powdered in a mortar—an
agate mortar should be employed for hard sub-
stances, such as minerals—before being dissolved
in water, acids, &e.

Renctions involving the use of valuable re-
agents—such as salts of gold, platinum, silver—
should be performed on watch-glasses, with
emall quantities of the substance only.

For the Ignitlon of precipitates we employ
E?uiatl;,- poreelain crucibles, or small porcelain

ishes.

A knowledge of qualitative analysis
enables ns—

1. To recognise with speed and certainty
the presence of various elementary
and compound bodies.

2. To effect their separation from each
other.

In order to accomplish this we shall
study more particnlarly those chemical
reactions—both in the dry and in the wet
way—which are essential ; but shall endeavour, at the same time,
to give as complete a view as possible of other chemical changes
which serve the purposes of qualitative analysis, and which on this
and other grounds possess considerable interest.

It is for many reasons desirable to confine the laboratory course
at first to the study of the more important elements and their com-
pounds ; we shall, however, treat of the rarer elements and their
ecompounds in an Appendix. .

There are certain reagents which effect the separation of a
number of bodies contained in a common golution, leaving all the
others in solution, Such general reagents are then called group-
reagents.




SEPARATION INTO GROUPS. 3

Dissolve in water small quantities of
Argentic nitrate®
Cupric nitrate.
Clobaltie ,,
Barie i
Potassic ,,
To the solution add—
HCl, a white ewrdy precipitate is obtained, which consists of argentie
chloride, AgCl; filter. To the filtrate add—
8H.,, a black precipitate is obtained consisting of euprie sulphide, Cul ;
filter again, and to the filtrate add—
AmCl,
AmHo, | A black precipitate comes down consisting of cobaltous sulphide,
and Co3 ; filter, and to the filtrate add—
E-Iilth
C0Amo, a white precipitate is obtained, consisting of barie carbonate,
COBao"” ; filter, evaporate the filtrate and ignite to drive off the ammonic salts.
A white saline residue is left, containing the potassic salt.

What were the chemical changes that took place P

The changes were evidently produced by the mutual exchange of
elements in two bodies (changes by double decomposition) : i.e., the
hydrochloric acid added in Group I to the solution of the metallic
nitrates, exchanged its hydrogen for the silver of the argentic nitrate ;
and the snlphuretted hydrogen exchanged its hydrogen for the metal
copper, leaving nitric acid and cupric sulphide, ete.

The reactions will be readily expressed by equations, thus :—

NOAgo + H(Cl = AgCl + NO;Ho.
Argentic Argentic
nitrate. chloride.
gg:ﬂun” + 8H,; = Cul+t + 2NO;Ho.
Cuprie Cuprie
nitrate. sulphide.
ﬂg:cm” sl gl s = | s +  2NOAmo.
Cobaltous Cobaltous
nitrate, sulphide.
ﬁg:}:ﬁm" + ©OOAmo; = OOBso” + 2NO,AmO.
Baric Baric
nitrate. carbonatae.

Silver, copper, cobalt, and potassinm are, however, not the only
metals which might have been separated by these same reagents.
~ The table on the next following page exhibits the five groups
mto which all metallic bodies classify themselves on the addition of
the several group-reagents.

. Hnlu!-ium of salts of the different metals containing five milligrammes of
the metal in a cubic centimetre are conveniently prepurecf and kept for use.

t It is immaterial whether we write 8Cu or Cu8, gince both sulphur and
copper are dyad elements.






GROUP-REAGENTS AND SPECIAL REAGENTS. 7

Thus far -re ts assist us in separating bodies, but when,
as in 'Eh'i;ﬂupWIE’V!@’&,j thﬁhite precipitate produced by the group-
reagent, COAmo,, leaves us still in doubt whether a barinm, stron-
tium, or calcinm compound was present in the solution, further
experiments must evidently be made with a view of completely
identifying the substance under examination. This the student
will only be able to do by making himself first practically familiar
with the different changes or reactions which the members of the
varions groups of metals can be made to undergo: and after under-
standing the use of the group-reagents, he should direct his atten-
tion to the special reactions which distinguish and separate one metal
from amother, or from several others. This may frequently be done
in more than one way; one reaction, however, as a rule, deserves
the preference over others, on account of the greater exactness
which distinguishes it, or on account of inereased facility of execu-
tion, or of both.

Certain reactions, lastly, will have to be studied, which are not
directly available for the separation of the members of a group
from each other, but to which considerable interest is attached
as being illustrative of some valuable property or other of the
metals.

The tabular form, which is, no doubt, the most compact and
summary mode of arranging chemical reactions, will often be adopted
for embodying such reliable and expeditious methods of separation
as have stood the test of experience in the laboratory. The direc-
tions given will be concise and divested of all explanatory matter,
On no account should a student use any tabular directions, however,
withount first having made himself practically acquainted with the
details of the reactions; and to counteract any pernicious influence
which the nse of tables might have, the student should learn to
draw up tables for the several other processes of separation which
are frequently possible.

A deviation from the natural course of studying the reactions of
the metals by beginning with Group I, and so on, will be justified
on the ground of greater simplicity, and on account of the far
greater importance which is attached to the metals of Group V,
especially the alkali metals. Experience has shown that students
have less difficulty in mastering the reactions by reversing the order
of the groups, beginning with the study of the alkali and alkaline-
earthy metals; and that a thorongh knowledge of the metals of
these groups is of material assistance in understanding the qualita-
tive changes to which the metals proper are subjected.

The chemical nomenclature employed in this work is that of
Dr. Frankland. It will be found fully explained in my Introduetion
to Inorganic Chemistry. Anexperience extending now over several
years has shown that it is readily mastered and greatly appreciated
by students. Tt is both comprehensive and logical, for it does not
require one kind of formule for inorganic and another for organic
bodies, and it complies with the law of atomicity, observed for the
different elementary bodies. The little o employed by Dr. Frankland



3 POTASSIUM,

in writing the different compound basilous radicals, such as Ho, Ko,
Bao", Bio"”, Al,o¥i, ete., has tended occasionally to mislead beginners.
It will be found useful in all such cases to practise writing these
same radicals with a big O, and using the bracket, with the atomi-
city indication placed outside the bracket, thus:—(0H), (OK),
(0:Ba)”, (0:Bi)", (O:Al)". We shall employ these formule occa-
sionally. Students have as a rule no diffienlty in transeribing con-
stitutional into empirical formulw, a practice which may precede
with advantage percentage calculations.

Cuarter II.
REACTIONS OF THE METALS OF GROUP V.

THis group cum]iﬁaes the metals POTASSIUM, SODIUM, AMMONIUM, and
MAGNESIUM, which are not precipitated by any group-reagent.

1. POTASSIUM, K. Atomic weight 39'1.—Occurs in nature
ouly in a few minerals, of which nitre or saltpetre is the most im-
portant. Potassium is present in larger or smaller quantities in a
few silicates and sulphates, such as felspar, alumstone. It is also
found in the ashes of plants (crude potashes), and in the form of
chloride in saline deposits (at Stassfurth, in Prussia, and else-
where). ;

REACTIONS IN THE DREY WAY.

Most potassium compounds, when heated in small quantities on
a thin platinum wire in the inner flame of the blowpipe, undergo
dissociation, the vapour of the metal imparting a vielet colour to
the outer flame. When examined with the aid of a spectroscope,*

* When elements in the gnseous condition, or vaporised by strong ignition,
are analysed by means of the spectroscope (for a description of which we refer
the student to Ioscoe or Schellen on the ﬂpectrmuupe?, they may be dis-
tinguished from each other by the respective spectra which they give. The in-
tensity of the spectra of metallic elements is 8o much greater than that of the
non-metals, that the latter are only rarely seen. The heat which ecan be pro-
duced by a good Bunsen gas burner is not strong enough to volatilize all elements,
or to heat their vapour highly enmough. DMost heavy metals can only be
volatilized by means of an electric spark, making use of an induction coil, by
placing the galvanically precipitated metals between the electrodes. In order to
analyse the ordinary gases spectroscopically, the spark is passed through the
gases confined in Geissler tubes.

It is usual to employ the spectroscope only for the examination of those
metals, or metallic compounds, which can be volatilized by means ef the gas
flame from a good Bunsen burner, such as the alkali metals, sodium, potassium,
rubidinm, caesium, lithium ; the alkaline earthy metals, barium, strontium,
calcium ; and the heavy metals, thallium and indium. The compounds most
suitable are the chlorides, nitrates, chlorates, perchlorates, and carbonates of
these metals. A small portion is placed on the loop of a thin platinum wire,
introduced into the non-luminous portion of the flame, and the spectrum
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the potassinm spectrum is found to consist mainly pf two ]inea,ra
comparatively strong line, Kz, in the RED, and a faint line, KB, in
the BLUE. e
This applies more particularly to potassic salts which are volatile without
ducum;mifigln nt a varjpatmng heat (such as potassic chloride, hmmlfia, mdiﬁ:a,
and cyanide) or which are decomposed by heat ; but not to non-volatile potassic
salts, such as phosphates, silicates, or borates, which give ac.a.mly_ any flame
reaction till they are moistened with HCl, or, if HCI be without action, hea_tﬂd
together with pure caleic sulphate. The presence of sodium compounds gives
rise to an intense golden-yellow flame, and conceals the potassium reaction ; but

h een through a blue glass, or indigo-prism, the J_rel]nw or sodium flame 18
:ut?:afy -:Itxt off, End the p:ﬁmaium flame becomes distinetly visible, and is then

of a rich reddish-violet colour.

REACTIONS IN THE WET WAY.

WE EMPLOY A SOLUTION OF porassic ¢cHLoripE, KCI. _

PtCl, (platinic chloride) precipitates from potassic solutions
which are not too dilute, a yellow crystalline precipitate of potassie
platinic chloride, 2K C1,PtCl,, insolublet in strong aleohol, or better
still in aleohol and ether, as well as in acids.

COHo

CHHo (tartarie acid) precipitates whife crystalline hydrie potassic

CHHo COKo

COHo tartrate, EEEE- from neutral and sufficiently concentrated
COHo

solutions. The precipitate settles rapidly, especially on shaking or stirring.

2HF, 8iF, (hydrofuosilicie acid) gives a white gelatinous precipitate of
potassic silicofluoride, 2KF,8iF,; dificultly soluble in water (833 parts at
17'5° C.) ; insoluble in alechol.

Potassic salts are for the most part soluble in water, hence so
few reactions; the hydrate and carbonate coustitute two important
reagents, on account of the great affinity which the powerful base
potassa possesses for the acids with which the metals of other groups
may be combined.

2. SODIUM, Na. Atomic weight 23.—Occurs in nature in vast
masses, as rock sall, NaCl; as CARBONATE, in native soda, CONao,,
100H,, and in #rona, CONao,,2C0OHoNao,30H,; as NITRATE, in cubic

examined. The different elements are distinguishable by their respective colours,
as well as by the position which their lines occupy in the continuous solar
spectrum. The lines are not at all of the same intensity, and therefore not
equally available.

It is omly by employing larger quantities of pure substances, and heatin
them very intensely, that many of the less prominent lines can be uham-mf.
The aceuracy of the reactions 1s, however, so great that we can discover in this
manner the merest traces of these elements, and are enabled to disentangle
mixtures thereof, without actual separation. Spectroscopic analysis constitutes
in fact, a most valuable auxiliary to chemical analysis.

t The degree of solubility of a precipitate in different media can only be
ascertained by laborious quantifative experiments. The student will thevefore be
expected to verify only those statements respecting the solubility of the precipi-
tates which require no quantitative Enowledge.
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nitre, or Chili saltpetre, NO,Nao ; as SULPHATE or glauber salt, 80,Nao.,
100H,; as biborate, BO;Nao,, 100H,; as glauberife, 8,0,Nao,Cao”,
and as eryolite, 6NaF,Al,F;, and in many sinicares, of which albife
may be taken as the representative. All natural sodinm compounnds,
with the exception of the last two minerals, are soluble in water.

REACTIONS 1IN THE DRY WAY.

We almost exclusively rely for the detection of sodinm mpon
the characteristic colour—an intense golden-yellow— which its eom-
pounds impart to the outer flame of the blowpipe. Its spectrum
consists of one bright double line, coinciding with the D line of the
solar spectrum. Some sodic salts are readily recognised by their
characteristic taste, especially rock salt and cubic nitre.

REACTIONS IN THE WET WAT,

We employ a SOLUTION OF S0DIC cHLORIDE, NaCl,

Sodic salts are even more freely soluble than potassic salts,
and platinic chloride or tartaric acid give no precipitates. Hydro-
fluosilicie acid gives a gelatinons precipitate from concentrated
(aqueons) solutions only; the preeipitate is, however, insoluble in
aleohol.

Sb0,Ko (potassic metantimonate) produces a whife crystalline pre-
cipitate of sodic metantimonate from neutral or slightly alkaline solutions, if
they are not too dilute. The precipitate is insoluble in aleohol. (The solution
to be tested should only contain alkali metals.)

Sodic hydrate and sodic carbonate act in every respect like
potassic hydrate and carbonate. Pure sodic hydrate is now prepared
from the metal sodium, and deserves the preference over potassic
hydrate.*

3. AMMONIUM.—Am = NH,. Atomic weight, 18.—

REACTIONS IN THE DRY WAY.

Ammonic salts, when heated in a test-tube, velatilize, either
entirely or partially. Salts with fixed acids, such as phosphorie
acid, lose ammonia, NH;. Salts of ammonium with volatile acids
can be volatilised, either with decomposition, such as the nitrate,
nitrite, sulphate, the latter with formation of mixed vapour of
nitrogen, water, ammonia, and sulphurous anhydride; or without
decomposition, such as the cyanide; or partial dissociation only, such
as the chloride, bromide, iodide : the latter salts condense again, for
the most part unchanged ; they sublime, and are found in the upper
part of the test-tube.

* The student who has not the advantage of attending a course of lectures on
chemistry should make himself familiar, by rending n good Manual of Chemistry,
with the properties of the various salts of potassium and sodium, ﬂ‘]“? with the
interesting processes of manufacturing sodic earbonate from the chloride; sodic
silicate (water-glass) ; potassic chlorate, &c., &e.
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REACTIONS IN THE WET WAY.

We employ a SOLUTION OF AMMONIC CHLORIDE, AmCL

PtCl, produces a heavy yellow precipitate of ammenie platinie
chloride, 2AmClLPtCl,. 'The precipitate is soluble in much water
(hence there appears no precipitate from dilute ammonic solutions),
but insoluble in alcohol and ether. Ammonic platinie chloride
leaves on ignition only spongy platinnm. (DisTiNeTioN FroM
Porassic Prarmwic CHuoripg, which leaves spongy platinum and
potassic chloride, Pt + 2KCL)

Tartaric acid produces from a concentrated solution of ammonic chloride
a white crystalline precipitate of hydrie ammonic tartrate, resembling the
potassium precipitate in its properties. The two precipitates arve readily distin-
guished on ignition. Hydrie potassic tartrate leaves a carbonaceous residue,
which is strongly alkaline, and the potassic carbonate which it contains dissolves

in water. The other leaves merely a residue of carbon, devoid of any alkaline
reaction.

Ammonic salts are decomposed, with evolution of ammonia gas,
when heated with a hydrate of an alkali (KHo, NaHo), or alkaline
earthy metal (BaHo,, CaHo,), thus :—

2Am(Cl + CaHo, = 2NH, + Ca(Cl; + 20H..

Neutral or normal salts of certain polybasic acids, e.g., well dried
alkaline chromates, borates, phosphates, etc., readily decompose
ammonic salts, especially when heated, with evolution of ammonia
gas, and formation of acid salts, thus :— -

Cr0.Ko

2Cr0,Ko; + 2AmCl =< O + 2NH, 4+ 2KCl 4+ OH,.
GI‘O;KD

This reaction enables us, therefore, to distinguish between normal
and acid salts of polybasic acids, by heating them with ammonie
chloride.

Ammonia gas is readily recognised, 1st, by its pungent odour;
2nd, by its turning red litmus paper, moistened with a drop of dis-
tilled water, blue; 3rd, by its combining with the vapour of woluiile
acids (such as dilute hydrochloric acid) to form white fumes
(AmCI).

Nessler's test® for traces of ammonia.—If a potassic solution of
potassic mercuric iodide, 2K1, HgL,, be added to a fluid containing
mere fraces of ammonia or of an ammonic salt, a brown precipitate
of dimercurammonic iodide, or a yellow to brown coloration is pro-

duced, according to the quantity of the ammonium compound
present—

2(2KLHgI,) + 3KHo + NH;Ho = NHg",I,OH, 4 7KI + 30H.,.
Brown pp.

Ammonic hydrate and carbonate, as well as various other

* For the preparation of Nessler's solution, see Appendix.
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ammonium compounds, e.g., ammonic chloride, ammonic sulphide,
are among the most useful reagents which we possess.

QUESTIONS AND EXERCISES.

1. Mention some natural compounds in which potassium oceurs,

2. How are potassium compounds recognised in the wet way ?

3. How can potassium and sodium compounds be distinguished before the
blowpipe flame ? :

4. State how you would ascertain whether the yellow precipitate produced by
platinic chloride indicates the presence u:nEJr a salt of ammonium or potas-
sinm, or of both.

5. How can hydric potassic tartrate be distinguished from hydric ammonic
tartrate ?

6. How can sodium compounds be recognised in the wet way ?

7. Which sodic ealts are found native ?

8. What changes do the following ammonic salts undergo upon ignition :(—
ammonie chloride, ammonic nitrate, ammonie nitrite, ammonie phosphate,
POAmoy, ammonic carbonate, 0OAmo,, ammonic iodide, and ammonie
sulphate ?

9. How 18 spongy platinum prepared ?

10. How would you test for mere traces of ammonia ?

11. How much spongy platinum is obtained from 2'345 grms. of ammonic
platinic chloride P

12, How much dry ammonia gas by volume (litres) and weight can be obtained
by distillation with caleic hydrate from 5 grms. of ammonie chloride ?

13. How would you examine & mixture containing ammonic chloride and potassic
chloride ?

14. 2 grms. of the mixed chlorides of potassium and sodium gave by precipi-
tation with platinic chloride 3'671 grms. of potassic tinie chloride,
2KCLPtCly; what is the percentage of potassium and sodium in the
mixed chlorides ?

15. A mixture of 1'5 grm. of sodic and ammonie chloride lost on ignition °234
grm. ; what is the percentage of ammonic and sodie chloride present in
the mixture ? y

16. Calculate the percentage composition of borax.

4, MAGNESIUM, Mg". Atomic weight, 24.—Occurs in nature
a8 OXIDE, in the mineral periclase, MO ; as HYDRATE in biucite,
MgHo, ; as CARBONATE, in magnesite, COMgo", and in hydromagne-
site, O;0Ho,Mgo",;30H,; as DOUBLE CARBONATE, in dolomite,
gg{j&o”Mgu”, and mesitine sjm?‘:.ggMgo”Fen”; a8 SULPHATE, in
kieserite, SOHo,Mgo” (from Stassfurth salt), and in epsomile,
SOHo;Mgo”, 60H, ; as PHOSPHATE, in wagnerite, POMgn“(FMg”) :
as SILICATE, in peridote, SiMgo",, enstatite, BiOMgo", steatile,

- o : 1 N i’ o
Si;UI}Igﬂ”h tﬂ:—!ﬂ, El@DaMgﬂ ds Eﬁfjiﬂﬂh"ﬂ-ﬂ, g;ggﬁgﬁhmgﬂ y Tieer-

schaum, 81,0,HoMgo";, and in diopside, gigﬂaﬂ”}-{gu” ; and lastly,
as BORATE in boracite, BgO:Mgo"s.

REACTIONS IN THE DRY WAY.
Magnesic salts, as such, impart 70 colour to a non-luminous gas-
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fame. The most characteristic reaction for magnesia, in t]le dry
way, is the pale rose colour which this alkaline earth acquires on
moistening with cobaltous nitrate, and then igniting 1t once more
strongly on charcoal.

This colour can, however, only be relied on when no“other metallic oxides are
present ; and as magnesium salts do not colour the outer blowpipe flame, recourse
must almost invariably be had to the reactions in the wet way. Ignition of the
sulphate on charcoal in the reducing flame yields the sulphide, MgS. Prolonged
ignition of the carbonate yields caustic magnesia, whizh is almost insoluble in
water.

REACTIONE IN THE WET WATY.

For this purpose a SOLUTION OF MAGNESIC CHLORIDE, MECL, or
MAGNESIC SULPHATE, S0;Mgo", (80,(0:Mg)"), is employed.

Magnesia is not precipitated by ammonia in the presence of
gammonic chloride, because it forms a soluble double chloride,
2AmCILMgCl,. In the absence of ammonic chloride, part of the
magnesia is precipitated as hydrate, MgHo,, thus—

oMgCl, + 2AmHo = MgHo; + 2AmCl,MgCl,.
: Soluble double chloride.

In the presence of a sufficient amount of ammonic chloride, the
magnesic hydrate is at once decomposed into magnesic chloride
(MgHo, + 2AmCl=MgCl; + 2AmHo), and no precipifation takes
place, nor is the double chloride precipitated by ammeonie, sodie, or
potassic carbonate. Hence magnesinm cannot be precipitated in
Groups IIT and IV, provided a sufficient amount of ammonie chloride
be present, and the solution be kept sufficiently dilute.

Potassic, sodie, calcie, and baric hydrate precipitate magnesia
almost completely as white magnesic hydrate, nearly insoluble in
cold and hot water. Ammonic chloride, as well as other ammonie
salts, dissolve it readily, or, if originally present in sufficient
quantities, prevent its formation.

Sulphuric and hydrofluosilicie acid form soluble magnesic salts,
even in the presence of moderate quantities of alcohol.

Ammonic oxalate gives, after some time, from moderately dilute solutions of
magnesic salts, a white crysfalline precipitate of a double oxalate of magnesia
and ammonia ; not so, however, in the presence of excess of ammonie chloride.

POHoNao, (hydric disodic phosphate), or better still, a solution
of microcosmic salt, precipitates hydric magnesic phosphate,
POHoMgo".

The precipitation is complete in the presence of ammonie chloride
and ammonia. POAmoMgo', 6Aq, ammonic magnesic phosphate,
falls as a white crystalline precipitate, The separation from a dilute
solution of a magnesic salt is promoted by gentle heat, and by
stirring with a glass rod. The precipitate is but slightly scluble in
water and ammonic salts. In water containing ammonia it is
practically insoluble. Dilute mineral acids dissolve it, as well as
acetic acid. From very dilute solutions the precipitate separates
only on standing for about 24 hours in a warm place.
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On heating magnesic chloride with precipitated meveuric oxide, the ehloride
is converted Into oxide, mercuric chloride being volatilized. This experi-
ment must be condueted in a closet which is pruridus. with a good indraught of
air, and is in connection with a chimney flue.

Methods for the recognition of Mg, K, Na, and Am will readily
suggest themselves, if we bear in mind—

1st. The wolatility of ammonic salts (phosphates and borates
excepted).

2nd The insolubility of MgHo, in water.

ard. The insolubility of 2K.CL,PtCL in alcohol.

4th The intense yellow coloration which sodinm imparts to the
blowpipe flame.

A solution containing salts of Mg, K, Na, and Am, may be
examined as follows :—

1st. Heat a portion with NaHo; ammonia gas is given off, which is recognised

: by its pungent odour, etc.—presence of Am.

2nd. To a second portion add AmCl, AmHo, and POHoNao,, o white erystalline
precipitate indicates the presence of Mg.

8rd. Evaporate a third portion to dryness and ignite strongly. Kxtract with
hot water (without filtering off any magnesic uzy-clﬁuridu (Meg,00CL,),
which may have been formed), and add sufficient BaHo, till the whole of
the magnesin is precipitated as MgHo,; filter. To the filtrate add
CO0Amo,, ns long as a precipitate is produced, and filter again. Evupo-
rate the filtrate to dryness, and ignite strongly to expel ammonie salts.
Dissolve the residue in a little water, filter off a trace of MgO (if any), and
test filtrate for potassium by means of PtCly; a yellow erystalline pre-
cipitate—presence of K ; and for sodium, by heating on a platinum
wire before the blowpipe flame ; a golden-yellow flane indicates the pre-
sence of Na.

QUESTIONS AND EXERCISES.

1. How is magnesic sulphate prepared—1st from magnesite ; 2nd, from dolo-

mite !

2, Which are the most important magnesinm minerals ? Give conslitutional
and graphic formule.

3. How is magnesium deteeted in the dry way ? :

4, Explain the action which ammonia, }mtuuaic hydrate, and sodic carbonate
1ve upon solutions of magnesic salts in the presence of ammonic salts,
and also without them.

5. Describe fully the most characteristic reaction for magnesic salts in the wet
way.

fi. How i:; magnesie chloride converted into oxide in the dry way ?

7. How is magnesium separated from potassium and sodium ?

8. Calculate the percentage composition of magnesite and epsomite.

9. How much crystallized magnesic sulphate, SOHo,Mgo”,60Hy, can be pre-
pared from one ton of pure magnesite?
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Caarrer IIL.
REACTIONS OF THE METALS OF GROUP IV.

Tais group comprises the metals BARIUM, STRONTIUM, CALCIUM, wh_in::h
are precipitated by ammonic carbonate from an ammoniacal solution
in the presence of ammonic chloride. The latter (if present in
suflicient quantities) prevents the precipitation of magnesium.

1. BARIUM, Ba'. Atomic weight, 137.—Oeccurs in nature
chiefly in the form of heavy spar, B0,Bao”, and as witherite,
COBuo".

REACTIONS IN THE DRY WAY.

Barium compounds, when held in the fusing zone of a Bunsen
gas burner, or when heated on thin platinnm wire in the inner
blowpipe flame, impart a yellowish-green colour to the outer flame,
especially when treated with strong hydrochloric acid. When
viewed through the spectroscope (the chloride* is best employed),
two GREEN lines, Baz and BajZ, come out most intensely; Bay 1s
less marked. Besides these, there are numerous lines in the rRED
and YELLOW, and one broad indistinet line in the BLUE, elose to F of
the solar spectrum,

Heavy spar heated on charcoal in the reducing flame is reduced to barie
sulphide, BaS, which fuses readily. This reaction 1s made use of to prepare, on
& manufacturing scale, soluble baric salts from the sulphate. Baric carbonate
is decomposed only triflingly by ignition to a strong white heat.

REACTIONE IN THE WET WAY.

Baric salts are obtained by dissolving the native carbonate or
witherife in acids.t Heavy spar is attacked by alkaline carbonates
at a high temperature. By mixing, on a small scale, finely powdered
baric sulphate with three to four times its weight of fusion mixture,
and heating in a platinum crucible over a gas flame, it is converted
into baric carbonate, thus:—

80.Bao" + CONaoKo = COBao" + 80.NaoKo.

Insol. in water. Soluble in water.

On a:_ttra{:ting the fused mass with hot water and filtering,
COBao" is lu_ft, from which, by the addition of the respective acids,
small quantities of the different baric salts can be prepared.

The same applies to celestine, 80,8ro", and to anhydrite,
80,Cao”.

* The spectra of Ba and of the two following metals are probably those of
the amu{m, and not of the metals themselves.

t Dilute acids (HCL or NO,Ho) should be employed, as the baric chloride
and baric nitrate, which result from the action of these acids upon witherite, are
ingoluble in the concentrated acids.
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A SOLUTION OF BARIC CHLORIDE, BaCl,, is employed.

COAmo, (group-reagent) precipitates whife baric ecarbonate,
COBao", soluble with decomposition in acids; somewhat soluble in
ammonic chloride. With carbonic acid it forms a soluble acid car-
bonate or dihydric dicarbonate, C,0,Ho,Bao", but it is reprecipitated,
on boiling, with evolution of carbonic anhydride. Baric carbonate
is partially decomposed by alkaline sulphates, e.g., potassic sulphate,
into baric sulphate and alkaline carbonate. The decomposition is
complete in the presence of free carbonic anhydride. COSro” and
COCao" are not changed, not even on boiling with 80,Ko,.

CONao, and COKo,, same precipitate.

KHo and NaHo, free from carbonates and sulphates, which they rarely are,
give from highly concentrated solutions a voluminous precipitate of barle
hydrate, BaHo,, soluble in water. A soluation of the hydrate in water is known
a8 baryta-water. Tt possesses n strong alkaline reaction, and great affinity for
carbonie anhydride.

AmHo gives no precipitate. ’

S0,Ho,, as well as all soluble sulphates, precipitate on boiling,
especially in the presence of free acid (dilate HCL), heavy white
granular warie sulphate, 80,Bao”, even from very dilute solutions
of bariec salts. The precipitate is insoluble in water, dilute acids
and alkalies; soluble to a perceptible extent in boiling concentrated
hydrochlorie and nitric acids and also in concentrated solutions of
ammonic salts, but not if the precipitants are in excess; solable
also in concentrated boiling sulphurie acid, with formation of
dihydric baric disulphate, 8,0,Ho,Bao”. The presence of an
alkaline citrate greatly interferes with its precipitation. Solutions
of strontic or caleic sulphate (two sulphates which ave but slightly
soluble in water, especially the fﬂrmm})} constitute the most delicate
test for barinm.

80,Bao” is soluble only in about 400,000 parts of pure water; 80,8r0” in
7,000 parts of cold water; whilst 80,Cno” dissolves in 390 parts of water at
85° ¢, and in 460 parts at 100° C, being in fact less soluble in hot than in cold

water,
POHoNno, (hydrie disodic phosphate) gives from neutral or alkaline

solutions a whife precipitate of hydrie barie phosphate, POHoBao", readily
soluble in dilute nitrie, hydrochloric or acefic acid. Perceptibly soluble in
ammonic chloride. :

ggimg (ammonic oxalate) gives from a moderately dilute solution
co

of a barie salt, a whife pulverulent precipitate of barle oxalate, {GGBM”‘

soluble in dilute nitric or hydrochloric acid. Heluble also in oxalic and acetic

acids when freshly precipitated. ot
Cr0;Ko, (potassic chromate) gives a bright lemon-yellow precipitate of
baric chromnte, CrO,Bao”, even from very dilute neutral or moderately acid
acetic acid) solutions, readily soluble in nitric, hydrochloric or chromic acid
EﬂrDzHuﬁ—rupmcipitntcd by ammonin,—(DISTINCTION FROM STRONTIC AXD
CALCIC SALTS, WHICH ARE NOT PRECIPITATED FROM DILUTE SOLUTIONS.)

OHF,SiF, (nydrofiuosilicic acia) gives a colonrless crystalline
precipitate of barie silicoiuoride, Bal;, Sil'y, which subsides quickly,
especially upon the addition of an equal bulk of alcohol. It is
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somewhat soluble in water and in dilute acids, insoluble in alcohol.
{DIE"]"IHC"I‘IIJH OF BARIC FROM STRONTIC AND CALCIC SALTS, WHICH GIVE
NO PRECIPITATE EVEN ON THE ADDITION OF ALCOHOL.)

Soluble baric salts, such as baric chloride, mitrate or acetate,
constitute exceedingly useful reagents for the detection of acids, on
account of the metal barium forming insoluble salts with most
acids.

QUESTIONS AND EXERCISES.

How can baric sulphate be converted into baric nitrate or chloride ?

Which are the natural compounds of barium ?

Express in symbolic equations the different reactions for barium.

Which are the most delicate reactions for barium ?

How can barium be separated from strontium and ealeium ?

1:235 grm. of witherite give “965 grm. of barie sulphate ; what is the percentage
of barium and of baric carbonate in the mineral ?

A sample of heavy spar contains Y96°5 per cent. of pure sulphate ; how much
barie sulphide, and how mueh baric nitrate ean be obtained from 1 cwt. of
the mineral ?

SR EN M R b

2. STRONTIUM, Sr”. Atomic weight, 87-5.—Occurs in
nature as SULPHATE, in the mineral ecelestine, 80.5ro" ; and as
CARBONATE or strontianite, COSro"”.

EXAMINATION IN THE DRY WAY.

Strontium compounds, when heated on platinum wire in the
inner flame, colour the outer flame intensely erimson. When the
flame is viewed through the spectroscope, i1t shows a number of
characteristic lines, more especially the Sr3 and « lines in the RED
and the line Sré in the BLUE, which latter is particularly suited for
the detection of strontium in presence of Ba and Ca.

Celestine heated on charecoal in the reducing flame, is converted into strontic
sulphide, 8r8, from which the chloride may be prepared for blowpipe and other
reactions, by treating the residue with hydrochloric acid. Strentic carbonate,

heated in a platinum crucible, over a gas-blowpipe, is all but entirely converted
into oxide, after about 20 minutes’ heating.

REACTIONS TN THE WET WAY.

We nuse A SOLUTION OF STRONTIC CHLORIDE, SrCl,.

COAmo, (group-reagent) gives a whife precipitate of strontie
carbonate, COSro”, less soluble in ammonic chloride than the
corresponding baric carbonate; soluble in dilute acids. Carbonic acid
produces the soluble dihydric strontic dicarbonate, C.0,Ho,Sro",
which is decomposed on boiling into normal carbonate, carbonic
anhydride and water.

CONao, and COKo;, same precipitate.

S0.Ho,, or a soluble sulpnate, produces a white precipitate of
strontic sulphate, 80,Sro”. From dilute solutions a precipitate
appears only after some time, especially if calcic sulphate be used
as the precipitant. Heat assists the precipitation. The precipitate
dissolves perceptibly in hydrochlorie or nitric acid, but is insoluble

c
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in alcohol. Tt is insoluble also on hoiling in a concentrated solution
of ammonic sulphate, 80,Amo,, and a little ammonia. ( DISTINCTION
BETWEEN STRONTIUM AND CALCIUM.)

A solution of strontic sulphate in water is not precipitated by
ammonic oxalate, but readily precipitates baric salts.

POHoNao, (hydric disodic phosphate) gives a whife precipitate of
hydrie strontic phosphate, scluble in acids, including acetic acid.

ggﬂﬂ (ammonie oxalate) precipitates strontic salts more readily
than baric salts. The whife precipitate of strontie nxalate,{ggﬂm”,ia

readily soluble in dilute nitric or hydrochloric acid; somewhat soluble in
ammonie salts ; but sparingly soluble in oxalic or acetic acid.

QUESTIONS AND EXERCISES,

1. Which are the principal strontium minerals ?

2. How are strontic chloride and nitrate prepaved—1st from stronfianite ; 2nd,
from ecelestine ?

3. Which are the most characteristic reactions for strontium ?

4. How can strontium be distinguished from barium P

5. What is the percentage of strontium in strontianite and in celestine !

6. How can strontium be separated from caleium ?

3. CALCIUM, Ca'". Atomic weight, 40.—Occurs in nature in
the mineral, vegetable and animal kingdom, in vast masses, in com-
bination with carbonie, sulphurie, silicic and phosphoric acids. In
plants it oceurs combined with carbonie, sulphurie, and phosphorie
acids ; in animals combined with phosphoric and carbonie acids. It
is oceasionally also found in minerals which result from the action
of acids (such as nitric or arsenie acid) upon cale spar.

The principal calecinm minerals are the various CALCIC CARBONATES,
differing in physical properties or in crystalline structure, such as
calec spar, COCao” (containing occasionally barium, magnesinm,
iron, manganese, lead, in variable proportions, and passing gradually
into baryto-caleite and dolomite, siderite, diallogite and plumbo-calcite),
arragonite, marble, limestone, chalk; the suLPHATES, such as gypsum,
SHo,Cao"', anhydrite, 80,Cao", alabaster, selenite; the PHOSPHATES,

such as apatite, P;G;:,Gan”;(%ﬂu.“)’, bone-earth, Py0,Ca0’;; and
fluor spar, Cal,.
REACTIONS IN THE DRY WAY.

Most caleinm compounds, when heated in the inner flame of the
blowpipe, colour the outer flame yellowish-red; calcic phosphate
and borate excepted. The presence of barium or strontinm entirely
obscures the calcium reaction. The lime spectruwm shows, among
other lines in the RED and YELLOW, an intensely green line, CaB, also
an intensely orange line, Caz. It requires a very good spectroscope
to see the faint indige-blue line to the right of G in the solar
spectrum.
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Caleic carbonate when strongly ignited becomes converted into caustic or
quicklime, CaQ, which reacts alkalive. It combines with water vﬂ eagerly,
evolving much heat, and is converted into calcic hydrate, Calo, (slaked lime),
which is less soluble in water than either baric or strontic hydrate. It is.also
more soluble in cold than in hot water. Calcie sulphate is converted into caleic
sulphide, Ca8, when ignited on charcoal in the reducing flame. The mass reacts
likewise alkaline.

REACTIONS IN THE WET WAY.

Calcic salts are readily prepared from pure cale spar or marble,
by means of dilute acids.

We employ A soLUTION OF cALCIC CHLORIDE, CaCl..

COAmo, (group-reagent) precipitates whife ealeic earbonate,
COCao", which is bulky and amorphous at first, but on warming
gently becomes rapidly crystalline. Caleic carbonate is somewhat
soluble in ammonic chloride, especially when freshly precipitated.
It is in fact partially reconverted on boiling into caleic chloride.

CONao, and G{ant, same reaction.

80,Ho., or a seluble sulphate, precipitates from concentrated solutions of
a calcie salt white ealele sulphate, SOHo.Cao” + Aq., soluble in much watenr,
and still more soluble in acids. A precipitate is obtained on the addition of twice
the volume of aleohol from solutions which are too dilute to be precipitated by
sulphuric acid or a soluble sulphate. Calcie sulphate dissolves readily on boiling
in a concentrated solution of ammonie sulphate.

A solution of ealeie sulphate precipitates both baric and strontic salts.-

POHoNao, (hydrie disodic phosphate) gives a bulky white precipitate of
tricalele phosphate, P,0,Cao”y, soluble in dilute hydrochloric or nitrie acid,
and soluble in acetic acid ; reprecipitated by ammonia.

ggﬁg (ammonie oxalate) produces even from very dilute

solutions of calcic salts a white pulverulent precipitate of caleie
oxalate, {ggﬂm” + Aq., readily soluble in hydrochloric or nitric

acid ; not perceptibly soluble in oxalic or acetic acid. On gentle
ignition calcic oxalate breaks up into calcic carbonate, and carbonie
oxide gas, and on igniting very strongly, caustic lime is left.

Soluble calcie salts, such as the chloride or nitrate, constitute
very important reagents for the detection of acids, on account of the
metal calcium forming insoluble salts with most acids.

QUESTIONS AND EXERCISES.

1. Which are the most important natural lime compounds ?

2. Give graphic formule for gypsum, anhydrite, m}:: spar, fluor spar, apafite,

3. Which are the most delicate reactions for caleium in the wet way P

4. How is arragonite converted into calcic oxalate ?

0. Caleulate the percentage composition of hone-ash.

6. Why can a solution of calcic sulphate be employed for the detection of barium
and strontium even in the presence of calcic salis ?

Separation &f: Barium,‘ﬂﬁmﬂﬁum, and Calcivm.— Barium minerals
frequently contain strontinm and calcium, and strontinm minerals
barium and calcium as well. A method of separating these metals
is besed upon—
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1st. The insolubility of BaCl, in absolute alcokol (8rCl, and
Ca(Cl; being soluble).

2nd. The insolubility of N,0,Bao", and N.,0,Sro" in absolute
aleohol (caleic nitrate being soluble).

A hydrochlorie acid solution of the mineral containing Ba and Sr, or Sr and
Ca, or possibly Ba, Sr and Ca, is prepared, and the solution evaporated to dry-
ness and gently ignited. (Strong ignition must be avoided as CaCl, is E].igh:{'(
decomposed into an insoluble basie salt.)

Barium is separated from strontium and ealcium, by digesting the finely
g;ﬁded residue with absolute aleohol, and separating the undissolved BaCl; by

tration.

Strontium is separated from caleium by evaporating or distilling off the abso-
lute aleohol, which contains the 8rCl, and CaCl;; precipitating with COAmo,,
filtering, and conversion of the strontic and caleic carbonates into nitrates by
means of dilute nitric acid. The solution of the two nitrates is evaporated to
dryness on a water-bath and absolute aleohol added, when caleie nitrate is
dissolved out, strontic nitrate being insoluble in absolute alcohol.

The presence of these metals may be confirmed by setting fire
to the aleoholie solution containing barie, strontie, or caleie chloride
(or nitrate); the alcohol is seen to burn with the characteristic
colour observed when traces of these salts were heated on a
platinom wire.

Several other methods for recognising and separating the metals
of Group IV will suggest themselves.

It is often useful to ascertain whether one or two, or all the metals of {his
group are present in a solution. This can be done by adding to their neutral
solution a solution of OrOsKo,, or 2HF,8iF,. A yellow or a transparent cry-
gtalling prm:ipita.te indicates barium. To a portion of the filtrate add 80,Cao0" ;
a precipitate forms perhaps only after some time, proving the presence of stron-
tium ; or the solution remains clear, in which case caleium only need be looked
for, the presence of which is indicated by the precipitate which ammonic oxalate

produces from another portion of the largely diluted solution. If both strontium
and calcium are present, separation becomes desirable.

The student will have no diffienlty now in drawing up tabular
analytical schemes* based npon:—

1st. The insolubility of BaCl, and N,0,Sro” in absolute alecohol.

2nd. The insolubility of BaCly in absolute alcohol and that of
S0,Sro” in a concentrated solution of 80;Amo,,

3rd. The insolubility of BalF,8iF, or CrO,Bao”, as well as of
80,8r0", in water; caleic sulphate being sufficiently soluble
to be readily indicated by ammonic oxalate,

PRACTICAL EXERCISESt ON GROUPS IV AND V.

You are requested to analyse—
1. A solution of salts of the metals K, Mg, and Ba.

# Table IV in the analytical tables at the end of the book contains a scheme
embodying method 2. , _

+ As a control upon the work done in a laboratory the analytical results
should be carefully recorded by the student (as far as poesible, in a tabular form),
and should be discussed and corrected, if necessary. By these means only it 18
possible to control and direct the analytical studies of a large class.
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2. A mixture (about ‘5 grm.) of the solid salts NaCl, 8rCl;, and magnesia alba
(C5Ho,Mgo")).

3. A mixture of the solid salts AmCl, BaCly, and COCao".

4. A mixture of the salts AmCl and S8O:Mgo”.

5. A mixture containing finely powdered marble, baric carbonate, and common
salt.

6. A solution of BaCl; and 8rCly, containing '010 grm. of Ba and '100 grm.
of Sr.

7. A solution of NaCl, KCl, and MgCl, containing ‘020 grm. of K, 200 grm.
of Na, and *050 grm. of Mg.

8. A solution of 8rCls and CaCls, containing ‘050 grm. of Sr, and 500 grm.
of Ca.

Cuarrer 1V,

REACTIONS OF THE METALS OF GROUP III, OR
AMMONIC SULPHIDE GROUP.

Group III comprises the metals Nicker, Cosavr, MANGANESE, ZINC,
Iron, Curomivm, AvvmisioM, likewise the phosphates of these
metals, and of Macyesiuym, Bariom, StroNTioM, and CALcioM.

1. Add to a solulion®* containing N,0,Coo”,FesCl, and caleie Erhnaphat.a.
dissolved in a little dilute hydrochlorie acid, a concentrated solution of ammonic
chloride, and then ammonia. A precipitate is produced. Filter, and add to the
filtrate ammonie sulphide. A further precipitation takes place; the precipitate
is black.

This shows that some members of this group arve precipitated by
AmCl and AmHo ; others only on the addition of SAm,.

2, Add to a solution of FeyClg, CryClg, and Al,Clg, ammonic chloride and
ammonia, till it is just distinetly ammoniacal, and boil for a few minutes. A
bulky gelatinous precipitate is obtained. Filter. Add to the clear filtrate a few
drops of ammonie sulphide : no further precipitation takes place.

Showing that Iron, Chromium, and Aluminium are precipitated
(as hydrates) from their saline solutions by AmCl and AmHo alone,
without the aid of 84m, (Ammonic chloride has no share in the
precipitation, but counteracts the solubility of the alumiric hydrate
in excess of the precipitant, and prevents the precipitation of
magnesinm as hydrate, if present in a solution.)

3. Dissolve some barie, stromtie, caleic, and magnesic phosphates in dilute
hydrochlorie acid, and cautiously add to the solution ammonia. No precipitate
18 produced till the free acid has been neutralised (with formation of ammonic
chloride), when the phosphates are reprecipitated. Filter and add ammonic sul-
phide to the filtrate. No further precipitation takes place.

This shows that the phosphates of the alkaline earthy metals are
precipitated by ammonia alone,

* Holutions containing -005 grm. of the metal in every c.c. are readily pre-
pared, and should be kept for use. 5 c.c. of each solution will be found u
convenlent quantaty.
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SAm, should invariably be added as well. The three reagents®

precipitate :—

1. SULPHIDES—
NiS  black
CoS Dblack
MnsS buff
ZnS  white
FeS black.

2. HYpRATES—
Cr.Ho, green

AlgHﬂg whit-&
3. ProspaaTes of Cr, Al, Ba, Sr, Ca, and Mg.

NICKEL, Ni" and ¥, Atomic weight, 58'8.—0c¢curs in nature
as sULPHIDE, NiS", in capillary pyrites, hair wnickel, or millerite ; as

. . : Ao . :
ARSENIDE, in arsenical wickel, § vpqr i", and in copper nickel,

{.i::rgii.:; as ANTIMONIDE; 1n .g; .g;“, antimony nickel, combined

e i

NI, NS,

with suLPHIDE, as in nickel glance or grey nickel ore, {
L ¥
as antimony wickel glance, {”g];;ﬂi,ﬂi"’ﬂz; also in the form of

minerals, which are the result of the oxidation of other nickel
minerals, e.g., as nickel ochre, A8,0,Nio";, and emerald nickel,
C(ONi"Ho),Nio",50H,.

REACTIONS IN THE DRY WAY. ,
When nickel compounds are heated on charcoal with dry sodic

* Add AmHo to a solution of barie, strontic, caleie (and magnesic) oxalates in
dilute hydrochloric acid, as long as a white precipifate is obtained. The osalates
of the alkaline earths are reprecipitated more or less completely as soon as the
hydrochloric acid which (as in the case of the corresponding phosphates) holds
them in solution is completely neutralised.

The same applies to the fluorides, borates, tartrates, citrates, &c., of these
earthy bases, which are precipitated by AmHo, although in the presence of much
AmCI they are to a great extent held m solution.

Silicie acid and silicates, soluble in hydrochloric acid, are likewise acted upon
by AmCl and AmHo, gelatinous silica, and silicates, being precipitated.

In order to avoid complicating the gualitative course, it is usually preferred
to evaporate the hydrochlorie acid filtrate from Group I1 to complete dryness,
with the addition, towards the end of the evaporation, of u little concentrated
nitric acid, whenever AmCl and AmHo produce a precipitate. By these means
silicic anhydride, 810, is left behind insoluble in acids; the fluorides and
borates are for the most part decomposed ; boric and hydrofluoric acid being
set free or volatilized. Osxalates are destroyed with evolution of earbonic
anhydride by the oxidizing action of the nitric acid; and tartrates, etc., are
broken up by gentle ignition into earbon and volatile gaseous products ; ferrous
salts are converted into ferric salts, and on extracting the ignited residue with
a little concentrated hydrochloric acid, the metals are obtained in solution gs

chlorides, together only with the phosphates of the alkaline earths, earthy and
metallic bases.



24 NICKEL.

carbonate in the dnner blowpipe flame, they are reduced to a grey
metallic powder which is magnetic. Heated on a boras bead, in the
outer flame, nickel compounds yield an intensely coloured glass,
which appears hyacinth-red to violet-brown when gnt, and yellowish
to sherry-red when cold (according to the quantity of nickel
present). On fusing a little nitre in the bead, the colour is changed
to blue or dark purple, whereby nickel compounds may be dis-
tinguished from iron. Heated in the reducing flame the colour
disappears, and the bead assumes a turbid grey appearance, owing
to finely divided particles of metallic nickel. The reactions with
microcosmic salt are similar, but the bead becomes almost colour-
less when cold.

REACTIONS IN THE WET WAY.

We employ & SOLUTION OF NICKELOUS suLpHATE, SO,Nio”,
—_ E{}E(UQH]}”.

~ Bolutions of salts of nickel are generally green ; those of cobalt red. A solu-
tion of cobaltous chloride turns &lwe on heating. A solution of both a nickel and
a cobalt salt is red, green, or colourless, according to the quantities present of each
of the metals in solution.

SAm, (group-reagent) gives a black precipitate of nickelous
sulphide, NiS, slightly soluble in excess of the reagent, especially
in the presence of free ammonia or of yellow ammonic sulphide,
forming a dark brown solution, whence the sulphide is reprecipi-
tated on boiling. The presence of ammonic chloride (or better
still, ammonic acetate) assists the precipitation. Nickelous sulphide
dissolves with difficulty in dilute hydrochloric acid, readily in nitrie
acid or aqua regia, and is but slightly soluble in acetic acid.

8H, gives no precipitate in an aecid solution, and a partial precipitate only
from a salt of nickel with a mineral acid; but produces readily a precipitate

from a solution of nickelous acetate, or a nickelous salt mixed with an alkaline
acetate, especially on heating.

NaHo or KHo precipitates an apple-green nyarate, NiHo,,
insoluble in excess, soluble in ammonic salts to a greenish-blue
fluid. Nickelons hydrate leaves on ignition nickelous oxide. It
does not absorb oxygen from the air.

AmHo produces o slight greenish precipitate, readily soluble to a blue fluid.
No precipitate in presence of ammonie chloride.
CONao, precipitates an apple-green basic carbonate, varying in com-
osition.
: COAmog, same precipitate, readily soluble in excess, when filtered and washed,
to a greenish-blue solution,

KCy (free from cyanate (CyKo) and carbonate*) gives a
yellowish-green precipitate of nickelous ecyanide, NiCy,, which
dissolves readily in excess of potassic cyanide to a brownish-
yellow solution, containing a double cyanide of nickel and potas-

# Tt is preferable to add hydrocyanie (prussic) acid, HCy, to a neutral solu-
tion of & nickelous salt, and then o drop by drop, till the yellowish-green
srecipitate is redissolved. Gireat caution has to be observed on account of the
Lighl;,r poisonous nature of HCy.
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sinm, 2KCy,NiCy,. On adding a dilute acid (HCI or BD%HI'J;),
NiCy, is reprecipitated, and KCy is decomposed with evolution of
HCy. Boiling with hydrochloric acid decomposes the nickelous
cyanide likewise. % _

The solution of the double cyanide is not altered by boiling with
excess of HCy, but the nickelous salt is oxidized in the cold by
chlorine, or on the addition of a concentrated solution of sodic
hypochlorite, CINao, to black mickelic hydrate, '‘Ni",Hoy which 1s
gradually precipitated, thus :—

2NiCy; + ClNao + 5OH; = NiHo; + NaCl + 4HCy.

Nickelic hydrate may also be obtained by passing chlorine
through water, in which nickelous hydrate is suspended. HCI
decomposes the tetrad nickel compound into nickelous chloride and
free chlorine. Nickelic oxide, Ni,0,, obtained by igniting the
hydrate, or by keeping the nitrate at a temperature of about 200° C.,
is a black substance, scarcely soluble in boiling acefic acid.

QUESTIONS AND EXERCISES.

1. Express insymbolic equations the reactions for nickel in the wet way.

2. State which are the principal nickel minerals, and translate into graphic
formule the constitutional formule of emerald nickel, anfimony nickel,
nickelous nitrate and arsenate.

3. How many oxides of nickel are there ; and how would you prepare them from
a solution of nickelous sulphate ?

4. How would you recognise the presence of Niand As in arsenical nickel ?

5. 50 cubic centimetres of a solution of nickelous sulphate yield on precipitation
with K Ho and ignition ‘370 grm. of WiO ; how much Ni is contained in
1 e.e. of the solution, and how much nickelous sulphate (SOHo,Nio”,60H,)

must be dissolved in a litre of water to obtain a solution of the above
strength ?

6. Caleulate the percentage composition of capillary pyrites.

' 4

COBALT, Co" and '¥. Atomic weight, 58 8.—Occurs in nature

W fF
as SULPHIDE or cobalt pyrifes, Go.5; or gg’gu&”; as arsenide

n { ui:.Cﬂ”, tin-white cobalt or smaltine (speiss cobalt), as suLpH-
" f

ARSENIDE, or cobalt glance,< , AB,GD”,GG“‘S,; also in the form of

products of oxidation, such as cobalt vitriol, SOHo,Coo”,60H,, as
arsenate, As,0,C00",80H,, in cobalt bloom, and generally in small
quantity in nickel and iron ores.

REACTIONS IN THE DRY WAY.

Cobalt is usually detected with comparative facility. Cobalt
minerals containing sulphur or avsenic are roasted on charcoal, orin
a glass tube, when sulphurous and arsenious anhydride are evolved.
The residue is then introduced into a borax bead, and heated in the
outer flame, when a fine vlue, so-called cobalt glass, is obtained.
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This colour remains the same both in the outer and inner, or reducing
flame. TIn cases where much Mn, Fe, Cu, or Ni are mixed with Co,
the blue appears distinetly only after the bead has been heated for
some time in the reducing flame. Microcosmic salt gives the same
blue bead. Heated on charcoal, with sodic carbonate, in the reducing

flame, cobalt separates as a grey metallic powder which is attracted
by the magnet.

REACTIONS IN THE WET WATY.

We employ A SOLUTION OF COBALTOUS NITRATE, EU’Guu”.
2

SAm; (sroup-reagent) gives a black precipitate of cobaltous
sulphide, COS, insoluble in excess of the reagent, scarcely soluble in
acetic acid, and very diflicultly soluble in dilute hydrochloric or
sulphuric acid, but readily soluble in aquna regia upon the applica-
tion of heat. Hence a black residue left, on treating the ammonic
sulphide precipitate of Group IIT with dilute hydrochlorie acid,
indicates probably the presence of cobaltous or nickelous sulphide.

SH, gives no precipitate from an acid solution, but precipitates cobaltous
sulphide partially from a neutral solution, and wholly from a selution of cobaltous

acetate, or from n solution of a cobaltous salt containing a mineral acid, on the
addition of an alkaline acetate, and upon heating.

KHo or NaHo gives a precipitate of a blue vasie salt, which
turns olive-green on exposure to air, owing to the absorption of
oxygen. On heating, a rose-red cobaltous hyarate, Colo,, is obtained,
which, -however, contains mostly a small amount of dark brown
cobaltic’ hydrate. Ammonic carbonate dissolves the precipitate
(after filtration and washing) to an intensely violet-red fluid.

By suspending cobaltous hydrate in water, and passing a current
of chlorine into 1it, black cobaltic hydrate is precipitated, whilst
cobaltons chloride remains in solution, thus:—

W 3CoHo, + Cl, = Co,Ho, + CoClL.
Cobaltic
hydrate.

In the presence of an alkali (Nalo) the whole of the cobaltous
hydrate is converted into cobaltic hydrate.

AmHo produces in neutral solutions n slight precipitate of -a basic salt,
which dissolves readily in excess. The solution is reddish-brown. Ammonic
chloride prevents the precipitation altogether. The solution absorbs oxygen from
the air, and becomes red on standing.

00 Nao, precipitates a peach colowred basie earbonate
00Amo, same precipitate; readily soluble, however, in excess, to a red

solution.

KCy gives with all normal cobaltous salts a brownish-white pre-
cipitate of covaltous eyanige, CoCyz, soluble in excess, reprecipitated
by dilute hydrochloric or sulphuric acid. : _

If the cobaltous solution, however, contains free acid, so as to
liberate hydrocyanic acid by the action of the latter upon the excess
of KCy, and if the solution containing the double cyanide 2KCy,
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CoCyy, be heated for some time, dilute hydrochlorie or sulphuric acid
no longer produces a precipitate, the whole of the cnha.%truua cyanide
having been converted into cobaltic cyanide, 'Co™,Uys which
remains combined with 6KCy to form a well defined and stable salt,
called potassie cobalticyanide, K;Co.Cy,, hydrogen being evolved,
thus :—

2CoCy, + 2HCy = Co.Cys + H..
6KCy + Co.lys = KqCo:Cyu.

l’ﬁmsaiq
cobalticyanide.

This salt is not acted upon by sodic hypochlorite in the cold.

Separation of Nickel from Cobalt.—It is obvious that the hydro-
cyanic acid reaction enables us to separate nickel from cobalt.—To
a neutral solution of the two salts add cantiously a small quantity
of a strong solution of hydrocyanic acid, and then, drop by drop,
KHo (a solution of potassic eyanide may likewise be used) as long
as a precipitate forms, and till the precipitate is just redissolved
and the yellowish-brown turbid liquid has become clear. Heat
gently for some time in a well-ventilated closet, till the odour of
‘hydrocyanic acid has disappeared. Allow to cool, and add a con-
centrated solution of sodic hypochlorite. Ni,Ho, is precipitated in
the cold, and cobalt remains in solution, as K;Co.Cy. Sepmnte
by filtration. Test the residue before the blowpipe for nickel, and
evaporate the solution to dryness, and test for cobalt by means of a
borax bead.

Instead of separating nickel as Ni:Hog; by means of ClNao, the solution, after
digesting with excess of HCy, may also be precipitated whilst hot, with finely
divided freshly precipitated mercurie oxide. On digesting for a short time at
a gentle heat, the whole of the nickel is precipitated, partly as Niloy, partly as
NiCy, the mercury combining with the liberated cyanogen. Filter off the
yll;eeﬂi-r-i or yellowish-grey precipitate, wash, and ignite. Pure NiO is left;
thus ;(—

(1) 2NiCy, + xHg0 + OH; = Hg(ly, + Nillo,Nily: + x-1HgO.
Grreenish
precipitate.

(2) NilHo,NiCy: + HgO = 2Ni0O + HgCy, + OH..
Volatile
on ignition,

The cobalt remains in the solution as KyCo.Cy.. Nearly neutralize with
dilute nitric acid, and add a neutral solution of mercurous nitrate, NyO,Hg.o".
A white precipitate of mercurous cobvalticyanide, (Hg");C0,Cy,s, forms,
which contains the whole of the cobalt. Filter, wash, and ignite under a hood
with free access of air, when tricobaltie tetroxide, Coy0,, is left.

Another method of separation consists in adding a concentrated solution of
NOKo (potassic nitrite) in considerable excess to a concentrated normal
solution of a cobaltous salt, then acetic acid in sufficient quantity to freely re-
dissolve the precipitate, which is at first produced by the free KHo and COKo,
contained in the NOKo. On keeping the solution in a moderately warm place,
the nickel salt remains in solution, and the whole of the cobalt separates in
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the form of a crystalline precipitate of a fine yellow colour (from a dilute
suluﬁ;lpn only after long standing), the formation of which is expressed by the
equation :—

HG e G
2N0:Co0” + 14NOKo + 4{,35%{0 + OH, = N,0,Co0",
Yellow

6NOKo,30H, + 4N0,Ko + *{ggf{ﬂ + N.O.

precipitate.

The precipitate is perceptibly soluble in cold, and more readily still in hot,
water ; it 1s decomposed by hot nitric or hydrochloric acid, or by potassic
hydrate ; insoluble in alcohol; insoluble in the presence of potassic acetate ;
and it can therefore be washed by a solution of potassic acetate, and finally with
alcohol. This REACTION SEPARATES NICKEL FROM COBALT VERY EFFECTUALLY.

From the filtrate the nickel is best precipitated as an apple-green basic car-
bonate by a fixed alkaline carbonate.

The presence of Ba, Br or Ca salts interferes with the reaction, as it gives
rise to the precipitation of a triple nitrite of Uo, Ni and K.

On igniting a small quantity of N.,ONio", a dirty greyish powder
of Ni0 is left. Ignite next N,0,Co0" gently (200° C.), and black
bohalions didoballib tetroxion B6,0 = {gggﬂun", S Tap el
is not soluble in boiling dilute acetic acid. On treating this oxide
with hydrochloric acid, chlorine gas is evolved, according to the
equation :—

Co,0, + 8HC1 = 3CoCl, + Cl, + 40H.,.

Both nickel and cobalt are capable of forming compounds in
which the metals exist in a tetraa condition, viz.,

Hlaﬂg, or E;go, and cﬂ:(:]a, or ggg@; ﬂD;S;.
Nickelic Cobaltic Cobaltic
oxide. oxide. sulphide.

Ni,0, is, however, mostly obtained in the wet way by the action
of oxidizing agents, and cannot exist at a high temperature,

Co,0,, on the other hand, is obtained in the dry way, or on
gentle ignition of cobaltous salts containing volatile acids, and gives
up a portion of its oxygen only on strong ignition. ‘

The same tendency to form a compound in which cobalt exists
as a tetrad element, is observed on exposing the freshly-precipitated
hydrate to the air, or on passing chlorine or adding bromine or
iodine to cobaltous solutions. ;

Little use is, however, made of these reactions beyond the con-
version of CoCy. into Co,Cyj, in the presence of potassic cyanide,
or of Co0 into Co,0; in the potassic nitrite reaction.

QUESTIONS AND EXERCISES,

1. 'Translate into graphic formule the constitutional formulwe of cobalf pyrites,
cobalt vitriol, cobalt bloom, cobaltic cyanide.
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2. How are CoO and E?D. pﬁqgnmd?

8. How is Co separated from Ni:

4. 2 grms. of MP:]:; containing Ni and Co yield 221 grm. of NiO and 1575
grm. of Cog0,; what is the percentage of Ni and Co in the ore? .

5. Explain the formation of a blue glass when cobalt compounds are heated in o
borax bead, or a bead of microcosmic salt.

6. How would you prepare potassie cobalticyanide ?

MANGANESE, Mn", ', and ¥. Atomic weight, 55.—Occurs
in nature mainly in the state of Oxipes, of which the mineral
pyrolusite, Mn'¥O,, is the most important. It is found in small
quantities in many iron ores, and is a frequent constituent of sivi-
cATES : the MnO replacing the isomorphous bases, FeO, Zn0, MgO,
CaO, withount altering the erystalline structure of the minerals. It
exists both in the dyad and tetrad condition in manganous and man-
ganic oxides. The Axmvprovs OxipEs known, besides pyrolusite,

: : . Mn
are braunite, MnOMno", or Mn'V,0y, hausmannite, Mngﬁino”, or

Mn'v,0,; the HvpraTeEs are: manganite, {Egggg, psilomelane,

MnOHo w . MnHo, TR e Mn'"'0O
MnOHo MR wad, MnHmMDD , varvicite, { Mno" (gJMn’“Hﬂg)”,
a '‘Mn"'0 |
MﬂHUg
copper mangan, O Cuo”. Manganese is found in combina-
MIIHG:

tion with SULPAHUR, in manganese blende, MNS ; with cARBONIC ACID,
in diallogite, COMno"; with siuic, in red manganese or mangan
Fiesel (rhodonite), 8i0Mno'', and in tephroite, 8iMno''y; with pHOS-
PHORIC acid, as friplite, P,OMno";Feo",.

EXAMINATION IN THE DRY WAY.

The presence of manganese is readily detected in minerals which
contain no other oxides capable of colouring fluxes, as they dissolve
when heated in the oufer flame, in the boraa bead, or in a bead of
microcosmic salt, to a clear vioLET-RED pearl which becomes of a fine
amethyst colour on cooling. The bead becomes colourless when
heated in the reducing lame. If other metallic oxides are present,
it is preferable to mix a small trace of the finely powdered man-
ganese compound with two or three times its weight of sodic carbo-
nate (a little nitre may likewise be added), and to fuse on platinum
foil (a small platinum spoon or the lid of a platinum erncible) in
the oxidising flame, when a bluish-green mass is left after coolin 2,
consisting of sodic manganate, MnO,Nao.. The mass at the same
time loses its transparency. THIS FORMS THE MOST CHARACTERISTIC
REACTION FOR MAivcaxese. Manganous and manganic oxides are
converted into a higher oxide, Mn¥0,, in which Mn exists as a
- hexad.

EXAMINATION IN THE WET WAY,

All the higher oxides of man ganese, when heated wiih hydro-
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chloric acid, evolve chlorine, and are converted into manganous
chloride. The chlorine so evolved becomes the measure of the
amount of MnQ, present in a manganese ore.

We employ A SoLUTION OF MANGANOUS CHLORIDE, MnCl, (free
from Fe).

Solutions of pure manganous salts (free from manganate or permanganate)
are colourless.

SAm; (group-reagent) gives a flesh-coloured precipitate of mana
ganous sulphide, MnS, readily soluble in dilute acids, even acetic
acid. Hence the presence of free acetic acid prevents the precipita-
tion of manganese (METHOD 0F DISTINGUISHING Co AND N1 FROM ﬁﬂ).
The manganese may be separated by repeating once or twice the
Precipitation of cobalt and nickel in the presence of acetic acid.

SHs does not precipitate a neutral solution of a manganous salt ; the acetate
even is precipitated very slowly and imperfectly, and not at all when free acetic
acid 1s present.

KHo or NaHo gives a white precipitate of manganous hyarate,
MnHo,, insoluble in excess. The precipitate absorbs speedily
oxygen from the air, and turns dark brown with formation of

Egggg, when it no longer dissolves completely in ammonic
chloride.

AmHo precipitates a white hydrate from neuntral solutions; in-
soluble in excess, or in ammonic carbonate. )

No precipitate is produced in solutions containing ammonic
chloride. On - exposing an ammoniacal solution of the soluble
donble chloride, 2AmCl,MnCl,, to the action of the air, the whole
of the manganese is gradually precipitated as dark brown aiman-
ganic dioxydihydrate, ﬁgggg. This reaction is characteristic for
manganese compounds.

AmHo conveys in this change oxygen fo the manganous salt in a manmer
similar to the nection it has upon cobaltous salts, or upon metallic copper, in the
presence of oxygen or air. A6 i

Owing to this tendeney of manganous salts to become oxidised and precipi-
tated in the presence of AmHo, it is all but inﬁmsuihle to separate manganous
from ferric salts by means of AmCl and AmHo. The reddish-brown ferric

hydrate, which is precipitated, invariably carries down more or 1:335{ ﬁggg;

and small guanfities of manganese cannot, therefore, be separated ﬁ:‘ﬂm iron by
precipitation with AmCl and AmHo. The separation succeeds best if the excess
of ammonia is immediately boiled off.

CONao, or COKo, precipitates whife manganous carbonate,
COMno”, insoluble in excess of the reagent, but pretty readily
soluble in ammonic chloride. This precipitate absorbs likewise
oxygen from the air, and turns to a dirty brownish-white colour,
owing fo the formation of dimanganic dioxydihydrate. On ignition
with free access of air, the white carbonate turns first black, and
changes subsequently to brown trimanganie tetroxide, Mn,0,. All
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manganese oxides are obtained upon ignition in air in the form of
Mngﬂl.

KCy gives a whitish precipitate of manganous cyanide, Mn(y,, soluble in
excess to o brown solution, which is not precipitated by SAm,.

We have just seen how readily manganous compounds are converted, more or
less completely, into higher oxides, in which manganese acts the part of a tetrad
element. In the brown hydrated dioxide, obtained when a manganous salt is
digested with sodic hypochlorite, according to the equation :—

MnCl, + ClNao + 20H; = Mn*OHo; + NaCl + 2HCI,

the manganese exists likewise ns o tetrad element. By fusion in the dry way
with sodic carbonate, alone or together with nitre, the manganous or manganic
compounds are converted into an alkaline manganate, in which the metal man-

se acts the part of a hexad element. Manganic acid itself has never been
izolated. It is obtained, however, in combination with a few of the stronger’
metallic bases, forming manganates, of which the alkaline manganates only dis-
solve in water to green solutions.

