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“"PREFACE

' &
TO THE THIRD EDITION.

A New Edition of my Course of Qualitative Chemieal Analysis
having become necessary, withiln less than two years from the
appearance of the last Edition, I have again been guided in
making alterations and additions by the experience I have
gained of the working of the book with large Laboratory Classes.
The rapid progress made by students who are not afraid of
grappling with difficulties, and the sound and thorough analy-
tical knowledge which they are able to acquire, in a much shorter
time than formerly, have proved to me, that 1 have not over-
taxed their powers, Nor have I done anything to encourage a
belief that a knowledge of Chemical Analysis can be acquired by
merely prictising mechanically a few tests, without going more
fully into the subject. Analysis forms, it my opinion, the key to
a sound chemical knowledge. It calls forth more preeminently
than any other study, the powers of observation and generali-
sation. Habits of combination and eclose mental reasoning
have to be cultivated in no mean degree. Being based upon
facts, the verification of whigh experiment places within the
reach of every one, any conclusion drawn from actual observa-
tion ‘can be speedily put to a practical test. As a means of
mental training Chemical Analysis, if properly practised, cannot
fail to take a foremost place in General Education.

The methods employed in the present Work have stood the
test of many years’ practice. They are, T believe, well suited
to promote accurate and expeditious work. A student who
applies himself steadfastly to the study of Analysis, usually
gets through the Course in about six months, and has time left
to gain some practice, also, in quantitative Analysis during his
first year's study. The foundation for this latter branch of
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A COURSE

OF

QUALITATIVE CHEMICAL ANALYSIS.

-» Crarrer I.

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

CreyicAL 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 gualifative 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 metallie, 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 difficnlt—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
exists in the dyad form in Fe(l, (ferrons chloride), and in the
tetrad condition in {%":gf: (ferric chloride), partakes in the dyad
form of the character of the isomorphous diatomic metals of the
magnesinm group, e.g., manganese and zine, and resembles in the
tetrad form uluminium and chrominm., Copper, which in its cupric
compounds offers certain points of resemblance to the magnesiom
group, resembles also in many respects the metals of the mercury
group ;* the general composition of the cuprous and mercurous 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 theip
composition ; and compounds built up of elements which have equal
numbers of bonds, frequently show a certain analogy in their strue-
tare as well as a considerable similarity in their reactions, In

* H. Wurtz, Lecons de Philosophie chimique, p. 170,
B
(L)



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 upon and revea ing to us the nature of
the substances under examination. They are usnally divided, with-
out any strict line of demarecation, into two classes, viz., general and
special reagents. General reagents are those which separate a number
of substances—groups in fact—at one operation ; and special reagents
those which are used to a limited extent only, and for the detection
of individual substances. )

In a laboratory the general geagents ave mosb 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 directions for their preparation,
will be found in an- Appendix. Chemical students who have notb
the advantage of working in a well-appointed laboratory, should
devote much attention and cave to the preparation of the reagents.

Chemical ©Operations,—We add a
reagent to o solution of an unknown
body either by pouring it divectly from the
bottle or b;?r running it from a pipette, as
ahown in Hig. 1, with the view of producing
o preeipitate, i.e., of converting the body
from the soluble to the insoluble state. The
renction which takes place is mostly a change
by double decomposition. Sometimes a pre-
cipitarion is produced by voltaic action,
cometimes merely by the substitution of
one solvent for another. One or more
hodies may be precipitated by one and the
same reagent. As most precipitates ave
heavier than the liguid in whifﬁ:. they are
suspended, they fall to the bottom with
more or less rapidity ; and the supernatant
liquid may often be poured off or decanted,
without much disturbing the precipitate.
This mode of separating fluids from preci-
pitates is by far the most expeditious, and
hould 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.

When a large quantity of a fluid has to
he removed from a precipitate, it 1z best
to siphon ofl' the supernatant fluid. The
precipitate may be washed with water, and
the wish-water siphoned off repeatedly.

Small quantities of a precipitate which
do mot subside readily are more quickly
separated by filtration, Tor this purpose




CHEMICAL OPERATIONS AND APPARATUS. B

funnels are used, mostly of glass, conical in shape, and inclined at an angle of 60°.
They may be unnven_iengy supported on a wooden stand, Fig. 2, or an iron or brass
filtering stand as geen 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, & paper cone, at an angle of
60°. The filter should exaetly fit the funnel, 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 filtering
paper, which contains scarcely perceptible traces of mineral substances,—acid
liquids 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 nitric 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 oblain accurate
results.  For this purpose & wash-bottle
(Fig, 3) is employed, whereby a fine jet
of hot or cold distilled water can be di-
rected on to the filter in such & manner as
to loosen and detach the precipitate from
the paper. The liquid should at no time
quite fill the filter, as some precipitates
have a tendency to creep up and Lo get
between the paper and the glass, and are
carried into the filtrate. This would
entail repeated filiration. The washing
of a precipitate on the filter is effected
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, most pre-
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. Heavy precipitates entail much washing,
ot operation which is most tedious and yet indispensable,

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

Frc. 4



4 CHEMICAL APPARATUS.

or adding it to the main filtrate. These tubesare conveniently placed in a test«

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

Eru:_l;gl,j and rinsed out with distilled water, they should be set aside to drain in &
asket.

Bealkers are sometimes employed 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 lamp
(Fig. 5), or a so-called Berzelins 1amp (Fig. 6),
or, where coal-gas can be procured, by means of a
Bunsen gas lamp, provided with a rose top.
Sometimes a sheet of iron wire gauze oOr sand-
bath is interposed between the porcelain vessel and
the gas flame, and is supported ona retort ring,
or tripod stand. Illustrations of convenient tripod
supports for porcelain and glass vessels, which
prevent at the same time the flame from being
blown about, have been given in xmy Introduction
to Inorganic Chemistry.

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

Renctions involving the use of wvaluable re-
ngents—such as salts of gold, platinum, gilver—
ghould be performed on watch-glasses, with
small quantities of the substance only.

For the igmition of precipitates we em loy
dmcﬁl;l-_l,r porcelain crucibles, or small porcelain

ishes.

A knowledge of gualitative analysis
enables ns— .

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

9, To effect their separation from each
other.

In order to accomplish this we sghall

Fia. 6. study more particularly those chemical re-

actions—both in the dry and in the wet

way—which are essential ; but shall endeavour, ab 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.

Tt 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
compounds in an Appendix. ; ;

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

reuge-nbr.
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SEPARATION INTO GROUPS.

Dissolve in water small quantities of
Argentic nitrate®
Cupric nitrate.
Cobaltie ,,
Barie 4
Potassic ,,
To the solution add—
HOL, a white curdy rac;lf{tnta is obtained, which consists of argentie
chloride, AgCl; filter, I‘?Dc- e filtrate add—
8Hy, a black precipitate is obtained consisting of cuprie sulphide, Cus ;
filter again, and to the filtrate add—
AmCl,
AmHo, | A black precipitate comes down consisting of cobaltous sulphide,
and Col ; filter, and to the filtrate add—
EAJ]]B.
COAmo,, a white precipitate is obtained, consisting of barle earbonate,
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 ?

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 sulphuretted hydrogen exchanged its hydrogen for the metal
cﬂp%ar, leaving nitric acid and cuprie sulphide, ete.

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

NO.Ago - HCl = AgCl + NO,Ho.
Argentic Argentic
nitrate. chloride.
ggiﬂuu” £ = CuSt +  2NO,Ho.
Cupric Cupric
nitrate. aulpﬁide.
HD:E Jr E.&.
NO, 000 + m; = CoS + ZNO;Amo.
Cobaltous Cobaltons
nitrate. sulphide.
Hoﬂ I L)
:H'D,Bm + COAmo, = COBao"” + 2NO,AmO,
]_3uric Baric
nitrata, carbonate,

Silver, copper, cobalt, and potassium 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 gronps
~Into which all metallic bodies classify themselves on the addition of
the several gronp-reagents.

" E_'Dltlﬁﬂm} of salts of the different metals containing five milligrammes of the
metal in a cubic centimetre are convenientl prepared and kept for use,

T It is immaterial whether we write SCu or CuS, since both sulphur and
copper are dyad elements,






GROUP-REAGENTS AND SPECIAL REAGENTS. 7

Thus far group-reagents assist us in separating bodies, but when,
as in Group IV, the white precipitate produced by the group-
reagent, COAmo,, leaves us still in doubt whether a barinm, stron-
tinm, or ecaleinm 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
various groups of metals ean 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 another 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 increased 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-
fions given will be concise and divested of all explanatory matter.
On no account shounld a student use any tabular directions, however,
without first having made himself practically acquainted with the
details of the reactions; and to counteract any pernicions influence
which the use of tables might have, the student should learn to
draw up tables for the several other processes of separation which
ave frequently possible.

A deviation from the natural conrse of studying the reactions of
the metals by beginning with Group I, and so on, will be Jjustified
on the ground of greater simplicity, and on account of the far
greater imEurtanua which is attached to the metals of Group V,
especially the alkali metals. Experience has shown that students
have less difficnlty 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 thorough knowledge of the metals of these
groups is of material assistance in understanding the qualitative
changes to which the metals proper are snbjected.

The chemical nomenclature employed in this work is that of
Dr. Frankland. It will be found fully explained in my Introduction
to Inorganic Chemistry. An experience extending now over several
years has shown that it is readily mastered and greatly appreciated
by students. 1t is both comprehensive and logical, for it does not
require one kind of formul® for inorganie 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 w:lritn]g: 'the different compound basilous radicals, snch as Ho, Ko,
Bao”, Bio™, Al.o¥, ete., has tended occasionally to mislead beginuers.
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 mt::hca.tinn placed outside the bracket, thus:—(OH), (0K),
(0:Ba) ' (0,B1)", (0,AL)™. We shall employ these formula occa-
sionally. Students have as a rule no difficulty in transeribing con-
stitutional into empirical formule, a practice which may precede

with advantage percentage calculations.

Cuarrer 1L
REACTIONS OF THE METALS OF.GROUP V.

THIs group cm_n'{)riaea the metals POTASSITM, SODIUM, AMMONIUM, and
MAGNESIOM, which are not precipitated by any group-reagent.

1. POTASSIUM, K.—Ocenrs in nature only in a few minerals,
of which nitre or saltpetre is the most important, Potassium 1s
present in larger or smaller quantities in a few silicates and sul-
phates, such as felspar, alumstone. Tt is also found in the ashes of
plants (crude potashes), and in the form of chloride in saline deposits
(at Stassfurth, in Prussia, and elsewhere).

REACTIONS IN THE DRY WAY.

Potassium componnds, when heated on platinum wire in the
inmer flame of the blowpipe,” impart a violet colour to the outer
flame.

This applies more particularly to otassic salts which are volatile without
decomposition at & Very strong heat auch ns potassic chloride, bromide, and
iodide) or which are decomposed by heat ; but not to non-volatile potassic salts,
guch as phosphates or borates, which give scarcely any flame reaction. The pre-
sence of sodium compounds gives rise to an intense golden-yellow flame, and con-
ceals the potassium reaction ; but when seen through a blue glass, or indigo-prism,
the yellow or sodium flame is entirely cut off, and the potassium flame becomes
distinetly visible, and is then of n rieh reddish-violet colour.

REACTIONS IN THE WET WAT.

WE EMPLOY A SOLUTION OF POTASSIC CHLORIDE, KCL.

PtCl, (patinie chloride) precipitates from potassic solutions
which are not too dilute, & gellow crystalline precipitate of potassie
platinic chloride, 9K L PtCl, insoluble® in aleghol and ether, as

well as in acids.

# The degree of solubility of a precipitate in different media can only bhe
ascertained by laborious guantitative experiments. The student, will therefore be
expected to verify only those statements reapecting the solubility of the precipt-
tates which require no quantitative knowledge.



SODIUM. 9

H &
. EEDIH?) (tartaric acid) precipitates whife erystalline hydrie potassic

CHHo COKo
COHo tartrate, ggg‘;} from neutral and sufficiently concentrated

COHo
solutions. The'precipitate settles rapidly, especially on shaking or stirring.
aHF, 8iF, (hydrofluosilicle acid) gives a white gelatinous precipitate of
potassie silicofluoride, 2ZKF 8iF,

Potassic salts are for the most part soluble in water, hence so
few reactions; the hydrate and carbonate constitute 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. BUDIUﬁ, Na.—Occurs in nature in vast masses, as rock salf,
NaCl; as CARBONATE, in nafive sodm, CONuwo,, 100H,, and in frona,
CONao,2C0HoNao,30H, ; as NITRATE, in cubic nitre, or Ohili sall-
petre, NO,Nao; as sULPHATE or glauber salt, SO,Nao, 100 H,; as bibo-
rate, B,0:Nao,,100H,; as glauberite, 5:0,Nao,Cao", and as cryolite,
6NaF,ALF,, and in many siLicaTes, of which albife may be taken
as the representative. All natural sodium compounds, with the
exception of the last two minerals, are soluble in water.

REACTIONS IN THE DEY WAY.

We almost exclusively rely for the detection of sodium upon
the characteristic colour—an intense golden yellow—which its com-
pounds impart to the outer flame of the blowpipe. Some sodic salts
are readily recognised by their characteristic taste, especially rock
salt and cabic nitre.

REACTIONS IN THE WET WAY,

We employ a SOLUTION OF sopi¢ CcHLORIDE, NaCl

Sodic salts are even more freely soluble than potassic salts,
and platinic chloride or tartaric acid give no precipitates. Hydro-
fluosilicic acid gives a gelatinous precipitate from concentrated
solutions only.

SbO,Ko (potassic metantimoniate) produces a white crystalline pre-
cipitate of sodle metantimoniate from neutral or alkaline solutions, if the

are not too dilute. The precipitate is insoluble in alcohol. (The solution should
only contain alkali metals.)

Sodie hydrate and sodic carbonate act in every respect like
potassic hydrate 'and carbonate. Pure sodie hydrate is now prepared

from the metal sodinom, and deserves the preference over potassic
hydrate.®

* The student who has not the advantage of attending a course of lectures on
chemistry should make himself familiar, by reading a good Manual of Chemistry,
with the properties of the various salts of potassium and sodium, also with the
interesting processes of manufacturing sodic carbonate from the chloride ; sodic
silicate (waler-glass) ; potassic chlorate, &c., &e.



10 AMMONIUM.

3. AMMONIUM.—Am = NH,,

REACTIONS IN THE DRY WATY.

Ammonic salts, when heated in a test-tobe, volatilize, either
entirely or partially. Salts with fixed acids, such as phosphoric
acid, lose ammonia, NH; Salts of ammonium with volatile acids
can be volatilised, either with decomposition, such as the nitrate,
nitrite, sulphate ; or without decomposition, such as the chloride,
bromide, iodide: the latter salts condense again unchanged ; they
sublime, and arve found in the upper part of the test-tube.

REACTIONS IN THE WET WAY.

We employ a SOLUTION OF AMMONIC cHLORIDE, AmCl.

PtCl, produces a heavy yellow precipitate of ammenie platinic
ehloride, 2AmCLPtCl,. The precipitate is soluble in much water
(hence there appears no precipitate from dilnte ammonie solutions) ;
but insoluble in alcohol and ether. Ammonic platinic chloride
leaves on ignition only spongy platinum. (DISTINCTION FROM
Porassic Prarivie Crrorioe, which leaves spongy platinum and
potassic chloride, Pt + 2KCl.)

Tartaric acid produces from a concentrated solution of ammonic chloride
o white orystalline precipitate of hydrie ammaonic tartrate, resembling the
potassium precipitate in its properties. The two precipitates are readily distin-
guished on ignition. Hydrie potassic tartrate leaves a carbonnceous residue,

which is strongly alkaline, and dissolves in water (potassic carbonate) ; the other
loaves 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:—

Neutral salts of certain polybasic acids, e.g., well dried alkaline
chromates, borates, phosphates, etc., readily decompose ammonic
salts, with evolution of ammonia gas and formation of acid salts,

thus :—
GI'DﬂKﬂ
2Cr0.Ko, + 2AmCl ={C} + 2N H, + 2KCl + OH..
chzKﬂ

Ammonia gas is readily recognised, 1st, by ufs pungent odour ;
9nd, by ifs turning red litmus paper, moistened with a drop of dis-
tilled water, blue; 8rd, by its combining with the vapour of volatile
acids (such as hydrochloric acid) to form white fumes (AmCl).

Nessler's test* for traces of ammonia,—If a potassic solution of
potassic mercaric iodide, 2K, HgI,, be added to a fluid containing
mere traces of ammonia or of an ammonic galt, a brown precipitate
of dimercurammonie iodide or a yellow fto brown coloration 18 pro-
duced, according to the quantity of the ammoninm compound
present—

# For the l}r{}lnu“[.iﬂll of HEEE-!.I]I"'B Eﬂ].lll-ill]]!, a0 ..'}n]'ll}l!ﬂdil.



MAGNESIUM. 11

9(2KL,HgL) + #KHo + NHHo = NHg",I,OH, + 7KI + 30H..
Brown pp.

Ammonic hydrate and carbonate, as well as varions other
ammonium compounds, ¢.7., ammonic chloride, ave among the most
usefnl reagents which we possess.

QUESTIONS AND EXERCISES.

1. Mention some natural compounds in which potassium oeeurs.
2. How are potassium compounds recognised in the wet way #
3. How can potassium and sodium compounds be distinguished before the
blowpipe flame ? ko
4, State how you would ascertain whether the yellow precipitate produced by
platinic chloride indicates the presence of a salt of ammonium or potas-
gium, or of both.
5. How can hydrie potassic tartrate be distinguished from hydrie ammonie
tartrate ¢
6. How can sodium compounds be recognised in the wet way ?
7. Which sodic salts ave found native ?
8. What changes do the following ammonie salts undergo upon ignition :—
ammonie chloride, ammonie nitrate, ammonie nitrite, ammonic phosphate,
PO Amos, ammonic earbonate, COAmo,, ammonie iodide ¢
9. How is 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
platinie chloride ?
12. How much dry ammonia gas by volume (litres) and weight can be obtained
by distillation with ealeic hydrate from 5 grms. of ammonie ehloride ?
13. How would you examine & mixture containing ammonic chloride and potassie
chloride ¥
14. 2 grms. of the mixed chlorides of potassium and sodium gave by precipi-
tation with platinic chloride 3'671 grms. of potassic platinie chloride,
2KCLPtCl, ; what is the percentage of potassium and sodium in the
mixed chlorides ?
15. A mixture of 1'5 grm. of sodic and ammonic chloride lost on ignition 234
grm. ; what is the percentage of ammonic and sodic chloride present in
. the mixture ?
16. Calculate the percentage composition of borax.

4. MAGNESIUM, Mg.—Occurs in nature as oxiog, in the
mineral periclase, MgO; as HYDRATE in brucite, MgHo.; as CARBONATE
in magnesite, COMgo", and in hydromagnesite, C;0Ho.Mgo",,30H,;
A8 DOUBLE CARBONATE in dolomite, Gg(}m"MgQ”, and mesitine spar,
CO
CO

- - D ¥ ¥
PHATE in wagnerite, P,0,Mgo",2 FMg” ; A8 SILICATE in peridofe,

SiMgo",, L‘Hg?-ﬂtlﬂﬂ, S10Mgo", steatite, 81,0,Mgo"s, talc, 8i,0,Mgo”,,
serpentine, Eiggﬂgguﬁfgﬂ”, meerschoum, 81;0.HoMgo",, and in

Mgo"Feo"; as sULPHATE in epsomite, SOHo,Mgo' ,60H,; as PHOS-

diopside, gigfluﬂ”hfgﬂ”; and lastly, as sorare in boracife, .'E“(::ll.‘-,Ing.;;.““+
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REACTIONS IN THE DRY WAY.

The most characteristic reaction for magnesia in the dry way is
the pale rose colour which this alkaline earth acquires on moistening
"E‘E‘ﬁtlh. m‘;mll:ﬂua nitrate, and then igniting it once more strongly on
charcoal.

This eolour can, however, only be relied on when no other metallie oxides are
present ; and as magnesium salts donot 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
'Igni!t;inn of the carbonate yields caustic magnesia, which is almost insoluble in
water.

REACTIONS IN THE WET WAY.

For this purpose a SOLUTION OF MAGNESIC CHLORIDE, MgCl,, or
MAGNESIC suLPHATE, SO:Mgo"', (80,(0:Mg)",) is employed.

Magnesia is not precipitated by ammonia in the presence of
ammonic chloride, because it forms a soluble double chlovide,
9AmClL,MgCl,. In the absence of ammonic chloride, part of the
magnesia is precipitated as hydrate, MgHo,, thus:—

oMgCl, + 2AmHo = MgHo, + 2AmCLIMgCl,.
Soluble double chloride.

Tn the presence of a sufficient amount of ammonic chloride, the
magnesic hydrate is at once decomposed into magnesic chloride
(MgHo, + 2AmCl = MgCl; + 92 AmHo), and no precipitation takes
place, nor is the double chloride precipitated by ammonie, sodie, or
potassic carbonate. Hence magnesium cannot be precipitated in
Groups I1I and IV, provided a sufficient amount of ammonic chloride
be present, and the solution be kept sufficiently dilute.

Potassie, sodie, caleie, and baric hydrate precipitate white
magnesic hydrate, nearly insoluble in cold and hot water. Ammonic
chloride, as well as other ammonic galts, dissolve it readily, or, if
originally present in sufficient quantities, prevent its formation.

Sulphurie, hydrofluosilicic, and oxalic acid form soluble magnesic
salts.

POHoNao, (nyarie disodic phosphate) precipitutes hydric mag-
nesie phosphate, POHoMgo".

The precipitation is complete in the presence of ammonic chloride
and ammonia. POAmoMgo",6Aq, ammonic magnesic phosphate,
falls as @ 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 soluble 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 solufions the precipitate separates
only on standing for about 924 hours in a warm place.

On heating magnesic chloride with precipitated mercuric oxide, the ehloride

is converted inte oxide, mercuric chloride being volatilized. This experi-
ment must be conducted in o closet which is provided with a good indraught of

air, and is in connection with a chimney flue.
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Methods for the recognition of Mg, K, Na, and Am will readily
suggest themselves, if we bear in mind—

Ist. The volatility of ammonic salts (phosphates and borates
excepted ).

ond, The insolubility of MgHo, in water,

Srd. The insolubility of 2KC1LPtCL in aleokol.

4th. The intense yellow coloration which, sodium 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, ete.—presence of Am.

2nd. To a second portion add AmCl, AmHo, and POHoNaoq, awhife erystalline
precipitate indicates the presence of Mg. :

grd. Evaporate a third portion to dryness and ignite strongly. Extract with
hot water, and add BaHo, till the whole of the magnesia is precipitated
as Mglio,; filter. To the filtrate add COAmo,, as long as a preanitﬂ.l;a
is produced, and filter agnin. Evaporate the filtrate to dryness, and 1gnite
strongly to expel ammonic salts. Dissolve the residue in a little water,
filter off a trace of MgO (if any), and test filtrate for potassinm by means
of PtCly; a yellow crystalline precipitate—presence of K, and for
sodium, by heating on a platinum wire before the blowpipe flame; a
golden yellow flame indicates the presence of Na.

QUESTIONS AND EXERCISES.

1. How is magnesic sulphate prepared—I1st from magnesite; 2nd, from
dolomite ?

2. Which are the most important magnesium minerals? Give econstitutional
and graphie formule.

3. How is magnesium detected in the dry way ?

4. Explain the action which ammonia, potassic hydrate, and sodic carbonate
have 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
wWay.

6. How is magnesic 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”,60Ha, can be pre-
pared from-one ton of pure magnesite !

Caarrer ITI.
REACTIONS OF THE METALS OF GROUP 1V.

Tais gronp comprises the metals BARIUM, sTRONTIUM, caLciUM, which
are precipitated by ammonic carbonate from an ammoniacal solution
in the presence of ammonic chloride. The latter prevents the pre-
cipitation of magnesium (if present in sufficient quantities).

1. BARIUM, Ba.—Occurs in nature chiefly in the form of
heavy spar, 80,Bac”, and as witherite, COBac''.
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REACTIONS IN THE DRY WAY.

Barium compounds, when heated on platinum wire in the inner
blowpipe flame, impart a yellowish green colour to the outer flame,
especially when treated with strong hydrochloric acid.

Heavy spar heated on charcoal in the reducing flame is reduced fo barie
sulphide, BaS, which fuses readily. This reaction 1s made use of to prepare, on

a manufacturing scale, soluble baric snlts from the sulphate. Barie carbonate
is decomposed only by ignition to a strong white heat.

REACTIONS IN THE WET WATY.

Baric salts are obtained by dissolving the native carbonate or
witherite in acids.® Heavy spar is attacked by alkaline carbonates
at a high temperature. By mixing on a small seale 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:—

S0,Bao" + CONaoKo = COBao" + S0;NaoKo.

Tusol, in water. Soluble in water.

On exfracting the fused mass with hot water and filtering,
COBao" is left, from which, by the addition of the respective acids,
small quantities of the different baric salts can be prepared.

The same applies to celestine, S0.5ro",

A SOLUTION OF BARIC curoriDg, BaCl, is employed.

COAmo. (group-reagent) precipitates whife barie ecarbonate,
COBao", soluble with decomposition in acids; somewhat soluble in
ammonie chloride. With carbonic acid it forms a soluble acid car-
bonate or dihvdrie dicarbonate, C;0.Ho,Bao", but it is reprecipitated
on boiling with evolution of carbonic anhydride. Baric carbonate
is partially decomposed by alkaline snlphates, e.g., potassic sulphate,
into baric sulphate and alkaline carbonate. The decomposition is
cnmglatu in the presence of free carbonic anhydride.

ONao, and COKo,, same precipitate.

KHo and Nallo, free from carbonates, give from highly concentrated solutions
a toluminous precipitate of baric hydrate, Ballo,, soluble in water. A solu-
tion of the hydrate in water is known as baryta-water. 1t possesses o strong
alkaline reaction, and great affinity for carbonic anhydride.

AmHo gives no precipitate.

80,Ho,, as well as all soluble sulphates, precipitate heavy whife
granular barie sulphate, S0,Bao", even from very dilute solutions of
baric salts, insoluble in water, dilute acids and alkalies ; soluble to a
perceptible extent in boiling concentrated hydrochloric and nitric
acids and also in concentrated solutions of ammonic salts, but not
if the precipitants ave in excess soluble also in concentrated boil-
ing sulphuric acid, with formation of dihydrie baric disulphate,
S,0,Ho,Bao". The presence of an alkaline citrate greatly interferes
with its precipitation. Solutions of strontic or calcic sulphate (two

# Dilute acids (HCL or NOsHo) shonld be employed, as the barie chloride
and baric niteate, which result from the gotion of these neids upon witherite, ave

insoluble in the concentrated neids.
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sulphates which are but slightly soluble in water, especially the
former), constitute the most delicate test for barium.

POHoNaos (hydrie disodic phosphate) gives from neutral or alkaline
solutions a white precipitate of hydrie barie phosphate, POHoBao", readily
soluble in dilute nitrie, hydrochlorie or acefic acid. Perceptibly soluble in
ammonic chloride.

Egifﬂg (ammonie oxalate) gives from a moderately dilute solution

of a barie salt, a whife pulverslené precipitate of barie oxalate, { coBae’s

soluble in dilute nitric or hydrochlorie acid. Soluble also in"oxalic and acetic
acids when freshly precipitated.

Cr0:;Ko; (potassic chromate) gives a bright lemon yellow precipitate of
baric chromate, Cr0;Bao”, even from very dilute solutions, readily soluble in
nitrie, hydrochlorie or chromie acid (CrO.Ho.)—reprecipitated by ammonia.—
(DISTINCTION FROM STRONTIC AND CALCIC SALTS, WHICH ARE NOT PRECIPITATED
FROM DILUTE SOLUTIONE.

2HF, 81, (nyarofiuositicie acia) gives a colonrless erystalline pre-
cipitate of parie silicofiuoride, Bal', Sil",, which subsides quickly,
especially upon the addition of an equal bulk of alcohol. It is
somewhat soluble in water and in dilute acids, insoluble in aleohol.
(DIETIHCT]I:IN OF BARIC FROM STRONTIC AND CALCIC SALTS, WHICH GIVE
NO PRECIPITATE.)

Soluble barie salts, such as barie chloride, nitrate 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.

1. How can barie sulphate be converted into barie nitrate or chloride ?

2. Which are the natural compounds of barium ?

3. Express in symbolic equations the different reactions for barium.

4. Which are the most delicate reactions for barinm ?

5. How can barinm be separated from strontium and ealcium ?

6. 1235 grm. of witherite gave *965 grm. of barie sulphate ; what is the percentage
of barium and of barie carbonate in the mineral ?

7. A sample of heavy spar contains 96'5 per cent. of pure sulphate. How much

barie sulphide, and how much baric nitrate can be obtained from 1 ewt. of
the mineral ?

2. STRONTIUM, Sr'".—Occurs in nature as SULPHATE, in the
mineral celestine, 80,Sro" ; and as CARBONATE or strontianite, COSro",
EXAMINATION IN THE DRY WAY.

_ Strontium compounds, when heated on platinum wire in the
inner flame, eolour the outer flame erimson.

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

REACTIONS IN THE WET WAY.
We use A SOLUTION OF stRONTIC CHLORIDE, SrCl,.
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COAmo, (group-reagent) gives a white precipitate of strontie
carbonate, COSro'’, less soluble in ammonic chloride than the
corresponding baric carbonate ; soluble in dilute acids. Carbonicacid
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 sulphate, produces a white precipitate of
strontie sulphate, S0,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 hydrochloric or nitric acid, but is insoluble
0 aleohol. Tt is insoluble also on boiling in a concentrated solution
of ammonic sulphate, SO.Amo,, and a little ammonia, (DISVINCTION
BETWEEN STRONTIUM AND CALOTUAM.)

A solution of strontic sulphate in water precipitates baric salts.

ggi'{ﬂﬁ (ammonic oxalate) precipitates strontic salts more readily
COg

than barie salts. The while precipitate of strontie oxalate, { coO ro”, is

rendily soluble in dilute nitvic or hydrochlorie acid ; somewhat soluble in
ammonic salts ; but sparingly soluble in oxalic or acetic acid.

QUESTIONS AND BEXERCISES.

1. Which are the principal strontium minerals ?

9. How are strontie chloride and nitrate prepared—1st from strontianife ; 2nd.
from celestine !

3. Which are the most characteristic renctions for strontium ?

4. How can strontium be distinguished from barium ?

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

6. How can strontium be separated from ealeium ?

3. CALCIUM, Oa".—Occurs innature in the mineral, vegetable
and animal kingdom, in vast masses, in combination with carbonie,
sulphuric, silicic and phnsphm-ic acids. Inplants it ocenrs combined
with carbonie, sulphuric and phosphoric acids; in animals com-
bined with phosphoric and carbonic acids. It is oceasionally also
found in minerals which result from the action of acids (such as
nitric or arsenic acid) upon cale spar. .

The principal calcium minerals are the varions GALCIC CARBONATES,
differing in physical properties or in E_l‘j"sf:&lhﬂﬂ structure, such as
cale spar, COCno" (containing occasionally barmm, magnesium,
iron, manganese, lead, in variable proportions, and passing gradually
into baryto-caleite and dolomie, siderite, diallogite and plumbo-
caleite), ArTagonite, marble, _Iamﬂﬁtanﬁ, E:;Tml.’;:; the SULPHATES, such as
gypsum, SHoCao", anhydrite, 80,0807, alabaster, selenite ; the PHOS-

I D s I
pHATES, such as apatite, P,0,Ca0’y (FG& , bone-earth, P,0.C00"s;

and fluor spar, Cal',
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REACTIONS IN THE DEY WAY.

Most calcinm compounds, when heated in the inner flame of the
blowpipe, coloar the outer flame yellowish-red ; r:.a,lm_c phﬂsp_hata
and borate excepted. The presence of barium or strontium entirely
obscures the calcium reaction,

Calcie carbonate when strongly ignited becomes converted into caustic or
quicklime, Ca0, which reacts ine. It combines with water very m-lg,
evolving much heat, and is converted into caleic hydrate, CaHo, (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. Caleic sulphate is converted into ealeie
sulphide, OaS, when ignited on charcoal in the reducing flame. The mass reacts
likewise alkaline,

REACTIONE IN THE WET WAY,

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

We employ o soLution or cancie cELoripe, CaCl,.

COAmo, (group.reagent) precipitates whife ealeie ecarbonate,
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 calcic chloride.

CONao, and COKo;, same reaction.

S0,Ho,, or a seluble sulphate, precipitates from concentrated solutjons of
a caleic salt white ealele sulphate, SOHo.Cao” + Agq., soluble in much water,
and still more soluble in acids. A preailgit.ntﬂ is obtained on the addition of twice
the volume of alcohol from solutions which are too dilute to be precipitated by
sulphurie acid or a soluble sulphate. Caleic sulphate dissolves readily on boiling
in a concentrated solution of ammonie sulphate.

A solution of calcic sulphate precipitates both barie and strontic salts,

POHoNuo; (hydrie disodie phosphate) gives a bulky white precipitate of
tricaleic phosphate, P,0,0na0", soluble in dilute hydrochloric or nitrie acid,
and soluble in acetic acid ; reprecipitated by ammonia.

ggﬂg (ammonic oxalate) produces even from very dilute

solutions of calcic salts a white pulverulent precipitate of ealeie
oxalate, { ggﬂan" + Aq., readily soluble in hydrochlorie or nitrie

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

QUESTIONS AND EXERCISES.

1. Which are the most important natural lime compounds ?

2. Gve graphic formulm fgr gypsum, anhydrite, cale spar, fluor spar, apatite.

3. Which are the most delicate reactions for ealeium in the wet way ?

4. How i8 arragonife converted into calcic oxalate P

5. Calculate the percentage composition of bone-ash,

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

c
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Separation of Barium, Strontium, and Caleium.—Bariom minerals
frequently contain strontinm and caleinm, and strontinm minerals

barium and calcinm as well. A method of separating these metals
s based npon—

1st. The insolubility of BaCl; in absolute aleohol (SrCl; and
Ca(l, being soluble).

o9nd, 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.

Barium is separated from strontinm and calcium, by digesting the finely

divided residue with absolute alcohol, and separating the undissolved BaCly by
filtration.

Strontinm is separated from calcium by evaporating or distilling off the
absolute aleohol, which contains the 8r0l; and OaCls; precipitating with
COAmo,, filtering, snd conversion of the strontic and calcie carbonates into
nitrates by means of dilute nitrie neid. The solution of the two nitrates is evapo-
rated to dryness, and ahaolute aleohol added, when caleie nitrate is dissolved out,
strontic nitrate being insoluble in ahsolute alcohol.

The presence of these metals may be confirmed by setting fire to
the aleoholic solution containing baric, strontic, or ealcic chloride (or
nitrate) ; the alcohol is seen to burn with the characteristic colour
observed when traces of these salts were heated on a platinum wire.

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

1 is often useful to ascertain whether one or two, or all the metals of this
group arve present in a solution. This can be done by adding to their nentral
solution o solution of CrOsKog, or o[ F,8iF,;. A yellow or a trn.n?arm'.t ry-
stalline ]‘wcnipitnlm indicates barium. To n portion of the filtrate add 80.Cao” ;
n precipitate forms perhaps only after some time, proving the presence of stron-
tium; or the solution remains clear, in which ease 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 caleium are present, separation hecomes desirable.

The student will have no difficulty now in drawing up tabular
analytical schemes® based upon :—

1st. The insolubility of BaCls and N,0,Sro’" in absolute aleohol.

ond. The insolubility of BaCls in absolute alcohol and that of
S0,Sro" 11 a concentrated solution éf S0, Amog.

9vd. The insolubility of BaKs,BiF,, or rQ,Bao'!, as well as of
S0,Sro", in water ; caleic sulphate being sufficiently soluble
to be readily indicated by amanonic 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 hook contains a scheme

embodying method 2. ! :
+ As a control upon the work dome 1m & laboratory the analytical results
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2. A mixture (about ‘5 grm.) of the solid salts NaCl, 8rCly, and magnesic alba
(CqHo Mgo"). :

3. A mixture of the solid salts AmCl, BaCl,, and COCao”.

4. A mixture of the salts AmCl and 80;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 8rCly and CaCl;, containing 050 grm. of Sr, and 500 grm.

of Ca

Cuarrer IV.

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

Grovp III comprises the metals Nicker, Copanr, MANGANESE, Zino,
Irow, CaroMium, ALumiNiy, likewise the phosphates of these metals,
and of Maaxesiusm, Bariom, SrronNrivn, and CALcroa.