Manganates are readily decomposed in aqueons solutions. On gently heating
a solution of potassic manganate with free access of air, the green colour changes

%;pf&ﬂfi, owing to the formation of potassic permanganate,® Mn,O;Ko, =

to
{fm:gﬂggg} with separation of hydrated dioxide, thus :—

IMn0:Kos + 30H; = Mn.0;Ko; + MnOHo; + 4KHo.

The change is accelerated by adding a few drops of a dilute mineral acid, e.g.,
nitric, hydrochlorie, or sulphuric acid, which combines with the liberated alkali.
This reaction is extremely delicate.

The metal manganese seems to act here the part of a pseudo-octad element;
and it may readily be inferred that the different oxygen atoms perform different
funections in such a highly oxygenised compound, and that the metal manganese
will part with some more readily than with others. 3

anganie dioxide, as well as other native peroxides, already enumerated,
also the alkaline manganates and permanganates, act as powerful oxidizers,
differing mcmldf in the infensity of their uﬂd-izing action,

Manganie dioxide gives off oxygen on the addition of concentrated sulphurie
acid, and forms normal manganous sulphate :—

(Atomic equation) Mn(l; + 80;Ho; = O + SO,Mno” + OH..

Sulphuric acid added to sodic manganate, gives off a molecule of oxygen, and
forms manganous and sodie sulphates, thus :(—

MnO,Nano, + 280;Ho, = O, + 80,Mno” + 80;Nno, + 20H.,.

Sulphuric acid added to a solution of potassic permanganate, liberates five
:.ll;oms of oxygen, and leaves manganous and potassic sulphates in the solution,
us :—

(Atomie equation) ﬁ;g:ég%ﬁ% + 380;Ho, = O; + 280,Mno"”

+ SDQEUE o+ ﬂ'DH!.

Hydrochloric acid acts likewise upon the higher oxides of manganese with
evolution of chlorine and formation of metallic chlorides and water. The per-
oxides of manganese, especially the black oxide, constitute the principal sub-

* Permanganic acid has never been isolated. It exists only in a few metallic
salts called permanganates, which are soluble in water, forming intensely purple-
red solutions. The salts crystallise from an alkaline solution in beautiful large
crystals of deep violet lustre.
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stances, together with hydrochloric acid, or sodic chloride and oil of vitriol, for
evolving chlorine in the laboratory and on a manufacturing scale.

We know of no other mineral oxidizing agent capable of yielding from one
molecular group of elements five atoms of oxygen ; and there are but few ele-
mentary substances which resist the oxidizing action of potassic permanganate.
Hydrogen, freshly-ignited carbon, phosphorus, iodine, sulphuretted hydrogen,
carbonic disulphide, are oxidized more or less rapidly. Metals, such as zine and
iron, become oxidized after n fow days ; lead, copper, mercury and silver after
some $ime. Many lower oxides, chlorides, ete., are converted ito higher oxides,
ete., especially in the presence of a free acid (hydrochlorie or sulphuric acid).

Thus arsenious is eonverted into arsenic acid, sulphurous into sulphurie,
nitrous: into nitrie, phosphorous into phosphorie acid. Oxalic acid is oxidised
into carbonic anhydride and water. Lower, or -ous chlorides, sulphates, ete., are
converted into the higher or -ic salts, e.g., ferrous, stannous, antimonious, cuprous,
and-mercurous chlorides are oxidized (“ chlorinized ) in the presence of free
hydrochloric acid into ferrie, stannic, antimonie, cuprie, and mercuric chlorides ;
the manganese and potassium of the permanganate are left in solution as chlo-
rides. Ferrous, cuprous, and other sulphates are converted in the presence of
free sulphuric or hydrochiorie acid into ferrie or eupric sulphates.

Potassic permanganate oxidizes also many organic bodies, such as sugar, gum,
cellulose (in paper, cotton), urie acid, ete. The reaction in all these cases is indi-
eated by a change of colour. On adding, for instance, the purple coloured per-
manganate solution to a solution of sulphurous acid, the colour is instantaneously
destroyed as long as any sulphurous acid is left. Permanganate becomes, there-
fore, Ea measure for sulphurous acid, and in like manner for other lower oxides,
chlorides, ete. !

Sulphurous acid requires one atom of oxygen in order to be converted into
sulphuric acid, and potassic permanganate can part with five atoms of oxygen,
One molecule of the oxidizing agent oxidizes, therefore, five molecules of the
reducing ngent, i.e.,, 316 parts by weight of potassic permanganate become the
measure for 5 x G4 = 820 parts by weight of 80,

Two molecules of ferrous sulphate combine with one atom of oxygen and one
molecule of sulphurie acid, to form one molecule of ferric sulphate, thus :—

280;Fe0” + O + 80;Ho; = 8,0;Fezo™ + OH.,.

Hence one molecule of dipotassic permanganate oxidizes ten molecules of
80,Feo”, ten molecules of FeO, or ten atoms of Fe; and 316 parts by weight
of Mn,0.Ko, become the mensure for

10 x 152 parts by weight of 80,Fea”
orld x 72 . :E:aL'l
or10 x 0GR B Fe.

QUESTIONS AND EXERCISES.

1. Which are the most important manganese ores ?

9, Which manganese ores can be employed for generating ehlorine

8. Explain the action of concentrated 80;Ho; upon MnO; Mn(,Nao, and
Mn,0,Ko,; and express the changes by equations. :

4, Translate into graphic formulm the constitutional formule of pyrolusite,
braunile, hausmannite, manganite, psilomelane, wad, varvicite, and
teplroite. s

5. Describe the most characteristic b]nwpiﬁe reactions for manganese compounds.

6. How can Mn be separated from Niand Co? .

%. How is Mn separated from ealeinm or from potassium ?

8. What change does a solution of dipotassic manganate undergo when heated
in contact with air ?

9. Give evidences of the dyad, tetrad, and hexad nature of manganese.

0. Give the graphic formule for disodic manganate and dipotassic perman-
ganate.
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11. Explain the action of AmHo upon cobaltous and manganous salts, 1st, in the
presence of ammonie chloride ; 2nd, in the absence of ammonic salts ; and
8rd, with free access of air.

12. State why Mn is separated with difficulty from Fe'* by means of AmCl and
AmHo.

18. What change does COMno” undergo upon ignition ? :

14. By precipitating 2622 grms. of a manganous salt with sodic carbonate and
ignition ufut]ﬁe precipitate, 1'325 grm. of MnyOy, is left; what is the per-

_centage of manganese in the salt ?
15. What is the action of dipotassic permanganate upon HCl, SH,; 80,

gg%g, Cu,Cl, Fe(l,,8nCl,? Express the changes by equations.

16. How much sulphurous anhydride by weight and by volume (at 0° C. and
760 mm. barometrical pressure) will be required to decolorise a solution
containing ‘500 grm. anipﬂtﬂaﬂiﬂ permanganate ?

17. Explain the action of sulphurous anhydride upon manganie dioxide.

18. 125 grm. of dipotassic permanganate had to be added to a given quantity of
an acid (80;Ho,) solution of 80,Fec”. Calculate how much metallic

iron the solution contained. e g
19. 450 grm. of spathie iron ore, COFeo”, when dissolved in hydrochloric acid,

required ‘100 grm. of Mn,0;Ko;. What will be the percentage—1st, of
ecarbonate ; 2nd, of metallic iron, contained in the ore ?

20. 1240 grm. of CO0, was evolved when 1-780 grm. of pyrolusite was treated
with moderately concentrated 80;Ho, and{ gggg What is the per-

centage of Mn(O, in the ore, and how much chlorine gas by weight and by
volume can be evolved from 100 grms. of the ore when treated with HC1?

ZINC, Zn'". Atomic weight, 65.—Oceunrs in nature chiefly as
SULPHIDE, or zinc blende, black juck, ZMS; as CARBONATE, or cala-
mine, COZno" ; and as siLICATE, or zinc glance, electric calamine,
8iZno";,OH,, Willemite, 8iZno";; also as oxipe—the only oxide
known—in red zine ore, Zn0.

REACTIONS IN THE DREY WATY.

The most characteristic blowpipe reaction for zine consists in the
white incrustation of zineic oxide which its compounds yield when
heated on charcoal in the reducing flame with sodic carbonate. The
zinc compound is reduced to the metallic state, and the metal being
volatile, burns, on passing through the ounter flame, with a bluish-
- green flame, and is converted into oxide, which covers the charcoal

with an incrustation, yellow when hot, white when cold, and which
assumes a fine green colour when treated with a solution of cobaltous
nitrate, and on being once more strongly heated in the outer flame.
The incrustation is not driven away in the oxidising flame,—zincic
oxide being non-volatile.

Zinc compounds give with borax or microcosmic salt in both flames a bead,
which is yellowish while hot, and white on cooling; opaque if much zine salt be
present. This applies, however, only to pure zine compounds, and the detection
of zine in poor ores containing other readily oxidizable metals (such as Pb, Cd,
As, 8b, which give likewise incrustations), is a matter of great uncertainty.

. Zincic sulphide (zine blende), when roasted in a tube of hard glass, loses part of
its sulphur in the form of sulphurous anhydride, and leaves some zincie Hll{);ilﬂtﬂ,
80,Zno” (white vitriol), '-'rhic:]i,l may be extracted with water.

Calamine leaves on ignition zincic oxide.
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REACTIONS IN THE WET WAY.

We employ 4 sotvrion of Zivcic Canoring, ZnCl, or or Zixcic
SureaATE, 80,Zno", = 80,(0,Zn)". Both salts yield colourless
solutions.

SAm, (group-reagent) gives a white precipitate of zineie
sulphide, Z0\S, insoluble in excess. From dilute solutions the pre-
cipitate separates only after some time, more speedily in the presence
of ammonic chloride. It is readily decomposed by dilute hydro-
chloric and sulphuric acids, with evolution of snlphuretted hydrogen;
also by nitrie acid, but is insoluble in acetie acid.

SH., precipitates zine imperfectly from nentral solutions of zineic
. salts with mineral acids; but from an acetate or a solotion of a zinecic
salt mixed with an alkaline acetate, the whole of the metal is pre-
cipitated by sulphuretted hydrogen as zineie sulphide, even in the
Ri-asnnce of much acetic acid (METHOD OF SEPARATION oF ZN FROM

N). Free organic acids prevent the precipitation.

KHo or NaHo precipitates the white nyarate, ZnHo,, readily
soluble in excess, and in AmHo, reprecipitated almost entirely on
diluting with water and on boiling, soluble alzo in ammonie chloride.
Sulphuretted hydrogen precipitates the whole of the zine from these
solutions. Free organic acids prevent the complete precipitation.
In the presence of the hydrates of manganese, nickel and cobalt, KHo
or NaHo does not dissolve out the whole of the zineie hydrate.

CONao, or COKo, produces a white precipitate of vasic ear-
bonate, consisting of two molecules of zincic carbonate and three
molecules of zincic hydrate, according to the equation :—

CHo(0Zn"Ho),
580,Zno"” + 5C0ONuo, + 30H, =< Zno" + 580, Nao,
CHo(0OZn"Ho),

Dihydrie pentazincic
dicarbonate tetrahydrate,

+ 3CO0,.

A large excess of ammonic salts prevents the precipitation.

This carbonate leaves on ignition ZnO), also known under the name of zine
white.

COAmo; produces the same precipitate, soluble, however, in eXCess.

KCy gives a white precipitate of zinele eyanide, ZnCy,, soluble in excess,
not reprecipitated by SAmg, but completely precipitated by SK; as ZnS (Method
for the separation of Zn from Ni). ) ) :

Zinc precipitates the less electropositive metals from their solutions, viz., As,
Sh, 8n, Cd, Cu, Pb, Ag, Bi, Hg : and on dissolving impure metallic zine in dilute
acids (hydrochloric or sulphuric), these metals do not dissolve, as long as any
zine remains undissolved. Hence zine protects other metals, such as copper, iron
(galvanized iron), from the oxidizing action of the air. £ . ‘

Zing, when placed in contact with platinum, iron, ete., dissolves in alkaline
golutions in the cold; when boiled with KHo (NaHo, or even AmHo), it dissolves
likewise, with evolution of hydrogen and formation of dipotassic zincie oxide,
Zn‘l%?ﬁ“ vapour decomposes CO; at a high temperature, and forms Zn0 and CO ;
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t & lower temperature, Zn0 yields its oxygen again to carbon (Method of extract-
?uga;ehﬂic :ﬁ from some gf its ores). This forms an interesting instance of
reciprocal chemical action.

QUESTIONS AND EXERCISES.

1. Explain the action of HCl, 80,Ho,, NO,;Ho, and KHo upon metallic zine.
xpress the changes by equations. -
2. (ive the namesand composition of the most important zing ores, and translate
their constitutional into graphie formulse.
8. Describe the blowpipe reactions for zine compounds. . )
4, Express by equations the reactions for zine in the wet way. Give graphic
ormuls for the basic earbonate and dipotassic zineie oxide.
5. 1'6 grm. of calamine yielded 876 grm. of Zn0, what is the percentage of
zine in the ore?
6. How is metallic zine obtained from ecalamine, or red zine ore?
7. How has ZnS to be treated in order to extract from it metallic zine?
8. How is Zn separated from Mn?
9. How can Zn be separated from Ni and Co?
10. How would you remove the zine from an alloy of Zn and Cu (brass) ?
11. How is white vitriol prepared, 1st, from zine blende, 2nd, from calamine ?
Give the composition of the crystallized salt.
12, You have given to you calamine, zine blende, hydrochlorie acid, water, and
sodic carbonate. State how you would prepare from these materials zinecie
oxide or zinc whife. Express the changes by equations.

IRON. Fe'\"", and ¥, Atomic weight 56.—One of the few
metallic elements which occurs very abundantly in nature, mostly
in the combined state. It will Em%ca if we consider more espe-
cially those iron ores which contain the metal in sufficient quantities
and which are sufficiently free from deleterious substances (such
as S, P, As), to render them sunitable for the extraction of iron
by the usual metallurgical processes. The most important iron
ores are :—

1st. Ores coNTArSING FERROUS OXIDE :—spathic or sparry iron
ore, COFeo", (sphaerosiderite) containing varying quantities of
COMno”, COMgo", and COCac"'; black band or carbonaceous
iron ore, a sphaerosiderite containing from 20 to 25 per cent. of
bituminous matter; clay dronstone (likewise a siderite) is, as its
name indicates, associated with clayey matter. It is from these
two ores that the greater part of the iron manufactured in this
country is derived. They occur in immediate proximity to the coal
measures and limestone geds—the fuel and flux necessary for their
reduction to the metallic state.

2nd. Ores conramwiNg Ferrovs axp Ferric Oxipes: wiz.,
magnetic tron ore, Fe,0, = {Eggl“ec* (ferrous diferric tetroxide).
3rd. Ores coxtaiving Ferric OXIDE OoNLY : wviz., red hamalbite
(micaceous iron, oligist, speculur iron or iron glance), 'Fe'',0y =
gﬁgﬂ (ferric oxide). This oxide forms different hydrates which,
according to the amount of water which they contain, have received

D 2
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FeOHo
different names, viz., turgite, 2Fe, 0, OH, = g:g{) (tetraferrie

FeOHo
pentoxy-dihydrate) ; needle iron ore, brown iron ore, or pyrrhosiderite,

Fe.0.,0H, = {EE’SEE (diferric di{}ky-dihydrate); limonite or

FeOHo
FEHI}-&
compact brown dron ore, brown hematite, 2Fe,0,30H, = ( O

FBHﬂz
FeOHo

(tetraferric trioxy-hexahydrate) ; (varieties: oolitic iron ore, pen
ore) ; yellow iron ore or aanthosiderite, Fe,0,20H, = {?:EE*O
3
(diferric oxy-tetrahydrate).
A few other iron ores deserve our attention. They are mnot
used for the extraction of iron, but are valuable as a cheap source

of sulphur, viz.,, iron pyrites, martial pyrites or mundic, FeS,,
found abundantly in nature; Fe,S; (diferric trisulphide); copper

pyrites, F'e, S, Cu,S= { ;gg'ﬂu&a”, and magnetic pyrites, 5FeS,Fe,S,
= Fe;S;, which may be expressed graphically, thus :—

LN

(Pentaferrous diferrie octasulphide.)

Besides these orves, iron is found in nature in combination with

i f

L4 L] L AB 3 L]
ARSENIC and SULPHUR, in muimcfwl{.. AH,FB,FE"'S-;; with CHROMIUM

Jcr:uD Siﬂﬁ
as chrome iron ore { 'Gr’”DFEG”; with siLicaas ehloropal, 810 = Fe oV,
810—

30H,, and many other silicates ; as SULPHATE, in green copperas
or green vitriol, SOHo,Feo",60H,; as phosphate in wivianite*
P.0,Feo''s,8BOH, (triferrons phosphate), and others; as ARSENATE,
in scorodite, As;0,Fe.0",40H,, and others.

REACTIONS IN THE DRY WAY.

On heating the different iron compounds on charcoal before the
blowpipe, they turn black and become magnetic; when heated in
the outer flame, on a borax bead, iron compounds impart a dark rea
colour to the borax, whilst hot, becoming lght yellow, when cold.
In the reducing flame they give an olive-green to bottle-green bead.

* Contains also ferric phosphate, P;0;Fes0v ,80H,, to which the blue colour
of the mineral iz due.
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The reactions with microcosmic salt are similar but less distinet. The pre-
sence of Co, Cu, Ni, Cr conceals the ecolour of the iron bead. Ferric sulphides
and arsenides must be roasted, previous to being introduced into the borax bead.
When heated with GONao, on charcoal, in the reducing flame, metallic iron is
obtained as a magnetic powder.

REACTIONS IN THE WET WAY.

Iron forms two series of salts, viz., FERROUS AND FERRIC SALTS.
It dissolves readily in dilute acids, such as HCl, 80,Ho,, forming
ferrous salts, FeCl,, 80.Feo”, with evolution of hydrogen. Cold
dilute nitrie acid dissolves finely divided iron (iron filings) withont
evolving hydrogen gas, the nitric acid being decomposed, so as to
form ferrous nitrate and a small amount of ammonic nitrate;
the reaction may be expressed thus:—

4Fe + 10NO;Ho = 4{ NO*Feo” + NO:Amo + SOH,

The metal iron exists in all these salts in the dyad condition,
but exhibits a marked tendency to pass into the tetrad condition.
Exposed to the air, FeCl; and 80,Fec” absorb oxygen and are gra-
dually converted into ferric salts. The same change is produced by
the action of various oxidising agents, such as Cl,, Br,, I,, CINao,
KO,Cl in the presence of HCl, NO,Ho, NO,Ago, AuCl,, HgCl,,
Mn.0,Ko,, Cr0,Ko,, and others. We possess therefore in ferrous
compounds powerful reducing agents.

The tetrad condition appears to be the natural state of existence of the metal
iron. This i8 rendered evident, moreover, by the limited number of ferrous com-

nds which exist in nature. The latter must be viewed as unsatisfied bodies,
which, under favourable conditions, deprive other bodies, directly or indirectly,
of oxygen, to form ferric compounds. Dyad iron, Fe” (called ferrosum) has
two bonds latent, which it is eager to satisfy, so as to become converted into the
more stable tetrad iron, Felv (or ferricum), in which condition it occurs in nature
in combination with sulphur only, as FeS,, without forming any corresponding
oxygen, chlorine, ete.,, compounds. Two atoms of tetrad iron are invariably
linked together in ferric oxide, chloride, ete., whereby iron becomes a pseudo-
trind element. It is possible to combine, by artificial means, three atoms of
oxygen with one atom of iron, so as to form ferrates, ‘as in potassic ferrate,
FeO Koy, in which compound the iron exists as a hexad element.

These different combining conditions of the metal iron may be
represented graphically, thus:—

N
Dyad iron —Fe—, e.g., in FeCl,, FeO, FeS.
e

i |
Tetrad iron ;FJIE‘—, or pseudo-triad iron, —~Fe—'Ela-, .., 1n

; ;Femcl iFEu:S ‘FE”'D’
FE ?Sl’ {rFElH‘Cl:g {JFEIH S! {JFEWDD, El'ﬂd ]a.-Bﬂj' as

. it
Hexad iron —Fe—, or =Fe—, ¢.4., in Fe"0,Ko,.
LS I



a8 FERROUS COMPOUNDS.

A. Ferrous compounds.—We employ A SOLUTION OF FERROUS
surLpHATE, S0,Feo”, = 80,(0.Fe)".

SAm, (group-reagent) gives a black precipitate of ferrous
sulphide, F'eS, insoluble in alkalies and alkaline sulphides, easily
decomposed and dissolved by dilute hydrochlorie acid, with evolu-
- tion of sulphuretted hydrogen. The moist precipitate absorbs
oxygen from the air, and is rapidly converted into ferrous sulphate,
and lastly into yellow basic ferrie sulphate, with evolution of much
heat. (This oxidation constitutes a frequent cause of the spon-
taneous inflammation of pyritical coal (which contains F'e;S5;) on
board vessels.)

8H, does not precipitate neutral or acid solutions of ferrous salls; ferrous
acetate even is only partially precipitated.

KHo, NaHo, or AmHo precipitates from ferroussalts (free from
ferric salts) white ferrous hyarate, FeHo,, which turns rapidly to a
dirty green colour, and ultimately becomes reddish-brown, owing to
absorption of oxygen from the atmosphere. Ammonie salts par-
tially prevent the precipitation by the fixed alkalies, and AmHo
gives but a slight precipitate in a ferrous solution, containing a
sufficient amount of AmCl. ' The presence of non-volatile organic
acids, of sugar, etc., also prevents the precipitation more or less.

C0ONno,, COKos, or COAmoy precipitates whife ferrouns carbonate,
COFeo", which becomes rapidly oxidized when exposed to air.

K FeCy; (potassic ferrocyanide) produces, by the replacement of
K, by Fe", a bluish-white precipitate of dipotassic ferrous ferre-
eyanide, K;Fe" FeCy,, thus:—

80,Feo" + K;FBG:E’E = K;Fe'FeCy; + 80,Ko,.
Bluigh-white
precipitate.
insoluble in hydrochloric acid. The light blue precipitate is rapidly
converted into a dark blue '[.Il‘EB;gritlﬂtE, or Prussian blue, either by

exposure to the air, or more spéedily by an oxidizing agent, thus :—

4K, Fe''FeCy, + 20)1; = 3FeCy.,2Fe,Cy, + 4KCl + K, FeCys.

Prussinn blue.

K Fe,Cyy; (potassie ferrieyanide) produces a dark blue precipitate
of triferrous diferric dodecacyanide, Fe's'Te'';,Cyp. (Turnbull’s blue),
insoluble in hydrochloric acid, thus :(—

380,Feo” + K:lFe.Cy, = Fe''y'Fe".Cyi + 380,Ko..
Turnbull’s blue.

NaHo or KHo decomposes both precipitates with formation of
soluble alkaline ferro- and ferricyanides, and separation of ferrouns
and ferric hydrates, thus :—

(1) K,Fe'FeCys, + 2KHo
(2) 8FeCy.,2Fe.Cy, + 12NaHo
(3) Fe'"yFe'":Cyn + 8NaHo

K,FeCy. + FeHo,.
3Na,FeCys + 2Fe,Ho,.
2Na,FeCys + Fe,0,40H..

LM
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These precipitates cannot form, therefore, in an alkaline solu-
tion.

CyKs (potassie sulphocyanate ) gives no indication, if the ferrous
contains no ferrie salt,

B. Ferric compounds.—We employ 4 sorLurion oF Ferric Caro-

riDE, 'Fe'',Cl,, = "Fe'Cl,
L] 2 By = IFEJIFG|3+

SAm, (sroup-reagent) produces a black precipitate of ferrous
sulphide, FeS, mixed with sulphur, thus:—Fe,(l; + 38Am, = 2FeS
+ 8 +6AmCl Dilute solutions of iron give only a greenish colora-
tion,

On dissolving the black precipitate in dilute hydrochlorie acid,
sulphuretted hydrogen is evolved, and white insoluble sulphnr is
left. (DIsTINCTION BETWEEN FERROUS AND FERRIC SALTs.) Sulphur
is not capable of forming a ferric sulphide in the wet way ; native
sulphides exist, however, viz.,, FeS; and Fe.S;, which are insoluble
in dilute hydrochloric acid, but dissolve with evolution of SH, in
the presence of metallic zine.

SH. does not precipitate Fe,Cl; ; its hydrogen acts as a reducing
agent npon the ferric salt, converting 1t into 2FeCl, and 2HCI, white
sulphur being precipitated, which renders the solution of the ferrous

salt milky.
KHo, NaHo, or AmHo precipitates the reddish-brown ferrie
F FEP
h-rd-mtt-': FEEO;:EGHE — "Fg'“'i[[g:ﬂ] or diferric ﬂIlerﬂlrﬂratE,

insoluble in excess and in ammonic salts (except COAmo,). Non-
volatile organic bodies (e.g., tartaric or citric acid, sugar, eie.)
prevent its precipitation by AmHo, but not by 8Am, The pre-
cipitate retains with great tenacity small portions of the fixed
alkalies.

CONao,, COKo,, and COAmo, produce the same precipitate
with evolution of carbonic anhydride.

POHoNao, (nydrie disodic phosphate) produces a yellowish-
white flocoulent-gelatinous precipitate of ferric phosphate, P,0,Fe.,o0",
+ 4Aq. The precipitation is complete only in the presence of sodic
or ammonic acetate, thus : —

Fe,Cl, + 2POHoNao, 4+ 2 { ggﬁm = P,0,Feo” + 6NuCl

CH.,
+2{ Gotto
On the addition of the first few drops of hydrie disodic phosphate,
and as long as the ferric salt is largely in excess, the precipitate may
ppear again, especially on gently warming, since it is somewhat
soluble in ferric acetate. When the precipitation is nearly complete,
the ferric phosphate segara,tcﬂ more speedily, especially on stirrin

and gently heating, and allowing to subside after each addition of
the phosphate solution. The precipitated ferric phosphate should

"..d.

Fos.
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be filtered hot, and washed by decantation with hot water. It is
soluble in dilute mineral acids—hence the addition of an alkaline
acetate ; insoluble, however, in acetic acid, like the corresponding
chromic* and aluminic phosphates.

Phosphates of the alkaline earthy metals (Ba, Sr, Ca, Mg), which
are readily soluble in acetic acid, may thus be separated by filtration
from the phosphates of Fe', Al", (and CrlY). Owing to this pro-
perty of ferric phosphate, it is also possible to decompose alkaline
earthy phosphates, in a sodic acetate and acetic acid solution, by
adding, drop by drop, a neutral solution of ferric chloride, according
to the equation :—

9POHoBao" + 2 { ggimu + {ggﬂﬂn 4 Fe,0l, = P,0,Fer

CH,
+ 9BaCl, + 2NaCl + 3 { S

as long as a yellowish-white precipitate comes down, and till the
supernatant liquid becomes just red, from the formation of ferric
acetate.

Ferrie phosphate dissolves in excess of hydrie disodic phosphate,
in the presence of ammonic hydrate or carbonate, to a brownish-red
solation. It 18 somewhat soluble in ferrie, but not in ferrous acetate.
Alkalies decompose it with diflieulty only. Ammonic hydrate reduces
it to a basic phosphate (PyO(Fe.0)" Feso"; + 16 aq.). Potassic or
sodic hydrate removes nearly the whole of the acid, Fusion with
caustic fixed alkalies, or with fusion-mixture, or boiling with ammonie
sulphide, decomposes ferric phosphate completely, leaving the iron
as oxide or sulphide, from which the soluble alkaline phosphate can
be separated veadily by filtration,

Citric or tartaric acid prevents the precipitation of ferrie phos-

hate.
£ K, FeCy; gives a fine blue precipitate, 3FeCy,,2Fe,Cys, known as
Prussian blue, thus :—2Fe,Cl; + 3K FeCy; = 3FeCy,,2Fe,Cys +
12KCl. Imsoluble in hydrochlorie acid; decomposed by KHo or
NaHo; soluble in oxalic acid ; soluble also in excess of K,FeCys, to
a blue solution.

K,Fe.Cyy: produces no precipitate, but the yellow colour of the
ferric solution changes to reddish-brown, (IDISTINCTION BETWEEN
FERROUS AND FERRIC BALTS.)

CyKs (potassic sulphocyanate) gives a dark red or blood red
colour, even in the case of very dilute solutions, which is not
destroyed by hydrochloric acid. The si_anaiti_veness ﬂ_f the w’1-tm._f:1}_i||:|nr1
is heightened by shaking a hydrochloric acid solution containing
mere traces of a ferrie salt with ether. The blood red ferrie sulpho-
eyanate, CysFes"), being soluble in ether, becomes thus concentrated
into a small bulk of liquid. The colour of the liquid is readily

% Ohromic phosphate, especinlly when freshly precipitated, is dissolved,
although with some difficulty, in acetic acid, especially on heating.
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destroyed by a solution of mercuric chloride (also by tartaric or
phosphoric acid). (Distixcrion oF Fe" rrom FeY.)
This confirmatory test should invariably be n.EELietl, because ferric acetate,

when heated in presence of acetic acid, gives likewise a deep red coloration,
which becomes lighter coloured on cooling.

Excess of sedic acetate, added to a solution of a ferric salt, pro-
duces a deep red-coloured liquid, owing to the formation of ferric
acetate. On diluting and boiling, the whole of the iron is preci-

itated as vasic ferric acetate in the form of brownish-yellow flakes,
which should be filtered hot, and as quickly as possible, as soon as
the fluid has become clear. (MerHOD FOR SEPARATING FE'Y FROM MN".)

Ammonic succinate or benzoate precipitates ferrie, but not: ferrous salts?
as ferrie snccinate or benzoate. ® 'I'E: ferric solution should be perfectly

neutral. Salts of FeO, Mn(, Co(, NiQ, Zn( are not precipitated. IerHOD
OF SEPARATION oF FEVY ¥roM FE”, Mw, N1, Co, Zx.)

Freshly precipitated and well washed barie or caleie earbonate,
suspended in water, precipitates ferric (mot ferrous) chloride, as
fervic hydrate, F'e;Ho,;, mixed with basic salt, with evolution of
carbonic anhydride. The reagent is added to the neutral ferric salt
in the eold, and well shaken up with it, till the reddish-brown pre-
cipitate acqnires a whitish appearance, from excess of the alkaline
earthy carbonate.

COBao" separates in like manner the higher or -ie chlorides of
this group from the lower or -ous chlorides. In order to separate
ferric from ferrous compounds, or ferrie (chromic and aluminie
compounds) from ferrous, zincie, manganous, cobaltous, and nickel-
ous salts, it is necessary that these metals should all be obtained in
the form of chlorides, when, on the addition of barie carbonate, the
respective hydrates, mixed with basic salts, are precipitated from
the ferrie, ete., ehlorides, whilst ferrous chloride and the ehlorides
of Zm, Mn, Ni, and Co, are not affected. Air has to be excluded as
carefully as possible, in order to prevent the oxidation of the ferrons,
manganous, and cobaltous oxides; and the reaction should be per-
formed in a small flask, filled nearly to the neck with the liquid, and
kept well stoppered, after the evolution of the carbonie anhydride
has ceased. The addition of "ammonic chloride, previous to the
precipitation with baric carbonate, almost entirely prevents an
cobaltous and nickelous hydrates from falling out with the baric
carbonate precipitate. (Mernop ror sEPARATING FEY, (ALSO AL AND
Cr), rrom Fe”, Zn", Mx"”, N1”, and Co0".)

The precipitate is filtered off and dissolved in hydrochlorie acid ;
the barium is removed by means of dilute sulphuric acid, and the
iron, ete., precipitated by AmHo.

Tannie as well as gallie aeld (tincture of nut-galls) produces from neutral
ferric salts a bluish-black precipitute (ink), readily soluble in acids.

A very delicate reaction for Fe'v consists in adding a few drops of a solution

——

'd' The formule of these compounds will be explained under the respective
acids.
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18. How much sulphurous anhydride %u by weight and by volume is required
to reduce 1°324 grm. of ferric sulphate to ferrous sulphate ?

19. Describe the properties of ferric phosphate. State why an alkaline acetate

- has to be added, previous to precipitation with hydric disodic phosphate,
and explain the decomposition of the phosphates of the alkaline earths by
means of ferric chloride in an acetie solution.

20. The value of a ton of Sicilian sulphur (containing 94 per cent. of 8) is £5,
that of a ton of iron pyrifes, FeS,, containing 46'5 per cent. of sulphur,
£1 10s. 6d. Ascertain which can be more profitably worked in the manu-
facture of sulphuric acid, having regard merely to the respective sources of
sulphur.

21. How much metallic iron is required to manufacture one ton of crystallised
green vitriol ?

22, 432 grm. of brown hematife ore gave "350 grm. of Fe;0; What is the
percentage of metallie iron in the ore, and what the percentage of brown
hematite present ?

23. How is Fe,0y separated from FeO? Describe two methods.

24. How would you separate Fe;0; from Zn", Mn", Ni", and Co" ?

25. Wh Hin ?.“‘ preferred to preeipitate Fe.Cl; by means of AmHo, instead of

o

CHROMIUM, Cr", ¥, and ¥. Atomic weight, 52'5.—This
element is comparatively rare. It occurs in nature chiefly as
chrome iron ore, Cr,0,Fe0 = {g;gﬁ'ea”} and crocoisite, CrO,Pbo’.
Chromic oxide constitutes the colonring matter in ruby, green ser-
pentine, ete.

REACTIONS IN THE DREY WAY.

Chromium compounds are readily recognized by the very charac-
teristic green colour which the oxide imparts to boraw and micro-
cosmic salt, especially in the reducing flame. Finely powdered
chrome iron ore, when fused in a platinum spoon or erncible with
four times its weight of hydric potassic sulphate, and then with the
addition of an equal bulk of nitre and COKo, (equally mixed), yields
a yellow mass of potassic enromate, Cr0,Ko, which is soluble in
water, to a yellow solution. If manganese were present the solution
would be green, owing to the formation of POTASSIC MANGANATE.
This latter can be readily removed by adding a few drops of aleohol

to the solution, heating, and filtering off the manganic hydrate
The chromate remains Enclmnged. E 2 et

REACTIONS IN THE WET WAY.

Chromic salts can be prepared from the yellow Cr0,Ko,, or the
red dipotassic dichromate, Cr,0;Ko,, by heating with dilute hydro-
chloric acid and adding alcohol, drop by drop, when the cyelluw
solution changes to a deep green solution of Cr,Cl, = ’GII":::E]];
in which the Cr exists as a tetrad or pseudotriad element. }

A lower chloride, C€rCl,, has been 1 in whi :
) . prepared in which Cr acts as a dyad element ;
buj;d?a it has to be carefully kept from the air to prevent its bnuc:fni.ug mp?::ilj
oxidised, and as it is of no real practical use, u passing notice of 1t will suffice.
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Chromium is capable of forming three series of compounds*

Chromous compounds Chromie ecompounds Chromnates
containing dyad Cr. containing tetrad Cr. containing hexad Cr,
Cr''Cl,. Cr,Cl,. Crvi0,Ko,.
Cr'0. 'Cr'"0;, Crv(,Pbo".
Cr''Ho,. 'Cr'"';Hos,.

of which we purpose studying only the two latter.

7 A, Chromic Compounds.—We employ a souurioN oF CrHROMIC
. Curoring, Cr,Cl,.

SAm; (group-reagent) precipitates bluish-green ehromic hydrate,
Cr.Ho., insoluble in excess. i

AmHo precipitates the hydrate, somewhat soluble in excess, the
Euid acquiring a pink tint. The precipitation is complete on

oihng. .

KHo or NaHo, same precipitate, readily soluble in excess to a
green solution; reprecipitated by long-continued boiling or on
adding AmCI, whereby the fixed alkali 1s removed as KCIl or NaCl,
with substitution of AmHo.

CONao, and COAmo, give greenish precipitates of basic car-

* bonates (varying in composition), somewhat soluble in excess.

POHoNao, (nyarie disodic phosphate) precipitates green chromie
phosphate, P,0,Cr,0", soluble in mineral acids, difficultly soluble
in acetic acid.

COBao"” precipitates basie earbonate. The precipitation takes
place in the cold, but is completed only after long digestion.

In the presence of citrie, tartaric, and oxalie acid, also of sugar,
the precipitation of chromie salts by means of ammonia, sodie, or
baric earbonate is more or less incompletd,

Chromic compounds may be recognised also by converting the
chromic oxide into chromie acid. This may be accomplished :—

1st. By boiling a solution of Cr,Cl; with PbO, and KHo or
NaHo. The reaction which takes place, and which is indicated
by a change of colour (from green to yellow), may be expressed
thus :—

(1) cqu]ﬂ + EKHD = GI‘-;H{!.; + GKGL

Soluble in
excess of KHo.

(2) Cr;Ho; + 3Pb0O, = 2Cr0,Pbo" + PbO + 30H,.
Soluble in  Soluble in
KHo. KHo.

On acidulating the solution with acetic acid, a precipitate of
plumbic chromate, Cr0O,Pho" is obtained.

* The intermediate oxides, Org0yCr0O = { g:gﬂru” (ehromous dichromic

tetroxide), and OrO, (chromic dioxide) cannot be considered here.
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9nd. By boiling a solution of Cr,Cl, with NaHo and sodie hypo-
chlorite, CINao, thus :—

Cr.Ho, + 3CINao + 4NaHo = 2Cr0.Nao; + 3NaCl + 50H.,.

Yellow sodie
chromate.

3rd. By fusion with alkaline carbonates and nitre (or, better
still, with potassic chlorate), on platinum foil.

&

B. chromie anhydride, Cr*'0,—Chromic aeid, CrO,Ho,;, com-
bines with KHo to form two salts, the normal, or yellow chromate,
GFOEKG
Cr0.Ko,, and the orangered dichromate,q O , 1somorphous
Cr0,Ko
with the corresponding sulphate and disulphate. A solution of the
nentral (yellow) chromate is changed to an orange-red (acid) dichro-
mate solution on boiling with nitrie acid, one half of the alkaline
base being removed in the form of potassic nitrate. The two salts
are separated by erystallisation.

The anhydride may be prepared by slowly adding to a cold saturated solution
of the red dipotassic dichromate 1% times its bulk of concentrated sulphurie acid,
and allowing it to cool slowly. OrOj crystallises out in brilliant crimson-red
prisms. The mother-liquor is poured off, and the crystals placed to drain upon a
porous tile or slab of unglazed porcelain (biscuit) and kept covered with a bell-
jar. They must be preserved in a well-stoppered bottle.

Chromic anhydride is one of the most powerful oxidising agents
known. Two molecules of Cr0; yield npon ignition chromie oxide
and three atoms of oxygen, according to the equation :—

201‘03 = Grg{];; ‘!" Uﬁr

The metal chromium appears Lo exist in nature mostly in the tetrad and
hexad state, as a glance at its natural compounds will show. Chromium differs,
however, in a marked manner from iron and manganese, which can likewise exist in
the tetrad and hexad state, by forming more stable hexad compounds (chromates),
whilst in perchromic acid, on the other hand, the metal chromium appears to
hold the oxygen less firmly than manganese holds it in permanganic mii

REeactions or Cr0O, Basep vroN 118 OXIPISING ACTION.

A SOLUTION OF DIPOTASSIC DICHROMATE, Cr,0;Ko, may be em-
ployed.

SH,, in the presence of free hydrochlorie acid, reduces the orange-
red solution to a green liquid, sulphur only being precipitated,

thus :—
Cr,0:Ko, + 8HCl + 38H, = Cr,Cl, + 2KCl + 70H, + Ss.

: SAm,, added in excess to a solution of an alkaline chromate or
dichromate, precipitates dirfy green nydrated chromie chromate,
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effected also most readily by numerous organic bodies,—frequently
with explosive violence—such as aleohol and HCI, in which case
the alcohol is oxidised to aldehyde, ethylic chloride, and other
volatile products.

Reactions ror CrO; probuced BY DousneE DECOMPOSITION.

Chromates of the alkalies and alkaline earthy bases (with the
exception of baric chromate), also of iron (Felv), zine, manganese,
and copper, are soluble in water; all other chromates are insoluble,
but dissolye readily in dilute nitric acid.

Ba(l,, added to a solution of a normal chromate (or dichromate),
gives a light lemon-yellow precipitate of varie enromate, CrO,Bao",
even in very dilute solutions; insoluble in acetic a.uu:'l,_ d_ﬂ’ﬁcultly
soluble in dilute nitric or hydrochloric acid, and reprecipitated by
AmHo.

CH,
gngo” (plumbic acetate) gives a fine lemon-yellow precipi-

L o, |
tate of prumbic chromate, Cr(,Pho”, soluble in KHo, sparingly
soluble in dilute nitric, insoluble in acetic acid. The nentral salt is
eonverted upon digestion with alkalies into a basic red chromate,
CrO(Pb0O,)"Pbo".

NO;Ago (argentic nitrate) gives a dark purple-red precipitate of
argentic chromate, Cr0;Ago,, soluble in nitric acid and ammonia.

Grﬂg.ﬁgo
From weak acid solutions argentie dichromate, < O , 18 pre-
Cr0.Ago
cipitated.
NO,

NO Hg.0" (mercurous nitrate) gives a dard brick-red basic
2

precipitate of CrO(Hg.0;) " Hgw0", which on ignition is converted
into oxygen, mercury vapour, and finely divided green Cr;0,.
(MerHOD OF sEPARATING CHROMIC Acip FROM CHROMIC OXIDE.)

On bringing together a little chromie acid with hydric peroxide, 0,H,, in an
aqueous solution, a deep indigo-blue solution is produced, owing robably to the
formation of PERCHROMIC ACID, in which compound chrominm pﬁa‘yu the part of
a pseudo-octad element, analogous to manganese in permanganic acid.

A solution of perchromic acid decomposes, however, rapidly with evolution of
oxygen, leaving Cr0,Hog, and its constitution is yet duubt-‘g.]L A solution in ether
is far more stable than an aqueous solution. Tt is obtained by adding ether to a
very dilute (acid) solution of O,H,, and then a drop of a dilute solution of a
chromate. On shaking up gently the ether takes up the whole of the perchromie
acid, and aequires an intensely blue colour. Mere traces of CrOy can be dis-
covered in this manner, or vice versd the smallest quantities of 0,H,.

QUESTIONS AND EXERCISES.

1. Which is the most important chromium ore? Give symbolic and graplie
formule,

2. How 15 chromium detected in the dry way ?

3. What mmlngg exists there between chrome iron ore and chromous dichronic

- tetroxide
E ]
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4. Describe how chromic chloride or sulphate is obtained from an alkaline
chromate,

5. Give symbolic and graphic formulse for dipotassic chromate and dichromate,
and trace their analogy with the corresponding sulphates.

6. Describe the reactions by double decomposition which you can produce with
chromie compounds. Give equations.

7. How can chromic compounds be converted in the wet way into chromates ?
Give instances, and express the changes by equations.

8. How is chromic anhydride prepared ?

9. Give instances of the oxidizing action of chromie acid. Express the changes
by symbolie equations.

10. What 1s the composition of potassium chrome alum? State ahu&y by what
processes it is prepared from chrome iron ore. _'

11. You have given to you oxalic, hydrochlorie, and concentrated sulphurie acids,
dipotassic dichromate and water. State how you would prepare €O, O, or
Cl gas from these materinls, and express the changes by equations.

12. What is the action of nascent hydrogen upon alkaline chromates, Give several
instances, and express the nﬁnnges by equations.

18. Describe some of the most characteristic reactions for chromie acid produced
by double decomposition. Give equations.

14, How would you distinguish between chromic oxide and chromic acid oceur-
ring in one and the same solution ?

15. Which chromates are soluble and which are insoluble in water ?

16. What evidence is there for the existence of perchromic acid P

17. How can we test for mere traces of hydric peroxide ?

18. Calculate the percentage composition of potassium chrome alum containing
24 molecules of water of erystallisation,

19. How can Cr be separated from every other metal of Group III, except Mn ?

20. How ean Or;Oy be separated from ¥e”, Zn”, Mn”, Ni”, Co” salts ?

21. 1'600 grm. of chrome iron ore yielded 2:95 grms. of CrOyPbo”. What per-
centage of Cr does the ore contain, and how much dipotassic dichromate
ean be manufactured from one ton of the ore?

22, 1'2 . of a sample of sodic chromate yielded with oxalic acid ‘89 grm. .
of earbonic anhydride, What percentage of chromic anhydride did it
contain

ALUMINIUM, Al" and V. Atomic Weight, 27'5.—One of
the metallic elements which ocenrs most abundantly in nature, both
in the form of the oxipg, and, as an important constituent of many
minerals, in combination with sILIcA, with SULPHURIC, PHOSPHORLO,
and other acids: and in the form of FLUORIDE in eryolife, and .th_e
rare fopaz. For a list of some of the more interesting aluminic
compounds the student is referred to Frankland’s ¢ Lecture Notes,”
\'D].I;, page 179.

EEACTTIONS IN THE DREY WATY.

Alumina, when heated on charcoal, is distingnished from other
earths by its property of assuming a beauntifal sky-pLUE colour,
after being moistened with a solution of cobaltous nitrate and ignited
once more strongly, owing to its forming with the cobalt oxide a

nasi-salt—cobaltous aluminate. This test is not always decisive,
and becomes inapplicable when coloured oxides, such as Fe,O,,
MnO, &c., are present, in which case recourse must be had to the
examination in the wet way, in order to discover Al,O;.
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REACTIONS IN THE WET WATY.

We employ a soturioN oF ammoNioy ALDM, S,0sAmo;Ale™ =
8,0.(0Am),(0sAL)", in which Al plays the Pﬁﬁrﬂé J: tetrad
(pseudo-triad) element, or of ALUMINIC CHLORIDE, { Al"'CL,’

SAm, gives a whife gelatinous precipitate of aluminic hydrate,
Al,Hos, sulphuretted hydrogen being evolved, thus : —

S;Ogﬂ.mﬂg.algﬂ?l =+ SBA]IIE + ﬁOHi: = A]-zHﬂq + 4502-&-—“1{]!
+ 38H..

KHo or NaHo* precipitates the nydrate, readily soluble in ex-
cess, forming a guasi-saline compound, Sedic Aluminate, Al.Naog,
which is reprecipitated by excess of AmCl, or by AmHo, after
neutralisation of the alkali by hydrochloric acid. The alkaline
solution is not precipitated by SAm, (METHOD OF SEPARATION OF AL
FroM Fe™).

AmHo precipitates the nyarate, somewhat soluble in excess, in-
soluble in the presence of much ammonic chloride, and on boiling.

_ CONaoy or COAmo, precipitates basic earbonate of uncertain compo-
sition.

COBao" completely, but slowly, precipitates Al,Hos, even in the
cold, mixed with basie sait. Carbonic anhydride escapes.

POHoNao, gives a bulky white precipitate of aluminic phosphate,
P,0,Al,0™, insoluble in AmHo and AmCl; soluble in KHo or NaHo,
like the hydrate (AmCl reprecipitates the phosphate from the soda
solution), and in acids, but not in hot acetic acid (DisTiNoTION OF
Al,O, rrom Arvmiyic PuospaTE). Alkaline acetates precipitate
P,0:Al,o" from its solation in mineral acids. The presence of

citrie acid, but not of tartaric acid or of sugar, prevents its precipi-
tation.

In order to decompose aluminic phosphate (e.g., in the mineral wavellite,
PO (ALOg)"Alc"120H,), it is best to fuse the finely powdered mineral with
14 part of finely divided 810, and 6 parts of CONaog, i a platinum crucible, for
about half an hour. The mass is digested for some time with water, and
COHoAmo added in excess ; it is then filtered and washed. The residue consists
of aluminic and sodic silicate, the solution contains the sodic phosphate.
Dissolve the residue in dilute hydrochloric acid, and evaporate to dryness to

separate the silica, and filter. The filtrate may be tested for Al in the usual
way.

_Alumina occurs mostly in minerals which are not soluble in
acids. Boiling with concentrated sulphuric acid attacks many ; all

are, however, decomposed by fusion with 80,HoKo, or with fusion

mixture, and become readily soluble in water or in dilute hydro-
chloric acid.

* Potassic or sodie hydrate is mostly contaminated with alumina, derived
during the. manufacture from porcelain vessels, ete., and it is, therefore, absolutely
necessary to employ pure NaHo (prepared from sodium) for the separation of -
Fe audr.d._l. It must likewise be recollected that NaHo acts destructively upon

reelain and glass vessels; the precipitate should, therefore, not be heated
onger than is necessary for its complete precipitation.
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(especially on digesting for some time at a gentle heat), showing
the presence of phosphoric acid. If no precipitate is obtained, the
solution need only be examined for Ni, Co, Mn, Zn, Fe, Al, and Cr.

I. Pnosphorie acia is absent.—This is sufficiently indicated if
the original substance dissolved readily in water. If insoluble in
water, but soluble in dilute acids, phosphoric acid may likewise be
absent from the substance, but not necessarily so.

It would appear at first sight that the deportment of the five sulphides and
two hydrates with ammonic chloride and ammonic hydrate, sodic or potassic
hydrate, or dilute acids (e.g., HCl), would enable us to separate the members
G}L this group, or several of them, from each other. We have seen, for example,
that—

1st. Ni, Co, Mn, Zn are not precipifated by AmHo from a kot solution con-
taining large excess of AmCl; whilst Fe,Hog,Cr;Hog, and Al,Hog are precipi-
tated. It has, however, been found that the mode of separation based upon :ﬁm
solvent property of ammonic chloride, gives but imperfect results, since the
Fe,Hog carries down varying quantities of other oxides, especially on exposure of
the solution to the air, when higher oxides of manganese and cobalt are formed,
which are not soluble in ammonie chlovide. Small quantities of Ni, Co, Mn, and
Zn are thus frequently overlovked altogether. It is only by redissolving the
precipitate and reprecipitating several times over with AmCl and AmHo, as long
as the ammoniacal filtrate gives a precipitate with sulphuretted hydrogen, that
iron can be separated from manganese, ete., in this manner.

With these precautions, however, it is mostly possible to separate the metals
of this group from each other by first precipitating ferrie, chiromie, and aluminie
H&mtm by means of AmCl and AmHo, and then, from the filtrate, the sulphides

Ni, Co, Mn, and Zn by means of SH, or SAm,; and the following method

of separation may be consulted with advantage by beginners, as well as the more
accurate, but more tedious one, of separation by COBao” (see Table, p. 50).
_ 2nd. That Zn, Al, and Cr are precipitated by KHo or NaHo, but are soluble
in excess, whilst the other metallic hydrates are insoluble. From this it would
appear that these three metals can be separated by means of the fixed alkaline
hydrates. But it has been found that Fe,Ho, NiHo, CoHos, MnHo, carry
down appreciable quantities of ZnHo, and—more especially the Fe,Ho, precipi-
tate—of CraHog, and that a complete separation cannot be effected by precipitation
with KHo or Nalo.

3rd. Cold dilute hydrochloric acid does not dissolve QoS or NiS to any great
extent, but dissolves the other sulphides and hydrates. This method, if practised
with care, gives good results, small traces only of CoS and NiS being generally
dissolved out. But as it leaves the iron, aluminium, and ehromium still to be
separated from manganese and zine, no saving of labour is effected thereby in the
separation of these seven metals.

In finely divided freshly precipitated warie earbonate, COBao'’,
we possess a reagent which separates the lower oxides, viz., Zn0, MnO,
NiO, CoO (this latter not quite so perfectly, except in the presence
of much ammonic chloride), from the higher owides, viz., Fe,Os,
-ﬂ.ﬁh and Cr,0;. The metals should be first obtained as chlo-
Tl

The examination of the precipitate produced by COBao'' is based
upon—

1st. The solubility of Al,Ho, in NaHo.

Z2nd. The conversion of Cry0, into CrO; by fusion with sodic car-
bonate and nitre, or by boiling with OlNao, or with PbO, in an
alkaline solution.,

E 2
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with the main view of fixing upon the memory the solubility or insolubility of
the precipitates in excess of the reagents.

IT. Pnosphoric Acid is present.—The original substance was
either insoluble or only partially soluble in water, but soluble in
hydrochloric acid. In this case AmCl and AmHo* produce a pre-
cipitate, before 8Am, is added ; the precipitate may possibly consist
of NiS, CoS, MnS, ZnS, Fes, Al,Ho, Cr.Ho, as well as the
phosphates of (Cr), Al, Mg, Ca, Sr, Ba.

It is obvious that ammonie phosphate is formed by the decom-
position of the phosphates of the metals Ni, Co, Mn, Zn, Fe (if pre-
sent) by SAm,—AmCl and AmHo precipitate these phosphates
without decomposition—which, in its turn, wonld act upon any
soluble salts of Mg, Ba, Sr, Ca, and precipitate phosphates of these
metals, althongh none may have been present originally in the
saline mixture. An example will make this clear. Let us suppose
that the substance under examination consists of COBao",P,0.Cao’;
and P;0yFe,0", On dissolving in hydrochloric acid, baric chloride
is formed, and the calcic and ferric phosphates are dissolved without
decomposition. On adding AmCl and AmHo, a yellowish-white
precipitate of P,0,Fe,o™ and P,0,Cao"; is obtained, whilst BaCl, is
not precipitated. On adding, however, the AmCl and AmHo, as
well as the 8 Am;, to the solution, P;0:Fe, 0" is decomposed into FeS
and POAmo,, which latter, by acting upon the BaCl;, would pre-
cipitate baric phosphate.

In order to avoid this, the precipitate produced in Group III by
AmC] and AmHo, which contains for the most part the whole of
the phosphates, 1s filtered off and SAm; added to the filtrate only.
The two precipitates are washed separately, transferred to a porce-
lain dish and boiled with a httle SAm,, which decomposes the
metallic phosphates (possibly also some Fe,Ho;), leaving the phos-
phates of the earths and alkaline earthy bases (if any) as well as
the hydrates of Cr and Al, unchanged. The insoluble residue is
filtered off and washed with hot water (to which a little SAm, has
been added to prevent the oxidation of FeS; ete.); the filtrate is
tested for phosphorie acid by means of AmCl, AmHo and S0.Mgo".
A white erystalline precipitate shows that phosphoric acid was
present, in combination with the metals precipitable as sulphides.

The residue is dissolved in very little hot hydrochlorie acid, with
the addition ofa little concentrated nitric acid ; filtered, if necessary,
from the sulphur which separates, and concentrated to a small bulk
by evaporation. To a portion of the solution add a little more con-

-centrated nitric acid, and then some ammonic molybdate, and heat
gently. In the absence of a yellow precipitate, no phosphates of
(Cr), Al, Ba, Sr, Ca, Mg need be looked for, and the solution may
be examined at once according to Table I11s. A yellow precipitate
indicates that plosphates of the earths or alkaline earthy bases, or of

both, are present, in addition to the metallic phosphates already
tested for.

* If AmCl and AmHo should give no precipitate, it is obvious that no phos-
phates and no Fe, Al and Cr neudgl;e lmlzcl?d fml:"- ’ £
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Add AmCl in considerable excess ; heat gently, and then add AmHo drop by
the form of Felv.) TFilter quickly, and wash with hot water. Reserve the
dilute HCl on the filter. Colleet the acid solution in another beaker, and
good SH, water produces any precipitate in the filtrate. Mix now the

SorvTroNn.—Pass a current of SH, through the solution, and filter off ZnS,
MnS, NiS, CoS. Wash off the filter, and redissolve the precipitate in

dilute HCl, with the addition of a few small crystals of g%}- Add
NaHo in excess, boil, and filter.

The SorvTioNn may | The PReEcIPITATE may contain MnHo,, CoHo, and
contain Zn, as NiHos. Wash, dissolve in a little dilute HCl; nearly
EEID:M“' wﬁdﬂ neutralize with AmHo; add excess of { ggim o Dass
precipitate  of | a rapid current of SHj for several minutes through the

ZnH, solution, and filter.

Presence of In.
The Horovriow | Reeroue. — Dissolve in HCl and

gur sy the oe ; nearly meutralize with
manganese a8 0Ko
acetate. CONnaoy; add a weak solution of

Add AmClL,AmHo,| XCy, so as just to redissolve the
and Sulphu- | precipitate first produced. Boil
retted Hydrogen |  briskly for some time, allow to cool
Water. (filter off any uli[ivht- precipitate),

Flesh - coloured | and add a strong solution of ClNao ;
precipitate  of | allow to stand for some time in a
MnS, warm place, as long as a black pre-

cipitate forms, and filter.

Presence of Mn.

PrECTPITATE con- | TheSornuTIoN con-
sists of NigHog | tains the cobalt
Filter off and | as K Co.Oyia
confirm by heat- | Evaporate  to
ing a small por- | dryness, and test
tion of it on a| a little of the
borax - bead be- | residue  before
fore the blow-| the blowpipe
pipe flame. flame on a borax

A yellowish to| bead.
sherry-red bead. | A Dblue bead in

both flames.

Presence of Ni.

Presence of Co,
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MEANS OF AuCn AND AxHo, AND BY MEANS OF SAwm,

drop as long as a precipitate comes down. (The iron must be present in

ammoniacal filtrate.

Redissolve the precipitate by treating it with hot

at in like manner the precipitation with AmCl and AmHo, as long as
different ammoniacal filtrates with the main filtrate.

The PrRECIPITATE consists of Fe,Hog OrsHog, and AlHo,.

Dissolve in

dilute HCI, add a solution of NaHo (free from alumina) in excess, and boil

for some time.

Filter off.

PrecieiraTE.—Dry and fuse, with fusion mixture
and NO,Ko on platinum foil. Dissolve in hot

water, and filter.

Resmmue.—Dissolve in di-
lute HCl, and add
K, FeCys.

A precipitate of Prussian
blue.

Presence of Fe,

Test the original HCI
golution specially for
Fe” and Felv by means
of Mn,0.Ko; in a
highly dilute solution,
nﬁa }?e“ as by means of

4 QCFG, KEFB 1
or CyAms. e

Sorvrrow, yellow. Con-
OH,

firm by adding { ol

mu]({ gGH:)ngﬂ”.

Yellow precipitate
GIGBP'D[F”-

of

Presence of Cr.

Nofe.—Traces of man-
nese—owing to imper-
ect separation of Mn
from Fe by precipitation
with AmCland AmHo—
are indicated by the
bluish-green colour of the
fused mass arising from
the formation of an alka-
line manganate, and after
dissolving in water, by the
purplish-red colour of the
alkaline permanganate.

SorvrroN. — Acidulate
with dilute HCI, and

add AmHo in slight
exeess,
White gelatinous pre-
cipitate,

Presence of Al

Note—If no sodic hy-
drate free from alumina
can be obtained, it is ne-
cessary to test an equal
bulk of the reagent by
acidulating with HCl and
adding a slight excess of
AmHo, and then com-
paring the Al,Ho; thus
precipitated with the pre-
cipitate obtained intesting
the golution under ex-
amination.
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If so, add to the rest of the solution CONao,, till nearly neutral,
then an excess of a solution* containing sodic acetate and stron
acetic acid : P,0,Fe™ (as well as P,0,Cr,0" and P,0,Alo", if
present), are precipitated. Any phosphates of the alkaline earths
left undecomposed by the ferric chloride already present in the solu-
tion, are held in solution by the acetic acid. To the filtrate add
Fe.,Cl, drop by drop, as long as a precipitatet is obtained, and
till the colour of the supernatant liquid becomes distinctly reddish.
Digest at a gentle heat ; allow to subside and filter. In this manner
the whole of the phosphates of the alkaline earthy bases are decom-
posed, with formation of P,0.Fe;0",, insoluble in acetic acid—(which
precipitate may be neglected), and chlorides of Mg, Ba, Sr, Ca
which remain in solution, together with the chlorides of Ni, Co,
Mn, Zn (and the excess of Fe,Cl; added). The whole of the phos-
phoric acid having thus been removed, the precipitate produced by
AmCl, AmHo and SAm, is examined according to Table IIIa. The
alkaline earthy metals are separated according to Tables 1V and V.
It shonld be borne in mind that these metals can have been present
in the original substance only as phosphates, and the filtrate which
contains them should on no account be mixed up with the main
filtrate from Group III, but should be examined separately.

It may be of interest, oceasionally, to ascertain, whether any oxalates of Ba,
Sr and Ca (which are destroyed by evaporation with nitric acid and ignition,

before prﬂcueding to Group LIT), were present in the original mixture, in which
case the evaporation to dryness and ignition must be omitted.

The precipitate produced in Group 1II by AmCl and AmHo alone contains
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly
also gelatinous silica. The oxalates are decomposed by gently ifgniting the preci-
pitate, and are converted into carbonates. The ignited mass effervesces strongly
on extracting with dilute hydrochlorie acid. When the solution is evaporated to
dryness and agnin taken up with dilute HCI, the silica, if present, is rendered
insoluble, and may be separated by filtration. T'o the acid solution, which may
possibly contain gllnsp}mtea of Mg, Ca, Sr and Ba, as well ns chlorides of the
bases, present before ignition as oxalates, add AmCl snd AmHo and filter
off. The filtrate contains the chlorides of Ba, Sr and Ca and is tested separately
according to Table IV. ALL BASES 80 DISCOVERED MUST HAVE BEEN PRESENT
ORIGINALLY A8 OXALATES.

We may, then, sum by stating that THE SEPARATION OF THE
METALS AND SALTS (PHOSPHATES) PRECIPITATED IN Groue IIIB 18
based npon :—

1st. The insolubility of the phosphates of I'e, Al (and Or) in acetic
acid. in the presence of an alkaline acefate.

2nd. The separation of the whole of the phosphoric acid which is in
combination with the alkaline earthy bases, by means of FeyCly,
in an acetic solution.

# TFor the preparation of this reagent see Appendix.

+ If any phosphates of the olkaline earthy bases be left, Fe,Cls should pro-
duce a yellowish-white precipitate when added to a portion of the acetic acid
solution, if not, no fertic salt need be added to the main portion of the filtrate.
(The presence of iron, other than phos hate, is gunamlljr indieated by the reddish
or ferric acetate colour of the filtrate.) In this case Al and Cr, as well as the
metals of the alkaline earths, will still have to be looked for in the filtrate.
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All other operations are identical with those described in Tables
IIIa, IV and V. ;

A tabular scheme for their examination* will be found in the
analytical tables, under Group Ills.

QUESTIONS AND PRACTICAL EXERCISES ON GROUP IIIs.

1. A hydrochloric acid solution, containing common sodic phosphate, ferric

uiluride, caleic and magnesic chlorides.

A hydrochloric acid solution, containing common sodic phosphate, nickelous

sulphate, cobaltous nitrate, zineie sulphate, and ferric chloride.

A hydrochlorie acid solution of ealeic phosphate, chromic chloride, and

aluminie phosphate.

A mixture of bone-ash and much ferric oxide.

A mixture containing little ferric oxide and much magnesite (or magnesia

alba) and bone-ash.

A hydrochlorie acid solution of common alum and hydric disodie phosphate.

How would you recognise alumina in the presence of aluminic phosphate ?

Given a reddish-coloured solution (owing to the presence of ferric salts),

which gives a copious precipitate on the addition of sodic acetate and
acetic acid in the cold, leaving the solution still coloured. What inference
is to be drawn from this observation ?

9. A solution contains chromic chloride, chromic phosphate, and dipotassic
dichromate. State how you would distinguish tEEEE three chromiump
compounds from each other.

10. An acid solution (HCI) of a mixture, consisting of ferrie chloride, barie
chloride, and common sodiec phosphuate, retains its reddish colour, after
precipitation with sodic acetate and acetic acid. What inference must be
drawn from this, and what would you infer if the filtrate were colourless,
but gave no further precipitate on the addition of Fe,Clg?

11. You have a solution given to you which gives a precipitate with AmC] and
AmHo. What inference must you draw if the filtrate gives no further
precipitate on the addition of 8Am,?

12. You have given to you a concentrated solution of ferrie chloride. On adding
a few drops of a solution of hydrie disodic phosphate, a yellowish pre-
{‘i};itﬂtﬂ appears. Explain what takes place, 1st. When a portion of the
golution in which the precipitate is suspended is boiled. 2nd. When
acetic acid is added, in the cold, to another portion. 3rd. When the pre-
cipitate is filtered and treated with excess of the hydric disodic phosphate,
in the presence of ammonia. =

Nam S BB

rd e -~ s

CHAPTER V.
REACTIONS OF THE METALS OF GROUP IIL

Tars group comprises the metals MERCURY, LEAD, BISMUTH, COPPER,
CADMIUM, ARSENIC, ANTIMONY, TIN (aoLp and PLATINUM ), which are
precipitated from acid solutions (HCI) by means of sulphuretted
hydrogen. ;

Mix together solutions of N,0.Bio”, HgCly, 80,Cuc”, €d4Cl O
(dissolved n HCL), N.O,Pbo”, 8bCly, 8nll,, and 8nCl,, and pass a qf:;rm.&:: (‘JE

* The examination of Group IIIB, containing phosphates, may be d
'l.'l.'lltji thl!' ﬂtl.]l'].ﬂnt hﬂ_! bﬁcuma F-E']Ilﬂi'ﬂl;!‘-{l “'itll th’ﬂ nfﬂﬂtniﬂlils fﬂr =n,c.id-:. Bfﬂl‘l‘ed






SULPHO-SALTS. b53)

Oxy-acids. Sulpho-acids.
8bOHo; Antimonie aecid. 8b8Hs,; Sulphantimonic aeid.
8b0,Ho Metantimonic acid. Sb8,Hs Sulphometantimonic acid,
SnHo, Stannic acid. SnHs; Sulphostannic acid.

Sulpho-salts are obtained by the mutual action of a sulpho-acid
and a sulpho-base upon each other.

Sulphides soluble in water, comprising the sulphides of the
alkalies and alkaline earthy metals, are divided into normal sulphides,
snch as SK, SAm., SNa, BaS; into sulphhydrates (acid sul-
phides), such as SKH, SAmH, BaHs.; and polysulphides, such as
S,H., 8,K,, 8;Am,. The aqueous solutions of the normal and acid
sulphides are colourless, and give off SH; when treated with dilute
hydrochloric acid, without separation of sulphwr., Solutions of the
pu}isulphide:a are yellow, or yellowish-brown, and when treated
with hydrochloric acid, give off sulphuretted hydrogen, with separa-
tion of white (or precipitated) sulphur. The number of sulpho-salts
is small cﬂmpmmf with the salts of oxy-acids, and they are far less
stable than ordinary oxy-salts, This arises from the fact that sul-
phur is comparatively indifferent to chlorine, phosphorus, nitrogen,
carbon, silicon—non-metallic elements, which are endowed with a
powerful chemical affinity for oxygen, with which they form in the
presence of water energetic oxy-acids—and that there arve either
no sulphides corresponding to the oxygen compounds of these
elements, or sulphides of a very indifferent nature. The number of
sulpho-acids is principally restricted to the acids enumerated above,
and these again combine mostly only with the soluble sulphides
possessed of an alkaline reaction ; or, if combined with the sulphides
of the heavy metals, as in certain minerals, they are readily decom-

d by chemical agencies.

The following is a list of some of the more important sulpho-salts
compared with the corresponding oxy-salts :—

Oxy-salts. Sulpho-salts,

8nNao; Disodic stannite. 8nNas, Disulphosodic sulphostannite.

8nONao, Disodic stannate. 8nS8Nas, Disulphosodie sulphostannate.

AsKo; Tripotassic arsenite. AsKs; Trisulphopotassic  sulpharse-
nite. 3

As0ONaog Trisodic arsenate. AsSNasg; Trisulphosodie sulpharsenate.

SbOKo Potassic metantimonite. Sb8Ks Sulphopotassic metasulphanti-
monite.

8b0:Ko Potassic metantimonate. SbS,Ks Sulphopotassic metasulphanti-
monite.

In these sulphur compounds the radical Nas, sodinmsulphyl, occu-
pies the place of the compound radical Nao, sodoxyl. In like

manner

Ks Potassiumsulphyl occupies the place of Ko Potassoxyl.

Ams Ammoniumsulphyl v Amo Ammonoxyl.
Bas" Bariumsnlphyl o Bao” Baroxyl.
Cas"” Calciumsulphyl . Cao” Calcinmoxyl,

in the analogous sulpho-salts.






MERCURY. | 6l

EXAMINATION IN THE DRY WATY.

Add a little finely-divided lead or zine to a few globules of mercury on a
watch-glass. The liguid metal mercury becomes thick and pasty by the com-
bination with the solid metal lead or zine. It enters into combination with
the lead, in the cold, to form an amalgam. Other metals combine with mercury
only when heated.

The term amalgam is applied to the combinations into which
mercury enters with other metals. Combinations between metals,
other than mercury, are called alloys. This property of mercary
has received an important application in the extraction of gold
and silver from poor ores by the so-called amalgamation process.
Mercury can be separated again by distillation, gold and silver
being left behind.

The combination of the metal mercury with other metals is
obviously due to its liquid condition at the ordinary temperature,
which facilitates its being brought into intimate contact with other
metals. This contact action is materially inereased, if the solid
metals are offered to the mercury in a finely-divided condition, or in
the form of foil—an amalgam of 4 parts of tinand 1 part of mercury
is employed for covering looking-glasses-—and by rubbing the two
metals together in a mortar.

Heat some einnabar in a small flask with narrow neck, loosely closed with a
piece of charcoal. Hg8 sublimes without undergoing any chemical change.

Heat a little cinnabar in a piece of glass tube open at both ends, and allow a
current of air to pass over it. Hpg is seen to condense in the form of a metallic
mirrgr towards the further end of the tube, and 80, makes itself perceptible by
its odour.

Heat about two parts of yellow mercuric oxide and one part of mercurie sul-
phide in a test-tube, Metallic mercury sublimes and sulphurous anhydride is
given off, according to the equation :—

EES + EHE{) = Hga_ + EDQ

Introduce some cinnabar into a small tubulated retort connected with a two-
necked receiver and gas delivery-tube, and pass through the tubulus of the retort
a current of air or oxygen from a gas-holder, and heat gently. A blue flame
playing over the HgS indicates that combustion takes place. Mereur}r distils
and condenses partly in the neck of the retort and partly in the receiver. Sul-
phurous anhydride issues from the delivery-tube and is readily recognised by its

ungent odour; or it may be passed into water, and the solution tested with
itmus-paper.

This illustrates the mode of extraction of mercury from its
principal ore. Cinnabar is roasted in a reverberatory furnace, and
proper provision is made for the condensation of the vapour of
mercury in chambers and flues. The sulphurcus anhydride is
allowed to escape.

HgS (as well as SAg, Au,S, PtS,) parts with its sulphur
when roasted in the air, and yields the metal: it is in fact reduced
to the metallic stafe by ozygen, owing to the weak affinity which exists
between the metal mercury and the non-metal sulphur, and owing
likewise to its weak affinity for oxygen, on account of which the
HgO (and OAg,) first formed gives up its oxygen again to a fresh
quantity of HES (or 8Ag,).
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Hydrogen and carbon, copper, tin, zine, ete., reduce HgS at a
high temperature, forming with the sulphur SH, CS, (carbon
disnlphide), CuS, ete. The native HES is, however, best reduced
by the action of strong bases, such as lime or soda.

Mix a little cinnabar with dry CONaog, and heat in a little tube, sealed up

at one end, or blown into a small bulb. Metallic mercury sublimes and forms a
mirror in the cold part of the tube; the sulphur is fixed by the alkali metal.

Mercury salts, when heated by themselves, out of contact with
the air, volatilise or sublime, either without decomposition, such
as HgBr,, HgCl,, Hg,Cl; (without undergoing previous fusion),
Hgl,, HgS; or they are decomposed into oxide or metal. Salts of
mercury with fixed acids (P:0;, CrO,, ete.), leave fixed residues of
acid or oxide (Cr,0,).

REACTIONS IN THE WET WAY.

Mercury forms two series of salts : mercurous and mercurie salts.
It dissolves readily in nitric acid, even in the cold, forming mer-
enrous nitrate, if the mercury be in excess, and mercuric nitrate, if
the acid be in excess. These salts have the composition—

NO, NO

NDQ_HEED“ l'll:l.d H :ch’”.
Mercurous Mercurie
nitrate. nitrate.
Mercurous salts contain Hg,0 mercuric salts, HgO.,
Mercurous oxide. Mercurie oxide.

The oxygen atom being in the one case linked to two atoms of
the dyad mercury, thus, { gg)ﬂ, the mercury atoms being held
together by one of their bonds, as well as by the bonds of the oxygen
atom ; in the other to one atom, thus :— Hg=0.

Mercurouns oxide exhibits a tendency to combine with another
atom of oxygen, or when exposed to heat, to part with one atom of
mercury and to become converted into mercurie oxide. Hence we
possess in mercurous salts powerful reducing agents.

On aceount of the insoluble chloride which "Hg,' forms, we shall
consider its reactions in connection with the reactions for silver and

lead in Group I, _ : .
In order to study the reactions of mercuric salts, we can either

B o
employ A SOLUTION of MERCURIC NITRATE, NoO, g0 or MERCURIC

nLorine, HgOL (corrosive sublimate).
: SH. (srngnp-rgagent) added to HZCl, gives a black precipitate
of mercuric sulphide, HgS. The precipitation is marked by charac-
teristic changes of colour. Accordingly as snlphuretted hydrogen
water is added in small quantities, or the gas passed slowly through
the solution, it produces at first a perfectly white precipitate, and on
the addition of more SH,, a yellow precipitate which passes throngh
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dirty yellow to brown, and becomes black mﬂg when excess of SH,
has been added to the mercuric salt. The white, yellow, or brown
precipitate cousists of varying quantﬁ;ah laf gS and HgCl,.
It may be represented by the formula g:gﬁl (dimercuric sulphodi-
chloride). HgS is insoluble in nitric or hydrochloric acid and in
ellow ammonic sulphide, potassic hydrate, or potassic cyanide ;

soluble, however, in aqua regia and in potassic or sodic sulphide in
the presence of sodic hydrate, but insoluble in their sulphhydrates.
Long digestion with concentrated nitrie acid converts the black
HgS into a white body consisting of 2HgS + N,0O,Hgo".

SAm, gives the same precipitate,

NaHo or KHo added in excess produces a yellow precipitate of
mereurie oxide, HgO, insoluble in excess.

AmHo produces a white precipitate of mereuric salt and mercu-
ramide, known as * the white precipitate.”

N'",H,Hg'" + HgCl, = 2(NH,Hg"Cl).
Mereurammonic
chloride.

CONao, or COKo, gives a reddish-brown basic precipitate.

KI gives a bright red precipitate of mereuric ioaide, HgI,,
goluble either in excess of potassic iodide or of the mercuric salt.

KCy gives with mereuric nitrate (not the chloride) a white pre-
cipitate of mereuric eyanide, HgCys, soluble in excess ; not decom-

sed by boiling with alkalies or alkaline carbonates, but only by
H,.

Mercuric salts are readily reduced to mercurous salts :—

SnCll; (stannous chloride) gives with mercuric salts a white pre-
cipitate of mercurous enloride, Hg,Cl,, which when boiled with
excess of the reagent, is reduced to grey metallic mercury. On pour-
ing off the solution and boiling the grey precipitate with HCI, the
mercury is obtained in little globules,

80,Feo" (ferrous sulphate) reduces Eg:ﬂgu”, but not HgCl,,

to the metallie state.

Cu, Zn, Fe precipitate metallic mercury from mercuric solutions,
provided they are not too acid.

If a strip of bright metallic copper be employed, a silvery-white deposit of
metallic Hg is obtained, which, when gently 1:uEh1£-dT shows a bright metallic

lustre, and gives, after drying and heating in a dry and narrow test-tube, a sub-
limate of metallic mercury.

Mercuric salts act the part of owidizing agents ; they are first re-
duced to mercurous salts, and finally to metallic mercury.

QUESTIONS AND EXERCISES.

1. What is understood by the terms sulpho-base, sulpho-acid, sulpha-salt ?
2. Define normal sulphides, sulphhydrates, and polysulphides, and state how
they ean be distinguished by treatment with FHC] ?
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LEAD. BISMUTH.

Give instances of sulpho-salts together with the corresponding oxy-salts.

Write out the graphic formule of a few sulpho-salts and of the minersls

boulangerite, jamesonite, fahl ore.

‘Which metals form sulphides capable of acting as sulpho-acids, and which

form sulphides capable of playing the part of bases ?

‘Write out the formule, both symbolie and graphie, for the persulphides of

the metals K, Na, Ba, Ca, Fe.

What changes take place when the sulphides of As, 8b, and Sn are boiled,
1st, with SAwg, 2nd with NaHo? Express the changes by equations.
Give the graphic formule of cinnabar, dimercuric sulpho-dichloride, of white

precipifate and of mercuric nitrate.
9. Write cut the symbolic equations for the rveactions which mercurie nitrate
gives with the group and special reagents.

10. Caleulate the percentage composition of white precipitate.

11. How much metallic copper will have to be dissolved, in order to precipitate
2 grms. of Hg from a solution of mereuric chlovide ?

12. Explain why the dyad condition appertains to one atom of mercury and to
the double atom. Give proofs of the atomicity of mercury in mercurous
and mereuric compounds.

18. How is corrosive sublimafe manufactured, snd whence does it derive its
name ?

14. 15 . of HgCl; is precipitated as HgB8 and collected on a weighed filter.

ow much by weight of Hg8 should there be obtained ?

16. Cinnabar is sometimes found adulterated with red-lead, red oxide of iron,
brick-dust. State how you would discover the adulteration. (No sepa-
ration of the impurities {rom each other is required.)

16, What reaction takes place when mercury is acted upon by concentrated sul-
phuric acid ? and by what consecutive stages is the product of this reaction
converted into white precipitate 7

17. How much metallic mereury will 100 1b. of cinnabar yield when distilled
with lime P

18. What is the percentage composition of an amalgam containing Sn,Hg ?

@ @ p®

o

2. LEAD, Pb" and ¥, Atomic weight, 207. —Only a slight pre-
cipitate of PbS is for the most part obtained in Group II, since the
greater part of the lead is removed in Group I as PbCl;. It happens
frequently that this small quantity of lead is not precipitated by SH.,
on account of the solution being too acid (HCI), or too concentrated,
in which case a little lead is found in Group III, and is often mistaken
for some other metal. It is necessary, therefore, to dilute a portion
of the filtrate from Group II considerably and to pass a current of
SH, through, in order to make sure of the presence of leqd, espe-
cially so, when lead has been discovered in Group I; and, if a pre-
cipitate be obtained, to pass the gas once more through the whole
of the filtrate, after having diluted it considerably with distilled

water.

3, BISMUTH, Bi"" and *. Atomic weight, 208.—This metal
is principally found native; also in combination with oxygen and
sulphur, as bismuth ochre, Bly0s, from the decnmpnsﬂ;mrll of E{:.smﬂf:’&
glance, B1;S,, and in the form of sulpho-salts, as kobellite, Bi,Pbs"s
( tl-isnlphnplumhic orthosulpho-bismuthite), and as mneedle ore,
Bi,Pbs";('Cu’yS:)", disulphoplumbo-cuprous orthosulpho-bismuthite.

e =



BISMUTH. (1]

EXAMINATION IN THE DRY WAY.

The metal bismuth fuses with ease, both in the reducing and
oxidizing flame of the blowpipe, covering the charcoal with an
incrustation of oxide, orange-yellow, while hof, lemon-yellow, when
cold, passing at the edges into a bluish-white. The incrostation can
be driven from place to place by either flame, without colouring the
outer flame. (DisrincTioNn ¥roM Leap.) Heated with borax or
microcosmic salt, Bi;0; rives beads which are yellowish, when hot,
and ecolourless, when cold. All bismunth compounds can be reduced
to the metallic state by heating on charcoal with CONao,, in the
inner or reducing flame. The metallic bead is brittle. (DistiNorion
FROM Ligap aAxp Sinver Beaps.) The incrostation is yellow.

EXAMINATION IN' THE WET WAY,

Bismuth dissolves readily in nitric acid, forming N,0;B1w0"'. A
SOLUTION OF THIS SALT IS CONVENIENTLY EMPLOYED,

SH; (group-reagent) gives a brownish-black precipitate of
bismuthous sulphide, Bi,S, insoluble in dilute acids, in alkalies and
in alkaline sulphides; soluble in concentrated nitrie acid.

Alkaline sulphides give the same precipitate,

KHo, NaHo and AmHo produce a white precipitate of pismuthous
hydrate, BiHo;, insoluble in excess; on boiling it turns yellow, i.e,
it becomes anhydrous (Bi,0;).

COAmo, or CONao, throws down a white bulky precipitate of
basic carbonate (bismuthylic carbonate) (consisting of one mol. of
carbonate and two of the oxide, C,0,Bio"";, 2Bi,0,) = CO(Bi0,)’,
graphic formula :— '

0=Bi—0—(—0—Bi=0
|
0

in which the compound radical mismutnyl, BiO, acts the part of H
in Ho. The precipitate is insoluble in excess.
Cr,0;Ko. gives a yellow precipitate of basie ehromate (consisting
of one mol. ot bismuthous hexachromate, Cry0,;Bio";, and two mol.
Cr0O,(Bi0,)’
of bismuthous oxide, 2Bi;0;) =< O readily soluble in
_ oo Cr0,(Bi0,)’
dilute nitric acid, insoluble in potassic hydrate. (Distrnorion FrOM
Prumeic CHROMATE, ) :

80.Ho, gives no precipitate. (DisTINCTION FROM LEan.)

KI produces a brown precipitate of bismuthous lodide, Bil;, soluble in
X088,

KCy produces a whife precipitate, insoluble in excess, soluble in acids,

. Bismuthous salts are partially decomposed by water, a basic salt
being precipitated. The addition of an acid redissolves the preci-
pitate. This constitutes the most characteristic rveaction for bis.
muthous salts. The salt most readily precipitated is the chloride

F
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student to distingunish readily between them. It is advisable to
examine the doubtful ores in the wet way also.

The most characteristic reaction in the dry way is that which
copper compounds give, when heated in a bead of borax or miero-
cosmic salt before the blowpipe flame. The bead is greem whilst
hot, vlue on cooling. Most copper compounds, when heated on
platinnm wire in the inner flume, impart an intense green colour fo
the onter flame. All copper compounds are reduced when heated
in the inner flame on charcoal, together with CONao, and KCy,
yielding red metallic scales. Sulphides give off 80,, when roasted
in an open tube, and leave CuO behind. Malachite or azurite gives
off water and carbonic anhydride when gently heated in a tunbe.
Blue vitriol loses water, sulphurous anhydride and oxygen, and
leaves cupric oxide. Cupric phosphate, arsenate, and silicate fuse
to coloured glasses.

Metallic copper is not affected in dry air at the ordinary temperature, but
is readily oxidized when heated in air or oxygen and converted into black
cupric oxide. Hydrochloric acid in the presence of air dissolves copper but
slightly, forming Cu,Cl, ; nitric acid is the most active solvent for copper (as it
is for Ag, He, Pb and Bi), forming cupric nitrate. Sulphurie acid (concen-
trated) dissolves copper, on heating, with evolution of 80, and formation of
80,Cuo0”.

803Ho, acts here the part of an oxidizing agent. This method of preparing
sulphurous anhydride gas is frequently ﬂm;ﬁyed in the laboratory in prﬂfgrﬂnue
to other methods.

EXAMINATION IN THE WET WAFY.

A sorurioN oF cupkie SULPHATE, S0,Cuo’’, or CUPRIC NITRATE,
gg:ﬂuo’ ', may conveniently be employed.

SH, (group-reagent) gives a brownish-black precipitate of cuprie
sulphide, CuS, insoluble in dilute acids ; slightly soluble in yellow
ammonic sulphide ; soluble with decomposition in nitric acid ; com-
pletely soluble in potassic cyanide; insoluble in potassic and sodic
sulphides, or caustic alkalies. CuS is rapidly oxidized to 80,Cuo’
by exposure to the air; it is insoluble in hot dilute sulphuric acid.

SAm, produces the same precipitate, somewhat soluble in excess,
especially in yellow ammonic sulphide (S;Am,).

NaHo or KHo gives a light-blue precipitate of cuprie hydrate,
CuHo,. The precipitate turns black on boiling and becomes denser.,
Three molecules of CuHo, lose two molecules of OH, and leave
3Cu0,0H, (graphicformula H—0—Cu—0—Cu—O0 —Cu—0 —H).
In the presence of many organic substances, sach as grape sugar,
ete., the precipitate dissolves to a deep blue solution, whence the
whole of the copper is reprecipitated on boiling in the form of
bright red euprouns oxige. Cu,0),

CONao, produces a greenish-blue basie earbenate, of the com-
position C{}(Dﬂu"'Hﬁ}’h graphic formula O = U’::g:gﬁ_g _E,
carbonic anhydride being evolved. This precipitate is converted on
boiling into the black precipitate of 3Cu0,0H,. 1t is soluble in

F 2
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ammonic hydrate to an azure-blue and in potassic cyanide to a
colourless fluid forming a soluble double cyanide.

AmHo or COAmo,, when added in small quantities, produces a
greenish-blue precipitate of a wasie salt, which dissolves readily in
excess of the reagents, and forms a magnificent azure-blue liquid,—a
blue which is perceptible, if a solution contains small traces of copper
only. The blue solufion contains a double compound of cuprammonie
hydrate, NV, H,Cu""Ho,, and ammenic sulphate, or ammonio-cuprie

sulphate, symbolic formula, SHo,Amo, Egg’ﬂuﬂ }’ , whence the
]

black cupric oxide separates on boiling with sodic hydrate.

This tendency of ammonia to combine with cupric hydrate and
to form cuprammonic hydrate induces metallic copper to combine
with oxygen even at the ordinary temperature.

KCy gives a greenish-yellow precipitate of cuprie eyanide, CuCy,,
soluble in excess. SH; produces no precipitate from this solution.

K FeCy, gives a reddish-brown precipitate of enprie ferroeyanide,
Cu,FeCys, insoluble in dilute acids, decomposed by potassic or sodic
hydrate, with separation of 8Cu0,0H,. ven in very dilute solu-
tions of copper salts a brownish colounr is produced,—best seen when
the reaction is performed on a watch glass, placed on a sheet of
white paper or in a little porcelain dish. Hence K FeCy, supplies
one of the most delicate reactions for copper salts.

Metallic zinc or iron precipitates metallic copper, especially in
the presence of a little free hydrochloric acid. If a few drops of a
slightly acidulated dilute copper solution are placed on platinum foil
(the lid of a platinum crucible), together with a small piece of sheet
zine, the platinnm becomes rapidly coated with a reddish film of
metallic copper, visible even in the case of very dilute solutions, an
equivalent quantity of the metal zine being dissolved.

This simple experiment requires some explanation. Bright copper is not
attacked by dilute hydrochloric or sulphuric acid, Metals such as Pbh, Hg, Ag,
Au, Pt are also indifferent to dilute hydrochlorie or sulphuric acid, whilst zine
and iron are readily dissolved with evolution of hydrogen, the metals taking the
place of the hydrogen in two molecules of hydrochloric acid. :

By the aid of voltuie electricity, however, we are engbled to dissolve metals
in dilute hydrochloric or sulphuric acid, which are either not dissolved at all,
such as copper, or dissolve only with difficulty, such as the metal tt!l. This is
done by connecting the positive pole of a voltaic battery with a piece of the
metal to be dissolved, nm'*l the negative pole with a platinum wire ending in a
piece of platinum foil. Both electrodes dip into the dilute hydrochloric or
sulphuric acid solutions. ; : :

Connect the positive pole, @, with a piece of .ahect Ccopper or A coil -qf copper
wire, placed in dilute sulphuric acid, contained in a glass basin, as seen in Fig. 7.
The negative pole, &, consisting of a platinum
wire fused to a strip of platinum foil, dips
likewise into the dilute acid, without touching,
however, the copper. The solution turns blue,
owing to the formation of a blue cupric-salt,
and the sheet of metallic copper or the copper
wire dissolves after some time. Hydrogen is
evolved at the negative pole.

This shows that the action of dilute acids upon copper which is nil at the

- B o
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ordinary temperature is very energetic when we call voltaic electricity to our
aid.

The reaction will be readily understood, if it be remembered what takes place
when water is decomposed by voltaic electricity. Hydrogen is obtained at the
negative and oxygen at the positive electrode, because the latter consists likewise
of platinum, a metal which has no affinity for oxygen. Hence both constituents
of water, hydrogen and oxygen, are evolved at the re.apm’.'.ti?ﬂ poles. Now, }f
instead of water, hydrochloric acid be decomposed in lhike manner, chlorine 18
evolved at the positive electrode. If the positive electrode consists, however, of
a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong aflinity, the
latter combines with these metals, the moment it is liberated on the positive
electrode, or as it is termed in ite nascent state (in stafu nascendi), and hydrogen
alone is evolved at the negative pole.

If in the place of hydrochloric or sulphuric acid, we employ a dilute solution
of a metallic chloride or sulphate, e.g., eupric sulphate, 80,Cuo”, and dip the
two electrodes into it, we observe at the negative (platinum) electrode instantane-
ously a red film or deposit of metallic copper, whilst, at the positive clectrode,
consisting of metallic zine, no evolution of gas is visible, since the zine is acted
upon by the acid liberated from the copper, and is converted thereby into
80:Znu". An equivalent quantity (65 parts by weight) of zine remains dis-
solved in the acid for the 635 parts by weight of copper, precipitated on the
platinum foil or erucible-lid. In this manner the amount of copper present in a
solution may be determined quantitatively. The undissolved zine and zincie salt
are removed and the platinum with its deposit of copper dried and weighed. The
total weight, minus the previous weight of the platinum, gives the weight of the
metallic copper.

It will be readily perceived that this and other similar experi-
ments farnish valuable illustrations of the theory of constant com-
bining weights, and they acquire on this account additional interest.

Great interest attaches, moreover, to these chemical changes, on
account of the important practical application which they have
found, of late, in covering metals—mostly the common metals—
with a thin coating of noble metals (electroplating, silvering,
platinizing), or in producing solid metallic deposits on properly
prepared matrices, generally consisting of some plastic material,
such as plaster of Paris, gutta-percha, gu. (electrotype process).

Pass a voltaic current through a solution of cuprie ehloride, CuCl,, by means
of copper electrodes. No chlorine gns is evolved at the positive pole, for it is
immediately again fixed by its dissolving an equivalent quantity of copper off the
positive copper electrode. The movement of the molecules of chlorine and copper
in the solution of cupric chloride cannot be perceived ; it is nevertheless proved by
the decrease in weight of the positive copper electrode and the increase in weight
of the negative copper electrode, and we infer from this that the copper is trans-
ferred from the }i_mum to the negative pole, although we cannot see the change.
ﬂ:é: ;Lap-um@mn ul ?}Hta]_]iutﬁnp r continues as long as the positive electrode lasts,

e saline solution in the decomposing vessel retains i igi
i posing ts original strength thus

If a properly prepared mould or matrix of some object be hung in the metallie
solution and connected with the negative pole of a voltaic battery, copper will be
slowly but steadily deposited on the mould, as long as the positive pole is con-
nected with a uhe:et_ of copper, acting as the positive electrode in the bath. The
copper thus precipitated is immediately restored to the bath by the dissolution
of a fresh quantity of copper. This mode of depositing copper on moulds op
matrices by the aid of voltmie electricity is termed the electrotype process.

F:'rmfic-nl;r a solution of argentic nitrate instead of the solution of cuprie chlovide,
and introduce the two copper electrodes into the bath. The negative electrode
18 speedily covered with silver, and an equivalent quantity of copper, i.e., 635
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CADMIUM. il

5. Give instances of the oxidizing action of cupric salts. ‘
6. What action takes place when the polished blade of a knife is plunged into &
golution of a cupric salt ?
7. How much metallic zine is required to precipitate 1'5 grm. of copper from
a cupric solution ? . 1
8. A sample of iron pyrites which has been used for manufacturing sulphuric
acid is found on analysis to contain 456 per cent. of copper. How much
metallic iron is required to precipitate the copper from a hydrochlorie
acid solution of a ton of the spent pyrites ?
9. Explain the electrotype process.
10. What is understood hy nascent hydrogen ?
11. What is the percentage of the metallic copper in malachite ?
12. How is Cu separated from Ag and Pb?
13. How can copper in CuS be separated from bismuth in BiS, ?
14. What change takes place when metallic copper is heated in air ?
15. How much hydrogen gas (at 0° and 760 mm. pressure) is required to deprive
10 grms. of ignited cupric oxide of its oxygen, and how much water will
be obtained ¢

5. CADMIUM, Cd". Atomic weight, 112.—This metal is found
in nature, associated with zine, in certain zinc ores, e.g., #nc blende
ZnS. Itis of comparatively rare occurrence ; only one mineral of
cadminm being known at present, viz., the extremely rare greenockite,
CdS. It can be distilled like mercury or zine. Being more
volatile than metallic zine, its vapour distils over first, and burns
with a brown flame (brown blaze), i.c., it is converted into cadmic
oxide.

Cadmium dissolves readily in acids with evolution of hydrogen.
It also resembles the metal zine in being dissolved by boiling
potassic hydrate, hydrogen being given off—

Od 4+ 2K Ho = chUg + Hg.

EXAMINATION IN THE DRY WAY.

Cadminm compounds, mixed with sodic carbonate, when heated
on charcoal in the inner flame, give a characteristic brown incrusta-
tion, i.e., they are readily reduced to the metallic state ; the metal
being hi%hljr volatile, is reoxidised on its passage through the onter
flame. Cadmium is recognized with more difficulty when it is in
combination with zine, as for instance in cadmiferous blende. By
heating, however, a mixture of blende and sodic carbonate and
K;)taﬂm_c cyanide for a few moments only, on charcoal, a slight

rown Incrustation is gemerally obtainable, before the zine is vola-
tilized. Cadmic oxide turns the bead of borax or microcosmic salt
yellowish, whilst hot, eolourless when cold,

REACTIONS IN THE WET WAY.

We employ A soLurios or capmic cavorive, CACl, or SULPHALE,
EDEGdU”'

SH; (group-reagent) gives from dilute solutions a fine yellow
p recipitate of eadmic suipnige, CdS, insoluble in alkaline sulphides,
c austic alkalies, or potassic cyanide; insoluble in cold, but soluble
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Concentrated nitric acid (free from chlorine), diluted with its
own bulk of water, dissolves {our out of the five sulphides, viz., PbS,
Bi,S,, CuS, and CdS, with separation of sulphur; mercuric sulphide
being soluble only in aqua regia. Hence by boiling with mode-
rately concentrated nitric acid (in the absence of HCI), we can
separate mercury from the other metals of subdivison A. Conecen-
trated nitric acid converts PbS partially into SO.Pbo"”, by the
simultaneons oxidation of the sulphur. e should, therefore, obtain
in the residue HgS, as well as 80,Pbo" and sulphur. But as the
whole of the PbS can be converted into 80O,Pbo” only by boi'ing
with fuming nitric acid, and as 80,Pbo" is slightly soluble in con-
centrated nitric acid, we should not succeed in removing the lead
entirely as sulphate. This difficulty is overcome by boiling the
whole of the sulphides with moderately concentrated nitric acid,
then dilnting with water and adding dilute sulphuric acid (S0.Pbo"
being less soluble in dilute sulphurie acid than in water), and lastly,
when cold, adding to the solution its own bulk of aleohol (methy-
lated spirit). A residue is left which may be white, indicative of the
presence of 80,Pbo”, or black, from the presence of HgS and sul-
phur. The solution contains the metals Bi, Cu, Cd.

Examivarion or rHE Resioue.—80,Pbo” dissolves readily in
certain salts, such as ammonic acetate or tartrate. By treating
the residue, therefore, with a concentrated solution of ammonic
acetate, we are able to dissolve out the 80,Pbo”. The absence of
mercury compounds may be inferred, if no black but only a yellow
residue of sulphur, is left, and if no mercury has been indicated b
the reactions in the dry way. The presence of both lead and
mercury should, however, invariably be confirmed by special tests ;
viz., the lead by means of Cr0O,Ko,, and the mercury, by heating
the dry residue in a bulb tube with dry sodie carbonate.

Examixarion oF ta#E Sowvrion.—We have seen that AmHo
precipitates BiHo,, which is insoluble in excess, whilst CuHo, and
CdHo, are likewise precipitated, but are soluble in excess. If a
white precipitate be obtained on adding AmHo, we infer that bis-
muth is present. (Should the lead not have been removed entirely,
some PbHo, would be likewise precipitated.) The precipitate is
filtered off and well washed, then redissolved in a lifile hydroehloric
acid, and precipitated by the addition of water. The ammoniacal
filtrate is of a fine azure-blue colour, when copper—even in small
quantities—is present. If colourless, and if, by the addition of 8H,
a fine yellow precipitate comes down, we infer that no copper is
present, but only cadmium. TIf a black precipitate comes down, on
passing the gas through the slightly acidulated (HC) s lution, we
infer the presence of copper and possibly of cadmium. These two
metals can be separated either by means of KCy (CdS being inso-
luble in Eutasaic cyanide), or dilute sulphuric acid (CusS being inso-
luble in hot dilute sulphuric acid). Filter again; in the one case
copper is left in solution, in the other cadmium. It is not difficnlt
to identify these two metals by special tests.
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water; or it may be rendered soluble by fusion on charcoal with
3 parts of CONao, and 3 of sulphur, when sodic sulphostannate is
formed, which is soluble in water, but is decomposed and precipi-
tated as SnS; by means of hydrochloric acid.

By introducing into a borax bead—in which sufficient cuprie oxide has been
diffused to render the bead faintly blue—traces of a tin compound and heating
in the reducing flame, the bead turns reddish-brown or forms a ruby-red glass.

EXAMINATION IN THE WET WAY.

Tinstone being insoluble in acids, must be fused with alkaline
carbonates and a reducing agent, such as potassic cyanide, charcoal,
or black flux (ignited Rochelle salt), when metallic tin is obtained.
Tin dissolves slowly in hot hydrochloric acid with evolution of
hydrogen and formation of 8nCl, readily in aqua regia with for-
mation of 8nCl,, Nitric acid converts tin into metastannie acid,
8n,0,Ho,, which by evaporation and ignition is converted into
8n0,. 100 parts by we.ight of metallic tin when thus oxidized,
are found to increase to 1276 by weight (atomic weight of Sn =
118).

Tin is capable of combining either with two, or four atoms of
chlorine, ete. In stannous chloride, 8nCl,, the metal exists as a
dyad, and in stanmic chloride, SnCl,, as a tetrad element. It is
capable of forming two series of salfs, of owides, sulphides, ete., viz, :—

Stannows compounds. Stannic compounds.
8n"Cl;  Stannous chloride. 8n'"(l, Stannic chloride.
Sn”0) o oxide. Sniv0, »w  oxide (anhydride).

80.8no” p sulphate. Sn''8, »»  sulphide.

NOSIO” ., nitrate,

8n"8 5 sulphide.

Stannie acid, SnOHo,, combines not only with the strong alkali
bases, OK;, ONa,, but even with stannous oxide, 8n0, to form
stannates, e.g., Sn0Ko,, dipotassic stannate, SnOSno", stannons
stannate.  Finely divided tin acts, therefore, like Zn and Cd, npon
a strong boiling solution of caustic potash or soda, with evolution
of hydrogen and formation of potassic or sodie stannate.

A. Stannous compounds.—A SOLUTION OF STANNOUS CHLORIDE
8nCl, is employed. :

SH, (group-reagent).gives a dark brown precipitate of stannous
sulphide, 818, insoluble in ammonia ; nearly insoluble in normal
ammonic culphide, but readily dissolved in the presence of sulphur
or by the yellow sulphide: from this latter solution it is reprecipi-
tated as yellow stannic sulphide, 8nS,, on the addition of hydro-
-ﬂ]ﬂf]hﬂ acid ; it 18 also soluble in potassic or sodic hydrate, from
which hydrochlorie acid precipitates SnS unchanged. Soluble in
boiling hydrochlorie acid.

SAm, gives the same precipitate. Soluble in excess.

KHo or NaHo gives a white bulky precipitate of stannous
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COAmo, or CONao, precipitates white stannie acia, SnOHo,,
soluble in caustic alkalies.

Stannic chloride furnishes us, moreover, with an interesting pro-
cess of precipitation, viz., by means of nentral salts, such as sodic
sulphate, ammonic nitrate (in fact, most neutral salts). Metastannie
acid (8n,0;Hoy,) is precipitated on heating, provided the solution
of stannic ehloride be not too aecid, thus :(—

EHIICL + EGED:;Nﬂﬂq + ISOH{J = snnﬂ'ﬁHﬂm + E{IH&DI
+ 2080,HoNao,

a8nlCl, + 20NQ;Amo 4+ 150H,; = E‘nﬁDq.H{)m + 20Am(CI
+ EDHGEHCM

Metallic zinc precipitates from acid solutions of stannous or
stannic chloride metallic tin in the form of grey laminm, or of a
spongy mass which can be readily dissolved in {ydruchlﬂric acid,
especially by the aid of a piece of platinum foil. Metallic iron pro-
duces no precipitate.

;. Metallic tin or copper reduces stannic to stannous chloride,
thuos :—
SnCl, + Sn = 28nCl.

A solution of stannous chloride (containing hydrochloric acid)
cannot be kept, when exposed to air, without changing rapidly to
stannic chloride, as well as insoluble stannous oxychloride, 8n,0Cl,,
on account of the great attraction which stannous salts possess for
oxygen, thus :—

(1) 28001, + O = 8n,0CL + O,
(2) 8nCl, + Cl, = SnCL.

Hence granulated metallic tin or pure tinfoil is usually put
into stannous solutions in order to prevent the formation of a bulky
white precipitate of stannous oxychloride.

QUESTIONS AND EXERCISES.

1. How do you detect a stannic salt in the presence of a stannous salt ?

2. Give the constitutional and graphic formule for metastannic and stannic
acids, stanmous and stannic chlorides, and stannous oxvehloride.

8 How can the correctness of the atomic weight assigned to tin be shown

E:ﬁxmuntﬂﬂy_i“

4. W]l{ﬂﬁ' tﬂ n?chemmal change take place when 8nCl, and HgCl, are heated

ether !

. Explain the action of chlorine, nitric acid, and air upon st sl

6. How is Sn separated from Ag? e

;. How would you analyse an niuy consisting of Pb, Cu, Bi, Sn ?

2

o

. A finstone yielded on analysis 77'5 per cent. of metallic tin ; how much 8n0
did it contain ? :

. How much chlorine gas by weight and by volume (at 0° and 760 i
absorbed by 10 grms. of SnCl,? - (at 0% and 760 mm.) will be

10. Express in symbolic formule the equations for the reacti 5
of stannous and stannic chlorides. o8, in the wet way,
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Iv

Sb¥0.(Sb"0,)', antimonylic metantimonate, or { ’gb"’{]:‘ dian-

timonie tetroxide, is formed when antimonic oxide (obtained by dis-
solving antimony in nitric acid) is ignited. This compound is of
some importance, as it serves for the quantitative estimation of
antimony.

A. Antimonious mmpnunds.—A SOLUTION OF ANTIMONIOUS CHLO-
ripE, 8b,Cl,, is employed for the reactions in the wet way.

SH, (group-reagent) gives an orange-red precipitate of hydrated
antimonious sulphide, Sb.,S, soluble in alkaline sulphides and in
potassic or sodie hydrate; reprecipitated by hydrochloric acid ;
slightly soluble in ammonic hydrate, all but insoluble in hydrie
ammonic carbonate and in hydric ammonic or hydrie potassie sul-
phites. It dissolves in boiling concentrated hydrochloric acid.

Temperature and concentration of the reagents produce reciprocal effects. In
a dilute hydrochlorie acid solution the 8bCl; exchanges its chlorine in the cold

for sulphur, with precipitation of 8byS;, whilst boiling concentrated hydrochlorie
acid dissolves 8b,S; readily with evolution of S8H..

SAm, produces the same precipitate as 8H,, soluble in excess.

KHo or NaHo precipitate antimonious owide, 8b,0,, readily
soluble in excess, with formation of potassic antimonite.

AmHo, same precipitate, almost insoluble in excess.

COAmo,, COKo,, or CONao,, same precipitate.

OH, decomposes 8bCl, forming a white insoluble basic salt,
antimonious eoxychloride, SbOCI, soluble in tartaric acid. (Dis-
TIXCTION FROM BISMUTHOUS OXYCHLORIDE, BIiOCIl). Water, therefore,
gives no precipitate with a solution of potassic antimonylic tartrate

CO(Sb"0,)’

(tartar emetic) gEHg ; and alkalies and alkaline carbonates

COKo
produce a partial precipitation only after some time.

Metallic Zn, Cu, Cd, Fe, Co, Sn, and Pb precipitate the metal in
the absence of free nitric acid as a black powder.

An exceedingly delicate reaction for antimony consists in preci-
pitating the metal from a dilute hydrochloric acid solution on
platinum foil or on the lid of a platinum crucible, by means of a
small strip of metallic zine. H and S8bH, (antimonietted hydro-
gen*) are evolved, and the platinum is stained brown or black by
the deposited metal. Mere traces of antimony can thus be dis-
covered. The stain is not affected by hot dilute hydrochloric acid,
but disappears on heating with nitric acid. Tin cannot be precipi-
tated on platinum. It is precipitated by zine, and is readily soluble
in hot dilute hydrochlorie acid.

Compounds containing triad antimony exhibit a tendency (less
marked, however, than in stannous compounds) to combine with

* Of this gas more at page 89
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B. Antimonie compounds.—A SOLUTION OF POTASSIC METANTIMON-
ATE, Sb0;Ko, may conveniently be employed for studying the
reactions in the wet way. :

This salt is prepared by fusing metantimonic acid, SbO,Ho,
with a large excess of KHo, in a silver crucible, and dissolving the
mass in cold water. Fused with caustic soda, a sodic metanti-
monate is obtained, which is insoluble in water.

Sb0.Ko is readily decomposed by concentrated acids (hydro-
chloric or nitric), metantimonie acid being precipitated.

SH,; gives from a solution of Sb0,Ho in excess of hydrochloric
acid, an orange precipitate of antimonic sulphide, 8b,S;, mixed with
Sb,S; and S; soluble in alkaline sulphides, readily soluble in
ammonic or potassic hydrate; also soluble in boiling concentrated
hydrochloric acid, with evolution of 8H, and deposition of S; only
very sparingly soluble in cold hydric ammonie carbonate.

Am;, same precipitate, soluble in excess.

80;Feo” does not reduce antimonie eompounds,

NO;Ago, added to an alkaline solution of 8b0,Ko, yields, for
obviouns reasons, only OAg;, readily soluble in ammonic hydrate.

Antimonic compounds, like stannic salts, can, under cerfain conditions, also
act as oxidizing agents, e.gq. i —

On igniting antimonic anhydride, it splits up into 8by0; and oxygen.

Sn(Cl, precipitates SbOHo from a hydrochlorie acid solution of 8b0,Ho,
the 8nCl, being converted into 8nCl,.

On boiling a solution of 8b0;Ho in hydrochlorie acid with potassie iodide,
iodine is liberated, colouring the solution brown. (8bCl; is in fact frequently
employed for the purpose of conveying chlorine to other bodies, both mineral and
organic.) Todine is set free, because 8bClg, on being heated, together with 2KI,
forms 8bCl; + I + 2KCL The liberated iodine is readily recognized by means
of starch paste, when the highly delicate and characteristic blue iodide of starch
reaction 1s obtained. (DISTINCTION BETWEEN ANTIMONIOUS AND ANTIMONIC
COMPOUNDS.)

QUESTIONS AND EXERCISES.

1. How is antimonious chloride prepared ? What change does it undergo
when water is added to it ?

2. How can the metal antimony be obtained from grey anfimony ore ?

3. By what characteristic reaciion can antimony compounds be recognized when
examined in the dry way ?

4. What is the action of concentrated nitric acid upon metallic antimony ?

Explain the change by an equation.

How can you distinguish between antimonious and antimonic compounds ?

Explain the action of Zn or Fe upon a solution of SbCl,.

What evidence have we to show the trind and pentad nature of Sh?

Give _ll.lnatmtiom of the reducing action of antimonious compounds, e.g.,

_antimonious chloride.

9. Give instances of the oxidising action of antimonic compounds, e.g., me‘anti-
monie acid.

10. State how you would separate 8b from Sn, in the wet way.

11. How can 8b be separated from Bi?

I‘_'-xlpreua by symbolic equations the reactions for sntimony in the wet way.
13. Caleulate the percentage composition of white antimony and antimonious
oxychloride.
14. 1 grm. of a sample of grey antimony yielded on analysis ‘854 grm. of 8b,0, ;
what percentage of antimony does the ore contain ? .

Za @
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15. How would you aeEa.rate Sn from Sh, in the dry way ?

16. How much 8b,0, by weight will 1'32 grm. of metallic antimony yield ?

17. How much chlorine by weight and by volume (at 0° C. and 760 mm.) is re-
quired to convert 10 grms. of 8bCl; into SbCl, ?

18. How much oxygen gas by weight and by volume (at 0° C. and 760 mm.) can
be obtained by igniting 5 grms. of 8b,0,?

19. Deseribe the preparation of potassic metantimonate.

20. How much Pb and Sb have to be employed to prepare 50 Ih. of type metal,

an alloy having the composition Pb,Sh ?

3. ARSENIC, As"' and ¥. Atomic weight, 75.—This body
constitntes one of the most widely diffused elements in nature. It
is found native, but exists most frequently in combination with sul-

phur as realgar, { .A;S”’ or diarsenious disulphide, and as orpiment,
As,S";, or arsenious sulphide (snlpharsenions anhydride) ; in com-
bination with metals it exists in arsenical nickel, {” Aﬁ.Ni, copper

f i L

- Ni. . o E: w -
wickel, § +pg'Np and in smaltine, § 5. Co. Arsenic acts in some

of these mineral bodies more like a metalloid than a metal. Metallic
arsenides are frequently found in combination with metallic snl-
phides, such as the snlphides of Ag, Fe, Ni, Co, Cu, ete., as in the

common mineral mispickel, or arsenical pyrites, q 1 R Fe'' \Fel'S,, in

IEAE

' -
nickel glance or grey wickel ove, { T AE;Ni”,I‘Ti"’SE, and in cobalt glance

r r
{ni:,(}n”,ﬂuwﬂu,. Arsenic ocenrs also in the form of metallic
arsenates, such as caleie, magnesic, nickelons, cobaltous, plumbie
arsenates ; for example, in the mineral pharmacolite, As,0;Cao"y,
G6OH, (calcic pyrarvsenate), in nickel ochre, As,0,Nio";90H,, in
cobalt bloom, A8,0,Coo"'5,80H,, and in mimetesite, 3(A8,0,Pho"’y),
PbCl,.

Traces of arsenic are almost invariably found in commercial sulphur, iron,

copper, tin, and antimony. On aceount of the solubility of its oxides, arsenic is
sometimes found in mineral springs and in the ochreous deposits from mineral

waters.
EXAMINATION IN THE DRY WAY,

Arsenic can be completely volatilized. When heated in contact
with air, either on charcoal or in an open tube, it burns and forms
arsenions anhydride, As.0;, giving off at the same time a peculiar
and most characteristic garlic odour. Arsenical compounds give
the same indications when heated by themselves, on charcoal in the
reducing flame, and on the addition of sodic earbonate and potassic
eyanide, whether thearsenic be present as arsﬂnj.tc or arsenate. ’_I‘]u::
blowpipe experiments should be performed with great precantion,
since arsenical fumes are poisonous. The reaction being so very
delicate, small quantities only of the substance shonld be operated

'EJI]_’:I-I":I'I'l+
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When arsenical compounds
‘are heated in a bulb-tube, Fig.
8, @, mixed with a proper re-
ducing agent (such as sodie :
carbonate and charcoal powder :
or black-flux), metallic arsenic

sublimes and is deposited in the

shape of a lustrous steel grey

mirror, 6, in the upper t of

the tu],:m.? pper par Fia. B.

EXAMINATION IN THE WET WAY.

Chlorine attacks arsenic violently, lorming a hig]ﬂy poisonous
lignid, arsenious chloride, AsCl;, Hydrochloric acid does not act
upon arsenic; nitric acid oxidizes it to arsenious and arsenic acids,
according to the concentration of the acid.

Arsenic forms two oxides, sulphides, ete., and two well characterized
sertes of salts, arsenites, and arsenates.

A. Arsenious compounds—We may employ either a soLurioN
OF ARSENIOUS ANHYDRIDE, A8;0;, in dilute hydrochloric acid, or ax
AQUEOUS SOLUTION OF AN ARSENITE, A8Ko, (fripotassic arsenite).

SH. (group-reagent) produces in an acid solution of As,0,,
especially on gently heating, a lemon-yellow precipitate of arsenious
sulphide, As,S; readily soluble in ecaustic alkalies, in alkaline car-
bonates and sulphides forming alkaline arsenites and sulphar-
senites; it is reprecipitated from any of these solutions on the
addition of dilute hydrochlorie or nitrie acid. It is nearly insoluble
in concentrated hydrochloric acid, even on boiling ; but soluble in
nitric acid. On digesting freshly precipitated arsenious sulphide
in a solution of hydric potassic sulphite, SOHoKo, and excess of
sulphurous acid, t{;e yellow precipitate is dissolved, and the solution
contains potassic metarsenite and potassic hyposulphite, after driving
off the excess of sulphurouns acid by evaporation, thus :—

2As.5; + 1680HoKo = 4As0Ko + 68350Ko, + S, 4+ 780,
+ 8OH,,

S Ani, same precipitate soluble in excess.

NO,Ago produces from a solution of a neutral arsenite, or from
a solution of As,O, in water, rendered neutral by cautiously add-
ing ammonic hydrate, a yellow precipitate of triargentic arsenite,
AsAgo,, readily soluble in ammonic hydrate, ammonic chloride,
or mtric acid. The ammoniacal solution of AsAgo, and OAg, is
decomposed on boiling, with separation of metallic silver and for-
mation of triargentic arsenate, AsOAgo,, thus :—

Asﬁ.gﬂa + U.&.g:_ e Mﬂﬁgﬂ: + .A.gnu-

Holuble in - Soluble in Soluble in Black
AmHo. AmHo. AmHo., precipitate.

80,Cuo” produces a characteristic yellowish-green precipitate of hydric
' g 2
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throngh for some time. It is difficult to effect complete precipitation
even then. The precipitate consists of arsenious sulphide and sulphur.
It is preferable to reduce the As,O; first to As,O, by a more power-
ful reducing agent than SH,, for example, by sulphurous acid, or
an acid snlphite, such as SOHoKo or SOHoAmo—

AsOKo, + 80Ho, = AsKo, + 80,Ho,,

whence sulphuretted hydrogen precipitates the arsenic readily as
arsenious sulphide.

NO,Ago gives areddish-brown precipitate of triargentic arsenate,
AsOAgn;, soluble in ammonie hydrate and in nitrie acid.

80,Cuc” produces a pale greenish-blue precipitate of hydrie cuprie
arsenate, AsOHoCuo” soluble in ammonic hydrate and nitrie acid.

S0.Mgo", in the presence of ammonic chloride and ammonic
hydrate, gives a whife erystelline precipitate of ammonic magnesic
arsenate, ASOAmoMgo" (pistincrioNn of As,O; rrom As,0;).

Fe,Cl; gives a yellowish-while precipitate of ferrie arsenate, As,O.Feovl,
({gg*)gl?lm” (Plumbic acetate) gives a whife precipitate of triplumbie

arsenate, As,0,Pbo";.
MO;Amo; (Ammonic molybdate), dissolved in nitric acid, gives a yellow
precipitate of arsenio-ammonic molybdate,

Metallic copper does not precipifate metallic arsenie from dilute
acid solutions of As,0O;; but on adding concentrated hydrochloric
acid, and heating, a grey film of Asagm is obtained (pIsTINCTION
BETWEEN As,0; axp As,0,).

Arsenic as well as arsenious compounds are capable of ovidizing
other bodies, and become themselves reduced either to a lower oxide
(sulphide), or to the metallic stafe.

Sulphurous acid reduces arsenie to arsenious acid.
S30Nao, (sodie hyposulphite) deprives arsenious acid of its oxygen, and
converts it into As.8. thus:—
2AsHo; + 38850Nao; = AsS; + 380,Nao, + 30H..

Carbon reduces both Owides of Arsenicto Metallic Arsenic.—A frag-
ment of arsenious anhydride (white arsenic) is placed in the pointed
end, a, of a hard glass tube drawn out before the blowpipe, as seen in
Fig. 9. A splinter of
well ignited charcoal is
next placed in the nar-
row part of the tube at
b, somewhat above the
fragment of the arse-
nical compound. This
charcoal is heated over
a gas flame or the flame
of a spirit lamp. When
the charcoal is well
ignited a second fame
is applied to the lower

Fio, 8,
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through & into the flask B, containing concentrated sulphuric acid, and out
l.hr-::r::gh the delivery tube e:ia passed over the mixture in tube C, heated at

irst gently, till all the moisture has been driven out, and then strongly to fusion,
—when a mirror of metallic arsenic collects in the neck of the drawn-out tube.
The reaction has this advantage, that no antimony mirror is obtained in the

SAIE WAY.

In order, however, to avoid missing the arsenic, either altogether or obtaining
only a portion of it, as stated above, it is preferable to treat the arsenious sul-
phide with a few drops of concentrated nitric acid, and to evaporate with a little
sulphurie acid (in order to decompose any metallic nitrates, if present). The
sulphurie acid is next neutralised with sodie carbonate, and the mass thoroughly
dried, before mixing it with potassic cyanide and reducing it as deseribed. The
fused mass retains the antimony, and a good arsenieal mirror is obtained, pro-
vided no lead, copper, or other reducible metals were present.

Arsenious and arsenic acids are both reduced by nascent hydro-
gen, which combines with the oxygen of the arsenical oxides to
form water, whilst the arsenic in its nascent state, or the very'
moment it is liberated from the oxygen, combines likewise with
hydrogen to form a gaseous compound of arsenic, called arsenietted
hydrogen (arsenious hydride)—As'"H,. This gas is obtained pure
by acting with dilute sulphuric acid upon an alloy of zinc and

arsenic. The zine takes the place of the hydrogen in the acid, and
arsenietted hydrogen is liberated, thus:—

A%an ‘+‘ EngHﬂg — :}ED:;E[’]D” + EﬁEH'.

Arsenietted hydrogen is an exceedingly poisonous gas, and the
student should on no account attempt to prepare it pure. Its
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properties may be studied equally well in a mixture of the gas with
much hydrogen. -

The experiment should be conducted in a closet, connected with
a chimney or flue, where a good indraught of air can be obtained.
Arsenietted hydrogen possesses a very nauseous odour, and burns
with a peculiarly livid bluish flame, when the jet of hydrogen and
arsenietted hydrogen gas is lighted, owing to the combustion of
arsenic to arsenious auhffrdride which rises in white fames.

Generate hydrogen in a flask, a, Fig. 13, from pure zine (free from arsenic)
and pure dilute sulphuric acid. Dry the gas by passing it over caleic chloride
and connect the drying tube, &, with a piece of hard glass tubing, e, drawn out

to n jet. The hydrogen gas may be ignited at the jet, as soon as it has displaced
the air in the generating flask, a, and drying tube, b. It burns with an almost
colourless flame if the zine and neid are pure.  On introducing a few drops of an
arsenious or arsenic acid solution® through the funnel-tube, the flame is seen to
change to blue, and on holding a piece of porcelain (e.g., a dish, or the lid of o
poreelain crucible) into the flame, o black mirror or deposit of metallic arsenic is
obtained. Or the metal may be collected—by heating the glass tube through
which the arsenietted hydrogen pusses—in the form ﬂtsﬂ. metallie ring, d, which
deposits within the tube immediately behind the spot where the glass is heated.
The hydrogen should not be generated too rapidly, if a good ring is to be obtained
The mirror may be driven on to e by gradually moving the flame from ¢
towards d.

Several arsenical mirrors may be obtained if a long piece of narrow combus-
tion tube, Fig. 14, be employed, which has been contracted in several places by
drawing it out in the flame of a blowpipe. Arsenietted hydrogen is generated
in the flask, @, and passing through &, the drying tube, ¢, and combustion tube, d,
issues from the drawn-out jet, where it can be burnt. The tube, d, is heated in
one or in several places, just before the several drawn-out narrow parts. An
arsenical mirror is obtained a little behind the heated part of the tube, as seen in
Fig. 14. Little or no arsenietted hydrogen need thus escape from the jet,
especially if a slow current of hydrogen be generated.

The deposition of arsenic in the tube or on the cold porcelain
avises from the decomposition of the arsemietted hydrogen, which,

# Tt should be borne in mind, that only acid solutions of the exides of arsenic
can be employed. Any considerable excess of oxidizing agents, such ns nitric,
chlorie, ete., acids, should also be avoided. The same holds good for the prepa-
ration of 8bH,.
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at a high temperature, is broken up into arsenic, which is deposited,
and hydrogen, which passes on and burns at the jet. The decom-

Fra. 14.

position which takes place when a cold piece of porcelain is lowered
into the flame, is readily explained, if we remember what takes place
when some cold porcelain is held in a candle or gas flame. We ob-
tain a deposit of soot (finely-divided carbon from the hydrocarbons),
becaunse the combustion is disturbed, and the temperature of the
flame suddenly lowered. The flame can ouly burn where it is in
contact with air, i.e., on the outside. The arsenietted hydrogen on
Ea&sing through the inner portion of the flame, is decomposed by the

eat into arsenic vapour and hydrogen gas; the latter escapes
through the outer portion of the flame, and is burnt, arsenic being
deposited on the cold porcelain surface. The decomposition of
arsenietted hydrogen takes place, even if very little of the gas be
mixed with much hydrogen gas, and this fest—known as Marsh’s
test—is therefore extremely delicate.

It is of paramount importance that both zinc and sulphuric acid should be
tested first. This is done by generating hydrogen, and allowing the gas to escape
by itself for some time, through the combustion tube ignited in several places.

Care should also be taken to avoid introducing nitric acid, since arsenietted
hydrogen is readily decomposed by this acid. It is therefore preferable to dis-
solve arsenical compounds in hydrochlorie acid, with the addition of a few small

crystals of potassic chlorate, and to heat gently till no more chlorous odour is
observable.

The metal antimony forms with nascent hydrogen a combustible
%‘&s analogous to arsenietted hydrogen, called antimonietted hydrogen
antimonious hydride), 8bH,. It is prepared by acting with dilute
sulphuric or hydrochloric acid upon an alloy of three atoms of zine
and two atoms of antimony, thus :—

8b.Zn, + 380,Ho, = 380,Zno” + 28bH,.
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The arsenious acid is separated by filtration from the insoluble S8bAgy, and
Ag. On cautiously adding to the filtrate a dilute solution of ammonic hydrate,
a yellow precipitate of trinrgentle arsenite is obtained, where the two layers
of the ammonie hydrate and acid solution meet. 3

The residue is boiled with a solution of tartaric acid, when the antimonious
argentide is acted upon with formation of soluble antimonious tartrate (F), silver
being left behind. Filter; acidulate the filtrate with dilute hydrochloric aecid,
and pass sulphuretted hydrogen. An orange precipitate indicates antimony.
J;'._uul:Eﬂr method of detecting the antimony consists in digesting the 8bAgs with
yellow ammonic sulphide, when the 8b is dissolved out as sulphantimonite, und
can be separated from the filtered solution by HCI as 8b,S,.

L]

QUESTIONS AND EXERCISES.

1. Which are the most important natural compounds of arseuic P

2. Translate into graphic formulie the symbolic formule of realyar, orpiment,
copper nickel, smaltine, nickel ochre. '

3. Adduce evidences of the trind and pentad nature of arsenie.

4. What changes does metallic arsenic undergo when heated, 1st, by itself, in a
current of a neutral gas (COy or H) ; Zndly, in contact with ar; 8rdly, in

: contact with chlorine ?

5. How is metallie arsenic obtained from white arsenie ?

6. How can arsenious compounds be distinguished in the presence of arsenic
compounds ?  Give several methods.

7. What action has sulphuretted hydrogen upon an acid solution of arsenious

and upon a solution of arsenic acid ?

8. Express by an equation the reaction which takes place when arsenious
sulphide is dissolved; 1st, in NaHo; 2ndly, in SAmy; 8redly, in
COHoAmo.

9. What precipitates are produced when argentic nitrate is added to a neutral
solution of an arsenite or arsenate ?

10. Why is triargentic arsenite, in an ammoniacal solution, converted on boiling

into trinrgentic arsenate. Express the change by equations.

11. What is the action of magnesic sulphate in an ammoniacal solution (so-called

magnesia mivture) upon arsenious and arsenic solutions ?

12. Give a few instances of the reducing action of arsenious compounds. Ex-

press the changes by equations.

13. Explain the oxidizing action of chlorine, bromine, and iodine upon arsenious

compounds.

14. What takes place when metallic copper is introduced into a dilute hydro-

chl:;-i; acid solution: 1st, of As0;; 2ndly, of As,0; (Reinsch’s
s 2
15. Explain under what conditions arsenic, as well as arsenious compounds, act
:g oxidizing agents. Give examples, and express the changes by equa-
ions.

16. Explain why a portion of the arsemic only is liberated, when an arsenical

sulphide is heated with potassie ﬂnidﬂ.}r Give equations,

17. Explain how the presence of free sulphur, or the presence of certain metallic

sulphides influences the reduction of arsenical compounds by potassic

A l;lj:lmllﬁ. 'f::tiwn equations.

- Bxplain the reduction of arsenical compounds by naseent hydrogen (Marsh's
test), and show by equations the fnfmutiﬂn u{ m-seuiattegr hj'ﬂf_%:{:gin.

19. What change does arsenietted hydro undergo : 1st, when burnt in the air;
Zndly, when ‘f;s!e.ne:':l through a tube heated m one or more places ; drdly,
When passed into a solution of argentic nitrate ; 4thly, when passed
through concentrated nitric acid ?

20. E:plmz} the fnr}nu.tiuu of Eutimoniutted hydrogen, and state— 1st, what pro-

perties arsenietted hydfogen has in common with antimonietted hydro-

gen ; and, 2ndly, how it differs from the latter in its chemie 7o
with argentic nitrate. chemieal deportment

w
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21. How would you distinguish between an arsenic and antimony mirror ?

22. State how arsenic can be separated—lst, from antimony, 2ndly, from tin.

23. 1'2 grm. of finely divided gold has been obtained by boiling a solution of
arsenious acid with auric chloride : how much As.0, by weight did the
solution contain ? :

24. Calculate the percentage composition® of ammonic magnesic arsenate,
(AsOAmoMgo” + 6Aq.) i

4. GOLD, An’ and "’. Atomic weight, 196:7.—Gold is gene-
rally found native and is then readily recognised by its colour,
malleability, and physical character generally. Gold oceurs in any-
thing like considerable gqnantities in combination only with the rare
element tellurium, In small quantities it occasionally accompanies
metallic sulphides,

EXAMINATION IN THE DRY WAY.

When heated on charcoal with sodic carbonate and borax in the
reducing flame, gold compounds yield a yellow, very malleable
globule of metallic gold.

To detect ﬁolcl in argentiferous mineruls in which it is present only in minute
quantities, and associated with large quantities of other non-volatile metals, the
powdered mineral is fused with borax and metallic lead, and the metallic button
cupelled, as will be described under silver. The globule of white metal which is
left on the cupel is beaten out, and the silver dissolved by digesting with a little
nitric acid in a small poreelain dish. The argentic nitrate is poured off, and
the gold washed with distilled water. The black inscluble residue is once more
fum!r;l on charcoal before the blowpipe, when it assumes the well-known appear-
ance of fine gold.

Old silver coins frequently contain a small quantity of gold, which, on dis-
golving in nitric acid, is left as a black powder.

When an insuflicient quantity of silver is present in the button (which may
be inferred from its pale-yellow colour), from two to four times its own weight
of silver should be fused up with it, and the button so obtained beaten out and
then treated with nitric acid in order to separate or “part” the gold.—Method

of assaying gold,
EXAMINATION IN THE WET WAY.

Gold when unalloyed is soluble in agua regia only, forming a
SOLUTION OF AURIC cHLORIDE, AUCly, which may be employed for
studying the reactions in the wet way. ; !

H, (group-reagent) gives from a cold solution a black preci-

pitate of auric sulphige, AU,S;, from a lmc:i}ing; solution a brownish
precipitate of aurous sulphide, A1,S = { ,,.ig,s”. These precipi-
tates are insoluble in hydrochloric and nitric acids, but dissolye in
na regia. They are likewise insoluble in normal ammonic sul-
hide, but soluble, althongh with difficulty, in yellow sulphide, more
readily in yellow sodic sulphide, with which they form a sulpho-salt,
AuNas,. o
SAm, and SSONao;, same precipitate:

KHo or NaHo produces no precipitate. ; b
AmHo produces from a concentrated solution of aurie chloride a
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reddish-yellow precipitate of ammoenic aurate or fulminating gold,

" NYH,HoAu 3y
(NH;}g.&ﬂ:D:, _N?HEH{]AUO' ﬂ]llE -

2AuCl; + 8AmHo = (NH;);An,0; + 6AmCl + 50H,.

The detection of gold is attended with no difficulty, owing to
the facility with which auric chloride is reduced to the metallic
state. (iold has little affinity for non-metallic elements ; the com-
pounds which it forms with them are readily broken up by heat
alone, or on being bronght in contact with bodies which have more
affinity for the metalloids, leaving metallic gold in a finely-divided
condition, as a brown powder, which acquires metallic lustre when
dried and rubbed in a mortar. Hence in aurie chloride we possess a
powerful oxidizing agent, as we have already seen under tin, anti-
mony, and arsenic. The same oxidizing action is called into play,
when AuCl; comes together with solutions of sulphurous and oxalie
acids, ferrous snlphate, or chloride, cuprous chloride, dissolved in
hydrochloric acid, mercurons nitrate, potassic nitrite, sugar in an
alkaline liquid, and many other organic substances (e.j., the epider-
mis); arsenietted, antimonietted, and phosphoretied hydrogen decom-
pose AuCl; likewise.

The following equations express these changes :—

(1) 2AuCl,, when ignited splits up into Au, + 3CL.

{2} Luﬁﬂl 1] 3 [T} -&-uﬂ + E.E‘
(3) 2AuCl; + 380Ho, + 30H, = Auy, + 380,Ho, + 6HCL
COH
(4) 2AuCl, + 3{::{1}[3 = Aug + 600, + 6HOL
(5) 2AuCl; + 6FeCl, = Au, + 38Fe,Cl;
(6) 2AuCl; + 680.Fec” = Auy; + Fe,ll, + 28,0;,Fexv,
(7) 2AuCl; + 3Cu,Cly = Aug + 6CulCly
NO. NO
(8) 2AuCl; + BHG;Hg-;.c}” = Auy + aHG:ng" 3HgCl,.

(10) 2AuCl; + 2AsH; + 80H; = Auy + 2AsHo, 6HCL.

+
(9) 2AuCl; + SNOKo + 830H; = Au, + SNO,Ko + GHCI
+
(11) 2AuCl; + SbH, = Au; + SbCl + 3HCL

In the analysis of a solution containing gold, as well as some
other metals of Group II, precipitable by SH,, it is usual to first
remove the gold in the metallic state, by boiling with oxalic and
hydrochloric acids, before passing 8H,. The precipitated gold is
collected on a filter and fused to a button on charcoal.

Gold is precipitated from a hydrochloric acid solution of AucCl,
by most metals, even by Pt, Ag, and Hg.

QUESTIONS AND EXERCISES.

1. How would you treat a silver coin containing a small quantity of gold, in
order to extract this latter metal from it ?
2. How is Au(l; prepared ?
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Platinum is capable of forming a lower chloride, viz., platinous
chloride, “Pt”Cl;, in which the platinum acts as a dyad. This salt
is obtained by heating the platinic chloride for some time in an air-
or oil-bath np to 204" C., as long as any chlorine is evolved ; or by
acting with sulphurous acid upon a solution of platinie chloride,
until the latter ceases to give a precipitate with ammonic chloride,
PtCl, is a greenish-grey powder, insoluble in water, but soluble in
hydroehloric acid.

Several reactions in the wet way for platinum are based npon
the power, which its salts possess, of oxidizing other bodies which
have some bonds left unsatisfied ; but as platinie salts are not so
casily reduced as gold salts, a solution of the latter metal is generally
preferred. After what has been stated under gold, the following
reactions will be readily understood :—

PtCl, produces with SnCl, only a dark brownish-red colour,
owing to the reduction of the platinic to platinons chloride.

PtCl, is reduced by 80.Feo” only after long-continued boil-
ll'lg.

PtCl, is reduced to platinum by formie acid, { EOHU‘ on heat-

ing, if the free acid be neutralized with sodic earbonate.

Metallic zine precipitates metallic platinum.

It is obvions that platinous chloride could act as a reducing
agent, but it is rarely employed for this purpose.

Whenever platinum and gold are contained in a solution, together
with other metals of Group Ii precipitable by sulphuretted hydrogen,
it is preferable to remove the gold, by means of oxalic acid (which
does not reduce platinic chloride), before removing the platinum by
evaporation with ammonic chloride.

QUESTIONS AND EXERCISES.

1. How is platinic chloride prepared ? Give an equation.

2. How much metallic platinum is left when two grms. of Pt8; are strongly
ignited in a poreelain crucible ?

3. How much Pt will be left, when 1'5 grm. of 2AmC],PtCl, is ignited ?

4. Caleulate how much potassic platinic chloride onght to be obtained from
921 grm. of KCN.

5. How is platinous chloride prepared ?

Separation of the metals arsenic, antimony, and tin, whose sul-
phides are soluble in yellow ammonic sulphide, or in sodic hydrate.

The precipitate produced by the group-reagent is soluble in
yellow ammonic sulphide, or in sodic hydrate, and may consist of
three sulphides. If the precipitate be of a dark brown colour, it
may be inferred that stannous sulphide is present. If it be of a
fine lemon-yellow colour, the presence of arsenious or stanmic snl-
phide may be inferred, if orange-coloured, antimony should be
looked for.

The three sulphides are unequally soluble in hydric ammonic
carbonate. - As,S, dissolves freely, 8nS, very slightly, and 8b,S,
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is all but insoluble. On digesting, therefore, the precipitate with
COHoAmo, and filtering, arsenic is obtained in the filtrate, and
antimony and tin are left in the residue. In order to separate the
remaining two metals, the antimony is, for the most part, converted
into antimonietted hydrogen,—tin does not form a gaseous compound
with hydrogen. For this purpose the two sulphides are dissolved
in hot hydrochloric acid, and the solution of the mixed chlorides
introduced into a Marsh’s apparatus. Antimony is detected by the
metallic deposit which antimonietted hydrogen gives on porcelain,
insoluble in CINao. Tin (antimony) is found in the generatin
flask deposited on the strips of zinc as a powder. The grﬁj'iﬂh-blﬂ-ﬁi
metal is removed from the undissolved zine, dissolved in hot hydro-
chloric acid (by the aid of a little platinum foil), and the solution
tested with mercuric chloride. A white precipitate of mercurouns
chloride, Hg,Cl,, indicates the presence of tin,

The separation of arsewic, antimony, and tin, may thus be based
wpon—

1. The solubility of A8.S; in hydric ammonic carbonate.
2. The formation of antimonietted hydrogen.
3. The precipitalion of tin by metallic zinc.