1, Add to a solution*® containing N,0,C00”, Fe.0l,;, and calcio phosphate,
dissolved in a little dilute hydrochlorie acid, a concentrated solution of ammonie
chloride, and then ammonia. A precipitate is produced. Filter, and add to the
ﬁ]tmtakmmmiiﬁ sulphide. A further precipitation takes place ; the precipitate
18 black.

This shows that some members of this group are precipitated by
AmOl and AmHo ; others only on the addition of B.Am,.

2. Add to a solution of Fe,Cls, CryCl, and Al,Cl;, ammonic chloride and
ammonia, till it is distinetly ammoniacal. A bulky gelatinous precipitate is
obtained. Filter. Add to the clear filtrate ammonic sulphide: no further pre-
cipitation 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 8A4m,. (Ammonic chioride has no share in the
precipitation, but counteracts the solubility of the aluminic hydrate
in excess of the precipitant, and prevents the precipitation of
magnesinm as hydrate. )

3. Dissolve some baric, strontic, caleic, and magnesic phosphates in dilute
]‘ijh‘]ruch.lﬂ:‘in acid, and cautionsly add to the solution ammonia, No precipitate
is uced 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 melals are
precipitated by ammonia alone.

should be carefully recorded by the student (as far as possible, in a tabular form),
and should be discussed and corrected, if necessary. By these means only it is
possible to control and direct the analytical studies of a large class.

* Solutions containing ‘005 grm. of the metal in every e.c. are readily pre-
pared, and should be kept for use. 5 ec.c. of each solution will be found a
convenient quantity.

o2
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4. Dissolve some phosphates of Ni, Co, Mn, Zn, and Fe in dilute hydrochloric
acid.* To one portion of the solution add ammonic chloride and ammonia. A
precipitate is formed. The phosphates are reprecipitated. Filter and add

&

ammonic sulphide ; a further precipitate is produced.

Showing that the phosphates of these metals are not entirely pre-
cipitated by ammonic chloride and ammonia.

Thus far we have seen that these two reagents precipitate :—

Nickelous phosphate Chromic phosphate
Cobaltous - Aluminic =
Manganous 5, Baric 1
Zincic 5 Strontic =
Ferric 5 (Calcic &
Ferric hydrate Magnesic
Chromic ,,

Alnminic ,,

5. To n solution of 80,Nio”, N50,Co0”, 80,Zno”, and MnCl, (free from
Fe), add AmCl in considerable exeess, and then AmHo in shi ht excess. No
precipitate 18 obtained, the precipitate first produced by AmHo %aing soluble in
the ammonic salt. To one portion of the solution add strong sulphuretted
hydrogen water (or pass current of sulphuretted hydrogen gas) 3 & COpious
precipitate is produced, consisting of NiS and CoS (black), Zn8 (white), and
M (buif coloured).

This shows that Nickel, Cobalt, Manganese, and Zine salts are
not precipitated by Am Ol and AmHo, but by SAins.

On exposing the other portion of the solution for some time to the air, it is

apen to turn turbid where it i in contact with the air. Teat and shake the
solution and the turbidity 1ncrenses rapidly.

Showing that AmOl and AmHo produce, under favourable con-
ditions, a partial precipitation.

6. To another portion of the solution of the phosphates of Ni, Co, Mn, Zn,
and Fo (sec 4), o AmCl, AmHo, and 8Amg, withoub first separating by filtra-
tion, the precipitate produced by AmOl and AmHo. TuE PHOSPHATES OF
Co, N1, Mx, Zx5, AND Fg, which may be present in the hydrochlorie acid solu-
tion, ARE DECOMPOSED INTO SULPHIDES, AND AMMONIO PHOSPHATE IS LEFT IN
BOLUTION.

#. To asolution of Fe,Cl; add AmCl and AmHo, a reddish-brown precipitate
of forric hydrate, FesHog, is produced, which on the addition of SAmg, turns
instantaneously black.

This shows that iron is first precipitated as hydrate, and is
subsequently converted into sulphide. ~Chromic and aluminiec chlorides
are precipitated ander the same circumstances as hydrates, but
they form no sulphides in the wet way.

‘We may then sum up by saying that the group reagents, AmCl
and AmHo, for reasons stated under 4 and 5, cannot thoroughly

geparate some of the members of Group TII from others, and thab

# This solution may also be prepared by adding hydric disodic phosphate
to solutions of the above metals as long a8 & precipitate forms, and dissolving the
precipitate in a little hydrochlorie acid.
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SAm; should invariably be added as well. The three reagents®

precipitate :—

1. SuLPHIDES—
NiS black
CoS hlack
MnS buff
ZnS  white
FeS black.

2. HYDRATES—
Cr.Ho; green
AlgHﬂﬁ Whltﬂ

3. Proseares of Cr, Al, Ba, Sr, Ca, and Mg,

NICKEL, Ni" and Y.—Occurs in nature as SULPHIDE, Nis",
in capillary pyrites, hair nickel, or millerite ; as ARSENIDE, in

arsentcal nickel, {..i:ﬂi”, and in copper nickel, {.ﬂ:;ﬂ;,. ; as

ANTIMONIDE, in {g{;.gi,, antimony wnickel, combined with suyL-

PHIDE, as in nickel glance or grey nickel ore, { ,,i:,Hi,Niwsa, as anfi-

mony nickel glance, {”gE,Ni,Ni“’SE; also in the form of minerals,

which are the result of the oxidation of other nickel minerals, £.4.
as mickel ochre, As,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 hydrochlorie acid, as long as a white precipitate is obtained. The oxalates
of the Jknlima earths are reprecipitated more or less completely as soon as the
hydrochlorie acid which (as in the case of the corresponding phosphates) bolds
them in solution is completely neutralised.

The same applies to the fluorides, horates, tartrates, citrates, ote., of these
unrtléf bases, which are precipitated by AmHo, although in the presence of much
AmCl they are, to a great extent, held in solution.

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

In order to avoid complicating the qualitative course, it is usually preferred
to evaporate the hydrochloric acid filtrate from Group II to complete dryness,
with the addition, fowards the end of the evaporation, of a little concentrated
nitrie acid, whenever AmCl and AmHo produce a precipitate. By these means
silicic anhydride, 8i0,, is left behind insoluble in acids ; the fluorides and
borates are for the most part decomposed ; boric and hydrofluoric acid being
set free or yolatilized. Oxalates are destroyed with evolution of carbonie
anhydride by the oxidizing action of the nitric acid, and tartrates, ete., are
broken up by gentle ignition into carbon and volatile gaseous produets ; ferrous
Hﬂl’{! are converted into ferric salts, and on extracting the ignited residue with
a little concentrated hydrochlorie acid, the metals are obtained in solution as

ﬁhiﬂﬁ{]ﬂ#. together only with the phosphates of the alkaline earths, earthy and
metallic bases,
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carbonate in the inner blowpipe flame, they are reduced to a grey
metallic powder which is magnetic. Heated on a boraw bead, in the
outer flame, nickel compounds yield an intensely coloured glass, which
appears hyacinth red to violet brown when Tot, 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 distingunished
from iron. Heated in the reducing flame the colour disappears,
and the bead assumes a turbid grey appearance, owing fo finely
divided particles of metallic nickel. The reactions with micro-
cosmic salt are similar, bub the bead becomes almost colourless
when cold.
REACITONS IN THE WET WAY.

We employ a SOLUTION OF xiokELovs sprpHATE, SO.Nio"
= 80,(0;Ni)".

SAm, (group-reagent) gives a black precipitate of nickelous
sulphide, NiS, slightly goluble in excess of the reagent, especially
in the presence of frec ammonia, forming a dark brown sclution,
whence the sulphide i reprecipitated on boiling. The presence of
ammonic chloride (or better gtill, ammonic acetate) assists the
precipitation, Nickelous sulphide dissolves with difficulty in dilote
hydrochloric acid, readily in nitric acid or aqua regia, and is but
glightly soluble in acetic acid.

SH, gives no precipitate in an acid solution, and o partial precipitate only
from o salt of nickel with a mineral acid; but produces readily a precipitate
from a solution of nickelous pcetate, or & nickelous salt mixed with an ine
acetate.

NaHo or KHo precipitates an apple green hydrate, Nito,,
insoluble in excess, goluble in ammonic galts to a greenish blue
fluid. Nickelous hydrate leaves on ignition nickelous oxide. It
does not absorb oxygen from the air.

AmHo produces a slight greenish precipitate, veadily soluble to a blue fluid.

No precipitate in presence of ammonie chloride. TPy
QONno, precipitates an apple green basic carbonate, yarying in com-

ition.
COAmogsame precipitate, readily soluble in excess, when filtered and washed,

to n greenish blue solution.

KCy (free from cyanate (CyKo) and carbonate¥) gives &
yellowish green precipitate of mickelous eyanide, NiCy,, which
dissolves readily In excess of potassic cyanide to a brownish
yellow solution, containing a double cyanide of nickel and potas-
sinm, 2KCy,NiCy. On adding a dilute acid (HCI or EG-:,HnE).,‘
NiCys 18 rcprecipltatud, and KCy 18 decomposed with evolution of
HCy. Boiling with hydrochloric acid decomposes the nickelous

anide likewise. iy, @ 4 :
The solution of the double cyanide is nob altered by boiling with

# Tt is preferable to add hydrvocynnic (prussic) aeid, HCy, to a neutral solu-
tion of a nickelous salt, and then KHo drop by drop, till the yellowish green
pitate is redissolved. Great caution has to be theerved on account of the

reci
}:ighl;,' poisonous nature of HCy.
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excess of HCy, but the nickelous salt is oxidized in the cold by
chlorine, or on the addition of a concentrated solution of sodic

hypochlerite, CINao, to black mickelie hydrate, Ni"':Hos, which is
gradually precipitated, thus :—

2NiCy, + ClNao 4+ 50H, = Ni,Ho, + NaCl + 4HCy.

Nickelic hydrate may also be obtained by passing chlorine
through water, in which nickelons hydrate is snspended. HCI
decomposes the tetrad nickel compound into nickelous chloride and
free chlorine.

QUESTIONS AND EXERCISES.

Express in symbolic equations the reactions for nickel in the wet way.
State which are the principal nickel minerals, and translate into graphic
formulee the constitutional formule of emerald nickel, antimony nickel,

b

nickelous nitrate and arseniate.

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

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

5. 50 cubie centimetres of a solution of nickelous sulphate yield on precipitation
with KHo and ignition ‘370 grm. of NiO; how much Ni is contained in
1 c.c. of the solution, and how muech nickelous sulphate (SOHo,Nio”,601H.,)
must be dissolved in a litre of water to obtain a solution of the above

strength P - k ’
6. Caleulate the percentage composition of capillary pyrites.

COBALT, Co" and V.—Occurs in nature as SULPHIDE or cobalt
pyrites, C0,S; or { ggg,.g” ; as arsenide in { :ig.ﬂu”, tin-white
cobalt or smalfine (speiss cobalt), as SULPHARSENIDE, or cobalt glance .
{::i:: Co",Co'"S, ; also in the form of products of oxidation, such as
eobalt vitriol, SOHo,Coo",60H,, as arseninte, As,0,Coo";,80H,, in
cobalt bloom, and generally in small quantity in nickel and iron ores.

REACTIONS IN THE DEY TAY.

Cobalt is usually detected with comparative facility, Cobalt
minerals containing sulphur or arsenic are roasted on charcoal, or in
a glass tube, when sulphurous and arsenions anhydride are evolved.
The residue is then introduced into a boraz bead, and heated in the
outer flame, when a fine blue, so-called cobalt glass, is obtained.
Thig colour remains the same both in the outer and inner, or reducing
flame. In cases where much Mn, Fe, Cu, or Ni are mixed with Co,
the blue appears distinctly only after the bead has been heated for
some time in the reducing flame. Microcosmie 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 WAY,

We employ A SOLUTION OF COBALTOUS NITRATE, Nﬂ*ﬂnu”_
*
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SAm, (group-reagent) gives a black precipitate of cobaltous
sulphide, CoS, insoluble in excess of the reagent, scarcely solublein
acetic acid, and very difficultly soluble in dilute hydrochloric or
sulphuric acid, but readily soluble in aqua regia upon the applica-
tion of heat. Hence a black residue left, on treating the ammonic
sulphide precipitate of Group III with dilute hydrochloric acid,
indicates probably the presence of cobaltous or nickelous gulphide.

SH, gives no precipitate from an acid solution, but precipitates cobaltous
sulphide partially from a neutral solution, and wholly from & solution of cobaltous
acetate, or from n solution of a gobaltous salt containing a mineral acid, on the
addition of an alkaline acetate, and upon heating.

KHo or NaHo gives a precipitate of a blue basie salt, which
turns olive green on exposure to air, owing to the absorption of
oxygen. On heating, a rose red cobaltous hydrate, CoHao,, is obtained,
which, however, contains mostly a gmall amount of dark brown
cobaltic hydrate. Ammonic carbonate dissolves the precipitate
(after filtration and washing) to an intensely violet-red fluid. 2

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

3CoHo; + Cl, = CoHo; + CoCl..

Cobaltic
hydrate.

Tn the presence of an alkali (NaHo) the whole of the cobaltous
hydrate is converted into cobaltic hydrate. .

Amo produces in neutral solutions n slight precipitate of n basic salt,
which dissolves readily in excess. The solution is reddish brown, Ammonic
¢hloride prevents the prer.-.i]]}imtion altogether. The solution absorbs oxygen from
the air, and becomes rapidly brown. A

0ONaog precipitates a peach colonred Dasie cearbonate.

COAmog, same precipitate; readily soluble, however, in excess, to a red
solution.

KCy gives with all normal cobaltous salts & brownish white pre-
cipitate of eobaltous eyanide, CoCys,, solnble in excess, reprecipitated
by dilute hydrochloric or sulphuric acid.

If the cobaltous solution, however, contain free acid, so as to
liberate hydrocyanic acid by the action of the latter upon the excess
of KUy; and if the solution containing the double eyanide 2KCy,
CoCy: be heated for some time, dilute hydrochloric or sulphuric acid
no longer produces a precipitate, the whole of the cobaltous cyanide
having been converted into cobaltic cyanide, 'Co"".Cy; which
remains combined with 6KCy to form a well defined and stable salt,
called potassic cobalticyanide, K;Co0,Cyiz hydrogen being evolved,
thus :(—

EGQUFQ + QHGF = Gﬂ'g‘cj’n == Hg.
GKU}' + G{}g{j}rﬁ - Knﬂﬂ:GFLz-
Potassic
cobalticyanide.

This salt is not acted upon by sodie hypochlorite in the cold.
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Separation of Nickel from Cobalt,

It is ebvious that the hydrocyanic acid reaction enablos us to
separate nickel from cobalt.—To a neutral solution of the two salts
add cantiously a small quantity of a strong solution of hydroeyanic
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 quite redissolved. Heat gently for some time in a well
ventilated closet, till the odour of hydrocyanic acid has disappeared,
Allow to cool, and add a concentrated solution of sodic hypochlorite,
Ni,Hos is precipitated in the cold, and cobalt remains in solution, as
K;Co,Cys. Separate by filration. 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 NisHo, by means of ClNao, the solution,
after boiling with excess of HCy, may also be precipitated whilst hot, with finely
divided freshly precipitated mereurie oxide, On digesting for a short time at
a gentle heat, the whole of the nickel is precipitated, partly as NiHo,, partly as
NiCys, the meroury combining with the liberated cyanogen. Filter off the greenish
or yellowish grey precipitate, wash, and ignite. Pure NiO is left ; thus:—

(1) EHiGj'g + xHg(O + OHE = HE‘GJ’g + HiHOg.HI.G}"g + x—1Hg0O.
Gtreenish
precipitate.

(2) NiHo,NiCy; + Hg0D = 2Ni0O + Hegly, + OH,.

Volatile
on ignition,

The cobalt remains in the solution as K¢CoyCyyq. Nearly neutralize with
dilute nitrie acid, and add & neutral solution of mercurous nitrate, NoO Hgoo”,
A white precipitate of mereurous cobalticyanide, (Hg",);Co.Cy,a, forms,
which contains the whole of the cobalt, Filter, wash, and ignite under a hood
with free access of air, when tricobaltic tetroxide, Co,0,, is left.

Another method of separation consists in adding a concentrated solution of
NOKo (potassic nitrite) in considerable excess to & 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 whole of the cobalt separates in the form of a erystalline precipitate of a Sine
yellow colour (from a dilute solution only after long standing), the formation of
which is expressed by the equation :—

0 ™ c
ZED:{IM + 14NOKo + 4 ﬂgi[a + 20H; = N,0,Co.0",
Yellow

6NOKo4OH, + 4NO,Ko + 4{3{?&0 + N0,
precipitate,

The precipitate is soluble in much water; it is decomposed by hot nitric or

hydrochloric acid, or b potassic hydrate ; insoluble in aleohol ; insoluble in the

presence of potassic salts ; and it can therefore be washed by a solution of potassic

acetate, and finally with aleohol. TH18 REACTION SEPARATES NICKEL FPROM
COBALT VERY EFFECTUALLY,

On igniting & small quantity of N,O,Nio", g dirty greyish
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powder of NiO is left. Ignite next N.0,Coo” gently, and a black
residue of cobaltous dicobaltic tetroxide, €00, = ﬂggﬂuu" 18
left. On treating this oxide with hydrochloric acid, chlorine gas is
evolyed, according to the equation :—

Co,0, + 8HUL = 3CoCL; + Cl: + 4OHs.

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

Ni, 0y, or {gigﬂ, and Co,0;, or {gggﬁ; Co,S..

Nickelic Cobaltic Cobaltie
oxide. oxide. sulphide.

Ni,0, is, however, obtained in the wet way only by the action of
oxidizing agents, and cannob exist at a high temperature.

GGH&, on the other hand, is obfained in t]j:e. 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
jodine to cobaltous solutions.

Little use is, however, made of these reactions beyond the con-
version of CoCy, into C0,Cys, in the presence of potassie cyanide,

or of Co0 into C0,0; in the potassic nitrite reaction.

QUESTIONS AND EXERCISES.

1. Translate into graphic formule the constitutional formule of cobalt pyrites,
cobalt vitriol, cobalt bloom, cobaltic eyanide. '

9. How are Co0 and CoyUy prepu.re:l?

3. How is Co separated from Nif

4, 2 grms. of an ore containing Ni and Co yield 221 grm. of NiO and ‘1575

rm. of Coy0,; 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 potassic cobalticyanide ?

MANGANESE, Mn", ¥, and Y.—Oceurs in nature mainly in
the state of OxipEs, of which the mineral pyrolusite, MnYOx, is the
most important. It is found in small quantities in many iron ores,
and is o frequent constituent of SILICATES : the MnO replacing the
isomorphous bases, Fe(, Zn0O, MgO, Ca0, without altering the
crystalline structure of the minerals. It exists both in the dyad
and tetrad condition in manganous and manganic oxides. The
Axnyprous OxmEes known, hesides pyrolusite, are: braunife,
Mn'!v.O,, hausmannite, Mniv,0, ; the HYDRATES are: manganite,

MnOHo MnOHo MnHo,

MnOHo' pailomelane, MHDHGMIIUH, wad, nHﬂaMm”‘ it
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Mn"'0O] MnHo.
vicite, ¢ Mno' (OMn"YHo,)", ecopper mangan, O Cuno”. Manga-
rmnuloj MII.HEI,

nese is found in combination with sSULPHUR, in.manganese blende,
MnS; with cARBONIC AcID, in diallogite, COMno"; with siLica, in red
manganese or mangan kiesel (rhodonite), B10Mno", and in fephroite,
SiMno";; with pHOsPHORIC acid, as triplite, P;OMno'';Feo''s

EXAMINATION IN THE DEY 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 cufer flame, in the boraw 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 flame. If other metallic oxides are present,
it is preferable to mix a small trace of the finely powdered man-

ese 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 ecrucible) in
the oxidising flame, when a bluish green mass is left after cooling,
consisting of sedie manganate, MnO,Nao,. The mass at the same
time loses its transparency. THIS FORMS THE MOST CHARACTERISTIC
REACTION FOR ManGaxEse, Manganous and manganic oxides are
converted into a higher oxide, Mn¥Q, in which Mn exists as a
hexad, .

EXAMINATION IN THE WET WAY.

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

We employ A soLuTION OF MANGANOUS CHLORIDE, MnCI, (free
from Fe).

SAm, (group-reagent) gives a flesh-colowred precipitate of man-
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 OF DISTINGUISHING Co AND N1 FrROM Mx),
The manganese may be separated by repeating once or twice the
precipitation of cobalt and nickel in the presence of acetic acid.

8H, does not precipitate a neutral solution of & manganous salt ; the acetate
even 18 precipitated very slowly and imperfectly, and not at all when free ncetic
acid is present.

KHo or NaHo gives a whife precipitate of manganous hydrate,
MnHo,, inscluble in excess. The precipitate absorbs speedily

oxygen from the air, and turns dark brown with formation of

nOH - :
Mn{]]._‘[z: when it no longer dissolves completely in ammonic

chloride.
AmHo precipitates a white hydrafe from nentral solutions ; in-
soluble in excesg, or in ammonic earbonate.
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No precipitate is produced in solutions containing ammonic
chloride. On exposing an ammoniacal solution of the soluble
double chloride, 2AmCL,MnCl,, to the action of the air, the whole
of the manganese is ually precipitated as dark brown diman-

ganic dioxydihydrate, ﬁﬁg%ﬂ This reaction is characteristic for

manganese compounds.

AmHo conveys in this change oxygen to the manganous galt in & manner
gimilar to the action it hasupon cobaltous salts, or upon metallic copper, in the
presence of oxygen or air.

Owing to this tendeney of manganous salts to become oxidized and precipi-
tated in the presence of AmHo, it 18 all but impossible 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 less {E{D}EE’
and small quantities of manganese eannot, therefore, be sepavaled from iron by
precipitation with Am Ol and AmHo.

CONno, or COKo, precipitates while manganous carbonate,
COMno", insoluble in excess of the reagent, but pretty rveadily
soluble in ammonic chloride. This precipitate absorbs likewise
oxygen from the air, and turns to a dirty brownish white colour,
owing to the formation of dimanganic dioxydihydrate. On ignition
with free access of air, the white carbonate turns first black, and
changes subsequently to brown trimanganic tetroxide, Mn,O,. All

manganese oxides are obtained upon ignition in air in the form of
Mn;{jp

KCy pgives a whitish precipitate of manganous cyanide, Mn(Cy., solublein
excess to o brown solution, which is not precipitated by SAmg,

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, ohtained when a manganous salt is
digested with sodic hypochlorite, according to the equation :—

MnCl, + ClNao + 20H; = MnivOHo; + NaCl + 2ICI,

the manganese exists likewise as 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, 1n wl_ucll the metal man-
ganese acts the part of a hexad clement, Manganie acid itself has never been
isolated. It 18 obtained, however, in combination with a few of the stronger
metallic hases, forming manganates, of which the alkaline manganates only dis-
golve in water to green solutions. . : .
Manganates ore readily decomposed in aqueous golutions. On gently heating
a solution of potassic manganate with free access of air, the green colour changes

to purple red, owing to the formation of potassic permanganate,® Mn OgKo, =

{:ﬁnfgﬂgggzg , with separation of hydrated dioxide, thus:—
n*s

aMn0.Ko, + 30H: = Mn,0;Ko; + MnOHo, + 4K Ho.

# Permanganic acid has never been isolated. It exists only in a few metallic
anlts called permanganates, which are soluble in water, forming mlunm'l.].r Hur}]lc«-
red solutions. The salts crystallise from an alkaline solution in beautiful large

crystals of deep violet lustre.
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@ is accelerated by adding a few drops of a dilute mineral acid (eg.,
EJ:ht:i:,h;n rnnhlaﬁ m::ic. or su]ph]:;rie nﬂﬁ], which combines with the liberated alkali.
This reaction is extremely delicate.

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

ﬂngauic dioxide, as well ns other native peroxides, alveady enumerated,
also the alkaline manganates and permanganates, act as powerful oxidizers,
differing merely in the infensity of their oxidizing action. ]

Manganic dioxide gives off oxygen on the addition of eoncentrated sulphuric
acid, and forms no manganous sulphate :—

(Atomic equation) Mn0Q; + 80,Ho; = O + 80,Mno” + OH,,

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

MnO;Naos + 280,Ho; = 05 + 80,Mno" + 80,Nao; + 20H,.

Sulphuric acid added to a solution of potassio permanganate, liberates five
atoms of oxygen, and leaves manganous and potassic sulphates in the solution,
thus :—

(Atomipe Bquatfun}{ Eg:gg%g; + 380,Hoy = O; + 280,Mno”
+ 80:Ko; + 30H,.

Hydrochlorie 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 ]{rinuipnl substances,
together with hydrochloric acid, for evolving chlorine in the aboratory and on a
manufacturing scale. 2

We know of no other mineral oxidizing agent capable of Eieldin g from one
molecular group of elements five atoms of oxygen ; and there are but few elementary
substances which resist the oxidizing action of Eutnsaic rermanganate. Hydrogen,
freshly-ignited carbon, phosphorus, 1odine, sulphurette hydrogen, earbonie disul-
phide, are oxidised more or less rapidly. Metals, such as zine and iron, become
oxidized after a few days ; lead, copper, mercury and silver after some time.
Many lower oxides, chlorides, ete., are converted into hi;her oxides, ete., especially
in the presence of a free acid (hydrochloric or sulphurie aeid).

Arsenious acid is converted into arsenio acid, sulphurous into sulphurie,
nitrous into nitric, phosphorous into phosphoric acid. Osxalic 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 (*“ ehlorinized ") in the presence of free
hydrochloric acid into ferrie, stannie, antimonie, cuprie, and mercuric chlorides ;
the manganese and potassium of the Efrmmgunata are left in solution as chlorides.
Ferrous, cuprous, and other sulphates are converted in the presence of free
sulphurie or hydrochloric acid into fervie or cupric sulphates,

otassic permanganate oxidizes also man organic bodies, such as sugar, gum,
cellulose (in paper, cotton), uric acid, ete, ”['Yha reaction in all these cases is indi-
cated by a change of colour. On adding, for instance, the purple coloured per-
manganate solution to a solution of sulphurous acid, the colour 1s instantaneously
destroyed as long as any sulphurous acid is left. Permanganate becomes, there-
fore, the measure for aujl'phumus acid, and in like manuer 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 agent, i.e., 316 parts by weight of potassic permanganate become tlia
measure for 5 % 64 = 320 parts by weight of 80..



a0 ZINC.

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

EE'DQF&D” 4+ 0 + 80:Hos = EaﬂﬁFﬁgﬂﬂ + OH..

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

10 » 152 parts by weight of SOsFeo”
orl0 x 72 = Fel
or 10 x 66 % Fe.

QUESTIONS AND EXERCISES.

1. Which are the most important manganese ores ¢

9. Which manganese ores can be employed for generating chlorine ?

3. Explain the action of concentrated S0;Hos upon MnOy, MnO.Nao, and
Mn,0;Kos; and express the changes by equations.

4, Translate into graphic formule the constitutional formule of pyrolusite,
braunite, hawsmannite, manganite, psilomelane, wad, varvicite, and
tephroite. _

5. Describe the most characteristic blowpipe reactions for manganese compounds.

6. How can Mn be separated from Ni an CoP

7. How is Mn separated from caleium or from potassium P

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

0, Give evidences of the dyad, totrad, and hexad nature of manganese.

10. Give the graphic formule for disodic manganate and dipotassic perman-

nate.

11. E:E;u'm the action of AmHo upon cobaltous and manganous salts, 1st, in the
presence of ammonie chloride ; 2nd, in the absence of ammonic salts ; and
rd, with free access of air.

12, State m“]r;y Mn is separated with difficulty from Fe'¥ by means of AmCl and
AmHo.

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

14. By precipitating 2'622 grms. of & manganous salt with sodic carbonate and
ignition of the precipitate, 1325 grm. of Mny0, is left ; what is the per-
centage of manganese in the salt !

15. What is the action of dipotassic permanganate upon HCl, 8H, 80,

gg%sl Gu,0l;,FeCly,8nCl; ?  Hxpress the changes by equations.

16. How much sulphurous anhydride by weight and by yolume (at 0° C. and
760 mm. barometrical pressure) will be required to decolorise a golution

containing “500 grm. of dipotassic permanganate ?

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

18. 125 grm. of dipotassic permanganate had to be added to a given quantity of
an acid (S0sHog) solution of 80,Feo”, Caleulate how mu metallic
: -on the solution contained.

19, -450 grm. of spathic iron ore, O0OFeo”, when dissolved in hydrochloric acid,
required 100 grm. of Mn,0.Ko;, What will he the g)crmntngﬁ—lat. of
carbonate ; 2nd, of metallic iron, contained in the ore

20, 1-240 grm. of Q0 was evolved when 1-780 grm. of pyrolusite was treated
with moderately concentrated 80gHo, and {ggﬁg ‘What is the per-

centage of MnOj 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 HCL?

ZINC, Zn'.—Occurs in nature chiefly as SULPHIDE, o #ine blende,
black jack, ZnS; as CARBONATE, or calamine, COZno"; and as
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SILICATE, or zine glance, electric calamine, 8iZino'',,OH,, Willemite,
8iZno";*; also as oxIDE, in red zine ore, Z00,

REAQTIONS IN THE DREY WAY.

The most charaeteristic blowpipe reaction for zine consists in the
white incrustation of zincie oxide which its compounds yield when
heated on charcoal in the reducing flame with sodie carbonate. The
zine compound is reduced to the metallic state, and the metal being
volatile, burns on passing through the outer 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 eobaltous
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,

Zino 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, 8Bb, which give likewise incrustations), is a matter of great uncertainty.

_Zincie sulphide &:iﬂﬂ blende), when roasted in a tube of hard glass, loses part
of its nul’;}hur in the form of sulphurous anhydride, and leaves some zincic sulphate,

80,Zno"” (white vitriol), which may be extracted with water.
Calamine leaves on ignition zincie oxide.

REACTIONS IN THE WET WAY.

We employ A soLurion of Zivoie Curorine, ZnCl, or or Zixcic
STLPHATE, 80,Zno", = 80,(0,Zn)".

SAm,; (wroup-reagent) gives a whife precipitate of zinele
sulphide, ZnS, insoluble in excess. From dilute solutions the pre-
cifpit.a.te 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 sulphuretted hydrogen ;
also by nitric acid, but is insoluble in acetic acid.

SH, precipitates zine imperfectly from nentral solutions of zincie
salts with mineral acids; but from an acetate or a solution of a zincic
salt mixed with an alkaline acetate, the whole of the metal is pre-
cipitated by sulphuretted hydrogen as zincie sulphide, even in the
Eiresenaa of much acetic acid (METHOD OF SEPARATION OF ZN FROM

¥). Free organic acids prevent the precipitation.

KHo or NaHo precipitates the whife nyarate, ZnHo,, readily
soluble in excess, and in AmHo, reprecipitated almost entirely on
diluting with water and on boiling, soluble also in ammonie chlovide.
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 zincic hydrate.

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

* Noumann's Elements of Mineralogy.
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4 CHo(0Zn"Ho),
580,Zno" + 5CONao; + 30H; = {5110” + 580;Nao;
CHo(0Zn"Ho),
Dihydric pentazineic
dicarbonate tetrahydrate.
+ 3CO0..

A large excess of ammonic salts prevents the precipitation.

h";['hia carbonate leaves on ignition Zn0, also known under the name of zine
e,
C0Amo, produces Lhe same precipitate, soluble, however, in excess.

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

Zine precipitates the less electropositive metals from their solutions, viz,, As,
8b, 8n, Cd, Cu, Pb, Ag, Bi, Hg: and on dissolving impure metallic zine in dilute
acids (hydroehlorie or sulphuric), these metals do not dissolve, as long as any
zine remains undissolved. Hencezine protects other metals, such as copper, iron
(galvanized iron), from the oxid.i:.imlz action of the air.

Zine, when placed in contact with platinum, iron, ote., dissolves in alkaline
golutions in the cold 3 when boiled with KHo (NaHo, or even AmHo), it dissolves
likowise, with evolution of hydrogen and formation of dipotassic zincle oxide,

anﬂr.u
Zine vapour decomposcs @0, at a high temperature, and forms Zn0 and CO;

at o lower temperature, ZnO yields its 4:::3'%-11 again to carbon (Method of extract-
ing metallic zinc from some of its ores). 'This forms another interesting mstance

of reciprocal chemical action.

QUESTIONS AND EXERCISES.

1 Exﬁlnin the action of HCI, 80,Hoy, NO,Ho, and KHo upon metallic zine.
xpress the changes by equations.
2. Give IHm pames and composition of the most important zinc ores, and translate
their constitutional into graphic formulm.
8. Describe the blowpipe reactions for zine compounds.
4. Express by equations the conctions for zine in the wet way. Give graphic
ormulie for the basic carbonate and dipotassic zineie oxide.
6. 1'6 grm. of calamine yielded ‘876 grm. of Zn(), what is the percentage of

ginc in the ore?
6. How is metallic gine obtained from calamine, or red zine ore?
7. How has Zn5S to be treated in order to extract from it metallic gine P

8. How is Zn se arated from Mn ?
g, How can Zn separated from Ni and Co?
10. How would you remove the zine from an alloy of Zn and Cu (brass) ?
11. How is white pitriol prepared, 1st, from zine blende, 2nd, from calamine ?
Give the composition of the crystallized salt.
12, You have given to you calamine, zince blende, hydrochloric acid, water, and
godic carbonate. Statehow you would prepare from these materials zincic
oxide or zine white. Jxpress the changes by equatious.

IRON. Fe')v,and ¥l __One of the few metallic elements which
occurs very abundantly in nature, mostly in the combined state, Tt
will suffice if we congider more especially those iron ores which con-
tain the metal in gufficient quantities and which are sufficiently free
from deleterions snbstances (such as S, P, As), to render them
snitable for the extraction of 1ron by the usual metallorgical pro-
cosses, The most important iron ores are :—
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1st. Ores conraining Ferrous OXIDE:—spathic or sparry iron
ore, COFeo", (sphaerosiderite) containing varying quantities of
COMno", COMgo", and COCao"; black band or carbonaceous
iron ore, a sphaerosiderite containing from 20 to 25 per cent. of
bituminous matter; elay 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 beds—the fuel and flux necessary for their
reduction to the metallic state,

2nd. Ogres ocontatNING Ferrous A¥D Ferric Oxmpes: wiz.,

magnetic. iron ore, Fe,0, = { ReOFeo" (ferrous diferric tetroxide).

3rd. Ores coNtarsivg FErric OXIDE ONLY : wiz., red hemalite
(micaceous iron, oligist, specular iron or iron glance), 'Fe'";0, =
{ g:g[) (ferric oxide). This oxide forms different hydrates which,
according to the amount of water which they contain, have received

FeOHo

different names, wviz., furgite, 2Fe,0,0H, = ;gg{} (tetraferric

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

Fe,0,0H, = {F‘E’“Hﬂ (diferric dioxy-dihydrate) ; Limonite or

FeOHo
[ Fe(OHo
FeHo,
compact. brown iron ore, brown hematite, 2Fe,0,30H, = 0
Felo,
FeOHo

(tetraferric trioxy-hexahydrate) ; (varieties: oolitic fron ore, pea
ore) ; yellow iron ore or wanthosiderite, Fe.0,20H, = {FEH°=(}

(diferric oxy-tetrahydrate). e
A few other iron ores deserve our attention. They are not
used for the extraction of iron, but are valuable as a cheap source
of sulphur, viz., dron pyrites, martial pyriles, or mundic, FeS,,
found abundantly in nature; Fe,S, (diferric trisulphide) ; copper

: F i ; :
pyrites, F%S,,G&.S:{ Fgg{}uga » and magnetic pyrites, 5FeS,Fe,S,

= Fe;S,, which may be expressed graphically, thus:—

/S S S b 5 S
I

(Pentaferrous diferric octasulphide).

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

. Fry 8
ARSENIC and SULPHUR, 10 mujﬂmﬂ:ci { "iﬂ" FE;FE'”S; : with CHROMITA

n
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: ar' 8i0—
as chrome iron ore { 'Gr‘”{}FE“”; withsiuicaaschloropal, 510 = Feo",
Si0_

30H,, and many other silicates; as SULPHATE, in green COPperds
or green vitriol, SOHo,Feo",60H,; as phosphate in vivianite,*
P,0,Fe0",30H, (triferrous phosphate), and others ; as ARSENIATE,
in scorodite, As:0,Fe;0",4OH,, and others.

REACTIONS IN THE DEY 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 boraz bead, iron compounds impart a dark red
colour to the borax, whilst hot, becoming light yellow, when cold.
In the reducing flame they give an olive green to bottle green head.

The reactions with mierocosmic salt are similar but less distinet. The pre-
sence of Co, Cu, Ni, Or conceals the colour of the iron bead. Ferric sulphides
and arsenides must be roasted, previous to being introduced into the borax bead.

When heated with CONaog on charcoal, in the reducing flame, metallic iron is
obtained as a magnetie powder.

REACTIONS IN ‘THE WET WAY,

Tron forms two series of salts, viz., FORROUS AND FERRIC BALTS.
Tt dissolves readily in dilute acids, such as HOL, 80,Ho,, forming
forvous salts, FeOl, 80,Feo”, with evolution of hydrogen. Cold
dilute nitric acid dissolves finely divided iron (iron filings) without
evolving hydrogen gas, the nitric acid being decomposed, so as to
form ferrous nitrate and a small amount of ammonic nitrate,
thus :—

4T + 10N0;Ho = 4{ Ng:Feo + NO:Amo + SO

The metal iron exists in all these salts in the dyad condition, but
oxhibits a marked tendency to pass into the tetrad condition.
Exposed to the air, FeCl, and 80,Feo” absorb oxygen and are gra-
dually converted into forric salts. The same change is produced by
the action of variouns oxidising agents, anch as Cls, Bry, I, ClNao,
KO,Cl in the presence of HCl, NO.Ho, NO,Ago, AuCl,, HgCls,
Mn,0;Ko., CrO:Ko,, and others. We possess therefore in ferrous
compounds powerful redueing agents.

The tetrad condition appears to be the natural state of existence of the metal
ivon. 'This is rendered evident, moreover, by the limited number of ferrous com-
pounds which exist in nature. The latter must be viewed as unsatisfied bodies,
which, under favourable conditions, deprive other bodies, dirvectly 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, Telv (or ferricum), in which condition it occurs In nature
in combination with sulphur only, as FeS,, without forming any corresponding
oxygen, chlorine, etc., compounds. Two atoms of tetrad iron are invarinbly
linked together in ferrie oxide, chloride, ete., whereby iron becomes a pseudo-
trind element. It is possible to combine, by artificial means, three atoms of

# (lontains also ferrie phosphate, I’ngFe-gt}“,SDHg, to which the blue colour
of the mineral is due.
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oxygen with one atom of iron, so ns to form ferrates, ns in potassic ferrate,
FealyKos, in which compound the iron exists as a hexad element.

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

Dyad iron —\]?g’—, e.g., in FeCl,, FeO, FeS,
Vel

1
Tetrad iron —Fe—, or pseudo-triad iron, -'EJE-—Fe—*, e.q., in

'F'E"'Clg {JF'E:”SS! {FF'E"‘DD’ iy ]Mtlf .

Fﬂl‘fs:]} { 'FE'”UL&’ :FEFHS IFEFHD

Nt '
Hezxad iron —Fe—, or =Fe=; e.g., in Fe"0,Ko,.
B Y il

A. Ferrous compounds.—We employ A S0LUTION OF FERROUS
suLPHATE, 80,Feo”, = 80,(0.Fe)".

SAm, (group-reagent) gives a black precipitate of ferrous
sulphide, FeS, insoluble in alkalies and alkaline sulphides, decom-
posed by dilute hydrochloric acid with evolution of sulphuretted
hydrogen. The moist precipitate absorbs oxygen from the air, and
is rapidly converted into ferrous sulphate, and lastly into yellow
basic ferric sulphate, with evolution of much heat. (This oxidation
constitutes a frequent cause of the spontaneous inflammation of
pyritical coal (which contains F'e;S;) on board vessels.)
~ BH, does not precipitate neutral or acid solutions of ferrous salts ; ferrous
acetate even is only partially precipitated. .

KHo, NaHo, or AmHo precipitates from ferrous salts (free from
ferric salts) white ferrous nyarate, FeHo,, which turns rapidly to a
dirty green colour, and ultimately becomes reddish brown, owing to
absorption of oxygen from the atmosphere. Ammonic salts par-
tially Ere?ﬂnt. 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, ete., also prevent the precipitation more or less.

CONmog, COKos or COAmo, precipitates white ferrous earbonate,
COFeo”, which becomes rapidly oxidized when exposed to air.

KiFeCy; (potassic ferrocyaniae) produces, by the replacement of
K, by Fe', a bluish-white precipitate of dipotassic ferrous ferro-
cyanide, K,F'e"FeCy,, thus:—

80.Feo" + K FeCy, = K:Fe"FeCy; + 80.Ko,,
Bluish-white
precipitate,

insoluble in hydrochlorie acid. The light blue precipitate is rapidly

converted into a r:!ar.i’c blue precipitate, or Prussian blue, either by

exposure to the air, or more speedily by an oxidizing agent, thus:——
D 2
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4K,Fe''FeCy; + 2Cl, = 3FeCy,,2Fe.Cys + 4KCl1 + K FeCys.

Prussian blue.

K Fe.Cyy, (potassic ferrieyanide) produces a dark blue precipitate
of triferrous diferric dodecacyanide, Fe'sy Fe'”';Cy.; (Turnbull’s blue),

insoluble in hydrochloric acid, thus:—

EED-EF'E-'U” + Kﬂ.F’E—'zGFW = FEHEIFEHFEGFIE + 3503}{&;.
Turnbull’s blue.

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

(1) K,Fe'FeCys + ORHo = K,Fely, + FeHo,.
(2) BFECF@.EFB;GF“ o 12Hﬁ.-Hﬂ = EI-HE-;FE Ye + ﬂFEgHﬂﬂ.
(3) Fe'yFa"sCyn + 8NaHo = 2NaFeCyo + FeiOs+4O0H,

These precipitates cannot form, therefore, in an alkaline solution.
CyKs (potassic sulphoeyanate) gives no indication, if the ferrous
contains no ferrie salt.

B. Ferric mmpm!!:ms.-{;—We employ A soLurioN oF Ferrie Crro-

5 i s s EIH 1:|

ripg, ‘Fe"',Cl;,, = { e Cl,
SAm, (group-reagent) produces a black recipitate of ferrous
sulphide, FeS, mixed with sulphur, thua:—]?az](j}!u +38Am, = 2FeS
4+ S + 6AmCl. Dilute solutions of iron give only a greenish colora-
tion.

On dissolving the black precipitate in dilute hydrochloric acid,
sulphuretted hydrogen is evolved, and white insoluble sulphur 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., F'eS, and Fe.S,, which are insoluble
in dilute hydrochloric acid, but dissolve with evolution of SH, in
the presence of metallic zine.

H, does not precipitate Fe,Cls; its hydrogen acts as a reducing
agent upon the ferric salf, converting it into 2FeCl; and 2HCI, white
sulphur being precipitated, which renders the solution of the ferrouns
galt milky.

KHo, NaHo, or AmHo precipitates the reddish brown ferrie
nydrate, Fe,0,20H; = {,gﬁ,.,ﬁzzﬂ, or diferric oxytetrahydrate,
insoluble in excess and in ammonic salts (except COAmoy). Non-
volatile organic bodies (e.g. tartaric or citric acid, sugar, etc.)
prevent its precipitatinn by AmHo, but not by SAm,. The pre-

cipitate retains with great tenacity small portions of the fixed

alkalies.

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

POHoNao; (nydrie disodle phosphate) produces a yellowish
white floceulent-gelatinous precipitate of ferric phosphate, P,0,Feo™,
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+ 4Aq. The precipitation is complete only in the presence of sodic
or ammonic acetate, thus ;:—

Fe,Cl, + 2POHoNao, + 2{ GOk, = P:OsFero™ + 6NaCl
CH,
L { COHo*

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
disappear again, especially on gently warming, since it is somewhat
soluble in ferric acetate. When the precipitation is nearly complete,
the ferric phosphate separates more speedily, especially on stirring
and gently heating, and allowing to subside after each addition of
the phosphate solution. The precipitated ferric phosphate should
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 alominic 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'v, AlY, and Cr'¥. 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 nentral solution of ferric chloride, according
to the equation :—

9POHoBao" + 2 {ggirm + {ggﬁﬂ + Fe,0l, = P,0,Fe,o"

+ 2BaCl, + 2NaCl + 8{ §F; |

as long as a yellowish white precipitate comes down, and till the
supernatant ligunid becomes just red, from the formation of ferric
acetate.
~ Ferric phosphate dissolves in excess of hydric disodie phosphate,
in the presence of ammonie hydrate or carbonate, to a brownish-red
solution. It is somewhat soluble in ferric, but not in ferrous acetate.
Alkalies decompose it with difficulty only, Ammonic hydrate reduces
it to a basic phosphate (P,O(Fe.0;)""Fe,0"; 4+ 16aq.). Potassic or
sodic hydrate removes nearly the whole of the acid. Fuasion with
canstic fixed alkalies, or with fusion-mixture, or boiling with ammonic
sulphide, decomposes ferric phosphate completely, leaving the iron
us oxide or sulphide, from which the soluble alkaline phosphate can
be separated readily by filtration.

" t(éﬂr;nc or tartaric acid prevents the precipitation of ferrie phos-
phate.

K.FeCy; gives a fine blue precipitate, 3FeCy.,2Fe,Cy,, known as

Prussian blue, thus:—2Fe,Cl, + 3K FeCy, = SFﬁUyn_,EFc,Uﬁ =+
12KCL.  Insoluble in hydrochlorie acid ; decomposed by KHo or
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NaHo ; soluble in oxalic acid; soluble also in excess of K FeCys, to
a blue solution.

K,Fe,Cyi. produces no precipitate, but the yellow colour of the
ferric solution changes to reddisk brown, (IISTINCTION BETWEEN
FERROUS AND FERRIC SALTS.) '

CyKs (potassic sulphocyanate) gives a darle red or blood red
colour, even in the case of very dilute golutions, which is not
destroyed by hydrochloric acid. The sensitiveness of the reaction
is heightened by shaking a hidmchlnric acid solution containing
mere traces of a ferric salt with ether, The blood 7ed ferrie sulpho-
cyanate, CysFess", being soluble in ether, becomes thus concentrated
into a small bulk of liquid. The colour of the liquid is readily
destroyed by a solution of mercuric chloride (also by tartaric or
phosphorie acid). (DISTINOTION OF Fe" rrom FEVY,)

This confirmatory test should invariably be uﬂpliaﬂ, beeanse ferric acetate,

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

Excess of sodie 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-
pitated as basie 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. (METHOD FOR SEPARATING Telv FrOM MxK".)

Ammonie suceinate or henzoate precipitates ferrie, but not ferrous salts,
45 ferric succinate or benzoate® The ferric solution should be &rfﬂcﬂ]r

neutral. Salls of FeO, MnO, Co0, NiO, ZnO are not precipitated. ETHOD
or sEPARATION oF FE!Y ¥rROM Fr”, MX, N1, Co, ZK.)

Freshly precipitated and well washed harvie or caleie earbonate,
suspended in water, precipitates ferric (not ferrous) chloride, as
ferric hydrate, FesHos, mixed with basic salt, with evolution of
carbonic anhydride, The reagent is added to the neutral ferric salt
in the cold, and well shaken up with it, till the reddish brown pre-
cipitate acquires a whitish appearance, from excess of the alkaline
earthy carbonate.

COBao" separates in like manner the higher or -ic chlorides of
this group from the lower or -ous chlorides. In order to separate
ferric from ferrous compounds, or ferric (chromic and aluminic
compounds) from ferrous, zincie, manganous, cobaltous, and nickelons
galts, it 18 necessary that these metals should all be obtained in the
form of chlorides, when, on the addition of baric carbonate, the
respective hydrates, mixed with basic salts, are precipitated from
the ferrie, ete., chlorides, whilst ferrous chloride and the chlorides
of Zn, Mn, Ni, and Co, are not affected. Air has to be excluded as
carefully as possible, in order to prevent the oxidation of the ferrous,
manganons, and cobalfous 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 carbonic anhydride

# The formule of these compounds will be explained under the vespective
acids.
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has ceased. The addition of ammonic chloride, previous to the
precipitation with baric carbonate, almost entirely prevents any
cobaltous and nickelous hydrates from falling out with the baric
carbonate precipitate. (METHOD FOR SEPARATING Fe', (ALso AL AND
Cr), rrom Fe", Zn", Mx", N1, and Co".) : i

The precipitate is filtered off and dissolved in hydrochloric 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
forric salts o bluish black precipitate (ink), readily soluble in acids.

A very delicate reaction for Fe'* consists in adding a few drops of a solution
of potassic ferricyanide to a dilute solution of a ferric salt, and next a few drops
of a very dilute solution of stannous chloride, SnCl;. A blue precipitate indi-
cates the presence of iron, thus :—

(1) FeuCly + KoFesCyyg gives no precipitate, but merely a dark brown
coloration.

':2:' Fﬂgcls . o Eﬂﬂlﬂ- = EFﬁclg + Enﬂ]...

l:ﬂ} 3FBGL-_| -+ EEFBQGJ"E o Fl]"gFEQC]'m + 6KCL
Turnbull's blue.

A ferric salt when coming in contact with certain bodies (especially bodies con-
taining some latent bonds) which possess a stronger affinity for oxygen, chlorine,
ete., than the ferric compound, acts towards such bodies as an oxidizing agent.
Thus 8O Ho, is converted mto §10:Hoy; KL gives off iodine ; 8n"l; is con-
verted into Sn'*Cly; SSONao. (sodic hyposulphite) is oxidized to 80;HoNao.
Iron or zine readily reduce ferrie to ferrous salts.

C. Ferric anhydride, Fe'i(;, or ferric acid, Fe"'O,Hoy, containing hexad
iron, has never been obtained in an uncombined state. The alkali salts only are
known and are obtained, like the alkaline manganates, by fusing iron filings with
nitre. Ferrates are decomposed far more readily than manganates.

QUESTIONS AND EXERCISES.

1. Mention compounds illustrative of the dyad, tetrad, and hexad nature of
1ron.
2. Enumerate some of the most important iron ores used for the extraction of
iron in this country. Give constitutional and El‘nphiu formule,
3. Which are the more important sulphides of iron? Give constitutional and
graphic formuls.
4. Give the graphic formule of ekloropal, chrome irom ore, green copperas, and
vivianae.
5. How is iron detected in the dry way P
6. Whﬁa:]tﬁk&; place when iron 1s dissolved in HCI, in 80,Ho,, or in dilute
allO
7. Explain the change which takes place when FeCl, is severally acted upon
by atmospheric air, by chlorine, KOyCl and HQl, NO;Ho, Hgll,,
.s.uﬂly;, and by Mn,0¢Ko; and HCl. Express the changes by equa-
ions.
Give graphic formule for ferric chloride, ferrie hydrate, ferrous sulphide,
dipotassic ferrate.
, E:I:plmn}ha action of 8Hy and SAmy upon ferrvic salts, 1st, in acid solutions ;
Znd, in neutral or alkaline solutions.
10. How does ‘HJ,FEU}', and KgFesCya enable us to distinguish between ferrous
and ferric salts?
11. Etﬂ.tg why KsFe,Cyyg in the presence of 8nCly, produces a blue precipitate
with ferric salts.

© @
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12. Explain the action of CyKs upon ferrous and ferric salts.

13. Explain the action, 1st of {“DH° ond, of KHo, 8rd, of K,FeCy, upon

COHo
Prussian blue.

14, What change is Tm&ucar] when Fe,Cl; is brought together, 1st, with 80,,
2nd, with 8nCl, ?

15. Explain the action of metallic ivon or metallie zine upon S;0;Feso*.

16. How would you prepare dipotassic ferrate? Kxplain the action, lst, of
water ; 2nd, of Hél upon it.

17. How much hydrogen gas by weight and volume (at 0° C. and 760 mm.) is
obtained when 10 grms. of metallic iron are dissolved in dilute hydro-
chlorie acid ?

18. How much sulphurous anhydride gas by weight and by volume is required
to reduce 1°824 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 ferrie chloride in an acetic solution.

20, The value of a ton of Sicilian sulphur (containing 84 per cent. of 8) is £5,
that of a ton of iron pyrites, FeSs, 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 mevely to the respective sources of
sulphur.

21. How E‘mch metallic iron is required to manufacture one ton of crystallised
green vitriol 7

22, 432 grm, of brown hematite ore gave ‘350 grm. of Fe,0; What is the

reentage of metallie iron in the ore, and what the percentage of brown
amatile prosent ?

28. How is Fey(); separated from FeOF? Describe two methods.

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

25, Why Hia ?il: preferred to precipitate FeyClg by means of AmHo, instead of
KHo

CHROMIUM, Cr, ¥, and Y.—This element is comparatively
rare. It occurs in nature chiefly as chrome iron ore, Cr,0,,Fe0 =
CrO

{ CrO
the colouring matter in ruby, green serpentine, etc.

Feo'’, and crocoisite, CrO,Pbo". Chromic oxide constitutes

REACTIONS IN THE DREY WAY.

Chromium compounds are readily recognized by the very charac-
teristic green colour which the oxide imparts to borawz and miero-
cosmic salt, especially in the reducing flame. Finely powdered
chrome iron ore, when fused in a platinum spoon or crucible with
four times its weight of hydric potassic sulphate, and then with the
addition of an equal bulk of nitre and COKo, (equally mixed), ields
a yellow mass of potassic ehromate, Cr0O,Ko which is soluble in
water.

REACTIONS IN THE WET WAY.

Chromic salts can be prepared from the j:ﬂ]]{]\\"cr{]?Kng, or the

red dipotassic dichromate, Cr.0,Ko;, by heating with dilute hydro-

chlorie acid and adding aleohol, drop by drop, when i.heﬂyellgfv
{; rrrr i

golution changes to a deep green solution of Cr.Cl; = 'Cr"'Cly

in which the Cr exists as a tetrad element.
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A lower chloride, CrCl,, has been pr-:immﬂ in which Uraqta asa {l:rrlul oInmarn!, ;
but as it has to be carefully kept from the air to prevent its becoming rapidly
oxidized, and as it is of no real practical use, a passing notice of it will suffice.

Chromium is capable of forming three series of compounds*

e PaCEEende) ¢ ey
G!‘"Dlg. 'Gr’“gclp GWJD-;K{_'I;.
Cr'0. ' 'Cr'",0,. Crvi0,Pho",
Cr'Ho,. 'Cr'"'yHo,.

of which we purpose studying only the two latter.

A. cnromic Compounds.—We employ a soLumion oF CHRoMIC
Curormr, Cr,Cl,,

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

AmHo precipitates the nydrate, somewhat soluble in excess, the
flaid acquiring a pink tint. The precipitation is complete on
boiling.

K%u or NaHo, same precipitate, readily soluble in excess to a
green solution ; reprecipitated by long-continned boiling or on
adding AmCl, whereby the fixed alkali is removed as KC| or NaCl
with substitution of AmHo.

CONao, and COAmo, give greenish precipitates of basic car-
bonates (varying in composition), somewhat soluble in excess.

- POHoNao, (nydric disodie phosphate) precipitates green
chromic phosphate, P,0,Cr,0", soluble in mineral acids, insoluble
n acetic acid.

COBao" precipitates basic carbonate. The precipitation takes
place in the cold, but is completed only after long digestion.

In the presence of citric, tartarie, and oxalic acid, also of sugar,
the precipitation of chromic salts by means of ammonia, sodic, or
baric carbonate is more or less incomplete.

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

Ist. 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 colonr (from green to yellow), may be expressed

thus : —
{1) CI‘;G].-L + EEH‘D = GrgHﬂ{; + GKGL

Holuble in
excess of KHo,

(2) Cr.Ho, + 3Pb0, = 2Cr0,Pho” + PbO + 30M,

Holuble in Holuble in
KHuao. KHao,

¥ The intermediate oxides, Cr.0,,Cr0 = { g:g[f:n" (chromous dichromic
tetroxide), and Cr0y (chromie dioxide) cannot be considered here,
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On acidulating the solution with acetic acid, a precipitate of
plumbic chromate, CrO,Pbo” is obtained. ’ it

2nd. By boiling a solution of Cr,Cl, with NaHo and sodic hypo-
chlorite, C1Nao, thus :—

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

Yellow sodie
chromate.

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

B. chromic anhydride, Cr¥0,—Chromic acid, Cr0,Ho,, com-

bines with KHo to form two salts, the normal, or yellow chromate,
Cr0.Eo

Cr0,Ko, and the orange ved dichromate, 0 , isomorphous
Cr0,Ko

with the corresponding sulphate and disulphate. A solution of the

nentral (yelluwg 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

The anhydride may be prepared by slowly adding to a cold gaturated solution
of the red dipotassic dichromate 14 times its bulk o concentrated sulphuric acid,
and allowing it to cool elowly. Cr0, crystallises out in brilliant erimson red
prisms. The mother-liquor is poured off, and the crystals placed to drain upon o
porous tile or lab of unglazed porcelnin (biscuit) and kept covered with a bell-
jar. They must be preserved in o well-stoppered bottle.

Chromic anhydride is one of the most powerful oxidizing agents

known. Two molecules of Cr0O, yield upon ignition chromic oxide
and three atoms of oxygen, according to the equation i—

aCr0; = GI‘,O; + Os.

The metal chromium appears to exist in mature mostly in the tetrad and
hexad state, a8 a glance at its natural compounds will show. Chromium differs,
however, in amarked 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 hahd, the metal chromium appears to
hold the oxygen less firmly than manganese holds it in permanganic acid.

Reacrions of CrO; BASED UPON g OXIDIZING ACTION.

A SOLUTION OF DIPOTASSIC DICHROMATE, Cr,0;Ko0,, may be em-

ployed. LT .
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, + 8HOl 4 88H, = Cr.Cl, + 2KC1 4 70H; + Sa

SAm,, added in excess to & solution of an alkaline chromate or
dichromate, precipitates dirty green hydrated chromie chromate.
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On boiling, the whole of the chromium separates as green chromie
hydrate, thus :—

Cr,0,Ko; + 38Am; + 70H,; = Cr.Ho; + S; + 2KHo + 6AmHo.

In the one ease the H; of the SH; acted as the reducing agent;
in the other the (NH,); of the 8Am,.

S0Ho,, in the presence of a little free 80,Ho,, reduces the
dichromate to chromic sulphate, thus :—

GI'ED,KD-; + HSDHD; + ED;HG; _ Saﬂﬂcrzu?l + E‘O‘;Kﬂa -+ ":I‘.'OH;-.

Chromic sulphate and potassic sulphate constitute potassium
EU::KID
chrome alum, or (dipotassic chromic tetvasulphate) gg’f Lrﬁn"'.
=
S0,Ko
COHo Tl . :
COHo (oxallc acida), in the presence of free acid (dilute

sulphuric acid), produces the same reaction, carbonic anhydride
being evolved. Six molecules of CO; become the measure for one
molecule of dipotassic dichromate. Tartaric and citric acid act in
like manner,

S0.Ko,
Cr,0.Ko, + 3{ GOLC + 480,Ho: = S0:Cr,0" + 6C0, + 7OH..
S0,Ko-

_ B0;Hos (concentrated) reduces the dichromate, on the applica-
tion of heat, with evolution of oxygen and formation of potassinm
chrome alum, thus :—

GI’D:K& gg@]
g + 480.Ho, = ED:C_I'gﬂ“ + 40H, + O,.
T‘D-AEG SDEK__U,]

_ HCI (coneentrated) evolves chlorine, and the hydrogen combines
with the three available atoms of oxygen in the dichromate thus :—
Cr0.Ko
0 + 14HC] = Cr,Cl; + 2KCl + 7OH,; + 3Cl..
GI‘U;KG

As,0;, (in a hydrochloric acid solution) is converted into
AsOHo,, thus:—

Cr0.Ko
{ﬂ' + 3AsHo, + 8HCI = Cr,Cl, + 2KC1 + AsOHo,
GFD*]KG -+ 4!0]:[;

SnCl,, 8bCl,, FeCl;, Zn (Fe, Sn, ete.) in the presence of dilute HCI
reduce likewise chromates or dichromates.
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Rescrions For Cr0O, propuced BY DousLe D ECOMPOSITION.

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

Ba(l,, added to a solution of a normal chromate (or diahrﬂmatez,
gives a light lemon yellow precipitate of varic chromate, Cr0,Bao’,
cven in very dilute solutions ; insoluble in acetic acid, readily soluble
i nitréc Hm' hydrochloric acid, and reprecipitated by AmHo.

3

ggPhn” (plumbie acetate) gives a fine lemon yellow precipi-

CH,
tate of plumbic chromate, Cr0.Pho", soluble in KHo, sparingly
soluble in dilute nitrie, insoluble in acetic acid. The nentral salt is
converted upon digestion with alkalies into a basic red chromate,
CrO(Pb0,)"Pbo".
NO.Ago (argentic nitrate) gives a darl purple red precipitate of
argentic chromate, Cr0OAgo,, soluble in mitric acid and ammonia.

Grﬂgﬁgﬂ
From weak acid solutions argentic dichromate, , 18 pre-
CrO,Ago
cipitated.
Hg"Hggn“ (mercurous mnitrate) gives a darle brick red basic

2
precipitate of CrO(Hg.0,)Hgo', which on ignition is converted
into oxygen, mercury, and finely divided green ©Cx.0s (MzrHOD
or sEPARATING CHROMIC AcID FROM CHROMIC XIDE. )

On bringing together a little chromic acid with hydrie peroxide, 0:Hy in an
aqueous solution, o deep indigo-blue solution is produced, owing probably to the
formation of PERCHROMIC ACLD, in which compound chromium plays the part of
a pseudo-octad element, analogous to manganese in permanganic acid.

A solution of perchromie acid decomposes, however, rapidly with evolution of
oxygen, leaving CrOsHog, and its constitution 1s yetb doubtful. A solution in ether
is far more stable than an agueous solution. It is obtained by adding ether to o
very dilute {ncid? solution of 0.Hg, and then o drop of a dilute solution of a
chromate. On shaking up gently the ether takes up the whole of the perchromic
acid, and acquires an intensely blue colour. Mere traces of CrO; can be dis-
covered in this manner, or vice versd the smallest quantities of OgHy.

QUESTIONS AND EXERCISES.

1. Which is the most important chromium oref Give symbolic and graphic
formulee,

o How is chromium detected in the dry way ?

2 What analogy exists there between chrome iron ore and chromous dichromic
tetroxide ?

4. Describe how chromic chloride or sulphate is obtained from an alkaline
chromate. :

5. Gtive symbolic and graphic formule for dipotassic chromate and dichromate,
and trace their analogy with the corresponding sulphates. )

6. Desoribe the reactions by double decomposition which you ean produce with
chromic compounds. Give equations.
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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 symbolic equations.

10. What is the composition of pofassium chrome alum ? State shortly by what
processes it is prepared from chrome iron ore. b

11. You have given to you oxalie, hydrochlorie, and concentrated sulphuric acids,
dipotassic dichromate and water. State how you would prepare CO,, O,
or Cl gas from these materials, and express the changes by equations.

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

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

14. How would you distinguish between chromic oxide and chromic acid occur-
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 ?

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 crystallisation.

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

20. How can Cry0; be separated from Fe”, Zn”, Mn”, Ni”, Co” salts ?

21. 1'800 grm. of chrome iron ore yielded 295 grms. of OrO,Pbo”. What per-
centage of Cr does the ore contain, and how much dipotassic dichromate
can be manufactured from one ton of the ore?

22. 1'2 grm. of a sample of sodic ehromate yielded with oxalic acid ‘89 grm. of car-
bonie anhydride. What percentage of chromic anhydride did it contain ?

ALUMINIUM, Al" and *.—One of the metallic elements which
occurs most abundantly in nature, both in the form of the OXIDE, and,
as an important constituent of many minerals, in combination with
SILICA, with SULPHURIC, PHOSPHORIC, and other acids ; and in the form
of FLUORIDE in eryolife, and the rave fopaz. For a list of some of the
more interesting aluminic compounds the student is referred to
Frankland’s  Lecture Notes,” page 179.

REACTIONS IN THE DRY WAY,

Alumina, when heated on charcoal, is distingunished from other
earths by its property of assuming a beautiful skv BLUE colour,
after being moistened with a solution of cobaltous nitrate and ignited
once more strongly, owing to its forming with the cobalt oxide a
quasi-salt—cobaltous aluminate. This test is not always decisive,
and becomes inapplicable when coloured oxides, such as Fe,0,,
MnO, &c., are present, in which case recourse must be had to the
examination in the wet way, in order to discover AL,

REACTIONS IN THE WET WAY.

We employ A sorurion op AMMONIUM ALUM, 8,0;Amo,Al,o¥ —
8,04(0Am),(0:AL)", in which Al plays the part nf':ltetmdz(p;eudu-
triad) element, or of anvmivie CHLORIDE, {P.i{...g:?

3

F
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SAm, gives a white gelatinous precipitate of aluminie hydrate,
Al,Ho;, sulphuretted hydrogen being evolved, thus:—

8,0.Amo.ALo" + 3SAm, 4+ 6OH, = ALHo, + 480,Amo, |
+ SSH,.

~ KHo or NaHo* precipitates the nydrate, readily soluble in
excess, reprecipitated by excess of AmCl, or by AmHo, after nentrali-
aation of the alkali by hydrochloric acid. The alkaline solution is
not precipitated by SAm, (METHOD OF sEPARATION OF AL FroM FEY).
AmHo precipitates the nydrate, somewhat soluble in excess, in-
soluble in the presence of much ammonic chloride, and on boiling.

CONanos or OOAmoy precipitates basie carbonate of uncertain com-
position.

COBao'' completely, but slowly, precipitates AlHos, mixed with
pasie salt, even in the cold, Carbonic anhydride escapes.

POHoNao; gives a bulky white precipitate of aluminic phosphate,
P,0.AlLo", 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 (DISTINCTION OF
AL,0, ¥rOoM ALUMINIC PHOSPHATE). Alkaline acetates precipitate
P.0.Al,o" from its colution 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,
P,0(AL05) " Also"y,120H,), it is best to fuse the finely powdered mineral with 1%
part of finely divided 8104 and 6 parts of CONuog, in & platinum crucible, for
about half an hour. The mass 18 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 hydrochlorie acid, and evaporate to dryness to
separate the silica, and filter. The filtrate may be tested for Al in the usual way.

Alumina oceurs mostly in minerals which are mot soluble in
acids. Boiling with concentrated sulphuric acid attacks many; all
are, however, decomposed by fusion with S0.HoKo, or with fusion
mixture, and become readily soluble in water or in dilute hydro-
chloric acid.

Powder up some poreelain very finely, and fuse for half an hour in a platinum
orucible, with four times its weight of fusion mixture. Extract with water.
Transfer both the soluble and insoluble portion—eonsisting of alkaline aluminate—
to a porcelain dish, acidulate with hydrochloric acid, and evaporate to dryness.
Take up with a fow drops of poncentrated hydrochloric acid and hot water, and
filter ; wash the insoluble 810, well with hot water. 'The filtrate contains the
aluminium as AlyClg, from which it can be precipitated as usual.

*

Aluminie silicate 18 often found in nature associated with pnt.nasin:-.

or sodic silicate, as in jfelspar (dipotassic aluminic hexasilicate),

# Potassic or sodic hydrate is mostly contaminated with alumina, derived
during the manufacture from porcelain vessels, ete., and it 18, therefore, absolutely
necessary to employ pure NaHo (prepared from sodium) for the separation of
Te and Al It must likewise be recollected that Nalo acts destructively upon
porcelain and glass vessels; the precipitate should, therefore, not be heated
Jonger than 18 necessary for its complete precipitation.
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81,0:K0;Al.0", and albife, 81;0:Nao,Al,o™. In order to test for
potassinm and sodium, alkali salts must, of course, be carefully
avoided. This can be done by making use of hydrofluoric acid.

Introduce a small gquantity of finely pumlmmilﬂl.epm into a platinum crucible
or dish ; treat with liguid hydrofluoric acid, and evaporate at a gentle heat in a
closet which is connected with the chimney. HF attacks the Si0,, forming
silicic fluoride, 8iF;—a volatile compound—and leaves the sluminium and
potassium behind as fluorides readily soluble in dilute hydrochloric acid :—

8i,05K0,ALo" + 32HF = 68iF, + 2KF + ALF, + 160H,.

The decomposition is generally only completed after two or three evaporations
with HF.

QUESTIONS AND EXERCIBES.

L. Enumerate some of the more important aluminium minerals ; give constitu-
tional and graphie formulse.
2. How is Al,O; detected in the dry way ?
3. Give equations for the reactions of aluminium in the wet way.
4. How 1is wavellite examined for alumina ?
5. How can insoluble aluminium minerals be rendered soluble in water or
acids ?
6. Explain the action of HF upon felspar and albite.
7. How can A1,0; be separated from Fe,0y ?
8. How is AL,O; separated from Fe”, Zn”, Mn”, Ni”, Co” compounds ?
9. Caleulate the percentage composition of felspar.
10. How can ..!..126: be distinguished from PyO Alov! ?

The separation of the metals of Group IIT is surrounded by some
difficulties, on account of the unavoidable complication which arises
from the possibly simultaneous precipitation of—

Lst. Sulphides, viz, NiS, CoS, MnS, ZnS, FeS,
2nd. Hydrates, viz., Cr;Ho,, Al Ho,, and
srd. Phosphates of Cr, Al, Ba, Sr, Ca, Mg,

and it is therefore well always to ascertain, by a special experiment,
whether phosphoric acid, in "combination with the above metals, is
present or not in the solution under examination.

This can readily be done by adding AmCl, AmHo, and SAm,
to a small portion of a solution of metals of this group (or to the
filtrate from Gronp II). On dissolving the precipitate which these
reagents produce in a little concentrated nitric acid, and adding a
solution of ammonic molybdate,* a yellow precipitate is obtained
(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.

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

* For the preparation of this reagent see Appendix.
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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
nlfz this group, or several of them, from each other. We have seen, for example,
that—

18t. Ni, Co, Mn, Zn are not precipitated by AmHo from a solution containing
large excess of AmCl; whilst FesHos, CrsHog, and Al.Hog; are precipitated.
It has, however, been found that the mode of separation based upon this solvent
property of ammonic chloride, gives but imperfect vesults, since the Fe,Ho,
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 ammonic chloride. Small quantities of Ni, Co, Mn, and
Zn are thus frequently overlooked altogether. It is only by redissolving the
precipitate and re recipitating several times over with AmCl and AmHo, as long
us the smmonincal filtrate gives a precipitate with sulphuretted hydrogen, that
iron can be separated from manganese, etc., in this manner.

With these precautions, however, it is mostly possible to separate the metals
of this group from each other by first prc-ciﬁimting forrie, chromie, and aluminic
hydrates by means of AmCl and AmHo, and then, from the filtrate, the sulphides
of Ni, Co, Mn,and Zn by means of SH, or SAm,; and the following method
of separation may be consulted with advant by heginners, as well as the more
aceurate, but more tedious one, of separation by C0Bao” (see Table, p. 50).

and. That Zn, Al, and Cr are precipitated by KHo or Nalio, 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. Bub it has been found that FesHos NiHos, CoHo, MnHo, carry
down apprecinble quantities of ZnTlo, and—more especially the Feyllog precipi-
l;ntc—ual; Cr.Hog, and that a complete separation cannot be effected by precipita-
tion with KHo or Nallo.

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

In finely divided freshly precipitated baric carbonate, COBao",
wWe POSSESS a reagent which separates the lower omides, viz., Z0n0, MnO,
NiO, CoO (this latter not quite so perfectly, except in the presence
of much ammonie chloride), from the higher oxides, viz., Fe;0s,
AL,0,, and Or,0,. The metals should be first obtained as chlo-
rides.

The examination of the precipitate produced by COBao" is based
npon—

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

ond. The conversion of Crs0;into Cr0; by fusion with sodic car-
bonate and nitre, or by boiling with OlNao, or with PbO, in an
alkaline solution.

The examination of the filtrate is based npon—

1st. The solubility of ZnHo, in sodic hydrate.

9nd. 5 MnS in acetic acid.

ard, The formation of soluble KeC0:Cyn and the precipitation of
Ni as black NiHog by ClNao, or chlorine.

Directions for the separation of these seven metals will be found
in the analytical tables under Group ITTa.
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PRACTICAL EXERCISES* ON GROUPS IIIa, IV and V.

You are requested to analyse—
1. A solution of ferric chloride, ammonium alum and manganous chloride, con-

taining ‘500 grm. of Fe, *050 grm. of Mn, and 050 grm. of AL
2. A solution of 80;Nio” and N.0,Coo”, containing ‘050 grm. of Ni and ‘010
. of Co.

3. A mixture of the solid salts : zinc white, green vitriol and potassium alum ;
both in the dry and in the wet way.

4. A solution of 80,Zno” and potassium chrome alum, containing ‘500 grm. of .
Cr and 050 of Zn.

5. A mixture of potassium chrome alum and green vitriol (about *050 grm.), in
the dry way only.

6. A mixture consisting of ferric oxide, manganic oxide and zincic oxide, con-
taining "050 grm. of FeyOy, '010 grm. of MnO; and ‘100 grm. of Zn0 ; to
be examined in the dry way only.