A tabular scheme, embodying this method of separation, will be
found in Table 1T inthe Analytical Tables at the end of the book.

Several other methods of recognizing and separating the metals
tin, antimony, and arsenic, will readily suggest themselves, such as
the one which is based npon :—

1st. The oxidation of A8,S; Sb,S; and 8nS by concentrated
nitric acid ; and the conversion of the three oxides (by fusion with
canstic soda in asilver crucible) into sodic metantimonate, arsenate,
and stannate.

ond. The insolubility of 8bO,Nao in cold water and aleohol
(AsONao, and SnONao, being soluble).

3rd. The eonversion of AsONao; and 8nONao; into As,S; and
SnS, by means of sulphurous acid and sulpharetted hydrogen.

4th. The volatility of As,S; when heated in a current of dry
SH, gas, SnS being non-volatile. i

5th. The absorption of the volatilized As.S; in a solution
of sodic hydrate, oxidation by chlorine and precipitation as
AsOAmoMgo", -

Gth. The conversion of the non-volatile SnS into 8nO, by

igmition in air.
Another method is based upon :—

lst. The precipitation of arsenic and antimony in the form of
sulphides, by boiling a hydrochloric acid solution of the three metals
with sodic hyposulphite, tin remaining in solution. _ :

2nd. By boiling the precipitated ;_Q.BES,, and S_l::.-,S;L with hydric
potassic sulphite and sulphurous acid ; As,S, is converted iuto
potassic metarsenite, 8b,S, remains undissolved.
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A third method consists in :(—

1st. Removing the As.S;, by boiling with hydric sodic sulphite
and sulphurous acid ; the other two sulphides are not dissolved.

2nd. The oxidation of the undissolved Sb,S; and SnS, with
concentrated nitric acid and boiling with tartaric acid ; 8b,0; is
soluble, 810, remains undissolved.

A fourth method of recognizing arsenic, antimony, and tin is
based npon :—

1st. The introduction of a solution (in HCl and KO,Cl) of the
three sulphides into a hydrogen apparatus, and passing the evolved
arsenietted and antimonietted hydrogen through a solution of
argentic nitrate ; the tin remains behind prﬂci%itated on the zine.

. 2nd. The solubility of the precipitated SbAg, in tartarie acid,
and precipitation of the antimony by means of sulphuretted
hydrogen from a hydrochlorie acid solution.

3rd. The precipitation of the AsAgo, from the argentic nitrate
solution by means of ammonia.

A fifth method of recognizing the metals of Group IIn, depends
upon ;:—

1st. The insolubility of As.S; in strong hydrochloric acid, 8b,S,
and S80S, being dissolved. The presence of arsenic is confirmed by
fusion with potassic eyanide and sodie carbonate

2nd. The precipitation of the antimony on platinum by means
of a strip of metallic zinc; a black stain indicates antimony.

3rd. Dissolving the tin precipitated on the zine in warm dilute

hydrochlorie acid, confirming it by means of mercurie chloride.
oy,

PRACTICAL EXERCISES AND QUESTIONS ON GROUP IIs.

1. Sulphuretted hydrogen produces a fine yellow precipitate, a portion of which
15 soluble in yellow ammonic sulphide. What inference would you draw
from this, anid how would you examine both the solution and the residuary
yellow sulphide ?

Describe several methods for separating As from Sb.

Examine some green paper-hangings for As (Scheele's green).

Test a sample of commercial hydrochloric acid for As and Fe,

Separate As from Sn in a solution of 8nCl; and As,0jy, containing ‘500 grm.
of 8n, and ‘020 grm. of As.

Analyse a solution containing -010 grm. of As and 100 grm. of 8b, by con-

_ verting the two metals into the respective hydrogen compounds.

You have given to you a hydrochloric acid solution containing ‘200 grm, of
8n and 020 grm. of 8b; also a strip of zine and a piece of platinum foil.
Deseribe how you would separate the two metals.

Test a sample of iron pyrites, FeS,, for arsenic, in the dry and in the wet way.

- A precipitate consists of Sb.S; and As.S;. Describe different methods

of analysis, and state the possible causes of error inherent upon each
method.

10. Analyse a mixture of 8n0; and Sb.0y, both in the dry and wet way.

- You have given to you a solution containing potassic arsenite and arsenate.

State how you would identify the two oxides of arsenic in the presence of
each other.

o SO S

e o
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ivon, ete., as in argentiferous fahl ore, and from which the metal
silver could not ba eliminated before the blowpipe flame, are treated
in the following manner:—

Mix ‘100 grm. of the finely-powdered ore with its own bulk of
pounded borax glass; wrap it upin a small piece of assay lead ;* in-
troduce it into a cavity, made in a good piece of charcoal, and fuse
under the reducing flame of the blowpipe, at first gently, and after-
wards more strongly. The heat is kept up till the whole mass has
resolved itself into a metallic button and a clear glassy borax head,
which does not adhere to the charcoal. Shonld the metallic button,
on cooling, present a dull grey surface, indicative of the presence of
antimony, it is next heated in the oxidizing flame, until, on cooling,
it shows a bright, somewhat prismatic surface. It is then detached
from the borax, cleaned by a blow with a hammer and carefully
cupelled on some bone-ash (tricalcic phosphate, P,0,Cao";), pressed
into a shallow cavity in a piece of charcoal, the surface being made
smooth and thoroughly concave with the round end of a pestle. The
button is thoronghly freed from borax, placed in the cupel and
heated in the oxidizing flame. The lead is oxidized and absorbed by
the porous bone-ash, E}rming a mass of fused litharge around the
metalhie bead. If one cupellation does not yield a brilliant white
globule of silver, i.e., if the copper has not been entirely removed—a
fact which is indicated by a black colour, instead of the pale yellow
colour of the litharge, in the cupel—the cupellation of the button
must be repeated in a fresh cupel, and the butten, if necessary,
re-melted with a small quantity of assay lead. The silver not being
an oxidizable metal, is obtained in the metallic state.

Small quantities of silver must be separated from lead (as well ag
from other metals), by cupellation. -

Fuse some finely-powdered argentiferous galena, PbS,8Ag, (or
PbAgs,), on charcoal before the reducing flame of the blowpipe,
either alone or with sodic carbonate. A bead of an alloy
of much lead and very little silver is left. Expose this
bead on a small cupel (Fig. 15) to the oxidizing action E
of the blowpipe flame. The lead is oxidized and absorbed g, 15,
by the cupel, metallic silver being left.

Dried AgCl is mixed with dry CONao,, in a small mortar,
transferred to the charcoal and heated in the reducing flame of the
blowpipe. A button of metallic silver is left thus :—

2AgCl + CONao, = 2Na(Cl + €0, + O + Ag..

REACTIONS IN THE WET WATY.

For the reactions of silver in the wet way we employ a soLuTION
OF ARGENTIC NITRATE, NO,Ago.

HCI (group-reagent), and soluvle cnlorides (NaCl, ete.), give a
white curdy precipitate of argentie emloride, AgCl, which turns
violet on exposure to light. The precipitate is insoluble in water
and dilute acids; slightly soluble in concentrated nitric and hydro-

* Lead free from silver, prepared from plumbie acetate.
" 2
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argentic nitrate on a watch-glass. The globule of mercury becomes
rapidly covered with a crystalline mass, resembling some vegetvahle
growth, termed arborescence. After a time the whole of the silver
becomes removed from the solution, and the solution contains in the
place of the argentic nitrate, mercuric nitrate, N,0,Hgo". Metallic
silver is precipitated and forms with the mercury an amalgam
which is erystalline. This crystalline mass is termed a silver free
(arbor Diane).

Strips of the metals Zn, Fe, Sn, Sb, Pb may likewise be employed
for the precipitation of metallic silver. o

These changes illustrate the action of the move electroposifive
metals npon solutions of less electropositive metals, induced by vol-
taic electricity. They come under the third class of chemiecal changes,
viz., displacement of one element by another element,

Take a clear solution of one part of grape sngar and 6—8 parts
of distilled water, and a somewhat dilute solution of argentic
nifrate. Heat the latter in a test-tube, nearly to boiling, and add
the grape sugar solution. The liquid becomes at once turbid, and a
greyish-white powder of metallic silver falls to the bottom; or a
yellowish-white metallic deposit forms on the sides of the test-tube
which, on rubbing with a glass rod, shows bright streaks of metallie
silver. The metallic silver can be filtered off and fused on charecoal,
before the blowpipe, to a brilliant globule.

The cause of the reduction of argentic salt must evidently be
sought for in the grape sugar. We have seen that argentic oxide
loses its oxygen readily on ignition. Certain organic substances, such
as grape sugar, formie acid, and aldehyde, are known to combine
eagerly with oxygen, and the OAg; (in two molecules of NO,;Ago)
parts with its oxygen and yields a deposit of metallic silver.

This reaction has found an important practical application in the
manufacture of looking-glasses, ete.

The silver in the argentic nitrate is displaced by hydrogen from
the organic bodies, nitric acid being left in solution, carbonic anhy-
dride and water—the two ultimate products of oxidation of organic
matter—being formed by the oxidation of the organic substances.

Ignite a few crystals of argentic acetate, { glﬂq—igu’ in a covered
porcelain erucible. Heat gently at first, and strongly, as soon as no

more fumes are given off. A mass of frosted silver is left, having
the shape of the original crystals.

QUESTIONS AND EXERCISES.

How is argentic nitrate prepared ?
Why do HCI, HI, ete., precipitate silver from its solutions ?
What change takes place when silver glance is roasted in a tube ?
How is Ag separated from Pb in the dry way P
- Write out the equations for the reactions of silver in the wet way.
Gl;fﬂ;fha graphic formule for silver glance, dark red silver ore, proustite, and
ore,

Hﬂ; g(]!?l.;uh NaCl will be required to convert 1'5 grm. of NO,Ago into

ST
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PbO with the boric or phosphoric acid, and formation of a sodic
plumbic borate or phosphate), which is colowrless when cold.

All lead minerals, especially the antimonial sulpho-salts, boulangerite, ﬂlﬁl’ha,,
bournonite, 8byPhs"s(Cu,S".)," jamesonite, 8b,8;Phs" Pha"s, and argentiferous
galena, contain more or less silver, as may be ascertained by carefully cupelling
the metallic button on charcoal (comp. silver, page 99).

The presence of antimony, arsenie, and sulphur reveals itself, when these ores
are heated on charconl (garlic odour and fumes of As,0;, or 8b,0g), or in & glass
tube open at both ends (white sublimate, fumes, and odour of 80,).

REACTIONS IN THE WET WAY,
For the reactions of lead in the wet way we employ either A

SOLUTION OF PLUMBIC NITRATE, gg:Phu”, or acetate ( { gGE)thu” -

most other plumbiec salts being insoluble in water.

HCI (group-reagent), or soluble ehlorides give, with a not too
dilute solation of plumbic salts, a heavy white precipitate of plumvie
chioride, PbCl;, soluble in much cold water, readily in boiling
water, from which the plumbie chloride crystallizes out, on cooling,
in fine needles; less soluble in solutions containing dilute hydro-
chlorie or nitrie acid. Ammonia converts it into a basie salt, of the
composition, PbHoCl ( plumbic chlorohydrate),—a white powder
almost insoluble in water.

NaHo or KHo precipitates plumbie hydrate, PbHo,, soluble in
excess of the reagent, especially on heating. The PbHo, must be
viewed as acting the part of a weak acid, on combining with the
strong alkali base.

AmHo precipitates a whife basie salt, insoluble in excess. 'The
precipitate forms only slowly in a solution of plumbic acetate.

SH, precipitates black plumbie sulphide, PbS, from acid solu-
tions, If a large excess of hydrochlorie Emig be present, the pre-

PbCl
cipitate is reddish-brown, consisting of %‘b y (dliplumbic sulpho-
Cl1

dichloride), On diluting considerably with water, a black preeipitate
is obtained.

SAm,, or seluble sulphides, precipitate likewise black PbS, in-
soluble in dilate acids, alkalies, and alkaline sulphides. Plumbic
sulphide is soluble in hot dilute nitric acid, plumbic nitrate being
formed, with separation of sulphur. Concenftrated nitric acid con-
verts it into SO,Pbo”; the oxidation extends to the sulphur, as well
as to the lead. '

S0,Ho,, and soluvle sulphates, precipitate white plumbie sul-
phate, SO, Pho”, almost insoluble in water, especially in the presence
of excess of dilute sulphuric acid ; insoluble also in cold dilute acids,
soluble in boiling hydrochlorie acid, from which plumbic chloride
erystallizes out on cooling ; soluble in potassic hydrate, and, lastly,
readily soluble in concentrated solutions of certain salts, such as
sodic hyposulphite, ammonic acetate or tartrate, in the presence of
exXcess o amm?nic hydrate, from which solutions 80,Ho,, SAm,, or
Cr0,Ko,, precipitate the lead again. Boiling with sodic earbonate
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Lead ean thus combine either with one or two atoms of oxygen to form Pb0
or Pb0,; it can exist in the dyad or tetrad condition (Pb" and Phbiv) and rq:.!
lead is obviously composed of two oxides, of Pbi*Oy + 2Pb"0. The plumbic
dioxide in red lead yields the oxygen. It is written graphically :—

0
Pb*Pho”; = P \D>Ph<0 >Pb (Triplumbic tetroxide).
0

The minerals plaéinerite, PbO,y, and minium, PbyO,, represent the corre-
sponding natural oxides.

It is evident from the above experiments, that lead occurs more frequently in
the dyad than in the tetrad condition.

80, Ho, forms with PbO, & sulphate, oxygen being given off.

PbO; absorbs sulphurous mﬂl{dridu abundantly, forming 80,Pbo".

HC! liberates chlorine from plumbie dioxide.

Minium or red lead, and the brown plumbic dioxide {m powerful exidizing
agents. They furnish us likewise with ready means for preparing chlqrim gas.

QUESTIONS AND EXERCISES.

1. Caleulate the percentage composition of plumbic acetate.

2. How much oxygen by weight and by volume (at 0° €. and 760 mm.) ean be
obtained from 30 . of red lead ?

3. Write out the symbc:ﬂ:";quutiﬂns for the reactions of lead in the wet way.

4. How can Pb be separated from Ag, in the wet way P—Ilst, by using h:}'-_lrn-
chloric neid ; 2nd, potassic eyunide; 3rd, sulphuric acid, as a precipitant.

5. Give graphic formule for white lead, red lead, plumbic acetate, mendipite,
plumbic chlorohydrate, plumbic nitrate and quomnta, diplumbie sulpho-
dichloride.

6. How much HCl by weight will be required to decompose 10 grms. of red
lead ; and how much chlorine gas will be evolved—1Lst, by weight ; 2nd, by
volume at 0° C. and 750 mm. pressure ?

7. How would you separate Pb and Sb in type metal ?

8. Describe how you would analyse an alloy of 5 parts of lead, 8 parts of tin,
and 8 parts of bismuth, a so-called fusible alloy melting at 98° C

9. Calculate the percentage composition of Ph;Sb (type-metal).

&

U{}SI MERCURY.—(Mercurosum) 'Hg',. Atomic weight 2 x
200.—

We employ A 80LUTION OF MERCUROUS NITRATE, gD:Hgﬂ".

HCL (group-reagent), or soluble chlorides, give a whife precipi-
tate of mereurous chioride, "Hg',(l, ( calomel), which iz insoluble in
dilute acids and is blackened by KHo or AmHo, the latter con-
verts it into ‘Hg.0 and mercwrosammonic chloride, NH,Hg'.Cl.
Mercurous is converted into mercuric chloride by the addition of
chlorine water. Concentrated hydrochloric acid converts it, upon
longgcontinued boiling, into HgCl, and grey metallic mereury.

Nitri geid oxidizes it readily into HOl, and NO*Hgo”, with evolu.

tion of nitrous fumes. Dry "Hg',Cl; sublimes unchanged.

NaHo or KHo gives a black precipitate of mere
"Hg",0, insoluble in excess. el urous oxide,
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QUESTIONS AND EXERCISES.

. Write out the graphic formule of calomel, mercurous uit-ri}te, _mercurous

oxide, mercurosammonic chloride, basic dimercurosammonic mtrate.

. Write out equations for the reactions which mercurous compounds give in
the wet way. _ _ :

How can mercurous chloride be converted into mercuric chloride? Give
equations. i

How much ealomel can be manufactured from 20 Ib. of metallic mereury ;
and how much 80,;Hos and NaCl by weight will be required ?

Explain the action of metallic mercury upon mercurous nitrate.

What is the action of boiling nitric acid vpon mercurous sulphide ?

In what manner can mercuric and mercurous chlorides be distinguished from
each other by the reactions in the dry way ?

State under what conditions mercurous salts play the part of oxidizing, or
that of reducing agents.

B Nem A o B

A method of separating the metals of Group I will readily sug-
gest itself, and a tabular analytical scheme may be drawn up without
much difficulty, if we bear in mind ;:—

" 1st. The solubility of PoC, in boiling water.
2nd. The solubility of AgCl in AmHo.
3rd. The conversion of the Hg,Cly into bluck NHy Hg,'Cl by the
action of AmHo.

Table I in the Analytical Tables at the end of the book embodies
this method of separation.

—

Before proceeding to the study of the reactions for acids, the
student will do well to tabulate according to some such scheme as
the one given on p. 52, the knowledge gained of all the metallic
ozides and hydrates, sulphides, carbonales, neutral as well as basie,
ete., and to commit the reactions to memory. :

He will also gain much precise information by working out in a
tabular form and illustrated by equations :—

(1.) The solubility of all the metals hitherto treated of—

(a.) In dilute and concentrated hydrochlorie acid,
(4.) In dilute and concentrated nitrie acid.

(e.) In dilute and concentrated sulphuric acid.,
(d.) In aqua Regin.

The information given in my Infroduction to Inorganic Clemistry,
IIT Ed., pp. 96, 101 and 102, 117,118, 119 and 120, should be con-
sulted, as well as that found in this work under each metal,

(2.) The solubility of the metallic oxides and sulphides obtained
by double decomposition in the wet way, in the different acids, in
caustic alkalies, and in alkaline sulphides.

PRACTICAL EXERCISES AND QUESTIONS ON GROUP I.

1. Test a sample of galena for silver in the dry WAaY.
2. Analyse a sample of ruby silver in the dry and in the wet WaYy.
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ond. Carbonates which are insoluble in water, a few of which are,
however, soluble in carbonie anhydride, with formation of
acid carbonates, such as the carbonates of Ba, Sr, Ca, Mg,
Fe", Mn"”, but are reprecipitated on boiling.

All carbonates are decomposed by dilute acids,—orgamic or
mineral (with the exception of HCy and 8H,). The decomposi-
tion is marked by strong effervescence and evolution of CO.. (A
few native carbonates, such as spathose iron ore, and dolomite,
require the application of heat.) On passing the evolved gas into
a solution of caustic lime or baryta, the earbonic anhydride becomes
once more fixed, and the formation of a white precipitate (soluble in
excess of the gas with formation of acid carbonates) confirms the
presence of G%n.

Metallic sulphités, sulphides, and nitrites are likewise decomposed by dilute
acids with evolution of a gas; but the evolved 80, 8H,, or N;O; pases are
readily recognized by their characteristic odour or colour. In order to recognize
COy in the presence of 80; or 8H,, the gaseous mixture is first passed into a
solution of an alkaline chromate mixed with an acid, or into bromine water, or a
solution of a cupric or ferric salt,and then through lime- or baryta-water.

QUESTIONS AND EXERCISES.

1. How would you prove experimentally the presence of carbomic anhydride,
:hﬂ[:lil in EEal'il.'lg water ; 2nd, in atmospheric air ; 3rd, in white lead ; 4th, in
co st

2. Classif E:ll metallie earbonates according to their respective deportment, 1st,
on ignition ; 2nd, on treatment with water ; 3rd, in contact with excess
of COy. Give examples.

3. What change takes place when tartaric acid and hydric potassic carbonate
are mixed together?

4. Which is the most characteristic reaction for Q0.7

5. How would you recognize the presence of CO, In a gaseous mixture, contain-
ing 80, and €Oy, or 8H,; and CO,?

6. How much €Oy, by weight and by volume, ean be obtained from 1'235 grm.
of COCao” ?

7. What change takes place, 1st, when a current of €O, is passed through cold
water in which finely divided chalk is suspended ; and 2nd, when the
liquid is heated to boiling, subsequent to the passing of the gas ?

8. Explain the occurrence of €Oy in mineral waters and in atmospheric air.

9. Explain the effect of boiling nupon most spring waters.

10. What is the usual composition of boiler deposits, and how would youn propose
to prevent them ? (Comp. p. 19.)

SULPHURIC ACID, S0,Ho,.—This is one of the most
powerful acids, for it is capable of displacing, in the wet way (with
few exceptions), all other acids from saline compounds. It forms
with bases a series of very important salts,—the sulphates, most of
which have already been enumerated in treating of the natural com-
pounds of the various metals.

REACTIONS IN THE DRY WAY.
On heating a sulphate on charcoal, in the reducing flame,
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sugur. A blackened or charred residue indicates free sulphurie acid, as no other
acid is capable of decomposing cane sigar in like manner.

An insoluble sulphate can be decomposed by continued boiling
with a concentrated solution of an alkaline carbonate : more readily,
however, by fnsion with alkaline carbonates (fusion mixture), into
a soluble alkaline sulphate, and an insoluble carbonate or oxide of
the metal, thus:—

80,Bao” + CONaoKo = 80,NaoKo + COBao".
S80.Pho" + CONaoKo = 80;NaoKo + PbO 4+ CO..

The fused mass is extracted with boiling water, and the insoluble
carbonate or oxide separated by filtration from the soluble alkaline
sulphate. The residue is examined as usual for base, and the solu-
tion for sulphurie acid, by acidulating with dilute hydrochloric acid
(in order to destroy the excess of alkaline carbonates), and adding
baric chloride. Caleic sulphate dissolves in ammonic snlphate and
a little AmHo ; plumbie sulphate in ammonic acetate or tartrate, or
in sodic hyposulphite,

QUESTIONS AND EXERCISES,

1. Classify all metallic sulphates according to their solubility in water.

2. How are metallic sulphates detected in the dry way ?

3. Explain the action of heat upon the different metallic sulphates.

4. How is free sulphurie acid detected ?

5. Describe ahurtf? in what manner 80,Bac”, 808ro", 80.,Ca0”, and
80,Pbo” differ from each other with regard to their solubility in water,
and their respective deportment with various other solvents.

6. How are insoluble sulphates examined qualitatively ? .

7. 1'648 grm. of a sample of soda-ash yielded 284 grm, of 80,Bac” ; what is
the percentage of sodic sulphate in the ash ?

SULPHUROUS ACID, SOHo,—Obtained as ZAaseous an-
hydride, 80;, whenever sulphur is burnt in air or oxygen, or when
metallic sulphides (pyrites, blende, galena, ete.), are roasted with

 free access of air; also by the partial deoxidation of sulphurie acid
by means of metals, such as Cu, Hg, Ag, of charcoal and various
organic bodies, of sulphur, etc. The gas is readily soluble in water
forming salphurous aeid, which combines with bases, and forms s;.
series of salts, normal or acid, termed sulphites : compounds strongly
characterized by the tendency which they exhibit to absorb OxXygen
and to become converted into sulphates. This property canses
Bﬂ]{)hllt‘cru acid, or metallic sulphites, to be of considerable inte.
rest.

REACTIONS IN THE DRY WAY.

Sulphurous anhydride is recognized by its characteristic odour
the odour of burning sulphur. It combines readily with metallic
pernxu_ies, such as Mn0O,, PbO, with formation of man anons and
plombic sulphates. In order, therefore, to remove Bgﬂ from a
gaseous mixture, the latter is nsually passed over PbO,, 2
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S0, and SH, give rise to the formation of pentathionic acid, with precipi-
tation of white sulphur, according to the equation : —

- EGEH'D

& 4 E‘EDE + ﬁEHg = Sa . + Eﬁ + 40Hﬂu
S0,Ho

Pentathionic
acid,

Sulphurous acid added to stannous chloride in the presence of hydrochlorie
acid, gradually precipitates yellow SnS,. The hydrogen of the hydrochlorie
acid acts as the reducing agent, and is detached from the chlorine by the simul-
taneous action of the 8nCl, and 80y, the one eager to combine with chlorine,
the other capable of yielding oxygen to the hydrogen, to form water, and ulti-
mately sulphur, to form SH,, which in its turn acts upon the stannic chloride,
8nCl,, (or 8nCly), to form yellow stannic sulphide, SnS; (or brown SnS).
The following equations express the changes :—

El% 80Ho, + 38nCl, + 6HCl = 38nCl, + SH, + 30H..
2) 8nCly + 28H, = 8n8, + 4HCL
Yellow
stannie sulphide.

QUESTIONS AND EXERCISES.

Describe different methods o preparing sulphurous anhydride.
. How would you prepare normal and acid potassie sulphite ?
. What is the action of heat upon sulphites ¥
. Which sulphites are soluble and which are insoluble in water ?
. Give illustrations of the reducing action of sulphurous acid or of soluble
sulphites.
Explain under what circumstances sulphurous acid can act as an oxidizing
agent ; give instances of such action.
How would you distinguish sulphurous in the presence of sulphurie aecid ?
. What changes take place when a mixture of dipotassic dichromate and sodie
sulphite is treated with concentrated HCL? Give equations.
. How would you fix the sulphurous acid produced by the combustion of eai-
bon disulphide contained in coal gns ?

¥

= I

o =T

HY PD%ULPHUROUS ACID, SSOHo, (sulpho-sulphuric
acid.)—This acid has never been obtained in the free state. Com-
bined with soda it forms an important salt, viz., sodic hyposulphite
(the kypo. of the photographer), obtained by boiling a solution of
sodic sulphite with sulphur, or by the oxidation of an alkaline per-
sulphide in contact with the air.

REACTIONS IN THE DRY WAY.
All hyposulphites are decomposed on ignition. Alkaline hypo-
sulphites leave a polysulphide and a sulphate, thus:—
4(830Nao;) = 8,Na, + 380,Nao,,

Others yield sulphites or sulphates, with evolution of sulphurous
anhydride, owing to the oxidation of a portion of the snlphur.
|
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hydrochloric acid which is formed in the reaction is neutralized by passing the
fabries through a weak alkaline bath.

The property of sodic IIII;JGEUIPhi.trﬂ of dissolving AgCl bas found an important
metallurgical application in the removal of silver from poor argentiferous ores,
after they have undergone the process of roasting with common salt, which eon-
verts the silver into AgCl, insoluble in water.

Besides the three oxygen acids of sulphur just desecribed, there

80,Ho
are others, such as dithionic, { SUI‘EHD, trithionie, < S : , tetra-
S0.Ho S0,Ho
thionie, < S, and pentathionic acids,< S, , which oceur but
S0.Ho S0.Ho

rarely, and resemble one another considerably in their reactions.
Their consideration must be reserved for a more extensive course of
study.

QUESTIONS AND EXERCISES.

1. How is sodie hyposulphite prepared ?

2. How would you prepare ferrous, aluminie, chromie, and manganous hy po-
sulphites ?

8. How are hyposulphites affected by ignition ?

4. What change takes place, when a solution of caleic hyposulphite is boiled,
1st, by itself, 2nd, when it is treated with HC] ?

5. Explain the action of sodie hyposulphite upon plumbie, argentic, mercurous
and stannous salts.

6. Give instances, lst, of the reducing action, and 2nd, of the oxidizing action
of hyposulphites.

7. Explain the term antichlor.

8. State what application sodie hyposulphite has found in photography and in
metallurgy.

9. Give graphic formulms for sulphosulphurie, dithionie, trithionie, tetrathionic
and pentathionic acids.

10. How would you separate baric hyposulphite from barie sulphate ?

HYDROSULPHURIC ACID, SH,.—Obtained as a colour-
less gas by the decomposition of certain metallic sulphides, such as
FeS, Zns, 8b.S; by means of sulphuric or hydrochlorie acid. It
is characterized by a most feetid odour, resembling that of rotten
eggs. It is absorbed by cold water, forming sulphuretted hydrogen
water or hydrosulphuric acid, which reddens blue litmus-paper
feebly, Hydmsulpﬂuric acid exchanges its sulphur for the oxygen
of most metallic oxides, both in the dry and wet way, forming water
and metallic sulphides. It is on this account a most valuable
reagent. Many of the native sulphides, e.g., iron pyrites, galena,
cinnabar, zine blende, are met with in vast masses.

REACTIONS IN THE DRY WAY.

_ Metallic sulphides are acted upon in various ways, when suh-
mitted to heat. Some are decomposed, when heated in a close

vessel, into metal and sulphur, e.9., An,S;; some sulphides, such
[
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or is passed throngh a solution of a plumbic salt. (Lron pyrites,
FeS,, and copper pyrites, Cu,S,Fe,S;, give off SH, ounly in the
presence of hydrochloric acid and zinc). .

Sulphides which are not decomposed by hydrochloric acid, yield
sulphur on treatment with nitric acid or agua regia, and must be
recognized by this and the products of decomposition, such as
8n0, S0,Pbo’, as well as the reactions which they give, when
examined in the dry way.

Many native sulphides, such as fahl ore, ete., are expeditiously examined by
heating the finely-powdered mineral in ‘a hard glass tube, in a current of dry
chlorine gas, when the metals are converted into chlorides and the sulphur into
volatile chloride of sulphur, which is decomposed on being passed into water.

To detect a soluble alkaline sulphide in the presence of free 8Hg, add a few
drops of a solution of sodic nitroprusside. This reagent does not aflect free
SH,, but gives a fine purple colour with the merest traces of soluble sulphides.
The colour disappears only after some time. It does not show in the presence of
free caustic alkalies.

A mixture containing a soluble alkaline sulphide, hyposulphite, sulphite, or
sulphate may be examined by adding COCdo" to the agueous solution, Filter,
dissolve the excess of CQOCdo" in the precipitate by means of dilute acetic acid ;
a residue of yellow ©dS indicates the presence of an alkaline aullzhide. Add to
the filtrate BaCl,; a precipitate is obtained, consisting of 80;Bao” and SO Bao".
Filter off ; digest the precipitate with dilute hydrochlorie acid, and filter. A
white residue shows the presence of an alkaline sulphate. Add chlorine water to
the filtrate; a precipitate of 80,Bao" indicates the presence of an alkaline sul-
phite. The filtrate from the BaCl, precipitate is searched for 830Ho, by the
addition of HCI and boiling. A precipitate of yellow sulphur and the odour of
80, indicates the presence of a hyposulphite.

To remove SH, from a gaseous mixture of 003 and 8H,, add a solution of
cuprie chloride and shake up with the gases.

QUESTIONS AND EXERCISES.

1. Explain the changes which take place when hydrosulphuric acid is passed
thmugh saline solutions, the metals of which form insoluble sulphides.
Grive instances.
2. Explain the action of heat upon the different metallic sulphides.
8. Which sulphides are soluble and which are insoluble in water ? -
4. E:Elnin how certain sulphides are affected by dilute hydrochlorie acid, and
ow by concentrated hydrochloric acid. Give characteristic instances,
and express the changes by equations.
5. Deseribe the most delicate reaction for gaseous SH..
6. What is the action of nitric acid upon ZnS, PbS, CuS, Sn8, Sh.8, ?
7. How would you prove the presence of an alkaline sulphide, hyposulphite,
sulphite, and sulphate in an aqueons solution ?
8. State how you would separate S, and CO; contained in a gaseous mixture.
9. How can you prove the presence of 8H, in coal gas ?
10. 10 litres of unpurified coal gas yielded ‘235 grm. of CdS. What is the
pnr-ceutn%’u of BH; in the gas?
11. *650 grm. of galena gave ‘532 grm. of 80,Pbo”. What is the percentage of
Pb and of 8§ in the qulmm.?
12. What change takes place when PtS,, 8b.8;, FeS, AsS; and HgS are
heated with exelusion of air ?
13. How would you test for 8H, in sewer gases ?
14. How would you detect sulphur in pig ivon ?
15. E:‘.p]n_m the action of chlorine, bromine, and iodine upon SH, ?
16. How is sulphur detected in organic compounds, such us conl ?
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NITRIC ACID, NO.Ho.—Obtained as a colourless, highly
corrosive, volatile liquid, of a deep yellow colour when it is mixed
with nitrous acid. It is characterized by the facility with which
it parts with its oxygen, and it is this property of which we avail
ourselves invariably, when nitric acid or a nitrate has to be detected.

REACTIONS IN THE DRY WAY.

Most nitrates fose readily when heated. All are decomposed
when exposed by themselves to a high temperature. The decomposi-
tion varies with the nature of the base : a lower oxide of nitrogen
and oxygen being generally given off. Thus ammonic nitrate,
NO,Amo, breaks up into ON, and OH, ; potassic or sodic nitrate
into nitrite (always contaminated, however, with nitrate and eaustic
alkali) with liberation of oxygen, and ultimately, on the application
of a stronger heat, into oxide or peroxide—nitrogen and oxygen
being given off’; others, such as plumbic nitrate, into O and N,O,,
leaving the oxide of the metal. When heated together with bodies
eager to take up oxygen, such as carbon (charcoal, alkaline cyanides,
ete.), sulphur or phosphorus, the decomposition becomes explosively
violent, and nitrogen gas only is left as the remnant of the molecule
N,0;. (Chlorates explode in like manner, but leave metallic chlo-
rides.) :

REACTIONS IN THE WET WAY.

With the exception of a few basic salts, nitrates are readily
soluble in water ; hence nitric acid cannot be tested in the usunal
way, by producing precipitates by way of double decomposition.
When acted qun by various reducing agents, the deoxidation of
the acid may be partial (accompanied by the evolution of lower
oxides of nitrogen) or complete (nitrogen only being left) ; in which
case the nascent nitrogen is capable of combining with hydrogen in
the nascent state to form ammonia.

1st. Reactions in which nitric acid is rveduced to lower oxides of
nitrogen.

SOLUTION OF NITRIC ACID OR OF POTASSIC NITRATE, NO.Ko, may
be employed. ;

NO,Ho (or NO,Ko) is decomposed when heated with concen-
trated hydrochloric acid (or a chloride when heated with nitric
acid). Chloronitric gas,* N,0,Cl,, is evolved, and the liquid acquires
the power of dissolving gold-leaf or platinum foil, which are nok
soluble in single acids. (Chlorates, bromates, ind_atea, chmma,t-eg,
and permanganates evolve chlorine when treated with hydrochloric
acid ; they dissolve gold or platinum, but give off no N.0..)

Add to a dilate solution of ferrous sulphate cautiously its own
volume of concentrated sulphuric acid (free from nitric acid), and
allow the mixture to cool; then add gradually a solution contain-
ing a nitrate. A ring is seen o form at the point of contact of the

* From the recent investigations of Tilden (Chem. Soe. Journ., July, 1874,
p. 634) it appears that Gay-Lassac’s N,0.Cly gus is u mixture of nitrosyl mono-
chloride, Hg%c , with varying quantities of chlorine.
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two layers, of a violet, red, or dark brown colour, according to
the quantity of the nitrate present. The coloration is increased b
carefully shaking up the fluid, but it disappears on heating. This
is owing to the formation of a transient compound of the ferrous
salt with N,0,, consisting of four molecules of the salt with one
molecule of nitric oxide (480,Feo”,N;0,). The other three atoms
of oxygen from two molecules of nitric acid oxidize six molecules of
ferrous into three molecules of ferric sulphate, 8;0;Fe.0™. This con-
stitutes one of the most delicate reactions for nitric acid. The
change may be expressed thus:—

1080,Feo” + 380.Ho: + 2NO.Ho = 38,0,Feo"
+ 4SGQFEE.”I,H=OE + ".I:OHg

A solution of a nitrate, when added to a solution of indigoe in sulphurie acid
(sulphindigotic acid), changes the blue colour of the indigo to yellow. (Free
chlorine and other oxidizing agents bleach indigo likewise).

Metallic copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid
with evolution of ruddy fumes, and by potassie nitrate on the addi-
tion of sulphurie acid.

A similar reaction takes place, when copper filings are mixed with a nitrate
and hydrie potassic sulphate and fused in a test-tube or erucible.

Minute quantities of nitrates found in mineral waters, in rain
water, or water draining from arable land, may be detected by first
reducing the nitrate to nitrite. This is effected by heating the solu-
tion for some time with a little zinc amalgam, On filtering and
adding to the filtrate & solution of ferrous salt, a dark brown colora-
tion is obtained ; or by adding a drop of a solution of potassic iodide,
some freshly prep&mg cold starch solution, and a little acetic (or
very dilute sulphuric) acid, a fine blue precipitate of iodide of starch
is produced, thus :—

2ZNOKo + 2KI + 280,Ho, = N.0, + 280,Ko, + I, + 20H..

This reaction is exceedingly delicate.

2nd. Reactions in which nitric acid is entively reduced, and its
nitrogen converted into ammonia.

All nitrates when fused with caustic potassa, lime, or soda-lime,
and some non-nitrogenous organic substance, such as sugar or starch,
evolve ammonia, thus :—

6NO,Ko + 18KHo + C;;H.,0,, = 12C0Ko; + 6NH; + 110H,,
Sugar,
The gas may be readily recognized by its odour, or action upon
red litmus paper.
Nascent hydrogen, produced by the action of KHo upon metallic

zing, ron, or aluminium, gives rise, in the presence of a nitrate, to
the formation of ammonia, thus :—

(1) Zn + 2KHo = ZnKo, + H..
(2) NOKo + 4H, = NH; + KHo + 20H..
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The reactions by which the presence of nitrons acid can be
readily recognized, may be divided into two classes :—

1st. Reactions in which the acid acts as an ovidizing agent :

SH, decomposes aqueous solutions of alkaline nitrites, with formation of

N0, (of NHy when the reaction goes on for some time) and alkaline sulphides,
thus :—

eNOKo + 28H, = N,O, + 20H; + 8,K,.

In acid solutions the decomposition is accompanied by a copious separation
of sulphur.

FeClg, on the addition of a little hydrochloric acid, is turned dark brown, if
a nitrite be present, owing to the absorption of N0, %“ by a portion of the
unoxidized ferrous salt. On the application of heat N1O; is evolved, thus :—

2Fa(l; + 4HOl + 2NOKo = Fe,Cly + 2KCl + N0, + 20H,.

NO(NH,0) breaks up, on the application of heat, into N and OHy, the hydro-

gzn of the NH, acting as the reducing agent. Nitrites containing fixed bases are

composed in like manner, on the addition of ammonie chloride (or some other
ammonic salt), thus :—

GD.&JII.GQ + ZNOKo = E.| i d-D]IE -+ ﬂDKﬂg

K1 and starch solution give in the presence of a nitrite and a dilute acid blue
1odide of starch. (See under HI, p. 133).

When a dilute solution of a nitrite—say a polluted well-water—is added to a
cold saturated solution of sulphate of diamidobenzoic acid and the nitrous acid
liberated with a few drops of dilute acil {Eﬁgﬂﬂﬂ, the solution a.cqui_rea an
intense yellow colour. As little as } mgr. of N0, diffused in one litre of water
can thus readily be discovered.

2nd. Reactions in which the acid acts as a reducing agent, and s
converted into nitric acid, thus :—

2NOHo + Oy = 2NO,Ho,

AuCly and Hg,Cl; give metallic gold and grey metallic mercury.
Mn0,(0Ko) .. e s : i 4] 2
MnO,(0Ko) sidizes nitrites into mitrates in the presence of a mineral

acid (80,Hog, HCl), and the permanganate solution is rapidly decolorized.

Cr.0;Ko, is reduced under similar conditions to a chromic salt. Nitrates

are not affected by potassic permanganate or alkaline chromates.

Pb0O,; converts NOHo into NO,Ho ; but does not act upon dilute NO;Ho

(DISTINCTION BETWEEN NITROUS AND NITRIC ACID).

-

QUESTIONS AND EXERCISES.

1. Explain the changes which take place when N,0, is acted upon by K Ho.

2. Explain what takes place when nitrites are l.lE{I.l'-Hh, 1st, by I;!t]lamwjives ; 2nd,
in contact with earbon or sulphur.

3. How can NOKo be separated from NO,Ko ?

4. What is the action of dilute sulphuric acid upon NOKo ?

5. Give instances, 1st, of the oxidizing, and 2nd, of the reducing action of

. wll:ﬂ'?ﬂo 3 %ﬂd exp;nas thafuhnugca by equations.

. at are the products of decomposition of strongly ignites *ho’!

NO(NH,0), snd NOKo? = eyt

7. How can a trace of a nitrite be detected in the presence of a nitrate ?

5. E:ﬂl:ﬁﬂ the action of concentrated NO,Ho, 1st, upon starch, 2nd, upon
I a-
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9. How would you prepare pure ggﬂm"’ P

10. Explain the action of heat upon a solution of Egﬂﬂ“" and AmCL

HYDROCHLORIC ACID, HClL—Gaseous hydrochloric
acid is readily absorbed by water, and forms then one of the most
useful acids. Chlorides are among the most important chemical
compounds. They differ considerably in their physical properties.

REACTIONE IN THE DRY WAY,

Some chlorides are liquid and can be distilled without decom-
position, such as SnCl,, SbCl;; 8bCl; is a soft grey crystalline
fusible solid which distils at 225° C.; others are solid, fusible and
non-volatile at a moderate heat, such as AgCl, PbCl,, BaCl,, KCl,
NaCl. Upon ignition certain chlorides, such as AuCl,;, PtCl, are
decomposed with evolution of chlorine gas, first into AuCl, and
PtCl;, which are almost insoluble in water, and finally into Au and
Pt.  Magnesic chloride is decomposed by heat, in the presence of
water, into magnesic oxy-chloride, Mg,0Cl,, with elimination of
2HCIl. Anhydrous ferrie chloride, when heated in contact with
air, is decomposed into Fe,0; and 3Cl..

Heated in a bead of microcosmic salt, saturated with cupric
oxide, chlorides impart a blue colour to the outer flame, owing to the
formation of volatile CuCl,.

When a dry chloride is mixed with dipotassic dichromate and
concentrated sulphurie acid, and gently heated in a small retort, a
deep brownish-red gas, called enloroehromic acia, Cr0,Cl,, ecomes off,
which condenses to a like-coloured liquid, and can be collected in a
receiver. The reaction which takes place is expressed by the

equation ;—

4‘Nﬂcl + GrgﬂuKU; -+ BsﬂﬁHﬂg - 201‘010’13 + ESDQNED!
Chlorochromic acid.

x + EO*;KGE + EQH‘J'

This liquid is speedily decomposed, on dilution with water, into
chromic and hydrochlorie acids, thus :—

Cr0,Cl, + 20H; = Cr0O,Ho, + 2HCI;

or by aqueous ammonia or potassic hydrate into the corresponding
salts.. The presence of chromic acid, and indireetlg of hydrochloric
acid, is inferred from the yellow precipitate which a {Jlumb‘iﬂ salt
produces with their solutions. This rem’:t-iqn is employed fm.' reo-
cognizing a chloride in the presence of @ bromide. The latter yields
bromine when treated similarly, and a colourless solution of
NH,B. AR e .
The presence of an iodide, yielding free iodine, would give rise
to the formation of explosive black insoluble dodide of nitrogen, on
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the addition of NH,; the reaction can, therefore, only be performed
after the previous removal of the iodide. -

. REACTIONS IN THE WEI WAY.

A SOLUTION OF SODIC CHLORIDE is employed.

All chlorides may be divided into:—

1st. Chlorides insoluble in waler, such as AgCl and Hg;Cl,,
which are quite insoluble; PbCl,, soluble in 135 parts of cold
water, readily soluble in boiling water; and Cu,Cl;, almost insoluble
in water and in dilute sulphuric acid; soluble in ammonia, HCI
and NaCl solutions. AuCl and PtCl,, are almost insoluble in water.

9nd. Ohlorides which are soluble in water, comprising all other
chlorides. The majority of the chlorides of the most powerfully
basilous metals, as K, Na, Ba, etc, are less soluble in aqueous
HCI, than in OH.,.

The chlorides of the less basilons metals (with the exception of
Hg and Ag) are decomposed by water, with formation of free acid
and metallic oxides, ex. gr. AsCl,;, or of some insoluble oxychloride
(SbCl,, BiCl,), soluble, however, in excess of HCL

In order to ascertain the presence of a soluble chloride, or of
hydrochloric acid, we have merely to add a soluble argentic, mer-
curous or plumbic salt, when a white precipitate is produced. The
first of these salts answers every purpose, and is therefore invariably
employed to detect hydrochloric acid or a metallic chloride.

NO.Ago gives awhite curdy precipitate of argentic emloriae, AgCl,
especially from a solution acidulated with dilute nitric acid. The
precipitate turns wviolef on exposure to light. It is insoluble in
dilute nitrie acid ; soluble in ammonic hydrate, but is reprecipitated
unchanged, on the addition of nitrie acid ; it is likewise soluble in
potassic cyanide and sodic hyposulphite ; soluble to a considerable
extent in alkaline chlorides, from which AgCl is rePrecipitat-ed on
dilution. Argentic chloride fuses without undergoing decomposi-
tion, to a horn-like mass, called hornsilver, when gently heated.

Chlorides are detected also by heating with a little black man-
ganic oxide and concentrated sulphurie acid, when chlorine is
evolved according to the equation :—

Mﬂ.Dﬂ; + QNI'LU]. + EaﬁﬂHﬂg = GI:; I SD‘E_MDD,! -+ SGENEG:
+ 20H..

This gas is readily recognized by its characteristic odour and
bleaching properties, its yellowish-green colour, and its action npon
iodized starch paper, or upon a dilute solution of potassic iodide and

fruzsiziy Fr?}m}ed starch solution, giving rise to the formation of blue
1 & Of SUErChL.

Concentrated sulphuric acid liberates gaseous hydrochloric acid
from chlorides, thus : —

2NaCl 4 80.Ho, = S80O.Nao, + 2HC(I.
HgCl,, HE.Cl,, AgCl, PbCl,, 8SnCl,, and SnClL, are decom-
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REACTIONS IN THE DRY WAY.

All chlorates are decomposed by heat ; they fuse and evolve
oxygen, or a mixture of chlorine and oxygen, according to the
greater or less aflinity of the metal for oxygen or chlorine, leaving
a residue, consisting of a metallic chloride, oxychloride, or oxide,

On heating a few crystals of potassic chlorate in a test-tube, the
presence of oxygen can be shown by introducing a glowing splinter
of wood into the test-tube. On dissolving the fused mass in water,
and adding a drop of argentic nitrate, a white curdy precipitate is
obtained, whilst a solution of a pure chlorate (unignited) gives no

prﬂ%pitate.
hlorates part with their oxygen far more readily, upon ignition,

than nitrates. When mixed with oxidizable substances, such as C,
S, P, or KCy, they explode violently, even when gently rubbed
together in a mortar, or when moistened with a drop of concen-
trated sulphurie acid. Care should, therefore, be taken to powder,
or heat together, only very small quantities of a chlorate and organie
substances.

REACTIONS IN THE WET WAY,

A SOLUTION OF POTASSIC CHLORATE may be employed.

All chlorates are soluble in water. In order, therefore, to detect
chlorates, we avail ourselves of their powerful oxidizing action, and
their leaving for the most part a chloride on ignition. Strong
hydrochlorie and sulphuric acids decompose chlorates, with evolu-
tion of chlorine and formation of lower oxides of chlorine.

Concentrated sulpburic acid decomposes potassic chlorate even
in the cold, a greenish-yellow gas, called chloric peroxiae, O,Cl,,
comes off, which is recognized by its suffocating odour. On the
application of heat (especially on operating with somewhat large
quantities) violent explosions occur. A few small crystals only of
the chlorate should, therefore, be employed, and the test-tube should
be held with its mouth furned away from the operator. The change
may be expressed by the equation ;:—

- oC] ocl
f;{ Ok, + 280,Ho, = 280,HoKo +{ 0 + {0, + OH.
OKo OCl

Potassic Chloric
perchlorate. peroxide.

HCI, especially when heated, decomposes potassic chlorate,

giving off a mixture of chlorie peroxide and free chlorine, called
euchlorine, thus :-—

0cC1

A solution of indigo (sulphindigotic acid) is decolorized on the
addition of a solution of a chlorate and a little sulphuric acid, by a
reaction analogous to that produced by free nitric acid.

Perchlorates are more stable than chlorates. Concentrated sul-

ocl OCl
B{GKG + 24HCl = 82 0, + 9UL + 8KCl + 120H,.
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phurie acid fails to decompose perchloric acid in the cold and with
diffieulty only on heating. (Disrmvcrion rroM ¢HLORIC Acip.) Hydro-
chloric, nitrie, and sulphurous acids do not decompose aqueous
solutions of perchlorates, nor is indigo solution decolorized. All
perchlorates are soluble in water, most of them freely. Potassic
perchlorate is sparingly soluble in water, insoluble in a'l};:uhﬂl.

In order fo distinguish a witrate from a chlorate, dissolve a small portion
of the two salts in water, and add a few drops of argentic nitrate to make sure
that no chloride is present. Ignite another portion strongly till the evolution of
oxygen ceases ; allow to cool, and dissolve out with hot water. To one portion of
the solution add a few drops of dilute nitrie acid, and then argentic nitrate. A
white curdy precipitate indicates the presence of a chloride, and, indirectly, of a
chlorate. To the other portion of the solution add potassic iodide and starch
solution, and then a few drops of acetic acid ; a blue coloration of iodide of starch
proves the ce of a nitrite, derived from the potassie nitrate.

If a chloride be present, us well as a chlorate and nitrafe, a solution of argentie
sulphate must be added to the solution, aslong asa precipitate comes down. The
AgCl is filtered off, and the filtrate evaporated to dryness, with the addition of a
little pure sodic earbonate, and the residue strongly ignited. The dry mass is
extracted with a little boiling water, filtered, and argentic nitrate added to a por-
tion of the acidulated (WNOyHo) solution, as long as a pil.-ucipitnta comes down.
The remaining portion is tested for nitric acid, either by the iodide of starch
reaction, or by means of a ferrous salt and sulphurie acid.

QUESTIONS AND EXERCISES.

1. Stale briefly how potassie chlorate is prepared. Uy

2. Tescribe the changes which potassic chlorate undergoes on ignition.

8. Explain the action—Ist, of concentrated sulphuric acid ; 2nd, of concentrated
hydrochlorie acid upon potassic chlorate. Give equations.

4. How can a chlorate be detected in the presence of a chloride ?

5. How ean n nitrate and a chloride be recognized in the presence of a

chlorate ? :

6. Tntroduce some strips of metallic copper into a mixture of potassic chlorate,
arsenious acid and hydrochloric acid, and explain why no precipitate of
metallic arsenic is obtained on the copper.

HYPOCHLOROUS ACID, ClHo.—The salts which this
acid forms possess considerable interest, on account of the powerful
bleaching action which they exert in the presence of acids. Of im-
portance are the sodic and calcic hypochlorites, which are obtained
along with the corresponding chlorides,* by passing chiorine in the
eold through a solution of the carbonates or hydrates. An im-
portant compound closely related to the hypochlorites is the calcie
chlorohypochlorite (a constituent of chloride of lime or bleaching
powdert), which appears to be formed according to the equation :—

U&Hﬂt - Clg - GE(DGI)OI == {)Hj.

: ’ Ro
# Tn the case of the monad metals the body R/,001, is a mere mixture of Cl
and El‘.'.lri, whilst the calcie compound seems to be a definite compound of CleCno”

calCl, = 20a(0CI)CL _
and+ %heﬂucl;uul {:E:m g-aiﬁcn of this important body is uuuull{ expressed by the
formula :—Ca(0C1)C1,0a0,20H,, re uiring 3242 p.c. of chlorine, more “mui’
rately, however, by that of Ca(00NCl,CaHos, which requires 3532 p.c. ©

chlorine.
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Hypochlorites are gradnally decomposed on exposure to air
(owing probably to the action of the carbonic anhydride contained
in air). Dilute acids liberate chlorine, and it is on this account
that hypochlorites are of such great value as disinfectants and
bleaching agents.

REACTIONS IN THE DRY WAY.

Hypochlorites are converted into chlorates (which give off oxygen
when ignited), and chlorides, thus :—

{ ocl
gUm}” + 5CaCl,

6Ca(0CN 0l =
{ oCl

REACTIONS IN THE WET WAT.

We employ A SOLUTION OF CALCIC OR SODIC HYPOCHLORITE,
ClNao.

All hypochlorites are soluble in water. Their agqueous solutions
bleach vegetable colours, On heating or evaporating dilute solu-
tions of hypochlorites, they are decomposed into chlorides and
chlorates, concentrated solutions into chlorides and oxygen. Dilute
hydrochloric acid decomposes them with evolution of chlorine.
(DisTINCTION BETWEEN HYPOCHLORITES AND CHLORATES.) Hypochlo-
rites yield oxygen to readily oxidizable substances, and become
converted into chlorides; the detection of hypochlorous acid is
based upon the various processes of oxidation to which its salts can
give rise, thus: —

As,0, is oxidized to As,0O,.

MnCl, i y MO,
PbO as w  PbO,,

EhS S
OH
{CDHE " 1 2001 + OH‘i-

Indigo or litmus is readily decolorized.

QUESTIONS AND EXERCISES.

1. Give the graphic formula for ealeie chlorohypochlorite.

2. Give illustrations of the oxidizing aetion of hypochlorites. Express the
changes by equations.

3. How is bleaching powder prepared ?

4. Explain the bleaching action of an agueous solution of a hypochlorite.

5. What change takes place—1st, when a hypochlorite is ignited by itself ; 2ndly,
when a concentrated solution of a hypochlorite is boiled ?

6. Explain the deodorizing action of hypochlorites when brought in contact with
SHy, 8Am,, PH, NH,.

7. How can a hythlnritﬂ be distinguished in the presence of a chloride ?

8. A sample of bleaching powder contains 26'5 per cent. of chlorine. How much
As,0; by weight will be required to deoxidize (* dechlorinize ) 1-235
grm. of the bleaching powder
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In the absence of any well-marked distingunishing features in the
argentic bromide precipitate, it is preferable to liberate bromine
from soluble bromides, and to cause the reddish-brown vapour to act
upon starch paste with formation of yellowish bromide of starch.

Nitrous acid (or a nitrite and dilute snlphuric acid) does not
liberate any bromine from pure soluble bromides. (DistiNcrTON
BETWEEN BROMIDES AND 10D1DES.)  All bromides are, however, decom-

osed by chlorine, with evolution of bromine, which remains dis-
solved in the aqueous solution. On shaking with a little ether, the
bromine is taken np by the ether, forming a yellowish-red liquid,
which floats on &e top of the saline aqueous solution. This
ethereal liquid may be removed by means of a small pipette, and
on being treated with potassic hydrate is converted, on evaporation,
into potassic bromide and potassic bromate, thus:—

3By + BEHo = SKBr -+ {g%_‘; + 30H,.

Bromine is obtained from natural bromides, such as potassie,
magnesic, and caleic bromides, by reactions analogous to those
employed for the preparation of chlorine from common salt (page
123) ; for instance, on distilling with manganic oxide and concen-
trated sulphurie acid, thus:—

EKBI' + MEDE + ESDEHUE — Brﬂ. + E‘{]EKDB + EOEMHGM + EDHQ,

or by distilling a bromide with dipotassic dichromate and sulphurie
acid, thus :—

6KBr + Cr.0;Ko; + 780.;Ho; = 3Br; + 8,0,Cr.0" + 480.Ko,
+ 70H,.

A mixtare of a bromide and
manganic oxide, or dipotassic
dichromate is introduced into a
tubulated retort (Fig. 16), with
concentrated sulphuric  acid,
dilated with its own weight of
water, and gently heated over a
gas flame. The reddish-brown
vaponr of bromine passes over,
and condenses in a flask (which
should be kept cold by a stream
of water, or better still, in a
vessel surrounded with ice) to a
reddish-brown heavy liquid.

Concentrated sulphuric acid
alone evolves hydrobromie acid,
together with bromine and sulphurous anhydride, thus :—

4K Br + HBD:HG; — El‘s -+ 2HBr + ES{}:KQ: + EOH! + E'D:.
K

Fia, 16,
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Conecentrated nitric acid evolves bromine, together with nitrous
fumes, thns:—

2KBr + 4NO.Ho = Br; 4+ 2N0.Ko + N,0, + 20H..

In the two last reactions the sulphuric and nitrie acids act as
oxidizing agents, performing in fact the functions of the manganic
oxide and dipotassic dichromate in the former reactions.

It is obyvious that the h{ﬂmgun may also be removed from hydrobromic acid

(or the metal from a metallic bromide) by other oxidizing agents, such as per-
manganates and metallic peroxides, in the presence of an acid.

Bromine is a heavy reddish-brown liquid, of disagreeable odour,
resembling the odour of chlorine. Tt beils at 63° C., and volatilizes
at the ordinary temperature. Bromine vapour bleaches vegetable
colours like chlorine gas, It is difficultly soluble in water, somewhat
more soluble in alcohol, and readily soluble in ether to a yellowish-
red liquid,

Bromine (like chlorine) is an oxidizing agent, 1.e., it is eager to
combine with hydrogen, and is capable of decomposing water,
sulphuretted hydrogen, ete., under favourable circumstances (e.g.,
sunlight), with liberation of oxygen, sulphur, ete. We avail our-
selves of this tendency to prepare hydrobromie acid, which cannot
be obtained pure by distilling a bromide with sulphuric acid. By
passing sulphuretted hydrogen through bromine suspended in water,
a colourless solution of hydrobromic acid is obtained, and sulphur
geparates, thus :—

Br; + 8H,; = 2HBr 4 8.

This solution always contains some sulphuric acid, owing to a
secondary reaction of the bromine upon water, in the presence of
nascent sulphur:—

3Br, + 40H,; 4+ S = 6HBr + 80,Ho,,

from which the hydrobromic acid is separated by distillation.

It will be inferred from this that the decomposition of water by
bromine would be assisted very much by the presence of deoxidizing
bodies, such as phosphorus, metallic hypophosphites, sulphites,
hyposulphites. e

Hydrobromic acid can likewise be prepared by distilling an
alkaline bromide with phosphorie acid.

In order fo distinguish a bromide in the presence of a chloride, argentic nitrate
is added gradually and with continuous agitation to the solution, acidulated with
a little dilute nitric acid. AgBr is precipitated first, and by filtering off, as soon
as the precipitate appears white—an indication that the whole of the bromide
has been precipitated, and that AgCl begins to fall out—the two acids may be
roughly separated. ‘

n {ika manner it 18 sometimes useful to separate, or practically to concen-
trate, small quantities of bromides and also iodides, for in a mixed solution of
chlorides, bromides and iodides, the iodine falls out first as ye]]cw_.&g]', the
bromine next as yellowish-white AgBr, and the chlorine last, ns white AgClL
With care and patience, a fair approximafe fractional separation may be
effected.
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It is, however, preferable to employ the reaction described ab page 122, viz.,
of distilling a mixture of a dry chloride and bromide with dipotassic dichromate
and concentrated sulphurie acid, and of obtaining chlorochromic acid and bro-
mine, the former being decomposed by water into Cr0.Ho, and LIE[GI. The
bromine remaining unchanged, can be removed by ether. On adding AmHo
to the bromine solution a colourless liquid containing ammonic bromide and
bromate is obtained.

QUESTIONS AND EXERCISES.

1. Describe a method by which bromine can be obtained from a soluble bro-
mide. ;
9, How would you prepare HBr from a soluble bromide ?
3. Explain the action of heat npon solid soluble bromides.
4. Classify all bromides according to their solubility in water.
5. Describe the most characteristic tests for bromine, and for HBr.
6. Explain the action of chlorine, dilute HC], concentrated 80,Ho,, concen-
trated NOyHo, and of POHoy upon potassic bromide,
7. How is HBr distinguished from HCL?
8. What takes place when bromine, phosphorus, and water are brought
together ? :
9., Explain the action of 8Ha, 80Naog, and 8S0Nao, upon bromine suspended
in water.
10. Give the atomic and volume weights of bromine and of hydrobromic acid.
11. 1'56 grm. of argentic bromide is heated in a current of chlorine ; what will
be the weight of the silver salt left ?

BROMIC ACID, g%’o.
adding bromine to a moderately concentrated solution of potassic hydrate.
Potassic bromate erystallizes out from the slightly yellowish coloured liqguid, and
is purified from potassic bromide by washing with water and recrystallization. The
reaction takes place according to the equation :—

$Br, + 6KHo = 5EBr + g'ﬁ + 30H,.

—Obtained in combination with potassium by

hd’I‘lm free acid is obtained by decomposing baric bromate with dilute sulphurie
acid.
REACTIONS IN THE DRY WATY,

All bromates are decomposed by heat. Bome, e.g., the alkaline bromates,
fuse and evolve oxygen, leaving a bromide ; others, such as zincic and magnesic
bromates, leave an oxide and give off oxygen and bromine ; others, again, leave an
oxide and a bromide, e.g., plumbic and cupric bromates. When mixed with
readily oxidizable substances, such as carbon, sulphur, ete., bromates deflagrate.

REACTIONS IN THE WET WAY.

We employ A SOLUTION OF POTASSIC BROMATE, g]f{:;.

All bromates are soluble in water. Argentic and mercurous bromates are
difficultly soluble.

Dilute sulphurie, nitrie, or phosphoric acid liberates bromic acid from its
ealts, which, however, exhibits great instability and breaks up into bromine
oxygen, and water. :

Bromates are readily broken up by deoxidizing substances, such as sulphurous
and phosphorous acids, sulphuretted hydrogen, ete., with formation of sulphuric
and phosphorie acids, sulphur and water, and liberation of bromine. A mixture
of potassic bromide and bromate, when acted upon by dilute acids, is decomposed
into bromine and water, thus :—

B
5KBr + gﬁ‘; + 6HOL = 8Bry + 30H; + GKOL
E 2
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NO,Ago gives a yellowish-white precipitate of argentic lodide,
Agl, insoluble in dilute nitric acid, almost entirely insoluble in
ammonic hydrate (pistincrroy srrweey HI axp HCL, or HBr);
soluble in potassic cyanide.

N.OHgw" gives a yellowish-green precipitate of mercurous iodide,
Hg.1,, very slightly soluble in water, insoluble in dilute nitric acid,
soluble in potassic iodide.

HgC(l, gives a beantiful vermillion-red precipitate of mereurie
ioaide, Hg1,, little soluble in water, soluble in alcohol, and soluble
also in excess either of mercuric chloride or of potassic iodide.

{ gg“)zf’hn" gives a bright yellow precipitate of plumbie lodide,

Pbl,, soluble, like the chloride, in hot water (120 parts), from which
it crystallizes out, on cooling, in beauntiful shining yellow scales;
soluble in dilute nitrie acid.

80.Cu0" (cuprous sulphate), obtained by treating 80,Cuo"
with SOHo,, produces a dirty white precipitate of cuprous lodide,
Cu.l,, insoluble in water, sparingly soluble in HCI, soluble in am-
monic salts and free NH;. This precipitate is of particular interest,
because chlorides and bromides camnot be precipitated in like manner,
and becanse it serves frequently for removing iodides from dilute
solutions containing chlorides and bromides.

2nd. By liberating iodine, and causing the iodine vapour to act
upon starch paste. This may be effected in several
ways.

On mixing a dilute solution of potassic iodide with a few drops
of hydrochloric acid, and then adding a drop or two of a solution of
potassic nitrite, iodine is instantly liberated, and may be detected
by the yellowish-brown tint it imparts to the solution, or better still
by allowing it to act npon a freshly-prepared solution of starch, to
which it imparts a fine blue colowr, owing to the formation of iodide
of starch. This is one of the most delicate tests. The reaction
serves equally well for the detection of NOHo (comp. page 121), or
NO.Ho, after reducing to NOHo (see page 119), thus :—

2KI + 2NOKo + 4HCl = I, + 4KCl + N.0, + 20H,.

A solution containing free iodine may also be shaken up with a
few drops of carbon disulphide, which dissolves the iodine, assuming
a fine violet colour. Ether dissolves iodine, but the colour which is
produced resembles ether coloured by bromine.

_ Nitrie acid containing a lower oxide of nitrogen, acts like a
nitrite.

Bromine or chlorine (or what amounts to the same, C1Nao and
HCI, or metallic peroxides or perchlorides, e.g., BaO,, Pb0,, MnO,
and HCI, or Fe,Cl; and HCl), liberates iodine from iodides. Ac-
cording to the quantity of iodide employed, iodine separates either
as a bluish-black powder, forming a brown liquid, or in the form of

deep violet fomes, which condense to beautiful fern-leaf shaped
erystals. :



¥ : i) + 1 I il L L oy - .S LR,
i 1 L 1 ! ] ¥ L I . 7 :
i ' [} Tkl 1 LLCAL B = -
; Tik" 1 LT !
|
& AL 1 | 1 . A - 2
[] i ] I |; ] i L | 1} b} &
- L L . - : i ; :
' T rere 1568 Tl RI1KS L { Ll
I 3 i "l | T [’ 19l & & b u A - ) i
. Lrnlain tlie 101 of 1 i -




1I0DIC ACID. 135

4. Explain how you would distinguish HCl, HBr, and HI, when occurring in
one and the same substance.
. Explain the action of iodine vaponr upon starch. :
. Why is it preferable to liberate iodine by means of N30, instead of by
bromine or chlorine ?
. How would you prepare a solution of hydriodic acid ?
. How much 1odine can be obtained from 100 1b. of Nal ?
. Give graphic formuls for cuprous and mercurous iodides.
El].'llﬂ.i:il llew you would distinguish free iodine in the presence of an
1odide.
11. What action takes place when a dilute solution of 80, acts upon iodine, and
how can iodine be made the measure for 80, and vice versd?
12. 10 litres of a mineral water yield ‘134 grm. of Agl; how much iodine is
there in 100,000 parts of the water ?

-

SwWo~1 Mmen

10DIC ACID, {g.}h.-—-]?utaaaic iodate is obtained, like the corresponding
chlorate and bromate, by dissolving iodine in potassic hydrate. The iodate crys-
tallizes out first, being much less soluble than KI. The free acid can be prepared
by decomposing baric iodate with sulphuric acid, thus :—

ol
{ﬂ Bao" + 80,Ho; = E{EED + 80,Bao",

Iodie acid is also obtained by the action of strong boiling nitric acid upon
iodine, or by passing chlorine through iodine suspended in water.

REACTIONE IN THE DRY WAY,

All iodates are decomposed upon ignition, some breaking up into an iodide,
with evolution of oxygen ; others into metallic oxides, iodine and oxygen being
expelled. When heated with charcoal they explode less violently than chlorates
or bromates.

REACTIONS IN THE WET WAY,

We employ A SOLUTION OF POTASSIC IODATE, {g}{o'

Alkaline ivdates alone are soluble in water.

BaCl, gives a whife precipitate of baric lodate, nearly insoluble in water
and difficultly soluble in dilute nitric acid.

NO,Ago produces a whife crystalline precipitate of argemtic lodate,
sparingly soluble in water and in dilute nitric acid, readily soluble in ammonic
hydrate (pistivcrios rrom HI). On the addition of a reducing agent, e.g.,
S0Ho;, to the clear ammoniacal solution of argentic iodate, a precipitate of Agl
is obtained, thus :—

oI
0Ago + 880Ho, = Agl + 380,Ho,.

Potassic iodate is decomposed by 8H,, with formation of potassic iodide and
sulphuric acid, and precipitation of sulphur; by S8OHo,, with separation of
iodine, which (by the decomposition of water) is converted into hydriodic acid.