7. A sample of dolomile, for Fe” (Mn) Ca and Mg,

8. A sample of cale spar, for Fe” and Mg.

9. Bamples of iron ores, e.g., red hamatite, brown hematite, magnetie iron ore,

martial pyrites, to be examined for water and sulphur only.
10. A sample of ealamine, in the dry way only.
11. A sample of chrome iron ore for chromium in the dry way only.
12. A sample of magnetic iron ore for Fe”, in the wet way.

Tabulate the reactions produced by AmCl and Am¥o, NaHo or SAm, with
the members of Group 1114, according to the following scheme :—

Rﬁﬁg'ﬂllt—. Mzﬂﬂ, UI':D&. Fﬂgﬂa, Znﬂ'. H'[I.D ¥ H:lﬂ E GQD.
AmCl, | A while gelatin-
and ous precipitate
AmHo. | of Al Hog,
slightly soluble
in excess, re-
recipitated on
iling.
NaHo. | Ditto, soluble
in excess,
8Am,. | A white gelatin-
ous precipitate
of Al,Hog in-
soluble in ex-
Cess.

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

IT. Pnosphoric Acia is present.—The original substance was

' either insoluble or ounly ‘partially soluble in water, but soluble in
hydrochloric acid. In'this case AmCl and AmHot produce a pre-

* These exercises may of course be varied,

| a8 indicative of the course to be
t If AmCl and AmHo ahnulaP
| phates and no Fe, Al and Cr need

ursued.
give no precipitate,
be looked for.

and should be looked upon merely -

it is obvious that no phos-

E
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Add AmCl in considerable excess; heat gently, and then add AmHo drop by
the form of Fei*.) Filter quickly, and wash with hot water. Reserve the
dilute TCl on the filter. Collect the acid solution in another beaker, and
good SH; water produces any precipitate in the filtrate. Mix now the

SorurioN.—Pass a current of 8Hs through the golution, and filter off ZnS,
MnS, NiS, CoS. Wash off the filter, and redissolve the fmci itate in

dilute HOI, with tho addition of a fow small crystals of { OF'  Add
NaHo in excess, boil, and filter,

The Sorvriox may | The PRECIPITATE ma contain MnHo,, CoHog, and

contain Zn, as Nilo; Wash, dissolve in a little dilute HCl ; nearly
:}n{ll'jfnﬂg. Wﬁjﬁ neutralize with AmHo ; add excess of { ggim o3 Dase
precipitate  of |  a rapid current of SH, for several minutes through the
Znl. golution, and filter.

Presence of Zn,

The SﬂLUTIr::N Rusoue. — Dissolve in HCL and
1 18 (o] : :
E?:;Eﬂ.?fca 5 tu.a G%Icr : nearly neutralize with
acetate. CONno;; add a weak solution of
Add AmClL, AmHo, | XCy, so as just to redissolve the
and Sulphu- recipitate first produced. Boil
retted Hydrogen riskly for some time, allow to cool
‘Water. (filter off any elight precipitate),
Flesh - coloured | and adda strong solution of ClNao;
precipitate  of | allow to gtand for some time in a
Mns, warm place, as long as a black pre-

Presence of Mn.

cipitate forms, and filter.

PRECIPITATE con-
gists of NisHos.
Filter off and
confirm by heat-
ing a small por-
tion of it on o

The SOLUTION con-
tains the cobult
na K.ﬁﬂﬂgﬂjﬁ@
Evaporate to
dryness, and test
a little of the

horax-bead be- | residue  before
fore the blow-| the  blowpipe
pipe flame. flame on a borax
A~ yellowish to| bead.
gherry-red bead. | A blue bead in
both flames.

rresence of Ni.

rresence of Co.
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MEANS OF AuCr AND AmHo, AND BY MEANS OF SAw..

drop as long as a precipitate comes down. (The iron must be
filtrate. Redissolve the precipitate by treatin
;_]_._59“ in like manner the precipitation mth AmC] and AmHo, as

E'I'IIII:II)I:I].M

resent in
it with hot
long as

erent ammonincal filtrates with the main filtrate. .

The PrecipITATE consists of Fe.Hos; CryHog and Al Hog.

Dissolve in

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

for some time.

Filter off.

PrRECIPITATE.—Dry

and fuse, with fusion mixture

and NO.;Ko on platinum foil. Dissolve in hot

water; and filter.

Resrpue.—Dissolve in di-
Inte HCl, and add
KqFE‘ﬂ_\'u.

AEmcipitnta of Prussian

lue.

IPresence of Fe.

Test the original HCI
solution specially for
Fe” and Fel* by means
of Mn,0;Ko; in a
highly dilute solution,
as well as by means of

KF Eﬂ.'f'a: KsFesCyya,
or CyAm

SorvrioN, yellow. Con-

firm by a.tl:ljng{ ggﬁﬂ

ikl ( { CHy) phor,

Yellow pmmpﬁatﬂ
Cr(yPho”.

of

Presence of Cr.

Note.—Traces ﬂi' man-
gE.]‘.IEEE—ﬂ“ 11'Ig ]II.'I]'.IEI'
fect separation of Mn
from Fe by precipitation
with AmC] and 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.

SorvrioN. — Acidulate
with dilute HCl, and
add AmHo in slight
EXCES8,

White gelatinous pre-

cipitate.

Presence of Al

Note.—If no sodie hy-
drate free from alumina
can be obtained, it is ne-
cossary to test an equal
bulk of the reagent by
acidulating with HCI and
adding a slight excess of
AmHo, and then com-
paring the Al,Hos thus
precipitated with the pre-
cipitate obtained in testing
the solution under ex-
amination.
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cipitate, before 8 Am, is added ; the recipitate ma ssibly consist
of NiS, CoS, Mn3, ZnS, FeS, EL_H:I:;, GrgHD{,p:ﬂ weﬁ as Eiiha
phosphates of (Cr), Al, Mg, Ca, Sr, Ba,

It is obvious that ammonic phosphate is formed by the decom-
position of the phosphates of the metals Ni, Co, Mn, Zm, Fe (if pre-
sent) by SAm,—AmCl and AmHo precipitate these phosphates
without decomposition—which, in its turn, would act upon any
soluble salts of Mg, Ba, Sr, Ca, and precipitate phosphates of these
metals, although none may have been present originally in’ the
saline mixture. An example will make this clear. Let us suppose
that the substance nnder examination consists of COBao",P,0:Cao"s
and P,0.Fe,0". On dissolving in hydrochlorie acid, baric chloride
is formed, and the caleic and ferric phosphates ave dissolved without
decomposition. Onadding AmCland AmHo, a yellowish-white pre-
cipitate of P.0,Fe,0 and P,0.Cao"y is obtained, whilst BaCl, is
not precipitated. On adding, however, the AmCl and AmHo, as
well a5 the SAm., to the solution, P,0,Fe,0™ is decomposed into FeS
and POAmos, which latter, by acting upon the BaCl,, would pre-
cipitate baric phosphate. .

In order to avoid this, the precipitate produced in Group III by
AmCl and AmHo, which contains for the most part the whole of
the phosphates, is filtered off and SAm, added to the filtrate only.
The two precipitates ave washed separately, transferred to a porce-
lain dish and boiled with a little SAms,, 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 bydrates of Cr and Al unchanged. The insoluble residue is
ltered off and washed with hot water (ko which a little SAm, has
been added to prevent the oxidation of FeS, etc.); the filtrate is
tested for phosphorie acid by means of AmCl, AmHo and 80,Mgo".
A white crystalline precipitate shows that E‘nﬂsplmric acid was
present, in sombination with the metals precipitable as sulplides.

The residue is dissolved in very little hot hydroehloric acid, with
the addition of a little concentrated nitric acid ; filtered, if necessary,
from the sulphur which separates, and concentrated to a small bulk
by evaporation. Toa portion of the solution add a little more con-
contrated nitric acid, and then some ammonic molybdate, and heat

ntly. 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 1IIa. A yellow pre-
cipitate indicales that phosphates of the earths or alkaline earthy
bases, or of both, are present, in addition to the metallic phosphates
already tested for.

1f so, add to the rest of the solution CONaoy, till nearly neutral,
then an excess of a solution® containing sodic acetate and strong
acetic acid: P;0.Feo", (as well as P.0.Cr0" and PuOyAlo", if
present), are precipimted. Any phosphates of the alka}irle carths
left undecomposed by the ferric chloride already present in the solu-

# For the preparation of gliis reagent see Appendix.
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tion, are held in solution by the acetic acid. To the filtrate add
Fe,Cl,, drop by drop, as long as a precipitate* is obtained, and
till the colour of the supernatant liquid becomes distinetly reddish.
Digest at a gentle heat ; allow to subside and filter. In this manner
the whole of the phosphatesof the alkaline earthy bases are decorn-
posed, with formation of P,0; Fe.,o", 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 S Am, is examined according to Table I1Ia. The
alkaline earthy metals are separated according to Tables IV and V.
It shoald 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 mo account be mixed up with the main
filtrate from Group III, but should be examined separately.

It may be of interest, occasionally, to ascertain, whether any oxalates of Ba,
8r and Ca (which are destroyed by evaporation with mitric acid and ignition,
before proceeding to Group ILI), were present in the original mixture, in which
case the evaporation to dryness and ignition must be omitted.

The precipitate produced in Group I1I by AmCl and AmHo alone contains
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly
also silica. The oxalates are decomposed by gently igniting the precipitate. The
ignited mass is extracted with dilute hydrochlorie acid. Siliea, if present, is ren-
dered insoluble, and may be separated by filtration. T'o the acid solution, which
may pussibiy contain phosphates of Mg, Ca, Sr and Ba, as well as chlorides of
the bases, present before ignition as oxalates, add AmCl and AmHo and filter off.
The filtrate contains the chlorides of Ba, Sr and Ca and is tested separately
according to Table IV. Arin Basks 80 DISCOVERED, MUST HAVE BEEN PRESENT
ORIGINALLY A8 (JXALATES.

We may, then, sam np by stating that THE SEPARATION OF THE

METALS AND SALTS (PHOSPHATES) PRECIPITATED IN Group IIIB is
based upon :—

1st. The insolubility of the phosphates of Fe, Al and Cr in acetic
acid, in the presence of an alkaline acetate.

2nd. The separation of the whole of the phosphorie acid which is in
combination with the alloaline earthy bases, by means of Fe,Cl,,
in an acetic solution.

All other operations are identical with those described in Tables
IITa, IV and V.

A tabular scheme for their examination* will be found in the
analytical tables, under Group 1118,

* If any phosphates of the alkaline earthy bases be left, Fe,Cl; should pro-
duce a yellowish-white precipitate when ﬂ.dﬂﬂdy to @ portion of the acetic acid
solution, if not, no ferric salt need be added to the main portion of the filtrate.
(The presence of iron, other than phosphate, is generally indicated by the reddish
or ferric acetate colour of the filtrate.) In this case Al and Cr, as well as the
m‘-"tf'fr{"i;f;hﬂ ﬂlk_ﬂ-llltl; Dm;li:‘mé‘:;ill still have to ba looked for in the fltrate.
i examination up IIIB, containing phosphates, may be
until the student has become ncquainted with the Ean}]utiunpn for nnidz A
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QUESTIONS AND PRACTICAL EXERCISES ON GROUP IITs.

You are requested to analyse :—

1. A hydrochloric acid solution, containing common sodie phosphate, ferric
e¢hloride, caleic and magnesic chlorides,

2. A hydrochloric acid solution, eontaining common godic phosphate, nickelous
sulphate, cobaltous nitrate, zincic El.lﬁ':lhﬂ.td}, and ferrie chloride.

3. A hydrochloric acid solution of caleic phosphate, chromic chloride, and
aluminic phosphate.

4. A mixture :E bone-ash and much ferrie oxide.

5. A mixture containing little ferric oxide and much magnesite (or magnesia
alba) and bone-ash.

6. A hydrochlorie acid solution of common alum and hydrie disodie phosphate.

7. How would you recognize alumina in the presence of aluminic phosphate £

8. Given o reddish-coloured solution (owing to the presence ofp ferric salts),
which gives a copious precipitate on the addition of sodie acetate and
acetic aeid in the cold, leaving the solution still coloured. 'What inference
is to be drawn from this observation ?

9. A solution contains chromic chlorids, chromie phmﬁhnte, and dipotassic
dichromate. State how you would distingnish these three chromium
compounds from each other.

10. An acid solution (HCl) of a mixture, consisting of ferric chloride, baric
chloride, and common sodic phosphate, retains its reddish colour, after
precipitation with sodic ncetate 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 FeiClg P

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

12. You have given to you a concentrated solution of ferrie chloride. Onadding
a few drops of a solution of hydric disodic phosphate, a yellowish pre-
cipitate appears. Explain what takes place, lst. hen a portion of the
scRutinn in which the precipitate is suspended is boiled. 2nd. When
acotic acid is added, in the cold, to another portion. 8rd. When the pre-
cipitate is filtered and trented with excess of the hydrie disodie phosphate,
in the presence of ammonia.

CHAPTER V.
REACTIONS OF THE METALS OF GROUP IIL

Tuis group comprises the metals MERCURY, LEAD, BISMUTH, COPPER,
CADMIUM, ARSENIC, ANTIMONY, TIN (coLp and praTINUM), which are

precipitated from acid solutions (HCl) by means of sulphuretted
hydrogen. ;

Mix together solutions of N,0.Bio”, HeCl, 80.Cuo”, CdCl,, AsOy
(dissolved in HO, N.04Fbo”, Sblg, SnCly, and 8nCl;, and pass current of
8H,, without first filtering off the white precipitate which is produced. Filter;
pass the gos again through the clear filtrate, to mtﬂ_:e sure that the metals have
been entirely precipitated. Wash the precipitate with hot water ; remove a pore
tion from the filter; boil with a little yellow ammonic sulphide, and ﬂ:lter off. A
black residue is left, consisting of HgH, If‘hﬂ, BiS;, Cul, Cds. The Lau'lutt_::-n
contains AsgSs8hS;8n8 and SnSs. This can be shown by acidulating with
dilute hydrochloric acid, when & yellow precipitate comes down—because vellow
ammonic sulphide converts SnS into SnS,—consisting of the sulphides of As,
£b, Sn.
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This shows that we can divide Group II by means of WIARUTLG

Iphide, info two portions.
mPTh:,nt:me sulghicis, in its widest sense, is given to all ecompounds
into which sulphur enters as the electronegative element. A re-
markable analogy is observable between oxides and sulphides.
Phere is o certain class of sulphides which resemble metallic oxides
or bases; another class which plays the part of oxy-acids. Sulphides
are therefore divided into sulpho-bases and sulpho-acids. To the
latter belong the sulphides of H, As, Su, Sb (Pt, Au); to the
former the sulphides of many metals, especially such of the metals
as constitute powerful bases (K, Na, Am, Ba, Ca, etc.). An elec_trn-
positive element, which forms with oxygen an oxide, combines
generally also with the same number of sulphur atoms, to form a
m::-rre;;fmnding sulphide, in which the sulphur is almost invariably

dyad.
§ FTha resemblance in the constitution of these oxygen and sulphur
compounds is further borne out by the analogy in their solubility
and alkaline reaction. Thus we have—

Oxy-bases. Sulpho-bases.
OK; Potassa, alkaline and soluble. 8K, Potassic sulphide, alkn]im.l-, mi:d
soluble.
OAm,; Ammonia 5 SAm, Ammonic 0
ONay Soda i ,, SNa; Sodic " ¥
BH-D HE‘E‘]’I& T It Bﬂﬂ BMI-F" 5] FE]
Cal Lime s i CalS Caleie - .
Fe() Ferrous oxiae, no reaction, Fel Ferrous % no reaction,
insoluble. oo insoluble.
Zn0 Zincie 3 » ZnS - Zincie # 1
Oxy-anhydrides. Sulpho-ankydrides.
As.0; Arsenious anhydride. As,8; Arsenious sulphide, or sul-
pharsenious anhydride.
As.0; Arsenic 5 As.8; Arsenic sulphide, or sulphar-
s2nic anhydride.
8b,0; Antimonious ,, Sb,8; Antimonious sulphide, or sul-

phantimonious anhydride.
s 8b.8; Antimonic sulphide, or sul-
phantimonic anhydride.

Ehg—‘j; Antimonic

8n0; Stannic P SnS; Stannic sulphide, or sulpho-

stannic anhydride.
Ozxy-acids, Sulpho-acids.

AsHp; Arsenious acid. AsHs; Sulpharsenions acid.

AsOHoy Arsenic acid. AsSHsy Sulpharsenie acid.

8bHo; Antimonious acid. SbHs; Sulphantimonious acid.

SbOHoy Antimonic acid. SbSHs; Sulphantimonic acid.

B'hﬂgﬂﬂ Metantimonice acid. Hhﬂ:u]:lﬂ Sulp]mmutantimm:ic acid.

BnHo; Stannic acid. 8nHs; Bulphostannic 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,
such as BEK; BAm, BNa, BaS; into sulphlydrates (acid sul-



a6 SULPHO-SALTS.

phides), such as SKH, SAmH, BaHs,; and polysulphides, such as
S.H,, 8,K;, 8;Am.. The agueouns solutions of the normal and acid
sulphides are colonrless, and give off SH, when treated with dilute
hydrochlorie acid, without separation of sulphur. Solutions of the
polysulphides 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 compared with the salts of oxy-acids, and they ave 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 are 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

ossessed of an alkaline reaction ; or,if combined with the sulphides
of the heavy metals, as in certain minerals, they are readily decom-
posed by chemical agencies.

The following is a list of some of the more important sulpho-salts-

compared with the corresponding oxy-salts : —

Ouxy-salts. Sulpho-salts.

SnNno; Disodic stannite. SnNas; Disulphosodic sulphostannite.

SnONao; Disodic stannate. SnSNas; Disulphosodic sulphostannate.

AsKo; Tripotassic arsenite. AsKs; Trisulphopotassic  sulphurse-
nite.

As(ONaoy Trisodic arseninte. AsSNas; Trisulplhosodic sulpharseniate.

SbOKo Potassic metantimonite. SbSKs Sulphopotassic metasulphanti-
monite.

8b0,Ko Potassic metantimoniate. 8bS,Ks Sulphopotassic metasulphanti-
moniate.

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

manner
Ks Potassiumsulphyl oceupies the place of Ko Potassoxyl.

Ams Ammoniumsulphyl . Amo Ammonoxyl
Bas" Bariumsulphyl i Bao'' Baroxyl.
(as" Calciumsnlphyl T Cac'" Calcinmoxyl,

in the analogous sulpho-salts.

Instances of some interesting matural sulpho-salfs, to be con-
sidered more fully under silver and lead, are:—

AsAgs, trisulphargentic sulpharsenite (proustite).

SbAgs; trisulphargentic orthosulphantimonite (pyrargyrite or dark red

silver ore).
Eh.ﬁ"{ﬂugﬁ'cﬂ”ﬂ"ﬂ sulphocuproso ferrous pyrosulphantimonite (fakl ore).
8b.,Pb-"y trisulphoplumbic orthosulphantimonite (boulangerite). -
ShyPhst’s (CuyS8g)" disulphoplumbic sulphocuprous orthosulphauntimonite

(bournonile).
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b8 Pbs"Phs”, trisulphoplumbic metasulphantimonite® (jamesonite).
gr;n’: amut'ila: |:nrt.iur|l:n;|f Ehe above 8H, precipitate with NaHo or KHo and
flter off. A black residue is likewise left, and on adding dilute HCI to the

filtrate, As.S, Sb.S; SnS and SnS; are reprecipitated.

This shows that the hydrates of the allali metals dissolve a por-
tion of the sulphides precipituted by SH, in Group I1.  The following
equations explain the action of the alkaline hydrates :—

8h.S, + 6KHo = SbKs, + 8bKo; + 30H..

Antimonious Trisulphopotassic Tripotassic
sulphide. sulphantimonite. antimonite.
As.S, + 4KHo = AsHsKs; + AsHoKo, + OH.,.
Arsenious Sulphhydric Hydrie dipotassic
sulphide. disulphopotassic arsenite.

sulpharsenite.

28nS + 4KHo = SnkKs, + 8nKo; + 20H,

Stannous Disulphopotassic Dipotassic
sulphide. sulphostannite. stanuite.
. 28n8, + 4NaHo = SnSNas; + 8SnONao, + OH; + SH..
Stannic Disulphosodic Disodie
sulphide. sulphostannate. stannate.

Addition of hydrochlorie acid reprecipitates the sulphides, thus :(—
SbKs; + SbKo, + 6HCL = 8b,S;, + 6KCl + 30H,.

Hence the metals which are precipitated by 8H, in Gronp IIL
can be subdivided by means of 8Am, or NaHo into—

A. Metals whose sulphides act as sulpho-bases, viz., the sulphides
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammonic
sulphide (HgS dissolves to some extent in potassic or sodic
sulphide ; CuS is somewhat soluble in ammonic sulphide).

B. Metals whose sulplides act as sulpho-acids, viz., the sulphides
of As, Sb, Su (Au, Pt).

Group II. Svspivision A.

1. Mercury. Hg".—Occnrs native, but is chiefly obtained
from cinnabar or mercuric sulphide, HgS.

EXAMINATION IN THE DRY WAY.

Add a little finely-divided lead or zine to a few globules of mercury on a
watch-glass, The liquid 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 mereu ry
only when heated.

The term amalgam is applied to the combinations into which

* This compound may also be viewed as Sb.S,Phs” {sulphnpfumbicmﬂtmulph.
antimonite) and SbySPhs"y (sulphoplumbic pyrosulphantimonite).
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mercury enters with other metals. Combinations between metals,
other than mercury, are called alloys. This property of mercury
has received an important application in the extraction of gold
and silver from poor ores by the so-called amalgamation process.
Mercnry 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 inecreased, if the solid
metals are offered to the mercury in a finely-divided condition, or in
the form of foil—an amalgam -:;:fy 4 parts of tin and 1 part of mercury
is employed for covering looking-glasses—and by rubbing the two
metals together in a mortar.

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

Heat o little cinnnbar in a piece of glass tube open at both ends, and allow a
current of air to pass over it. Hg is seen to condense in the form of a metallie
mirr:;r towards the further end of the tube, and 8O, makes itself perceptible by
1ke odour.

Teat about two parts of yellow mercuric oxide and one part of mercurie sul-
phide in a test tube. Metallie mercury sublimes and aulpﬁurmm anhydride 187
given off, according to the equation :—

Hgh + 2Hg0D = HE'; T ﬂDg-

" 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
pinying over the HgS in icates that combustion takes place. Mercury distils
and condenses partly in the neck of the retort and partly in the receiver. Sul-
phurous anhydride 1ssues from the delivery-tube and is readily recognized by its
Euuganl: odour; or it may be passed into water, and the solution tested with

tmus-paper.

This illustrates the mode of extraction of mercury from its
principal ore. Oinnabar is roasted in a reverberatory furnace, and
proper provision 18 made for the condensation of the vapour of
mercury in chambers and flues. The sulphurous 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 és in fact veduced to
the metallic state by oxygen, owing to the weak affinivy 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 SAg:). :

Hydrogen and carbon, copper, tin, zine, etc., reduce HES at a
high temperature, forming with the sulphur 8H., CS, (earbonic
disulphide), CuS, etc. The native HgS is, however, best reduced
by the action of strong bases, such as lime or soda.

Mix a little cinnabar with dry CONnoy, and heat in a little tube, scaled 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 sulpliur is fixed by the alkali metal.

i nie e e
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REACOTIONS 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-
curous nitrate, if the mercury be in excess, and mercuric nitrate, if
the acid be in excess. These salts have the composition—

H Gi LI} N Dz 1}
Mercurous Mercuric
nitrate. nitrate.

Merenrous salts contain HEO : mercurie salts, HgO.
Mercurous oxide. Mercuric oxide.

The oxygen atom being in the one case linked to two atoms of
f HE0, 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.

Merenrous 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 mercuric oxide. Hence we
possess in mercurous salts powerful reducing agents.

On account of the insoluble chloride which 'Hg,' forms, we shall
consider its reactions in connection with the reactions for silver and
lead in Group L.

In order to study the reactions of mercuric salts, we can either
employ A SOLUTION of MERCURIC NITRATE, Egzﬂgn”, or MERCURIO
canoring, HECl, (corrosive sublimate).

SH. (group-reagent) added to HZCl; gives a black precipitate
of mercuric sulpnide, HgS., The precipitation is marked by charac-
teristic changes of colour. Accordingly as sulphuretted hydrogen
water is added in small quantities, or the gas passed slowly throngh
the solution, it produces at first a perfectly white precipitate, and on
the addition of more 8H,, a yellow precipitate which passes through
dirty yellow to brown, and becomes black only when excess of SH,
has been added to the mercuric salt. The white, yellow, or brown
precipitate consists of varying quﬂntﬁe% lof HgS and HgCl,.

g
It may be represented by the formula< 8"  (dimercuric sulphodi-
HgCl
chloride). HgS is insoluble in nitric or hydrochloric acid and in
yellow ammonic sulphide, potassic hydrate, or potassic eyanide;
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 nitric acid converts the black
HgS into a white body consisting of 2HgS + N,0,Hgo",
BAm, gives the same precipitate.

the dyad mercury, thus,
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NaHo or KHo added in escess produces a yellow precipilate of
mercuric oxide, Hg0, insoluble in excess.

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

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

CONuo, or COKo, gives a reddish brown basic precipitate.

KI gives a bright red precipitate of mercuric ioaiae, Hgl,
goluble either in excess of potassic iodide or of the mercuric salt.
Hgl., as well as HgCl, and HgBr,, sublime unchanged.

KCy gives with mercuric nitrate (not the chloride) a white pre-
cipitate of merecurie cyanide, HgCy:, soluble in excess; not decoms-
posed by boiling with alkalies or alkaline carbonates, but only by
S H,.

Mercurie salls are readily veduced to mercurous salts :—

SnCl, (stannous chloride) gives with mercuric salts awhite pre-
cipitate of mercurous chloride, 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
merenry is obtained in little globules.

S0,I7e0’ (ferrous sulphate) reduces gg:ng“, but not HgCl,,

to the metallic state.

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

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

QUESTIONS AND EXTERCISES.

1. ‘What is understood by the terms sulpho-base, sulpho-acid, sulpho-sall ¥
9. Define normal sulphides, sulphhydrates, and ]po]{{vsu!phidua, and state how
they can be distinguished by treatment with Cl.
a. Give instances of sulpho-salts together with the corresponding oxy-salts.
4. Write out the graphic formula of a few sulpho-salts and of the minerals
houlangerite, jamesonite, fahl ore.
5. Which metals form e.ulghif]ea capable of acting as sulpho-acids, and which
form sulphides capable of pln:,rim]',ltha art of bases?
6. Write out the formulm, both symbolic and graphie, for the persulphides of
the metals I, Na, Ba, Ca, Fe. : _
7. What changes take place when the sulphides of As, 8b, and Sn are boiled,
1st, with SAmg, 2nd with NaHo? Kxpress the changes by equations.
8. Giive the graphic formule of cinnabar, dimercuric sulpho-dichloride, of white
recipitate and of mercuric nmtrate. : ; it
0, Write out the symbolic equations for the reactions which mercuric nitrate
gives with the group and special reagents. i f
10. Calculate the percentage composition of white precipilate. AT
11. How much metallic copper will have to be dissolved, in order to precipitate
g grms. of Hg from a solution of mercuric chloride?
12, Explain why the dyad condition appertains to one alom of mercury and to
the double atom. Give proofs of the stomicity of mercury in mercurous
and mercuric compounds.
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18. How is corrosive sublimate manufactured, and whence does it derive its
name ?

14. 1'5 grm. of HgCl, is precipitated as HgS and mllecr_a;-d on a weighed filter.
How much by weight of Hg8 should there be obtained ? : :

15. 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 from each other is required).

16. What reaction takes place when mercury is acted upon by concentrated sul-
phurieaeid ? and by what consecutive stagesis the product of this reaction
converted into whife precipitate ? e

17. How much metalliec mereury will 100 lb. of einnabar yield when distilled
with lime ? o

18. What is the percentage composition of an amalgam containing SnHg ?

2. LEAD, Pb" and ¥.—Only a slight precipitate of PbS is for
the most part obtained in {}1'011% II, since the greater part of the
lead is removed in Gronp I as PbCl,. It happens frequently that
this small gnantity 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
gome 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 lead, espe-
cially so, when lead has been discovered in Group I; and, if a pre-
eipitate 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 v.—This metal is principally found
native; also in combination with oxygen and sulpphur, as bismuth -
ochre, B1,0,, from the decomposition of hismuth glance, Bi,S,;, and
in the form of sulpho-salts, as kobellite, Bi,Pbs'";y (trisulphoplumbic
orthosnlpho-bismuthite), and as needle ore, Bi,Phs";('Cu'sS;)",
disalphoplumbo-cuprous orthosulpho-bismuthite.

EXAMINATION IN TIE 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 hot, lemon yellow, when
cold, passing at the edzes into a bluish white, The incrustation can
be driven from place to place by either flame, without colouring the
outer flame. (Distivcrion rroM Lieap.) Heated with borax or
microcosmie salt, Bi,0, gives beads which are yellowish, when hot,
and colourless, when cold. All bismuth compounds can be reduced
to the metallic state by heating on charcoal with GONao,, in the
inuer or reducing flame. The metallic bead is brittle. (DistizcrioN
FROM LEAD AND SitvEr Beaps.) The incrustation is yellow.

EXAMINATION IN THE WET WAY,

Bismuth dissolves readily in nitric acid, forming N,O,Bio''. A
SOLUTION OF THIB SALT I8 CONVENIENTLY EMPLOYED.
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SH, (group-reagent) gives & brownish black precipitate of
bismuthous sulphide, Bi,S,, insoluble in dilute acids, in alkalies and
in alkaline sulphides ; soluble in concentrated nitric acid.

Alkaline sulphides give the same precipitate.

KHo, Nalo and AmHo produce a white precipitate of bisa
muthous hydrate, BiHo,, insoluble m excess; on boiling it turns
yellow, i.e., it becomes anhydrous (B1.0;).

COAmo, or CONao, throws down a white bulky precipitate of
pasic carbonate (bismuthylic carbonate) (consisting of one mol. of
carbonate and two of the oxide, C,0sBio’"s, 2B1,0;) = CO(BiO)'s
graphie formula:—

0=Bi—0— fﬁ——D—B 1i=0
O

in which the compound radical bismuthyl, BiO, acts the part of H
in Ho. The precipitate is insoluble in excess.
Cr,0,Ko, gives a yellow precipitate of basic chromate (consisting
of one mol. of bismuthous hexachromate, Cr,0,;Bio""";, and two mol.
Cr0,(Bi0O,)’
of bismuthous oxide, 2Bi,0;) = < O readily soluble in
Cr0,(Bi0,)’
dilute nitric acid, insoluble in potassic hydrate. (DISTINCTION FROM
Prumpic CHROMATE. )
S0,Ho, gives no precipitate. (DISTINCTION FROM LiEAD.)

KI produces a brown precipitate of nismuthous iodide, Bily, soluble in
eXCEES. :
KCy produces a white 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 reaction for bis-
muthous salts. The salt most readily precipitated is the chloride
(BiCly). It can be prepared from the nitrate by precipitating the
oxide first, and then filtering and dissolving the precipitate off the
filter with dilute hydrochloric acid. Fxcess of acid should be
avoided.

OH, gives with BiCl; a white precipitate of pismuthous oxychlo-
ride (consisting of one mol. of Biﬁ, and one of BiCly), BiOC],
which is almost absolutely insoluble in water, but soluble in hydro-
chloric acid, from which it i8 reprecipitated on the addition of
ammonic or sodic chloride. BiOCL is insoluble in tartaric acid.

DISTINCTION FROM ANTIMONY.)

Metallic zinc precipitates bismuth from its salts.

Rismuthous salts exhibit a tendency to form basie salts, showing
that Bi.O, is a very indifferent and weak base.

There are several other oxides known, e.g., bismuthic oxide oOr
anhyaride, Bi,0; which parts readily with two atoms of oxygen,
when heated or acted npon by reducing agents.
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QUESTIONS AND EXERCISES.

. H Bi be separated from Ag, Pb, or Hg? _ '

é, E;):mﬁuinlnymhgﬂn equations the renctions which a bismuthous salt gives
with different reagents in the wet way. _ _ .

3. Give fhe graphic formule for bismuthous nitrate, bismuthous oxide, bismuth
glance, bismuthous oxychloride.

4. Calculate the percentage composition of an alloy of 1 atom of Pb, 1 atom
of 8n, and 3 atoms of Bi. . 1

5. 1:245 grm. of Bi,0; are obtained from 10 ec.c. of a solution of normal bis-

muthous nitrate. How much metallic bismuth does a litre of the bismuth
solution contain ?

4. COPPER, Cu".—This metal is found native; also in combi-
nation with 0XYGEN and SULPHUR, as red copper ove or ruby ore, Cu,0,
as vitreous copper ov copper glance, CW,S, and indigo copper or blue
a{:»ppﬂr, CuS; more frequently as copper pyrites, Fe,5,Cu,S =

P

F:g{(}ugﬁa)”, (diferric cuprous tetrasulphide), and wariegated

copper br horseflesh ore, F'e,8,300,S = {gg(ouzsg}"a, (iferric

tricuprons hexasulphide) ; also as fahl ore, bowrnonite, ete.; in
combination with cArBONIC AcID, as basic carbonate, malachile,

CO(OCuHo),, and azurite, mountain blue, or copper azure,
GHUG 0” Fr L} L) B (1}
GH.DDEG" Cuo" ; with sULPHURIC ACID, a8 blue vitriol, 80,Cuo",50H,;
with PHOSPHORIC ACID, as phosphoroealcite, libethenite ; with ARSENIOUS
ACID, a8 fennantife ; SILICIC ACID, a8 dioptase, and others.

EXAMINATION IN THE DRY WAY.

Copper minerals form a very numerons class of ores; and as
many of them exhibit precisely similar blowpipe reactions, a know-
ledge of their physical character is indispensable to enable the
student to distingnish 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 miecro-
cosmic salt before the blowpipe flame. The bead is green whilst
hot, wiue on cooling. Most copper compounds, when heated on
platinum wire in the inner flame, impart an intense green colour to
the outer 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
n an open tube, and leave CuO behind. Mualachite or azurite gives
off water and carbonic anydride when gently heated in a tube.
Blue vitriol loses water, sulphurous anhydride and oxygen, and
leaves cupric oxide. Cupric phosphate, arseniate, and silicate fuse
to coloured glasses.

Metallic eopper 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
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glightly, forming CuCl, ; nitric acid is the most active solvent for co (as it

is for .!Lgl, Hg, Pb and Bi), forming cupric nitrate. Sulphurie acid (concen-

gat“%i} fiﬁaﬂhes copper, on heating, with evolution of 80s, and formation of
2Cuo”.

S0, Ho, acts here the part of an oxidizing agent. This method of preparing

sulphurous anhydride gas 1s frequently employed in the laboratory in preference
to other methods. _
EXAMINATION IN THE WET TWATY.

A SOLUTION OF CUPRIC SULPHATE, S0.Cuo', or CUPRIC NITRATE,
NO,
NO,

SH, (group-reagent) gives a brownish black precipitate of euprie
sulphide, CuS, insoluble in dilute acids ; slightly soluble in yellow
ammonic sulphide ; soluble with decomposition in nitrie acid ; com-

letely soluble in potassic eyanide ; 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 sulphurie acid.

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

NaHo or KHo gives a light blue precipitate of cupric hydrate,
CuHo,. The precipitate turns black on boiling and becomes denser.
Three molecules of CuHoq lose two molecules of OH; and leave
3Cu0,0H, (graphic i'urmuln,H——D——Gu—Dv—Cu—ﬂ——Uu——{}—-H].
In the presence of many organic substances, such 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 cuprous oxide, Cu,0.

CONuao, produces a greenish blue basic carbonate, of the com-
position CO(0OCu'"'Ho)'s, graphie formula O = C 8__33__3_%,
carbonic anhydride being evolved. This precipitateis converted on
boiling into the black precipitate of 3Cu0,0H, It is soluble 1n
ammonic hydrate to an azure plue and in potassic cyanide to a
colourless fluid forming & soluble double eyanide.