A mixture of an iodate and iodide is decomposed by weak acids (e.g., acetic
acid), with liberation of iodine. Traces of an iodate in potassic iodide can, theres
fore, be detected by means of the delicate iodide of starch reaction.

lodates which give off iodine when they come in contact with various re-
ducing agents, e.g., 80,, 830Nao,, 8nCl,, differ, however, in a marked manner
from chlorates and bromates by remaining unacted upon by concentrated sul-
phuric acid, unless the action be assisted by deoxidizing agents, such as ferrous
salts, ete. Instead of acquiring a less stable character by the interposition of the
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2nd. The fluoride is decomposed by hydric potassic sulphate in the
presence of o borate, with formation of volafile boric rﬁi:ﬂruie, BF,—
By heating a mixture* of powdered hydric potassic sulphate and
fused borax with the finely powdered fluoride, on the loop of a
platinum wire, in a clear flame of a Bunsen gas lamp, borie fluoride
is disengaged, imparting a beautiful yellowish-green colour to the
flame, which is highly characteristie, although very evanescent.

REACTIONS IN THE WET WAY.

We employ A SOLUTION OF SODIC FLUORIDE, Nal.

Most metallic fluorides are solid; others, again, such as the
fluorides of the metals whose higher oxides possess acid properties,
form volatile, fuming, highly corrosive liquids, or are gaseous at
the ordinary temperature.

Fluorides are either soluble in water and more or less erystalline,
such as KF, NaF, AmF, AgF, SnF, Fe,l, HgF, ALK, or
insoluble or very sparingly soluble in water, and amorphous when
obtained by precipitation, e.g., CaF,;, BaF,, PbF,, ZnkF, Cul..

The reactions which a soluble fluoride gives by double decom-
position with solutions of salts, whose metals form insoluble
fluorides, are not very characteristic.

BaCl, produces a bulky whife precipitate of barie finoriae, BalF,
goluble in hydrochloric acid and in much ammonic chloride,

Ca(Cl; (or CaHo,) gives a gelatinous translucent precipitate of
caleic finoride, Cal,, which becomes visible by the addition of
ammonic hydrate. CaF, is slightly soluble in cold hydrochlorie or
nitric acid, diffieultly soluble in boiling hydrochloric acid, less
soluble in acetic acid, insoluble in free hydrofluoric acid, soluble to
some extent in ammonie chloride. '

NO.Ago produces no precipitate. (Disriscrion pErweexy HF
axp HCL)

It is preferable to test for HF by the reactions based upon the
formation of gaseous BiF, or BF,.

All fluorides (soluble or insoluble) are decomposed on heatin
with concentrated sulphuric acid, with disengagement of HIF, a
metallic sulphate being left, thus:—

CaF, + 80,Ho, = 2HF + 80.Cao'".

The experiment is best performed by
treating the fluoride with sulphuric acid in

s small leaden cup heated over a water-bath p
(Fig. 17), and connected with a leaden still :'5‘
and U-tube, swrounded with ice, for the ==
condensation of the aecid. .

Hydrofluoric acid gas is highly ﬁ
corrosive, and should not be inhaled.
If it comes in contact with silica (e.g.,
in glass), BiF, is formed.

The glass ¢
becomes corroded or etched. Fia. 17,

* 10 mol. of 80,HoKo ( = 10 x 136).
3 mol. of Cal?, (= & x 78).
1 mﬂl-. ﬂf B.‘D&Hﬂﬂg 2'}2-
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3. How is BF; formed, and why does it furnish us with a characteristic reac-
tion for fluorine, or vice versd for bﬂmn‘? _
4. Olassify fluorides nccording to their solubility in water.
5. Describe some characteristic reactions for fluorine in the'wet way.
6. How would you distinguish gaseous HCI from HF ? )
7. How is hydrofluoric acid gas prepared ? Explain its action upon glass.
B. How wuu{d you test for small guantities of a fluoride ? _ i
9. Explain the action of concentrated sulphurie acid upon a fluoride contatmng
much 8i0.. "
10. How is fluorine detected in silicates decomposable by 80;Ho, containing
traces of a fluoride ? i i e
11. How can fluorine be detected in a mineral containing a silicate which is
not decomposed by sulphuric acid, some phosphate, and traces of a
fluoride ? e
12, How would you prepare KF, Am¥F, and liquid HF ?

HYDROFLUOSILICIC ACID, 2HF,8iF,.—Obtained by passing silicie
fluoride into water and separating the precipitated silica by filtration.

It forms salts, called silicofluorides, or fluosilicates, on acting upon metallic
oxides, hydrates, or metals, such as Fe or Zn (these latter with evolution
of hydrogen), of which the potassic and barie silicofluorides are the most
interesting.

REACTIONS IN THE DRY WAY.

Silicofluorides are decomposed by heat into fluorides, with disengagement of
silicic fluoride.

REACTIONS IN THE WET WAY.

A CONCENTRATED SOLUTION OF THE AcID may be employed.

On evaporating a solution of hydrofluosilicic acid in a platinum vessel, it
volatilizes, and is decomposed into 8iF, and 2HF. The acid ought not, there-
fore, to be heated in a glass vessel.

A few silicofluorides, e.g., 2KV 8iF,, 2NaF ,8iF,, BalF.,BiF,, are difficultly
soluble in waler, and are vendered guite insoluble by the addition of aleokol.
Most other metallic silicofluorides are readily soluble in water.

Ba(l, precipitates franslucent crystalline barie sillcofluoride, BaF, 8iF,,
which falls out very readily. The precipitation is complete on the addition of
an equal volume of aleohol. Strontinm is not precipitated from concentrated
solutions. (DISTINCTION BETWEEN BARIUM AND STRONTIUM.)

KCl gives a translucent gelatinous precipitate of dipotassic silicofluoride,
2KF,8iF,.

AmHo separates 8iHo, and forms AmF.

On heating o metallie silicofluoride with concentrated sulphurie acid in a
plu.:;inli:m crucible, covered with a watch-glass, the glass becomes corroded or
etched.

QUESTIONS AND EXERCISBES,

1. How is 2HF,8iF, prepared ?
2. State how 2HF,SiF, acts upon KHo, OH,, Fe, Cu0.
3. What decomposition takes place when silicofluorides are heated—1st, by

themselves ; 2ndly, with concentrated 80.Ho, ?
4. How is Bal,, 8iF, obtained ?

5. What proportions by weight of CaF,, 8i0,, and 80,Ho,, are required for
the preparation of 2HF,8iF, ?

~ PHOSPHORIC ACID, POHo,—This acid is never met with
in the free state in nature, but invariably in combination with
bases, such as CaO, MgO, ALO, FeO, Fe,0, Pb0, as bone-
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acids ;* soluble in acetic acid, after being freshly precipitated ;
slightly soluble in ammonie chloride.

80.Mgo" (or better still MgCI.) in the presence of AmCl and
AmHo produces a white erystalline, quickly subsiding precipitate of
ammonic magnesic phosphate, POAmoMgo" + 6 aq., insoluble in
ammonic hydrate, readily soluble in acids, even acetic acid. A
highly dilute solution of sodic phosphate is only precipitated after
some time. The precipitation is promoted by stirring and allowing
the liquid to stand in a warm place, when the precipitate is seen to
adhere, in the form of white streaks, to those parts of the glass
vessel which have been touched by the glass rod. Arsenic acid
gives an analogous precipitate.

This is the most important reaction for POHo,; it is almost
invariably resorted to, both for the recognition of magnesia and
phosphoric acid.

NO.Ago gives a light yellow precipitate of triargentic phosphate,
POAgo,, soluble in ammonic hydrate and in nitric acid.

( { gg’)g]?ho”, plumbie acetate, produces a whife precipitate of

plumbic phosphate, P,0,Pho"’;, veadily soluble in nitrie acid, almost
insoluble in acetic acid, as well as ammonic hydrate. If the pre-
cipitate is fused before the blowpipe on charcoal, the bead appears
erystalline on cooling ; no reduction to the metallic stafe takes place.
Fe,Cly gives a yellowish-whife gelatinous precipitate of ferrie
phosphate, P,0.Fe,0", soluble in hydrochlorie acid. The ferric salt
ghould be added drop by drop, sufficient to just impart a red tinge
to the supernatant solution, since the precipitate is somewhat soluble
in excess of ferric chloride. Sodic acetate must be added to remove
the two molecules of free hydrochloric acid resulting from the
reaction, which would otherwise dissolve some of the precipitate.

When phosphoric acid has to be removed from a phosphate dissolved in
hydrochlorie acid, e.g., from the alkaline earthy phosphate, P;0.Cac”s, the free
acid is nearly neutralized with ammonie hydrate or ammonie carbonate, and
then sodic acetate added, which, by double decomposition with the free hydro-
chloric acid, forms sodic chloride and free acetie acid, in which the precipitate,
produced by a slight excess of ferric chloride, is absolutely insoluble. The mix-
ture is heated nearly to boiling ; a reddish-brown precipitate is obtained, which
contains the whole of the phosphorie acid, together with some basic ferric acetate.
It must be filtered hot, and washed with hot water ; the filtrate contains the
alkaline earthy bases as chlorides.—(Cump. also p. 39 and 40).

Small quantities of phosphoric acid, in the presence of large amounts of a
Jerric saltf, such as we meet with in solutions of iron ores, of pig iron, steel, ete.,
are best removed by first reducing the ferric to ferrous salt by boiling with
80HoAmo, neutralizing with CONao,, and lastly with sodic acefate and preci-
pitation with @ few dreps of ferric chloride (or by reoxidizing u small portion of
the ferrous salt by the addition of a little chlorine water, or a drop or two of
bromine). The whole of the phosphoric acid is usually precipitated in this

=

* P.0,Cao"; + 4NOHo = P,0.Ho,Cao” + 2 ggﬂﬂm".
2

Soluble tetrahydric
caleic diphosphate, reprecipitated by AmHo.
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Albumen gives an abundant white precipitate with the free acid, and with
soluble matuphuaphnteu, on the addition of acetic acid.

80, Mgo”, AmCl and AmHo fail to precipitate soluble metaphosphates.

NOsAgo produces a whife precipitate of argentic metaphosphate.

In the ordinary course of analysis both pyro- and metaphosphates are con-
verted into tribasic phosphates, and their tetrabasiec and monobasie nature is lost
sight of. They can, therefore, only be detected by special experiments.

PHOSPHOROUS ACID, PHoy (tribasic).—Phosphorous anhydride is
obtained by the slow oxidation of phosphorus on exposure to dry air at the ordi-
nary temperature. By combining with water it forms a very weak acid, and
with hydrated alkalies alkaline phosphites.

REACTIONE IN THE DRY WAY.

Heated by themselves on platinum foil, phosphifes are decomposed, burning
with a bright flame. Heated in a retort they evolve hydrogen, mixed towards
the end of the decomposition with PHy, and are converted into phosphates.

REACTIONS IN THE WET WAY.

A sgoruTION OF 80DIC PHOSPHITE, PHoNaog, may be employed.

Alkaline phosphifes are soluble in water.

All other phosphites ave, for the most part, difficultly soluble or insoluble in
water, hut soluble in acetic acid (plumbie phosphite excepted). Phosphites (as
well as hypophosphites) are of interest mainly on aceount of the powerful reducing
action which they exert upon salts of various metallic oxides, eapable of forming
lower oxides, or of being reduced to the metallic state, as well as upon the lower
oxides, ete., of metalloids, e.g., 80,

NO:Ago is reduced thereby to metallic silver, especially in the presence of
ammonia and on the application of a gentle heat.

HgCl. and N.O;Hgw", are reduced to Hg,Cl; and metalliec mercury.

80, forms a phosphate with liberation of sulphur and evolution of 8H,.

Nascent hydrogen yields a mixture of H, and PH; which fumes in the air and
burns with an emerald-green colour. When passed into a solution of argentic
nitrate, the gaseous mixture precipitates PAg; and metallic silver.

The difficultly soluble phosphites of Ba, Ca, Pb, etc., are obtained by double
decomposition, the latter salt being insoluble in acetic acid.

HYPOPHOSPHOROUS ACID, PO Ho (monobasic).—Obtained by the
action of alkalies or hydrates of the alkaline earthy bases upon phosphorus and
water.

P, + 30H; + 3KHo = 3POH;Ko + PH,.

REACTIONS IN THE DRY WAY.
Hypophosphites are decomposed upon ignition into pyrophosphates and

PH,
E'D'HQKD = PgﬂgKl},‘ + E'PHJ - DHE-

REACTIONS IN THE WET WAY.

A SOLUTIOX OF POTASSIC HYPOPHOSPHITE may be employed.

All hypophosphites are solubleinwater, They constitute even more powerful
reducing agents than the phosphites.

Nitrie acid or chlorine water changes them into phosphates.

80,Ho, is reduced to SOHo,, partly even to sulphur.

80;Cuo” is reduced to metallic copper (cupric hydride),

HgCl, is reduced to Hg,Cl,, and then to mercury.

AuCly and NO,Ago yield the pure metals.

Zn + BOyHo, (nascent hydrogen) yield Hy and PH,,
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when heated by themselves before the blowpipe, or in a bead of
‘microcosmic salt, Pure silica fuses with sodic carbonate to a clear
-glass, which, if sufficient silica has been used, remains transparent
on cooling, Silicates rich in silica behave like pure silica. If a
silicate be heated in like manner with microcosmic salt, its base or
bases are dissolved, while the silica is seen to float about in the
lignid phosphate bead as a silica skelefon. Silicates containing
coloured oxides give rise to opalescent beads, in which the 8i0,
can be distinguished only with difficulty.

When siliea, or a silicate rich in siliea, is heated on platinom
wire before the blowpipe with sodic carbonate, the 810, displaces
the CO,, and forms a clear glass of sodic silicate. The alkaline
carbonate should not be employed in excess. Caleic and magnesic
silicates do not dissolve to a clear bead as a rule.

Beyond identifying silica and obtaining a general knowledge of
the nature of any silicate under examination, respecting its fusi-
bility, state of hydration, ete., the blowpipe reactions fail to supply
distinguishing tests regarding the chemical composition of t];leﬂa
bodies, since a very large number of silicates differ from each other
merely in the relative proportions of their component metaliic
elements.

REACTIONS IN THE WET WATY.

All silicates may be divided into—

1. Silicates which are soluble in water, including only potassic
and sodie silicates ; and

2. Silicates insoluble in water, including all others.

These latter silicates are either soluble in concentrated hydro-
chloric or sulphuric acid, or partly soluble and partly insoluble, or
lastly, insoluble in these acids.

All insoluble silicates are attacked by hydrofluorie acid, with
disengagement of silicic fluoride, or by fusion mixture (or caustic
ha.r%m) at a high temperature.

y treating an aqueous solution of sodic silicate, 8iNao,, with
dilute hydrochloric acid, it is decomposed into NaCl and SiHo,.
The latter remains either dissolved in the acid, or is partially sepa-
rated as a flaky or gelatinous mass. On evaporating in a porcelain
dish over a water-bath, the gelatinous mass becomes firmer, and
can be broken up, by means of a glass rod, into lumps, which
speedily lose their water, leaving anhydrous silica, especially on
being ignited on a sand-bath, as long as acid fumes are evolved.
The dried mass is treated with a little concentrated hydrochloric
acid and hot water, when NaCl is dissolved ont (together with
small quantities of Al and Fe—impurities in the sodic silicate),
The impalpable powder of amorphous silica is thrown on a filter
and washed with hot water, dried and ignited.

ke AmCl or COAmo, precipitates SiHo, from a solution of sodie
silicate. Salts of most of the heavy metals, as well as of the allca.
line earthy metals, form by double decomposition with a soluble
silicate, white or yellowish-white silicates, soluble in dilute hydro-

L
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chloric or nitric acid, which, however, possess no characteristic
properties. It is, therefore, necessary to remove the silica in order
to detect bases, by evaporating to dryness with hydrochloric aecid.
On digesting the dry mass with a little hydrochloric aecid, the
metallic oxides are dissolved, and can be separated by filtration
from the silicic anhydride. 810, like P,0y, is detected whilst testing
for bases.

Most natural and artificial silicates are insoluble in water. Many,
e.g., zeolites, as well as certain artificial silicates, such as slags from
blast furnaces, ete., are decomposed on digesting the finely powdered
silicate with concentrated hydrochloric acid. The gelatinons mass
is evaporated to dryness on a water-bath, when amorphous silica
separates,

Silicates, such as kaolin and clays, which are not dissolved by
hydrochlovic acid, can frequently be decomposed, either partly or
wholly, by hot concentrated sulphuric acid diluted with about one-third
of its weight of water ; many natural silicates yield more or less
gilica, on treatment with hydrochlorie acid, which silica may be
taken to represent the soluble silica or the decomposable silicates,
leaving the greater portion of the mineral behind in an insoluble
condition. :

Silica, or silicates insoluble in acids, forming by far the greater
number, are readily attacked by gaseous hydroftuoric acid, or by fluor-
spar and 80.,Ho,, gaseous 8Bily being given off. This method is
invariably resorted to whenever alkalies are present in a silicate, as
e.q., in felspar, Bi;0;Ko,Al,o™, A little UFT the finely powdered
gilicate is moistened with strong ammonia, put into a platinum
erucible or small platinum capsule, and exposed to the action of
. gaseous HF. This gas should he generated in a leaden or platinum
vessel. The platinnm erucible is to this end placed in a small leaden
basin, which can be closed with a 1id of the same metal. A layer of
fluorspar is put at the bottom of this vessel, mixed and covered with
concentrated sulphuric acid. The platinnm crucible rests on a

leaden tripod. The leaden vessel after
ﬁ being covered and luted with moist lin-
geed meal, is placed for a day or two in a
warm place. The crucible is then taken
out, and its contents eautiously evapo-
rated by applying a gentle heat, as shown
in Fig. 18, from the upper part of the
erucible downward, till the whole of the
ammonie fluoride has been driven off.
The dry residue is dissolved in hydro-
chlorvic acid, and tested for bases. A
small residue is usually left, which is
filtered off and treated once more in the
same Inanner.
The same result may be obtained more
expeditiously by treating the mineral in
a platinum’ crucible with liguid hydro-
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Aluoric acid, and evaporating cautiously in a closet which stands
in connection with the chimney, and which has a good in-draught
of air, The residue is dissolved in hydrochloric acid. Any insolu-
ble residue which may be left is separated by filtration and
treated again with hydrofluoric acid. This treatment has generally
to be repeated several times, before the whole of the bases are
obtained in a soluble condition.

Treatment with CaF, and concentrated 80,Ho, is objectionable, on aceount
of the formation of insoluble SOHoyCao”,

A less cumbersome yet equally satisfactory method for decom-
posing silicates containing alkalies is the following:—Mix ‘5 grm.
of finely powdered silicate intimately with '5 grm. of pure AmCl, and
then with 4 grms. of pure precipitated granular caleie carbonate,* and
heat the mixture in a platinum crucible, placed in a slanting posi-
tion, first gently and by means of a small Bunsen flame, from above
gradually downwards, till the sal-ammoniac is completely converted
imnto CalCl;. Then apply a stronger heat, and lastly heat for half an
hour over a good Bunsen lamp. The gintered mass consists now of
caustic lime, disintegrated silicate (rendered soluble in acids), and
alkaline chlorides soluble in water, besides undecomposed CaCl,. It
is next slaked and repeatedly extracted with small quantities of hot
water at a time. The liquid after filtration is free from silica and
contains the alkali metals as chlorides. The lime in solukion is
removed by precipitation with ammonia and ammonic oxalate, and
the filtrate evaporated fo dryness and gently ignited, when the fixed
alkali salts are left behind. This method can only be worked with
advantage with quantities of substance not exceeding *5 grm.

All silicates insoluble in water and acids, no matter whether the
contain alkali metals or not, may be decomposed by fusion with alkaline
eawrbonates (fusion mixture). They are first ground up very finely
in an agate mortar, then intimately mixed with three to four times
their weight of fusion mixture and heated in a platinum erncible
as long as any CO, is given off. This may be done over a good
Bunsen gas lamp or by means of a Herapath gas blowpipe. (A
platinnm crucible can be employed with safety only when the
absence of easily reducible and fusible metals has been established
by a preliminary examination of the silicious substance in the dry
way.) The silica is thus obtained in combination with the alkalies
and dissolves in hot water, and the bases (Ca0, MgO, Al,0,, Fe,0,,
etc, ete.) are left as insoluble oxides or carbonates, and may be
separated by filtration; or the whole mass is at once treated with
dilute hydrochloric acid and evaporated to dryness. Silicic anhy-
dride is-left, and the bases are removed as chlorides by filtration. It
15 obvious that we must examine for the alkali bases in a separate
portion, by treatment with hydrofiuoric acid.

Pure amorphous silica dissolves completely, when boiled in a

* Prepared by precipitating a dilute solution of GaCl, at 70° C. with excess

Ei :I‘.!DAmuu_.. and washing the precipitate fhoroughly with hot water by decanta-

L2
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REACTIONS IN THE WET WAY.

We employ A soLuTioN oF Borax, B,O;Nao,.

The alkaline borates are soluble in water, all others are difficultly
soluble, but none are absolutely insoluble. All borates dissolve in acids
and amonic chloride.

The precipitates produced by double decomposition of a soluble
alkaline borate with salts of the alkaline earths, or with plumbie,
argentic, mercurous, or ferrous salts, etc., are white or yellowish-white,
and are readily soluble in acids and ammonie chloride.

The free acid dissolves in water and aleohol, and its solutions
impart to a Bunsen gas flame a fine green colour. An alcoholic solu-
tion placed in a porcelain dish burns, when ignited, with the same
characteristic flame, and the colour becomes all the more perceptible
when the burning aleohol is stirred with a glass rod. It does not
show in the presence of alkaline hydrates or carbonates, or of any
other base. The reaction is equally vitiated by the presence of sodic
or caleic chloride, or even by the presence of small gquantities of an
alkaline tartrate, free tartaric or phosphoric acid; but the green
becomes again perceptible on the addition of a little concentrated
sulphurie acid,

A green flame (of a somewhat greenish-blue tint, however) is obtained also
by heating many metallic chlorides with alcohol and concentrated sulphuric acid
g : ! v CH -
(owing to the formation of ethylic chloride, { GH:E'I}‘ also by passing hydro-
chlorie ncid gas into the flame of burning aleohol.

Boric acid, when combined with bases, requires first to be
liberated, by the addition of a little concentrated sulphuric acid,
betore its alcoholie solution can produce the green flame,

If a borate cannot be decomposed by sulphuric acid, it is fused
with potassic hydrate, and the fpused mass taken up with aleohol,
On the addition of concentrated sulphuric acid, the burning alcohol
shows the characteristic green flame. G

An aqueous solution of boric acid cannot be evaporated wi
loss of :;;lid from volatilization, g S

An aleoholie solution of boric acid colours turmeric paper reddish-
brown, especially on drying the strips of paper in a warm place (a
water-oven). This colour becomes more intense in the presence of
hydrochloric or sulphuric acid (even in the presence of nitric or
tartaric acid). The colour produced by heating turmeric paper
with hydrochloric acid is blackish-brown, and must not be con-
founded with the colour produced by boric acid. The dried paper
acquires a blackish tint when dipped into alkalies,

Hydrofluorie acid (or 80,Ho, and CaF i
mation of volatile hudc{iluﬂrﬂi, :ﬁunn:—- i) e el i

B,O;Nao, + 6CaF; + 780,Ho, =680Ho:Cn0" + S0,Naos + 4BF; + Oll..

and if the gaseous boric fluoride be passed into water, it forms

.5 . SR : . a peculiar acid
thﬁgﬁﬁabw acid—the constitution of which is not well understood,
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of iron) ; others again (such as AgCy, HgCy, Culy, ZnCy,)
yield cyanogen gas, metallic silver, mercury, ete., and paracyanogen,
—a brownish-black substance, which is isomeric with cyanogen,
and which is usually expressed by the symbol Cyu.

This deportment of solid cyanides furnishes us with ready means
of preparing cyanogen gas, either by igniting dry HgCOy,, or AgCy;
or by heating lwo parts of dry yellow prussiate of pofash, or commer-
cial potassic ferrocyanide, K FeCyy, with three parts by weight of dry
HgCl,,

('yanogen is a colourless gas, of peculiar odour, burning with a
beautiful purple or peach-blossom coloured flame, and yielding CO,
and N. The gas is nearly twice as heavy as air (sp. gr. 1'8), and
since water dissolves about four times its own volume it must be
collected over mercury, or by downward displacement. An aqueous
solation decomposes spontaneously into a variety of products.
When the gas is passed through a solution of caustic potash it is
absorbed with formation of potassic cyanide and cyanate. It is oune
of the few gases which condense to a liquid at a moderate pressure
(3'6 atmospheres).

All eyanogen compounds when ignited in an ignition-tube with
excess of soda-lime, give up the whole of their nitrogen as ammonia,

REACTIONS IN THE WET "WAY,

The cyanides of the alkali metals and alkaline earthy metals
are soluble in water, the former readily, the latter with difficulty.
The cyanides Hﬂf the heavy metals are insoluble in water, with the
exception of HgCy,; but are for the most part soluble in a solution
of potassic cyanide, forming soluble double cyanides, which are fre-
quently erystalline, and which upon ignition are decomposed like
single cyanides, i.e,, the cyanide of the heavy metal breaks up into
metal and cyanogen, or metal, carbon (carbide ?) and nitrogen
whilst the alkaline cyanide is not decomposed, and can be dissolved
out from the residue.

The following is a list of some of the more important single
cyanides, i.¢., cyanides which contain only one metal :—

Potassic cyanide, soluble in water ‘e w EC
Hﬂ»gy

Sodic . - Y s i

Bgri-; i difficultly soluble in water .. BaCy,
Zincic »  insoluble in water .. <+ ZnQy,
Cadmic u " .s .. CdCy,
Nickelous ,, ot = S - NiCy,
Cobaltous i " r Ty e . e UDC?ﬂ
Ferrous o p a e+ FeCy,
Gupmu_a 2 & " is es  'Cu'yCys
Mercuric ,, soluble in water .. .« HgCy,
Argentic ,,  insoluble in water ,, .« AgCy.

Some of these single eyanides are readily decomposed by acid
with evolution of hydrocyanic acid; others, espezia.l?y the cgauid:;
of iron, cobalt, and the noble metals (Au,Pt), may be boiled with
moderately strong acids, without decomposition,
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Pﬂmﬂ“ﬁwﬁodjcmidalllllllllll!ltlt Kﬁ.g,cjfg.

,»  Burous G e L K.B.u",ng.
y»  ouric tetracyanide .. cocois e rennns KAuw",Cy,.
Dipotassic cuprous tetracyanide............ K, Cu’s,Cyy-
s platinous P T e B e E,;Pt",Cyy.
Tetrapotassic diplatinic decacyanide ........ K" Pt"5Cyo.
% ferrous hexacyanide (potassic
ferrocyanide, yellow prussiate) .......... K, ,FeCy;.

Hexapotassic diferric dodecacyanide (potassie

ferricyanide, red prussiate).............. KgFeUyg.

Hexapotassic dicobaltic dodecacyanide (potas-
sic cobalticyanide) .....iceceesisiiisans K4, Co.Cyya.
Hexapotassic dichromic dodecacyanide. . .. .. K4, CraCyg.
5 dimanganic b b e KgMng,Uys.

If we take, however, into account the different deportment of
these double eyanides with dilute acids and with ferroso-ferric salts,
with which the easily decomposable double cyanides give, from an
acid solution, a precipitate of Prussian blue, whilst the others—the
difficultly decomposable double cyanides—jyield no hydrocyanic acid,
when treated with dilute acids, and produce (with the exce[}tiun of
the ferro- and ferricyanogen compounds), no precipitate of Prussian
blue with ferroso-ferric salts and hydrochlorie acid, it becomes
evident that the compler groups of elements, ferrocyanogen, FeCyy,
Jerricyanogen, Fe,Cy, cobalticyanogen, Co,Cyy, ete., which behave
like eyanogen (itself a complex group of two elements, of carbon and
nitrogen, or a compound radical), may likewise be viewed as compound
radicals,® if by this term we denote a group of common and constant
constituents found in a whole series of compounds, and capable of
replacing multiples of Cl, Br, ete., in constant atomic proportions,

We are able, for instance, to produce by donble decomposition,
precipitates with soluble salts of almost all the heavy metals in
which the potassium—or positive radical—is either entirely or
partially exchanged for an equivalent quantity of a heavy metal,
whilst the negative group of elements remains unaltered, thus :—

KFeCy; + 80,Cuo” = K,Cu'"'FeCy, + S0,Ko,, or
KFeCys + 280,Cuo" = Cu";FeCy, + 280.Ko,.

Ou the addition of an alkaline hydrate or carhonate, the whole
of the heavy metal is removed as hydrate, with formation of potassic
ferrocyanide.

Easily decomposable soluble double cyanides give likewise preci-
pitates with solutions of heavy metals, e.g.,

E-KJLEU'F: + SOﬁz'ﬂﬂ” = En”&gg{}j] + B{};ED:;
Precipitated.

but there is no evidence to show whether these precipitates are real

* Compound bodies, -:}a;tul:uinuilli;zIr the complex radicals ferro-, ferri-, ete.
n_w.nn%un are viewed here as molecular compounds, and no constitutional formule
have been attempted, although it would not be difficult to assign such formule
to them, if the functions which the carbon and nitrogen atoms play in theso
compounds were sufficiently established. '
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80.Cuo”, to which a solution of 80Ho; has been added, gives
with KCy a white precipitate of cuprous cyanide, 'Cu’yCys, soluble
in potassic eyanide (K;'Cu',Cy,). : _

N.0,Hg:0" gives a grey precipitate of metallic mercury, whilst
HgCOy; remains in solution, thus :—

'Hg',.Cy, = Hg + HgOys.

TIron salts arve among the most delicate reagents for hydrocyanie
acid, or for soluble cyanides, on account of their tendency, especially
in the presence of potassic hydrate, to form difficultly decomposable
double cyanides (containing the compound acid radicals ferro- and
ferri-cyanogen), which are of a characteristic blue colour. (Hence
the name cyanogen, from xvawos, blue, and yevvdw, I generate.) The
solution containing hydrocyanie acid, or a soluble cyanide, is first
treated with a little potassic hydrate, then with a mixture of a ferrous
and ferric salt (obtained by exposing a solution of ferrous sulphate
for some time to the air), and heated. On the addition of dilute
hydrochloric acid, in order to dissolve the ferrons and ferric hydrates,
precipitated by the potassic hydrate, a fine blue precipitate or, in
the case of a trace of HCy only, a green suspension of Prossian blue
15 obtained. The changes may be expressed by the equations—

(1) KHo + HCy=KCy + OH,
(2) S0.Feo” + 2KCy = Fe''Cy* + 80,Ko..

FeCy,;, by combining with 4KCy, forms the soluble double
cyanide K FeCy,.

(3) 28,0sFe,0" + 3K, FeCy; = 3Fe”Cys,2'Fe’sCys + 6S0,Ko,.

Free hydrocyanic acid dissolves mercuric oxide, with formation
of mercuric cyanide, which is not precipitated by alkalies. HgCy,
exhibits considerable stability, compared with other cyanogen com-
pounds. Boiling dilute S0O,Ho, does not decompose it. HCI breaks
it up into HgCl, and HCy. When 8H, is passed through its
agqueous solution it is decomposed into HgS and HCy.

The alkali salts of the compound cyanogen radieals, FeCys,
Fe,Cy, Co:Cyis, are decomposed by moderately concentrated sul-
phuric acid with evolution of hydrocyanic acid.

This furnishes us with a convenient method for preparing a solution of
hydrocyanic acid. Ten parts by weight of K,FeCy, (yellow prussiate of potash)
are distilled in a flask or retort with 36 to 40 parts of dilute sulphuric acid (one
of acid to six of water). The flask or retort is connected with a Liebig’s con-
denser and double-necked receiver, from which any uncondensed gas can be
earried under & Bunsen lamp, and burnt. Every joint should be made perfectly
tight, and the condenser-tube should dip into the water placed in the receiver,
The reaction takes place according to the equation : —

-

* Fealy, is t]il‘Enultly_ obtained in an isolated condition, as it forms in the
presence of KCy potassic ferrocyanide, K,FeCy,, containing the compound
cyanogen radical FeCyg, which in 1ts turn reacts upon the ferric salt.
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Heated with free access of air, or in contact with metallic oxides,
the KCy is farther converted into potassic cyanate, CyKo.

REACTIONS TN THE WET WAY.

We employ A SOLUTION OF POTASSIC FERROCYANIDE.

The alkaline ferrocyanides are readily soluble in water, the alkaline
earthy ferrocyanides are difficultly soluble; those of iéron and most
other metals are insoluble in water, and many of them also insoluble in
acids. They are decomposed on boiling with potassic hydrate with
formation of a solution of gotﬂﬂsic ferrocyanide, and an insoluble
metallic hydrate. Some ferrocyanides are remarkable for their
characteristic colonr, notably so those of iron and copper; others
are white, e.g.,, those of the alkaline earthy metals, of Zn, Ph, Ag,
Hg: greenish-white, e.g., Ni";FeCy;, Co”;FeCy, ; reddish-white, e.g.,
Mn";FeCys. Potassic ferrocyanide is employed, on this account, as
a useful reagent in the qualitative examination of metals, especially
of iron and copper.

NO,Ago produces a white precipitate of argentic ferroeyanide,
AgFeCy,, insoluble in dilute nitric acid and ammonie hydrate,
soluble in potassic eyanide.

80,Cuo”, added in excess, gives with a solution of K,FeCy,a red
(chocolate-coloured) precipitate of aicuprie ferrocyanide, Cu';FeCy,,
whilst an insufficient amount of the cupric salt gives a brown pre-
cipitate of dipetassic eupric ferrocyanide, KzGllHFEGjrﬂ.

S0.Feo” gives a light blue precipitate of aipotassic ferrous ferro-
cyanide, K,Fe''FeCys, thus :—

K, FeCy, + 80,Fec” = K,Fe"FeCy, + 80,Ko,,

which is slowly owidized by exposure to the air, or rapidly, by
oxidizing agents, such as nitric acid, or chlorine water : a part of
the potassinm being removed as oxide, or chloride, thus :—

EFE”KEFEGFﬂ + Glﬂ ES FEFFQKEFEEGFH + EKGL

Light blue Diferrous dipotassic
precipitate, ferricyanide.

or potassic ferricyanide in which four atoms]of potassium bave been
replaced by two atoms of dyad iron.

Potassic ferrocyamide is, in fuct, veadily converted into potassie
ferricyanide, K Fe,Cy,; (analogous to the conversion of ferrous salts
into ferric salts), by various oxidizing agents, such as chlorine,
nitric acid, potassic chlorate and hydrochlorie acid, ete.

Fe,Cl¢ gives an infensely blue precipitate of 3Fe' Cy,, 2'Fe”’,Cy,,
called Prussian blue, thus ;(—

3K FeCys + Fe,Cly = 3Fe"Cy,,2'Fe'"'s.Cys + 12K,

which constitutes at once a most characteristic and delicate reaction
for ferrie salts and for ferrocyanogen (as well as for cyanogen, as
has been already shown). This precipitate is insoluble in dilute
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6KCy, Fe"'sCys + Ky = 8KCy,2Fe" Cy, or 2(4KCy,FeCy:)
= BKJFBGF'E.
The following are instances of indirect oxidation effected by
potassic ferricyanide :—
8H, converts the ferri- into a ferrocyanide, with separation of sulphur,

KI o T 7 with precipitation of iodine,
Or,0;, or its salts, in the presence of KHo, is converted into CrOy,
Fbﬂ 1 LE] L] " P‘h{}ﬂ‘i
Mn( " " " 1 MnO,,
Sn() . % e 2 8n0,,
gggg 7" ] {1} GGS:
E-Gf 1 1 1 GFKQ’-
P04 » " » P,05,
H'Dﬂ! 1 33 T 303.

NH, gives with K.;Fe,Cy, potassic and ammonic ferrocyanides
with evolution of nitrogen gas, thus :—

EKEFE':G,YH + 16NH; = gKiFBGj's e 3-&11]4]3‘60}'4 + N,.

Many organie substances, e.g., sugar, dextrine, starch, aleohol,
and even paper, are oxidized, in the presence of an alkali, to CO,
and OH,. Indigo is bleached. Phosphorus, sulphur, and iodine
are converted by the action of K:Fe;Cy,s, in the presence of alkalies,

into POHo,, S0,Hos, { Oy .

Analogons to potassic ferrocyanide, ferricyanogen forms double
ferricyanides, by the partial or entire replacement of the six atoms of
the positive element, potassium, by different metals. The following
are some of the more important metallic ferrieyanides :—

EEFEge%rg ' Ba”;K:Fe.Cy,s + 8Aq.
NagFesCyy + Aq. Fe''yFeyCyig (Turnbull's blue).
ﬂﬂ”g]:"ﬁg Y1z r 6.3.':11.

REACTIONS IN THE DRY WAY.

Potassic ferricyanide is decomposed wupon ignition, yielding
eyanogen and nitrogen, and leaving a residue, consisting of potassic
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon

and iron.
REACTIONS IN THE WET WAY.

We employ A SOLUTION OF POTASSIC FERRICYANIDE.

The alkaline ferricyanides arve readily soluble in water. The others
are mostly insoluble.

NO,Ago produces an orange coloured precipitate of argentie ferri-
cyanide, Ag;Fe,Cyy;, insoluble in dilute nitric acid, but readily solu-
ble in ammonic hydrate, and potassic cyanide.

80,Feo” gives a blue precipitate (Turnbull’s blue) of Fe''sFe,Cys,
triferrous ferricyanide, which is decomposed by potassic hydrate into
potassic ferrocyanide and ferroso- ferric hydrate :—

Fe”;FesCyy: + 8KHo = 2K,FeCy, + Fe,0,40H,.
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REEACTIONS IN THE DRY WAY,

CyKs can be fused out of contact with the air, without undergoing decom-
position. Tt turns first brown, then green, and lastly ind;gu blue, but becomes
again colourless on cooling. In contact with the air, CyKs is converted into
cyanate and sulphate, with disengagement of 80, The sulphocyanates of the
heavy metals are decomposed upon ignition, €S, being given off at first, and on
raising the temperature a mixture of nitrogen and cyanogen is evolved, whilst a
metallic sulphide is left :—

43;01;3” = N, + 3{ N + 208, + 40us.

REACTIONS IN THE WET WAY.

We employ a SOLUTION OF AMMONIC EULPHOCYANATE, CyAms.

NOyAgo produces a whife enrdy precipitate of argentie sulphoeyanate,
OyAgs, insoluble in water and in dilute acids ; it is soluble in ammonic hydrate,
from which it erystallises out on evaporation. It is also soluble in CyAms or
CyKs, forming a double sulphocyanate (CyAgs, CyKs), from which water or
hydrochloric acid precipitates granular—ammonie hydrate, erystalline Cy Ags.

80.Cuo” gives a black crystalline precipitate of ecupriec sulplecyanate,

giﬂun”, which, on standing in the liquid is converted into euprous sulpho=-

cyanate, GFGugn”. This characteristic cuprous salt is obtained instantly b
LB P L

adding 80Ho,, or a solution of a ferrous salt to the cupric salt.

Fe,(Cl; produces an intensely red solufion, owing to the formation of a soluble
ferric sulphocyanate, Cy,Fess*'.  Alkaline sulphoeyanates furnish us, on this
account, with a most delicate reaction for ferric salts. This reaction serves also
for the detection of sulphocyanogen and hydroeyanic acid. The blood-red colour
is destroyed by Hg(Cl,, On introducing some metallic zine into the blood-red
solution, 8H, is evolved. .

QUESTIONS AND EXERCISES.

1. Explain the derivation of the term cyanogen.
2. Why are {glﬂq'r Fely; and Fe,Cy,; viewed as compound radicals ?

3. How are KCy and K FeCy, prepared? Deseribe their properties, as far as
the analytical data illustrate them.
4. Explain the action of heat upon KCy and K,FeCy;, 1st, out of contact with
air; 2nd, with free access of air.
5. What mn;l:itutns the usefulness of KCy as a reagent for blowpipe experi-
ments
6. Explain the changes which cyanides of the heavy metals undergo upon
b, Hus wabd P Deserib
- How would you prepare cyanogen cribe its rties.
8. Classify nya.nides}:acng:rdjng to tghairggzlubﬂity in wat—ar.Pm num:rat-a some of
the more important single eyanides.
9. What is understood by soluble double cyanides ? How are they classified
and how can the easily decomposable double cyanides be ::'Iisl;inguiahmi
from the difficultly decomposable double eyanides P
10. Enumerate, 1st, easily decomposable double eyanides ; 2nd, difficultly decoms-
posable double cyanides.
11. Give reasons for the existence of the compound radieals ferro-, ferri- and
%ﬂbg.lga?ﬁmgm in the double cyanides K, FeCy,, Pb”sFe,Cy,s,
1 Yiz
12. Explain the action of dilute acids upon single nides an
ecomposable double eyanides. S S Syl o shely
13. Explain the difference between a precipitate, produced by a solution of a salt

M
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only one containing three, viz., hydroeyanic acid, HCN ; whilst the
number of atoms in a molecule of most organic acids, as for in-
stance in stearic acid, C3H,0,, is far greater than in any inorganic
compound. '

The element with which oxygen, hydrogen, and nitrogen are

rouped in organie acids is ecarbon, which in most cases, probably
in all, acts as a tetrad element.*

Groups of elements performing similar funetions in organic acids,
and built up invariably in the same number, are called compound
organie radicals.

Nearly every orgauic acid contains one acidifying principle of
two negative compound radicals, e.g. :—

Cyanogen (molecule) {g%}: N__,U—-—G:—EN , OF

Oxatyl (the molecule :
of which is dry{gggg 0—0-—0=0.
oxalic acid) o
0 0
|
b

The semi-molecule of each of these compound radicals contains
one atom of carbon with one bond left free to combine with another
element or group of elements, the other three bonds being satisfied,
in cyanogen, by combining with triad nitrogen, or in oxatyl, with
one atom of oxygen and one of hydroxyl. In the molecules the two
free bonds of the carbon satisfy each other.

These radicals are closely related to each other. An aqueous
solution of cyanogen (one volume of water dissolves about fonr
volumes of the gas) is speedily transformed mainly into ammonie

oxalate, thus :—
CN _ f COAmo
{GN + 40H, = {c{mm-

In the presence of a boiling solution of potassic hydrate, eyanogen
evolves ammonia and produces potassic oxalate, thus :—

{gﬁ. + 2KHo + 20H, = {gggg + ONH,.

from which salt oxalic acid can be obtained.

Oxalic acid, on the other hand, may be converted into cyanogen,
by transforming it into ammonic oxalate and submitting this salt to
the action of heat, thus :—

GG{NH{O) R CNFH
{GO(NH;D) _— {GHFH + 40H..

Oxalic acid, or the molecule of the compound radical oxatyl,
results from the oxidation of a large number of organic bodies, e.q.,

* Frankland: Lecture Notes, vol. ii, page 2
M 2
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H H ]i[ 0
Propionic acid { Ght  or {gﬁf_fﬂ H——i:.}—ﬂ——g—ﬂ-—ﬂ
G'}Hﬂ H L
c
H, C.H
Butyric acid CH; or { !
¥ CH. COHo
COHo
H
s CHx
Stearic acid (CH,); or { &
{GDH.HG GDHU

The lower members of the series of fatty acids dissolve freely in
water, whilst the more complex fatty acids, with largely increased
molecnlar weights—to mention only stearic acid—are quite insoluble
in water. Those containing more than three atoms of carbon per
molecule exhibit a number of isomeric. modifications, as yet more
or less imperfectly studied,

REACTIONS IN THE DREY WATY.

Formates of the fixed alkalies and alkaline earthy bases, when
heated out of contact with air, are decomposed into carbonates, and
a little carbon, with disengagement of combustible gases—mainly
carbonic oxide and hydrogen. Formates of the heavy metals give
off CO,, CO, and OH,, leaving the metal (generally mixed with a
little carbon).

REACTIONS IN THE WET WAY.

: H
We employ A SOLUTION OF SODIC FORMATE .
RROE ' | CONao

All formates are soluble in water ; some also in alcohol.

Formic acid and formates are readily recognized by their pro-
g_n‘:rty of mducizg salts of the noble metals, e.g., AuCl;, NO, ‘é{go,

20, Hgo!', or HECl,, to the metallic state, with evolution of ear-

bonic anhydride.

Potassic permanganate is likewise deoxidized by formic aeid.

Formie acid or a formate, when heated with a solution of
p?téqgi{: dichromate and oil of vitriol, is broken up, with evolution
L] T

This reducing action distinguishes formic acid from acetic acid and
most of its homologues.

When heated with concentrated sulphuric acid, formic acid and
formates are broken up into water and carbonic oxide, which latter
burns with a fine blue flame. (METHOD OF PREPARING CARBONIC OXIDE

E].:H.) The mixture does not blacken. The decomposition is expressed
thus :—

{ Cotto + SO:Ho, = CO + 8O,Ho, + OH,
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All acetates arve soluble in waler. Argentic and mercurous acetates
are the least soluble.

On heating a solid acetate (or a concentrated aqueous solu-
tion of it) with alcohol and concentrated sulphuric acid, acetie
ether (ethylic acetate), {ggﬁtu (Et = ethyl) is formed which
possesses a peculiar fragrant odour. The change is expressed
thus :—

GoXao + BtHo + SO:Ho, = { GOy, + SO:HoNwo + OH,,

Too much alechol shounld be avoided lest common (or sulphuric)
ether, OEt,, be formed, the odour of which would mask that of the
acetic ether.

By distilling an acetate with moderately dilute sulphuric acid
in a retort, free acetic acid is obtained, which is recognized by its
characteristic pungent odour. It cannof be oxidized by aqueouns
chromic acid.

Fo,Cl; added to a solution of an acetate, produces a deep red-coloured solu-
tion, owing to the formation of ferric acetate. On boiling, the whole of the iron
is precipitated as basie ferric acetate, in the form of bdrownish-yellow flakes.
AmHo precipitates the iron from a solution of ferric acetate as ferric hydrate.

Ammonie acetate, especially in the presence of ammonia, dissolves several
insoluble sulphates, e.g., 80,Pbho”, 80,Cac".

APPROXIMATE SEPARATION OF ACETIC ACID FROM IT8 NEXT HIGHER
Homorocues,—Add enough caustic potash to convert the acetic
acid into binacetate and distil. The acid containing the least
number of carbon atoms, being the stronger, is first nentralized,
and if sufficient potash has been added, the distillate is obtained
free from acetic acid.

STEARIC ACID, { §h® —Tound in fatty bodies, e.g.,

CH,Ho
pure mutton fat, in combination with glycerine, EHHU . When
H.Ho
heated with solutions of canstic alkalies, the fat saponifies and the
fatty acid forms with the alkali metal a soap, freely scluble in warm
water, and the glycerine separates. On decomposing the soap by
the addition of an acid (dilute hydrochloric or sulphuric acid), the
fat which separates is found completely changed in character. It
has an acid reaction to test-paper when in a melted state, and is
soluble with the greatest facility in aleohol, from which it crystallizes

in milky-white needles. Its composition 18 G HyOy, ﬂr{gﬂ%’;-

It melts at 54° C. Puore hard soap is sodic stearate, { O, Hy, , and
contains generally—
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and floats on water. Benzoates of tetrad metals are mostly insoluble
i water, all others are soluble.

Fe,Cl; gives a pale yellow precipitate of basie ferric benzoate,
BzFe,0",Fe.0, + 15 Aq; and ammonic benzoate is employed some-
times for the separation of Fe!¥ from Mn" (compare page 41).

On distilling benzoic acid with lime or baryta, benzol (benzene),
C;H,, is obtained—

Jl ggiﬁo + Ca0 = C,H; + COCao”.

Dilute acids precipitate benzoic acid from aqueous solutions of
benzoates ; dilute nitric acid is without action upon it.

Heated with concentrated salphuric acid, benzoic acid does not
blacken, neither does it evolve 80,

COHo g
SUCCINIC ACID, g,H., or briefly SuHo,.—Dibasic acid.—
OHo

Obtained by the distillation of amber, of fossil resin, and also by
the long-continued action of nitric acid upon butyric, stearic, or
margaric acids. The acid crystallizes in white plates, is readily
soluble in water, alecohol, and ether, and is not acted upon by boiling
nitric acid. Heated in a tube open at both ends, it sublimes in
silky needles. Heated npon platinum foil, it burns with a blue
flame and without smoke.

Succinates are decomposed upon ignition; the alkaline and
alkaline earthy succinates leave a carbonate mixed with carbon.

Most succinates are soluble in water,

Plumbic acetate gives a white precipitate of nmeutral plumbie

Cco—

suceinate, { C,H,Pho", which is rendered basic by treatment with
COo__,

ammonic hydrate.

Fe,Cl; produces from a solution of neutral ammonic succinate,
a brownish-red, voluminous precipitate of basie ferric succinate,
S_I;L—,FE;U"',FB;OE, readily soluble in mineral acids, AmHo renders
the precipitate darker by withdrawing a quantity of sucecinic acid as
ammonic succinate, leaving a more basic succinate. (THIs REACTION
SERVES FOR THE SEPARATION OF Mn" rrom Felv.)

On boiling the precipitate produced by ferric chloride from a
solution of a succinate or benzoate, with ammonic hydrate, soluble
ammonic salts of these acids are obtained which can be separated
by filtration from the insoluble residue. On the addition of alcohol
and BaC(Cl, to the ammoniacal solution, a whife precipitate of baric
succinate is obtained, whilst benzoic acid gives no precipitate (pis-
TINCTION BETWEEN BzHo axp SuHo,).

QUESTIONS AND EXERCISES.
1. How are benzoic and succinic acids prepared ? Ghive graphic formulse.
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How would you distinguish BzHo from SuHoy in the dry way ?

State how the precipitate produced by BzHo and 8uHo, with Fe,Cl, assists
us in distinguishing between these two acids. 3

How would you prepare benzol from benzoie acid ?

You have given to you a mixture of plumbic benzoate and succinate. State
how you t;iijd obtain the two acids in the free state.

1-340 grm. of the argentic salt of an organic acid leaves upon-ignition ‘632 grm.
of metallic Ag. %hat is the molecular weight of the u.cidgi?l

e s @

OXALIC ACID, igggg_mbm acid—Obtained by the

oxidation of a large number of organic bodies, e.¢., sngar by nitric
acid; or woody fibre, by the action of caustic alkalies. The free

acid, { ggﬁg + 2Aq, is a violent poison. It crystallizes in rhombie

prisms with two molecules of water of erystallization, which it loses
when exposed to dry air, i.e,, it effloresces and crumbles to a
powder. With bases it forms an important series of salts called
oxalates. The acid being dibasic, two series of salts, neutral and

acid oxalates, { gg%ﬁ and gggg, exist (besides some super-acid

oxalates).

REACTIONE IN THE DEY WAY.

Oxalic acid when heated by itself, sublimes for the most part
unchanged ; a poition of it bresks up into €O, CO, and some
formic acid. Oxalates yield, upon ignition, different products of
decomposition, according to the nature of the base contained
therein. '

Alkaline ozalates leave a carbonate, with slight blackening, and
give off earbonic oxide. .

Alkaline earthy ozalates leave a carbonate, together with some
caustic base, if a strong heat be applied, and give off CO and ‘CO..

Owalates containing metallic bases which do not form carbonates,
or the carbonates of which are decomposed by heat, break up into
metallic oxides, and give off equal volumes of CO and CO;, or into
metal, as for instance argentic oxalate, giving off CO;.

REACTIONS IN THE WET WAY.

COAmo
We employ A SOLUTION OF AMMONIC OXALATE, { o (o e

Ozalates are either soluble in water, e.g., the alkaline oxalates
and a few metallic oxalates; or insoluble in water, but soluble in
acids. & :

CaCl, (80,Cao" or CaHo,) precipitates even from very dilute
solutions white pulverulent calcic oxalate, 4§ ~ Dﬂau”, readily soluble

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic
acid, and in potassic or ammonic hydrate, Heat promotes the pre-
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cipitation from very dilute solutions. This constitutes one of the
most delicate reactions for oxalic acid. ! Vi

Ba(l, gives from solutions of neutral oxalates a white precipitate
of baric oxalate, { gngm“ + Agq, soluble in oxalic acid, readily
soluble in hydrochloric or nitric acid.

NO.Ago produces a white precipitate of argentic oxalate,

GOAZS, soluble in dilute nitric acid, and in ammonic hydrate.

Concentrated sulphuric acid decomposes oxalic acid or oxalates,
on the application of a gentle heat, into CO and CO,, without
blackening, by withdrawing from the molecule of oxatyl a molecule
of OH;, The gaseous mixture is passed throngh a wash-bottle con-
taining caustic soda or lime-water, and the carbonic oxide gas is
collected over water. The gas burns with a blue flame. (UsvaL
METHOD FOR PREPARING CARBONIC OXIDE.)

Oxalic acid, or oxalates in the presence of free mineral acids, act
as reducing agents.

Treat a little black oxide of manganese and oxalic acid, or an oxalate, with a
few drops of concentrated sulphuric acid, Effervescence ensues. The gas which
escapes 1s carbonic anhydride, thus :—

Mn0; + EE%E + 280,Ho, = 200, + S0,Mno" + 80,Ko, + 20H,.

A solution of gold is reduced to metallic gold, thus :—

COH
2Aull, = 3{ QoM. = 600, + Au, + 6HCL

Potassic permanganate is speedily reduced (decolorised).

QUESTIONS AND EXERCISES,

1. How is oxalie acid obtained ? Describe shortly its properties,
2. What changes does oxalic acid undergo, 1st, upon ignition ; 2nd, upon heating

with 80;Ho; ; 8rd, upon treatment with 80;Ho, and Mn0O, or O Ko
4th, in contact with AuCl, ? = 3 r30;Koy 5

8. How would you distinguish calcic oxalate from calcic carbonate, fluoride,
borate or phosphate ?

4, W]igtt:az?'fk:a place when potassic, argentic, caleie, or zincic oxalate is ignited by
i

5. How would you prepare pure carbonic oxide gas from sodie oxalate ?
6. Why is oxalic acid :f:mmpaud by concentrated sulphuric acid almost without
any blackening ?
7. Calculate how much Mn0, is contained in a uam;ll!ltu of black manganic oxide,
0

22 grms. of which, when treated with{ 00 K%und 80,Hos, yielded 1662

E]'mz of ﬂU,.

8. The calcic ealts in one litre of water are precipitated with ammonic oxalate.
The precipitate yields upon ignition 1'695 grm. of COCao”. How much
Ca0 does the water contain, 1st, per gallon, 2nd, per 100,000 parts ?

COHo

TARTARIC ACID,{ SHE hortly THo,—Dibasic acid,—

COHo
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as long as it is amorphous i.e., recently precipitated, is soluble in
cold potassic or sodic hydrate, which is nearly free from carbonate,
but 18 reprecipitated on boiling as a gelatinous mass, which redissolves
on cooling.

NO,Ago produces from a solution of a normal tartrate (e.q.,
Rochelle salt) in the cold a white curdy precipitate of argentie tar.

trate, TAgo,. On filtering and dissolving some of the precipitate
off the filter with a little dilute ammonic hydrate, and heating the
solution in a elean test-tube or flask during ten to twenty minutes,
in water, heated to about 66° C., the glass becomes coated with a
fine silver mirror. (CHARACTERISTIC REACTION FOR TARTARIC ACID.)

Ac,Pbo" gives a white erystalline precipitate of plumbic tartrate,
TPho", from solutions of tartaric acid, or its soluble salts. The
precipitate is soluble in nitric acid, and in ammonic hydrate; the
latter giving rise to the formation of plumbic ammonic tartrate,
which cannot be precipitated by AmHo.

Tartaric acid and ammonia dissolve 80,Pbo'’,

Concentrated 80,Ho; decomposes tartaric acid, or a tartrate, on
heating, with evolution of 80,, CO,, and CO, and separation of

carbon.

QUESTIONS AND EXERCISES.

Describe some sources of tartaric acid.

Describe the decomposition which tartaric acid and tartrates undergo upon
1enition.

Whnﬂ the composition of black flux?

Explain the solvent action of tartaric acid upon certain tartrates in the pre-
sence of alkalies.

How can tartaric acid be detected in the wet way P

Give graphic formulm for Rochelle salt, argentic and plumbic tartrates.

S W oM

CHHo(COHo)
CITRIC ACID, < CH (COHo) + aq., or briefly CiHo,—
GH: (GGHD}
Tribasic acid.—Obtained from orange or lemon-juice. Found also
in many other fruits. It forms colourless prismatic crystals, which
Eosseaa a pure and agreeable acid taste. They dissolve in eold and
ot water, and in aleohol. The aqueous solution undergoes decom-
position after a time. The cifrates are very numerous, the acid
forming, like phosphoric acid, three classes of salts by the replace-
ment of one, two, or three atoms of hydroxyl by a corresponding
amount of potassoxyl, ete.

REACTIONS IN THE DRY WAY.

On heating citric acid, it loses first its water of erystallization
then fuses, and is decomposed with disengagement of pungent and
irritating acid fames, leaving a less abundant carbonaceous residue
than tartaric acid. Alkaline and alkaline earthy citrates leave a
earbonate npon ignition.
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PRACTICAL EXERCISES.

TIn order to enable the analyst to acquire a thorongh mastery
over the reactions for bases and acids, some 25 to 30 simple sub-
stances should be analysed by the aid of the subjoined analytical
tables, and the results recorded in the manner shown in the Ap-
pendix. The nature of these exercises will be sufficiently indicated
by the following examples :—

1. Crystallized magnesic sulphate (Epsom salts).
2. Sodic sulphite.

3. Saltpetre.

4. Common sodic phosphate.
5. Potassie iodide.

6. Potassic oxalate.

7. Citric acid.

8. Caleic tartrate.

9. Sodic acetate.

10. Calcie phosphate.

11. Dried green vitriol.

12. Borax.

Preliminary to the analysis of more complex bodies, a number of
double salts or mixtures of salls containing one or two bases, and
one, two or more acids should be next examined, such as:—

Ammonic ferrous sulphate.

Common ammonium or potassinm alum,
Mierocosmie salt.

Potassic sodic tartrate (Rochelle salt).
Dipotassic calcie ferrocyanide.

Potassic chlorate and potassic nitrate.
Sodic chloride and potassic earbonate.
Potassic oxalate and potassic earbonate.
Ammonie chloride and sodic nitrate,
Ammonic magnesic phosphate,

Potassic bromide and iodide, and sodic chloride.

Complex bodies should be examined systematically, and the
results carefully noted down in the analyst’s laboratory book imme-
diately they are made, and in the order indicated by the arrange nent
of the Analytical Tables. A careful preliminary examination in the
dry way yields for the most part results which are decisive of the
nature of the substance under examination. A few simple experi-
ments are frequently sufficient to determine, in the case of simple
salts, the nature of i::rth base and acid, and in that of a compound
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OF SOLID SUBSTANCER.
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186 EXAMINATION OF SUBSTANCES

EXAMINATION OF A SUBSTANCE IN THE WET WAY,

1st. The substance under examination is a liguid.—Examine it
by means of well-prepared test-papers. The liquid is neutral. This
excludes a large number of substances, since the greater proportion
of normal salts of the metals possess an acid reaction. The liquid
shows an acid reaction. This may arise from a free acid, or from
the presence of a normal salt having an acid reaction, or, lastly,
from an acid salt. Or the solution possesses an alkaline reaction,
owing to the presence of a salt of alkaline reaction, of free alkalies
or alkaline earths, and of cyanides or sulphides of the alkalies or
alkaline earthy metals. :

HEvaporate a portion of the liquid to dryness on a watch-glass or
platinum foil. It leaves no residue, and may consist of pure water
only; or it leaves a residue; a larger portion of the liquid should
then be evaporated to dryness in a porcelain dish and subjected to
a preliminary examination in the dry way.

2nd. The substance under exemination consists of a golid body.—
If it oceurs in large pieces, or in the form of a coarse powder, it
should first be reduced by mechanical means to as fine a powder as
possible.

Natural silicates and other compounds which are decomposed with difficulty
by acids, are finely powdered in an agate mortar and then Et:gatei, i.6,, stirred
up repeatedly with water ; the conrser particles of the powdered substance fall
rapidly to the bottom,and the water holding the finer particles in suspension can
be poured off. The coarser particles must then be ground again, and made to
pass through a fresh process of levigation, till the whole of the substance is
obtained in an equally fine state of division. By allowing the water to stand for
gome time, the whole of the suspended particles fall to the bottom of the vessel,
ad can be separated by decantation and filtration.

Ascertain whether the solid substance is wholly or partly soluble
in water, This is done by boiling about a gramme of it in distilled
water, allowing the undissolved portion to subside before decanting
the supernatant liquid, and treating the nndissolved portion again
with boiling water as long as anything is dissolved. A drop of the
golution, when evaporated on a watch-glass, or on platinum foil,
should leave a visible spot.

The aqueous extract is set aside until the residue has in like
manner been treated with acids. It should he tested svith Litmus-

aper.

& PThE residue insoluble in waler is next ireated with dilute hydro-
chloric acid, and heated for some time to boiling. The undissolved
portion is allowed to subside and the clear fluid decanted. This
operation should be repeated several times, both with dilute and
concentrated hydrochloric acid. Boiling with HCl generally dis-
solves out whatever is soluble, and INO,Ho has rarely to be resorted
to. If an insoluble residue be left, treat with small quantities of
aqua regia, Observe carefully what changes take place when the
substance is treated with ucit'ia, especially whether any and what
gases are disengaged.
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Tho residue insoluble in water and acids should be carefull
washed with distilled water, filtered, dried, and then mixed ?:"it-
three to four times its weight of dry CONao, and G{_}Ko, (fusion-
mixture) and fused. The fusion is best performed in a platinum
crucible, provided the insoluble residue does not contain any metals
capable n?furming alloys with platinum. This can be readily ascer-
{ained by an examination of the residue in the dry way.

It should be borne in mind that only BARIC, STRONTIC, CALOIC,
AND PLUMBIC SULPHATES; PLUMBIC AND ARGENTIC CHLORIDES; Si0,,
MANY EILICATES; NATIVE OR IGNITED Al,(); AND ALUMINATES; IGNITED
Cr.0, and Fe,0;; curoME IRON ORE; SnO, (IGNITED OR AS TIN-
sTONE) ; IGNITED SbyO; (A FEW METAPHOSPHATES AND ARSENATES) ;
CaF,, AND A FEW OTHER NATIVE FLUORIDES ; SULPHUR AND CAKBON,
are usually present in the residue.

Ag FeCUysand AgFe.Cyi, AgBr, Agl, and AgCy are decomposed
into AgCl by boiling with aqua regia.

Solutions 1 and 2 may be examined separately, or they may be
mixed and examined together. A separate analysis of the aqueous
and acid extracts becomes mnecessary only when it is intended to
ghow how the acids and bases are combined in a compound body.

The examination of a residue requiring fusion with alkaline car-
bonates is invariably condueted separately. The fused mass is
boiled with water and filtered; the powder, insoluble in water,
containing the base in the form of a carbonate (oxide or metal) is
dissolved in HCI or NO,Ho. The aquecus extract is examined for
acids, and the acid extract for bases.

Alloys are dissolved in dilute or concentrated HCI, sometimes
with the aid of platinum foil, or with the addition of a few crystals
of potassic chlorate, and their solutions examined as usual.

Cyanogen compounds are best destroyed by fusion in a poreelain
crucible with 3 or 4 times their weight of a mixture of 3 parts of
B80;Amo; and 1 part of NO;Amo. The metals can then be detected
in the residue in the nsnal manner.

Remark.—In order to economize time, the solution of a substance should be
prepared at the same time as the examination in the dry way is conducted, and
whilst the separation into groups is effected by means of the several
reagents. The precipitates can then be well washed. Again, the time occupied
in the evaporation of the filtrate from Group II, and in separating Felv, Criv,
and Al'Y by means of ©O0Bao" in Group III, may be employed in the examina-
tion of the precipitate produced by HCl or SHj, as well as in detecting the acids
in the dry and wet way,
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EXAMINATION OF BASES.

long as a precipitate is produced, and heat gently. (Note 1.)

diluted with water (Note 4), saturated with gaseous SHj, and gently heated (Notes 5 and 6}.

Evaporate the FinTrATE till free from SH,, then add a few drops of concentrated NO;H), and
evaporate to complete dryness. If oxalates or organic matter (Note '?L be suspected (indicated

by the blackening of the residue), heat to redness in a
the residue with a little concentrated HCl, add water an

reelain dish,
heat, when it dissolves either wholly or

ut not otherwise. Treat

leaves a white residue of 810, (Note 8). Test a small portion of the HCI solution with ammonic
molybdate, with the addition of concentrated nitrie acid.

(A.) No precipitate is obtained, P OHoy 1s absent.—Add AmCl, AmHo, and 8 Am,, to the remaining
portion of the solution, heat to boiling, and filter quickly ; wash well with hot water
containing a few drops of ammonie sulphide,

(B.) A precipitate is obtained, POHoy 1s present.—Add AmCl and AmHo in slight excess to the
remaining portion of the solution, heat gently and filter quickly ; wash well with hot water.
To the filtrate add 8Am, to slight excess, heat to boiling and filter. 'Wash with hot water
containing a few drops of 8 Amy, and exawine filtrates under Group IV. Transfer the two

precipitates to a porcelain dish, and digest with a little 8 Amy (Note 9).

wash well. Neglect filtrate (Note 10).

Filter off and

(A.)

The PRECIPITATE may con-
tain—
Al;Hog, yellowish-white,

gelatinous,
Cr.Hog, bluish-green.
FeS, black.
ZnS, white.
MnS, flesh-coloured.
Wis, black.
Cos, +

Examine by Table TIT A,

(B.)

The PRECIPITATE may con-
tain—

Al.Hog, yellowish-white,

A i ga]iatim:-ua.
rﬂ Dy mish- .
FeS, black. A
ZnS8, white.

DInsS, flesh-coloured,
N1iS, black.

unsl i

Together with the phosphates
of (Cr) and Al, as well as of
the alkaline earthy metals.
(Note 11.)

Examine by Table ITI B.

To the PILTRATE from III A. or
III B. add AmHo and COAmo,,
heat gently (Note 12) and filter.

The PRECIPITATE| SOLUTION may

may contain— | contain—
COBao", white. | MgO.
CO8Sro”, O K..
CO0Cao”, ,, O Na,,

Examine by

Examine by
Table IV.

Table V.
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NOTES TO GENERAL TABLE.

1. In case the original substance had to be dissolved in hydrochloric acid,
SH; may be passed at once.

2. In a saturated solution of a baric salt, HCl produces a white precipitate,
soluble in hot water. From an alkaline solution HCl may precipitate 8iHo,

(gelatinous), BHo,, BzHo [and uric acid] erystalline, also $b,0; (amorphous).
Metallic oxides, such as Al.0; and metallic sulphides, such as As.53;, Sb.S,,
8h.9;, SnS, and 8nS;, which dissolve in NaHo or 8;Am,, may likewise be pre-
cipitated on the addition of HCI, and are best examined separately.

3. If arsenic has been detected in the preliminary examination, this filtrate,
which may contain pentad arsenie, should be boiled with a solution of SOHos, or
SO0HoAmo, and the acid solution evaporated considerably to expel the S0..
Ba, Sr, and Pb, when present, may be precipitated either partly or wholly, as
sulphates. The precipitate is best examined separately.

4. Certain oxychlorides, e.g., of Bi, b, or 8n, may be precipituted on the first
addition of dilute HCI, or water, but are readily redissolved on the addition of
more acid, and on gently heating ; or the precipitate may be disregarded, since
SH, readily converts the finely divided cr:;ychﬁridea into the corresponding
metallie sulphides.