AmHo or COAmoy, when added in small guantities, produces a
greenish blug precipitate of a basie salt, which dissolves rnauxc!iljr in
axcess of the reagents, and formns a magnificent azure blue liquid,—a
blue which 18 ]:-cmcprih]u, if o solution contains small traces of copper
only. The blue solution contains a donble compound of cuprammeonie
nydrate, Ny, H,Cu' Hos, and ammonic sulphate, Or amImonio-cupric

sulphate, symbolic formula, SHo,Amo, [ gﬁ:gu{.}g " whence the

black cuprie oxide separates on boiling with_sndic 11:,-_dmte.
This tendency of ammonia to €o mbine with cupric hydrate and
to form mlpmmmnnic hydrate induces metallic copper to combine
with oxygen even ab the ordinary temperature.
K(Cy gives a greenish yellow precipitate of eupric eyanide, Eh;!.GF,,
soluble in excess. SHa produces no preci pitate from this solution.
K. FeCya gives a reddish brut{:-:-a precipitate of eaprie fcrrunl'nnlﬂg.
Cu,FeCys, insoluble in dilute acids, decomposed by potassic or sodic
hLydrate, with separation of aCu0,0H; Even in very dilute solu-

Cuo'', may conveniently be employed.

-
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tions of copper salts a brownish colour is produced,—best seen when
the reaction is rmed 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.

Metallie zine 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
gine, the platinum becomes rapidly coated with a reddish film of
metallie 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. Briflt copper is not
attacked by dilute hydrochlorie or sulphurie acid. Metals such as Pb, Hg, Ag,
Au, Pt are also indifferent to dilute hydrochlorie or sulphuric acid, whilst zine
and iron are readily dissolved with evolution of Iﬁ'dmgeu, the metals taking the
place of the hydrogen in two molecules of hydrochloric acid.

By the aid of voltaic electricity, however, we are enabled to dissolve metals
in dilute hydrochloric or sulphurie acid, which are either not dissolved at all,
such as copper, or dissolve only with difficulty, such as the metal tin. This is
done by connecting the positive pole of a voltaic battery with a piece of the
metal to be dissolved, qu the negative pole with a platinum wire ending in a
piece of platinum foil. Both electrodes dip into the dilute hydrochlorie or
sulphurie acid solutions. .

Connect the positive pole, @, with a piece of sheet copper or a coil of copper
wire, placed in dilute sulphurie acid, contained in a glass basn, as seen in Fig. 7.
The negative pole, b, 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
u!-&imnry 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 Intter consists likewise
of platinum, a metal which has no affinity for oxygen. Hence both constituents
of water, hydrogen and oxygen, are evolved at the respective poles. Now, if
mstead of water, hydrochloric acid be decomposed in like manner, chlorine is
evolved at the positive electrode. If the positive electrode congists, however, of
a metal, such as Zn, Cu, Fe, for which chlorine possesses n strong affinity, the
latter combines with these metuls, the moment it is liberated on the positive
electrode, or as it is termed in its nascent state (in statu nascendi), and hydrogen
alone is evolved at the negative pole. g

If in the place of hydrochlorie or sulphurie acid, we em a dilute solution
of a metallic chloride or sulphate, e.g., cupric sulphate, H%g uo” 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 elactrode,
consisting of metallic zinc, no evolution of gas is visible, since the zine is acted
upon b]r the acid liberated from the copper, and is eonverted thereby into
80,Zn0". An equivalent quantity (65 purts by weight) of zine remains dis.
solved in the acid for the 63'5 parts by weight of copper, precipitated on the
platinum foil or erucible-lid. In this manner the amount of copper present in a
golution may be determined quantitatively. The undissolved zine and zigeio salt
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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.

Tt will be readily perceived that this and other similar experi-
ments farnish valuable illustrations of the atomic theory, and they
acquire on this sceount 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 moble 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, ete. (electrotype process).

Pass a voltaic current through a <olution of cupric chloride, CuCly, by means
of copper electrodes. No chlorine gas is uml'mf at the positive pole, for it is
immediately again fixed by its dissolving an equivalent quantity of copper off the

ositive copper electrode. The movement of the molecules of chlorine and copper
in the solution of cupric chlovide cumnot 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 positive to the negative pole, although we cannot sce the change.
The deposition of metallic copper continues, as long ns the positive electrode lnsts ;
and the saline solution in the ecomposing vessel retains its original strength thus
far unaltered.

1f o properly prepared mould or matrix of some object be hung in the metallic
golution 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 s sheet of copper, aeting as the positive electrode in the bath. The
copper thus precipitated 1s immediately restored to the bath by the dissolution
of @ fresh quantity of copper. This mode of depositing copper on moulds or
matrices by the aid of voltaie electricity 18 termed the electrotype process.
Employ a solution of argeutic nitrate instead of the solution of euprie chloride,

and introduce the two copper electrodes into the bath. The negative electrode
is speedily covered with silver, and an equivalent quantity of copper, i.e., 635

arts by weight, is dissolved from the positive copper alectrode, and 216 parts

y weight of silver (2 % 108, silyer being a monad e ement) are deposited on the
negative copper eleetrode ; and it results from this, that in the place of the silver
solution, there must ultimately be left o solution of ¢upric nitrate. This has
found a practical application in the silvering (ulcctru-pluling} of artistic articles
made of an inferior metal.

Copper, like mercury, forms a lower or cuprous ovide, Cu.0, in
which two atoms of Cu are joined by one of their bonds, and are
also linked to one atom of oxygen; it is analogous in constitntion

to the important copper Ore, Cu,S, thus:—

'He 'cu’ 'Cu’

'Hg' ] Gur (] Gu -

Mercurous oxide. Cuprous oxide Cuprous sulphide
(red copper ore). (copper glance).

Cuprous oxide is a fechle base; it forms with concentrated
hjrclrm:h'lﬂric acid coprous chloride, Cu,Cls, which is colourless

&

when puve. Other acids decompose it into metallic copper and

cupric, oxide, which latter remains dissolved in the acid as cupric
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salt. Cuprous chloride attracts oxygen very rapidly, and is, there-
fore, a powerful reducing agent. It is used for absorbing carbonie
oxide.

To A sorutioN oF cvpkous cHLORIDE, Cu,Cly, in concentrated
hydrochlorie acid, add

OH., a white precipitate of Cu,Cl; is produced.

KHo gives a yellow precipitate of euprous nydrate, Cu,Ho,, in-
soluble in excess; it attracts oxygen very rapidly, being converted
into eupric hydrate.

KI, in the presence of 80Ho,, or 80,Feo", precipitates from
cupric salts greenish white cuprous iodide, Cu,l,, soluble in excess.
Both sulphurouns acid and ferrous sulphate are reducing agents,
which, by the absorption of oxygen from the cupric salt, are con-
verted into 80;Ho, and 8,0,Fe.o", thus :—

(1) 280.Cuo” + 280,Fe0” = 80,Cup0” + 8,0,Fesov.

Cuprie Cuprous
sulphate. sulphate,
(2) B80,Cuxn”’ + 2KI = Cu,l, + 850,Ko..
Cuprous
1odide.

QUESTIONS AND EXERCISES.

1. How does copper occur in nature ?

2. Express in symbolic equations the reactions of copper in the wet way.

3. Write out the graphic formule for malachite, copper glance, azurite, and blue
vilriol, ammonio-cupric sulphate, cuprous iodide.

4. Explain what takes place—

1st. When copper is treated with concentrated NO.Ho.
2nd. 1 1 1 S50, Hog.
Et_ﬂ. Sl > 1] HCL
Give equations.

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 a
solution of a cupric salt

7. How much metallic zinc is required to precipitate 15 grm. of copper from a
cupric solution ?

8. A sample of iron pyrites which has been used for manufacturing sulphuric
acid is found on analysis to contain 4'56 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 by nascent hydrogen ?
11. What is the percentage of metallic copper in malachite ?
12. How is Cu separated from Ag and Ph?
13: How can copper in CuS be separated from bismuth in BiS,?
iﬁ "ﬁﬁ'h&t cha.i:ge takes place when metallie copper is heated in air ?
- tlow much hydrogen gas at 0° and 760 mm. pressure) is required to deprive

1];2 m gfl ;'gmte:l cupric oxide of its oxygen, and how much water will

F 2
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5 _GA'._DMIU"M, Cd".—This metal is found in nature, associated
with zine, n certain zine ores, e.q., zinc blende ZnS. It is of com-
paratively rare OCCUITENCE; only one mineral of cadminm being
known at present, viz., the extremely rare greenockite, CAS. It can
be distilled like mercury or zine. DBeing more volatile than metallic
zine, its vapour distils over first, and burns with a brown flame
(brown blaze), t.e., it i converted into cadmic oxide.

Oadmium 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—

Cd + 2KHo = CdKo: + H,.

EXAMINATION IN THE DRY WAY.

Oadmium compounds, when heated on charcoal in the inmer
flame, mixed with sodic carbonate, give a characteristic brown in-
crustation, i.e., they are readily reduced to the metallic state; the
metal being highly volatile, is reoxidized on its passage through the
outer flame. Cadmium is recognized with more difficulty, when it
is in combination with zinc, as for instance in cadmiferous blende.
By heating, however, & mixiure of blende and sodic carbonate and
potassic cyanide, for a few moments only, on charconl, a slight
brown incrustation is generally obtainable, before the zinc is volati-
lized. Cadmic oxide turns the bead of borax or mierocosmic salt
yellowish, whilst hot, colourless when cold.

REACTIONS IN THE WET WAY.

We employ A SOLUTION OF CADMIO onLoRIDE, GdCly, or SULPHATE,
Bﬂgcdﬂn.

SH, (group reagent) gives from dilute solntions a fine yellow
precipitate of eaamie sutphide, CdS, insoluble in alkaline sulphides,
caunstic alkalies, or potassic eyanide ; insoluble in cold, but goluble
in hot dilute nitric and hydrochloric acids; soluble also in dilute
sulphuric acid. (DISTINCTION FROM COPPER.)

S Am,, same precipitate.

KHo, a while Precipitnte of endmic hydrate, CdHo., insoluble in
excess.

AmTHo, same precipitate, soluble in excess.

COAmo, (free from AmHo) a white precipitate of eadmic car:
ponate, COCdo", insoluble in excess.

CONao,, same precipitate.

KCy gives a white precipitate of caamie eyanide, CdCUys, soluble
in excess. Sulphuretted hydrogen precipitates from this solution
CdsS. (DIsTINCTION FROM COPPER.) :

Metallic zinc precipitates cadminm from its solutions.

QUESTIONS AND EXERCISES.

1. Describe three methods of separation of 0d from Cu.
5 Tlow is Cd separated from Zn? L
5. How is Od scparated from Fb, Ag, and Bi?
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4. How much cadmic sulphide can be [;rcpm"ﬂ:d from 10 grms. of erystallised
cadmic sulphate, 80.Cdo”,40H,
5. What takes place when greenockife is roasted in a glass tube open at both

ends ?
6. How is the metal cadmium eonverted 1st into oxide, Znd into chiloride, Srd

inlo sulphate P

7. How can we extract cadmium from its oxide or sulphide ?

8. You are requested to convert 10 grms. of eadmie sulphate into cadmie bro-
mide ; lhuw would you proceed, and how much CdBr; should there be
obtained ?

SEPARATION OF THE METALS or SuvspivisioNy A, Grouve II, viz,
MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, WHOSE SULPHIDES ARE
INSOLUBLE IN AMMONIC SULPHIDE OR SODIC HYDRATE,

The precipitate produced by the group-reagent SH,, which is
insoluble in ammonic sulphide or sodic hydrate, may consist of all
the five sulphides, or only of one, two, ete. A precipitate of a bright
yellow colour, e.g., would be indicative of cadmic sulphide only. If
the plrecipitatra be black, it is necessary to examine for all the five
metals.

We have already seen that the sulphides of the metals of this
subdivision are—

lst. Imsoluble in alkalies and alkaline sulphides, and

2nd. Insoluble in dilute acids, or nearly so; but soluble in con-
centrated acids.

Concentrated nitric acid (free from chlorine), diluted with its
own bulk of water, dissolves four out of the five sulphides, viz., PbS,
B1,8,, Cus, and CdS, with separation of sulphur ; mercurie sulphide
being soluble only in aqua regia. Hence by boiling with mode-
rately concentrated nitric acid (in the absence of HCl), we can
separate mercury from the other metals of subdivision A. Concen-
trated nitric acid converts PbS partially into 80,Pho”, by the
simultaneous oxidation of the sulphur. We should, thevefore, obtain
in the residue HgS, as well as S0,Pbo” and sulphur. But as the
whole of the PbS can be converted into 80,Pbo” only by boiling
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 diluting with water and adding dilute sulphuric acid (SO.Pbo"
being less soluble in dilute sulphuric acid than in water), and lastly,
when uﬂ_ld, 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.

Examizarion or tae Resipue,—S80,Pbo” dissolves readily in
certain salts, snch as ammonic acetate or tartrate. By treating
the residue, therefore, with a concentrated solution of ammonic
acetate, we are able to dissolve out the S0.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 by
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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 Cr(0.Ko,, and the mercury, by heating
the dry residue in a bulb tube with dry sodie carbonate.

Exayxatiox oF THE Sorurion.—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 wasbed, then redissolved in a little hydrochloric
acid, and precipitated by the addition of water. The ammoniacal
fltrate is of a fine azure blue colour, when copper—even in small
quantities—is present. If colourless, and if, by the addition of SH,
a fine yellow precipitate comes down, we infer that no copper 18
present, but only cadminm. If a black precipitate comes down, on
passing the gas through the slightly acidulated (HOL) solution, 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 potassic 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 difficult
to identify these two metals by special tests.

The separation of the metals mercury, lead, bismuth, copper and
cadmium, is therefore based upon :—

1st. The insolubility of HES in nitric acid.

ond, The formation of §0,Pho'", and its solubility ammonic
acetale.

ard. The insolubility of BiHos in excess of ammonic hydrate.

Ath. The insolubility of CUS dilute sulphuric acid, or s solu-
bility in potassic cijanide.

A tabular scheme for their separation is given in the Analytical
MTables, Table 1I.

PRACTICAL EXERCISES AND QUESTIONS ON GROUP II, SUB-
DIVISION A, AND THE PREVIOUS GROUPS.

You are requested to analyse—

A sample of galena, in the dry way only. ‘ :

A hvdrochloric acid solution, containing much mercuric and little plumbie
chloride.

A mixture of the solid galts, blue vitriol, corrosive sublimate, and white
vitriol, in the dry and wet way. : . :

A mixture of the solid salts, plumbic and bismuthous nitrate, in the dry and
wet way.

A Holut-inu?nuntu.iniﬂg much barie chloride and little plumbic chloride.

A solution containing eapric, ferrons, and zincie sulphates.

‘A solution of cuprie, cadmic, and zincic sulphates, contaning 050 grm. of
Clu, "020 grm. of Cd, and '500 grm. of Zm.

An alloy of zine and copper (brass). ; : o

" A solution of mercuric, plumbic, and bismuthous ‘mtmtm, containing ‘050

grm. of Hg, ‘500 grm. of Pb, and 100 grm. of Bi.

v oo B @ BE
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10. A sample of copper glance, in the dry way only.

11. A sample of malachife, in the dry way. e

12. A solution of plumbic and bismuthous nitrates (to be distinguished by means
of Cr(;Ko; and NaHo).

13. A solution of plumbic and cupric nitrates. :

14. What takes place when an ore, containing PbS, CdS, and ZnS, is roasted
in a current of air? y

15. You have given to you a solution of cuprie sulphale, dipotassic tartrate, sodic
hydrate, and grape sugar? what changes can you produve with these
materials :

Grour II. Suvspivision B.

1. TIN, Su" and ¥.—This metal is found in nature mainly in
the form of tinstone or cassiferife, Sn(),, sometimes combined with
sulphur, as tin pyrites, SnS; (bell-metal ore).

EXAMINATION IN THE DRY WATY,

When tin minerals are fused on charcoal, with CONao, and
KCy, in a strongly reducing flame, they yield small globules of tin
which are malleable, and the charcoal becomes covered with a whife
coating of 8n0;, If this white incrnstation be treated with a solu-
tion of cobaltous nitrate, and strongly heated, it assumes a bluish-
green colour, which is characteristic of tin.

By introdueing 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 TN THE WET WAY.

Tinstone being insoluble in acids, must be fused with alkaline
earbonates and a reducing agent, such as potassic eyanide, 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 BnCl,. Nitric acid converts tin into metastannic acid,
on,0,Ho,;, which by evaporation and ignilion is converted into
Sn0,. 100 parts by weight of metallic tin when thus oxidized,
ﬁeg )f-::-und to increase to 1276 by weight (atomic weight of Sn =

Tin 18 capable of combining either with two, or four atoms of
chlorine, ete. In stannous chloride, SnCl,, the metal exists as a
dyad, and in stannic chloride, 8nCl;, as a tetrad element. It is
capable of forming fwo series of salls, of owides, sulphides, ete., viz, :—

Stannous compounds. Stannie componnds.
511:"3[: Stannous chloride.  8n'*Cl; Stannic chloride.
8n"0 % oxide, Snl*0, » oxide (anhydride).
%ﬂ;ﬂﬂﬂ, T EUI'P]].I'I-t-E. E]]."'Ej » ﬂ:l.lphida.
Hg:Snﬂ” i nitrate.
8n"3

" sulphide,
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Stannic acid, SnOHos, combines not only with the strong alkali
bases, OK,, ONa,;, but even with stannous oxide, Sn0, to form
stannates, e.g., SnOKo,, dipotassic stannate, SnOSno'', stannous
stannate.

A. Stannous compounds.—A SOLUTION OF STAKNOUS CHLORIDE,
SnCl,, is employed.

SH, (group-reagent) gives a dark brown precipitate of stannous
sulphide, Sn8, insoluble in ammonia; nearly insoluble in normal
ammonic sulphide, but readily dissolved by the yellow sulphide :
from this latter solution it is reprecipitated as yellow stannic sol-
phide, SnS., on the addition of hydrochloric acid ; 1t is also soluble
in potassic or sodie hydrate, from which hydrochloric acid precipi-
tates SnS unchanged. Soluble in boiling hydrochloric acid.

S Am, gives the same precipitate. Soluble in excess.

KHo or NaHo gives a white bully precipitate of stannous
hyarate, SnHo,, readily soluble in excess to SnKo: (dipotassic
gtannite).

AmHo or COAmo,, same precipitate, ingoluble in excess.

By far the most interesting reactions are based, however, npon
the tendency of stannous salts to become converted into stanmic
calts. SnCl, combines with two more atoms of chlorine to become
converted into SnCl;, whereby the chemical affinities of tin for
chlorine become satisfied y and stannous compounds may be
viewed as nnfinished bodies, which can deprive certain other
bodies of chlorine, oxygen, eto. Expressed graphically, dyad
tin (or stannosum, 88 1b is sometimes called) has two bonds

loft unsatisfied or latent, thus:— 1—8n—Cl, whilst in tetrad

1 Cl1

|
tin (stannicwn) all the honds are satisfied, thus :— Cl—8n—Cl, or

1
0=8n=0.

HgOl, ndded to a solution of 8n0l, produces first a white precipitate of
mercurous chloride, Hg:Cly, and when boiled with excess of Enﬂn, yields
a greyish powder of metallic mereury. ! 1)

NO,Ago gives with excess of Sn0l; a finely divided black precipitate of
metallie silver—

NO
98nCly + 2NOAgo = Agy + ND‘;SM” + SnCly,

ouCl, is reduced by gn(ly to enprous e¢hloride, CuyCly, with formation

of 8nCl,.

Faga‘-ld yields two atoms of chlorine to 8nCly, forming 8nCly, and leaving

two molecules of FeCly. The yellowish solution turns green, _ ‘
AnCly gives with 8nCl, a purple prect itate (purple of cassiug), to which

the formuls SnOAuyp” + gn0OSno” + 4Aq (sometimes viewed also as Aug +

38n0;), has been assipned. The change may be expressed thus i—

gAuCl; + 38nCl + GOH, = Auy + 38n0; + 12HCL,
MThis is a most delicate reaction.
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B. stannic compounds.—A SOLUTION OF STANNIC CHLORIDE, sSnCl,,
is employed in stndying the reactions of Sni¥ in the wet way.

SE[3 (group-reagent) gives a yellow precipitate of stannic suls
phide, SnS,, readily soluble in alkaline sulphides, potassie hydrate,
boiling concentrated hydrochloric aecid, and aqua regia; soluble,
although somewhat difficultly, in ammonic hydrate (DISTINCTION
FROM EHS), and nearly insoluble in ammonic carbonate.

S8 Am,, same precipitate, soluble in excess.

KHo or AmHo produces a white precipitate of stannic hydrate,
SnOHo,, or stannic acid, which is completely soluble in excess,
forming dipotassic stannate, soluble in hydrochloric acid.

COAmo, or CONao, precipitates whife stannie acid, SnOHo,,
soluble in caustic alkalies.

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

+ 2080;HoNao.

58nCl + 20NOAmo + 150H; = 8n,0,Ho;;, + 20AmCl
e EGHGQHG*

Metallic zine precipitates from acid solutions of stannous or
stannic chloride metallic tin in the form of grey lamine, or of a
spongy mass which can be readily dissolved in hydrochlorie acid,
especially by the aid of a piece of platinum foil.

o Metallic tin or copper reduces stannic to stannous chloride,
L e ——
8nCl, + Sn = 28nCL.

A solution of stannous chloride (containing hydrochloric acid)
cannot be kept, when exposed to air, without changing rapidly to
stannie chloride, on account of the great attraction which stannous
salts possess for oxygen, thus:—

(1) 8nCl, + O = 8n0 + CL.
(2) 8nCl, + Cl, = SnCl.
(3) Sn0 + 2HCl = 8nCl, + OH..

Hence granulated metallic tin or pure tinfoil is usually put

into stannous solutions in order to prevent the formation of stannic
chloride.

QUESTIONS AND EXERCISES.

1. How do you detect a stannic salt in the presence of a stannous salt ?
5, Elwa‘tha constitutional and graphic formule for mefastannic and stannic
acids, stannous and stannic chlorides.
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How can the correctness of the atomic weight assigned to tin be shown
experimentally ?

W];{];ﬂdaﬁa z; chemical change tuke place when SnCl; and HgCl, are heated

rether

Explain the action of chlorine, nitric acid, and air upon stannous salts.

How is Sn separated from Ag?

How would you analyse an alloy consisting of Ph, Cu, Bi, 8n?

A tinstone yielded on analysis 77°5 per cent. of metallie tin ; how much Sn0;
did it contain ?

How much chlorine gas by weight and by volume (at 0° and 760 mm.) will be
absorbed by 10 grms. of SnUly ¥ -

10. Express in symbolic formule the equations for the reactions, in the wet way,

of stannous and stannic chlorides.

© @S b ¥

9 ANTIMONY, Sb"” and ¥.—This metal is found native; also
in combination with oxygen as white antimony, Sb,0; but more
frequently as sulphide, Sb.S, (grey andimony), and in combination
with other metallic sulphides (Ag:S, PbS, ICu',S), as sulphanti-
monite and salphantimoniate.

EXAMINATION IN THE DRY WAY.

On heating metallic antimony or an antimony mineral, e.g., grey
antimony, with free access of air, either on charcoal or in a glass
gube open at both ends, dense white fuomes of antimonions and
antimonic oxides are given off, which condense on the colder part
of the charcoal or glass tube, thus:—

shlsﬂ + Di — Eb:Da + BED:
Sublimed.

All compounds of antimony can be reduced to the metallic state
when heated on charcoal in the reducing flame, together with
CONao, and KCy. A brittle globule of metallic antimony is
obtained, giving off dense white fumes of Ebgﬂg _(evnn_l after the
withdrawal of the metal from the flame), which thickly incrust the
metallic globule with a network of brilliant acicular crystals.

EXAMINATION IN THE WET WAY.

Chlorine attacks antimony violently, forming with it SbCl; or
Sb(Cl;, according to the pmpurtic_ms of chlm-:me _empluyer], and
according to the temperature at which th:a combination takes place.
HFdrur.:hluric acid has scarcely any action upon the metal; aqua
regia dissolves it readil{) to SbCl;. Hlt-np acid cm}?ertla 1_t. into a
compound containing Sb,0, and gthﬁ, insoluble in mitric acid,
soluble tartaric acid. Grey antumoniy, S_bg_Sa, as 1"3'1311 as Sb,S;,
dissolve in concentrated hydroehloric acid with evolution of sulphu-
retted hydrogen, the latter sulphide with separation of E_m!phur:

Antimony forms two geries of mmpnuyda by combining either
with three or five atoms of chlorine, ete., viz.:—
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Antimonious compounds. Antimonic compounds.
8b'Cl;,  Antimonious chloride. 8b*(Cly, Antimonie chloride.
Bh”’g-oa, " oxide. ﬂhvﬂ{}ﬁr 1 “:ld&l
8b".5,, i sulphide. 8hv.S;, 0 E}ﬂ]}h}f]ﬂ.
Sb"'OHo, Metantimonious acid. 8b*0,Ho, Metantimonic acid.®

Both these acids can enter into combination with strong bases,
such as potassa, or soda, to form weak salts,—metantimonites and
metantimoniates, viz. :—

Sb"'0Ko, Potassic metantimonite.

8b*0.Ko, Potassic metantimoiate.

S8b¥0,Nao, Sodic metantimoniate.

4 S : ok e, '8biv0, di
8bv0,(8b"0,)’, antimonylic metantimoniate, or {’Sh""ﬁ'z’ ian-

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 compounds,—A SOLUTION OF ANTIMONIOUS CHLO-
riDE, SbCl;, is employed for the reactions in the wet way.

SH, (group reagent) gives an orange red precipitate of antimo-
nlous sulphide, Sb,S,, soluble in alkaline sulphides and in potassie
or sodic hydrate; reprecipitated by hydrochloric acid; slightly
goluble in ammonic hydrate, insoluble in hydric ammonic carbonate
aud in bydric ammonic or hydric potassic sulphites. 1t dissolves in
boiling concentrated hydrochloric acid.

Temperature and concentration of the reagents produce reciprocal effects. In
a dilute hydrochlorie acid solution the SbCl; exchanges its chlorine in the cold
for sulphur, with precipitation of Sb.S;, whilst boiling concentrated hydrochlorie
acid dissolves SbyS; readily with evolution of SH.

SAm, produces the same precipitate as SH.,, soluble in excess.

KHo or NaHo precipitate anfimonious oxide, Sby0, readily
soluble in excess, with formation of potassic antimonite.

AmHo, same precipitate, almost insoluble in excess.

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

OH, decomposes SbCl;, forming a white insoluble basic salt,
antimonious exychloride, SBbOCI, soluble in tartaric acid. (Dis-
TINCTION FROM BISMUTHOUS 0XYCHLORIDE, BiOCl). Water, therefore,
gives no precipitate with a solution of potassic antimonylic tartrate

GD{S]}!H‘{}‘:}J

(tartar emetic) gﬁgﬁ ; and alkalies and alkaline carbonates

COKo
produce a partial gracipitatian only after some time.
Metallic Zn, Cun, Cd, Fe, Co, gn, and Pb precipitate the metal
in the absence of free nitric acid as a black powder.

¥ Orthantimonie acid, 8bOHo,, and pyrantimonie acid, Sb,0,Ho id to
formed when antimonic chloride in’ducumpasad by wa.tﬂr]: a.mzlil?t.lu ié:in, e
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An exceedingly delicate reaction for antimony consists in preei-
pitating the metal from a dilute hydrochloric acid solution on
platinnm foil or on the lid of a platinnm crucible, by means of a
small strip of metallic zine. H and SbH, (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 hydrochlorie 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 hydrochloric acid.

Compounds containing triad antimony exhibit a tendency (less
marked, however, than in stannous compounds) to combine with
more chlorine, ete., and to pass into pentad or antimonic compounds.
Expressed graphically— :

Cl1

Antimonious Cl\_ | . :
ahlcta >Sh<hna two bonds left unsatisfied or latent,
Cl

whilst pentad antimony in 8b¥Cl; or Sb¥OCl,; (oxy-trichloride), has
all its bonds satisfied, thus:—

0
Cl s
R Antimonic I
,ﬁ,cr-}]i-:l.l:::‘.ltﬁlc 01>A|_)<01 gxy-iiri- Cl—sb—Cl
Gl a1 chloride. él

The following are some of the reactions naturally arising from
this condition of antimonious compounds :—

When a current of chlorine gas is passed over solid SbCly, a molecule of
¢hilorine is absorbed, and the chloride liquefies, thus :—

EhC-l; 5 Glg = Ehcl;.

Solid Liguid
antimonions antimonic
chloride. ohloride.

Sodic metantimonite, Sh(Nao, is oxidised, in the presence of sodic hydrate,
by free iodine, with formation of sodic metantimoniate, Sb0,Nao, and Nal,

thus :(— _
gbONao + Is + 2NaHo = SbOsNao + 2Nol + OH,.

A hydrochloric acid solution of SbCl; reduces AuCly to metallic gold
(Erequently with separation of 8b0,Ho), thus :—

38b0Cl,; + 2AuCl; = 3800l + .d.ug.
godic metantimonite is oxidised in an alkaline solution by argentic oxide,

OAg,, to sodie metantimoninte, nrgﬁntnua_ﬂx.idu, OAg,, being formed, which
is ineoluble in ammonic hydrate, OAgs, being readily soluble. (DISTINCTION

pRTWEEN SbaOg AND 8by05.)

# Of this gns more at page HG.

PR SN . SR
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The several reactions may be expressed as follows :

(1) SbCly + 4NaHo = SbONac + 2NaCl + 20H,.

Rodie
metantimonite,

(2) 8NO,Ago + 2Nallo = OAgy + 2NO;Nao + OIL.

Argentic oxide
* (insoluble in NaHo,
goluble in AmHo).

(8) SbONmo + 20Ag; = SbO;Nao + OAg;.

Black argentons
oxide, insoluble
in AmHo.

890 Nan, (sodic hyposulphite) reduces antimonious compounds to metallie
antimony, which combines with sulphur and forms 8bS;, thus:—

8880Na0; + 8by0y = Sb.S; + 380:Naos.

B. Antimonic compounds.—A SOLUTION OF POTASSIC METANTIMONI-
atE, Sb0.Ko, may conveniently be employed for studying the
reactions in the wet way.

This salt is prepared by fusing metantimonic acid, Sb0,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-
moniate is obtained, which is insoluble in water.

8b0,Ko is readily decomposed by concentrated acids (hydro-
chlorie or nitric), metantimonic acid geing precipitated.

SH, gives from a solution of 8bO,Ho in excess of hydrochlorie
acid, an orange precipitate of antimonic sulphide, 8b.5;, mixed with
Sb.S, and S; soluble in alkaline sulphides, readily soluble m
ammonic or potassic hydrate ; also soluble in boiling concentrated
hydrochloric acid, with evolution of SH, and deposition of 5; only
very sparingly soluble in cold hydric ammonie carbonate.

S Am,, same precipitate, soluble in excess.

80,Feo” does not reduce antimonic compounds.

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

Antimonic compounds, like stannic salts, can, under certain conditions, also act
as oridizing agents, e.g. :—

On igniting antimonic anhydride, it splits uEJLnI:u 8b.0, and oxygen,

8nCl, precipitates 8bOHo from a hydrochlorie acid solution of 8bO,Ho,
the 8nCl; being converted into SnCl,.

On boiling a solution of 8bO,Ho In hydrochloric acid with potassic iodide,
iodine is liberated, colouring the solution brown. (SbCl;is in fact frequently
ampln:ye.d for the purpose of conveying chlovine to other bodies, both mineral and
orgnnic.) Todine is set free, because 8bCl;, on being heated, together with
aKI, forms SbCly + I, + 2KCL.  The liberated iodine 1s readily recognized by
means of starch paste, when the highly delicate and characteristic blue iodide of

starch reaction is obtained. (DISTINCTION BETWEEN ANTIMONIOUS AND ANTI-
MONIC COMPOUNDS.)
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QUESTIONS AND EXERCISES.

1. How is antimonious chloride prepared? What change does it undergo
when water is added to it ?
9. Tow can the metal antimony be obtained from grey antimony ore?
3. By what characteristic reaction can antimony compounds be recognized when
examined in the dry way?
4. What is the action of concentrated nitrvic acid upon metallie antimony ?
Explain the change by an equation.
5. How can you distinguish between antimonious and antimonic compounds ?
6. Explain the action of Zn or Fe uﬁuu a solution of SbCl;.
7. What evidence have we to show the triad and pentad nature of Sh?
8 Give illustrations of the reducing action of antimonious compounds, e.g., anti-
monigus chloride.
9. Give instances of the oxidising action of antimonic compounds, e.g., metanti-
monic acid.
10. State how you would separate Sb from Sn, in the wet way.
11. How can Sb be separated from BiP
12. Express by symbolic equations the reactions for antimony 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 8b04;
what per centage of antimony does the ore contain ?
15. How would you separate Sn from Sb, in the dry way ?
16. How much 8b,0, by weight will 1°32 grm. of metallic antimony yield ?
17. How mueh chlorine by weight and by volume (at 0°C. and 760 mm.) is re-
quired to convert 10 grms. of 8bCl, into SHCI; 7
18. How much oxygen gas by weight and by volume (at 0° C. and 760 mm.) can
be oblained by igniting & grms. of 8b,05 7
19. Describe the preparation of potassic metantimoniate.
90, How much Pb and Sb have to be employed to prepare 50 1b. of type metal,
an alloy having the composition PbySh ?

3. ARSENIC, As” and ¥.—This body constitutes one of the
most widely diffused elements in nature. It is found nafive, but
exists most frequently in combination with sulphur as realgar,

izgj,, or diarsenious disulphide, and as orpiment, A8,5"s, or
arsenions sulphide (sulpharsenions anhydride) ; in combination with
: ; A8 ; 'As""Ni

metals it exists in arsendcal nickel, { ipg b copper nickel, {, As'ND

i r
; As : : ]
and in smaltine, § v p H,Gn. Arsenic acts in some of these mineral

bodies more like a metalloid than a metal. Metallic arsenides are

frequently found in combination with metallic sulphides, such as the
sulphides of Ag, Fe, Ni, Co, Cu, etc, as in the common mineral

I f
mispickel, or arsenical Pyﬂ'iff:ﬂ,{ uisze”,FE""Bz, in nickel glance or
e L o J'!'A o+
grey nickel ore, ,;ﬁirﬂi”,ﬂi"ﬁz, and in cobalt glance § » _&2,-00”,
Co'vS,. Arsenic occurs also in the form of metallic arseniates, such
as calcic, magnesic, nickelous, cobaltous, plumbic arseniates for
example, in the mineral pharmacolite, As,0,Ca0’s, 60H; (calcic

s e e
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yrarseniate), in nickel ochre, As,0,Nio”5,90H,, in cobalt bloom,
AE']D']GU‘}”},EOHE, and in mi:mvﬂiﬂﬂfnlﬁ, E{AEanPhﬂ”a ,Pb'[-.‘rlg

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

copper, tin, and antimony. On account of the solubility of its oxides, arsenie is

sometimes found in mineral springs and in the ochreous deposits from mineral
waters. '

EXAMINATION IN THE DRY WATY.

Arsenic ean be completely volatilized. When heated in contact
with air, either on charcoal or in an open tube, it burns and forms
arsenious anhydride, As;O;, giving off at the same time a peculiar
and most characteristic garlic odonr. Arsenical compounds give
the same indications when heated by themselves, on charcoal in the
reducing flame, and on the addition of sodic carbonate and potassic
cyanide, whether the arsenic be present as arsenite or arseniate. The
blowpipe experiments should be performed with great precaution,
gince arsenical fumes are
poisonous. The reaction
being so very delicate,
small quantities only of
the substance should be
operated npon.

When arsenical compounds
are heated in a bulb-tube, Fig. Fie. 8.
8, @, mixed with a proper re-
ducing agent (such as sodic carbonate and charcoal powder or black-flux),

metallic arsenic sublimes and is deposited in the shape of a lustrous steel grey
mirror, &, in the upper part of the tube.

EXAMINATION IN THE WET WAY.

Chlorine attacks arsenic violently, forming a highly poisonous
liguid, arsenious chloride, AsCl;, Hydrochlorie acid does not act
upon arsenic; nitric acid oxidizes it to arsenions and arsenic acids,
according to the concentration of the acid. i

Arsenic forms two oxides, sulphides, ete., and two well characterized
series of salts, arseniles and arseniates,

A. Arsenious eompounds.—We may employ either a sorurion
OF ARSENIOUS ANHYDRIDE, A8,0; in dilute hydrochlorie acid, or aw
AQUEOUS SOLUTION OF AN ARSENITE, AsKo, (tripotassic arsenite).

8H, (grunp—remnl:} produces in an acid solution of As,0,
a lemon yellow precipitate of arsenious sulphide, As,S, rveadil
soluble in caustic alkalies, in alkaline carbonates and sulphides
forming alkaline arsenites and sulpharsenites; it is reprecipitated
from any of these solutions on the addition of dilute hydrochlovie
or mitric acid. It is nearly insoluble in concentrated hydrochlorie
acid, even on boiling; but soluble in nitric acid. On digesting
freshly precipitated arsenious sulphide in a solution of hydric
potassic sulphltei, SOHoKo, and excess of sulphurous acid, the vellow
precipitate 18 dissolved, and the solution contains potassic metar-
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senite, and potassic hyposulphite, after driving off the excess of sul-
phurous acid by evaporation, thus :—

9A8.S, + 1680H0Ko = 4AsOKo + 6S8S0Ko. + S; + 780,
<+ SOH..

S Am,, same precipitate soluble in excess.

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

AsAgo, + OAg, = AsOAgo, + Ag..

Soluble in  Soluble in Soluble in Black
AmHo. AmIo. Amlfo. precipitate.

80,Cuo” produces a charactoristic yellowish green precipitate of hydrie
cupric arsenite, AsHoCuo” (Scheele's green), from n solution of tripotassie
arsenite, readily soluble in ammonie hydrate, ammonic chloride, or nitrie acid.

S0.Mgo' gives no precipitate in the presence of free smmenie hydrate and
ammonic chloride.

Reinseh’s test.—Arsenic is precipitated on a strip of clean metallic
copper, immersed in a hydrochlorie acid solution of As,0; in the
form of a grey film of As,Chug, from highly dilute solutions, espe-
oially on heating. The film peels off in black scales if the solution
contain sufficient arsenic. The presenco of the metal should be
confirmed in the dry way, especially as antimony is also precipitated
by metallic copper nnder similar conditions.

Arsenions compounds exert a powerfol reducing action, when
brought together with bodies that are capable of parting with
oxygen, chlorine, efc. This property is even more marked in
arsenions than in antimonions componnds. Triad arsenic com-
pounds, econtaining two unsatisfied bonds, give rise to numerous
interesting reactions, thus:—

AuCl; (aurie chloride) produces from an acid solution of As,Oj a preci-
pitate of metallic gold, and the reaction is so accurate that the amount of
arsenic can be dotermined quantitatively from the weight of the precipitated

old.
£ Two atome of Au (2 196:7) = three atoms of As (8 x 75).

4AuCl; + 3.&.53(}3 + 150H, = GAsOHo; + Ay + 12HCL.

Chlorine water, or com unds eapable of yielding chlorine, such as a solution
of bleaching powder, or olgumdiﬁ hypochlonte, ClNno (Fau de Javelle), oxidize

As,0y rapidly, thus:—

Todine, dissolved in a solution of potassic icdide, likewisc converts o solution
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of As,0,, dizsolved in excess of hydric sodic carbonate, info As,O;, with forma-
tion of an alkaline iodide, thus :—

AsHoNao, + 200HoNao + I, = AsOHoNao; + 2Nal + OH; + 2C0,

Chlorine, iodine, and bromine act as oxidizing agents by decomposing water
or o metallic oxide. They form, with the hydrogen, HCl, HI, HEr, or with a
metal the corresponding haloid salt, and the oxygen is transferred to the

Asg.O,.

2g]ﬂm oxidizing action of OAgs, upon AsAgo, in an ammoniacal solution has
already been noticed. .

An analogous change is produced by euprie oxide in the presence of potassic
hydrate. On adding to a strongly alkaline solution of tripotassic arsenite a few
drops of cupric sulphate, and applying a gentle heat, the blue solution deposits a
red precipitate of euprous oxide, Cuy0, and leaves tripotassic arseninte, AsOKoy,
in solution. (IMSTINCTION BETWEEN As,0, AND As.0,.)

The deoxidizing action which arsenious compounds exert upon the higher
oxides of chromium (chromates) and manganese (manganates and permanganates),
has already been deseribed, pages 43 and 29.

B. Arsenic Compounds.—We employ AN AQUEOUS SOLUTION OF
TRIPOTASSIC ARSENIATE, ASOKo,.

SH. gives scarcely any precipitate from an aeidulated solution
of AsOKo;, until the solution is heated, and a enrrent of gas passed
through for some fime. 1t is difficult to effect complete precipitation
even then. The precipitate consists of arsenious sulphide and sulphur.
It is preferable to reduce the As,0; first to As,0,, by a more power-
ful reducing agent than 8H,, for example, by sulphurous acid, or
an acid sulphite, such as BOHoKo or SOHoAmo—

&EOKGH + EDIJ.D: -+ AEK'H:; + E()gHﬂg,

whence sulphuretted hydrogen precipitates the arsenic readily as
arsenious sulphide.

NO:Ago gives a reddish brown precipitate of triargentie arseniate,
AsOAgo,, soluble in ammonie hydrate and in nitric acid.

80,Cuo” produces a pale greenish blue precipitate of hydrie euprie
arseniate, AsOHoCuo", soluble in ammonic hydrate and nitric acid.

S0,Mgo", in the presence of ammonic chloride and ammonic
hydrate, gives a white crystalline precipitate of ammeonte magnesic
arseniate, AsOAmoMgo” (prstivcrion or As,Q; FrRoM As,0,).

Fe,Cl; gives a yellowish whife precipitate of ferrie arseniate, As,0,Fegor!,

(:{ gg" 2sPho" (plumbie acetate) gives a white precipitate of triplumbie
arseniate, As,0.Pho”,.

MO.Awmo; (ammonie molybdate), dissolved in nitrie acid, gives a yellow
precipitate of arsenio-ammaonic molybdate. :

_Metallic copper does not precipitate metallic arsenic from dilute
acid solutions of As,0;; but on adding concentrated h ydrochlorie
acid, and heating, a grey film of As,Cn, is obtained (DISTINGTION
BETWEEN As,0, AxD A8,0,).

Arsenie as well as arsenious compounds are capable of owidizin
other bodies, and become themselves reduced either to a lower omide
(sulphide), or to the metallic state.

G
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Sulphurous acid reduces arsenic to arsenions acid.
830 Nao, (sodie hyposulphite) deprives arsenious acid of its oxygen, and
converts it into Asg8,, thus :—

sasHo; + 8850Nao; = Ag.S; + 380.Nao; + 30H..

Clarbon reduces both Owides of Arsenic to Metallic Arsenic.—A frag-
ment of arsenions anhydride (white arsenic) is placed in the pointed
end, a, of a hard glass tube drawn out before the blowpipe, as seenin
Fig. 9. A splinter of

=§ well ignited charcoal is
e : next placed in the nar-
g 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 spirvit lamp. When
the charcoal is well
ignited a gecond flame
is applied to the lower
end of the tube in order
to volatilize the arsenical compound, the vapour of which, on passing
over the glowing charcoal, is deprived of its oxygen, and metallic
arsenic is doposited in the form of a shining black mirror on the
inside of the tube, above the charcoal at ¢. The reaction takes
place according to the equation :—

2As,0, + 90 = A, + 3CO,.

This test is very delicate. Arsenic, in the form of an arsenite or
arseniate, is liberated by mixing perfectly dry charcoal powder, or
black-flux, with the dry substance, previous to its introduction into
the drawn out portion of the tube, which for this purpose has a
gmall bulb blown at its lower end. The sublimation of metallic
arsenic is accompanied by the characteristic garlic odour.

KCy reduces arsenical
\ compounds—oxides as well
as sulphides—with forma-
tion of potassic cyanate or
sulphocyanate. A mixtore
of potassic cyanide with
Fro. 10. the arsenical compound 18
heated in a bulb tube, @

(Fig. 10). Metallic arsenic is deposited at b.

The changes are expressed as follows :—
9As,0, + 6KCy = 6CyKo + Asg.
Potassic
cyanate.
2A8,S; + 6KCy = 6CyKs + As,.
: Potassic
sulphocyanate.

Fra. 8.
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But since potassic cyanide contains potassic cyanate, as well as potassic car-
bonate (its composition may be expressed by the formula 5KCy + CyKo +
£00Kos), a portion only of the arsenic in As S, 13 obtained in the metallic
form, and a sulpharseniate is formed which is not reduced by potassic cyanide.
On mixing the arsenious sulphide with sulphur, the whole of the arsenic remains
behind in the fused mass, as sulpharseniate, and no metallie deposit is obtained.
(In the presence of sulphides Pb, Cu, Ag, Au, Ni, Co, Fe—as, e.g., of FeS,,
in arsenical pyrites, NiSs, in nickel glance—which are reduced to the metallic
state by the action of potassic cyanide, scarcely any arsenical mirror is obtained,
because the liberated metallic arsenic—a portion only of the arsenic being liberated
—would immediately alloy itself with the metals.) These changes are expressed
by the equations :—

(1) 5As:8; = 8488, + As,
(2) 4A8.8; + 12C00Ko; = 5HAsSKs; + 3As0Koy; + 12C0,.

The reduction is generally effected by mixing dry arsenious sulphide with one
part of potassic cyanide and three parts of sodie carbonate, and introduecing the
mixture into a piece of combustion tube, C, drawn out to a point, as seen on a
larger scale in Fig. 11, A slow current of carbonic nnhydrir.lila generated from

Fia, 12,

marble and hydrochlorie acid in the flask A, Fig. 12, and dried by passing
through # into the flask B, containing coneentrated sulphuric acid, and out
through the delivery tube ¢, is passed over the mixture in the tube C, heated at
first. 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
sme Wy,

In order, however, to avoid missing the arsenie, either altogether or obtaining
ﬂﬂllj a portion of it, as stated above, it is preferable to treat the arsenious sul-
phide “'Ill-ll a few drops of concentrated nitrie acid, and to evaporate with a little
sulphurie acid (in order to decompose any metallic nitrates, if present). The

G
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sulphurie acid 18 next neutralised with sodie carbonate, and the mass thoroughly
dried, before mixing it with potassic eyanide and reducing it as described. I%I'he
fused mass retains the antimony, and a good arsenical 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 (arsenions hydride)—As"'H; This gas is obtained pure
by acting with dilute sulphnric acid upon an alloy of zinc and
aprsenic. The zinc takes the place of the hydrogen in the acid, and
arsenietted hydrogen is liberated, thus .—

.&.Bana + BED-;HD; = BED-;EIT[E'” “+ B.&EH@

Arsenietted hydrogen is an exceedingly poisonous gas, and the
student should on no account attempt to prepare it pure. Its
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 naunseous odour, and buorns
with a peculiarly livid blnish flame, when the jet of hydrogen and
arsenietted hydrogen gas i8 lighted, owing to the combustion of
arsenic to arsenions anhydride which rises in white fumes.

Grenerate hydrogen in o flask, a, F*‘.F. 13, from pure zine (free from arsenic)

i

and pure dilute sulphurie acid. Dry the gas by passing it over ealeie chloride
and connect the drying tube, b, with a piece of hard glass tubing, ¢, drawn out

e
= L~

Fio. 13.

to ajel. The hydrogen gas ma be ignited at the jet, as soon as it has displaced
.Eﬁa“silir in the _yef:':m-a%mg g}:'asir, {r-, and drying f-m{m.l b It I;mrns with an almost
colourless flame if the zine and acid are pure. On introducing o few drops of an
arsenious or arsenic acid golution through the funnel-tube, the flame is seen to
change to blue, and on holding & piece of porcelain (e.g., w dish, or the lid of a
porcelain erucible) into the flame, & black mirvor or deposit of metallic arsenic 18
obtained. Or the metal may be collected—by heating the glass tube through
which the arsenietted hydrogen passes—in the form of n metallic ring, d, which
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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 e
towards d.

Spveral 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 n
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
arises from the decomposition of the arsenietted hydrogen, which,
at a high temperature, is broken up into arsenic, which is deposited,
and hydrogen, which passes on and burns at the jet, The decom-
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),
becanse the combustion is disturbed, and the temperature of the
flame snddenly lowered. The flame can only burn where it is in
contact with air, i.e., on the ontside. The arsenietted hydrogen on
pa%sing throngh the inner portion of the flame, is decomposed by the
heat 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 h}'ﬂrngen takes Plucu, even if very lLittle of the gas he
mixed with much hydrogen gas, and fhis fest—known as Mursh's
tesl—is therefore extremely delicate, *
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It is of paramount importance that both zine and sulphuric acid should be
tested first. This is done by ﬁl;emﬁng hydrogen, a.ncf allowing the pgas to
eiﬂnpu by itself for some time, through the eombustion tube ignited in several
PLACEA. :

Care al}n:-ulc'l also be taken to aveid introducing nitrie acid, since arsenietted
hydrogen is readily decomposed by this acid. Tt is therefore preferable to dis-
. golye arsenical compounds in hydrochloric 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

@as s.u,nalu!_:;uua to m_-aemetteﬂ hydrogen, called antimonietted hydrogen

(antimonious hydride), SbH. It is prepared by acting with dilute

gulphuric or hydrochloric acid upon an alloy of three atoms of zine
and two atoms of antimony, thus :—

E-hgzﬂa + BEDEH% = SBﬂzan" 4 23hH5+

Mixed with hydrogen gas it is obtained by introducing into a
hydrogen apparatus a few drops of an antimony solution (SbCl,
Sb0.Ko, or tartar emetic). The hydrogen flame turns at once
bluish-green, and white fumes of antimonious oxide, Sb,0s, ascend
into the air. The gas has no odour and is not poisonous* On
depressing a cold piece of porcelain into the flame, metallic anti-
mony is deposited, and on heating the combustion tube, as in the
ease of the arsenic experiment, the gas is likewise decomposed into
metallic antimony, which collects in the narrowed portions of the
tube and forms a dull black mirror, and hydrogen, which escapes
and can be burnt at the jet.

Since both arsenic and antimony produce a metallic mirror, guch
mirror may be due to either metal or to a mixture of the two metals
(in which case, however, the more volatile arsenic is deposited
further away from the flame, and a part of the antimony is found
anterior to the spot where the glass tube is heated), and it is obvious
that we must make further experiments in order to distinguish the
arsenic from the antimony i the mirror itself.

This can be done very readily—

1st. By adding to the mirror obtained on cold porcelain a concentrated solu-
tion of bleaching powder, or of sodie hypochlorite (eas de ;{ﬁuelie) ; or by simply
pxposing the mirror to chlorine gas, evolved by treating o little bleaching powder
with dilute hydrochloric acid : tha arsenical mirror is speedily dissolved ; antimony

only after some lengthened exposure, thus :—
Asy + BCINao = AsyOp + 5NaCl.

gnd. By passing o very slow current of dry sulphuretted hydrogen through
the glass tube, containing the arsenic and antimony mirror, anil u,]:-plymﬁa.geut e
heat. The metals are converted into sulphides—uorsenic into lemon-yellow arse-
nious sulphide, and antimony into a black or partly orange-red antimonious
if both metals are Fremnb, ihe two sulphides appear side by gide ;

sulphide ; and, 1 : : 1
the former somewhat in front of the lntter, nrsenious sulplide being the more

volatile of the two sulphides. On passing next a current of dry hydrochloric
acid gas without the application of heat, antimonious _aulplndq disappears
entirely, being converted into antimonious chloride, which volatilizes in the

% The evidence on this point appenrs to be doubtful.
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ourrent of hydrochlovic acid gas, and may be sed into water and tested by
means of sulphuretted hydrogen. Arsemious su phide remains unaffected, even
if the hydrochlorie acid gas be passed over it for some time. The residuary arse-
nious sulphide dissolves readily in hydric ammonic carbonate, COHoAmo.

Antimonietted and arsenietted hydrogen can moreover be distinguished from
each other by passing a slow current of the mixed gases into a solution of
argentic nitrate ; argentic oxide, acting the part of an oxidizing agent, converts
arsenietted hydrogen into arsenious acid, thus :—

AsH; + 6NOsAgo + 30H; = Ags + AsHo, + 6NO;Ho.

Antimonietted hydrogen is not acted upon in like manner. The oxidation
extends only to the hydrogen and not to the antimony, the metallic silver taking
the place of the hydrogen, thus :—

SbH, + 3NO,Ago = SbAgy + aNO,Ho.

The arsenious acid is separated by filtration from the insoluble ShAg, and
Ag. On cautiously adding to the filtrate a dilute solution of ammonic hydrate,
a yellow precipitate of triargentic arsenite is obtained, where the two layers
of the ammonic hydrate and acid solution meet.

The vesidue is boiled with a solution of tartavic 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 hydrochlorie acid,
and pass sulphuretted hydrogen. An orange precipitate indicates antimony.

QUESTIONS AND EXERCISES.

Which are the most important natural compounds of arsenic ?

Translate into graphic formule the symbolic formule of realgar, orpiment,

copper nickel, smaltine, nickel ochre.

. Adduce evidences of the trind and pentad nature of arsenic.

. What changes does metallic arsenic undergo when heated, 1st, by itself, in a
current of a neutral gas (GO, or H) ; Zndly, in confact with air; Brdly,
in contact with chlorine ? :

. How is metallic arsenie obtained from white arsenic

How can arsenious compounds be distinguished in the presence of arsenic

compounds ?  Give several methods.

. What action has sulphuretted lxyMnLgleu upon an acid solution of arsenious

and npon a solution of arsenic acid ?

. Express by an equation the reaction which takes place when arsenious
sulphide is dissolved; 1st, in NaHo; 2ndly, in SAmy; 3rdly, in
C0HoAmo.

9. What precipitates ave produced when argentic nitrate is added to a neutral
golution of an arsenite, or arseniate ?

10. Why is triargentie arsenite, in an ammoniacal solution, converted on boiling

into trinrgentic arseniate ? Express the change by equations.

11. What is the action of magnesic sulphate in an ammoniacal solution (so-called

magnesia miztwre) upon arsenious and arsenic solutions ?

12. Give a few instances of the reducing action of arsemious compounds. Ex-

press the changes by equations.

13. BExplain the oxidizing action of chlorine, bromine, and ioding upon arsenious

compounds.

14. What takes place when metallic copper is introduced into a dilute hydro-

ﬁslar%c acid solution: 1st, of As.Oy; 2ndly, of As,0; (Reinsch's

O

B =T e

15. ExPl“iﬂ_“Pi}ﬂT what conditions arsenic, as well as arsenious compounds, act
:_H- oxidizing agents. Give examples, and express the changes by equa-
1ons.

16.

Explain why a portion of the arsenic only is liberated, when an arsenical
sulphide is heated with potassic cyanide. Giive equations.
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17. Explain how the presence of free sulphur, or the presence of certain metallie
sulphides infliences the reduction of arsenical compounds by potassic
eyanide. Give equations.

18. Explain the reduction of arsenieal compounds by nascent hydrogen (Marsh's
test), and show by equations the formation c-g arvsenietted hydrogen.

19. What change does arsenictted hydrogen undergo : 1st, when burnt in the
nir; 2ndly, when passed through a tube heated in one or more places;
3rdly, when passed into a solution of argentic nitrate ; 4thly, when
through concentrated nifric acid ?

20. Explain the formation of antimonietted hydrogen and state—1st, what pro-
pertics arsenietted hydrogen has in common with antimonietted hydro-

gen ; and, 2ndly, how 1t differs from the latter in its chemical deportment
with argentic nitrale.

921, How would you distinguish between an arsenic and antimony mirror ¢

29 State how arsenic ean be separated—Lst, from antimony, 2ndly, from tin.

23, 1'2 grm. of finely divided gold has been obtaived by boiling a solution of
arsenious acid with aurie chloride : how much AsOy by weight did the
solution eontain?

24. Caleulate the percent composition of ammonic wagnesic arseniabe,
(AsOAmoMgo” + ﬁ?ﬁq]

4. GOLD, An’ and’”’.—Gold is generally found native and is
then readily recognised by its colour, malleability, and physical
character generally. Gold ocenrs in anything like considerable
quantities 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 cold.

To detect gold in argentiferous minerals in which it is present only in minute
quantities, an assoointed with lavge quantities of other mon-volatile metals, the
p:m-d:-.rml mineral is fused with borax and metallic lead, and the metallic bpttup
cupelled, as will be described under gilyer. The globule of white metal which is
]ﬂl‘lt on the cupel is beaten out, and the silver dissolved by digesting with a
little nitric acid in o small porcelain dish. The argentic nitrate is poured off,
and the gold washed with distilled water. The black insoluble residue 15 once
more fuged on chareoal before the blowpipe, when it assumes the well-known

arance of fine gold. : : :
ﬂ'[jl\‘:{ll.‘lldl silver minagfraquanﬂy contain o small quantity of gold, which, on dis-
golving in nitric acid, 18 laft as a black Iiwwderr i _

When an insufficient quantity of silyer is present in the button (which may
be inferred from its pule-yellow colour), from two to four times its own weight
of silyer should be fused up with it, and the button so uhla.}:md beaten out and
then treated with nitrie acid in order to separate or * part™ the guld.—ﬂfemad

af assaying gold.
EXAMINATION IN THE WET WATY.

Gold when unalloyed is goluble in aqua regin only, forming a
SOLUTION OF AURIC CHLORIDE, AuCl, which may be employed for
tndvine the reactions in the wet way. _ .
E mgm:g {mnp.r:agent} gives from a cold solution a black preci-
pitate of aurie sulphide, A1,S;, from a boiling solution, a brounish
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precipitate of aureus sulphide, Au,5 = { ui.::.:s". These precipi-
tates ave insoluble in hydrochloric and nitric acids, but rlissn:-_lve in
ua regia. They are likewise insoluble in normal ammonic sul-
phide, but soluble, although with difficulty, in yellow sulphide, more
readily in yellow sodic sulphide, with which they form a sulpho-salt,
AuNas;,.
SAm; and 8S0Nao,, same precipitate.
KHo or NaHo produces no precipitate.
AmHo produces from a concentrated solution of aurie chloride a
reddish yellow precipitate of ammonie aurate or fulminating gold,

N"H,HoA
(NH;):Au, 04 = H"H:HE AED’ thus :—

9AuC), + 8AmHo = (NH,):Au,0, + 6AmCl + 50H,,

The detection of gold is attended with no diffienlty, owing to
the facility with which auric chloride is reduced to the metallic
state. (Gold 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 brought in contact with bodies which have more
aftinity for the metalloids, leaving metallic gold in a finely-divided
condition, as a brown powder, which acquires metallic lustre when
dried and rubbed ina mortar. Hence in auric chloride we possess a
powertul 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 oxalic
acids, ferrous sulphate, or chloride, cuprous chloride, dissolved in
hydrochloric acid, mercurous nitrate, potassic nitrite, sugar in an
alkaline liquid, and many other organic substances (e.g., the epider-
mis) ; arsenietted, antimonietted, and phosphoretted hydrogen
decompose AuCl, likewise.

The following equations express these changes :—

(1) 2AuCl;, when ignited splits up into Au. + 3CL.

(2) Au.S; 1 1 1 Auy + 8,

(3} E.a..uﬁ-'ls + EEDEM + EGHJ_» = Auy + Bﬂ'ﬂgﬂ-ﬂg + GHUCL.

() 2au0l, + 3 ggg'; = Au; + 600, + BHOL

(5) 2AuCl, + 6FeCl, = Auy + 3Fe,Cl;

{'E':I 2-&11[-—']; + EBD:FE‘:I” = ..I"I.Hg + F'E-_‘CI"; g EsﬂDBFEjﬂ'ﬂ-
{7} EA.UCI.;Q = EGUTC].E = .ﬁ.llg += ﬁ'c'll'cl-g.

(8) 2AuCl, + %gzugwﬂ 0 e 3%321[@" + 3HgCL.
(9) 2AuCl; + 3NOKo + 80H; = Au, + 3NO.,Ko + GHCIL

{1“:’ EAIIG]; G o 2“1[3 ik 30"]3 = Allg_
(11) 2AuCl; + 8bll, = Aug

2ZAslHo, + GHCL.
Sbll, + SHCL

+ =+

In the analysis of a solution containing gold, as well as some
other metals of Group IT, precipitable by SH,, it is usual to first
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remove the gold in the metallic state, by boiling with oxalic and
hydrochloric acids, before passing SH.. The precipitated gold is
collected on a filter and fused to a button on charcoal.

Gold is precipitated from a hydrochlorie acid solution of AuCls
by most metals, even by Pt, Ag, and Hg.

QUESTIONS AND EXERCISES.

1. How would you treat a silver coin containing & small quantity of gold, in
order to extract this latter metal from it ?

9. How is AuCly prepared ?

3. Describe how pure metullic gold is prepared from AuCly, in the wet way.

4. Explain the change which AuSy undergoes, 1st, when gently heated in a
Eu]'b tube ; 2ndly, when heated in a tube ogan at both ends.

5. What reaction takes place when AuCly is brought together with bodies
which have any latent bonds left? @ive instances of such reactions and
express the changes by equations.

6. How can gold be separated from an alloy of Au, Ag, and Cu? :

7. 987 s, of o gold mineral, when treated with nq}u:a. rogin and reduced by
Fell,, yield "53 grm. of metallic gold ; what is the percentage of gold n
the mineral ¥

g, How much chlorine gas, by weight and by volume, can be obtained by the
ignition of 1:25 gru. of AuCly?

9, What action takes place when a piece of gold 18 suspended from the positive
olectrode in o bath of AuCl, metallic -:ullmp&r forming the megative elec-
trode? HExplain the process of electro-gilding,

5 PLATINUM, Pt" and v.—This metal 18 found native,

but more frequently alloyed with other metals. It is characterized
by its infusibility before the blowpipe, and 18 not acted mpon
hy the usual fluxes. Tt can, therefore, only be examined in the wet
Wiy, , -
JUna,llayaﬂ platinum 18 not attacked by either nitric, hydrochloric,
or sulphuric acid, but by agqua regia, with formation of platinie
chloride, PtOL. A SOLUTION OF purs sap is employed for studying
the reactions of platinum.

SH. {grnuu..rcngent] produces glowly a dark brown precipitate of
platinie disulphide, Pt<,. On heating, the precipitate forms guickly.
Tt is insoluble in nitric or hydrochlorie acid, soluble in aqua regia;
difficultly soluble in normal ammonic sulphide, more 8 pedily in

ellow sulphide, with which it forms a gulpho-salt, S Ams,.
%[e:&teﬂ out of contact with air, it is decomposed into "Pt'S and 8.

S Am,, same precipitate. e

PtCl, 1s interesting on acconnt of the :}umpcr].mda which it forms
with the chlorides of the alkali metals (and ‘.l'i"‘l.ﬂl the chlorides of
many Organic bodies, ‘e.g., the so-called alkaloids, such as guinine,
nicotine, ete.)- : T

AmC] produces & Tight yellow nrystalh:ne pTEGlP’I:GihtE of ammonie
piatinic ehloride, 9 AmCl,PtCL. From dilute solutions & precipitate
is obtained only after evapnmticn to (11'5"11‘!353 on a ?.fﬂ,terab&th. The
prnuipilnte is somewhat soluble in water, insolnble in alcohol.
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KClI produces a yellow crystalline precipitate of potassie platinic
chlorige, 2K C1,PtCl,;, analogous in its appearance and properties to
the precipitate just deseribed.

NaCl forms with platinic chloride a double chloride, which is, however,
soluble m water, and is obtained in needle-shaped erystals only after considerable
evaporation.

The precipitate produced by platinic chloride with AmCl and
KCl serves for the detection and isclation of platinum, and vice versd,
for the detection of ammonium or potassinm compounds. (Comp.
Chapter II).

Platinum is capable of forming a lower chloride, viz., platinons
chloride, "Pt"Cl,, in which the platinnm acts as a dyad. This salt
is obtained by heating the platinic chloride for some time in an air-
or oil-bath up to 204° C., as long as any chlorine is evolved ; or by
acting with sulphurous acid npon a solution of platinic chloride,
until the latter ceases to give a precipitate with ammonie chloride.
PtCl, is a greenish-grey powder, insoluble in water, but soluble in
hydrochlorie acid.

Several reactions in the wet way for platinum are based upon
the power, which its salts possess, of oxidizing other bodies which
have some bonds left unsatisfied ; but as platinic salts are not so
easily 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 8nCl, only a dark brownish-red colonr,
owing to the reduction of the platinic to platinous chloride.
~ PtCly is reduced by Eﬂgﬁuu” only after long-continued boil-
lﬂg.

PAOL is reduced to platinum by formio acid, { SOH, o0 heat-

ing, if the free acid be neuntralized with sodic carbonate.

Metallic zine precipitates metallic platinum.

It is obvious 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 IT, 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 platinnm 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 PtS; are strongly
ignited in a porcelain erucible P

3. How much Pt will be left, when 15 grm. of 2AmCLPtCl, is ignited ?

4. Calculate how much potassic platinic chloride ought to be obtained from
921 .of KO

5. How is platinons chloride prepared ?
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Separation of the metals arsenie, antimony, and tit, whose sul-
phides are soluble in yellow ammonic sulphide, or in sodic Ty drate.

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 stannic sul-
phide may be inferred, if orange-colouved, antimony should be
looked for.

The three sulphides are unequally soluble in hydric ammonic
carbonate. AS,S; dissolves freely, SniS, very slightly, and SbsSs
is insoluble. On digesting, therefore, the precipitate with
COHoAmo, and filtering, arsenic 18 obtained in the %’ltrate, and
antimony and tin are left in the residue. In order to separate the
remaining two metals, the antimony is converted into antimonietted
hydrogen,—tin does not form a gaseous compound with hydrogen.
For this purpose the two sulphides are dissolved in hot hydrochlorie
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 ClNao.
Tin is found in the generating flask asa powder. The greyish black
metal is removed from the andissolved zine, dissolved in hot hydro-
chloric acid (by the aid of a little platinum foil), and the solufion
tested with mercuric chloride. A white precipitale of mercurous
chloride, Hg.Cls, indicates the presence of tin.

The separation of arsenic, antimony, and tin, may thus be based

upon—

1. The solubility of A8:S, in hyydric ananonic carbonate.

9, The formation of antimonietted hydrogen.

3. The precipitation of tin by metallic zine.

A tabular scheme, embodying this method of separation, will be
found in Table IT in the Analytical Tables at the end of the book.

Qeveral other methods of vecognizing and separating the metals
tin, antimony, and arsenic, will readily suggest themselves. The
student should draw up tabular schemes, embodying the following
five methods.

A method of separation of As, Sh, and Sn, may be based upon:—

1st. The oxidation of As.S,, Sb,S; and 8nS by concentrated
nitrie acid ; and the sonversion of the three oxides (by fusion with
caustic soda in a silver erucible) into sodie metantimoniate, arseniate

and stannate.
ond. The insolubility of SbO,Nao in cold water and alcohol

(AsONao, and SnONao; being soluble). .
grd. The conversion of AsONao, and SnONao, into As,S; and
8n$, by means of gulphurous acid and snlphuretted hydrogen.

Ath. The volatility of As.S,, when heated in a current of dry

SH, gas, SnS being non-volatile. & ; .
sth, The absorption of the volatilized Ag,S, in a solution of
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sodic hydrate, oxidation by chlorine and precipitation as
AsOAmoMgo". : '

6th. The conversion of the non-volatile SnS into 8nO. by
ignition in air.

Another method is based upon :—

Ist. 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 hoiling the precipitated As,S, and Sb,S, with hydrie
potassic sulphite and sulphurous acid ; As.S, i8 converted into
potassic metarsenite, 8b,S; remains undissolved.

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 8b,S; and 8nS, with
concentrated nitric acid and boiling with tartaric acid; 8b.,0, is
soluble, 8n0, remains undissolved.

A fourth method of recognizing arsenie, antimony, and tin, is
based npon :—

1st. The introduetion 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 precipitated on the zine.

2nd. The solability of the precipitated 8bAg, in tartaric acid,
and precipitation of the antimony by means of sulphuretted
hydrogen from a hydrochlorie acid solntion.

Srd. The precipitation of the AsAgo, from the argentic nitrate
solution by means of ammonia.

A fifth method of recognizing the metals of Group IIs, depends
nupon :—

1st. The insolubility of As,S; in strong hydrochloric acid, 8b,S,
and 8Sn8S, being dissolved. The presence of arsenic is confirmed by
fusion with potassic cyanide and sodie carbonate.

2nd. The precipitation of the antimony on platinum by means of
a strip of metallic zine; a black stain indicates antimony. :

3rd. Dissolving the tin precipitated on the zine in warm dilute
hydrochloric acid, confirming it by means of mercuric chloride.

PRACTICAL EXERCISES AND QUESTIONS ON GROUP IIm

1. Sulphuretted hydrogen produces a fine yellow precipitate, a portion of which
18 soluble in yellow ammonic sulphide.  What inference would you draw
from this, and how would you examine both the solution and the residuary
yellow sulphide ?

2. Describe several methods for separating As from Sb.

3. Examine some green paper-hangings for As (Scheele’s green).

4. Test a sample of commercial hydrochloric acid for As and Fe,
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5. Separate As from Sn in a solution of 8nCl, and As,0j, containing 500 grm.
of 8n, and ‘020 grm. of As. -

6. Analyse a solution containing "010 grm. of As and '100 grm. of Sh, by con-
verting the two metals into the respective hydrogen compounds.

7. You have given to you a hydrochloric acid solution containing “200 grm. of
Sn and 020 grm. of Sb; also a strip of zine and a piece of platinum foil.
Describe how you would separate the two metals.

8. Test a sample of iron pyrifes, FeSy, for arsenic, in the dry and in the wet
way.

9, A precipitate consists of SbyS; and As.8; Describe different methods
of a.}:ll:l.al sis, and state the possible causes of error inherent upom
melhod.

10. Analyse a mixture of Sn0; and 8b,0y, both in the dry and wet way.

11. You have given to you o solution, containing potassic arsenite and arseniate.
State how you would identify the two oxides of areenic in the presence of
each other.

12. Test a solution of stannie chloride for stannous chloride.

13. HM; ;}m}dj%u dotect traces of antimonic chloride in n solution of antimonious
chloride

14. What are the changes which As.:S;, SbsS; and 8nSs undergo, when they
are treated with concentrated nitrie acid and when the products of the
oxidation are fused with caustic soda ? "

Cuarrer VI
REACTIONS OF THE METALS OF GROUP 1.

This group comprises the metals SILVER, LEAD, and MERCURY in
the form of mercurous compounds, which ave precipitated by dilute
hydrochloric acid,

1. SILVER, Ag'.—This metal occnrs native ; also as sulphide
in silver glance, BAg,, and in eombination with antimony, a8 § pho-
galt in trinulplm,r%ent.iu orthosulphantimonite, or dail red silver ore
(pyrargyrite), Aggy; with arsenic as trisulphargentic sulphar-
genite, in proustite, ABAgs;; 08 CHLORIDE, AgCl, in horn silver, and
other ores.

EXAMINATION IN THE DRY WAY,

Place a small quantity of powdered silver glance towards the
middle of a hard glass tube (combustion fubin of about 1 inch
internal diameter, cuf with a sharp file into lengths of 5 to 6 inches,
answers best). Heat the powder gradually by moving the tube
about in a Bunsen gas flame, and lastly, heat it strongly towards the
centre. By holding the tube in a slightly slanting position, a current
of air is made to pass over the ignited sulphide ; the sulphur becomes
oxidized and is carried off as sulphurous anhydride, readily recog-
nisable by its pungent odour. Metallic silver is left, together with
a little argentic sulphate. "

Other volatile bodies, ench as antimony, arsenic (seleninm and
tellurium), which are frequently present in pyritical silver ores, are
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likewise oxidized, but are, to a great extent, deposited as As,0O; and
8Db,0,, in the cool part of the tube.

Mix a little of the finely-powdered silver glance (or of the roasted
ore) with sodic earbonate, and heat upon charcoal under the re-
ducing flame of the blowpipe. A glnbuln of bright metallic silver
is left, which is, however, almost invariably contaminated with a
little carbon.

Silver ores which contain no other fixed element but silver, are
reduced on charcoal to the metallic state by a simple fusion with
sodic carbonate. Antimony and arsenie, if present, are readily vola-
tilized as metals, before the reducing flame. The sulphur combines
with the alkali metal.

Silver ores which contain non-volatile metals, such as copper,
iron, ete., as in argentiferous fahl ore, and from which the metal
silver ecould not be 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 up in a small piece of assay lead ;¥* in-
trodunce it into a cavity, made in a good piece of charcoal, and fnse
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 bead,
which does not adhere to the charcoal. Should the metallie button,
on cooling, present a dull grey surface, indieative 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
eupelled on some bone-ash (tricaleic 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, forming a mass of fused litharge around the
metallic bead. If one cupellation does not yield a brilliant white
glnbula of silver, i.c., if the copper has not been entirely removed—a

act which is indicated by a black colour, instead of the pale yellow

colonr of the litharge, in the cupel—the eupellation of the button
must be repeated in a fresh cupel, and the button, if necessary,
re-melted with a small quantity of assay lead. The silver not being
an oxidizable metal, is obtained in the metallie state.

Small quantities of silver must be separated from lead (as well as
from other metals), by cupellation.