5. S8H, often produces merely a ﬂmcipifatian of sulphur, owing to the
presence of oxidizing agents, such as Cl, Br, I (80Ho;, NOHo), NO;Ho, ClHo,

gUHlu' g}i[-:-’ g]]i[];, and Cr0O;Hoq, or of ferric salts. This precipitate
is easily distinguished by its being white and remaining suspended in the solution.
It may be neglected altogether, A brick red precipitate of Pb,SCl; often comes
down from strongly acid (HOI) solutions, if the solution has not been sufliciently
diluted with water. Cadmium is often left in solution, if too much acid be

resent.

? 6. SH, should be passed once more through the filtrate, to make sure of the
complete precipitation of all the metals of Group IL

7. Ovganic ucids, eg., THos, Cillog, also sugar, ete., prevent the precipitation
of Al:Hog, ete., in Group I1L iﬂcmp. p. 172.) _

8. It is possible that this 810, may be mixed with other substances, e.4.
Al.0O,; ©Cr.,0;, Fe,O, l'\rendnmd insoluble by strong 1Fmtmn}, S0.Bao”,
S(0.8ro”, in which case it 18 necessary to examine it separately.

9. If the SAm; were added simultaneously with the AmCl and AmHo, phos-
phates of Fe, Mn, Zn, Ni, and Co would be decomposed into sulphides, wir’y
formation of POAmo,, which might produce a precipitate of a phosphate of the
alkaline earthy bases, by acting upon salts of these bases other than phosphates,
or act as o solvent for other phosphates in the presence of AmHo. (Comp.

. b,
. ][J;I._ This filtrate may contain POHoy, a proof that a Flmsp‘];ntxa of the metals
Fe, Zn, Mn, Ni, or Co was present in the original HCI solution, or, vice versd,
that all these metals (or one or several of them) may be present. (Comp.
> Efl} Small quantities of borates and fluorides of the alkaline earthy meta’s
may likewise be precipitated, together with the alkaline earthy phosphates, but
need not be examined further, fim:u thle:r l:rmi:_na wn}I1 be detected in Group IV,
ir acids on examining in the usual way for acids. e

Mdltgﬂ'}f‘l;‘: 1anlulai::rn must nEt be boiled, ﬂinccjﬂ;ﬂ AmCl, by double decomposition,
dissolves the alkaline earthy carbonates forming chlorides and smmonie car-
bonate, which volatilizes with the aqueous vapour.

i
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REACTIONS OF THE METALS OF GROUP I.
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Tasre IL—SEPARATION OF

e —

The precipitate may contain Hgs, PbS, Bi.S;, Cus, CdS, SnS, Sns; Sb.8;, Sb.5;, As.S,

(Comp. p. 95.)

‘Wash the precipitate until free from

Resipvg. —Wash well; boil in a little concentrated W O.;Ho, until all aclion ceases.

Dilute with

water ; add dilute 80.Hos, as long as a precipitate is produced ; allow to cool and add an equal

bulk of aleohol (methylated) ; filter.

Hnﬂmun.u—}[n{ contain g8, S0,Pho" |
in ammonic acetate :
80,Pho” dissolves ;

and 8. Boi

and filter.

allow to cool

=1

Resioue  consists
of Hg8 and 8,
or of 8 only,

Confirm by re-
ducing the dried
Hgs in a bulb-
tube with dry
CONao,.

Metallic  mirror
and globules.

Presence of Hg, |

(as mercuricum.)

———e

SorvrioN.—Add
CrO,Ko,, }'El-
low precipitate
of CrO.Pbo”.

Presence of I'h,

I

SorvrioN.—Boil off the alecohol, add excess of AmHo;

boil and filter.

The FPRECIPITATE

consists of

Bilo;, Dis-
solve in o few
drops of dilute
HCL; evapo-
rate nearly to
dryness  and
add water,
Milkiness from
B10Cl.

rresence of i, |

SorvrioN.—Acidulate
HCl and pass 8Hy; filter off and
wash the precipitate with weak S,

slightly with

ndd slight excess
of AmHo, then
Cll;
COHo, 224

i K FeCy; Brown
| precipitate
| OugFeCys.

Presence of Cu,

of |

water. Boil with dilute S0;Ho,
and filter,
Resmore. — Dis- | BonuTioNn, — Add
solvein WO Ho; AmHo and pass

SH, Yellow
%muipituta of
ds. .

rresence of Cd.

Nole 1.—CusS is somewhat soluble in S;Am; and Hg8 in SNa,.

Tt 18 therefore advisable to

If both ©Cus and EgS are present dizsolve in
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(Au and Pt must be tested for specially in a separate portion of the filtrate from Group I).
Cl; boil with NaHo, or 8:Am;, and filter (Note 1).

CO0HoAmo and filter.

" BoruTIOoN may contain As, 8b, Sn (Au and Pt) as sulpho-salts, Acidulate with dilute hydro-
chloric acid, A8.5; Sb.S; and SnS, are reprecipitated. TFilter and wash ; digest with

Resiove consists of 8Db.S; and SnS,. Dissolve in boiling
HCl. Introduce into a Marsh's apparatus in which
hydrogen is generated by means of pure Zn and HCI.

SbH; comes off. Collectas
metallic 8b on poreelain or
glass and identify the de-
posited metal by means
of ClNao or dry HCI gas.

Presence of 8b,

The =nEesrpve in the gene-

rating flask consists of Zn
and Sn.

Detach the precipitated Sn

from the strips of zine;
wash and dissolve in a
little concentrated HCI by
the aid of platinum-foil.
Dilute with water, and add
Hg(Cl,, A white precipi-
tate of HgiCls, or of grey
metallic Hg, is obtained.

Presence of Sn.

Soruriox contains A8.S,.
Reprecipitate by adding HCL
Confirm the presence of As
by reducing with KCy and
J‘:‘Nuﬂg in a bulb-tube.

Metallic mirror and garlic

odour.

Presence of As,

lve the precipitate in the absence of €u8 with 8;Am,, and in the absence of gS with SNa,.
s when a little €S will be found in the solution.
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A. POHo, is absent.—Dissolve the precipitate from Group ITLA. in a little dilute HCI, with th

is perceptible.
ssible.

Filter off sulphur if necessary.

: Nearly neutralize solution with CONno,; add
Pour off the clear liquid, which contains the chlorides of the metals Zn, Mn, Nij

chlorides of Felv, Al'* and Cr'*; throw the precipitate—which contains the hydratis (and basig

hot water.

Sorurroy.—Remove BaCl, by adding a few drops of dilute S0,Ho, ; boil, allow to subside,]
and filter off 80:Bao”. Nearly neutralize the filirate with ©ONaog, and add pure Nalo,

till the solution becomes alkaline ; boil and filter.

The s0LUTION may con-
tain zine a8 T Naos.
Add S8H; White
precipitate of ZnS.

Presence of En.,

The PRECIPITATE may contain MnHo,, CoHo; and MiHo.. Wash,— :
dissolve in a little dilute HOCI; nearly neutralize with AmHo ; add

CH;

excess of

{gg Abhe and a little acetic acid ; pass a rapid current of
SH, for several minutes through the solution and filter.

E

The SOLUTION con-
tains the manganese
ns acctate.

Add AmCl, AmHo and
Efuug.

Flesh-coloured Sl‘cvi-
pitate of IMInS3.

Presence of Mn.

Resiove.—Dissolve in HCL and 4[

noutralize with ©ONao, ; add a weak solu-
tion of KCy, so as just to redissolve the:
precipitate first produced. Boil brialﬂ{farf_
some time, allow to cool (filter off any slight
precipitate), and add a strong solution of
ClNuno ; allow to stand for some time in &%
warm place, as long as a black precipitate s

forms, and filter.

Preore. — NiHog
Confirm by heating
a small portion of
it on a borax-bead
before the blowpipe
flame.

A yellowish to sherry-
red bead.

Presence of Ni.

The SOLUTION cons:
tains the cobalt asy
KCo0sCyys. Evapo--
rate to dryness, and |
test a little of t-h_ﬂ:ﬂ

residue before the
blowpipe flame on &
borax bead. : &

A blue bead in both)
flamr es,

Presence of Co.

Note 1.—1fno p
precipitatin
whether Al

it with dilute HCL and AmHo.
e present or not in the mixture.

ure NaHo can be procured, a comparative test should be made, by acidulating
If the amount of precipitate thus obtaines
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i0Bao" and shake well.

Co, as well as BaCl,, arising from the double decomposition of the €©OBao”, by

ition of a few small erystals of {g%} Digest at a gentle heat, as long as any chlorous odour
Allow to subside in a flask kept corked, to exclude the air as much as

the

) of Felv, Al¥ and Crl¥, as well as the excess of GOBao” employed—on a filter and wash with

EEEI’PIT.&TE.-—D]:EWIT& in dilute HCLl; remove the BaCl, thus formed, by dilute 80,Hog and

{Note 1) in excess, and boil for some time.
dissolves in excess of Nalo.

filter. Nearly neutralize the filtrate with ©0Naos, and add pure NaHo (free from alumina)
Fe.Ho; and ©r.Hog are precipitated. Al:Hog

tinum foil.

ECTPITATE.—Fuse with fusion-mixture and W0,Ko on pla-
Dissolve the alkaline chromate which 1z thus
formed in hot water, and filter.

IDUE.—Dissolve in dilute
HCI and add K,;FeCys,.
y vprecipitate of FPrussian
blue.

Presence of Fe,

POilute and test the original
HCI solution specially for
Fe” and Fe'v by means of a
solution of n:0;Kos, as
well as by means of K;FeCy,,
K;FeqUy,q or CyAms.

SoLuTIoN, yellow. Confirm by
acidulating with{ ggaﬁﬂ and

ndding( gg*)nﬁ'hu”.

Yellow precipitate of
Cro0.Pho”.

Presence of Cr.

Test the original substance
specially for ©r;0; and
r0;, by boiling a small
rtion with ©0Naoy. The
ltrate contains the chro-
mate, and the residue the
Cr,0;. The latter may be
converted into & soluble
alkaline chromate by fusion
with ©0Nao; and NO.Ko.

Sorvriow.—Acidulate with di-
lute HOL and add AmHo
in slight excess.

White gelatinous precipitate,

Presence of Al

tity of sodic hydrate, about equal in bulk to that emlllmln;r,'ed for redissolving the alumina, and

the reagent alone, at all equals that of the Al

0g precipilate, it must remain doubtful

b

L
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Tapie 111 B.—SEPARATION OF THE

B. PGEI[GJ is present.—Dissolve the precipitate obtained aumrdiug. to the directions givenin
{g%oi if necessary. Digest at a gentle heat, as long as any chlorous odour is perceptible,

metals Zn, Mn, Ni, Co, Al'*, Cr', Fo'%, as well as phosphates of Cr'v, Aliv, Ba, Sr, Ca, and

and {ggj‘_{ o 88 long as a precipitate is produced. Heat gently, and filter hot.

The sorvrioN may contuin the chlorides of Al, Cr, Zn, Mn, Ni, Co (Ba, 8r, Ca, Mg), as.well as |
the phosphates of the alkaline carthy metals. Add F'e,Cl; (Note 2), drop by drop, as long |
as a precipitate forms and till the colour of the supernatant fluid becomes red. The re- |
maining phosphates of the alkaline earthy metals are thus decomposed. Digest for some time’
at a gentle heat ; allow to subside and filter hot. Wash with hot water. '

The sorurrox contains now only chlorides—possibly of all the metals of | The PRECIPITATE con- |

Group I11, as well as of the metals of the alkaline earths—the whole sigts of PO Feo™ |
of the phosphoric acid having been eliminated. Add AmCl, AmHo and ferric acetate.

and SAm, A black precipitate is obtained. Filter, Neglect.
forvrion.—Add COAmo,. Examine PRECIPITATE
according to Table £
II1A for Co, Ni, Mn, L
A white PRECIPITATE | SOLUTION maycontain Zn, Al and Cr. 4
which may be— Mg. Add . I.:ﬂ
COBao”, OHoNao. Test a portion of the i
€ OSro”, White crystalline pre- original substance, o
CO0Ca0", cipitate. dissolved in water or .
Examine by Table IV HCl, for Fe” and
(without, however, | Presence of Mg, Fal¥,
miving it with the (ns phosphate.)

precipitate obtained : J
i Group LV). 3

Note 1.—Test a portion of this hydrochloric acid solution with ammonie molybdate fo
Ca, M p; were nrigin&ll}rj present, but only phosphates of Ni, Co, Mn, Zn and Fe, decomposable by

Note 2.—If F'e,Cl; produces no further precipitate with a portion of the acetic acid solution
dissolution of E'eS in HOIL being frequently sufficient to decompose the whole of the phosphate
Ca and Mg. In this case no ferric salt need be added to the main portion of the solution, and

Note 8. —Instead of fusing with 810, and GONao,, the presence of Py0sAL0" (P:0,0rg0
with Nao, which dissolves ¥:0;Al:0™ and decom)osss the ferric phosphate, with formation @

repeecipitated.
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tthe General Table under Group III B, in dilute HCl, with the addition of a few crystals of

I Filter off sulphur, if necessary (Note 1). 'The solution may now contain the chlorides of the

IMg. Nearly neutralize with a dilute solution of ©ONuos; then add a solution of {ggsﬁo

{The PRECIPITATE may consist of P30,Fe,0v!, Ps0sAl.0" (Note 3), Py0:0r0". Dry on the
filter. TFuse in a platinum crucible with 810, and pure fusion mixture, together with a little
NWOKo. Dissolve in hot water, add ©OAmo;; digest, allow to subside and filter.

. REs1DUE may consist of 8iHo,, 81;0;,Fe0™, 81,0;Al:0" and Fe,Ho,. | Sonvrron.—Add

Acidulate with HCl; evaporate to dryness and ignite gently. Extract Gl 1
with a few drops of concentrated HCI and hot water. Filter. COo ™™
({ €6)spbo”.
SorvrioN.—Nearly neutralize with ©ONao,, and Resiove 810, Yellow precipitate.
add pure NaHo in excess. Heat and filter. Neglect. Presence of ©r0;, and

therefore

Presence of Cr.
Restorve.—E'e.Ho,. HorvrioN.—Acidulate (as phosphate).
Confirm by dissoly- with dilute HCl and ! T
ing in HOl and | add AmHoin slight A white precipitate of
ding CyAms. A £XCRaEs. _rgﬂ'gl’im 5 indieat-
blood-red colour. A white gelatinous pre- ing the presence of
cipitate. P OHoy, may be neg-
Presence of Fe lected.
(as phosphate). Presence of Al
(zs phosphate).

hosphoric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Ba. §
g:lmg. Proceed, therefore, to examine the solution at once by Tﬂ-blﬂFIIIf. e

it is obvious that no phosphates of the alkaline earthy bases are left, the ¥e.Cl. derived from the
of the alkaline earthy metals in an acetic solution into ferric phnsé:hnl:u ﬂ..'ll{i nl:luridea of Ba, 8r,
examination of the filtrate may at once be proceeded with according to Table ITIA.

is rarely met with) may also be ascertained by boiling the recipitated phosphates of Fe and Al
Fe,Ho;. Filter. \cidulate the filtrate 'wit{l dilute HOL; add Amll;fo, pwhcn P,0gAl 07 s
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SEPARATION OF THE METALS OF GROUP V.
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EXAMINATION FOR ACIDS.

Before proceeding to the examination for acids, the analyst will
do well to consider carefully which acids can possibly be combined
with the bases present. A perusal of the Table of Solubility of
Salts, given in the Appendix, will materially aid him, and will pro-
bably save him much labour and time.

Some acids are detected on examining for bases, viz., As.,0
As,0;, 8i0,, and POHo; in combination with metals of Group Iﬁ
and IV, CrO,Ho,, CO,, 8H, SOHo, S50Ho,, ClHo, NOHo, the
six lastly mentioned acids on dissolving the substance in dilute HCI,
or on adding HCl in Group L

A careful preliminary examination for acids will probably lead

to the detection of a further number of acids, e.g., of HI, { g%{n'

HBr, { OBr .4 { OCl ' 0,Ho, (NOHo), HCl, (ClHo), HF,

OHy OHo'

HCy, H,FeCy;, HsFe,Cy., CyHo and CyHs, { gg}:{ : ﬂ-lld{ gggﬁ
The presence of other organic acids is likewise indicated. When
more than one of these acids is present, the detection is somewhat
more difficult, and the results obtained by a preliminary examination
for acids require to be carefully confirmed by the examination of the
golution. Thus a chloride in the presence of ‘a mnitrate, when
treated with concentrated 8O,Ho;, evolves chlorine and red fumes
of lower oxides of nitrogen ; in the presence of a chromate, brownish-
red fumes of Cr0,Cl,, HgCl,, Hg,Cl,, or 8nCl; does not evolve
HC1 when treated with 80,Ho,. Polysulphides, when treated with
HCI, evolve 8H,, with separation of sulphur. 80; and SH,, when
evolved simultaneously, destroy each other, ete. 4 AT

When the preliminary examination gives no distinet indication
of the presence of any of the acids just mentioned, $0,Ho,, BHo;,
POHo,, 810, will have to be looked for.

The analyst will have to bear in mind that acids cannot be
detected in the same systematic order as bases, and that he ought,
therefore, never to be satisfied till he has confirmed the presence of
acids by the most characteristic special tests.
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PRELIMINARY I
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PREPARATION OF SOLUTIONS FOR Acips.

Great care ought to be bestowed upon the preparation of tlie
solutions required for the examination of acids. On boiling a por-
tion of the substance nnder examination with CONao; nearly all the
metals other than alkalies are precipitated in the form of carbonates
basic carbonates, or oxides. :

. (It is necessary to decompose the salts first in order to prevent the precipita-
tion by the several reagents employed for the detection of acids in the wet way,
e.g., of Ba, Sy, Ca, or Pb, on the addition of 80,Ca0” or S0.Mgo”; of Ag,
‘Hg'y or Pb, by BaCl; or €alls; of Fe and others by AmHo, ete., ete.)

The precipitate produced by CONao, (which reagent ought to
be added in the least possible excess) is filtered off, and the filtrate
tested with a few more drops of CONao,. If no further precipita-
tion takes place, the solution is heated to boiling, and

1. Dilute HCI added to a portion of it, as long as CO. is evolved,
and till the solution is rendeved distinctly acid.

(Small quantities of 80;Nao; and NaCl are almost invariably contained in
the commercial ©O0Naog ;. it is therefore necessary to test a portion of thoe
aqueons, or HCl solution of the substance, prepared without the mtervention of

GONuo,, for 8O;Hos by means of BaCl;. A nitric acid solution of the original
substance is in like manner tested for HOL by adding N 0:Ago.)

2. Another portion of the alkaline filtrate is rendered acid by
means of dilute NO,Ho and boiling.
CH,

3. A third portion is rendered acid by means of dilute ¢ & OHo?

and lastly—

4. A fourth portion of the alkaline solution is carefully neu-
tralized by first adding dilate NO,Ho, drop by drop, and boiling,
as long as CO,is evolved, and till the solution is distinetly acid to
test-paper: then by adding a few drops of very dilute AmHo, till
the solution gives a neunfral reaction with blue and red litmus-
papers. The strictest attention should be paid fo these directions, and
the least possible excess of either acid or alkali should be employed,
since the precipitation of several acids 1s prevented by the formation
of an ammonic salt in anything like large gquantities, on account of
the formation of a soluble double salt, e.g., ammonic calcic tartrate,
ammonic calcie citrate, ete.

If the preliminary examination for bases has shown the presence
of ammonie salts, it 18 necessary to decompose them by boiling with
caunstic NaHo, before preparing Solution 1V,

Ebullition or fusion with CONao, decomposes the phosphates of
the alkaline earths but very imperfectly, and the phosphoric acid so
combined is invariably detected by means of MoO,Amo, (Comp.
Table TIT B.)

If organic acids are present in combination with heavy metals
(viz., those of Groups I and II), SH, should be passed through the
slightly acid (HCI) solation and the precipitate filtered off. The
solution is freed from SH, by boiling, then rendered slightly
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alkaline by means of a few drops of NaHo and tested by means of
CaCl, (ammonic salts should be carefully avoided). b

No further notice need be taken of the following acids: CO,,
SH., 80,, NOHo, ClHo, ggaﬂ.;.r since they can be detected with
certainty by a pre]imina? examination, and as they would, for the
most part, be lost on acidulating the solutions.

Porriony Aciovraten wita HCIL

80,Ho,.—On the addition of BaCl, a white precipitate, insoluble on
boiling.

SiHo,—On Etha addition of AmCl or COAmo, a gelatinous pre-
cipitate, requiring no further confirmation, since 810, is left
on evaporating the filtrate from Group II with NO,Ho.

H,FeCy;—O0n the addition of Fe.,Cl; a deep blne precipitate.

- i B0,Fec" light ,, b

HEFEEUFIT_ ¥ 17 1% l,'lﬂ-fk dEEP 1 33

45 o Fe,Cl, a brown coloration only.—If
both acids are present, filter off, after adding Fe,Cl;, and
observe the colour of the filtrate. On the addition of SnCl,,
or SOHo,, to the filtrate, a blue precipitate is immediately
obtained, confirmatory of the presence of H;Fe,Uys.

CyHs.—Fe,(Cl; produces a blood-red coloration, which is destroyed
by HgCl; and not by HCI (the red colour which acetic acid
imparts to a solution of Fe,Cl; is destroyed by HCI).

2HF,8iF,,—On the addition of BaCl, a gelatinous translucent
precipitate of Bal,,BiF, is obtained, which is decomposed by
strong acids. Confirm by heating the precipitate, when
volatile SiF; is given off. AmHo precipitates gelatinous
SiHo, with formation of AmF, BaF,; and BHz

Portiox Acipvratep wirE NO.Ho.

HCL—On the addition of NO,Ago a white curdy precipitate,
soluble in AmHo. For the distinction between hydrochloric
and chloric acids comp. p. 126.

HBr.—On the addition of NO.,Ago a yellowish-white precipitate,
difficultly soluble in AmHo. Confirm by adding chlorine
water to the original solution, and shake up with ether.
Bromine dissolves to a yellowish-red liquid.

{ g‘]:BII;.—Gn the addition of NO,Ago a white amorphous precipi-
tate, little soluble in water and dilute NO,Ho, easily soluble
in AmHo.—AgBr zmd{ ggio may be separated by wash-
ing with water. Argentic bromate being soluble may be
detected in the solution by the addition of SOHo,, when a
precipitate of AgBr is obtained.

For the distinction between HBr and IIC1, comp. page 122,

HI.—On the addition of NO;Ago a yellowish white precipitate,
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scarcely soluble in AmHo. Confirm by the blue colour im-
parted to starch paste by the iodine liberated by N.0, gas.

OHo—9n the addition of NO,Ago a white precipitate of é gig o

sparingly soluble in dilute NO,Ho, soluble in AmHo (AgT
is insoluble), whence Agl is precipitated on the addition of
SOHo,. On adding acetic acid to a mixture of an iodide
and iodate the former is instantly decomposed, iodine being
set free,—most readily recognised by the delicate iodide of
starch reaction.

Distinction between HCl and HI.—HCI in the presence of
HI cannot be distinguished in the same ready manner as
HCl in the presence of HBr. The two acids are preci-
pitated by NO,Ago. The precipitate is digested with AmHo
and filtered, Agl being insoluble in AmHo. Dilute NO,Ho
reprecipitates white AgCl from the filtrate.

Distinction between HOI, HDr, and HI.—Precipitate the
HI as Cu,l; by means of 80.Cuo'" and 80.Feo” or SOHo,,
and filter. Remove the cupric and ferric salts by a little
Fure NaHo, evaporate the filtrate to dryness, and examine

or HCl and HBr by testing one portion for HCl with
Cr,0;Ko, and 80,Ho,, and another for HBr by chlorine-
water and ether.

HCy.—On the addition of NO,Ago a white curdy precipitate,

CyHs

soluble in AmHo and alkaline cyanides.

In order fo distinguish HCy in the presence of HCI, filter
off precipitate, wash well, and ignite in a porcelain crucible
to red heat. Dissolve the metallic Ag left by the decom-
position of AgCy with a little hot I‘%O;H-:}, and test the
clear solution with HCL. A curdy white precipitate indicates
HCy. Confirm also by the reaction with ferroso-ferric salts,
KHo and HCI in a fresh portion of the solution.

Distinetion between HCI, HBr, HI, and HCy—Test
specially for HCy, before proceeding to the examination of
the other acids as described, by treating a small quantity
of the mixed salts in a porcelain dish with very dilute
80,Ho,, and causing the evolved HCy to act upon a drop
of NO,Ago, or a little 8;Am,, contained in a second por-
celain dish, inverted over the one containing the mixed
salts. A white precipitate of AgCy is obtained; or the
CyAms which is formed gives a blood-red colour with ferrie
salts, affording equally conclusive evidence of the presence

of HOy.

H,FeCy, } are likewise precipitated on the addition of NO,Ago,

HEFH IGYII

and are insoluble in dilute NO,Ho. The first and second
form salts which are insoluble in AmHo, whilst Ag,Feng:m
is readily soluble. These acids are, however, best detected in
the portion acidulated with HCI,
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No other cyanogen compound bubt a cyanide gives off HCy whe:
treated with ?ﬂry E?lu'ta 5P52H05, and itcjira thmg::m ssible also to
distinguish HCy i the presence of CyHs, CyHo, H FeCyg, Hle,Cyyg.

PorT1ioN ACIDULATED WITH { ggﬁu.

HF.—On the addition of CaCl, a white gelatinous precipitate.
80,Ho, is likewise precipitated by CaCl, in an acetic acid
solution ; it is therefore necessary invariably to test specially
for HF, by etching on glass,

gggg.—ﬂn the addition of 80,Cac” a white precipitate of

{ggﬂnu” is obtained, which on ignition leaves COCao",

goluble with effervescence in { ggﬁo. (Caleic fluoride is not
affected. )

Cr0O,Ho,—On the addition of plumbic acetate a yellow precipi-
tate.

POHo,—On the addition of Fe,Cl, a yellowish-white gelatinous
precipitate from a solution of a soluble phosphate, or a phos-
phate decomposable by boiling with CONao;. Arsenic acid,
if present, should be first removed by means of SH..

PorTioN REXDERED NEOTRAL.

THo.,—On the addition of CaCl; a white precipitate, soluble in
AmG] or cold KHo—B0sHos, { SOHo HF, POHo,, AsOHo,
BHo,, 8iHo,, CO,, 8OHoy,, are likewise precipitated by CaCl,

from a neutral solution, and TZE[n-_. can obviously be detected
only by further special tests in the presence of any of these
acids. The most characteristic reaction consists in warming
some TAgo,, dissolved in very little dilute AmHo, in a water-

bath, until a bright mirror of metallic silver is obtained on
the sides of the test-tube.

CiHo;—On the addition of CaCl, no precipitate is obtained till
]e;l_:]es; of AmHo, or CaHo,, has been added and the solution
iled,

The detection of tartaric and citric acids—indicated during
the preliminary examination by a strong odour of burnt sugar
—requires great care and strict attention to the few points of
distinction which exist between them. The precipitate pro-
duced by CaCl, in the cold should be filtered off, and the
filtrate tested for CiHo, by adding a drop of AmHo and
boiling, when a fresh precipitate of calcic citrate is obtained.
CiAgo, dissolved in dilute AmHo, forms a less lustrous
mirror, and only after boiling for a long time.
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APPRHNDIX I

REACTIONS OF THE RARE METALS.

MeTans are termed rare when they ocecur in nature to a limited
extent, and, for the most part only, in certain minerals, and in
certain localities. Some of the heavy metals, possessing very little
affinity for oxygen, such as Panvapiom, Ruopium, Osmiom, Rurae-
NiuM, and Iripium, are found native, and associated with the native
metals Pratinva and Gorp. Others are found in combination with
ozygen, such as Tiraniom, Uraniom, Tanravus, and Niosiow ; with
sulphur or arsenic, such as TuNasTex or Worrram, MoLYBDENUM,
VawapioM, Taancom, and Inprom.

Others, especially the rare metals usunally classified among the
so-called light metals, having a specific gravity for the most part of
less than 5, and yielding insoluble oxides which are moztly specifi-
cally heavier than their metals, such as Guucizvy, Zircontom, THo-
riuM, Cerioym, Lantuanoy, Dipymrom, Yrrriom, Ersioy, are chiefly
met with in nature as omides, in combination with silica (sometimes
eombined with fitanie, niobie, and tantalic acids) ; and lastly, the
rare metals of the so-called alkali group, whose oxides possess the
most pronounced basie character and are soluble in water, such as
Litaiom, Rusiorom, and Capsiom, are chiefly met with as salts, —
carbonates, phosphates, or silicates—and in a soluble condition, in
sea-water, or in certain mineral springs.

The rare metals cannot be studied with admntage, without
taking into account their mineralogical associations ; and, as many
of them have as yet been imperfectly investigated, they present
difficulties, to be overcome only by careful attention, not merely to
;:lhe distinetive analytical features, but to their general chemical

istory.

The following is the analytical position assigned to these metals
by the various group-reagents :—

Group I.  Precipitated by HOl:—Tungsten, as tungstic acid :

niobium, as niobic acid; thallinm, as chlnridef
(Tantalum, as tantalic acid, and molybdenum, ag
molybdie acid, are soluble in excess of HCl.) :

Group II. Precipitated by SH, from a HCL solution, as sul-

phides :—
(A.) Insoluble in yellow ammonic sulphide :—
Palladinm, rhodium, osmium, and rothe-
ninm.

13
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(B.) Soluble in yellow ammonic sulphide :—Gold,
platinum, iridium, molybdenum, tellurium,
and selenium,

Group IIT. Precipitated by AmOl, AmHo, and SAm,:—Ura-
ninm, indium (thallinum), as sulphides; glucinum or
beryllium, thorium, zirconinm, cerium, lanthanum,
didymium, yttrinm, erbinm, titaninm, tantalum, and
niobium, as hydrates. Vanadium, precipitated as
sulphide, on adding HCl to the filtrate.

Group IV, None.

Group V. Lithium, caesium, and rubidinm.

METALS OF THE ALEKALIES.

The alkali metals, Cagstom, Rusipiom (potassium, sodium), and
Liraivm are remarkable for their highly electropositive character,
the powerful alkaline nature of their oxides and hydrates, and the
very general solubility of their salts. Caesium appears to be the
most highly electropositive member, whilst lithinm shows the least
electropositive character. They exhibit analogous gradations in
their respective combining weights, fusion-points, specific gravity,
action nupon water, and the solubility of their carbonates, thus :—

Caesium. Rubidium. Potassium, Sodium. Lithium.
Atomie weights 133 B85 '6 391 23 7
Fusion-points.. Below 38:5 885" C. 62 *5° C. 96° C. 180° C.
Specific gravity " : : .
ot 15°0. . (" 1516 Rii5 97 59
Action of the Docomposcs Dgo., but does Do, but
tor in t) 14 ot generally  with less
N uP‘D“} the I.;ri?m 0 e, Do Do. N hmatiie.  violkape;
wabor.. .. «: coming inflamad., hydrogen.

Solubility  of 00 Cs0, CORbog COKo, OONuno, COLios
the respective % v 4 Not  Diffioultly
carbonates . . Highly deliguescent, absorbing deliques- soluble in

water speedily from the air. cent. water.

Lithium, in fact, appears to form the connecting link between the

alkali metals and the metals of the alkaline earths. This is shown

more especially by the comparatively insoluble nature of its phos-

phate and carbonate.

REACTIONS OF THE RARE METALS OF THE
ALEALI-GROUP.

1. CAESIUM, Us. Atomic weight, 133.—Oeceurs in very small quantities in
many mineral waters, as CHLORIDE, and in a few minerals (Lepidolites) ; in large
quantities in the rare felspathic mineral Pollux, found in Elba, said to contain

nt. of Caesia.
= ;tiu caesium and rubidium were discovered by Bunsen and Kirchhoff in
1860, whilst examining spectroscopically the saline résidue left on evaporating
large quantities of the Dirkheim mineral water. The metal caesium has mnot
yet been isolated, but has been obtained in the form of an amalgam. The
hydrate, CsHo, is very soluble, both in water and alechol, and very strongly
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alkaline. The carbonate, €0Cs0., resembles potassic and rubidie uurrbuuaie, but
is soluble in 5 parts of boiling aleohol. (Distixcrios rrox COKoy, CONuog,
AND CORboy;, WHICH ARE PRACTICALLY INSOLUBLE IN ALCOHOL.)

REACTIONS IN THE DRY WAY.

When heated on platinum wire, in the inner flame of the blowpipe, volatile
eaesium salts impart an intense skysblue colour to the outer flame. (Hence
the name of the metal, from caesivs, sky-blue.) When examined with the aid
of a spectroscope, principelly two intensely sky-blue lines, Csa and Csg, close
upon the strontinm line, Er{"]: are seen (together with varions other less distinetly
visible lines in the orange, yellow, and green).

REACTIONS IN TIHE WET WAY.

Use A sonvrioN ofF Cagsie Curorrpg, CsCL

PtCl, (rlatiniec chloride) produces o light yellow erystalline (octahedral)
precipitate of the double chloride of caesium and platinum, 2CsCl,
PtCly, very difficultly soluble in boiling water—-377 parts in 100 of water. The
corresponding potassic platinie chloride is dissolved by repeated treatment with
boiling water.

THo, (tartarie acid) produces a colourless transparent erystalline precipi-

tate of hydrie eaesie tartrate, THoCs0 ; about 8 times more soluble in water
than the corresponding rubidium salt.

Method of Separation of Cs from Eb-—8nCly, added to u solution of the
chlorides of Na, K, Li, Rb, and Cs, containing free HCL, forms a heavy white
precipitate, consisting of nearly pure cuesic stannic chloride, 2CsC1,8nCl;. By
recrystallization from a hot hydrochlorie acid solution, the erystals are obtained
pure. This reaction affords an easy method of detecting caesium in a mixture of
the alkaline chlorides. A hydrochlorie solution of 8bCly acts similarly, by preci-
pitating a erystalline double chloride of CsCl, 8bCl;. The precipitate is decom-
posed by water, but can be washed without deeomposition with concentrated
HCL The other alkaline chlorides (K, Na, and Rb) are #of precipitated.

2. RUBIDIUM, Rb. Atomic weight, 855.—0Occurs widely diffused in
nature. It is met with, although only in very small quantities, in a large number
of minerals, in Lepidolites and in mineral waters, likewise in the ashes of many
plants, such as tobacco, coifee, beetroot, &e¢. The metal is obtained, like potas-
gium, by heating the carbonate with carbon. It is white, more easily lusible
and convertible into vapour than potassium, and takes fire spontaneously in air.
Its oxide, rubidia, ORb,, is a powerful base, and its salts, like the corresponding
caesium salts, are isomorphous with those of the metal potassium. The hydrate,
RbHo, is strongly alkaline, and very soluble in water and alechol. e car-
bonate, CORboy, is a deliquescent salt, insoluble in aleohol.

REACTIONS IN THE DRY WATY.

Volatile rubidium salts, when heated on a platinum wire in the inner blow-
pipe flame, colour the outer flame dark red (hence the name rubidium, from
rubidus, dark red). When examined spectroscopically, two dark red lines,
Rbd, and Rby, on the extreme left of the solar spectrum and close to the potas-
sium line, together with two distinetly violet lines, and several weaker lines
in the yellow, readily distinguish rubidium eompounds.

REACTIONS IN THE WET WAY.

A soruTioN oF Rusipic Caroripg, RbCI is employed.

PiOl (platinie chioride) produces a light yellow crystalline (octahedral)
precipitate of rubidie platinie chloride, 2RbC]PtCL,, very difficultly soluble
in boiling water. The solubility of the double chlorides of platinum and potas-
a.it{n:nﬂ:n, rubidiwm, or caesium i respectively as 5°18, *634, and 377 in 100 parts of
boiling water. (Method of Separation of K from Rb and Cs.)

P2
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THo, (tartarie acid) yields a white precipitate of hydrie rubldlc tar-
trate, THoRbo, which is soluble in 103 parts of water of 25° C.

Rubidium and caesium resemble potassium, also, in forming alums, which
differ considerably in their solubility in water. 100 parts of water of 17°C.
dissolve 13°5 parts of potassium-alum, 2:27 of rubidium—and only 0°62 parts of
caesinm-alum.

Separation of Caesiwimn from Rubidium.—The several platinum salts are first
prepared ; and after having been gently heated in a current of hydrogen, the
CsCl and RbCl can be separated from the metallic platinum by hot water. The
two chlorides are next converted into carbonates, by digestion with COAgo,.
The solution can then be evaporated to dryness, and I;fm COCso0, extracted with
boiling aleahol, CORbo; being insoluble. Or the carbonates may be converted
into acid tartrates, by adding to the solution twice as much tartaric acid as is
necessary to neutralise it. The two tartrates are separated by fractional crystal-
lisation, hydric rubidic tartrate crystallising out first, being about 8 times more
insoluble in water than the hydric caesic tartrate. On ignition, the pure tar-
trate yields again the carbonate, from which the various salts may then be
prepared.

8. LITHIUM, Li. Atomic weight, 7.—Appears to be widely diffused in
nature, although it is found, in anything like quantities, only in a few sInICATES,
especially in lithia mica or lepidolite (2 to b per cent. of Li), in pefalite and
spodumene, and in a few PHOSPHATES, such as friphylline, or ferrous [man-
ganous | lithie phosphate, 8Py0.Feo”y, POLiog (with 8 to 4 per cent. of Li), and
amblygonite (6 to 9 per cent. of Li). Tt has also been found in many mineral
springs—most abundantly as yet in a mineral spring in Cornwall—in sea-
water, in the ashes of various kinds of tobacco, and other plants, and in some
meteorites.

The metal lithium is much less oxidisable than potassium and sodium. It
mnkes a lead-grey streak on paper.  When freshly cut, it has the colour of silver :
but it tarnishes quickly, on exposure to the air, becoming slightly yellow. It is
harder than potassium and sodium, but softer than lead. It floats on rock oil,
and is the lightest of all known solids, its specific gravity being only *69. Ik
decomposes water at the ordinary temperature, with evolution of hydrogen,
forming lithic hydrate, Lillo, but does not melt, and it ignites in air only far
above its melting point (180° 0.). The oxide, OLi;, is not deliquescent. The
metal is prepared by passing a powerful galvanie current into fused lithic
chloride.

REACTIONS IN THE DRY WAY,

Lithium salts are more fusible than potassium or sodium salts, and impart
a very distinet earmine-red colour to the blowpipe flame, when heated on
platinum wire. An excess of potassium salt' does not materinlly interfere with
the production of this colour; but the }lmrnﬂﬂn{::e of a small quantity of soda gives
rise to a yellow flame. Lithic phosphate requires to be moistened first with
hydrochlorie acid. Silicates containing lithin must first be decomposed by means
of oil of vitriol, or by fusion with caleic sulphate, or also by treatment with
hydrofluoric acid. By means of the spectroscope the occurrence of very minute
traces of lithium may be readily detected by a brilliant erimson band, Lia,
between the lines B and C, and sometimes a faint yellow line, if the flame of a
good Bunsen burner be employed.

REACTIONE IN THE WET WAY.

WE EMPLOY A BOLUTION OF Lirnic Curoripe, LiCl

PtCl, produces no precipitate. 1

POHoNao, (bydric disodic phosphate)—but not the corresponding
potassium salt—produces on boiling a whife precipitate of lithic phosphate,
2P0Lio; + Ag, very little soluble in cold water (2500 parts), soluble in HCI,
and reprecipitated only, on boiling, after neutralisation with AmHo.

Lithie Carbonate, especially after having been fused, is difficultly soluble
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in cold water, hence alkaline carbonates gliald from u-:rnc:emta:a.laad golutions of
lithium salts a crystalline precipitate of lithic carbonate, COLioy (1 part of the
carbonate requires 100 parts of cold water for its solution, but less of boiling

water). It is insoluble in aleohol.
Hydric lithie tartrate is soluble,

Lithie silicofluoride is almost insoluble. _ i
Separation of Lithivm.—From potassium, as well as caesium and rubidium,

it may be separated by means of PtCl,. From sodium, by converting the two
alkalies into the chlorides evaporating to dryness, and treating the dried chlo-
rides in a stoppered bottle with a mixture of ether and absolute alcohol. In the
course of a few days the LiCl will be found dissolved out, NaCl (like KCI) being
inscluble in absolute aleohol and ether.

Remark.—The student will now have no difficulty in constructing
a table for the separation of these five metals.

ExtracTioN oF Loraivs FroM TRIPHYLLINE.— Dissolve the powdered ore
in HCI, with a little NO,Ho (in order to convert Fe' into Fe'v), neutralize with
AmHo, when PO, Fe,ov, and PyO:Muo”; arve precipitated. The solution, on filter-
inﬁ, may contain some more phosphoric acid, which may be removed by adding
SBa, and filtering off the precipitated POHoBao. On removing the excess of SBa,
with a few drops of 80,Hos, and evaporating the filtrate, and driving off the
ammonium salts by gentle ignition, lithic chloride is left. The hydrate may be
prepared from this by evaporation with sulphurie acid (2o as to obtain 80;Liog),
and addition of BaHog, and filtering. The excess of BaHo, is next eautiously
removed from the filtrate by means of 80,Ho,. On evaporation, white erystal-

line, strongly alkaline, lithie hydrate, LiHo, is left.

REACTIONS OF THE RARE METALS OF
GROUP III.

Group III comprises the Rare Metals Urantoym, Inprom (THar-
Liom), Gruciwum, Taorivm, Zikcoxium, Cerivym, Laxtaanum, Dipy-
MioM, Trraxiusm, Tanraruom, NiosioM, Yrrriom, ErsiuMm, and Vina-
DIUM.

In considering the reactions by which these rare bodies may be
recognized, we cannot do better than avail ourselves of the classifi-
cation which nature itself has traced out in the groups of rare
minerals in which they occur. As it is extremely difficult to com-
mercially obtain any of their salts in a pure state, and as the price
charged for them puts them out of the reach of most students, it
will be preferable to sketch ont briefly, also, how the minerals them-
selves can be made to furnish the several salts, when once the
mineralogical character and locality of the minerals have marked
them out as likely to contain any rare metals.

(A.) Rare metals precipitated by the group-reagents AmCI,
AmHo, and SBAm,, in the form of owides (hydrates).

Besides the metals alumininm and chromium, already treated of
in the main portion of the book, there are :— .

1. GLUCINUM (Beryllium) G1” (or Be”). Atomic weight, 9'4.—This metal
occurs only in a few minerals, and is found very locally, as a SILICATE, in
phenacite, 8iGlo; (45 per cent. of G10), combined with aluminic silicate; in
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beryl, 81;0;A1,09Glo"5 (13°8 per cent. of G10), and in smaragdite, in exelase, and
some other rare minerals, such as levcophane.

The metal is prepared, like the metal aluminium, from the chloride. It is
white, and has a specific gravity of 2°1. It resembles aluminium in dissolving
in I, as well as KHo, with evolution of hydrogen. Its oxide forms a white
powder, insoluble in water. It may be prepared by fusing finely-powdered
native siliecate with 4 parts of its weight of fusion-mixture, decomposing the
mass with HC], and evaporating to dryness to separate the 8i0,. From the
HCI filtrate both the Al,O, and G10 arve precipitated by means of AmHo. On
boiling the preeipitate, however, for some time with AmCl, N Hj is evolved, and
glueinum is dissolved out as chloride, G1”Cl:. The insoluble Al;Ho, remains
behind. Pure glucina can then be precipitated from the filtrate by means of
AmHo, as gelatinous hydrate, GlHo,, which on ignition yields the white anhy-
drous glucina, G14), of specific gravity 3'08.

From the oxide we can obtain the salts by dissolving in the respective acids,
or by double decomposition, from one of its soluble salts. Glucina resembles
alumina, inasmuch as it combines also both with acids and bases. Its salts are
colourless, and of a sweet, slightly astringent taste ; they show an acid reaction.

REAQTIONE IN THE DREY WAX.

Glueinum compounds give no characteristic reactions in the dry way.
N,0,000" yiclds a grey mass.

REACTIONS IN THE WIT WAY.

Use A sonvTIOoN oF GLuciNio SunrHATE, SO,Glo".

The group-reagents AmHo and SAm,, as well as the fixed caustic alkalies
and alkaline earthy buses, precipitate gluecinie hydrate, GlHo, (flocculent),
soluble, like Al Hog, in excess of the fixed alkalies, but nof in smmonia. On
boiling, G1Ho, is almost completely reprecipitated from a dilute Nalo or KHo
solution, (DISTINCTION FROM A.L;Da.? Like Al,Oy, it is reprecipitated also on
the addition of AmCl.

COAmo, gives o white precipitate of glucinie earbonate, COGlo", freely
soluble in excess, reprecipitated ns basic carbonate on boiling. (DisTixc-
TION FROM Al,Oy) :

CONuoy, or COKo,, precipitutes likewise white carbonate, soluble only in large
excess of the precipitants.

COBuo” precipitates glucinum completely, even in the cold.

Besides these characteristic reactions, we may mention the difficultly soluble
doubte sulphate gg*{zgﬁln" + 8Aq, which the readily soluble glucinic sul-
2 .
phute forme, when brought together with potassic silphate. *
SeearATION 0F ALOy FroyM G10.—Dissolve in HOl; pour slowly, and with
continued stirving, into & warm concentrated g6lution of COAmo,. A precipi-
tate forms, consisting of Alyio,, the solution containing the glucinum as double
carbonate. Neutralize with ILC]; boil and add AmHo. GlHoy is precipitated.

9. ZIRCONIUM, Zr'v. Atomic weight, 89'6.—Found as SILICATE, chiefly
in the rare mineral zireon, 8iZrolv. The silicate is not u'e-fackcd b _nmda, and
the finely elutriated substance must be decomposed by fusion at a high tempe-
rature with fusion-mixture. The mass is extracted with water, evaporated to
dryness with HCI, ip order to remove 8i0s, and to decompose the insoluble,
Enﬂdy-luuking disodic zirconate, ZrONao,, and is then precipitated with
ammonia. The metal itself has been obtained in white metallic looking scales,
of specific gravity 4-1, by the decomposition of the double ﬂ:.mnr‘le of potassinm
and zirconium, 2KF,Zr¥,, by means of metallic nlu?mmum. The hydrate is a
voluminous white body, resembling Al;Hog. It dries up to yellowish, I:'rm_la-
parent lumps, ZrHo,, which dissolve readily in acids. On ignition, this hydrate
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loses its water, and undergoes a molecular change, when the dioxide, or zirconic
nuh;dri:lﬂ, Zr0y, is no longer soluble in dilute acids. :

Zirconium salts, obtained by dissolving the hydrate in dilute acids, are
colourless, and of an astringent taste.

REACTIONE IN THE DRY WAY.

Of all the earthy oxides, ZrO, is the only one which remains entirely unaltered
when submitted to the acticn of the oxyhydrogen blowpipe, and gives out the most
intense and the most fixed light. oistenad with N,0,Co0", and intensely
heated, the mass becomes of a dirty vielet colour. With borax, Zr0, yields a
colourless glass which becomes slightly opague when cold.

REACTIONE IN THE WET WAY.

Usg A sonurioN oF ZIRcoNIo SULPHATE, 8,0,Zrolv,

The group-reagents, SAm; or AmHo, produce a white flucculent precipitate
of zirconic hydrate, ZrHo,, insoluble in excess; insoluble also in NaHo
or KHo (Distixcrion ¥roM Al axp Gl).

KHo, or NaHo, same precipitate, insoluble in excess, not dissolved by a boil-
ing solution of AmCl (Disriserioy rrom Gl),

COAmo, produces a whife flicculent precipitate of a basle earbonate,
readily soluble in excess, reprecipitated on boiling (DIsTINCOTION FROM
Al). j

COKo, and CONaog, same precipitate, redissolves in a large excess of COKo,,
especially of COHoKo (DisTiNcrioN FroM Al).

C0Bao” gives no precipitate in the cold, and precipitates glueinum salts im-
perfectly, even on boiling.

Oxallc acid gives a bulky precipitate of zirconie oxalate (Distrvorion
FroM Al AwD Gl), insoluble in excess, difficultly soluble in HCI, soluble in
excess of ammonic oxalate (Distixorion rrom Th).

HF produces no precipitate (Disriverion rrom Th axp Y).

8S0Naog precipitates zirconic hyposulphite (830).Zrolv (Distivcrios
FROM YP: Er, axp Di). The separation takes place on boiling, even in the

presence of 100 parts of water to one of Zr0, (DistiNorion rrom Ce
AND La). :

Zirconie suiphate, 8,0, Zro'v, forms with potassic sulphate an insoluble double
sulphate of Zr and K, insoluble in excess of 80,Ko, (DisTiNcrion ¥rom Al
Axp (). When precipitated cold, it dissolves readily in a large proportion of
ILCL but is almost insoluble in water, and HCl, when the 80,Ko, is added to a
Lot solution (DisTiNcTION FROM Th AND Ce).

Turmeric paper, when dipped into a hydrochlorie acid solution of a zireo-
nium salt, acquires a brownish-red colour after drying in the water-bath (D1s-
TINCTION FROM Th). But titanic acid—the only other metal which affects
turmeric paper under the same ecircumstances—colours the paper brown, and its

resence may therefore prevent the zirconium from being recognized. If the TiO,
. however, first reduced, by means of zine and HCI, to the state of sesqui-
chloride—the reduction being marked in the solution by a change of colour to
pale violet or blue—it no longer colours turmeric paper, and any change in the
rnluuf of the latter is then due 1}0 zirconium alone. The reaction requires great
care, lowever, as, on exposure of the paper to air, the "Ti"”,05, passing again to
the state of Ti'vO,, would in its turn colour the turmeric pa
e h e e paper, and thus render

Certain chemical discrepancies in the behaviour of the zirconium compounds
but more especially the fact that the specific gravity of zircons from various
localities differs greatly, have led chemists to suspect that Zr(), really consists of
a mixture of two or more closely allied oxides, like the metals of the yttrium and

cerium group. No method has, however, as yet been devised for isolating an
other oxide. ¥
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]3. 'I_'llﬂnl?:.rﬂl, Tll}". Atc:;ni-:: weight 234 —Found in a few rare minerals
only, viz., in fthorite (orangife), consisting prinecipally of a h 1li
(38iThe'v.40H,), in ﬂmwﬂcige and _q:ymcﬁ!o%-.P s G e

Thorite is decomposed by moderately concentrated 80,Ho., and also by con-
centrated HCl. The oxide or anhydride, ThO,, is white when cold, yellow when
hot. The moist hydrate dissolyes readily in acids ; the dried hydrate only with
difficulty. Thorium salts containing colourless acids are white.

REACTIONE IN THE DRY WATY.

_ ThO,, when heated before the hlﬂW‘Eipe, remains infusible; it imparts no
tinge to the flame, and gives a colourless borax bead. It yields no characteristic
reaction with N.0,Coo".

REACTIONS IN THE WET WAY.
Use A soruTioN oF THoRIC SULPHATE, 8,0,Tho'v.

SAm,, or AmHo (group-reagents), precipitates the white gelatinous
hydrate, ThOHo,, insoluble in excess.

KHo, m-é'?{;nﬂn, same precipitate, insoluble in excess (DisTisorioy From Al
AND GI).

COAmoy, COKos, or CONao,, precipitates whife basic thoric carbonate,
readily soluble in an excess of the precipitants, difficultly soluble in
dilute golutions (Distiverrox Froam Al). From a solution in COAmo,
thorie carbonate is reprecipitated, even at 50° C.

COBao" precipitates thorium salts completely in the cold.

©xalic acid produces a whife precipitate (DisTiverioy ¥roM Al axn Gl),
not soluble in excess nor in dilute mineral acids; soluble in ammonic
acetate, containing free acetie ncid (DisTivorioNy ¥roMm Y AND Ce).

HF precipitates gelafinous thorie tetrafluoride, ThF,, which becomes
pulvernlent after some time; the precipitate is insoluble in water, and in HF
(Drgrixorton rrom Al, G, Zr, AxD TiO,).

880Nao, precipitates thoriec hyposulphite, (S80),Tho'v, mixed with sul-
phur, from neutral or acid solutions. The precipitation is not complete (Dis-
TINCTTION FROM Y, Hr, AND Di).

A boiling conecentrated solution of 80,Kog precipitates slowly, but completely,
the whole of the thorium sulphate as white erystalline insoluble potassio-
thorie sulphate (S0,),Ko,Tho'v + 20H, (Distivorioxy rroMm Al axp Gl),
soluble with difficulty in cold, and also in hot water, readily on the addition of

some HCI.

4. YITRIUM, Y”. Atomic weight, 61:7 ; and 5, ERBIUM, Er”. Atomic
weight, 112'6.—These very rave elements are only found in a few minerals, in
ylterbyte, or gadolinite, orthite, yttrotantalite, ete. The metals have never been
obtained pure. Yttrium and erbium nlwu?'s occur together in nature, and closely
resemble the metals of the cerite group. They differ from most other earths in
being completely goluble in acids, even after ignition, and from the cerite oxides,
by not forming an insoluble double sulphate with potassic sulphate. In other
respects the two exhibit almost the same behaviour with reagents, ﬂll_li can ﬂ'lﬂlj"
be approximately separated from each other. The colour of the yttrium salts is
white. Erbium salts have n more or less bright rose tint, crystallise readily, and
possess a sweet nstringent taste. Anhydrous ¥Cl,, is not volatile (DisTINcTION
FrOM Al, Gl, AXD Er.%

REACTIONS IN THE DRY WATY.
No peculiar reaction with borax, no colour to the flame, and o greyish-blue
coloured mass with N.0,Coo".
REACTIONS IN THE WET WAY.

Use sorLuTioNs oF THE NiTeAres, N3O,Yo" and N,0,Ero”, and test them
ride by side.
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SAmg, or AmHo (group-reagents) precipitates the hydrates, insoluble
in excess. Large excess of SAm, somewhat prevents the precipitation of
yttric hydrate. ; 1

KHo, or NaHo, precipitates white hydrates, ¥ Ho,, or ErHo;, insoluble in
excess (DISTINOTION FrRoM Al AND Gl). The precipitation of yttrium

by alkaline hydrates is not prevented by the presence of THo, (DIs-
TiNcTIoN FROM Al, Gl, Th, Axp Zr), yttrium being slowly but completely
precipitated as tartrate, TYo".

COKo,, and CONaos precipitate white earbonates, difficultly soluble in
excess, more readily soluble in COHoKo, and in COAmo, (but not so
readily as COGlo"”). On boiling the whole of the yttria is deposited
(p1sTIxcrioN ofF Y Frosm Al, Gl, Th, Ce, axp Di}). AmCl decomposes
Q0Yo”, with evolution of NH and @0O;, and formation of ¥Cl;. Satu-
rated solutions of €OYe", in COAmos, have a tendency to deposit the

COAmMmo It
double carbonate, &0 GYD 3

COBao"” produces with erbium salts no precipitate, either in the cold, or on
heating ; and yttrium salts are but in(?erfent'ly precipitated on heating.
(DisTinorioN oF Er A¥D Y FrOM Al, G, Th, Ce, La, Di).

Oxalic Acid produces a precipitate of whife yttric oxalate,

gg‘i’u"’,nﬂg. (DisTivorioy oF Y From Al Axp Gl), insoluble in

excess, difficultly soluble in dilute HCI, and partially dissolved by boiling
with ammanic oxalate. Erbium salts are likewise precipitated as oxalate,

{ggﬁm"’,ﬂ]{g, in the form of n light rose-coloured, heavy sandy powder.

HF precipitates whife amorphous hydrated ytirie fluoride, insoluble
in water and HF ; soluble, before ignition, in mineral acids; decom-
posed only by strong 80,Ho, (Distixcriox oF ¥ rFrom Al, Gl, Zr,
AND Ti.)

A cold saturated solution of 80:Yo" becomes turbid hetween 80°—40° (., and
on boiling, is precipitated almost entirely.

80.Ero” forms with 80,;Ko,, potassio-erbic sulphate, 8,0,Ko.Ero”,
difficultly soluble in cold water, when hydrated, but readily soluble in the
anhydrous condition, and on warming,.

Potassic ytirie sulphate, 8,0,Ko,Y0", dissolves readily in water, and in
a solution of 80,Ko; (p1sTIxeriox oF Y Axp Er FroM Th, Zr, and THE METALS
ofF THE CERITE GROUEP).

When erbium nitrate is heated on a platinum wire in a gas flame, it imparts
an intense greenish colour to the flame, which, when seen through the spectro-
scope shows bright lines in the yellow and green, also in the orange and in the
blue in an otherwise continuous spectrum. These bright lines coincide with
certain black, so-called absorption-bands, which erbium gives when white light
is passed through a concentrated solution of its salts. ese absorption-bands
are characteristic for erbium, as yttrinm solutions show none under like circum-
stances.

SePARATION OF Y FROM Er.—The' different solubility of the nitrates of
erbium and yttrium in water has been made available for the separation of these
two closely allied metals. On heating a mixture of their nitrates to incipient
decomposition, and dissolving the residue in boiling water, the solution deposits
on cooling rose-red erystals of basic erbic nitrate, NoOy(ErO,)”Ero”, whilst the
mother-liquor contains chiefly yttric nitrate. By repeating this same process of

sepuration several times over, the earths may be obtained pure by finally igniting
the nitrates.

6. CERIUM, Ce” and v, Atomie weight., 92. 7. LANTHANUM, Lu”.
Atomic weight, 92'8. 8. DIDYMIUM, Di”. Atomic weight, 6. These three
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rare metals constitute, like yttrium and erbiam, a group which may conveniently
be studied together. The most abundant of the few cerium minerals is ecerife, a
hydrated siricate of the three metals, Ce, La, and Di, as well as of iron and
caleium, 8i[Ceo” Lao" Dio”Feo"Cao” |5, The finely-powdered mineral is readily
and completely decomposed by boiling with concentrated HCl, or aqua regia ; or
by fusion with fusion-mixture ; or lastly, by boiling with concentrated 80,Ho,.

CERIUM —This metal exists both in the dyad, psendo-triad, and tetrad con-
dition. Thus it forms the several oxides :—

ce”0D ‘Ce™y0y Celv0, and Cey0, = Ce0,Ce 0.
Cerous oxide. Ceric oxide Ceric Ceroso-ceric oxide, or
(sesquioxide.) dioxide.  tricerie tetroxide.

Clerous and ceric oxide are both capable of combining with acids to form two
series of salts, of which the cerous ave the more stable and most important. They
are colourless, or slightly amethyst-red and acid to libmus. Cerous chloride is
not volatile (DrsTixorToN FroaM Al, G, axp Zr). Cerous sulphate is not entirely
soluble in boiling water.

REACTIONS IN THE DRY WATY.

All eerium compounds give with borax, or microcosmic salt, in the outer
flame, & clear bead which is dark red while hot (DISTINCTION FROM THE PRE-
CEDING EARTHS), fainter or nearly colourless on cooling. In the inner flame, a
colourless bead, or if cerie oxide is present, a yellow opague bead is obtained.
Lanthanum compounds give colourless beads, and didymium compounds give
with borax colourless, or, if in large quantity, pale rose-colowred beads, in both
flames, and with microcosmie galt, in the reducing flame, an amethyst-red bead,
inclining to violet,

REACOTIONS IN THE WET WAY.

A. CEROUS COMPOUNDS,—We employ A sorvriox of Cerovs Curo-
RIDE, Ce”Cly.

S8Am, (group-reagent) throws down the whife cerous hydrate, CeHo,,
insoluble in excess. s
AmHo precipitates a basle salt, insoluble in excess; the presence of THo,
revents the precipitation by AmHto (Disriveriox ¥ros Y), but not by

Ho.

Klo, or NaHo, precipitates whife cerous hydrate, insoluble in excess, which
turns yellow on exposure to the air, or when acted upon by oxidising
agents, such as chlorine water, sodie hypochlorite, ete., being eonverted
into the yellow hydrated ceroso-ceric oxide, Cey0,, 301, (DisTiNcTIoN
¥roM Al AND G). _ -

COKoy CONaog, or COAmoy, produces a whife precipitate of cerouns ear-
bonate, COCeo", sparingly soluble in excess of the fixed ecarbonates,
somewhat more E-L‘rl'l.lbllﬂ in COAmo, ; insoluble in water and CO; ; decom-
posed by dilute acids. 3 _

COBao” precipitates cerium galts slowly, but completely on standing.

Oxalic Acld, or Ammonie oxalate, precipifates cerium compounds com-
pletely, even from moderately acid solutions, as a curdy white precipitate (turm-

ing slowly crystalline) of eerous oxalat E.{ESCED", insoluble - in excess of

the precipitants (pISTINCTION ¥ROM Zr), but soluble in a large excess of HCL
On ignition cerous oxalate leaves yellowish-white ceroso-ceric oxide, Cey0, (Dis-
rixerioN FroM Al AND G, which form soluble oxalates). . .

A saturated solution of potassic sulphate lgrnducgﬂ a white erystalline preci-
pitate of potassio=cerous=sulphate, 8,0,ko,Ce0”, even from somewhat acid
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solutions (DrsTivorios ¥roM Al Awp Gl); difficultly soluble in cold water,
readily soluble on heating ; quite insoluble in a saturated solution of 80;Ko,
(Distivcrion FroM Y A¥D Er); soluble in much dilute HCL.  With dilute solu-
tions the precipitate takes some time to form. O

This characteristic precipitate, as well as the easily distinguishable oxalate,
and the yellow precipitate of ceroso-ceric oxide—free from La and Di, precipitable
in the filtrate as oxalates—which oxidizing agents produce, serve to distinguish
cerium from all other metals.

SeparaTION oF Ce FroM La A¥D Di—A convenient method of oxidizing
and separating cerous salts consists, according to Glibbs, in treating with PbO,
and dilute NO;Ho (analogous to the oxidation of manganous to a higher oxide),
when the solution turns yellow, even if only small quantities of cerium be present.
By evaporating the yellowish solution to dryness and heating sufficiently to drive
ug part of the NOy;Ho, so as to form a basic ceric nitrate, insoluble in water or
dilute NO,Ho, lanthanum and didymium can be dissolved out as nitrates, After
removing the plumbie nitrate from the solution by SHj, the La and Di are pre-
cipitated as oxalates. The residuary basic ceric nitrate is dissolved in fuming
NOyHo, uny lead removed by 8H;, and the cerium precipitated as oxalate.

B. CERIC COMPOUNDS,—Salts of ‘Ce’’;0y, such as the sulphate, oxa-
late, ete., are yellow, and are either difficultly soluble, or insoluble, in water.
Dyad cerium appears, in fact, to give rise to more stable compounds : thus Ce,0j,
when heated with HCI does not form Ce.Clg, but yields 2CeCl, + Cl,.

Oxidizing agents, such as Cl, passed into a solution of KHo, containing CeHo,
in suspension, sodiec hypochlorite, PbO; and NO;Ho, HgO and potassic perman-
ganate, convert cerous into ceric compounds, and furnish methods for the separa-
tion of Ce from La and Di. Reducing agents produce the reverse chemical
action. Cerium resembles in this respect iron rather than aluminium.

LANTHANUM.—This metal forms only proto-salts, which are colourless,
when free from didymium salts, and possess a sweet astringent taste. Lanthanie
oxide is white, and is notaltered, even by strong ignition (p1sTINcTION FROM Ce),
being still readily soluble in acids. Both the oxide and the hydrate turn red
litmus paper blue. It decomposes ammonium salts, in solution, on boiling, with
evolution of NHy.  Lanthanum resembles in this respect magnesium. A solution,
saturated in the cold, of lanthanic sulphate deposits a portion of the salt already
at 30° C. (p1sTiscrioy ¥rRoM Ce”). In its reactions lanthanum closely resembles
cerium.

REACTIONE IN THE WET WAY.
Usk A sorvrioN oF LaNtHANIC CHLORIDE, La"Cl,.

SAmy, or AmHo, precipitates basic salts which pass milky through the filters
on washing.

KHo, or Nu.H%, precipitates lanthanic hydrate, LaHo,, insoluble in exeess,
unalterable in the air, or in the presence of oxidizing agents (DISTINCTION
¥roM Ce).

COAmo, gives a precipitate which is insoluble in an excess of the precipitant
(pIsTINCcTION FROM Ceé).

COKoy, or CONaoy, COBao”, oxalie acid, or potassic sulphate, give the
same precipitates as with cerium salts.

When the slimy precipitate which a cold dilute solution of lanthanic acetate
yields, on supersaturation with AmMHo, is washed repeatedly with cold water,
and a few small erystals of iodine added to it, a blwe coloration iz produced
which gradually pervades the entire mixture (characteristic for La compounds

only).
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DIDYMIUM. —This metal forms likewise only proto-salts, coloured a pure
ink, like the sulphate, or rose-red; sometimes a faint violet, like the nitrate.
he oxide is pure white and remains soluble in acids when strongly ignited. (The

existence of a peroxide Di'*0. is doubtful.) In contact with water it is slowly
converted into the hydrate, without acquiring an alkaline reaction. It rapidly
attracts CO;,, and is readily dissolved by the weakest acids. It expels ammonia
from ammonium salts when boiled with them. The chloride, DiCl,, is not vola-
tile. The nitrate, on heating, is converted into a basic salt, NyO(DiOg)"sDio”
+ 8Aq. (DisTixorioy ¥roM La), which is grey when hot and also when cold
(DrsTivcrIoN FroM Er). A saturated solution of didymic sulphate begins to
deposit red crystals of the salt at 53° C. until at 100° C., one part of the salt only
is held in solution by 50 parts of water (METHOD OF BEPARATION OF La FROM
Di). Didymium salts resemble in their chemical deportment lanthanum and
cerium salts.

REACTIONS IN THE WET WATY,

We may employ A sornvrioN oF THE CnLoripE, Di“Cly, or Sulphate,
80,Dio".

SAms, or AmHo (group-reagents), precipitates basie salt, insoluble in
AmHo, but slightly soluble in AmCl, with displacement of NHj.

KHo, or NaHo, precipitates gelatinous didymic hydrate, DiHog, resembling
Al;Hog, but of a pale-rose colour. It is insoluble in excess, and does not
alter in the air.

COKoy, CONao,, or COAmo,, produces a copious precipitate of didymie car-
bonate, CODio”, insoluble in excess of the precipitants (DrsTizorriox
¥roym Ce), but slightly soluble in a concentrated solution of AmCI.

00Bao” precipitates didymium compounds slowly (more slowly than Ce or
La), and never completely.

Oxalie acld precipitates didymium salts, ( { ggﬂiu” + d-:lq) , nlmost eom-

letely, ammonic oxalare completely. The precipitate is difficultly soluble
in cold HOL, but dissolves on heating.

A concentrated solution of 80.Kog, or better still, 80,Naog, precipitates didy-
mium solutions more slowly and less completely than cerous solutions, as a rose-
white potassio-didymic sulphate, 8,0,Ko0,Dio” + Aq, slightly soluble in
water, less soluble in an excess of the reagent, difficultly soluble in hot HCL.

When a ray of white light is gent through a didymium solution, and examined
by the spectroscope, dark bands are seen in the continuous spectrum. Dilute
solutions show these absorption bands in the Fullcw and green, concentrated solu-
tions exhibit, in addition, several other well defined narrower bands in various
other parts of the spectrum.

Remark.—In order to master still more completely the reactions for the
8 carthy metals already treated of, the student should tabulate them according
to the scheme given on page 52, when the slight differences which exist between
many of their reactions, and which often furnish the only means for their separa-
tion, are brought out still more prominently.