Fuse some finely-powdered argentiferous galena, PbS,8Ag. (or
PbAgs,), on charcoal before the reducing flame of the blow pipe.
either alone or with sodic carbonate. A bead of an alloy
of much lead and very little silver is left. Fxpose this
bead on a small eupel (Fig. 15) to the oxidizing action
of the blowpipe flame. The lead is oxidized and absorbed ¥ 15.
by the cupel, metallie silver being left.

* Lead free from silver, prepared from plumbic acetate,
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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; = 9NaCl + CO; + O + Ags

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 soluble ehlorides (NaCl, ete.), give a
white cwrdy precipitate of argentic chloriae, AgCl which turns
violet on exposure to light. The precipitate is insoluble in water
and dilute acids; slightly soluble in concentrated nitric and hydro-
chloric acids ; readily soluble in ammonic hydrate, potassic cyanide,
and sodic hyposulphite; coluble also to a perceptible extent in
concentrated hydrochloric acid and in saturated solutions of alka-
line chlorides, more particularly when heated, whence the dis-
solved argentic chloride is, however, reprecipitated on dilntion
with water.

Collect the ;:rccipitntml AgClon n filter and dry over @ gand-bath. Fuse a

portion of the dried salt in a porcelain crueible over o small gas-flame. The
white powder fuses ; it undergoes a mere physieal change, and leaves on cooling

a hard mass, called horn .ril!ner.

Place a smull Fiem: of zine on the fused horn silver, and add a drop of dilute -

hydrochlorie acid and a little water. A voltaie action is set up between the
metallie zine and silver. The zine removes the chlorine and leaves the metallic
gilver. The same action takes place when the white eurdy precipitate of argentic
chloride is brought in contact with strips of metallic zine.

This forms & convenient method of recovering silver from silver residues.

NaHo or KHo precipitates argentle oxide, OAgy, in the form of
a brown powder, which, on strong igmtion, gives off oxygen, and 18
converted into metallie silver. e

AmHo, when gradually added, precipitates argentic oxide, readily

goluble In excess.

SH, precipitates Llaclk avgentic sulphide, SAg,, from ucid solu-
tions ; ingoluble in dilote acids, in alkalies, alkaline sulphides, and
potassic eyanide ; veadily soluble ‘n dilute boiling nitric acid, with

separation of sulphur. 2
SAm, (or any soluble sulphide) precipitates from nentral soln-

tions black argentic sulphide. 2
HI or K1 gives & yellowish precipitate of argentic toaiae, Agl,
insoluble 1 dilute nitrie acid ; almost insoluble in ammonic hydrate
(DISTINCTION BETWE ex AgCl and Agl). lad

HBr or KBr gives yellowish white curdy p_t‘empﬂ:&t& of argentic
promide, AgBT, insoluble in dilute nitrie acid ; difficultly soluble
in ammonic hydrate; readily soluble in potassic cyanide, or godic
hyposulphite ; decomposed by concentrated hydrochloric acid, with
evolution of bromine VApPOur and conversion into AeCl

HCy or KCy gives a wwhite curdy precipitate of argentic cyanide,
AgCy, soluble in excess of the reagent ; insoluble n dilute nitric
acid ; soluble in ammonic hydrate, but reprecipitated by dilnte nitric

B . — .
it
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acid ; solnble in sodic hyposulphite. The precipitate is decomposed
by concentrated boiling nitric acid; it is decomposed also when
heated by itself in a porcelain crucible, to paracyanide, metallic silver,
and cyanogen gas (pistiyerion From AgCl, Agl, axp AgBr).

Place a bright and clean strip of copper into a solution of
argentic nitrate. The copper becomes rapidly covered with a
lustrous coating of metallic silver; and the solution, after a time,
gives no more precipitate with hydrochloric acid. The silver is
deposited on the copper in the metallic state, and the solution
contains now N;0,Cuo”: an eqnivalent gnantity of EGPEEI' (655
hyl' wdeightr of copper for every 216 of silver) having been dis-
solved.

Place a small globule of mercury into a concentrated solution of
argentic nitrate on a watch-glass. The globule of mercury becomes
rapidly covered with a crystalline mass, resembling some vegetable
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 argentiec nitrate, mercuric nitrate, N.O;Hgo"”. Metallic
silver is precipitated and forms with the mercury an amalgam
which is erystalline. This crystalline mass is termed a silver free
(arbor Diance).

Strips of the metals Zn, Fe, Sn, Sb, Pb may likewise be employed
for the precipitation of metallic silver.

These changes illustrate the action of the more electropositive
metals upon solutions of less electropositive metals, induced by vol-
taic electricity. They come under the third class of chemical changes,
viz., displacement of one element by another element,

Take a clear solution of one part of grape sugar and 6—8 parts
of distilled water, and a somewhat dilute solution of argentic
nitrate. 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 metallicsilver can be filtered off and fused on charcoal,
before the blowpipe, to a brilliant globule.

The cause of the reduction of the argentic salt must evidently be
sought for in the grape sugar. We have seen that argentic oxide
loses its oxygen readily onignition. Certain organic substances, such
as grape sugar, formic acid, and aldehyde, are known to combine
cagerly 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, { Gf]ii g0’ ina covered
H
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poreelain crucible. 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.

1. How is argentic nitrate prepared ?

3, Why do HCl, HI, ete., precipitate silver from its solutions?

3. What change takes place when silver glance is ronsted in a tube ?

4. How is Ag separated from Pb in the dry way?

6. Write out the equations for the reactions of silver in the wet way.

6. E*i:; :hu graphic formule for silver glance, dark red silver ore, proustite, and
ahl ore.

. HoI mluch NaCl will be required to convert 1'6 gmm. of NO:Ago into

?
8. A dilute solution of hydrochloric acid (containing *00365 grm. of the acid in

one cubic centimetre of the solution) 18 precipitated with HD;L%D.
How much AgCl by weight do we get from 150 e.c. of the acid solu-
tion ¥

9. How muu;l metallic copper is required Lo precipitate 1 grm. of argentic
nitrate

10. What is the percentage composition of argentic H.[:Bliﬂ-tﬂ,{ ggig B and how

much silver will be left when, when 451 grm. of acetate is ignited 7

11. How is argenlic nitrate converted into sulphate, and how much of the latter
salt can be prepared from 10 grms. of argentic nitrate ?

12. What change does AgCy undergo upon ignition !

9. LEAD, Pb" and ¥.—Occurs in nature chiefly in combination
with sunenur, as PbS", in galena; also a8 CARBONATE, in lead spar
or white lead ore, COPbo"; as SULPHATE, in lead vitriol, 80sPbo", in

GEPbﬂ” | GO

lead hillite, GDPhu”Pbc”, and in lanarkite, BDﬂPhﬂ'”g; as OXYCHLO-
bo" |

RIDE, in mendipile, Ph(l,,2Pb0, = ¢l—Pb—0 —Pb—0—Pb—Cl; as

PROSPHATE and OXYCHLORIDE, in Pymmnrphit&, P;,UaPho”.(gle“ 3

EXAMINATION IN THE DRY WAY.

The principal blowpipe reaction consists in reducing lead com-
pounds on charcoal to metallic lead, either by themselves, or in
conjunction with sodie carbonate, or potassic cyanide, and 1n the
yellow inerustation of oxide which they yield, which disappears
when heated in the oxidizing flame, imparting a blue colour to the
flame. The change swhich takes place when galena is heated with
godic carbonate in a srucible, out of contact with air, is expressed

by the equation :—

"PbS + 4CONao; = APh + 9PbNas. + S0,Nao, + 4C0:;
Fusible slag.

but when heated in contact with air, or in the presence of an
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oxidizing agent, such as saltpetre, the loss of lead in the slag is
avoided, thus:—

PhHﬂ.ﬁ-j e 70 Ar GOHﬂﬂg — Ein + EEDQNRGH. -+ GUQ

When galena is roasted in a glass-tube open at both ends, it is
converted into 80,Pho’’, PO and 80,, thus :—

(1) PbS + O, = S0.Pbo".
(2) PbS + Oy = PbO + 80,

With borax and microcosmic salt, lead compounds give in the
ounter flame a clear yellowish glass (owing to the combination of the
PbO with the boric or phosphoric acid, and formation of a sodie
plumbic borate or phosphate), which is colourless when cold.

All lead minerals, especially the antimonial sulpho-salts, boulangerite, 8b,Phsy,
bournonite, SbyPbs"y(CusS"),” jamesonite, 8b,S,;Pbs”’Phe"s, and argentiferous
galena, contain more or less silver, as may be ascertained by carefully cupelling
the metallic button on charcoal (comp. silver, page 95).

The presence of antimony, arsenic, and sulphur reveals itself, when these ores
are heated on chareoal (garlic odour and fumes of As;0,, or 8b,0,), or in a glass-
tube open at both ends (white sublimate, fumes, and odour of B80,).

REACTIONS IN THE WET WAY.

For the reactions of lead in the wet way we employ either a
SOLUTION OF PLUMBIC NITRATE, ﬂgzPhn”, or af.eta.f&( { gg’ +Pho'" ;
most other plumbic salts being insoluble in water,

HCI (group-reagent), or seluble chlorides give, with a not too
dilute solution of plumbic salts, a heavy white precipitate of plumbic
chloride, PbCl, soluble in much cold water, readily in boiling
water, from which the plambic chloride crystallizes out, on cooling,
m fine needles ; less soluble in solutions containing dilute hydro-
chlorie or nitric acid. Ammonia converts it into a basie salt, of the
composition, PbHoCl (plumbic chiorohydrate),—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 white basie sait, insoluble in excess. The
precipitate forms only slowly in a solution of plumbic acetate.

_SH, pmcigitates black plumbie sulphige, PbS, from acid solu-
tions. If a large excess of hydrochloric ;Eir] be present, the pre-
L . Cl
cipitate is veddish brown, consisting nf{ S » (diplumbic sulpho-

Pb(l
dichloride). On diluting considerably with water, a black precipitate
18 obtained.

SAm,, or soluble sulphides, precipitate likewise black PbS. in-
soluble in dilute acids, alkalies, and alkaline sulphides. Pln;nbic
sulphide is soluble in hot dilute nitrie acid, plumbic nitrate being

H 2
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formed, with separation of sulphur. Concentrated nitric acid con-
verts it into SO,Pbo’’; the oxidation extends to the sulphur, as well
as to the lead.

S0,Hos, and soluble sulphates, precipitate whife plumbie sul-
phate, S0O,Pbo", almost ‘nsoluble in water, especially in the presence
of excess of dilute sulphuric acid ; insoluble also in cold dilute acids,
soluble in boiling hydrochloric acid, from which plumbic chloride
crystallizes 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
excess of ammonic hydrate, from which solutions S0.Hos, SAm,, or
Cr0.Ko,, S‘precipituta the lead again. Boiling with sodic carbonate
converts SO:Pho’” into insoluble COPho”. Plumbic sulphate sepa-
rates from dilute aqueous solutions only on the addition of alcohol
(methylated spirit).

Cr0,Ko, precipitates yellow plumbic chromate, Cr0Q,Pho"
(chrome yellow), readily soluble in potassic or sodic hydrate ; diffi-
cultly soluble in dilute nitric acid, insoluble in acetic acid.

ONaos, as well as COKo, and COAmoy, give awhite precipitate
of & basic carbonate (white lead), of varying composition, usually
considered to contain two mﬁlauuleac of plumbic carbonate and one

: : OPb : .
molecule of plumbic hydrate, Vi, GgEngHﬂngn” (triplumbic
dihydrate dicarbonate), insoluble in water and in potassic cyanide.

KI gives a yellow precipitate of plumbic joaiae, Pbl;, soluble
in excess of the reagent; 180 soluble in much hot water, from which
it separates, on cooling, in beantiful golden yellow scales.

KCy precipitates white plumbic cyanide, PbCy, insoluble n
excess, soluble in dilute nitrie acid.

Soluble phosphates, arsenites and arseniales, silicates, borates, oxalates, tar-
trates, citrates, ferro-and Sferricyanides give precipitates with plumbio salts, which
are insoluble in water, but soluble in dilute nifric neid, These precipitates
possess, however, only a secondary interest.

Motallic iron or zine precipitates lend from its salts, This is seen VOry
strikingly on dissolving & fow ounces of plumbic acetate (sugar of lead) in dis-
tilled water, with the addition of a little acetic acid, and suspending in the
solution a piece of =zine from o thread. The zinc becomes covered with a
beautiful crystalline deposit of metallic lead, which increnses rapidly, if the solu-
tion be left undisturbed, and acquires the appearance of a branch of a tree

(arbor Saturni), The motallic structure can be preserved for days in unaltered
beauty. On removing the precipitated lead from the piece of znc, the latter is
found much corroded and considerably diminished in size and wei ght. The lead
may be collected on & filter and washed with water, dried and fused in a crucible,
un a covering of borax, to a bright metallie button. A quantity of zine,
atomically equivalent in weight to the precipitated lead (i.e., 65 parts by weight
of zine for every 207 of 1uu.dg) must have dissolved, and i8 found in the solution,
“1 the form of zincic acetate. The atomic weights of Zn (65) and Pb (207) can
be determined mughl}r, by w?:ghing the metallic zine, before and after immersion,
aa well as the recipitated lead. : : ]

Heat a lii-t.ra red lead, Pbs04* in a small porcelain erucible or in & test-tube,

# The composition of commercial red lead is more correctly expressed by the
formula PbyO;.

Lo milincie
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to which a delivery-tube is attached. Oxygen gas is given off, which may be
collected in the usual manner over water. The residue is dark yellow, and on
cooling turns bright yellow. It consists of plumbic oxide, PbO (litharge),
according to the equation :—Pb,0, = 3Pb0O + O.

Treat a little Pb,0, with dilute hydrochloric acid in a test-tube, and heat
gently. A greenish yellow gas comes off, and the red lead dissolves to plumbic
chloride. e gas is readily recognized, by its odour, as chlorine :—

Pb,0, + SHCl = 8PLCl, + Cl, + 40MH,.

Treat another portion of red lead with dilute nitrie acid. The red colour
changes to brown—the colour of plumbic dioxide, PbO, The reaction is ex-
pressed by the equation :—

Pb,0, + 4NO0,Ho = Eﬁgszu” + Pb0; + 20H;

Lead can thus combine either with one or two atoms of oxygen to form PbO
or Pb0s; it can exist in the dyad or tetrad condition (Pb” and Pb'¥) and red
lead is obviously composed of two oxides, of PbivO, + 2Pb"(. The plumbie
dioxide in red lead 31535 the oxygen. It is written graphically :—

0
PbivPho”y = Pb<D>Eb<G >Pl:- (Triplumbic tetroxide).
i 0

The minerals platinerife, POy and minium, Pby0,, represent the corre-
ding natural oxides.

It is evident from the above experiments, that lead occurs more frequently in
the dsud than in the tetrad condition.

80,Ho, forms with Pb0, a sulphate, oxygen being given off.

PbO, absorbs sulphurous tmh:,‘ﬁride abundantly, forming 80.Fbo”,

HCI liberates chlorine from plumbic dioxide.

Minium or ved lead, and the brown plumbic dioxide are powerful oxidising
agents. They furnish us likewise with ready means for preparing chlorine gas.

QUESTIONS AND EXERCISES.

1. Caleulate the percentage composition of plumbic acetate,

2. How much oxygen by weight and by volume (at 0° C. and 760 mm.) can be
obtained from 30 grms. of red lead ?

3. Write out the symbolic equations for the reactions of lead in the wet way.

4. How can Pb be se ed from Ag, in the wet way P—1st, by using hydro-
chlorie acid ; 2nd, potassic cyanide ; 3rd, sulphuric acid, as a precipitant.

5. Give graphic formule for whife lead, red lead, plumbie acetate, mendipite,
plumbie chlorohydrate, plumbic nitrate and chromate, diplumbie sulpho-
dichloride.

6. How much HCl by weight will be required to decompose 10 grms. of red
tead ; and how much chlorine gas will be evolved—I1st, by weight ; 2nd, by
volume at 0° C. and 750 mm. pressure ?

7. How would you separate Pb and 8b in type metal ?

8. Describe how you would analyse an alloy of 5 parts of lead, 3 parts of tin,
and 8 parts of bismuth, a go-called fusible alloy melting at 98° C.

9. Caleulate the percentage composition of PhSb (type metal).

3. MERCURY .— (Mercurosum) 'Hg's.
We employ A S0LUTION OF MERCUROUS NITRATE, Eg“Hg,ﬂ".
1
HCI1 (group-reagent), or soluble chlorides, give a wiite precipi-



102 MERCUROSUM.

tate of mereurous chloride, 'Hg'.Cl, (calomel), which is insoluble in
dilute acids and is blackened by KHo or AmHo, the latter con-
verts it into "Hg'.0 and mercurosammaonic chloride, NH,Heg',.CL
Mercurous is converted into mercuric chloride by the addition of
chlorine water. Concentrated hydrochloric acid converts i, npon
long-continued boiling, into HgCl, and grey metallic mercury.

Nituio acid oxidizes it readily into HgCl and yoHgo', with evolu-
2

tion of nitrous fumes. Dry "Hg'.Cl, sublimes unchanged.

NaHo or KHo gives a black precipitate of mercurous oxide.
'Hg',0, insoluble in excess.

AmHo produces a black precipitate of basic dimercurosammonic

nitrate by the substitution of "Hg', for 2 atoms of hydrogen in two
of Amo, thus:—

NOvHgo! + 4AmHo = N0/ Hg'o! [ Vi Hg's0:

Basic dimercurosammonic nitrate.

2

+ 2NO0,Amo + SOH,,

The precipitate is insoluble in excess.

SH, precipitates black mercurous sulphide, 'Hg',S, insoluble in
excess or in dilute acids ; soluble in agua regia or in yellow potassio
sulphide. When boiled with concentrated nitric acid, the second

atom of mercury in "Hg',S is converted into gg:ﬂgn” , and a white

compound of mercuric nitrate and sulphide, Egﬁg%@ S5, 18

formed.

SAm, produces the same black precipitate.

A clean strip of metallic copper precipitates from mercurous
solutions metallic mercury, cupric nitrate being left in solution. On
gently rubbing the greyish deposit with a piece of wash-leather, the
curface becomes bright and shining like silver. The more eloctro-
positive metals, Cu, Cd, Zn, Fe, Pb, Bi, precipitate the less electro-
positive metal Hg.

SOHo,, 80,Feo”, or SnCl, produces a grey precipitate of
metallic mercury. On decanting the liquid and boiling the grey de-
posit with hydrochlorie acid, distinet metallic globules are obtained.
The changes may be expressed thus:—

NO,

ND'&HE‘I’DH + SOHUE + 0H2 —= EHE + ﬂHDgHU -+ SDEH[}:

Sﬂg"’ngn” 4+ 680,Feo” = 6Hg + 2(80,);Fe0™ + (NO,)sFexo™.
2

NO,

HUEHg?n” + 8nCl, + 2HCl = 9Hg + SnCl, + 2NO:.Ho.

Morcurous salts act thus the part of owidizing agenis, when
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coming in contact with more powerful reducing agents: a property
which in conjunction with the reducing action which they exert under
favourable circumstances, proves clearly that the double atom "Hg',
possesses but little chemical affinity for other elements, and that the
compounds which it forms are rather unstable.

QUESTIONS AND EXERCISES.

1, Write out the graphic formulw of calomel, mercurous nitrate, mercurous
oxide, mercurosammonic chloride, basic dimercurosammonic nitrate,

2. Write out equations for the reactions which mercurous eompounds give in
the wet way.

3. How can mercurous chloride be econverted into mercuric chloride ? Give
equations.

4. How much calomel can be manufactured from 20 1b. of metallic mercury ;
and how much 80;Ho; and NaCl by weight will be required ?

9. Explain the action of metallic mercary upon mercurous nitrate.

6. What is the action of boiling nitrie acid upon mercurous sulphide ?

7. In what manner can mercuric und mercurous chlorides be distinguished from
each other by the reactions in the dry way?

8. State under wﬁﬂtr conditions mercurous salts play the part of oxidizing, or
that of reducing agents.

A method of separating the metals of Group I will readily sug-
gestitself, and a tabular analytical scheme may be drawn up without
much difficnlty, if we bear in mind :—

1st. The solubility of PbCl, in boiling water.

2nd. The solubility of AgCl in AmHo.

3rd. The eonversion of the HE,Cl, into black NH,'Hg,'Cl by the
action of AmHo.

Table I in the Analytical Tables at the end of the book embodies
this method of separation. :

FRACTICAL EXERCISES AND QUESTIONS ON GROUP 1.

1. Test a sample of galena for silver in the dry way.
2. Analyse a sample of ruby silver in the dry and in the wet way.
8. You have given to you some precipitated argentic chloride, dilute HOI, and
a strip of metallic zine. How would you prepare pure metallie silver ?
4. Analyse a solution, containing ‘010 grm. of Ag, as NOsAgo, '100 grm. of Heg,
as N,0 Hgo" and 010 grm. of ].gI:, as N,0,Pho”.
5. Describe what takes place when a solution of argentic nitrate, containing
about “010 grm, of Ag, is added to a hot saturated solution of KC.
6. You have given to you a mixture of red lead and calomel. What takes place
when the mixture is treated with I1C1?
7. Analyse o mixture (about 050 grm.) of whife arsenic and corrosive sublimate,
both in the dry and wet way.
B. Test a commercial sample of baric chloride for lead.
9. Test a sample of white fead paint for impurities, insoluble in dilute nitric
acid, and examine the ucif.F filtrate by the respective group-reagents.
10. Prepare some pure NOyAgo from an uﬂ'ﬂj of copper and silver.
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Cumaprer VIL
REACTIONS OF THE ACIDS.

A. InoreaNIC ACIDS.

CARBONIC ANHYDRIDE, C0,.—Occursin the atmosphere
and in mineral waters. In the combined state it forms a constituent
of many minerals, ealled carbonafes, which have for the most part
been enumerated, in speaking of the natural compounds in which
the different metals occur.

REACTIONS IN THE DRY WAY.

On ignition some carbonates undergo changes, others remain
unchanged. The carbonates of the fixed alkali metals are not de-
composed by the strongest heat. The carbonates of all other metals
are decomposed more or less readily into oxides (or metals), carbonic
anhydride (and oxygen) being given off. Baric and strontic carbon-
ates require the strongest white heat for their decomposition ; calcic
carbonate requires a strong red heat. All the others are readily de-
composed on heating. The evolved carbonic anhydride is & colonr-
less and almost odourless gas, heavier than air, and can be poured
from one vessel into another. When poured or passed into & test-
tube containing lime- or ba ta-water, a white precipitate is ob-
tained, owing to the combination of the carbonic anhydride with the
caustic alkaline earthy bases.

REACTIONS IN THE WET WAY.

All normal carbonates may be divided into—
1st. Carbonates which are soluble in water, consisting of the

carbonates of the alkali metals and possessing an alkaline
reaction,

ond. Carbonates which are insoluble in water, a few of which are,
however, soluble in earbonic 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,—organic or
mineral (with the exception of HCy and SH). The decomposi-
tion is marked by strong offervescence and evolution of CO.. (A
fow native carbonates, such as spathose ron ore, and dolomile,
require the application of heat.) On passing the evolved gas into
a solution of caustic lime or baryta, the carbonic anhydride becomes
omce more fixed, and the formation of a white precipitate (soluble in
axcess of the %ns with formation of acid carbonates) confirms the

CO..

presence of

Metallic sulphites, sulphides, and nitrites are likewise decomposed by dilute
acids with evolution of o gns; bub the evolved 80, SHy, or W0, guees are
readily recognized by their characteristic odour or colour. In order to recognize
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QO in the presence of 80, or 8Hj, the gaseous mixture is first passed into a
solution of an alkaline chromate mixed with an aeid, or into bromine water, or a
solution of & cupric or ferric salt, and then through lime- or baryta-water.

QUESTIONS AND EXERCISES.

1. How would you prove experimentally the presence of carbonic anhydride,
1st, in aprijxr:g water; Eiln‘f in atmospheric air; 3rd, in white lead ; 4th, in
coal

2, Glnaaif_rg:ﬁ metallic carbonates according to their respective deportment, 1st,
on ignition ; 2nd, on treatment with water ; 3rd, in contact with excess
of €O, Give examples. : :

8. What change takes place when tartaric acid and hydric potassic carbonate
are mixed together ?

4, Which is the most characteristic reaction for GOy ? ; :

5. How would you recognize the presence of €O, in a gaseous mixture, contain-
lﬂg 80, and ﬂ‘:’i, or 8H; and GG]? j

6. How much GOs, by weight and by volume, can be obtained from 1'235 grm.
of COCao" P

7. What change takes place, 1st, when a current of €0, 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 gns?

8. Explain the occurrence of €0, in mineral waters and in atmospherie air.

9. Explain the effect of boiling upon most spring waters.

10. What is the usual composition of boiler deposits, and how would you propose
to prevent them ? (Comp. p. 17.)

SULPHURIC ACID, 80,Ho,—This is one of the most
powerful acids, for it is capable of displacing, in the wet way (with
few exceptiong), 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 varions metals.

REACTIONS IN THE DRY WAY.

On heating a sulphate on charcoal, in the reducing flame,
together with CONao; (free from sulphate), sodie sulphide is
formed thns . —

80.Mgo" + 2C + CONao, = SNa, + MgO + 3CO..

The fused mass gives off B8H,, when treated with a strong
acid (HCI), readily recognized by its odour. When placed on a
bright silver coin and moistened with a drop of water, it produces a
black stain of argentic sulphide. This reaction applies, however, to
all sulphur acids, without exception, and it is impossible to prove
thereby the presence of 80,Ho, any more than that of some other
(lower) oxide of sulphur.

Heated by themselves, the snlphates of the fixed alkalies and
alkaline earthy metals, as well as of lead, are not decomposed. All
other sulphates hecome decomposed more or less speedily on ignition,
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giving off sulphuric or sulphurous anhydride and oxygen, accordi
to the nature of the metal, e.g. :— 4 : -

gsﬂzFEG” = FE&DE S ED; -+ SD:+
S0,Cno’ = Cu0 + 50, + 0.

REACTIONS TN THE WET WAY.

A SOLUTION oF PoTAssIC SULPHATE, S0;Ko;, may be employed.

Sulphuric acid forms normal and acid sulphates, which are
mostly soluble in water, the exceptions being barie, strontic, calcic,
and plumbic sulphates. (A fow basic sulphates are insoluble in
water, but soluble in acids.)

BaCl, or N,0Bao" gives a white finely divided precipitate of
paric sulphate, SO;Bao”, insoluble in dilute acids. Care must be
taken not to have too much free hydrochloric or nitrio acid present,
lest any of the baric salts be precipitated : barie chloride and uitrate
being much less soluble in strong acids than in water. If a very
dilute solution of a sulphate has to be precipitated, the solution
should be heated to boiling, and allowed to stand for some time
after the addition of the baric salt.

This reaction distinguishes 80,Ho; from all other acids, except hydro-
fluosilicic acid, 2HT,SiF,, and selenie acid, S8e0yHo., which also form baric salts,
insoluble in acids.

Soluble salts of strontium, caleium, and lead produce white precipitates of
strontic, ealele, anid plumbic sulphates, which are morve or less goluble in
large quantities of water: 80,Cno” being the most goluble (in 500 parts of water),
80 ,8ro” dissolving in 9,000 parts of water, and S0:Pho" in 22,000 parts of

water only. .
Qinoe baric salts answer every pPurpose, recourse is rarely had to these

reactions in order to detect sulphurie acid. The addition of aleohol (methylated
gpirit), ensures the complete pmcipitnticm of strontie, caleie, and plumbie sul-

\ntes. Most soluble sulphates can, in fact, be precipitated from their agueous
solutions by the addition of strong aleohol.

In order to detect free sulphuric acid, by itself, orin the ]{msﬁunu of o sulphate,
the solution 18 evaporated to dryness on o water-bath, together with a little cane
sugar. A blnckened or charred residue indicates free sulphurie acid, a8 no other
acid is capable of decomposing cane sugar in like manner,

An insoluble sulphate can be decomposed by continued boiling
with a concentrated solution of an alkaline carbonate : more readily,
however, by fasion with alkaline carbonates (fusion mixture), into
a soluble alkaline sulphate, and an insoluble carbonate or oxide of

the metal, thus:—

S0,Bac’" + CONaoKo = S0, NaoKo + COBao".
S0, Pbo" + CONaoKo = 80,NaoKo + PbO + CO..

The fused mass is oxtracted with boiling water, and the insoluble
carbonate or oxide separated by filtration from the soluble alkaline
gsulphate. The residue is examined as usnal for base, and the solu-
tion for Eu[phurig acid, by acidulating vfrnﬂ\ dilnte hydrochlorie n_md
(in order to destroy the excess of alkaline carhonates), and adding

PSR
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baric chloride. Caleie sulphate dissolves in ammonie sulphate and
a little AmHo ; plumbic sulphate in ammaonie 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 ::-tP heat upon the different metallic sulphates.

4. How is free sulphuric acid detected ?

5. Describe shortly in what manner S80,Bao”, 80.8r0”, 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, 1648 grm. of a sample of soda-ash yielded ‘234 grm. of 80,Bao”; what is
the percentage of sodie sulphate in the ash ?

SULPHUROUS ACID, SOHo,—Obtained as gaseous an-
hydride, 80, whenever sulphur is burnt in air or oxygen, or when
metallic sulphides (pyrites, bleade, galena, ete.), are roasted with
free access of air; also by the partial deoxidation of sulphuric acid
by means of metals, such as C}?;, Hg, Ag, of charcoal and various
organic bodies, of sulphur, etc. The gas is readily soluble in water,
forming sulphurous acid, which combines with bases, and forms a
series of salts, normal or acid, termed sulphites : compounds strongly
characterized by the tendency which they exhibit to absorb OXygen
and to become converted into sulphates. This property causes
sulphurous 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
peroxides, such as MnQ,, PbQ,, with formation of manganouns and
plombic sulphates, In order, therefore, to remove Ega,; from a
gaseous mixture, the latter is usnally passed over PbQ,.

Many solid sulphites are decomposed by heat into sulphates and
sulphides, thus:—

480Nao, = 380,Nao, + SNa,.

The earthy sulph

ites break up, on heating, into oxides and sul-
phurous anhydride.

REACTIONS IN THE WET WAY.

A SOLUTION OF 80DIC SULPHITE, SONao,, may be employed.

Sulphites are examined by liberating sulphurous anhydride by
means of strong sulphuric or hydrochloric acid, the gas being readily
recogmized by its characteristie pungent odour.

The only sulphites soluble in water are the alkaline sulphites.
Normal barie, strontic, caleic, and magnesic sulphites are insoluble
in water, but are dissolved to a great extent, by a solution of sul.
phurons acid, with formation of acid sulphites, from which the
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normal salts are reprecipitated on boiling. They are also soluble in
dilute hydrochloric acid (with partial decomposition); but on the
addition of an oxidizing agent, such as chlorine water, free iodine,
sodie hypochlorite, nitrie acid, ete., they are immediately precipitated
as insoluble sulphates (S0.Mgo” excepted).

Sulphites generally contain sulphates. A precipitate consisting
of baric sulphate is, therefore, frequently obtamed on adding baric
chloride to an acidulated solution of a soluble, or to a dilute hydro-
chloric acid solution of an insoluble sulphite.

On filtering off the precipitate, and adding chlorine water to the
filtrate, a further precipitate is obtained, showing the presence of a
sulphite.

Traces of sulphurous acid are distingnished with difficulty by the odour alone,
and it is preferable, therefore, to make use of the deoxidizing, as well as oxidizing
action which the acid can exert.

1. Sulphurous acid acts as a powerful reducing agent.

NO.Ago gives with sodic sulphite a whife precipitate of argentie sulphite,
80 Ago,, soluble In excess of the alkaline sulphite. The precipitate blackens on
heating, owing to the separation of metallic silver, and conversion of the 80Ho,
into 80;Hog, according to the equation :—

80Agos + OHy = Agy + 8010y,
N.,0,Hggo" produces & grey precipitate of metallle mercury, thus :—
EDHEI'J" + ﬂHg = Hgg =+ BDQHD;.

The instances of the reducing action of sulphurous acid are very numerous ;
we meed only refer here to its action upon solutions of AuCly, CrOsHog,
Fe.Olg, and others, already notieed under the respective metals.

9. Under favourable circumstances sulphurous acid acts as an oxidising agent,
egpecially when brought in contact with other more powerful reducing agents,
such as nascent hydrogen, S, 8nCly, ete. Thus, by introducing the least trace
of 80Hog, or & sulphite, into a flask, in which hydrogen is generated from s
and hydrochloric acid, SH, is immedintely evolved, together with the hydrogen,
and may be recognized by its odour and nction upon lead paper. The change is

ressed as follows :—
(2 Eﬂ'g 4 EHg = ﬁHg + 20]15-

80, and SH;y ive rise to the formation of pentathionic acid, with precipi-
tation of whife sulphur, according to the equation :—

EDEH{}
580, + 6SHy =4 5 + 8 + 10H,.
HD;HU
Pentathionic
acid.

Yulphurous acid added to stannous chloride in the presence of hydrochlorie
Mliﬂgﬁdﬂnﬂj precipitates yellow SnSa. The hydrogen of the hydrochloric
acicl acts as the reducing agent, and is detached from the G]llﬂ?lnn by the simul-
taneous action of the sn(l, and 80g, 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 gnly) to form yellow stannic sulphide, SnS, (or brown Sns).
The following equations express the changes :—

{1% s0Ho, + 38nCly + gHOl = 88n0l; + SHy + 3010,.

gnCly, -+ agH., = SnS: + 4HCL.
@ 3 ¢ Yellow

atannic sulphide,

M
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QUESTIONS AND EXERCISES,

Describe different methods of preparing sulphurous anhydride.

How would you prepare normal and acid potassic 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. o8

E:pinir!:: under what cireumstances sulphurous acid can act as an oxidizing
agent ; give instances of such action. g

How would you distinguish sulphurous in the (Ereaaneq of sulphuric acid?

What changes take place when a mixture of dipotassic dichromate and sodie
sulphite is treated with concentrated HCI? Give equations.

How would you fix the sulphurous acid produced by the combustion of car-
bonie disulphide contained in coal gas P

o foF & Gvikfabai

HYPOSULPHUROUS ACID, 850Ho, (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 hypo 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 1N THE DRY WAY.

All hyposulphites are decomposed on ignition. Alkaline hypo-
sulphites leave a polysulphide and a sulphate, thus :—

4(S80Nao,) = S;Na, + 380,Nao..

Others yield sulphites or sulphates, with evolution of sulphurous
anhydride, owing to the oxidation of a portion of the sulphur.

REACTIONS 1IN THE WET WATY.

A SOLUTION OF S0DIC HYPOSULPHITE, S8SONao,, is employed.

Most hyposulphites are soluble in water (baric hyposalphite is
difficultly soluble in cold water), and their solutions may, with few
exceptions, be boiled without decomposition. Caleie hyposulphite
is gradually decomposed on boiling, the precipitate consisting of
calcic sulphate and sulphur. The same decomposition takes place
more speedily when hyposulphites are treated with sulphuric or
hydrochloric acid. Sulphurous anhydride is evolved with separa-
tion of sulphur. The precipitated sulphur is yellow, and not white,
as is nsually the case, when sulphur separates in chemical reactions.
This change characterises hyposulphites.

The same instability of the sulphur atom, oceupying the place
of an atom of oxygen in sulphuric acid,* is observed, when hyposul-

phites come in contact with salts, whose metals form with sulphur
insoluble sulphides.

*# Recent investigations (Deut. Chem. Ges. Ber., vii, p. 646) render it pro-

bable that the composition of hyposulphites is not 880Ro,, but 80,Rs,Ro (K =
monad metal).
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NO0,Ago gives a while precipitate of argentic hyposulphite,
SSOAgo., soluble in sodic hyposulphite, which speedily turns
yellow, then brown, and lastly black (SAg,), especially on the
application of heat, thus :—880Ago, + OH, = SAg, + 80.Ho..

Mercurous nitrate and plumbic acetate give similar precipitates,
w}'udﬂh are decomposed by heat into Hg.S or PbS, and sulphurie
acid.

SnCl, gives a brown precipitate of Sn.S.

Hyposulphites, like sulphites, are readily owidized, but yield under
certain conditions oxygen to more powerful reducing agents, and
become thus ozidizing agents.

Free chlorine, sodie hypochlorite, ferric chloride, ete., oxidize hyposulphites
completely to sulphates, even in the cold, thus :—

830Naos + 40l;  + 50H; = 280;HoNno + SHCL
830Nao, + 4C01Nao + OH, = 280;HoNuo + 4NaCl

830Nano, gives with Fe.Cl; at first n reddish-violet coloration (DIFFERENCE
BETWEEN SULPHITES AND ‘.llLYPGEULPlIITHE}, but on standing, the solution is
slowly decolorized (more rapidly on heating), with formation of FeCly, thus:—

S80Nao, + Eﬁgﬂlg r 5DH5 = EEDEH{}H[I.D o EFE.Gig + SH{L

Nascent hydrogen reduces hyposulphites to sulphides, which evolve with the
acid sulphuretted hydrogen:—

880Nnog + 4H, + 2HOl = 28H, + 30H, + 2NaCl.