9, TITANIUM, Ti" and v, Atomic weight 50.—This, as well as the two next
following metals (usually treated of in Group III, because they are precipitated
by the group reagents, AmCl, AmHo, and SAm,), differ entirely from the pre-
viously treated metals. Their anhydrides, Til*Oy, Ta¥;0f and Nbv,0 are
essentially acids, analogous to 8i0,, Sn0,, 8b,0;, ete., and are found in nature
either in the uncombined state (TiO,), or combined with various metallic bases,
as TrraxAaTEs, TANTALATES, and NIOBATES. . {

Titanium is found as ANuYDRIDE (almost pure}_ in ‘tha _mmpmla Rufl{f,
Anatase, and Brookite ; combined with bases, n]n:eﬂg' lime, in Tlifanite, Ti0Cao”,
in titaniferous iron, n(Fe;04), m(TiORo™), and is found in small quantities in

!
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many iron ores, in fire-clays, and generally in Silicates. (Hence its oceurrence in
blast-furnace slags, as Nifride, TiOy;,8Ti;Ny, in bright copper-coloured cubes.)

Titanium forms several oxides, of which two are known with certainty, and
one whose existence is probable, viz. :—

T_[HD ,Tfﬂgﬂg Ti"'ﬁg-
Titanous oxide Titanic oxide Titanic anhydride.
(probable). (sesquioxide).

The last oxide, acting as a weak base, and forming mostly very unstable salts,
and likewise as an acid, is the only one which is of sufficient importance to be
studied analytically. y g

In order to prepare some pure titanic anhydride, finely-powdered rufile is
fused with 8 parts of COKo,, the fused mass powdered and treated with cold
water, which removes 8i0,; and alkaline silicates, and leaves insoluble potassie
titanate, TiOKo,, together with ferric oxide. This is washed by decantation
or on a filter, with cold water, and dissolved in cold dilute HCL. On diluting
considerably with water and heating to boiling, for some fime, the whole of the
titanium is precipitated as meta-titanie hydrate Ti'vOHo, (Fe being held
in solution by the aecid), which differs from (ortho) titanic acid in being quite
insoluble in all acids, except strong sulphuric acid, whilst titanic hydrate (ob-
tained by precipitation with alkalies), of exactly the same composition, is readily
soluble even in dilute 805Hos, or HCl. The precipitated meta-titanic acid is
usually tinged yellow, owing to some ferric oxide which is carried down with it.
1t is best, therefore, to filter off, to wash with a solution of AmCl, and redissolve
the precipitate in strong 80,Hoy. After dilution with water, it is reprecipi-
tated once more by long-continued boiling, and is then all but free from iron.
(MerroD oF sEpARATION FROM Al GL Y, A¥D Th.) A more expeditious method
for separating the iron oxide consists in precipitating the two metals from the
dilute acid solution by means of ammonic sulphide, as FeS and TiOHo,, and to
treat the precipitate with agueous sulphurous acid, which dissolves the FeS, and
leaves pure ortho-titanic acid.

Another method consists in fusing the titanium compound with 6 times its
weight of 80,HoKo, till it yields a clear mass, soluble in a large quantity of
cold water, acidulated with dilute 80,Ho,, from which meta-titanic acid is pre-
cipitated as above. 8i0,, if present, is not attacked by 80;HoKo, and remains
in the insoluble residue.

Pure TiO; may also be obtained by fusion with acid potassic fluoride, and
dissolving the fused mass in dilute HCL. Potassic titanic luoride, 2KF TiF,,
which is difficultly soluble in water (1 part requires 96 parts at 14° C.), is col-
lected on a filter and washed with cold water, and purified by recrystallisation
from boiling water. Its aqueous solution, when precipitated with AmHo, yields
titanic hydrate, which on ignition is converted with incandescence into pure
titanic anhydride —whife, when only feebly ignited, yellowish or brownish,
when intensely ignited.

810y, or silicates, containing traces of TiO; may be decomposed with HF.
80.Ho; must likewise be added in order to prevent a portion of the
titanium from being volatilized with the SiF,.

HEACTIONS IN THE DAEY WAY.

Titanium compounds, when heated on charcoal, before the blowpipe, are not
reduced to the metallic state (p1sTINCTION ¥FROM In). Heated in a borax bead
(on charcoal), or better still, in a bead of microcosmic salt, pure TiO,, or a
tilanate, containing bases which do not themselves colour the borax bead, yields
in the outer flame, a colourless glass, but in the inner flame, a glass which is
yellow while hot, but assumes a violet colour on cooling. The reduction is
promoted by the addition of a little zine or tin. If some 80,Fec” be sdded
the bead obtained in the inner flame becomes blood-red. :
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REACTIONS IN THE WET WAY.
Use A sonuTIOoN O0F TITANIC ACID, in HCL,

SAm;, AmHo, KHo, or NaHo, alkaline carbonates, as well as €OBao”, pro-
duce a bulky white precipitate of (ortheo-) titanie hydrate, Ti*OHo,,
which is insoluble in an excess of the precipitants. When thrown down
in the cold, and washed with cold water, it is readily soluble in dilute
HCl, or in dilute 80;Ho;. Washing with hot water converts it into
insoluble meta-1itanic hydrate. The presence of THo, prevents the
precipitation. (Iron, as well as Ni, Co, Zn, and U, which are precipi-
tated by 8Am; in the presence of THo; and AmHo (the metal Mu is not),
may thus be separated from Ti0,.)

K FeCy; produces a dark-brown precipitate.

Illfuﬂl;un of galls, brownish precipitate, which speedily turns erange-
red.

POHoNao, throws down the titanic acid almost completely from an acid
solution as a white gelatinous phosphate, which when washed and dried
leaves a basie salt, 2Ti0,,P;0;, or PO (TiO ) ¥ Tiot,

Metallic tin, or zine, immersed in o HCl solution of TiO,, evolves hydrogen
and reduces the Ti"0, to Ti"y0y which gives rise to a pale violet or blue
coloration and finally throws down a dark violet precipitate, which is rapidly
reoxidised to white TiO,, with decomposition of the water, or when exposed to
the air. This reaction frequently reveals the presence of TiO,, in the analysis
of iron ores, during the process of reduction with zine, previous to the estimation
of iron by potassic permanganate,

10. TANTALUM, Tav. Atomic weight, 182, 11. NIOBIUM, Nb*. Atomie
weight, 94.—This group of metals occurs only in a few minerals, found, as yet, in
a few localities, and, then only, in small quantities. The difficulty of detecting
mere traces of them may account for their having been overlooked in others in
which they have since been found, viz., in tinstene and wolfram.

In some of the minerals, either tantalum or niobium prevails, such as in
tanfalite and in niobifte (columbite). They are META- compounds and may
be expressed by the general formula:—m(TaOg)sFeo” + n(NbO,).Feo”. In
yttrotantalite—the orrio-compound—of the formuln :—Ta,0,(Nb,0,) Ro"y, R
stands for Y[ Er ", Ce”, U”, Fe", Ca”] and in enzonite, woehlerite, and pyro-
ehilor, the metal niobium oceurs as a PYRO-niobate, combined with fluorides, viz.,

(8Nb,0,R0"s), 5(NaK)F.

Tantalum and niobium exist chiefly in the pentad condition, as is evidenced
by the composition of their oxides (anhydrides), chlorides, fluorides, ete., ete.,
¥Yi&. i—

Tuntalic anhydride, Tavs0O; Chloride, TavCl;, Fluoride, Ta*F;.
Niohic T Hb'ﬂﬂﬁr 1 ]’Tb"’ﬂl;. T Hvaﬁ.

A lower oxide, “Ta!v,0y, and sulphide, "Ta'™.8,, are said to exist. In tantalates,
and niobates, the acids closely resemble arsenic, or phosphorie acid ; they can
exist as meta- Tay (Nb¥) OgHo, pyro- Tavs(NbY,) Oz Hog, or ortho- Ta-"{Nh*}g)Hca
tantalic (niobie) acid.

TANTALIC and NIOBIC ANHYDRIDES are prepared from tanta-
lites, or niobites, by fusing the finely powdered mineral with 8 parts of 80,HoKo.
The fused mass is extracted with water, whereby the bases are principally
removed as sulphates. The residuary Tas.05, and Nb,Oj;, are washed and fused
once more with hydric potassic sulphate, ete. The residue after having been
well washed is dissolved in HF, and a hoiling solution of HF,KF gradually
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added to it. The ligquid, on cooling, or on concentration, yields difficultly soluble
potassic fino-tantalate, 2KF TaF; (soluble in about 150—3200 parts of water
only), whilst the mother-liquors contain potassie fluo-oxyniobate, 2KF,
NbOF;, OH, which is soluble in 12-4 to 13 parts of water (Distinclion also from
titanium, whick forms KF, TiF,, soluble in 96 parts of water), These two nn}ta
may be purified by recrystallisation ; and on decomposing them, by heating with
80,Ho,, tantalic and niobic sulphates, and potassic sulphate, are left ; this latter
ean be boiled out with water. When SO;Ho; is expelled from the insoluble
tantalic, or niobic sulphate, by strong ignition, or by heating in an atmosphere of
ammonic carbonate, Ta,05, or NbgOy, 18 left.

TANTALUM.—The anhydride is a white powder. When strongly ignited
it turns a pale yellow, without emitting any light, and becomes insoluble in HCI,
or strong 80.Ho,. (DrsTiverion ¥roM TiO,.)

Fused with KHo, it is rendered soluble in water; fused with NaHo, it
forms chiefly sodie meta-tantalate, Ta(O;Nao, insoluble in excess of NaHo,
but soluble in water. When a solution of soda 18 added to this splution, sodic
tantalate is precipitated. Hydrated tantalic acid dissolves in HF, from a con-
centrated solution of which KF precipitates the fine, needle shaped, potassie
flue-tantalate. By prolonged boiling with water, this soluble salt changes to
an insoluble compound, Ta,0;2KF,Tal;, the formation of which affords the
means of detecting the smallest quantity of fluo-tantalate in mother-liquors, eon-
taining potassic fluo-oxyniobate.

REACTIONE IN THE DRY WATY.

Microcosmic salt dissolves Ta.0g to a colourless bead in both flames, and
doss not soquire & blopd-red. tint by the addition of ferrons sulphate (Disxmio-
TIoN PROM Ti0.).

REACTIONE IN THE WET WAY,

UsEe A sorvriox oF Ta0.Ko in water.
The tantalates of the alkali metals are soluble in water, all others (formed by

double decomposition) are insoluble in water and decomposed by acidas.

HCI precipitates Taq0;, at first, then redissolves it in excess,

CO; passed through a solution of an alkaline tantalate, precipitates acid, or
anhydro=tantalate.

AmHo, or 8Amy, precipitates from a HCI solution tantalie hydrate, or an

acid ammonie tantalate ; THo, prevents the precipitation,

AmCl, or 80;Amo,, precipitates tantalic hydrate, TaO,Ho.

K,FeCy; gives from acidified solutions, a yellowish-white precipitate which
turns brown by the addition of a few drops of AmHo, and is soluble in
lnrger quantities.

Kg¢FeyUys, a yellow precipitate.

Infusion of galls, added to an acidified (80,Ho, or HC1) solution of an
alkaline tantalate, forms a light-yellow precipitate, soluble in alkalies.

Metallic zine and HCl do not reduce Ta,O; and no blue coloration (or
only a very faint one) is observed (pIsTINOTION FROM Nb,0.).

NIOBIUM.—Niobic anhydride, Nby0; is white, but turns transiently
ellow when ignited. By strong ignition in hydrogen, it is converted into
Nb'v,0,. Like tantalic anhydride, it combines both with bases and aeids. Con-
centrated sulphuric acid dissolves niobic anhydride, unless it has been too
strongly ignited, and the solution remains clear, on the addition of much water
(pisTINCTION FROM Tay0;).

On fusing with caustic potash, a clear mass consisting chiefly of potassic
metaniobate, NbO;Ko, is obtained, which is readily soluble in water, but is pre-
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cipitated as sodic ealt, on the addition of NaHo. Sodic meta-niobate, obtained
by fusion with caustic soda, behaves like the eorresponding meta-tantalate.

REACTIONE IN THE DRY WATY.

Microcosmie salt dissolves Nby0O, readily ; in the outer flame, a bead, colour-
less whilst hot, is obtained; in the inner flame the bead acquires a violet,
blue, or brown colour, according to the quantity of the acid present, and a red
colour, when a little ferrous sulphate is dissolved in it.

REACTIONE IN THE WET WAY.

UUsE AN AQUEOUS SOLUTION OF PoTAssSIC NIOBATE.
The niobates of the alkalies are soluble in water, all others are insoluble, and
are decomposed by acids.

Mineral acids, especially sulphurie acid, even at the ordinary tempera-
ture, precipitate mioble hydrate, nearly insoluble in the acid. (The
precipitation of tantalic hydrate requires the aid of heat.)

Oxalic acid does not affect alkaline niobates.

SAmg, or AmHo, precipitates from acidified solutions of Nb,O; the hydrate,
containing ammonia, soluble in hydrofluoric acid,

AmOl precipitates the acid, but only slowly and incompletely, more especially
if in the presence of alkaline carbonates.

K,FeCyg gives, with a solution of an alkaline niobate which has been acidu-
lated with sulphurie or hydrochlorie acid, a red precipitate.

K FesCyyg o bright yellow precipitate.

Infusion of Galls, an orange-red precipitate.

A piece of zine immersed in an acidulated solution, forms a beawtiful blue
precipitate, which after o time changes to drown. (Tantalates yield none or only
a_faint blue colour).

(B.) Rare Metals, precipitated by the Group-reagents, AmCl, AmHo
and SAmg, in the form of Sulphides.

1. URANIUM, U” and pseudo-trind. Atomic weight, 120 [240 (?)].—
Uranium is not a very abundant metal ; it is found principally in piteh-blende,
which contains from 40 to 90 per cent. of uranoso-uranic oxipe, UgOy; in
wranium-ochre, or BULPHATE ; and in wranife or uranium mica, which is a caleic
(cupric) uranic PHOSPHATE. In small quantities it exists in several rare minerals,
such as euxenite, yttrotantalite, &e.

Uranium salts are almost always obtained from pifeh-blende. The U304
therein, is associated with sulphuar, arsenie, lead, iron, and several other metals.
The mineral is finely powdered, freed by elutriation from the lighter earthy im-
purities, ronsted for a short time to remove part of the sulphur and arsenic, then
dissolved in nitrie acid, and the solution evaporated to dryness. The residue is
exhnusted with water, and the solution filtered from a brick-red residue of ferric
oxide, ferric arsenate and plumbic sulphate. On evaporation, the aqueous solu-
tion yields erystals of the nitrate, which by dissolving in ether and setting aside for
spontaneous evaporation, arve obtained pure. When reerystallised once more from
boiling water, they consist of pure uranylic nitrate, N,0,(U,05)0",60H,;
in which ("U ”,0,)” or uranyl acts as a compound dyad radical, analogous to the
monad compound radicals antimonyl, (8b™0)’, bismuthyl (Bi"0)’, &e.

Uranium exists as a dyad and pseudo-trind metal. It forms with oxygen
two salifiable oxides, together with two intermediate oxides, thus—

Uranous Uranie oxide or * _
oxide. uranylic oxide. Intermediate oxides

— r A " f = b
o0 T"50,, or U,0,, or U‘Gf' or

; 4
(U,0)”0 ‘07,0, 0”0 (dark green.) U"30520"0 (black.)
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Uranous chloride. Uranylic chloride. Pentachloride.
Ul (Ta0g) " Cls U.Cl;
Uranous sulphate. Uranylic sulphate. h
EG_‘JD}[U1 or -ED:]EGJ ED;G-J{UQ{}E:I., o E{}Q{UQGQ}U‘

Uranic oxide and its hydrate combine both with acids to form uranylic salts,

and with the oxides of the more electro-positive metals to form acid uranates, of
(0,0, "Ro i 3
the general formula,q O el xOH,, anulugnuatudmhmmal;ea,dlaulphntaa,
105)"Ro SR
ete. These are yellow, ?:?aahile in water, but are decomposed by acids. Disodie
diuranate (uranium yellow) is much used as o pigment in glass and porcelain
manufactures.
REACTIONS IN THE DRY WAYX,

Borax and microcosmic salt give with uranium compounds, in the inner
flame of the blowpipe green beads, in the outer flame yellow beads, which
acquire a yellowish-green tint on cooling. The oxides of uranium are not
reduced by fusion with CONao, on charcoal.

REEACTIONE IN THE WET WAY.

A. URANOUS COMPOUNDS —Usk & Sorvrioy o UrANovUs SUL-
PHATE, 80,Uc”. (Prepared by dissolving uranoso-uranic oxide in hot oil of
vitriol, diluting with water and evaporating in vacuo.)

Uranous salts constitute powerful reducing agents. They are green, or
greenish-white, and yield green aqueous solutions.

SAm, forms o black precipitate of uranous sulphide, U"S.

AmHo, KHo, or NaHo, throws down red-brown gelatinous uranous hydrate,
U"Ho,.

COKo,, CONao,, or COAmo,, precipitates green uranous hydrate, soluble
in excess, especially in excess of COAmos.

Uranous salts become oxidized to uranic salts by exposure to air, or by treat-
ment with nitrie acid, ete. Gold and silver salts are speedily reduced by them,
and ferric salts are reduced to ferrous salts,

B. URANIC COMPOUNDS.—Use A sorvrioy oF URANIC NITRATE,
N,0,(U,05)0". :

Uranic salts are yellow, they are mostly soluble in water, and are reduced to
uranous salts by 8H, and by aleohol, or ether, in sunlight.

SAm; produces in the cold a chocolate-brown precipitate of uranylie sul-
phide, containing also ammonic sulphide and water. 1t is insoluble in
yellow ammonic sulphide. On warming or beiling the liquid which con-
tains the uranylic sulphide, (U.0,)8, suspended in it, the precipitate
splits up into sulphur and black uranous oxide, U”0, which is insoluble
in excess of S8Am,. Uranylic sulphide dissolves readily in nentral ammo-
ni¢ carbonate. [MeTHOD OF 8EPARATION OF U ¥ROM Zn, Mn, axp Fe.]

AmHo, KHo, or NaHo, produces a yellow precipitate, consisting of aecid
uranate of the alkali metal ; insoluble in excess of the precipitant ; not
precipitated in the presence of tartaric acid.

The ammonia precipitate is soluble in a solution of ammonie earbonate, and
SAm, does not precipitate the uranium from this solution.

COKoy, CONaog, or COAmo,, gives a light yellow precipitate, consisting (in
the case of potassic carbonate), of potassio-uranic earbonate ; readily
soluble in an excess of the precipitant. By treating the liquid with
dilute sulphurie acid, as long as effervescence takes place, an acid uranate
is precipitated. [MeTHOD OF SEPARATION OF U rFrom Al Axp Felv,]

C0Bao" completely precipitates a solution of a uranie salt, even in the cold.
[ Separation of U™ from Ni”, Co”, Mn", Fé", and Zn.)

Q
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K FeCy; produces a reddish-brown precipitate. (Most delicate special
reaction.)

K;Fe,Cy,, produces no change.

Metallic zinc does not precipitate metallic uranium from its solutions,

2. THALLIUM, T1' and ", Atomic weight, 204.—This metal was dis-
covered by Crookes in 1861. Tt occurs in many kinds of copper and iron
pyrites, but invariably in very minute quantities ; also in many kinds of crude
sulphur, in some of the deposits from the flues leading from the pyrites furnaces
to the lead chambers of sulphuric acid works, and in the deposits in the
chambers themselves, It has, moreover, been found in lepidolite, in prepara-
tions of cadminm and bismuth, in ores of zine, mercury, and antimony, in the
ashes of some plants, and in some saline waters.

The metal is most economically extracted from thalliferous flue-dust. The
dust is stirred up with boiling water, the insoluble portion allowed to settle, and
the clear supernatant liguid syphoned off. On the addition of concentrated
hydrochlorie acid, impure thallious chloride, TICl, is precipitated. This impure
chloride is dissolved in concentrated sulphurie acid, evaporated till the hydro-
chloric acid, as well as the greater portion of the sulphuric acid, has been driven
off, then dissolved in boiling water, and a rapid current of sulphuretted hydrogen
passed through the solution, whereby all the metals of the SH; group are pre-
cipitated. On now introducing plates of zine into the dilute acid filtrate,
spongy metallie thallium is precipitated, which can be readily removed from the
zine, and obtained in lumps or bars by pressure. It must be preserved under
water. .

The salts may be prepared by dissolving the metal in the respective acids, or
by the double decomposition of soluble thallium salts.

Thallium forms two series of compounds :—thallious and thallic. In the
thallious the metal exists as o monad, and in the thallic as a triad, Thus we
have : —

Thallious oxide .... OTl, Thallic oxide .. .. T1," 0y
Thallious ehloride .. TICL Thallic ehloride .. T1”Cly, ete.,

together with several intermediate compounds.

In some of its chemical velations thallinm differs from all other metals. In
many respects it resembles the alkali metals, as, for instance, in forming the
readily soluble and highly alkaline thallious oxide and corbonate, an insoluble
double platinum salt, an’ alum, analogous to ordinary potash alum, and a
series -:-F thallious phosphates, analogous to the alkaline phosphates. In most
other respects, however, it is more nearly allied to the heavy metals, especially
to lead, which it resembles closely in appearance, density, melting-point, specific
heat, and electric conductivity.

REACTIONS IN THE DRY WAY.

Thallium compounds impart an intense green colour to the blowpipe flame.
The spectrum of thallium shows only one emerald-green line, Tle, and hence
its name from UadMig, green.

REACTIONSE IN THE WET WAY.

A, THALLIOUS COMPOUNDS.—We employ A SOLUTION OF THALLIOTS
sULPHATE, 80, Tlo,. ‘

Thallious salts are for the most part colourless and soluble in water, such as
the nitrate, sulphate, phosphate, tartrate, and acetate. Some are difficultly solu-
ble, e.g., the carbonate and chloride, and a few are almost insoluble, e.g., 1.1.13
iodide. They react neutral to tust-pnFer_, and possess a slight metallic taste.
Thallious oxide, OTl,, is colonrless and fusible ; it dissolves in water, the solution
is colourless, alkaline, caustie, and absorbs carbonic anhydride from the air. It

also dissolves in aleohol. ' _ A
Thallious salts are difficultly converted into thallic salts ; powerful oxidising
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agents, such as nitric acid, are without effect on them. They require boiling and
evaporating with aqua regia to convert them into the higher salts.

SH, does not precipitate strongly acidified thallious solutions unless As,O; be
. present, when a part of the thallium is carvied down with the arsenious
sulphide, as a brownish-red precipitate. Neutral or very slightly acidified
solutions are incompletely precipitated by SH,. From acetic acid solu-
tions the whole of the thallium is thrown down as black thallious sul-
phide, ST1,.

S8Am, (group-reagent) precipitates the whole of the thallium as thallious
sulphide, insoluble in ammonia, alkaline sulphides, or potassic cyanide,
Readily soluble in dilute hydrochlorie, sulphurie, or nitric acids, but difli-
cultly soluble in acetic acid. When exposed to air, thallious sulphide is
;'_npi y converted into thallious sulphate. On heating it fuses and volati-
ises,

KHo, NaHo, or AmHo, does not precipitate aqueous solutions of thallious
salts.

Carbonated alkalies produce a precipitate only from concentrated solutions,
COTlog being soluble in 20 parts of water.

HC1, or a soluble chloride (bromide), throws down white thallious ehloride,
TICl; the precipitate subsides readily, and is unalterable in the air,
It is very slightly soluble in boiling water, and still less so in hydrochlorie
acid.

KI precipitates, even from the most dilute thallious solutions, light yellow
thallious iodide, T1I, which is almost entirely insoluble in water, but
somewhat more soluble in a solution of potassic iodide. This constifutes
the most delicate reaction for thallious salfs.

Cr0,Ko, precipitates yellow thallious chromate, Cr0.Tlo,, insoluble in
cold mitric or sulphuric acid.

PtCl; precipitates difficultly soluble, pale orange coloured thallious platinie
chloride, 2TICLPtC],.

Zine precipitates metallic thallinm.

B. THALLIC COMPOUNDS.—We employ A SOLUTION OF THALLIO
Curorine, T1Cl,,

Thallic salts are easily distinguished from thallious salts by their behaviour
with caustic and carbonated alkalies, which precipitate brown gelatinous thallie
hydrate, T1"'OHo, insoluble in excess.

Thallic oxide is scarcely acted on by concentrated sulphurie acid in the eold ;
on heating, thallic sulphate, (80.)3T1o"',,70H, is obtained. When a solution of
thallic sulphate is boiled, oxygen is given off and a thallious salt left. When
treated with HCI, thallic oxide yields the chloride T1”’Cly, as a white crystalline
mass, which on heating splits up into T1Cl and Cl..

HCIL, or a seluble chloride (bromide), produces no precipitate.
SH; reduces thallic to thallious salts, with precipitation of sulphur.
{ gg%ﬂ produces a whife pulverulent precipitate.

POHoNuao; gives a white gelatinous precipitate.

AsOHoy, or a soluble arsenate, gives a yellow gelafinous precipitate,
Cr0,Ko, does not precipitate thallic salts.

KI gives a precipitate of T1I and I..

3. INDIUM, In'", and pseudo-triad. Atomic weight, 113:'4.—Has hitherto
only been found as a rare and insignificant constituent of some zinc ores (zine-
ﬁ::“ﬂda from Freiberg), in the metallic zine prepared from these ores, and in tung-
sten.

Indium is a white, highly lustrous metal, resembling platinum, soft and
ductile, of specific gravity 7-42. 1t fuses easily at 176° C. It is not oxidized in
the air or in water. Dilute HCl or SO,Hoy dissolve it readily, hydrogen being
given off. Concentrated sulphuric acid dissolves it with evolution of 80, This

Qg 2
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is readily soluble also in cold dilute nitrie acid. The oxide, “In’”,0y, is brown
when hot, straw-coloured when cold, and is readily reduced when heated on
charcoal, or in a current of hydrogen gas. A black dioxide, In'"O,, exists like-
wise.

The principal salts of indium, viz., the sulphate, (80,); Inso¥, 90H,. the
nitrate, NxOglno™, and the chloride, In"'Cl;, are freely scluble in water. The
chloride is volatile and hygroscopic.

REACTIONE IN THE DRY WAY.

Indium and its compounds impart to the flame a peculiar bluish tinge. When
examined with the aid of a spectroscope two characteristic blue lines can be
seen, a bright one in the blue, and a feebler one in the violet. They are how-
ever very transient. The sulphide gives more persistent lines than the chloride.

REACTIONE IN THE WET WAY.

We may employ A SOLUTION OF ANY OF THE ABOVE SALTS.

SH; produces no precipitate in the presence of a strong acid. Indium is,
however, precipitated like the metal zine, from slightly acid solutions, or
in the presence of acetic acid. The slimy precipitate of indic sulphide,
‘Ing"'8,, is of a fine yellow colour.

SAm, produces at first a whife precipitate from a solution, containing ammonic
tartrate, said to consist of ‘In’”.8, and hydrogen. It turns yellow on the
addition of acetic acid. The sulphide is insoluble in cold, but soluble in
hot SAm,, and on cooling it separates again of a white colour.

KHo, NaHo, or AmHo, produces a while Elu%ky precipitate of indie hydrate,
In’’Hoy, resembling aluminic HYDRATE, quite insoluble in KHo or AmHo.

The presence of THo, prevents the precipitation.

Alkaline carbonates precipitate white gelatinous carbonate. When
recently precipitated it is soluble in ammonie carbonate, but not in the
fixed alkaline carbonates. On boiling, indic carbonate separates again.

COBao" precipitates indie salts in the cold, as basic salts, (DISTINOTION
rroM Zx, Mx, Co, N1, and Fr.)

POHoNao, throws down a bulky whife precipitate.

Alkaline oxalates produce a erystalline precipitate.

Zine precipitates the metal in the form of white shining laminge.

4, VANADIUM, V' and ¥. Atomic weight, 51:3.—Occurs only in a few
very rare minerals, principally in vanadite, or plumbic vanadate and oxychloride,

V30;Pbo", (glPh). analogous in composition to pyromorphite (comp. p. 102) ;

also to a very small extent in many iron ores (clay and pea iron ores), and, as
Roscoe recently discovered, in the copper-bearing beds at Alderley Hdge, and
Mottram St. Andrews, in Cheshire. )
Vanadite may be made the starting point for preparing the several yanadium
compounds. The mineral is dissolved in nitric acid, and the lead and arsenic
precipitated hy SHg, which at the same time reduces the vanadic pentoxide,
V70, to tetroxide, VI¥.0,. The blue filtered solution is then evaporated to
dryness and the residue digested in ammonia, when the vanadie tetroxide
becomes reoxidised into pentoxide. The ammonic yanadate can be precipitated
as n white powder from this solution by introducing a lump of sal-nmmoniac,
being searcely soluble in a saturated solution of AmCl. By exposure to a tem-
perature below redness, in an open crucible, ammonia is expelled and V+;0; is
left. _ ' : ]
Vanadium forms several oxides, oxychlorides, chlorides, sulphides, which
show that the metal is closely allied to the phosphorus and arsenic group. Thus

we have :—
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Oxides. Oxychlorides.  ('hlorides. Sulphides.
e = s o e ey
ﬁv'ﬂDg p vﬂlj g
V#3504 (black) = VCly =
TITEDJ {b].uﬂ‘} = ?G.I,q ’?‘*725,,
v, 04 LALOL0) — VS

The most important of these compounds is the pentoxide, or vanadic anhydride,
identical in composition with phosphorie, arsenie, antimonie, tantalic and niobie
anhydrides. It combines in different proportions with bases, forming like the
other anhydrides referred to, three series of salts, viz., ortho-, pyro-, and meta-
vanadates. Fused with CONaoy, it yields sodic ortho-vanadate, VONaog; but
when boiled with a solution of an alkali, it forms the meta-vanadate, the latter
class of vanadates being more stable than the ortho-salts. Alkaline vanadates are
soluble in water, inversely to the quantity of free alkali, or alkaline salt present.
Hence they are precipitated from their solutions by excess of alkali, or by salts
(AmCl). (Most characteristic reaction.)

Vanadic anhydride has a reddish-yellow colour, and is difficultly soluble in
water (1,000 parts), forming a light yellow solution, which reddens litmus paper.
1t dissolves ﬂfﬂ-ﬂ in the stronger acids to red or yellow solutions, which become
frequently decolorized by mere boiling. It unites, however, with bases more
readily than with acids.

A sulphurie acid solution of the acid when considerably diluted with water,
and treated with zine or sodium amalgam and warmed gently, turns first blue,
then green, and finally from lavender to vielef. The V,0; becomes reduced to
"V"50y; and on the addition of AmHo, a brown precipitate of the hydrate of the
dioxide (hypovanadious acid) forms, whick absorbs oxygen more rapidly than
any other known reducing agent, and bleaches organic colouring matter (indigo
solution, ete.) as quickly as chlorine.

Many organic substances, such as oxalic or tartaric acid, sugar, alechol,
reduce vanadie acid, especially in the presence of strong mineral acids, to the
blue “VWiv,0,. The same takes place when 80, or S8H,, are added to its solutions
in acid.

REACTIONS IN THE DRY WAY.

Borax dissolves V305 to o clear bead, colourless, or, with large quantities of
the anhydride, yellow, in the outer flame, beautiful green in the inner flame.
With larger quantities of vanadic acid it looks brownish whilst hot, and only
turns green on cooling.

REACTIONS IN THE WET WAY.

USE A SOLUTION OF SoDIC METAVANADATE, VO,Nao.

Orthovanadates are generally yellow or reddish-yellow, both in the liquid and
gmhd state. By boiling in water, the orthovanadates of the alkalies are converted
into colourless metavanadates. On the addition of an acid to a solution of a
neutral or orthovanadate, the solution becomes yellowish-red, owing to the forma-
tion of anhydro-salts.

Ammonie, barie, and plumbic metavanadates are but sparingly soluble in
water. The alkaline vanadates are more soluble in pure water, than in water
containing free alkali, or a salt: hence they are precipitated in the presence of
the latter. All are goluble in nitrie acid, but insoluble in alcchol.

SAm, (sroup.-reagent) produces a brown coloration in the liquid, and on
acidulating with HCI, or better with 80,Hoy, the soluble ammonie sulpho-
vanadate 1s decomposed, and frown pentasulphide, V.S, mixed with
sulphur, is precipitated ; the liquid at the same time generally acquires a
blue colour. It dissolves with red-brown colour in aqueous solutions of
alkaline carbonates, hydrates, and sulphhydrates.

If an acidified solution of an alkaline vanadate be shaken up with ether con-
taining peroxide of hydrogen, the aqueous fluid acquires a red=brown colour,
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like that of ferric acetate, whilst the ether remains colourless. This reaction is
extremely delicafe, :

Vanadic and chromic acids are the only acids whose salts give rise to red-
coloured solutions. They are, however, differently affected by reducing agents.

REACTIONS OF THE RARE METALS OF GROUP II.

Group II comprises the Rare Matals, precipitated as Sulphides by
SH;, from a Hydrochloric Acid Solution, viz :—

(A.) ds Sulphides, insoluble in yellow Ammonic Sulphide :—PAL-
LApIoM, REopiuym, Osmivm, RUTHENIUM.

1. PALLADIUM, Pd” and ™ Atomic weight, 106'6, — Oceurs native in
Flrlt-inum oves, principally, however, alloyed with gold and silver, in a gold ore
ound in Brazil. The gold dust is fused together with silver, and the granular
alloy heated with nitric acid, in which silver and palladium only dissolve. On
the addition of sodie chloride, silver is removed as chloride, and the palladium
mn&v then be precipitated as palladious cyanide, by means of mercuric cyanide,
and decomposed by ignition.

The metal greatly resembles platinum, but is somewhat darker in ecolour.
Its specific gravity is 11'8.  Of all the so-called platinum metals it fuses most
readily, difieultly in an ordinary fire, but easily in the oxy-hydrogen flame.
Palladium is sparingly soluble in pure nitrie acid, but dissolves more readily in
the red acid. It dissolves slightly in boiling concentrated sulphurie acid, but is
readily attacked by fusing with hydrie potassic sulphate. The true solvent for
it, as for most other platinum metals, 1s aqua regin. Palladium forms several

u}::idca and chlorides, in which the metal exists either as a dyad or tetrad,
thus :—

Palladious oxide. ... .. P40 Chloride.. ..ss Pd"Cly
Palladic g tE e e I’d"Dj 1 R PEITG].;-

The lower oxide is abtained on gently igniting palladious nitrate. If is black,
and its hydrate dark brown. Both part with their oxygen upon intense ignition,
leaving spongy palladium. The nitrate may be prepared from the metal by dis-
solving in nitric acid and concentration over a water-bath. It forms then a
brownish-red non-crystallisable mass. L

Palladious salts are mostly soluble in water ; they are brown or reddish-brown ;
their dilute solutions are yellow.

REACTIONS IN THE WET WAY,
We employ A 8oLuTION OF PALLADIOUS NITRATE, N0 Pdo”.

oM, prec':ilpitntt-ﬂ a Brown Dasle salt, from solutions containing slight excess
of acid only.

8H., or E!Lms throws down from acid or neutral solutions black palladious
sulphide, Pd8, insoluble in 8Am,, but soluble in boiling hydrochlorie
acid, aud readily soluble in aqua regia. :

KHo, or NaHo, precipitates a yellowish-brown basie salt, soluble in excess.
COKog, or CONaos, precipitates brown palladious hydrate, Pdilo, soluble
in excess, reprecipitated on boiling. ) i
AmHo, or COAmos, produces no precipitate from the nitrate, but decolorises

the dark brown solution. : _ >
HI, or soluble iodides give, even in very dilute solutions, a black precipi-
tate of palladious fodide, Pdl; somewhat soluble in excess u_nf KI.
(Most characteristic reaction for Pd. 1t seryes for the detection of
iodine in the presence of chlorine and bromine.) ‘
HgCy, gives a yellowish-white gelatinous precipitute of PACyy, readily soluble
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in KCy, and in AmHo. BSlightly soluble in HCl. It leaves on ignition
spongy metallie palladium. )
CyAms gives no precipitate, even after the addition of 80, (DisTIiNCTION
rroM Cr.)
SnCl; produces a brownish-black precipitate, soluble in HCI, to an intense

green solution.
Palladious salts are reduced to the metallic state by phosphorus, 80Ho,,
NOKo, ff‘-‘[f}Hu’ metallic zine or iron, alcohol, ete.
Palladious chloride, obtained by dissolving PdAS in boiling HCI, is precipi-
tated by ammonin as flesh-colowred ammonio - palladious chloride,

H-;H,_Pd"?ﬂlg, soluble in AmHo to a colourless fluid, from which HCl reprecipi-
tates it as a yellow crystalline chloride, identical in composition.

AmC] does not precipitate palladium salts.

KOl precipitates a brownish-red octakedral double chloride, 2KCl, Pd(Cl,,
insoluble in absolute alechol ; soluble in water to a dark-red fluid.

All palladium salts are decomposed by ignition, leaving metallic palladium.

2. RHODIUM, Rh”, iv, and ¥, also a psendo-trind. Atomic weight, 1044
—Found in small quantity in platinum ores, and frequently to a considerable
extent in platinum residues.

It is a whitish-grey metal, less ductile than platinum, and scarcely soltened,
even in the flame of the oxy-hydrogen blowpipe. The specifie gravity of un-
fused rhodium is 1064, that of the pure metal, after fusion, 12'1. Rhodium is
unalterable in the air at ordinary temperatures, but oxidises at a red heat. Ii
also combines with chlorine at a red heat. W hen pure it resists the action of
the strongest acids, even of agua regia; but when alloyed with other metals, as
with Pb, Bi, Cu, and Pt, it is soluble in aqua regia ; when, however, alloyed with
Au, or Ap, it does not dissolve. It is oxidized by fusion with solid caustic
potash and nitre. Fusion with hydric potassic sulphate converts it into soluble
potassic rhodie sulphate, 8;0,(Rh"K;0.)¥, Mixed with sodie chloride,
and ignited in a current of chlorine, a double chloride of sodinum and
rhodium, 3NaClRh''Cly;120H,, is formed, which is likewise easily soluble in
waler. z

Rhodium forms several oxides, chlorides, sulphides, ete., in which the metal
exists as a dyad, tetrad (pseudo-triad), or hexad element, thus : —

Oxides,
: : e \
Rhodions oxadat s o ma il e mau i e i e TRTGE
Rhﬂﬁjﬂ ¥ B e e R AR EE EE B RE B R kbR B ,‘Eh;nsﬂs-
i 1 R e S e T e L
Rhodic trioxide (anhydride, acting as a weak acid) R0,
Chlorides. Sulphides.
. . ! i
Rhodious ehloride...... Rh“Cl,,  Rhodious sulphide.... Rh"S.
R’hudlﬁ Eh]ﬂ'l"id.ﬂ'. EEBEEE thﬂclx.. Rhﬂdjc i3 FL ] JRhﬁ“’!E’.

or ‘Rh",Cl,.

The most important compounds are the Rh,Cly and Bhy0;. Rhodium salts
are obtained with difficulty, owing to the insolubility of the metal and its oxide
in acids. Their solutions are generally rose-coloured.

REACTIONS IN THE WET WATY,

We may employ A soruriox or Porassio-Ruopic SULPHATE, or of THE
pousLE CHLORIDE oF SopIvM AND Ruopium.

8H,, or SAm,, ]]l'ﬂﬂi.Pil-utGE from a hot solution, brown vrhedic sulphide
Rh,S;, insoluble in 8Am,, but soluble in boi]j;:lg nitrie acid. : 3
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KHo, or NaHo, gives with the chlovide a yellowish-brown precipitate of
rhodic hydrate, Rh.Hog, soluble in excess ; in other rhodic salts this
precipitate appears only on boiling.

From a solution of rhodic chloride, KHo, producing at first no precipitate,

ives, on the addifion of aleohol, a brown precipitate of rhodic hydrate,

AmHo gives also a yellow precipitate, only formed, however, after gome time,
goluble in HCL

KI produces a slight yellow precipitate.

Metallic zine precipitates black metallic rhodium.

NOKo (potassic nitrite) gives with the chloride an orange-yellow precipi-
tate, which is slightly soluble in water, but readily soluble in HCL.

Rhodium is distingnished from the other platinum metals by its insolubility
in aqua regia, its solubility in fusing 80;HoKo, and the behaviour of its chloride
with potash and aleohol.

3. OSMIUM, Os”, Iv, ¥i and ¥ii also a psendo-triad. Atomic weight, 199°2.
—Found chiefly as a natural alloy of esmiwm iridium in platinum ores, which
remains behind undissolved, when the ores arve treated with aqua regia, in the
form of white, metallic-looking, hard grains. This alloy is attacked by mixing
it with common salt, or potassic chloride, and exposing it in a glass or poreelain
tube to a current of moist chlorine gas. Osmic acid is formed, which volatilises,
and can be condensed and fixed by passing the fumes into a solution of caustie
Putﬁah. Iridium remains behind in the tube as a double chloride, 2KC1,TxCl,.
I'his salt is obtained in reddish-black regular octahedra, by recrystallisation
from water. The alkaline solution is evaporated with excess of sal-ammoniae,
and leaves on ignition of the dry residue, and extraction with water, metallic
osmium, as a black powder, or grey, and with metallic lustre. The densest
metal has a specific gravity of 21'4.  Intense white heat volatilises the metal,
but does not melt 1t. In contact with air, it burns the more readily the finer
the metal is divided, and is converted into esmic anhydride, OsviiQ,. Red
fuming nitrie acid, or aqua regia, dissolves osmium likewise, and oxidizes it to
080, Very intensely ignited, osmium is rendered insoluble in acids, and has to
be fused with nitre, and then distilled with nitric acid, when 080, distils over.

Osmium combines with oxygen, or chlorine, ete., in several proportions,
thus :—

Osmious oxide ...... 08”0 Osmious chloride.... 08"Cl,

Osmie i saseis 080y  Osmieo S (not “0s"’yClg,6KCl
isolated)

Osmie dioxide ...... 0s'v0, Osmie tetrachloride.. Os!*Cly

Osmious anhydride .. 0s¥04 —_ =

Osmic anhydride .... 0s*10, — e

The two highest oxides combine with bases, and form esmites and unstable
osmates. 0s0, is remarkable for its peculiar, exceedinglyirritating, and offensive
odour, resembling that of Cland I. It attacks the mucous membrane and the
lungs, and is excessively poisonous. It is absorbed by water, and is pmmp:.tateﬁ
from its solutions by all metals, even by mercury and silver, as a black metallic
powder. On heating a mixture of finely-divided osmium, or of the sulphide, with
potassic chloride in a stream of chlorine gas, a double chloride, 0s,Cl,6ECI,
30H,, is obtained, which crystallises from water in dark red-brown, regular
octahedra. The salt is insoluble in aleohol. ‘

The solution of this double chloride is more stable than that of the osminm
chlorides, and may conveniently be employed for studying the reactions.

REACTIONE IN THE WET WAY.

SH,, or 8Am., gives a brownish-black sulphide, 0s”S, which only sepa-
rates when a strong acid is present. The precipitate is insoluble in
ﬂ-.&lﬂ:.
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KHo, or NaHo, AmHo, or COKo,, produces a brownish-red precipitate of
hydrated osmic dioxide, Os'vHo,. ] :
On fusing the double chloride with CONaoy, dark grey 080, is obtained.

Heated with tannic acid, or aleohol, with addition of HCI, the double chlo-
ride is reduced to the blwe osmious chloride, 08"Cl,. e

A solution which contains osmic acid (an osmate) is remarkable for its great
oxidising power. It decolorises indigo solution, separates iodine from KI,»
converts aleohol into aldehyde and acetic acid. Seodie sulphite yields a deep
violet coloration, and dark blue osmious sulphite, S00s0”, gradually a.aﬁm
vates. Ferrous sulphate produces a black precipitate of 080, Stannous chlo-
ride produces a brown precipitate, soluble in HCL, to a brown fluid. All
compounds of osmium yield the metal when ignited in a current of hydrogen.

4, RUTHENIUM, Ru”, i, *i, and *!i, also a pseudo-trind. Atomic weight,
104'4.—Found in small quantity only, in that portion of the platinum ores which
remains behind, after treating with aqua regia. It is a greyish-white metal,
closely resembling iridium, and very difficultly fusible. When heated in the air
it becomes covered with hluish-black ruthenic oxide, Ru,0;, insoluble in acids.
When pure, it is insoluble in acids, being barely acted upon by aqua regia ;
fusion with hydric potassie sulphate even remains without action upon it.

It is attacked, either by fusion with caustic potash and nitre, or potassic
chlorate, and is converted thereby into potassic ruthenate, Ru0,Ko,, a dark
green mass, soluble in water to an orange coloured fluid, which tinges the skin
black, from separation of black ruthenic oxide. Acids (NO;Ho) throw down the
black hydrate.

Or 1t may be rendered soluble by ignition with potassic chloride in a current
of chlorine gas, being thus converted into potassic ruthemic chloride,
2KCLRul~Cl,.

Ruthenium forms several oxides, chlorides, ete., thus :—

Ruthenious oxide ........ Ru”0. Ruthenious chloride .... Ru"Cl,
Ruothenie ,, ........ ‘Bu";0; Ruthenicchloride ...... ‘Ru0l,
Ruthenic dioxide ........ RuvO;  Ruthenic tetrachloride .. RuivCl,
Ruthenic trioxide ........ Ruv(Qy (known only in combination).
(anhydride).
Ruthenie tetroxide ........ Ruii),
(perruthenic anhydride).

REACTIONS IN THE WET WAY,

We may employ a soruTion of Rurnesic CHroripe, ‘Ru’”;Cl,, pared
by dissolving in HCI the ruthenic hydrate, precipitated by nitric acid, from a
solution of potassic ruthenate. It forms an orange-yellow coloured solution
which on heating is resolved into HCI and Ru,0,. i

SH, produces at first no precipitate, but after some time the fluid acquires an
azu-reblue tint, and deposits brown ruthenic sulphide, Ru.S;. This
reaction is very delicate and characteristic.

SAm, produces a brownish-black precipitate, difficultly soluble in excess.

KHo precipitates black ruthenic hydrate, Ru,Ho,, insoluble in alkalies,
but soluble in acids.

CyKs produces, in the absence of other platinum metals, after some time a

ﬁulumt_lon, which gradually changes to puirple-red, and, upon heating,
to a fine violet tint (very characteristic).

KCl, or AmCl, produces in concentrated solutions erystalline glossy violet
precipitates of the double chlerides, difficultly soluble in water, in-
soluble in alcohol. They are decomposed on boiling with water, with
separation of black ruthenious oxychloride.

NOKo forms a double salt, INOKo, N3;0,Ruo™

onDie readily soluble in an excess
of the alkaline nitrite.  On the addition of  few drops of colourless SAms,
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the solution assumes a splendid dark red colour, changing to brown, with-
out precipitation of sulphide.

Metallic zine produces at first a fine azure-blue coloration (owing to the reduc-
tion of “Ru’3Cl; to Ru"Cly), which subsequently disappears, ruthenium
being deposited in the metallic state.

(B.) As Sulphides, soluble in yellow ammonic sulphide : —Iriprus,
MoryepENUM, TELLURIUM, and SELENIUM.

1. IRIDIUM, Ir", iv,and v, also as a psendo-triad. Atomic weight, 198.—
Found in platinum ores alloyed with platinum, chiefly, however, in combination
with osmium, left behind as a native alloy in the form of very hard metallic-
looking brittle prains, when the ore is treated with aqun regia. In this con-
dition, or when reduced at a red heat by hydrogen, from any of its compounds,
it is insoluble in every aeid. Fusion with acid potassic sulphate oxidises, but does
not dissolve it (DistizorroNn FroM Rh). When fused with caustic soda in a
silver erucible with access of air or with sodic nitrate, it is likewise oxidised,
but the compound of IryO; and soda is only partially soluble in water. By the
action of aqua regia the latter is dissolved to a deep black liquid, containing the
double chloride of iridium and sodium, 2NaClIrCl,. This same com-
pound is also obtained when a mixture of the iridium powder and dry sodie
chloride is heated in a glass or porcelain tube in o current of chlorine gas, and
the residue dissolved out with water.

Tridium forms numerous compounds with oxygen, chlorine, iodine, sulphur,
ete., in which the metal exists as a dyad, pseudo-triad, tetrad, or hexad, as will
be seen from the following list :—

Oxides.
Iridions 0XAde o o s o paendioian thve s s anionsiina II'UG.
Tridie R T T e e e s o O
Iridic dioxide (most stable) ......... veesrranene  IXiT0,
»w hydrate (bulky, indigo coloured) .......... IrivHo,.
Iridic anhydride (not known in the free state) .,.. Irv'O%
Chlorides. Todides. Sulphides.
St oy = =
IrCl,, Ir"L,. Tr"'8 greyish-black.
"Ix'*5Cls. Tyl g, ‘Ir""38y brownish-black.

II:‘I 'G]..l. II""];»

All iridinm chlorides are capable of forming erystalline double chlorides with
the chlorides of the alkali metals.

REACTIONE IN THE WET WATY.

A Sorvrion oF THE DoOUBLE CHLORIDE OF SODIUM AND IRIDIUM,
2Na(ClIrCl,, may conveniently be employed.

SH, first decolorises the iridium solution, with separation of sulphur and
reduction of the IrivCl, to "Ir"’yCl;, and finally precipitates brown iridic
sulphide, Ir"';8,. 29 _ _

8Am, produces the same precipitate, readily soluble in excess, W

KHo or NaHo, added in excess, colours the solution greenish, and recipi-
tates a little Drownish-black potassie double chloride. On heating
the liquid with exposure to the air, it acquires at first a reddish tint,
which changes afterwards to ezwre-blue (DisTINCTION FROM Pt), and
when evaporated to dryness and taken up with water, a colourless solution
is obtained, and a blue deposit of iridic dioxide is left undissolved.

KCl precipitates dark brown potassic iridic chloride, 2K C1,IrCl,, in-
soluble in a concentrated solution of potassie chloride. )

AmCl throws down from concentrated solutions a dark red powder, consist-
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ing of small octahedral crystals of the ammonic double chloride,
2AmC1,Ir0l,, insoluble in a concentrated solution of the precipitant.

Redueing agents, such as potassic nitrite, oxalic acid, ferrous sulphate,
stannous chloride, mercurous nitrate, reduce this double salt (as well as
the potassic double chloride) especially when in hot solutions, to the sesqui-
galt, e.g. i—

9(2KCLIr*Cl,) + 4NOKo = 6KCL'Ir”Cl; + 2NOKo + N0

The double chloride erystallises out on cooling. :

When IrivHo, is suspended in a solution of potassic nitrite, and the solution
saturated with sulphurous acid and boiled, with renewal of the water, as long as
80, is given off, the whole of the iridium is converted into insoluble drownish-
green iridie sulphite, SO(Ir0)"”0”,40H; (SEPARATION FROM Pt). -

Metallie zine precipitates black metallic iridinm.

Nore.—For the separation of the so-called platinum metals we must refer
the student to some larger work on Chemistry, such as “ Watts’ Dictionary.”

2. MOLYBDENUM, Mo”, Iv, ¥i, and *iii, also as a peeudo-triad. Atomic
weight 96.—Occurs only in a few minerals, more especially in molybdic disul-
phide (Molybdenite, Mol*8;, resembling graphite, and as plumbic molybdate
(wnlfenite, or yellow lead ore), MoO,Pbo”. _ _

Molybdie anhydride, MoOy, serves for the preparation of ammoniec molybdate,
a reagent largely used now in determining phosphoric acid, and best obtained
from molybdeunite, by first roasting the ore, at a red heat, in an open vessel,
and dissolving the impure anhydride in strong ammonia. An acid ammonie

MoOAmo
molybdate, 1+ O + OH,, crystallises out, on cooling, in large trans-
MoOyAmo
parent erystals. The metal is prepared by intensely heating the oxide in a
charcoal-lined crucible. It is a silver-white, brittle and exceedingly infusible
metal, of specific gravity 86. It is not affected by exposure to the air, but when
heated it ﬁumu& first brown, then blue, and finally white, passing through
various stages of oxidation till it is converted into molybdic anhydride, MoOy.
Molybdenum is insoluble in HCI, but is acted upon by NO;Ho, or aqua regia,
being converted into the anhydride, if sufficient nitric ncid be present.

1t forms with oxygen, chlorine, sulphur, etc., compounds in which the metal

exists as a dyad, pseudo-triad, tetrad, hexad, and octad ; thus :—

Oxides. Chlorides.  Sulphides.
3 f b i £ 1 3 |
Molybdous oxide, Mo"0. Mo"Cl;.

Molybdie ,, ‘Mo",0;. Mo"3Cl;.
o HﬂD,Hﬁ{}g.

Molybdie dioxide, Mo'vO,. Mo'*Cly,  Mo!vS, (the native molybdenite).
Molybdie trioxide — MoviS; (sulphomolybdic anhy-
or anhydride, MoQ;, = dride).
Mo*iiiS, (per-sulphomolybdic
nnh}':iridﬂ]. ¥ .

The higher oxide (anhydride) and sulphides form oxy- and sulpho-salts,—
m?%ﬁ&:‘:-fes and sulpho-molybdates. Black molybdous hydrate, Mo’Hoy, forms
with acids molybdous salts, which absorb oxygen readily from the air, and are
powerful reducing agents. The principal salts are, however, the molybdates.

REACTIONE IN THE DRY WAY.

Molybdie anhydride, when heated on charcoal, in the outer flame, first melts
and is then partly volatilised and forms a yellow crystalline sublimate on the
charuupl which turns white, on cooling ; in the inner flame it is reduced to the
metallic state (even without UDHan,S; the metal can be obtained as a grey
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powder, on levigating the charcoal. With borax, all oxides of molybdenum give
in the outer flame a bead which is yellow, when hot, and colourless, on cooling ;
in the inner flame, a dark-brown bead, which is opaque, when excess of rm;:ll}rhlz
denum has been used.

REACTIONE IN THE WET WAY.

We employ A s0LUTION oF AMMONIC MOLYEDATE.

The alkaline molybdates are soluble in water. Most others are insoluble.

Nitrie, or hydrochloric acid, precipitates whife molybdic acid, MoO.Hos,,
from a concentrated solution of a molybdute, soluble, however, in a large
excess of the acid.

SH, gradually precipitates from acidulated solutions brownish-black molyb—
dic tersulphide, Mo, soluble in alkaline sulphides to sulpho-salts,
which are decomposed again by acids with precipitation of MoS;, espe-
cially on the application of heat. On the addition of a little SH, only,
the molybdate solution acquires at first a blue tint; added in larger
quantities, it produces a precipitate, and the supernatant fluid a pears
green, till on the addition of excess of SH; the whole of the metal sepa-
rates, though slowly, as a tersulpliide.

8Am, gives a similar precipitate, soluble in excess.

Reducing agents, such as SnCly, NoO,Hgyo”, Zn and HCI, ete., produce
changes, marked chieﬂi by alterations in colour.

The prineipal and most characteristic reaction for molybdic anhydride con-
sists, however, in precipitating it in a nifric acid solution, as yellow phos-
pho-molybdate, or arsenio-molybdate, by the addition of a mere
trace of a soluble phosphate, or arsenate. (Comp. p. 142.)

3. TELLURIUM, Te”, Iv and ¥, Atomie weight 128 —0ccurs in a few
places, and in small quantities only, as native metal (graphic and foliated tellu-
ritm) ; more often in combination with Au, Ag, Bi, Pb, as a (sulpho)-felluride,
ﬁ::logﬂm to arsenides, ete.; or a8 TELLUROUS ACID, in combination with metallie

es.

Tellurinm exhibits all the physical properties of a metal, and resembles anti-
mony in its general appearance. It is a white, brittle, but readily fusible metal,
which may be sublimed in a glass tube. When heated in the air it burns with a
greenish-bive flame, emitting thick white fumes of tellurous anhydride, TeO,,
The metal is insoluble in HCI, but dissolves readily in NO,Ho, forming TeOq, a
white substance which fuses to a yellow fluid, at a gentle heat, and volatilises on
stronger ignition in the air. Tcl{urmlﬂ anhydride dissolves barely in water, and
the solution does not redden litmus ; readily in HCI, less so in NO,Ho. It also
dissolves freely in potash, or soda, slowly in ammonia, forming alkaline tellurites.
On dilution with water, white tellurous hydrate, TeOHo,, is precipitated from
an acid solution. A nitric acid solution slowly deposits crystalline tellurous
anhydride, even without the addition of water.

Tellurium forms several oxides, chlorides, sulphides, ete., in which the metal
is & dyad, tetrad, or hexad ; thus :—

Oxides.
Tellurous oxide (anhydride) .....cvvvvnveern.. TelvOa
i8 “-ci-d--------.--.---r-r--.-pq-ppoq-...qq T'&DHGE-
Telluric oxide (anhydride) .. ....00s0esvaeea. s Te¥'Oy,
58 B o e P P PR TQUEHDE.
Chlorides. Sulphides.
e e —
Tellurous, or dichloride ............ TeCl.. —
Telluric, or tetrachloride ...... e 1) P TeS..

It also forms with ]:Ec]rngen a gaseous compound, tellurietted hydrogen or)
hydrotelluric acid), Te"Hy.
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Both the di- and ter-oxides are capable of forming with metallic bases salts
called fellurites and fellurates. The alkaline and alkaline earthy tellurites—
formed by fusing tellurous acid with the carbonates of these metals—are all
more or less soluble in water; all others obtained by double decomposition are
insoluble. The tellurates of the alkali metals, prepared in like manner, are also
soluble in water; the others are insoluble. They can be prepared by double
decomposition. ‘ : i i

The sulphides of this metal act as sulpho-ucids, forming with the alkaline sul-
phides, sulpho-tellurites and tellurates.

REACTIONE IN THE DRY WATY.

When tellurites, or tellurates, are heated with charcoal and COKo,, they are
reduced to potassie telluride, Te' 'K, which produces a black stain on a moist
silver plate, and is soluble in water, forming a dark-red solution. When HCI is
added to this solution hydretelluric acid gas, Te 'H,, is evolved, resembling
SH, in smell, and soluble in water, to a pale-red solution, which is decomposed in
contact with air, with deposition of metallic tellurium.

All compounds of tellurium are readily reduced on charcoal in the inner
flame. The reduced metal is volatilised and forms a white scarcely visible deposit
of tellurous anhydride on the charcoal. Stannous chloride colours it black, owing
to the separation of metallic tellurium.

With borax or microcosmic salt a clear colourless bead is obtained, which when
heated on charcoal, is rendered grey and opaque, owing to reduced metal.

REACTIONS IN THE WET WAY,

A. TELLURIC COMPOUNDS.—Use a sorvrioxn oF Porassio Ter-
LURATE, TeOyKo, (obtained by fusing potassie tellurite with nitre).

HC1 does not decompose tellurates in the cold, but on boiling the solution
chlorine is evolved, and on dilution with water tellurous acid, TeOHo,,i s

precipitated, soluble only in a considerable excess of HCL. (Distixorron
oF Te(Qy FroM Te(,.)

B. TELLUROUS COMPOUNDS.—UsE A sorvrioN oF Porassic TEL-
LURITE, TeOKo,.

HCL decomposes this solution and precipitates white tellurous acid, Tel-
lurium resembles in this respect 8b and Bi compounds.

SH; precipitates from acid solutions brown tellurous sulphide, TeS,,
resembling in colour Sn8, and very freely soluble in ammonic sulphide.
Reducing agents, e.g., S0Nao,, S8nCl,, metallic zine and HCI, a solution
of sulphurous acid, ete., reduce tellurium compounds and precipitate black
meLa.lflic tellurium, which is insoluble in an aqueous solution of potassic

cyanide.

4. SELENIUM, Se¢", !, and ¥, Atomic weight, 79.—Found native, also
as SELENIDE of Cu, Pb, Hg, Ag, Fe, ete. It is occasionally found in the flue-dust
of roasting furnaces, and as a seleniferous deposit in the lead chambers of sul-
phuric acid works, where the acid is manufactured from seleniferous pyrites.

It resembles the non-metallic element, sulphur, in many respects, eg., in
exhibiting alike allotropic changes ; in others the metal tellurium. It is a brittle
dark-brown substance, fuses at 200° C., and vaporises at about 700° C., and ma
be sublimed. Heated in air it burns with a bluish flame and forms selenfous
anhydride, Se0,, whilst at the same time a disagreeable odour of decaying
horse-raddish is given off. The same oxide is formed when selenium is dissolved

in. Selenates containing selenic anhydride, SeO,,

in nitrie acid, or aqua m%
are formed by heating selenium, or its compounds, with carbonates and nitrates

of the alkalies. These oxides form two series of salts ﬁz., Solanitas anicl 441
The selenites are the more stable of the two. i seienates.
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REACTIONS IN THE DRY WAY,

Selenium compounds are reduced, when heated with 0ONao., on charcsal, in
the inner blowpipe flame, and may be readil recognised by the nhamcm-i;ﬁc
smell of horse-raddish which they give off. If the saline residue, which contains
sodic selenide, SeNa,, be placed on a bright silver coin and moistened with a drop
of water, a black stain is produced on the silver. Treated with dilute HCI, it
evolves gnseous hydroselenic acid (selenietted hydrogen), 8eH,; analogous in
eomposition and properties to sulphuretted hydrogen, It is an inflammable,
feetid, poisonous gas, very soluble in water. The aqueous solution of SeH,
gradually deposite selenium on exposure to air; it precipitates selenides from
solutions of many metallic salts,

REACTIONS IN THE WET WAY.

i Sit!lﬂ LENIC COMPOUNDS.—UsE A 80LUTION OF POTASSIC SELENATE,
eLla B 0a.

_ Selenates are stable salts, closely resembling the sulphates. They are soluble
in water with the exception of the barium, strontium, caleium and lead salts,
which are insoluble in water and in dilute acids.

HC1 decomposes selenates, on boiling ; ehlorine is evolved, and the salt is
reduced to a selenite. (DisTiNeTION FROM Se0,.)

SH, does mnot Erﬂdllﬂﬁ a precipitate, till the selenate has been reduced to
selenite, by boiling with HCL

BaCly produces a whife precipitate of baric selenate, Se0.Bao”, insoluble
in water and in dilute acids ; decomposed by boiling HCI.

B. SELENIOUS COMPOUNDS.—UsE A SOLUTION OF AN ALKALINE
SELENITE.

The normal alkaline selenites are soluble in wabter, most others are insoluble ;
all acid selenites are goluble. HCI dissolves but does not decompose selenites.

8H, produces from an acid solution of a selenite, a lemon-yellow precipitate
of selenious sulphide, SeS, (¥), which almost immediately breaks up
inl;ul its component elements Se + 8, but is readily soluble in ammonie sul-

hide.

Ball; gives a white precipitate of baric selenite, S8eOBao”, soluble in dilute
HCl, or NO;Ho.

Reducing agents, such as 80, alkaline sulphites, 8nCly, metallic Zn, and
Fe, precipitate from acidulated (HCI1) solutions metallic selenium, as a
red powder, which turns grey at a high temperature and is soluble in KCy
solution. (80,Feo” is without action.) Metallic copper is immedintﬂlg
conted black when placed in a warm solution containing hydrochloric aecid,
and on standing, the solution turns light red, from separation of metallic
selenium,

Group I comprises the Rare Metals precipitable by HCI, viz.,
the metal TuxesTeN, or WonrraM, which 1s precipitated as tungstic
acid, WO,Ho,, and TrarLum precipitated as thallious chloride, TICL
Several other metals already treated of in Group IIT besides
THALLIUM, viz.,, N1osioy, Tantanom, MoryppENuM, are likewise pre-
cipitated, but the precipitated acids (NbO,Ho, TaO.Ho and
Mo(,Ho,) dissolve again in an excess of hydrochloric acid.

1. TUNGSTEN, or WOLFRAM, Wi and *\. Atomic weight 184.—This
metal oceurs in nature as teroxide in the form of tungstates, in mm"?mntmn with
the bases CaQ, FeQ, MnO, in the minerals wolfiram, WO, [Feo” Mno"] and

tungsten, WOyCao™. g L
The metal can be obtained by intensely heating the oxide in a current of
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hydrogen. It forms an iron-grey powder, very difficultly f_uaih_riu, and bcw:fles
agnin Exi&isec'l to tungstic [III%I.;’ ride, WOy, w en_hmtcd in air. Dry chlorine
gas converts it into dark violef, WClg, which sublimes, and a more volatile red
compound, WCl;. Both chlorides are decomposed by water into the correspond-
ing hydrates, with formation of HCL. The metul is insoluble, or scarcely soluble,
in acids, even in aqua regia. :

The following are some of the more important compounds which tungsten
forms with oxygen, chlorine, and sulphur.

Oxides. Chlorides. Sulphides.
T e
Tungstic anhydride (lemon-yellow) .... W0y, Wil WIS,
Tungstic dioxide (brownish-black) .... W¥O,. Wiv(Cl,.
Intermediate (blue-coloured) oxide .... Wi0; Wl;.
= 'W"“'D'g,wf'(}a e WC!;,'WG'] fie

Tungstic anbydride can be prepared from wolfram or tungsten, by digesting
the finely divided mineral in aqua regia, till it is completely decomposed, and
evaporating to dryness on a water-bath. The metallic chlorides are dissolved
out with acidulated water, and the residue, which contains a little silica and
sometimes niobic acid, washed with aleohol and treated with ammonia. Tungstie
acid is dissolved, and siliciec and niobic acids are left behind. From the ammonia
salt, pure unhydride is obtained by the evaporation of the filtrate and ignition.

REACTIONE IN THE DRY WAY.

When heated on charcoal in the reducing flame, together with CONao; and
KCy, tungstic anhydride is reduced to a black powder, containing metallic
tungsten. Heated with microcosmie salt, tungsten compounds give a colourless
bead in the outer flame ; in the inner flame a &lue bead, which on the addition
of a little 80yFeo” changes to blood-red. The addition of tin changes the red
bead to blue or green,

REACTIONS IN THE WET WAY.

WE MAY EMPLOY A SOLUTION OF Sopic TowasraTe, WO,Naos.

The alkaline tungstates are soluble in water, all others are insoluble, and can
be obtained by double decomposition.

Mineral acids (HCI, NO;Ho, or 80,Ho,) precipitate whife tungstie acid,
WO.Ho, It turns yellow on boiling, and is quite insoluble in excess of the
acids. (Distivoriox ¥roM MoO;) Non-volatile acids (e.g., phosphorie, tar-

tarie) prm:iEilmm it likewise, but the precipitate is soluble in excess. It is also
readily soluble in Amio.

8H; produces no precipitate from an acid solution, but reduces the tungstie
acid to the blue oxide, W0y,

SAm; produces no precipitate from alkaline tungstates, but on acidulatin
with HCl, light brown tungstic tersulphide, WH;, is precipitated,
al:ightly soluble in pure water, but insoluble in the presence of salts. The
golution is coloured blue. The precipitated sulphide dissolves readily in
ammonic sulphide. :

8nCl, gives at first o yellow precipitate; on acidulating with HCl and
applying heat, the precipitate acquires a beautiful dfwe colour. This
reaction is very delicate and highly characteristic.
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REAGENTS.
SOLVENTS.

Distilled Water.#*—Obtained by condensing steam by means of a tin worm,
The first portions of the condensed water usually contain carbonic anhydride and
ammonic earbonate, and should be rejected.

Impurities—When evaporated in a platinum vessel, distilled water should
not leave a solid residue, either organic or mineral. Ammonic sulphide ought
not to give a precipitate (Cu, Pb, Fe), neither ought basic plumbic acetate to
cause & turbidity (GO, COAmo,). No turbidity or precipitate should be pro-
duced, moreover, on the addition of ammonic oxalate (lime), baric chloride (sul-
phates), or argentic nitrate (chlorides). Pure distilled water is colourless,
inodorous, and tasteless,

_ Water used for Nessler's test should be specially distilled in a glass retort
with & few pieces of caustic potash, and the l‘ﬁ!tﬂlﬂtﬂ rejected as long as the
Nessler solution indicates any traces of ammonia.

Alcohol (Methylated Spirit), C,H;Ho or EtHo.—Ordinary methylated
spirit (i.e., ethylie alcohol, 90 p. e., mixed with 10 p. ¢. of wood spiric or methylic
aleohol) muﬂ be employed for most purposes. It can be rendered absolute by
shaking with well dried potassic carbonateand distilling the clear spirit in a flask
or retort from a water-bath.

Lmpurities.—Commercial methylated spirit frequently leaves a residue on
evaporation, if so, it should be rectified by distillation. It should be without

action upon litmus papers.

Ether, OEt,—The ordinary ether (methylated, i.e.,, prepared from methy-
lated aleohol) of commerce, is pure enough.

ACIDS.

Sulphurie Acid,* 80,Ho,—Common ocil of vitriol may be used in all
operations with which its usual impurities (lead, arsenic, iron, lime, nitric acid) do
not interfere. Sulphurie acid, free from arsenie, should be employed for genera-
ting arsenietted or antimonietted hydrogen, and an acid free from lead, whenever
this metal has to be precipitated as sulphate. Sulphurie acid, free from nitrie
acid and nitrie peroxide, ought to be employed in testing for nitric acid by means
of ferrous sulphate.

Impurities,—Pure sulphuric acid is colourless, and leaves no residue on evapo-
ration in a porcelain dish. When a solution of ferrous sulphate is poured upon it
in a narrow test-tube, it should not form a brown ring where the two liquids
come in contact (nitrie acid and nitrie peroxide), nor strike a blue colour when a
highly diluted solution of the acid is added to a solution of pure potassic iodide
and starch paste (nitric peroxide). The Emsencu of arsenic is best ascertained
by passing u current of sulphuretted hydrogen through the dilute acid, or by
generating hydrogen from zine free from arsenie, und passing the gas through an
1gnited combustion tube (Marsh's test, Fig. 14). FPlumbie sulphate is frequently

1gni
found in sulphuric acid, and is precipitated on diluting with water, being less

# The asterisk marks the more important reagents.
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soluble in dilute than in concentrated acid. Hydrochloric acid should cause no
turbidity (lead) where the two liquids meet.
The pure acid can readily be bought now, and the student should not attempt

to purify the crude acid.

Dilute Sulphuric Aeid.*—Prepared by pouring slowly one part by
measure of the concentrated acid (sp. gr. 1'8) into five parts by measure of dis-
tilled water, with continuous stirring. Thin glass vessels (beakers) or a porcelain
dish should be employed, as much heat is evolved. Allow the plumbic sulphate
to subside, and decant or syphon off the clear liquid.

Nitric Acid* Aqgua fortis, NO,Ho.—Should be colourless, and leave no
residue on evaporation in a glass dish.

Impurities—Sulphuric and hydrochlorie acids. Dilute considerably, and test
portions with barie nitrate and argentie nitrate.

Dilute Nitrie Acld *—Prepared by diluting one part of pure commereial
acid (sp. gr. 1'38 to 1'45) with three parts of distilled water.

Crude Nitric Acid.*—May be employed for all experiments in which the
above impurities do not interfere, e.g., in the preparation of N30, or N0y by
the action of nitric acid upon copper or arsenious anhydride.

Concentrated Hydrochloric Acid,* Muriatic Acid, HClL.—Should be
colourless, and leave no residue on evaporation.

Impurifies.—Ferric chloride, sulphurous and sulphuric acids, arsenic. The
acid should not impart a blue colour to a solution of KI and starch paste (Cl or
Fe.Clg). On adding a few drops of a solution containing iodide of stareh, the
blue colour should not be destroyed (80,). The dilute acid should remain clear
on the addition of a solution of baric chloride (SO.Ho;). Sulphuretted hydro-
gen, when passed through the dilute acid, should not produee a precipitate
{arsenic), nor should ammonie sulphocyanate redden the dﬁutad acid (iron).

Dilute Hydrochloric Acld.* —Pure commercial acid, sp. gr. 116, is diluted
with three times its bulk of distilled water.

Crude Hydrochloric Aeid.*—Should be employed whenever the impuri-
ties which it contains do not interfere with the object in view, as for instance in
the preparation of chlorine from manganic dioxide.

Agqua Regia or Nitrohydrochloric ,lelll,m]?mparad, when required
oulgv, h{lmi:ing one part of concentrated nitric acid with three to four parts of
hydrochloric acid.

Sulphurous Acid, SOHo,—Prepared by acting with eoncentrated sul-
phurie acid upon copper, and passing the gas into water. The solution should
be kept in a well-stoppered bottle.

Carbonic Acid Water.—A solution is prepared by acting with hydro-
chloric acid upon marble, and passing the evolved carbonic anhydride into
water.

Chlorine Water.—A solution of chlorine in water is readily prepared. Tt
should be kept in a well-stoppered bottle, and in a dark place, since on exposure
to light, it is speedily converted into HCl with evolution of oxygen.

Acetle Aclll,"{ gg"Eu. Pure commercial acid of sp. gr. 1'04, diluted with
ane part of water may be used. It should leave no residue on evaporation.

Impurities.—Sulphurie and hydrochloric acids, lead, copper, iron, lime.

_Tartaric Aeid, THo,—A solution is prepared when required only, as the
acid undergoes decomposition in an aqueous solution. One part by weight of
i
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commercial tartaric acid of sufficient purity is dissolved in three parts of water
(i.e., 1 grm. in 3 e.c. of water).

Impurities.—Tartaric acid contains sometimes gypsum and caleic tartrate,
which are best tested for by igniting a few crystals on platinum, extracting the
residue, if any, with a few drops of dilute HCI, and adding to one portion BaCls,

COAmo
to another AmHo, and{ COAmo

Oxalic Acid, gggg The commercial acid is sufficiently pure. Tt should
not leave more than a trace of a residue on ignition.

Impurities.—Iron, potassic and sodic oxalates, lime. Dissolve one part by
weight of the erystallized mid,{gggg, + 2aq., in ten parls by measure of

water.

Hydrofluoric Acid, HF.—A solution stored up in a gutta-percha bottle is
best bought, as its preparation involves expensive apparatus. It should leave no
fixed residue on evaporation to dryness.

Hydrofluosilicie Acid, 2HF 8iF,~A solution of this acid in water is pre-
pared as described, p. 138. 1t should be made sufficiently strong to precipitate
& soluble baric salt readily.

TImpurities.—Owing to the mode of preparation the acid is often contaminated
with sulphurie acid. 1t should not produce a precipitate ina solution of a strontie

salt (80.Hog).

Hydrosulphuric Aecld, SH,—Prepared when required. In well ap-
pointed laboratories sulphuretted hydrogen is now usually stored in a gasholder
over oil, and supplied like coal gas from small taps, in closets, connected with the
chimney., The gas, whether obtained from a constant generating apparatus, or
from a gasholder, should invariably be passed through a wash-bottle containing
water. A saturated solution of sulphuretted hydrogen in water answers most
purposes of the analyst. It should be kept in a well-stoppered bottle, since
sulphuretted hydrogen decomposes rapidly when in contact with air with forma-
tion of sulphur mign and precipitation of white sulphur.

If the gas be required entirely free from AsHy, it should be generated by
acting with pure HCI (concentrated) upon native grey anfimony Sb,Sy.

BASES AND METALS.

Potassic Hydrate* KHo, or Sodie Hydrate, NoHo.—Usually obtained
in commeree in the form of sticks or lumps, which may be dissolved in twenty
parts of water. _

Impurities—Silica, aluming, phosphorie, sulphurie, and hydrochlorie acids
[uu]dphutn:-n and chlorides, often in mot inconsiderable quantities), and earbonie
acid. On dissolving in water, and allowing the suspended matter to subside, the
clear solution may be syphoned off.

Pure sodic hydrate is indispensable for the separation of alumina from the
oxides of iron and chromium.

Ammonic Hydrate,* AmHo.—The liguor ammonie of commerce, sp. gr.
‘88, is diluted with distilled water till the liquid has a sp. gr. of "96 = 10 per
cent. of NH;.

Impurities—A solution of ammonia should be colourless; on neuntralizing
with pure HCI it should remain inodorous. When evaporated in a glass or
platinum dish, it should not leave any residue. Ammonia contains frequently
traces of sulphuric and hydrochloric acids, and sometimes not inconsiderable
gquanyities of ammonic mr{omtu, when it produces n white precipitate on the
addition of lime water.
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Baric Hydrate,* BaHo,—Obtained by dissolving in a stoppered bottle one
part of erystallized bariec hydrate, BaHoy + Baq. in twenty of water. Allow
to subside and syphon off into another well-stoppered bottle.

Impurities.—The solution commonly called baryta-waler should, on precipi-
tating with pure 80,Ho,, give a filtrate which leaves no fixed residue on evapo-

rating to dryness in a platinum vessel.

Calcic Hydrate,* Callo,—Freshly slaked lime in powder is used in qualita-
tive analysis, as well 85 a solution of lime, so-called lime-water. This is prepared
by dissolving in cold distilled water some freshly slaked lime, allowing to subside
in a stoppered bottle, and syphoning off the clear liquid into another bottle. Lime-
water contains about one part of lime dissolved in 600 of water.

Ammonic Sulphide,* SAm,—Prepared by saturating three parts of
ammonic hydrate with sulphuretted hydrogen gas, whereby SHAm is formed.
On diluting this solution of hydric ammonie sulphide with two parts of ammonic
hydrate, a sulphide is obtained which contains a little free ammonia. The con-
centrated solution may be diluted with ten times its bulk of water. It should be
kept in well-stoppered bottles. Calcic or magnesic salts should not be precipi-
tated ; nor should the solution leave a residue on evaporation and ignition. The
oxygen of the air decomposes it gradually into NH;, OH; and yellow 8SAm,.

Yellow Ammonic Sulphide, S5Am,—Used for the solution and conver-
sion of SnS ipto 8nS;. It may be prepared by digesting the neutral SAm, with
flowers of sulphur and filtering the Liquid.

Sodic Sulphide, SNa,—FPrepared by saturating one portion of a solution
of sodic hydrate with sulphuretted hydrogen, and adding to it the second portion.
A little ferrous “sulphide, which is generally precipitated, is filtered off. The
solution musl be kept in a well-stoppered bottle.

SALTS.

Potassic Sulphate, SO, Ko,.—Dissolve one part of the commerecial salt in
twelve parts of water,

Potassic Yodide, KI. —The commercial salt is generally sufficiently pure.
Dissolve in sixty parts of water. Pure KI should be free from iodate and
;Iéh;[nﬂfe. It should not colour starch paste blue on the addition of dilute

g HOg.

Potassic Nitrite, NOKo.—Dissolve one part of the commereial salt in two
parts of water, when required for use.

- Potassle Chromate, CrO;Ko,.—Dissolve the salt of commerce in ten parts
water.

Impurities.—Sulphuric acid. The solution ought not to become turbid on
the addition of dilute HCl and BaCl..

Dipotassic Dichromate, Cr(); Koo —Purify the commercial salt by recrys-
tallisation till it is free from 80.Ko,, and dissolye one part in ten of water.

Potassic Metantimonate, SbO.Ko + 5 aq.—Prepared by deflagrating in
a Hessian crucible one part of finely powdered antimony with four parts of salt-
petre. Pour the fused mass on a stone slab. Powder it, and boil with twelve
rts olf water for two or three hours, and filter, when a clear and neutral solution

is obtained. KCl and AmCl shouid not precipitate it.

Potassic Ferrocyanide,* K, FeCy,, and Ferricyanide, K Fe,Oy,, —These
salts can be purchased in a state of sufficient purity. They are diasolvir]ds,‘in small
quantilies at a time, in twelve parts of water.

Potassic Sulphocyanate, CyKs, or Ammeonic Sulphocyanate CyAms.
—Dissolve in ten parts of water.
E 2
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Impurities, such as 80;Ho,, do not interfere with the reactions.

Sodie Carbonate,* CONao,—Procure the pure salt, which should be free
from sulphate and chloride. The solution should not give a precipitate after
conversion into a nitrate, when treated with concentrated NO.Ho and MoOsAmo,,
and should not leave a residue, insoluble in water, on acidulating with pure HCI
and evaporating to dryness (8i0,).

Dissolve the dry salt in five parts of water.

Hydric Disodie Phosphate,* POHoNao; + 12 aq.—Recrystallize the com-
mereial salt and dissolve one part of pure salt in ten parts of water.

Tmpurities—Sulphate and chloride.—Ammonie hydrate should not cause any
turbidity on warming (alkaline earthy phosphates).

Sodiec Acetate, {Egﬁn o + 6 8q.—The commercial salt generally contains

sodic sulphate. If a pure salt cannot be procured, sodic acetate may be prepared
by neutralising pure sodic carbonate with pure acetic acid. Dissolve the salt in
ten parts of water.

Sodic Acetate and Acetic Acid.—Dissolve 20 grms. of pure crystal-
qud{ggﬁm in 160 c.c. of water, and add 40 ce. of concentrated

gg]“z[ o This solution is used for the precipitation of ferrie, aluminie, and
chromic phosphates. 1

Hydric Sodic Sulphite, SOHoNuo.—Dissolve one part of the salt in five

parts of water. Hydric ammonic sulphite may frequently be used with greater
advantage. :

Sodic Hyposulphite, 850Nao, + 6 aq.—Readily procurable in o pure state.
Dissolve one part of the salt in forty parts of water,

Sodiec Hypochlorite, CINao.—Prepared by shaking up one part of bleach-
ing powder with ten parts of water, and adding a saturated solution of commer-
cinl sodic carbonate as long as a precipitate is produced. Allow to subside, and
syphon off.

COAmo : :

Ammonic @xalate® | o5 -+ aq.—Purify the commercial salt by re-
erystallization and dissolve one part in twenty-four parts of water.

Impurities.—The salt should leave no fixed residue on ignition. Sulphuretted
hydrogen or ammonic sulphide ought not to produce a turbidity or a precipitate.

Ammeonie Carbonate,* COAmos—Prepared by dissolving one part of the
commercinl sesquicarbonate, after scraping off from the lumps any foreign matter,
in four parts of water and adding one part of strong ammonia solution, TIf a
precipitate of ferric hydrate be thrown down, it is allowed to subside, and the
clear solution is syphoned off.

Impurities.—Iron, lead, sulphuric and hydrochloric acids. The salt should
volatilize completely and give no precipitate with baric chloride, or argentic nitrate
(after acidulating with hydrochloric or nitrie acid respectively), also no precipi-
tate with sulphuretted hydrogen or ammonie sulphide.

Hydric Ammonic Carbonate, COHoAmo.—Obtained in colourless
rhombic prisms, on passing carbonic anhydride to supersaturation into a
concentrated solution of ammonia. The salt is employed for the separation of
As.S, from Sb.S; and Sn8;. A saturated solution is prepared when required.

Ammoniec Chloride,* AmCl.—The commercial galt (sal-ammoniac) usually
contains iron. Purify by adding to the solution a little ammonic hydrate.
Allow the ferric hydrate to subside and neutralize the alkaline filtrate exactly
with pure HCl. The salt should leave no fixed residue on ignition. Dissolve in
five parts of water.
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Ammonie Meolybdate, MoO,Amo,.—1This salt may be purchased. It is
dissolved in strong ammonia and allowed to stand for some time. A slight yellow
recipitate containing ferric hydrate, usually subsides. The clear fluid is poured
into concentrated nitric acid as long as the molybdie acid which at first precipi-
tates is entirely redissolved. The nitric acid solution should remain colourless on
boiling. A yellow precipitate indicates contamination with phosphoric acid, and
the reagent should not be used, till it remuins clear on digestion.

Ammonic Sulphate, S0;Amo,—Recrystallize the commercial salt from
an ammoniacal solution in order to separate iron. Keep a saturated solution for
use.

Ammonie Nitrate, NO;Amo.—The commercial salt is dissolved, when
required, to a saturated solution. It should leave no residue when ignited on
platinum.

Baric Chloride,* BaCl, + 2 aq. The commercial salt is rarely pure
enough, and not unfrequently contains lead. It should not give a precipitate
with sulphuretted hydrogen or ammonic sulphide, nor should a residue be left
after precipitating the whole of the barium by pure sulphuric acid and evapo-
rating the filtrate in a platinum dish. Purify, it necessary, by passing a current
of nuﬁphuruttq}d hydrogen, filtering and recrystallizing. Dissolve in ten parts of
water.

Barie Nitrate, N,0,Bao”.—Should not be precipitated by argentic
nitrate, as it is sometimes employed, inslead of baric chloride, in order to avoid
intmdunin%nny chlorine into a solution. Pure barie acetate answers the same
purpose. For other impurities, test as for baric chloride. Dissolve one part in
15 parts of water.

Baric Carbonate,* COBao"”.—Prepared by precipitation of pure baric
chloride with Ammonic carbonate and AmHo. Wash wafl till free from Am(Cl ;
stir up the precipitated baric carbonate with water to a thick creamy con-
sistency, and keep 1t for use in a stoppered bottle. Shake up before using this

reagent.

Caleic Chloride,* CaCl; + 6 aqg.—The commercial salt is dissolved in five
parts of water. The solution should be neutral to test-papers, and should not be
precipitated by ammonic sulphide (iron).

Calele Sulphate, S80,Cao”".—A saturated solution is prepared by repeatedly
shaking up gypsum (SOHoyCao” + aq.) with water, allowing to subside, and
syphoning off’ the eclear liquid.

Magnesic Sulphate—Dissolve the commercial salt (SOHo,Mgo” + Gaq.)
(recrystallized, if necessary) in ten parts of water.

Magnesia Mixture.—Dissolve 55 gms. of crystallized MgCl, in distilled
water, add 70 grms. of AmCl and 350 c.c. of concentrated solution of ammonic
hydrate, and make up to 1 litre.

Ferrous Sulphate.—The commercial salt (S0Ho,Feo” + 6 aq.) is pure
enough. Dissolve as required for use in ten parts of water.

Ferric Chloride,* Fe.Cl,—Prepared by dissolving freshly precipitated and
well washed FesHog in pure HCl, keeping the ferric hydrate in excess. Allow
to cool, dilute with an equal bulk of water and filter.

Plumbic Acetate,* ({ gg*‘)ﬂ]?ho.”. Dissolve the commereial salt in ten

parts of water.

Argentic Nitrate,* NO,Ago—FPrepared either from silver (pure), or from
a silver alloy (a silver coin), by dissolving in pure nitric acid, and precipitation as
AgCl. Filter off the cupric salt, and wash thoroughly with hot water ; transfer
to a porcelain dish, and introduce clean strips of zinc. Collect the finely divided
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silver on a filter, wash thoroughly with hot water, acidulated with a little sulphuric
acid, and dissolve in dilute nitric acid. Hvaporate the solution to dryness, and
fuse the residue gently. Dissolve in twenty parts of water,

Mercurous Nitrate.—Dissolve the crystals of the commercial salt
gg:Hg,g” + 2 aq., in 20 parts of cold water, acidulated with 12 parts of nitrie

acid. Keep some melallic mercury in the filtered solution.

Mercuric Chloride, Hg(Cl,,—Dissolve the commercial corrosive sublimate
in twenty parts of water.

Nessler's Solution.—Dissolve 35 grms. of KI in 10 ¢c.c. of water; next
dissolve 1'6 grm. of HgCl; in 80 c.c. of water: add the mercury solution gradu-
ally, and with continuous agitation to the sclution of potassic iodide, until the

recipitate ceases to be m-ﬁssnlveﬂ; then add 60 c.e. of potassic hydrate and
Iter. Keep in a small bottle, out of contact with ammonia fumes.
This reagent is of great value for the detection of mere traces of ammonia.

Cupric Sulphate.—The commercial salt (80Ho,Cuo” + 4 aq.) is purified
by repeated crystallisation. Dissolve the erystals in ten parts of water,
Impurities.—Iron, zine.

Cuprie Chloride, CuCl,—Prepared by dissolving cupric oxide in HCI.

ﬂl.l.]ll‘ﬂ'l.l!l Chloride, 'Cu’yCly.—Obtained by digesting CuCly with metallic
copper and HCL

Stannous Chloride, SnCl,—Prepared by beiling pure granulated tin in
concentrated HCl, with the aid of a piece of platinum foil. Dilute with four
volumes of water, acidulated with HCl. Keep the filtered solution over granu-
lated tin in a small stoppered bottle.

Aurle Chloride, AuCl;—Propared by dissolving pure gold in agqua regia,
evaporating to dryness on a water-bath and dissolving in water.

Platinie Chloride, PtCl,.— Dissolve some platinum seraps in aqua regia.
Precipitate with AmCl. Colleet precipitate on a Swedish filter-paper; wash
with strong aleohol ; dry and ignite in a porcelain crucible, gently at first, and
Instly to intense redness. Redissolve the spongy platinum in aqua regia. Evapo-
rate repeatedly to dryness on a water-bath, with addition of HCl. Dissolve in
ten parts of water. Pure platinic chloride should dissolve completely in pure
aleohol. :

: METALS AND OXIDES.

Zine, free from arsenic, granulated, and in the form of strips or sticks.

Iron (steel), copper, tin, lead, platinum (used in the form of wire, bars, sheet,
turnings) and mercury can be obtained of sufficient purity for the purposes of
qualitative analysis.

Metallic Lead free from Silver.—Prepared by precipitation of plumbie
acetate by metallic zine.

Plumbic Dioxide, PbO,—Readily prepared by digesting red lead in
hoiling dilute nitric acid. The brown powder is well washed by decantation, and
lastly on the filter.

Manganic Dioxide, MnO.—Use the powdered commerciul black oxide.

Hydric Peroxide, 0,11, or Ho,—A solution may be prepared by passing
a current of carbonic anhydride through water in which baric peroxide is sus-
pended. The precipitated baric carbonate is filtered off. The commercial article
usually contains alittle free mineral acid, such as HCl or 80;Hoq, added in order
to prevent its spontaneous decomposition. Hydrofluosilicie acid is also some-
times met with, used probably (in excess) to remove any soluble barium salt.
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Reagents used for Fusipns and for Blowpipe Reactions.
Sodic Carbonate,* CONno,—Should be free from sulphate and chloride.

Fusion Mixture* or White Flux.—Consisting of dry CONao; and
C0Koy, mixed in the proportion of their combining weights, i.e,, 106 + 138, or
in the proportion of 10 to 13.

Pure carbonates free from silica, chlorides, and sulphates, should be pro-
cured, as their purification cannot be effected without using silver and platinum
vessels, .

Black Fluz.—Prepared by igniting erystals of Rochelle salt (potassic sodic
tartrate) in a platinum crucible.. The residue consists of carbon and alkaline
carbonates.

Hydric Ammonic Sodic Phosphate,* POHoAmoNno + 8 agq. (Micro-
cosmic Salt).—The salt should be dried and used in the form of a powder.
On being heated in a loop of platinum wire it is converted into PO;Nao.

Potassic Cyanide,* KCy.—Exceedingly useful for reducing metallic oxides
and sulphides, either in the crueible or on charcoal. For blowpipe reactions a
mixture of equal parts of KCy and CONao, (or fusion mixture), is preferable,
because it sinks readily into the charcoal and yields metallic globules of great
purity. For the separation of Ni and Co the salt is dissolved, when required, in
twenty parts of cold water, as its aqueous solution is rapidly decomposed.

Potassie Nitrate,®* NO,Ko.—Used as an oxidizin% agent. The commer-
cial salt should be purified by dissolving the crystals in hot water to a saturated
golution, and allowing to cool in a porcelain dish with continuous stirring. The
nitrate falls out tirst as a fine white powder, and the impurities, e.g., phosphate,
sulphate, or chloride, are left in the mother-liquor.

oCl

Potassic Chlorate® {OK o This salt can readily be obtained pure, i.e.,

free from chloride. Either by itself, or in conjunction with hydrochlorie acid, it
serves as a powerful oxidizing agent.

Borax,* B,O;Nao, + 10 aqg.—The crystals should be tly heated in a
platinum erucible till the water of crystallization has been driven off, and the
mass kept powdered and ready for use in blowpipe reactions.

Hydrie Potassie Sulphate, SO, HoKo.—Prepared by heating in a plati-
num dish 87 parts of normal potassic sulphate with 49 parts of pure sulphuric
acid, till the clear mass fuses steadily. Pour out on a porcelain slab, anE keep
the lumps in a bottle.

Cobalteus Nitrate, N,O,Coo”.—Used in sclution only. Should be free
from other metals. Dissolve the commercial salt in ten parts of water.

Vegetable Colouring Matters.—Test-papers.

Litmus Solution.—Its preparation has been described in my Infroduction fo
TInorganic Chemistry, p. 9.

Turmeric Paper.— Prepared by digesting at a gentle heat one part of turmeric
root with six parts of aleohol. Filter and soak strips of porous paper with the
yellow extract. The dried papers should exhibit a fine yellow tint. Like litmus-

apers, they serve for the detection of free alkalies. All test-papers should be
Eﬂpt in well-stoppered bottles or wooden boxes.

Indigo Solution.—Prepared by gradually stirring four to six parts of fuming
sulphuric acid into one part of finely divided indigo, and allowing the mixture to
stand for 48 hours, before pouring it into 20 parts of water. Filter, and keep for
use in & dark place. The solution of indigo is used for detecting nitric acid,
chloric acid, and free chlorine, owing to the formation of products of oxidation of
a yellow colour.
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APPENDIX IV.
(A) EXAMINATION OF A SIMPLE SALT.

PRELIMINARY EXAMINATION FOR Base.

Substance given : white crystalline, readily soluble in water,

reaction of solution alkaline.

Experiment.,

Observation,

Inference.

Heated some of the pow-
dered substance in a dry
test-tube.

Treated residue with water,

Gave off water; fused;
was slightly blackened ;
gave off CO, burning
with a blue flame.

The residue dissolved ;

Oxalate, formate.

and filtered. Tested with the solution reacted
litmus paper. strongly alkaline.
Added dilute HCI. . .. | Effervescence, whilst be- | Alkaline oxalate.
fore ignition the sub-
stance did not effervesce.
Tested HCI extract on pla- | Violet flame i Potassinm.
tinum wire in a Bunsen's
gas flame.
Examimvarion oF SonurioNn ror Base,
Added HOCL
No pp. Ab-| Added a solution of 8H, to the same solution.
sence  of
Group L.
No pp. Ab-| To a fresh portion of the solution added AmCl,
sence of AmHo, and SAm..
Group II.

To the same solution added COAmo,.

No pp. Ab-
sence  of
Group T11.

No pp. Ab-

sence  of

Group IV.

—

The solution may con-
tain —

MgO, OK, ONa,
Tested a fresh por-
tion of solution spe-
cially for K by adding
HCI and PtCly, yel-
low erystalline preci-
pitate,

Presence of K,
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PreniviNary ExAMINATION FOrR AcIp.

Experiment.

Observation.

Treated a portion of the
powdered substance with
concentrated S0,He,.

Passed gases into lime-
water and applied a light
to the unabsorbed gas.

Inference.

CO and €O, given off,
with slight blackening
of substance.

White precipitate in lime-
water; gas burnt with
blue flame.

From decomposition of
oxalate.

-

EXAMINATION OF SOLUTION FOR ACID.

Acidulated with Acidulated with 2 : CH; .
H'Dl. HDQHU.. Aﬂ]dulﬂtﬁd Wlth GGHﬂ
No precipitates. No precipitates. CalCl, a white pp.
S'DEG“O” B
: ' cOHo.
Presence of { COHo

Found Potassic oxalate.

(B.)

EXAMINATION OF A COMPOUND SUBSTANCE.

PrELIMINARY ExamiNaTioN ror Bases.

Compound given: a dirty white powder.

Experiment.

Heated some of the pow-

| Observation. Inference.
Substance fused. Gave | Compounds of Am,
heavy white fumes, Hg, As, ete.

dered substance in a dry
test-tube.

Heated a portion of the
substance, mixed with
CONaog, in a bulb-tube.

Heated some of the pow-
dered substance on char-
coal before the blowpipe
flame.

which condensed in the
upper part of the tube.
Gave off reddish-brown
fumes and a gas which
supported combustion.
The residue was yel-
lowish, whilst hot, dirty
white, on cooling.
NH, given off. Mirror
and metallic globules.

Substance gave off heavy
fumes, and was partly
reduced to the metallic
state. The metal was
malleable ; the inerus-
tation yellow. ‘

A portion of the ignited
mass appeared strongly
luminous.

From decomposition of
nitratea of Pb, Bi,
ete.

Am and Hg com-
pounds,

Pb.

Alkaline earthy bases.
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ExamiNarioy oF SonurioN For Bases.

Substance dissolved partly in water, partly in HCl with evolution
of CO,. On mixing the two solutions, acicular ecrystals of
PbCl, fell out. Filtered off. Confirmed presence of lead by
means of Cr0.,Ko,; or SD»_P%.

Passed a current of SH..

A black pp. ess, with a few drops of NO,Ho.

Evaporated filtrate to dr
Added AmCl, AmHo, and SAm..

Took up with dilute HCL.

No pp.
Absence of Group I1I.

To the same solution added COAmo,.

On evaporating filtrate to

dryness, and igniting,

' no fixed residue was
left.

Absence of Mg, K, Na.

A white pp.

ExXAMINATION OF PRECIPITATE PRODUCED IN Group II.

Washed precipitate till free from HCI, and boiled with 8Am,.

Residue.—Boiled with NO,Ho. Diluted with OH,, and
added dilute 80,Ho,, and methylated spirit. Filtered.

Solution. — Acidu-
lated with dilute
HCl. No yellow
| precipitate. Ab-

Residue.—Boiled in

and filtered.

ammonic acetate,

Solution.—SH, ad- |
ded to a portion
of solution gave no

sence of As; Sbh,
and Sn.

precipitate. Ab-
Residue.—Dried and (Solution.—Added | sence of Bi, Cu,
ignited in a bulb-| CrO.Ko,;, yel- | Cd.
tube, with dry| low precipitate. |
CONgo;. Metallic| Presence  of |
mirror and glo-| Pb. 3
bules. Presence
of Hg.

ExAMINATION oF PRECIPITATE PRODUCED IN Grour IV.

_ Dissolved precipitate in a little dilute HCl. Tested a portion of the solution
with 80,Ca0"—no precipitate, even after some time. Absence of Ba and Sr.
Confirmed presence of Ca by adding to another portion of the solution AmHo

and {ﬂﬂ,&mn A white precipitate.

O0Amo’ PFresence of Ca.
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- A LIST OF
Messrs CHURCHILL'S WORKS

ON SCIENCE

i

C. L. Bloxam

CHEMISTRY, INORGANIC and ORGANIC

With Experiments. By CHARLES L. BLoXAM, Professor of Chemistry in

King’s College, London; Professor of Chemistry in the Department for

Artillery Studies, Woolwich, Third Edition. With 295 Engravings.
[8vo, 16s.

** It has been the author’s endeavour to produce a Treatise on Chemistry sufficiently
comprehensive for those studying the science as a branch of general education, and one
which a student may peruse with advantage before commencing his chemical studies at
one of the coll or medical schools, where he will abandon it for the more advanced
work placed in his hands hfy the professor. The special attention devoted to Metallurgy
and some other branches of Applied Chemistry renders the work especially useful to those
who are being educated for employment in manufacture,

“ Professor Bloxam has given us a most | is astonishing how much information he often
excellent and useful practical treatise. His | conveys in a few paragraphs. We might
666 pages are crowded with facts and expe- | quote fifty instances of this,” — Chemical
riments, nearly all well chosen, and many | News,
quite new, even to scientificmen, , ., It

By the same Author

LABORATORY TEACHING: Or, Progressive Exercises
in Practical Chemistry, with Analytical Tables. Third Edition. With
&9 Engravings : 4 - ; Crown 8vo, 5s. 6d.

*.* This work is intended for use in the chemical laboratory by those who are com-
mencing the study of practical chemistry. It does not presuppose any knowledge of
chemistry on the part of the pupil, and does not enter into any theoretical speculations.
It dispenses with the use of all costly apparatus and chemicals, and is divided into
separate exercises or lessons, with e'xam];}]‘.as for practice, to facilitate the instruction of large
classes. The method of instruction here followed has been adopted by the author,
after twenty-three years’ experience as a teacher in the laboratory.

e

G. Fownes and Henry Walls

A MANUAL OF CHEMISTRY. By G. Fownes, FR.S.
Edited by HENRY WaTTs, B.A., F.R.S. Twelfth Edition.

Vol. .—Physical and Inorganic Chemistry. With 154 Engravings
and Coloured Plate of Spectra . -« Crown 8vo, 8s. 6d.

Vol. II.—Chemistry of Carbon Compounds, or Organic Chemistry.
with Engravings F g A Crown 8vo, 10s.
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Remiginus Fresenius

QUALITATIVE ANALYSIS. By C. REMIGIUS FRESENIUS.
Edited by ARTHUR VACHER. Ninth Edition, with Coloured Plate of
Spectra and 47 Engravings - ; - 8vo, 125, 6d.

By the same Author

QUANTITATIVE ANALYSIS; Edited by ARTHUR VACHER.
Seventh Edition. Vol. I. With 106 Engravings. . .+ ., 8vo,I5s.

—
Arthur Vacher
A PRIMER OF CHEMISTRY, Including Analysis.
By ARTHUR VACHER . : . . 18mo, Is.
_,ﬂ._
Frank Clowes
PRACTICAL CHEMISTRY AND QUALITATIVE
INORGANIC ANALYSIS. By Frank CLOWES, D. Sc. Lond,, F.C.5.
Lond. and Berlin. Second Edit. With 47 Engravings. Crown 8vo, 7s. 6d.

*." This work is an Elementary Treatise specially adapted for use in the Laboratories
of Schools and Colleges, and by beginners.

.-—-—-l-ﬂ—
Fohn E, Bowman and C. L. Bloxam

PRACT LCAL CHEMESTRY, Inclu-ding Analysis.
By Joun E. BowMAN and C. L. Broxam, Seventh Edition. With
g8 Engravings ; ‘ - ; Fcap 8vo, 6s. 6d.

*.* In this edition the entire Analytical Course has been reduced to a tabular form,
and symbols and equations have been freely used, The intention of the work is to
furnish to the beginner a text-book of the practical mumutie of the laboratory. The
various processes employed in analysis, or which have been devised for the illustration
of the principles of the science, are explained in language as simple as possible.

—0
F. Campbell Brown

ANALYTICAL TABLES for STUDENTS of PRACTICAL

CHEMISTRY. By ]J. CampBeLL BrowN, D.Sc. Lond,, F.C.S.
{E"l’ﬂ, 25. 6di

it [} cp—
C. Meymott Tidy
A HANDBOOK OF MODERN CHEMISTRY, Inorganic

and Organic. For the Use of Students. By CHARLES MEYMOTT TIDY,
M.B,, F.C.S., Professor of Chemistry at the London Hospital.  8vo, 16s,

e
Edward Frankland
HOW TO TEACH CHEMISTRY: Hints to Science

Teachers and Students. Six Lectures by EDWARD FRANKLAND, D.C.L.,
F.R.S., Summarised and Edited by GEORGE CHALONER, F.C.5. With
47 Engravings ; . : Crown 8vo, 3s. 6d.

A. H. Kollmyer

CHEMIA COARTATA; or, the Key to Modern Chemistry.
By A. H. KOLLMYER, A.M., M.D., Professor of Materia Medica and
Therapeutics at Montreal, New Edition . - 8vo, 7s. 6d.
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Robert Galloway
THE FIRST STEP IN CHEMISTRY: A New Method for

Teaching the Elements of the Science. By ROBERT GALLOWAY, Professor
of Applied Chemistry in the Royal College of Science for Ireland. Fourth
Edition, with Engravings ; g Fcap 8vo, 6s. 6d.
By the same Author

A MANUAL OF QUALITATIVE ANALYSIS.
Fifth Edition, with Engravings . ; Peost 8vo, 8s. 6d.

Also
CHEMICAL TABLES ACCORDING TO THE OLD

NOTATION. On Five Large Sheets, for School and Lecture Rooms.
Second Edition p : , The Set, 4s. 6d.

—it

E. T Kensington

CHEMICAL COMPOSITION OF FOODS, WATERS,
S0ILS, MINERALS, MANURES, AND MISCELLANEOUS S5UB-
STANCES. Compiled by E. T. KEnsINGTON, F.C.S., formerly Chief
Assistant to Thomas Anderson, M.D., late of the University of Glasgow.

[Fcap 8vo, 55, -
————

U. ¥. Kay-Shuttleworth

FIRST PRINCIPLES OF MODERN CHEMISTRY.
By Sir U. J. KAY-SHUTTLEWORTH, Bart, M.P. Second Edition.
Crown 8vo, 4s. 6d.

--—-—-ﬂ—-—-l

Francis Sutlon

HANDBOOK OF VOLUMETRIC ANALYSIS;
or, the Quantitative Estimation of Chemical Substances by Measure applied
to Liquids, Solids, and Gases. By FRrawncis Surron, F.CS,, Public
Analyst for the County of Norfolk. Third Edition. With 74 Engravings.

: 8vo, 15s.
*e This work is adapted to the requirements of pure Chemical Research, Pathological

Chemistry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photography, etc., and for
the Valuation of Substances used in Commerce, Agriculture, and the Arts.

*“Mr. Sutton has  rendered an essential service by the compilation of his work.”—
Chemical News,

S mee
A. ¥. Bernays
NOTES FOR STUDENTS IN CHEMISTRY: Being a

.Syllabus of Chemistry, compiled mainly from the Manuals of MILLER,
FowNES-WATTS, WURZ, and SCHORLEMMER. By ALBERT ]. BERNAYS,
Ph. D., Professor of Chemistry at St. Thomas’s Hospital. Sixth Edition.

Fcap. 8vo, 3s. 6d.

[l —

Otto Hehner and Arthur Angell

BUTTER ; Its Analysis and Adulterations, ‘specially treating on
the Detection and Determination of Foreign Fats. By OTTo HEHNER,
F.C.S., Public Analyst for the Isle of Wight, and ARTHUR ANGELL,
F.R.M.S., Public Analyst for the County of Southampton, Second Edition.
Entirely re-written and augmented. - y [Crown 8vo, 3s. 6d.
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. G. Valentin
INTRODUCTION TO INORGANIC CHEMISTRY. By

Wn, G. VALENTIN, F.C.S. Principal Demonstrator of Practical Che-
mistry in the Royal School of Mines and Science Training Schools,
South Kensington. Third Edition. With 82 Engravings .  8vo, 6s, 6d.

Also
QUALITATIVE CHEMICAL ANALYSIS. Fourth Edition.
Wb - Engravinge s SRRl S T 8vo, 7s. 6d.
Also

TABLES FOR THE QUALITATIVE ANALYSIS OF
SIMPLE AND COMPOUND SUBSTANCES, both in the Dry and Wet

Way. On indestructible paper 8vo, 25, 6d,
Also
CHEMICAL TABLES FOR THE LECTURE ROOM AND
LABORATORY. In five large sheets. gs. 6d.
-—ﬂ—--—-—-a

R, Wagner and W, Crookes

HANDBOOK OF CHEMICAL TECHNOLOGY. By
RUDOLF WAGNER, Ph.D., Professor of Chemical Technology at the
University of Wurtzburg. Translated and Edited from the Eighth German
Edition, with Extensive Additions, by WiLLIAM CRoOOKES, F.R.S. With
336 Engravings . . . . . ' . 8vo, 255.

*." The design of this work is to show the application of the science of chemistry to
the various manufactures and industries, The subjects are treated of in eight divisions,
as follows :—1. Chemical Metallurgy, Alloys, and Preparations made and obtained from

Metals. 2. Crude Materials and Products of Chemical Industry. 3. Glass, Ceramic

Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5. Animal Substances. 6. Dye-

ing and Calico Printing. 4. Artificial Light. 8. Fuel and Heating Apparatus,

““Full and exact in its information on “* Mr, Crookes deserves praise, not only
almost every point."— Engineer. for the excellence of his translation, but
** This book will permanently take its | also for the original matter he has added."”
place among our manuals.”—Nafure —American Fournal of Science and Aris.
— ] ——

R. V. Tuson

COOLEY 'S CYCILOPETTASOR ERACTICAT
RECEIPTS, AND COLLATERAL INFORMATION IN THE ARTS,
MANUFACTURES, PROFESSIONS, AND TRADES : Including
Pharmacy and Domestic Economy and Hygiéne. Designed as a Com-
prehensive Supplement to the Pharmacopceias and General Book of
Reference for tge Manufacturer, Tradesman, Amateur, and Heads of
Families. Sixth Edition, Revised and Rewritten by Professor RICHARD
V., Tuson, F.1.C, F.C.S., assisted by several Scientific Contributors.
Parts 1 to 8 (March to January, 1879). Each 2s. 6d.

* * It has been considered desirable to bring out the sixth edition of this work in
monthly parts. Each part will consist of 112 pages, and the bock will be compteted in
about 15 monthly parts at 2s. 6d. each.

The new edition, which will exceed the last by some 4cb pages, will contain a greatly
increased number of receipts culled from the most reliable English and foreign jourhals ;
numerous Articles on Applied Chemistry, Pharmacy, Hygiene, Human, and Veterinary
Medicine, &c., will be added ; many of the old articles will be extended ; and, where
desirable, the text will be illustrated by woodcuts:
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. Forbes Royle and Fohn Harley

ROYLE'S MANUAL OF MATERIA MEDICA AI‘~I_D
THERAPEUTICS. Sixth Edition. By JoHN HARLEY, M.D. With
139 Engravings. g 7 ; : Crown 8vo, 155.

¢¢This Manual is, to our minds, unrivalled | and completeness of information.” —British
in any language for condensation, accuracy, | Medical JFournal.

—
C. Binz

THE ELEMENTS OF THERAPEUTICS. A Clinical Guide
to the Action of Drugs. By C. BiNz, M.D., Professor of Pharmacology in
the University of Bonn. Translated and Edited with Additions, in
Conformity with the British and American Pharmacopceias, by EDWARD
I. SPARKS, M.A., M B. Oxon., formerly Radcliffe Travelling Fellow.

[Crown 8vo, 8s. 6d.

* ¥ Practically, this translation represents a new edition, a considerable amount of
new matter which did not appear in the fifth German edition having been added by
Professor Binz, and a number of error® which occurred in the latter having been corrected.
Nearly the whole of the proof sheets have been read and revised by Professor Binz.

e

. Southall

‘THE ORGANIC MATERIA MEDICA OF THE BRITISH
PHARMACOP(EIA SYSTEMATICALLY ARRANGED : Together
with Brief Notices of the Remedies contained in the Indian and United
States Pharmacopceias. By W. SouTHALL, F.L.S. , Post 8vo, 2s. 6d.

h—ﬂ--—_

F. C. Thorowgeod

THE STUDENT'S GUIDE TO MATERIA MEDICA

Including the New Additions to the British Pharmacopeia. By JOHN
C. THOROWGOOD, M.I). Lond., Lecturer on Materia Medica at the Middle-
sex Hospital. With Engravings . : Fecap 8vo, 6s. 6d.

** Students can hardly hope for a more serviceable text-book."—FPractitioner.

——— L ——

C. D. F. Phillips

MATERIA MEDICA AND THERAPEUTICS: VEGE-
TABLE KINGDOM. By CHARLES D. F. PHiLLIPS, M.D. 8vo, 155.
“1t is the great distinction of this book that an amount of space is given in it to care-

ful discussion of the physiological and the therapeutical actions of drugs greater than has
been given in any previous English text-book of Materia Medica."— Practitioner.

e

Adolphe Walltuch

A DICTIONARY OF MATERIA MEDICA AND THERA-
PEUTICS. By ADOLPHE WAHLTUCH, M.D. ! : 8vo, 10s. 6d.

*.* The purpose of this work is to give a tabular arrangement of all drugs specified in
the British Pharmacopceia of 1867. Every table is divided into six parts :—(1) The
Name and Synonyms ; (2) Character and Properties or Composition ; (3) Physwlogical
Effects and Therapeutics ; (4) Form and Doses; (5) Preparations ; (6) Preseriptions,
Other matter elucidatory of the Pharmacopeeia is added to the work,

““ A very handy book."—Larcet,
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F. Stocken

ELEMENTS OF DENTAL MATERIA MEDICA AND
THERAPEUTICS, WITH PHARMACOP(EIA. By JAMES STOCKEN,
L.D.5.R.C.5., Lecturer on Dental Materia Medica and Therapeutics, and
Dental Surgeon to the National Dental Hospital, Second Edition,

: Fcap. 8vo, 6s. 6d.
—ﬂ--—

Lsambard Owen

TABLES OF MATERIA MEDICA. Third Edition.

[Crown 8vo, 2s. 6d.

—_——

Fonathan Peretra

SELECTA E PRAESCRIPTIS: Containing Lists of the Terms,
Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex-
planatory Notes; the Grammatical Construction of Prescriptions; Rules
for the Pronunciation of Pharmaceutical Terms ; a Prosodiacal Vocabuiary
of the Names of Drugs, &c.; and a Series of Abbreviated Prescriptions
illustrating the use of the preceding terms. To which is added a Key, con-
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans-
lation for the Use of Medical and Pharmaceutical Students. By JONATHAN
PEREIRA, M.D., F.R.5. Sixteenth Edition . . ‘ . 32mo, §5.

l—-—--—ﬂ e ——

THE PRESCRIBER'S PHARMACOPCEIA : The Medicines
arranged in Classes according to their Action, with their Composition
and Doses, By A PRACTISING PHYSICIAN, Fifth Edition.

[Fcap 16mo, cloth, 2s. 6d.; roan, with flap and elastic band, 3s. 6d.

B i

B, 8. Proctor
LECTURES ON PRACTICAL PHARMACY.

By BARNARD S. PROCTOR, Lecturer on Pharmacy at the College of Medi-
cine, Newcastle-on-Tyne, With 43 Engravings and 32 Plates, containing
Fac-Simile Prescriptions Mg Al 8vo, 12s.
CONTENTS
Drying—Comminution—Solution—Crystallisation—Frecipitation—Diffusion in Liquids,
Dialysis, Osmosis, & c.— Evaporation, Boiling, Fusion, and Calcination—Distillation and
Sublimation—Filtration and Percolation— Official Pharmacy—Official Liquors or Solu-
tions— Official Infusions and Decoctions—Extracts—Spirits, Tinctares, Wines, Vinegars,
Liniments—Official Products of Distillation and Sublimation—Official Products of Fusion
—Official Saline Preparations, &c., Crystallised, Precipitated, Scaled, or Granulated—
Complex Processes— Dispensing—Reading Autograph Prescriptions—Pills—Powders,
Ointments, Plasters, Suppositories, &c.—Qualitative Tests of the Pharmacopceia—Quan-
titative Testing of the Pharmacopeeia—Pharmacy of Special Drugs.

“ A good specimen of a treatise on Chemistry as applied to a special art,"—Chentical
News.

_0—

F. Harwood Lescher
THE ELEMENTS OF PHARMACY: a Guide to the Prin-

cipal Points in Materia Medica, Botany, Chemistry, Pharmacy, Prescrip-
tions, and Dispensing. By F. HARWooD LESCHER, Fifth Edition

[Royal 8vo, 7s. 6d.
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¥. B. Smith

PHARMACEUTICAL GUIDE TO THE FIRST AND

SECOND EXAMINATIONS. By JoHN BARKER SMITH, Second
Edition - : : : : : Crown 8vo, 6s. 6d.

FIRST AND SECOND EXAMINATIONS
LAT™ GRAMMAR—-FRACTIONS — METRIC SvsTEM — MATERIA MEDICA — BOTANY
—PHARMACY — CHEMISTRY—IFRESCRIPTIONS.

—
Fohn Steggall
FIRST LINES FOR CHEMISTS AND DRUGGISTS

preparing for Examination at the Pharmaceutical Society. By JOHN

STEGGALL, M.D. Third Edition . : : s : 18mo, 3s. 6d.
CONTENTS
Notes on the British Pharmacopceia, the | Thermometers.
Substances arranged alphabetically. Specific Gravity.

Weights and Measures.
Questions on Pharmaceutical Chemistry
and Materia Medica,

_0_-

Table of 1'reparations, contawning Opium,
Antimony, Mercury, and Arsenic.
Classification of Plants.

Peter Squire
COMPANION TO THE BRITISH PHARMACOPEIA

(latest Edition), comparing the strength of its various preparations with
those of the United States, and other Foreign Pharmacopceias, to which
are added Non-official Preparations, and Practical Hints on Prescribing ;
also a Tabular Arrangement of Materia Medica for Students, and a Con-
cise Account of the Principal Spas of Europe. By PETER SQUIRE, late
President of the Pharmaceutical Society, assisted by his Sons P.W, S5QUIRE
and A. H, SQuirg, Eleventh Edition . : S 8vo, 10s. 6d.

By the same Author

PHARMACOP(EIAS OF THE LONDON HOSPITALS.
Third Edition. i - - g : : Fcap 8vo, 6s.

*.¥ Mr. SQUIRE has collected all the Formule used in twenty-two of the principal
Hospitals of London, and arranged them in groups of mixtures, gargles, &c., &e. These
Formulae were revised and approved by the medical staff of each of the Hospitals,-and
meg therefore be taken as an excellent guide to the medical practiticner, both as to dose
and best menstruum in prescribing. :

e —

William Stowe
A TOXICOLOGICAL CHART, Exhibiting at one view the

Symptoms, Treatment, and Mode of Detecting the Various Poisons,
Mineral, Vegetable, and Animal. To which are added concise Directions
for the Treatment of Suspended Animation. By WILLIAM STOWE,
M.R.C.5.E. Thirteenth Edition. . . . Sheet, 2s. ; Roller, gs.

—_—

Alfred S. Tayior

POISONS IN RELATION TO MEDICAL JURIS-
PRUDENCE AND MEDICINE. By ALFRED S. TAYLOR, M.D,, F.R.S,,
Professor of Medical Jurisprudence to Guy’s Hospital. Third Edition, with
104 Engravings - ‘ . . ; . : Crown 8vo, 16s,
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Henry Beasley

THE POCKET FORMULARY AND SYNOPSIS
OF THE BRITISH AND FOREIGN PHARMACOP(EIAS : Compris-
ing Standard and approved Formul for the Preparations and Compounds
employed in Medical Practice. By HENRY BEASLEY. Tenth Edition.

[18mo, 65. 6d.
By the same Author

THE DRUGGIST'S GENERAL RECEIPT-BOOK:

Comprising a Copious Veterinary Formulary, Numerous Recipes in
Patent and Proprietary Medicines, Druggists’ Nostrums, &c.; Perfumery,
and Cosmetics; Beverages, Dietetic Articles and Condiments; Trade
Chemicals ; Scientific Processes; and an Appendix of Useful Tables.
Eighth Edition il Y Y R e Sy e . 18mo, 6s. 6d.

Also
THE BOOK OF PRESCRIPTIONS: Containing 3,107 Pre-

scriptions collected from the Practice of the most eminent Physicians and
Surgeons, English and Foreign. With an Index of Diseases and Remedies.
Fifth Edition . s S SO DT T A B a5 R £ [T
“Mr, Beasley’s ‘Pocket Formulary,’ | reference admirably suited for the dispens-

* Druggist's Receipt-Book,' and * Book of | ing desk."—Chemist and Druggist,
Prescriptions’ form a compact library of

ﬂ—-—

G. C. Willstzin
PRACTICAL PHARMACEUTICAL CHEMISTRY: An

Explanation of Chemical and Pharmaceutical Processes ; with the Methods
of Testing the Purity of the Preparations, deduced from Original Experi-
ments, By Dr. G. C. WITTSTEIN. Translated from the Second German
Edition by STEPHEN DARBY « 4+ « s .« = &+ 18mo,6s.
“Tt would be impossible too strongly to recommend this work to the beginner, for the

completeness of its explanations, by following which he will become well grounded
in practical chemistry.”—~ZFrom the Introduction by Dr. Buckner.

F‘_'-_E"—

THE PHARMACEUTICAL JOURNAL AND TRANSAC-
TIONS. Published weekly . . - : 1 : . Price 4d.

i ] c—

THE YEAR-BOOK OF PHARMACY: Containing the
Proceedings at the Yearly Meeting of the Dritish Pharmaceutical Con-
ference, and a Report on the Progress of Pharmacy, which includes notices
of all Pharmaceutical Papers, new Processes, Preparations, and Formula
published throughout the world. Published annually in December.

[Bvo, 1870, '71, ’72—7s. 6d. each j 1873, '74, ‘e, 196, '77, '78—10s, each.
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R. V. Tuson
A PHARMACOPEIA, INCLUDING THE OQUTLINES OF
MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac-
titioners and Students of Veterinary Medicine. By RicHARD V. TUSON,
F.C.S., Professor of Chemistry and Materia Medica at the Royal

Veterinary College. Third Edition ‘ . Post 8vo. [[n the Press.

“ Not only practitioners and students of | want in veterinary literature.”—Chemist
veterinary medicine, but chemists and | and Druggist.
druggists will find that this book supplies a

st L
Robert Bentley
A MANUAL OF BOTANY: Including the Structure, Func-

tions, Classifications, Properties, and uses of Plants. By ROBERT
BENTLEY, F.L.S., Professor of Botany, King’s College, and to the Pharma-
ceutical Society. Third Edition, with 1,138 Engravings. Crown &vo, 14s.

“As the standard manual of botany its position is undisputed."—Chemist and
Druggist,
_‘}.._

Robert Bentley and Henry Trimen
MEDICINAL PLANTS: being Descriptions with Original
Figures of the Principal Plants employed in Medicine, and an Account
of their Properlies and Uses, By ROBERT BENTLEY, F.L.S., Professor
of Botany in King’s College, and to the Pharmaceutical Society ; and
HENRY TRIMEN, M.B.,, F.L.S., Lecturer on Botany in S5t. Mary’s
Hospital Medical School. In about 42 Monthly Parts, each containing
8 Coloured Plates. Parts I. to XXXVII. issued since October, 1875, §s. each,
*.* A Prospectus and Specimen Plate will be sent on application.
0
W. B. Carpenter
THE MICROSCOPE AND ITS REVELATIONS. By
W. B. CARPENTER, M.D., F.R.5. Fifth Edition, with more than 500
Engravings . . S ey ey e Crown 8vo, 15s.

*." The author has aimed to combine within a moderate compass that information in
regard to the use of his instrument and its appliances, which is most essential to the
working microscopist, with such an account of the objects best fitted for his study as may
qualify him to comprehend what he observes, and thus prepare him to benefit science,
whilst expanding and refreshing his own mind.
ﬂn_

¥ H. Martin

A MANUAL OF MICROSCOPIC MOUNTING ; with Notes

on the Collection and Examination of Objects. By JoHN H. MARTIN,
Member of the Society of Public Analysts, author of “ Microscopic Objects.”
Second Edition. With 150 Engravings . - . . dvo, 7s. 6d.
*«* The aim of this work is to supply the student with a concise manual of the prin-

ciples of microscopic mounting, and to assist his progress in the manual dekterity, as far
as illustrations and words render it possible, necessary in their application,
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Dr. Sylvester Marsh
SECTION CUTTING: a Practical Guide to the Preparation

and Mounting of Sections for the Microscope, special prominence being
given to the subject of Animal Sections. By Dr. SYLVESTER MARSH,
With Engravings R e e T e L R

—_— i ——

THE QUARTERLY JOURNAL OF MICROSCOPICAL
SCIENCE, (Established in 1852.) Edited by E. RAY LANKESTER, M.A.,
F.R.S., Professor of Zoology and Comparative Anatomy in University
College, London ; W. ARCHER, F.R.S.,, M.R.L.A., F. M. BALFOUR, M.A.,
F.R.S., F.L.5, and E. KLEIN, M.D., F.R.S., Lecturer on Histology in St.
Bartholomew’s Hospital School.

Annual Subscription, 24s. ; Single Numbers, 6s.
*+* The Memoirs are, when needful, illustrated by Woodcuts and Lithographic Plates,
many of which are Coloured. The Journal contains, in addition, Notes and Memoranda,

Reviews of Books, Quarterly Chronicle, and Proceedings of Societies.

—_—

F. H. Wythe
THE MICROSCOPIST : A Manual of Microscopy and Compen-

divin of the Microscopic Sciences, Micro-Mineralogy, Micro-Chemistry,
Biology, Histology, and Pathological Histology. By J. H. Wythe, A. M.,
M.D., Professor of Microscopy and Biology in the San Francisco Medical
College. Third Edition, with 205 Engravings : . 8vo, 18s.

ll_,a —

S. Messenger Bradicy

MANUAL OF COMPARATIVE ANATOMY AND
PHYSIOLOGY. By S. MESSENGER BRADLEY, F.R.C.5., Senior Assistant
Surgeon to the Manchester Royal Infirmary. Third Edition, with
61 Engravings. . . el - f S e Post 8vo, 6s. 6d.

e ) e

A, Chanvean and G, Fleming

CHAUVEAU’S COMPARATIVE ANATOMY OF THE
DOMESTICATED ANIMALS. Translated from the Second French
Edition, and Edited by GEORGE FLEMING, F.R.G.S5., Veterinary Surgeon,
Royal Engineers ; Author of “ Travels on Horseback in Mantchu Tartary,”
“ Horse-shoes and Horse-shoeing,” “ Animal Plagues,” etc. With 430
Engravings : . : : 8vo, 31s. 6d.

¢ Mr. Fleming has earned the gratitude of the whole of his profession by presenting to
the veterinary surgeon and student, in an English dress, one of the best and most com-
prehensive of Continental text-books, enriched with additions which prove him to have
been a conscientious student of the best writers on the Comparavive Anatomy of the

Mammalia. . . We have nothing but praise to bestow on the manner in which

Mr. Fleming has performed his work."—Medico- Chirwrgical Roview.
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¥, Fayrer
THE THANATOPHIDIA OF INDIA; being a Description

of the Venomous Snakes of the Indian Peninsula. With an Account of
the Influence of their Poison on Life, and a Series of Experiments. By
Sir J. FAYRER, M.D., K.5.1., Honorary Physician to the Queen ; late Presi-
dent of the Asiatic’ Snmety of Bengal Second Edition, with 31 Plates
(28 Coloured) . : , . : RES g Folio, 7/ 7s.

By the same Author

THE ROYAL TIGER OF BENGAL His Life and Death.
With Map and Engravings . . . + Crown 8vo, 5s.

e

F. Ewart

THE POISONOUS SNAKES OF INDIA. Compiled by
JosepH EwarT, M.D., M.R.C.P., Surgeon-Major in the Bengal Army,
President of the Snake Poison Commission. With 2r Plates (19 being
Coloured) : ‘ ; : . . : - Crown 4to, 31s. 6d.

Bl e
F. Reay Greene

TABLES OF ZOOLOGY : indicating the Tribes, Sub-Orders,
Orders, and Higher Groups of the Animal Kingdom, for Students,
Lecturers, and others. By ]J. REAY GREENE, M.D., Professor of Natural
History in the Queen’s University in Ireland. Three large sheets, gs.
the set; or, mounted on canvas, with roller and varnished . . 12s. 6d.

*_* These Tables have been carefully prepared in accordance with the present state of
science, and with a view to remove the difficulties which arise from the various opinions

held by different zoologists.

—-—{?d——

T. H. Huxley
A MANUAL OF THE ANATOMY OF INVERTEBRATED
ANIMALS, With 158 Engravings, : : : Fcap 8vo, 16s,

By the same Author

A MANUAL OF THE ANATOMY OF VERTEBRATED

ANIMALS. By Prof. HuxLEY, LL.D,, F.R.S. With 110 Engravings.
[Fcap 8vo, 12s.

By the same Aulhor

INTRODUCTION to the CLASSIFICATION of ANIMALS.
With Engravings. Second Edition, v oom owm - |edhe Press

——ﬂ—-

W. M, Ord

NOTES ON COMPARATIVE ANATOMY: a Syllabus of

a Course of Lectures delivered at St. Thomas’s Hospital. By WiLLIAM
MILLER ORD, M.B. Lond., M.R.C.P,, Assistant-Physician to the Hospital,

and Lecturer in its Medical School . . . . . Crown 8vo, ss.
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Foln Shea

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix

of Examination Questions. By JoHN SHEA, M.D., B.A. Lond. With
numerous Engravings . : - . Feap 8vo, gs. 6d.

L] . "

—_—0
W, Whalley

THE HUMAN EYE. WITH REMARKS ON THE EYES
OF INFERIOR ANIMALS : A Popular Description. By W. WHALLEY,
M.R.C.5. With 40 Engravings : 4 Fcap 8vo, 3s.

e e =

Andrewy Wilson

THE STUDENTS GUTDE FQ Zi@e L WG V:

A Manual of the Principles of Zoological Science. By ANDREW WILSON,
Author of “Elements of Zoology,” and Lecturer on Zoology, Edinburgh.
With Engravings - : : : . : - Fcap 8vo, 6s. 6d.
¢ Tt is alike lucid and well arranged."— Med. Times and Gas.
‘¢ Really a good book, well and clearly written," —Edin, Med. Jour.
¢ A trustworthy guide.”—Lancet.
“The illustrations are clear, and the whole work is elegant and compact.” —Med.
Chir. Kev.

m—f

C. Brooke and W. Garnett

THE ELEMENTS OF NATURAL PHILOSOPHY. By
CHARLES BRoOOKE, M.B., M.A,, F.R.S,, and WILLIAM GARNETT, M.A.,
Fell. St. John’s Coll,, Cambridge. Seventh Edition, with 700 Engravings.

IR [{n the Press

F. Kollrausch

AN INTRODUCTION TO PHYSICAL MEASUREMENTS.

With Appendices on Absolute Electrical Measurement, etc. By Dr. F.
KoHLRAUSCH., Translated from the Second German Edition by T. H.
WALLER, B.A,, B, Sc,, and H. R. PROCTER, F.C.5. With Engravings.

—_— [8vo, 125,

G. F. Rodwell

NOTES ON NATURALSEHIQOSOIPTEWV:
Lectures delivered at Guy’s Hospital, by G. F. RobweLL, F.R.AS,

Science Master in Marlborough Co

¢ As an introductory text-book for this
Examination [the Preliminary Scientific

lege. With 48 Engravings.
g[Fcap 8vo, 5s.
¢ Notes' chiefly consist of lucid and con-
cise definitions, and everywhere bristle with

(M. B.) of the University of London], it is | the derivations of scientific terms."—
quite the best one we have seen . The | Nature,

e

Lake Price

A MANUAL OF PHOTOGRAPHIC MANIPULATION.

By LAKE PRICE.

# * Amongst the Contents

Second Edition, with numerous Engravings.

Crown 8vo, 6s. 6d.

are the Practical Treatment of Portraits—Groups in the

Studio —Landscapes—Groups in Open Air—Instantaneous Pictures—Animals—Architec-

ture—Marine Subjects—Still Life—Copying

of Pictures, Prints, Drawings, Manuscripts,

Interiors—Stereoscopy in Microphotography, &c., and Notices of the last -Inventions

and Improvements in Lenses, Apparatus, &c
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G. Dawson

A MANUAL OF PHOTOGRAPHY. By GEORGE

DAwSON, M.A., Ph.D., Lecturer on Photography in King’s Coll

Eighth Edition, with Engravings

“The new edition of this excellent
manual, which is founded on and incorpo-
rates as much of Hardwich's ¢ Photographic
Chemistry’ as is valuable in the present
further advanced stage of the art, retains
its position as the best work on the subject
for amateurs, as well as professionals. The

London.
Fcap 8vo, 5s. 6d.

many new methods and materials which
are so frequently being introduced, make it
essential that any book professing to kee
up to the times must be frequently revised,
and Dr. Dawson has in this work presented
the subject in its most advanced position,”
— Nature, May 29, 1873,

-|—|-|5|-_I

Cornelinus B, Fox

0OZONE AND ANTOZONE: their History and Nature. By
CORNELIUS B. Fox, M.D., Medical Officer of Health for Central and
East Essex,. With Coloured Plates . 8vo, 12s. 6d.

_

C. Meymott Tidy

THE LONDON WATER SUPPLY: Being a Report sub-
mitted to the Society of Medical Officers of Health, on the Quality and
Quantity of the Water supplied to the Metropolis during the past 10 years.
By CHARLES MEyMorT Tipy, M.B,, M.S., F.C.5., Professor of Chemistry,
&c., at the London Hospital, Medical Officer of Health and Public Analyst
for Islington . A : . = ‘ - : Fcap 4to, 2s. 6d.

-
R. Dunglison

MEDICAL LEXICON: A DICTIONARY OF MEDICAL

SCIENCE. Containing a Concise Explanation of the various Subjects
and Terms of Anatomy, Physiology, Pathology, Hygiene, Therapeutics,
Pharmacology, Pharmacy, Surgery, Obstetrics, Medical Jurisprudence, and
Dentistry, Notices of Climate and of Mineral Waters, Formulz for Officinal,
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo-
logy of the Terms, and the French and other Synonyms. By ROBLEY
DUNGLISON, M.D. New Edition, by RICHARD ]. DuNGLISON, M.D.

[Royal 8vo (1,130 pp.), 28s.

«  The object of the author from the outset has been to make the work an epitome
of the existing condition of medical science. Starting with this view, the great demand
which has existed for the work has enabled him, in repeated revisions, to augment its

completeness and usefulness, until at length it has attained the position of a recognised
and standard authority.

e e e

R, G. Mayne and . Mayne
MEDICAL VOCABULARY : being an Explanation of all

Names and Phrases used in the various departments of Medical Science

and Practice, giving their Derivation, Meaning, Application, and Pro-
nunciation. Fourth Edition Fcap 8vo, 10s.

‘* We have referred to this work hundreds | Botanical, and Pharmaceutical Terms are
of times, and have always obtained the in- | to be found on almost every page.''—
formation we required . ., . Chemical, | Chemist and Druggist,
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THE following CATALOGUES issued by Messrs CHURCHILL
will be forwarded post free on application:

-

Messrs Churchill's General List of nearly 600 works on
Medicine, Surgery, Midwifery, Materia Medica, Hygiene,
Anatomy, Physiology, Chemistry, &c., &e., with a complete

Index to their Titles for easy reference. N.B. This List
includes Nos. 2 and 3.

2. Selection from Messrs Churchill's General List, comprising

all recent works published by them on the Art and Science
of Medicine.

3. A Selected and Deseriptive List of Messrs Churchill's works
on Chemistry, Maleria Medica, Pharmacy, Botany, Photo-
graphy, Zoology, The Microscope, and other branches of
Science,

4. The Medical Intelligencer, an Annual List of New Works
and New Editions published by Messrs J. & A. Churchill,
together with Particulars of the Periodicals issued from

their House.

[Sent at the commencement of each year to every Medical Practitioner in
the United Kingdom whose name and address can be ascertained, A
large number are also forwarded to the United States of America,
Continental Europe, India, and the Colonies.]

e i e

MEssrs CHURCHILL have a special arrangement with MESSRS
LINDSAY & BLAKISTON, oF PHILADELPHIA, in accordance with
which that Firm acts as their Agents for the United States of America,
either keeping in Stock most of Messrs CHURCHILL'S Books, or reprinting
them on Terms advantageous to Authors. Many of the Works in this
Catalogue may therefore be easily obtained in America.
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