Sodic hyposulphite is o useful solvent for AgCl (hence its application in photo-
graphy), He:Cly and 80;Pbo”. Caleic hyposulphite, S50Cuo0”, has also found
an interesting application, as an agent for removing the last traces of chlorine in
the bleaching of paper pulp, and from fabrics bleached means of bleaching
powder, to prevent their deterioration by the traces of chlorine which they are
apt to retain, It has on that ascount received the name of antichlor. The free
hydrochlorie acid which is formed in the reaction is neutralized by pussing the
fabrics through a weak alkaline bath.

The property of sodic hyposulphite of dissolvin AgCl has found an important
metallurgical application in the removal of silver from poor argentiferous ores,
after they have undergone the {n‘occas of roasting with common salt, which con-
verts the silver into AgCl, insoluble in water.

Besides the three oxygen acids of sulphur just deseribed, there

80.Ho
R (1= T 1 & o At g
a th h as deat?aaam::,-! , trithionic, < B tetra-
Teé others, EBUC [ ILED‘HO b 3 {E{:}iHu’

SDgHﬂ BOQH’G 1
thionie, £ Ba and pentathionic acids, Ha , which occur but
EGzHD ) ED!HG ¥ :
rarely, and resemble one another considerably in their reactions.
Their consideration must be reserved for a more extensive course of
study. g
QUESTIONS AND EXERCISES.
1. How is sodic hyposulphite prepared ? .
9, How would you prepare ferrous, aluminic, chromic, and manganous hypo-

sulphites ¥ W
3. Iow are hyposulphites affected by ignition
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4. What change takes place, when a solution of calcic hyposulphite is boiled,
1st, by itself, 2nd, when it is treated with HCL?

6. Explain the action of sodie hyposulphite upon plumbie, argentie, mercurous
and stannous salts.

6. Give instances, 1st, of the reducing action, and 2nd, of the oxidizing action
of hyposulphites. -

7. Explain the term antichlor, :

8. State what application sodic hyposulphite has found in photography and in
metallurgy.

9. Give mph%cr formule for sulphosulphurie, dithionie, trithionic, tetrathionic
antf pentathionic acids.

10. How would you separate baric hyposulphite from baric sulphate P

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 hydrochloric acid. It
is characterized by a most feetid odour, resembling that of rotten
‘eggs. It is absorbed by cold water, forming salphuretted hydrogen
- water or hydrosulphuric acid, which reddens blue litmus-paper
feebly. Hydrosulphurie acid exchanges its sulphur for the oxygen
of most metallic oxides, both in the dry and wet way, forming water
and metallic sulphides. Tt is on this account a most valuable re-
agent. 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 sub-
mitted to heat. Some are decomposed, when heated in a close vessel,
into metal and sulphur, e.g., AuS,; some sulphides, such as
PtS,, FeS; 8b,S;, 8nS, PbS yield up a portion of their
sulphur and are reduced to PtS, Fe,S, 8b.S,, SnS, Pb.S;
others sublime without decomposition, such as As.S, (orpiment),
HgS (cinnabar). The greater number of metallic sulphides remain,
however, undecomposed, when heated out of contact with atmo-
spheric air,

Most sulphides undergo a change, when roasted in a tube open
at both ends. SAg, leaves metallic silver (usually also a little
80;Ago.), the sulphur by combining with oxygen, passes off as
80;; some sulphides leave a metallic oxide, e.g., SnS, Sb.S,,
Bi,S,; others again, such as the sulphides of the alkalies and
alkaline earthy metals, are converted into sulphates. Plumbic
gulphide (galena) is converted into a mixture of oxide and sul hate ;
cupric sulphide, when roasted at a high temperature, yields SO,
and CuO; at a lower temperature 80,Cuo”. FeS and other sul-
phides of the iron group are partially converted into sulphates,
which on tl}a application of a stronger heat, lose their acid, leavin
metallic oxides. Many native metallic sulphides are distinguished
for their metallic lustre, such as iron and copper pyrites, galena, grey
antimony. The presence of a metallic sulphide eannot, however, be
inferred conclusively from the evolution of 80., since earthy sul-
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phites are broken up, on ignition, into oxides and sulphurous
anhydride.
REACTIONS IN THE WET WAY.

Alkaline and alkaline earthy sulphides are soluble in water (Cad
and MgS are only sparingly soluble). Dilute hydrochloric acid
decomposes them readily info metallic chlorides and SHa. All other
sulphides are insoluble in water. Several of the latter, snch as FeS,
MnS, Zn§ are decomposed by dilute hydrochloric acid with evolu-
tion of sulphuretted lgdmgeu. Others require concentrated hydro-
chlovic acid, such as NiS, CoS (difficultly soluble), Sb, S, gnSE,
PbS. Sulphides which are insoluble, or difficultly soluble, in concen-
trated hydrochloric acid, such as Bi;S; Cus, SAg,, PbS, As,S,, are
decomposed by concentrated nitric acid ; they are generally oxidised
into sulphates—at first with separation of sulphur which, by pro-
longed digestion, 18 for the most part converted nto sulphuric
acid. Others, such as HES, PtS,, AwS; (As.S;) dissolve in agqua
regia, or hydrochloric acid and potassic chlorate, with separation of
sulphur and formation of S0,Ho,, and of a metallic chloride. On
dissolving Pbis, SnS,, Sb.S;, As,S,, in concentrated nitrie, instead
of hydrochloric acid, they are converfed principally into S0,Pbo",
Sn0,, Sh,0,, AsOs

To detect SHiy (in an agqueous solution) or a soluble sulphide (a
solation of SAm, may be conveniently employed), add a golution of a
salb of cadmium, lead, or silver, which gives by double decomposition
a characteristic precipitate of & metallic sulphide: fine yellow for
eadminm, black for plambic or argentic salts.

To analyse a sulphide decomposable by hydrochloric acid, the
evolved sulphuretted hydrogen gas is made to act upon lead paper
or is passed through a solution of a plumbic salt. (fron pyrites,
FeS,, and copper pyrites, Cu,S,Fe,S;, give off SH, only in the
presence of hydrochloric acid and zine). A i,

Sulphides which are not decomposed by hydirochloric acid, yield
gulphur on treatment with nitric acid or aqua vegia, and must be
recognized by this and the products of decomposition, such as
Sn0, S0,Pho”, as well as the reactions which they give, when

examined in the dry way.

Many native sulphides, snch as fahl ore, ete., are expeditionsly examined by
heating the finely-powdered mineral in a hard glass tube, in a current of dry
chlorine gas, when the metals are {fuuvarturl into chlorides and the sulphur into
volatile chloride of sulphur, which is decomposed on bcm& passed into water.

To detect a soluble sulphide in the presence of free BH,, add a few drops of a
solution of sodic nitro wnsside. This reagent does not affect free SHo, but gives
a fine purple colour vith the merest traces of soluble gulphides. The colour dis-

only after some time.
nppi:r?uixtira containing @ soluble alkaiiﬂejsulpkﬂa, hyposulphite, sulphite, o1
sulphate may be exnmined by adding c0Cdo" to the agueous solution. Filter,
dissolve the excess of cOCdo” in the precipitate by means of dilute acetic acid ;
s residue of yellow 0dS in icates the presence of an alkaline sulphide. Add to
the filtrate BaCly; o precipitate is obtained, consisting of 80;Bao and SOBao™.
Tilter 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 ; o precipitate of 80,Bao” indicates the presence of an slkaline sul-
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phite. The filtrate from the BaCl; precipitate is searched for S80Ho, by the
addition of HCI and huiling. A precipitate of yelfow sulphur and the odour of
a

80, indicate the presence of a hyposulphite.
To remove SH, from a gaseous mixture of 00; and SH,, add a solution of

eupric chloride and shake up with the gases.

QUESTIONS AND EXERCISES.

1. Explain the changes which take place when hydrosulphuric acid is passed
through saline solutions, the metals of which form insoluble sulphides.

Grive instances.
2. Explain the action of heat upon the different metallic sulphides.
3. Which sulphides are soluble and which are insoluble in water P
4. Explain how certain sulphides are affected by dilute hydrochlorie acid, and
1wow by concentrated hydrochlorie 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, PbH, Cul, Snf, 8b,H, P
7. How would you prove the presence of an alkaline sulphide, hyposulphite,
sulphite, and sulphate in an aqueons solution ?
8. Btate how you would separate 8H, and €O, contained ina 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 0dS. What is the
parmntugc of 8H, in the gas?
11. ‘650 grm. of galena gave *532 grm. of 80,Pho”. What is the percentage of
Fb and of 8 in the gilena ?
12. What change takes place when PtS, 8Sb.S;, FeS; As.S, and HgS are
heated with exelusion of air P
13. How would you test for 8H; in sewer gases ?
14. How would yon detect sulphur in pig iron ?
15. Explain the action of chlorine, bromine, and iodine upon 8SH, P
16. How is sulphur detected in organic compounds, such as coal ?

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 characterised 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.

REEACTIONS IN THE DRY WATY.

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
ﬁd oxygen being generally given off. Thus ammonic nitrate,
] D:ﬁ:ﬂ]t}l, breaks up into ON, and OH,; potassic or sodic nitrate
info nitrite (always contaminated, however, with nitrate and caustic
alkali) with liberation of oxygen, and ultimately into oxide—nitro-
gen and oxygen being given off; others, such as plumbic nitrate,
mto O and NED.H leaving the oxide of the metal. When heated
together with bodies eager to take up oxygen, such as carbon (char-
eoal, alkaline eyanides, ete.), sulphur or phosphorus, the decompo-
sition becomes explosively violent, and nitrogen gas only is left as
the remnant of the molecule N,O;, (Chlorates explode in like
manner, but leave metallic chlorides.)

I
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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 usnal
way, by producing precipitates by way of donble decomposition.
When acted upon 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 s reduced to lower owides of
nilrogen, '

A SOLUTION OF NITRIC ACID OR OF POTASSIC NITRATE, NO.Ko, may
be employed.

H{}gﬁﬂ (or NO,Ko) is decomposed when heated with concen-
trated ]adrnnhluric 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 not
soluble in single acids. (Chlorates, bromates, iodates, chromates,
and permanganates evolve chlorine when treated with hydrochlorie
acid ; they dissolve gold or platinum, but give off no N.0..)

Add to a dilute 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 to form at the point of contact of the
two layers, of a violet, red, or dark brown colour, according to
the quantity of the nitrate present. The coloration is increased by
carvefully shaking up the fluid, but it disappears on heating. This
is owing to the formation of a transient compound of the ferrous
galt with N,0., consisting of four molecules of the salt with one
molecule of nitric oxide (480,Feo” N,0y). The other three atoms
of oxygen from two molecules of nitric acid oxidize six molecnles of
ferrons into three molecules of ferric sulphate, S,0,Fe,0rt, This con-
stitutes one of the most delicate reactions for nitric acid, The change
may be expressed thus:—

1080,Feo”’ + 880.Ho: + ONO,Ho = 38,0,Fe0"
"l" ‘j:son].i‘ﬂﬂ”,H]D] -+ "J.IDHg

A solution of a nitrate, when added to a solution of indigo in gulphuric acid
(sulphindigotic acid), changes the blue colour of the indigo to yellow. (Free
chlorine and other oxidizing agents bleach indigo likewise.), i

Metallic copper (Ag, Zn, Ph, or Hg) is dissolved by nitric acid
with evolution of ruddy fames, and by potassic nitrate on the addi-
tion of sulphuric acid.

A similar reaction takes place, when copper filings are mixed with a nitrate
and hydric potassic sulphate and fused in a test-tube or erucible.

Minute quantities of nitrates found in mineral waters, in rain
# Trom the recent investigations of Tilden (Chem. Soc. Jourh., July, 1874,

p. 634) it appears that Gay Lussac's N,0,Cl, gas is a mixture of nitrosyl mono-
chloride, NOCL, with varying quantities of chlorine.
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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 zine amalgam. On filtering and
adding to the filtrate a solution of ferrous salt, a dark brown colora-
tion is obtained; or by adding a drop of a solution of potassic iodide,
some freshly prepared cold starch solution, and a little acetic (or very
dilute sulphuric) acid, a fine blue precipitate of iodide of starch is

produced, thus:— .

ENDKU + 2K1 -+ ﬂsoaHﬂg - HED-& + EEDEE[}Q + Ia + EDHE

This reaction is exceedingly delicate.

2nd. Reactions in which nitric acid is entirely reduced, and its
nitrogen converted info 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 + CpHx0, = 12C0Ko, + 6NH, + 110H,.
Sugar.
The gas may be readily recognized by its odour, or action npon
red litmus paper.
Nascent hydrogen, produced by the action of KHo upon metallic

zine, iron, or aluminium, gives rise, in the presence of a nitrate, to
the formation of ammonia, thus :—

(1) Zm + 2KHo = ZnKo, + H..
(2) NO,Ko + 4H, = NH, + KHo + 20H,

When stannous chloride, hydrochloric acid, and a nitrate are
heated together, the tendency of the stannous chloride to combine
with two more atoms of chlorine to form stannic chloride, aided by
the oxidizing action of nitric acid upon the hydrogen, breaks up
hydrochloric acid, with formation of stannic chloride and ammonia,
thus :(—

48n(l, + NO,Ko + 10HCI = 48nC(Cl, + NH,C] + KCI + 30H,,

To detect free nitric acid in the presence of a nitrate, evaporate the solution
on a water-bath with quill cuttings or white woollen fabrics. Nitrie acid colours
these substances yellow. Or digest the solution at a gentle heat with COBao” 3
filter off and test the filtrate for barium by means of sulphurie acid.

QUESTIONS AND EXERCISES.

1. Explain what changes take place when nitrates are heated by themselves.

2. State what action takes place when ferrous, cuprous, and mercurous chlorides
are heated with nitric acid.

3. Why can the metals Cu, Ph, Ag, be employed for the detection of nitric acid
or a mtrate ¥

4, Exp}mq what changes take place when a solution of potassic nitrite, potassie
iodide, starch, and dilute sulphurie acid are _'|ui:r.uLPLugutlmr.

5. How can ammonia be obtained from a nitrate? Describe several processes.

6. How would you test for nitrates in a soil, in sewage water, in mineral
watera?
12
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#7. How much ferrous sulphate (SOHo.Feo” + Baq.) is required for the complete
decomposition of 1 grm. of pure potassic nitrate P

8. Caleulate how much nitre is required to deflagrate, 1st, 1'5 grm. of sugar, and
2nd, *5 grm. of sulphur.

9. How is free nitric acid detected in the presence of a nitrate ?

NITROUS ACID, NOHo.—Both the acid and anhydride are
* marked by their proneness to nundergo decomposition in the presence
of water, into nitrie acid and nitric oxide,

REACTIONS IN THE DRY WAY.

Nitrites fuse and are decomposed on ignition into oxides, with
evolution of nitru%en and oxygen. Ammonic nitrite (NOAmo)
breaks up when heated, into nitrogen and water. Mixed with
earbon, potassic eyanide, snlphur, and other oxidizable bodies,

nitrites deflagrate like nitrates, with which they have, in fact, most
of the dry reactions in common.

REACTIONS IN THE WET WAXY.

All nitrites are soluble in water; argentic nitrite, NOAgo, is
difficultly soluble, and serves for the preparation of pure nitrites, by
donble decomposition with neutral soluble chlorides. Dilute acids
'Iiibemte N,O, and convert a portion of the nitrite into nitrate,
thus :—

aNOKo 4+ S0.Ho, = N,0, + NO:Ko + 80.Ko; + OH..

The reactions by which the presence of nitrous acid can be
readily recognized, may be divided into two classes :—
1st. Reaclions in which the acid acls as an owidizing agent :—

SH, decomposes aqueous solutions of alkaline nitrites, with formation of
N.0, (of NH; when the reaction goes on for some time) and alkaline sulphides,
thus :(—

SNOEKo + 28H, = N0, + 20H, + 8.K..

In acid solutions the decomposition i8 accompanied by a copious separation
of sulphur.

Felly, on the addition of & Jittle hydrochloric acid, i8 turned dark brown, if
a nitrite be present, owing to the absorption of NoO, gas by a portion of the
unoxidized ferrous salt. On the application of heat W20, is evolved, thus :—

EFEGL; + 4HCl + aNOEKo = Fﬂgﬂlﬁ + 2ECL + Hg‘:'g = EDEE

NO(NH,0) breaks up, on the application of heat, into N and OHj, the hydro-
gen of the NH, acting as the reducing agent. Nitrites containing fixed bases are
decomposed in like manner, on the addition of ammonic chloride (or some other
ammonie salt), thus :—

COAmog + aNOKo = My, + 40H.; + 'UDKOQ.
KT and starch solution give in the presence of o nitrite and a dilute acid blue
iodide of starch. (See under HI, p. 128).
ond, Reactions in which the woid acts as @ reducing agent, and 18
converted into nitric acid, thus :—
oNOHo + Oy = 2NO,Ho,
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AuCl; and Hg,Cly give metallic gold and grey metallic mercury.

MnO,(0Ko) ... P 2 . ;
MnO,(0Ko) oxidizes nitrites into nitrates in the presence of a mineral

acid (80,Hos, HCL), and the permanganate solution is rapidly decolorized.
Cr.0;Ko, is reduced under similar conditions to a chromie salt. Nitrates
are not affected by potassic permanganate or alkaline chromates.
PbO, converts NOHo into NO,Ho ; ‘but does not act upon dilute NO.Io
(DISTINCTION BETWEEN NITROUS AND NITRIC ACID),

QUESTIONS AND EXERCISES.

1. Explain the changes which take place when N40O, is acted upon by KHo.

2. Explain what takes place when nitrites are heated, 1st, by themselves ; 2nd,
in contact with carbon or sulphur.

3. How can NOKo be separated from NOKo?

4. What is the action of dilute sulphurie acid upon NOKo ? (2

5. Give instances, 1st, of the oxidizing, and 2nd, of the reducing action of
NOHo ; and express the changes by equations.

6. What are the products of ‘decomposition of strongly ignited N,0,Pho”,
NO(NH,0), and NOKo? _ .

7. How can a trace of a nitrite be detected in the presence of a nitrate ?

8. Explain the action of concentrated NO,;Ho, lst, upon starch, 2nd, upon

Oy,
9. How would you prepare pure gg{lm” ?

NO

10. Explain the action of heat upon a solution of o Cao” and AmClL.

HYDROCHLORIC ACID, HCIL — Gaseous hydrochloric
acid is readily absorbed by water, and forms then one of the most
useful acids. CUhlorides are among the most important chemical
compounds, They differ considerably in their physical properties.

REACTIONS IN THE DRY WAY.

Some chlorides are lignid and can be distilled withont decom-
}:ﬂﬂiticm, such as SnCl, 8bCly; SbCl; is a soft grey crystalline
usible solid which distils at 225° C.; others are solid, fusible and
non-volatile at a moderate heat, such as AgCl, PbCl,, BaCl, NaCl.
Upon ignition certain chlorides, such as AuCl, PtCl,, are decom-
posed 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 MgO and 2HCl. Anhydrous ferric chloride, when heated in
contact with air, is decomposed into F'e,0, and 3C..

_Heated in a bead of microcosmic salt, saturated with enprie
oxide, chlorides impart a blue colour to the outer flame, owing to the
formation of volatile Cu(l,,

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 ehlorochromic acia, Cr0O,Cl,, comes off,
which condenses to a like coloured lignid, and can be collected in o

receiver. The reaction which takes place i
g p 18 expressed by the
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4NaCl + Cr,0;Ko: + 380,Ho, = 2Cr0.Cl, + 280.Nao.
Chlorochromic acid.

+ EDQK’DQ + EGHQ-.

This liqnid is speedily decomposed, on dilution with water, into
chromiec and hydrochloric acids, thus :—

Grﬂ:ﬂli. + EGHE_ = uro-gﬂﬂg + ﬂHUl;

or by aqueons ammonia or potassic hydrate into the corresponding
salts. The presence of chromic acid, and indirectly of hydrochloric
acid, is inferred from the yellow precipitate which a plumbic salt
produces with their solutions. This reaction is employed for re-
cognizing chlorides in the presence of bromides. The latter yield
hromine when treated similarly.

REACTIONS IN THE WET WAY.

A SOLUTION OF S0DIC CHLORIDE is employed.

All chlorides may be divided into:—

1st. Chlorides insoluble in water, such as AgCl and Hg.Cl,
which are quite insoluble; PbCl, which is difficultly soluble mn
cold, readily soluble in boiling water; and Cu,Cl,, AuCl and PtCl,,
which are almost insoluble in water.

ond. Ohlorides which ave soluble i water, comprising all other
chlorides.

In order to ascertain the presence of a soluble chlovide, or of
hydrochloric acid, we have merely to add a soluble argentic, mer-
curous or plumbic salt, when a white precipitate is produced. The
firgt of these salts answers every purpose, and is therefore invariably
employed to detect hydrochloric acid.

NO.Ago gives awhite curdy precipitate of argentic chloride, AgCl,
especially from a solution acidulated with dilute nitric acid. The

recipitate turns violet on exposure to light. It is insoluble in
Rilute nitric acid : soluble in ammonic hydrate, but is reprecipitated
unchanged, on the addition of nitric acid; it is likewise soluble in
potassic cyanide and sodic hyposulphite; soluble to a considerable
extent in alkaline chlorides, from which AgCl is reprecipitated 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 sulphuric acid, when chloring is
evolyed according to the equation :—

MnO, + 2NaCl + 280,Ho, = Cl, + 80.Mno" + 80.Nao,

This gas is readily recognized by its characteristic odour and
bleaching properties, its yellowish-green colour, and its action upon
iodized starch paper, or upon a dilute solution of potassic iodide and
freshly prepared starch solution, giving rise to the formation of blue
iodide of starch.
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Concentrated sulphuric acid liberates gaseous hydrochloric acid
from chlorides, thus :—

HgCl, Hg,Cl, AgCl, PbCl, SnCl, and SnCl,, are decom-
posed, with difficulty only, or not at all, by concentrated sulphuric
acid. '

In order to effect the decomposition of insoluble chlorides, such
as AgCl, Hg.Ol, and PbCl, they are mixed with fusion mixture,

fectly free from alkaline chlorides and heated in a porcelain
erucible. The chlorine is thereby transferred to the alkali metals,
and may be readily detected by means of argentic nitrate in the
aqueons extract, after acidulating with dilute nitrie acid.

Traces of free HOL, in the presence of a soluble chloride, are best detected by
gently heating with MnO, or Pb(y, and passing the evolved chlorine into a
solution of potassie iodide and starch. The chlorine liberates iodine (2KI +
Cly = 2KCl + Iy) ghich forms with the starch blue iodide of starch.

QUESTIONS AND EXERCISES.

1. How ave the several solid chlorides acted upon by heat ?

How is chlorochromie acid prepared ?

Classify all chlorides according to their solubility in water.

Describe the most characteristic tests for chlorine, as well as for hydrochlorie

acid or chlorides.

How are insoluble chlorides examined ?

. How would yon detect free HCl in the presence of a metallic chloride ?

Explain the action of distilled water, of chlorine water, ammonic hydrate,

potassic cyanide, sodic hyposulphite, and sulphuric acid upon AgCl,
Hg,Cl,, and Pb(l,. :

8. You have given to you 100 c.c. of a liquid containing free HCL and a solu-
tion of sodic chloride. 50 c.c. of the liquid gave 2:345 prms. of AgCl
After evaporation and ignition of the other 50 c.c. the residue yielded on
precipitation with argentic nitrate 1'596 grm. of AgCl. What 1s the per-
centage of HCI and of sodic chloride in the liquid ?

Nem R®R

CHLORIC ACID, {g%lo.—ﬂhtained, in | d8mhinkiu prith
caleium, by passing chlorine through a solution of calcic hydrate
and potassic carbonate to complete saturation. To a concentrated
solution of the caleic chlorate, formed according to the equation :—

0OC1
6CaHo, + 601, = FgUso’ + 5CaCl; + GO,
{ ocCl
add a solntion of potassic chloride, when caleic chloride and potassic

chlorate, {g%lﬂ, are g:trmcd by double decomposition. Potassic
chlur_ﬂf.e, being little soluble in cold water, and still less so in a
solution of calecie chloride, erystallises ont, and is washed with cold
swater and purified by reerystallisation.
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REACTIONS IN THE DRY WATY.

All chlorates are decomposed by heat; they fuse and evolve
oxygen, or a mixture of chlorine and oxygen, according to the
greater or less affinity 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-tnbe. 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

recipitate. ,

Chlorates part with their oxygen far more readily, npon ignition,
than nitrates. When mixed with oxidizable substances, such as C,
S, P, or KOy, they explode violently, even when gently rubbed
together in a mortar, or when moistened with a drop of concen-
trated sulphuric acid. Care should, therefore, be taken to powder,
or heat together, only very small quantities of a chlepate and organic
substances.

REACTIONS IN THE WET WAY.

A SOLUTION OF POTASSIC CHLORATE may be employed.

All ehlorates are soluble in water. In ovder, therefore, to detect
chlorates, we avail ourselves of their powerful oxidizing action, and
their leaving for the most part a chloride on igniion. Strong
hvdrochlorie and sulphuric acids decompose chlorates, with evolution
{:{ch]nrine and formation of lower oxides of chlorine.

Concentrated sulphuric acid decomposes potassic chlorate even
in the cold, a greemish-yellow gas, called chloric peroxide, 0,Cl,,
comes off, which is recognized by its suffocating odour. On the
application of heat (especially on ::}Eemt-ing with somewhat large
quantities) violent explosions oceur. few small erystals only of the
chlorate should, therefore, be employed, and the test-tube should be
held with its mouth turned away from the operator. The change
may be expressed by the equation :—

o 18] 0Cl OCl
3{ Q% + 28O.Ho, = 28OHoKo +4 0 + § O + O
OKo (o101
Potassic Chlorie
. perchlorate. peroxide.

HCI, especially when heated, decomposes potassic chlorate,
giving off a mixture of chloric peroxide and free chlorine, called
enchlorineg, thus :— .

ocl oCl1
8 + 24HCL = 8< 0, + 9}, + 8K(C1 + 120H..

A solution of indigo (sulphindigotic acid) is decolorized on the
addition of a solution of a chlorate and a little sulphurie acid, by &
reaction analogous to that produced by free nitrie acid.

Perchlorates are more stable than chlorates. Concentrated suls
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phurie acid fails to decompose perchloric acid in the cold and with
difficulty only on heating. (DIsTINCTION FROM CHLORIC AcID.) Hydro-
chlorie, 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 aleohol.

In order fo distinguish a nitrate from a chiorafe, 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 ont with hot water. To one portion of
the solution add a few drops of dilute nitric acid, and then argentic nitrate. A
white curdy precipitate indicates the présence 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 presence of a nitrite, derived from the potassic nitrate.

If a chioride be present, us well as a chlorate and nitrate, a solution of argentic
sulphate must be added to the solution, as long as a precipitate comes down. The
Ag(l is filtered off;, and the filtrate evaporated to dryness, with the addition of a
little pure sodic cafonate, 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 (HD,%&] solution, as long as a precipitate comes down.
The remaining portion is tes r nitric acid, either by the iodide of starch
reaction, or by means of a ferrous salt and sulphuric acid.

" QUESTIONS AND EXERCISES.

1. State briefly how potassic chlorate is prepared.

2. Describe the changes which potassic chlorate undergoes on ignition.

3. Explain the action—1st, of concentrated sulphuric acid ; 2nd, of concentrated
hydrochloric acid npon potassic chlorate. Give equations.

4. How can a chlorate be detected in the presence of a ride ?

5. How can a nitrate and a chloride recognized in the presence of a
chlorate ?

6.

Introduce 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 sodie and ealcic hypochlorites, which are obtained
along with the corresponding chlorides, by passing chlorine through
a solution of the carbonates or hydrates. An important compound
closely related to the hypochlorites is the calcic chlorohypochlorite
(a constituent of chloride of lime or bleacking powder*), which appears
to be formed according to the eguation :—

CaHo, + Cl, = Ca(0C1)Cl + OH,.

Hypochlorites are gradually decomposed on exposure to air
(owing probably to the action of the carbonic anhydride contained

.o I
* The actual composition of this important body is usually expressed b
formula : —Ca(OCI)Cl,Ca0,20H., requiring 32'42311.:1. of Eiﬁﬂl‘iﬁﬂ. l::mi;t?

ﬂ:ﬁls]:;u]}nwnm. by that of Ca(OCI)Cl,caHos, which requires 3532 p.e. of
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in air). Dilute acids liberate chlorine, and it is on this acconnt
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 :—

o0l
6Ca(0CNHCl = gqm" + 5Ca0l.
{ o

REACTIONS IN THE WET WAY.

We employ A SOLUTION OF CALOIC Ok §0DIC HYPOCHLORITE,
ClNuao.

All hypochlorites are soluble in water. Their agueous solutions
bleach vegetable colours. On heating or evapor ing dilute solu-
tions of hypochlorites, they are decomposed into chlorides and
chlorates, concentrated solutions into chlorides and oxygen. Dilute
hydrochloric acid decomposes them gvith evolution of chlorine.
(DISTINCTION BEIWEEN HYPOCHLORITES AxD cuLoRATES.) Hypochlo-
rites yield oxygen to readily oxidizable substances, and become
converted into chlorides; the detection of hypochlorous acid 18
based npon the varions processes of oxidation to which its salts can

give rise, thus :—

As,0, is oxidized to As.0O.
MnCl, i ,  MnO..
PbO i o PR
Pbis i , BO;Pbo".

COHo
COHo i1 , 200, + OH..

Tndigo or litmus is readily decolorized.

QUESTIONS AND EXERCISES.

Give the graphie formula for caleic chlorohypochlorite.
Give illustrations of the oxidizing action of hypochlorites. Express the

changes by equations.
How is bleaching powder prepared P ' ;
Explain the bleaching action of an agueous solution of a hypochlorite.

What change takes place—Iet, when a hypochlorite is ignited by itself ;
2ndly, when a concentrated solution of o hypochlorite 18 boiled _
deodorizing action of hypochlorites when brought in eontact with

H

lorite be distinguished in the presence of a chloride 7

A sample of bleaching powder containg 265 per cent. of chlorine. How much
As,0; by weight will be required to deoxidize (¢ dechlorinize”) 1°233

grm, of the bleaching powder ? a

o @ Tew e

HYDROBROMIC ACID, HBr.—The element hromine ocenrs
in mature mainly in combination with the fixed alkalies and the
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metals of the alkaline earths (ealcium, magnesium), forming salts,
called bromides, which resemble the chlorides of the same metals
very closely, and from which we derive both bromine and hydro-
bromic aeid.

REACTIONS IN THE DRY WAY.

Most bromides remain nnaltered when ignited ; others are vola-
tilized without decomposition. AuBr; and PtBr, are decomposed
upon ignition into metal and bromine, which latter volatilizes. ny
bromides are acted upon, when ignited with free access of air, and
are converted into oxides and free bromine; others again, such as
Al.Br, ete., are decomposed, on evaporation of their aqueous solu-
tions, into oxides and hydrobromic acid. KBr and NaBr are con-
verted, to a great extent, into KCl and NaCl, on repeated ignition
with ammonie chloride. When fosed with hydrie potassie sulphate,
bromides are decomposed into.sulphates, with evolution of sul-
phurous anhydride and bromine. The few insoluble bromides of
the heavy metals are converted into soluble alkaline bromides by
fusion with alkaline carbonates,

Heated before the inner flame of the blow-pipe on n bead of microcosmic salt,
in which a little cuprie oxide has been diffused, bromides impart a blue colour to

the flame, which puasses into green, especially at the edges. This distinetion
between chlorides and bromides is, however, not very marked.

REAC‘}"IGHS IN THE WET WATY.

A soLuTION OF POTASSIC BROMIDE, KBr, may be employed.

All metallic bromides can be divided into—

Ist. DBromides which are insoluble in waler, such as AgBr,
'"Hg'.Br,, PbBr, (less soluble in water than PbCl,), and—

2nd. Bromides which are soluble in water, comprising all other
bromides.

Certain bromides, e.g., SbBr;, BiBr;, are decomposed by water
into insoluble oxybromides and hydrobromic acid. They resemble
in this respect the corresponding chlorides.

In order to detect hydrobromic acid or a soluble bromide, add a
solution of an argentic (mercurous or plumbic) salt to the solution,
when a yellowish white precipitate of argentic bromide, AgBr, is
formed, which is insoluble in dilute nitric acid, somewhat soluble in
concentrated ammonic hydrate, readily soluble in potassic eyanide or
sodic hyposulphite. By decanting the supernatant liquid, washing
with a little water, and treating the precipitated argentic bromide
with strong hydrochlorie acid, reddish brown fumes of bromine are
evolved which colonr starch paste yellowish. (DISTINOTION BETWEEN
AgBr axp AgCl.)

Imsoluble bromides, such as AgBr, Hg.Br,, PbBry, can be
decomposed by heating in a test-tube with alkaline carbonates (free
from chlorides). The aqueous extract is tested for hydrobromie
acid, and the insoluble residue for silver or lead. Hg.Br, gives a
gublimate of metalliec mercury.

In the absence of any well-marked distinguishing features in the
argentic bromide precipitate, it is preferable to liberate bromine
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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 hydrochloric acid) does nob
liberate any bromine from soluble bromides. (IDISTINCTION BETWEEN
BROMIDES AND 10DIDES.) All bromides are, however, decomposed by
chlorine, with evolution of bromine, which remains dissolved in the
aqueous solution. On shaking with a little ether, the bromine is
taken up by the ether, forming a yellowish-red liquid, which floats
on the 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 :—

4Br, + 6KHo = 5KBr + g%; + SOH,.

~ Bromine is obtained from natural bromides, such as potassic,
magnesic, and calcic bromides, by reactions analogous to those
employed for the preparation of ch orvine from common salt (page
118) ; for instance, on distilling with manganic oxide and conecen-
trated sulphuric aeid, thus :—

9KBr + MnO, + 280,Ho, = Br: + 80,Ko, + 80:Mno" + 20H,,

or by distilling a bromide with dipotassic dichromate and sulphuric
acid, thus:—

GKBr + GT:D;K()B -1 ?ED:H'D; = SBI‘E 4 SQGBU]'gUﬂ + 450&03
+ 7OH,, ;

A mixture of a bromide and
manganie oxide, or dipotassic
dichromate is introduced into a
tubulated retort (Fig. 16), with
concentrated  sulphuric acid,
diluted with its own weight of
water, and gently heated over a
gas flame. The reddish-brown
vapours of bromine passes OVer,
and condenses in a flask (which
ghould be kept cold by a stream
of water, or better still, in a
vessel surrounded with ice), to a
reddish-brown heavy liquid.

Concentrated sulphurie aeid
alone evolves hydrobromic acid,

together with bromine and sulphurous anhydride, thus:—
4‘KBI‘ -+ SSOgHGg — ]31': -+ 2HBr -+ ESDEE'D:; ey EUHE + ED‘;

Concentrated nitric acid evolves bromine, together with nitrous
fumes, thus:—
9KBr + 4NO,Ho = Br: + ON(O.Ko + N,0, + 20H,,
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In the two last reaetions the sulphuric and nitric acids act as
oxidizing agents, performing in fact the functions of the manganic
oxide and dipotassic dichromate in the former reactions.

It is obvious that the hydrogen 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. It boils at 63° C., and volatilizes
at the ordinary temperature. Bromine vapour bleaches vegetable
colours like chlorine gas. Itis difficultly soluble in water, somewhat
more soluble in aleohol, and readily soluble in ether to a yellowish-
red liguid.

Bromine (like chlorine) is an oxidizing agent, ¢.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
separates, thus :— .

Br, + SH; = 2HBr + 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; + 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, hypo-
sulphites.

Hydrobromic acid can likewise be prepared by distilling an
alkaline bromide with phosphorie acid.

In ordor fo distinguish a bromide in the presence of a ehloride, argentic nitrate
i8 added gradually to the solution, acidulated with a little dilute nitric acid.
AgBr is pmcﬂ:itab&d 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.

It is, however, preferable to employ the reaction described at page 117, viz.,
of distilling a mixture of a dry chloride and bromide with dipotassie dichromate
and concentrated sulphuric acid, and of obtaining chlorochromic acid and bro-
mine, the former being decomposed by water into CrO:Ho, and HCl. The
bromine remaining unchanged, can be removed by ether. On adding AmHo

to the bromine solution a colourless liquid eontaining ammonie bromide and bro-
mate is obtained.

QUESTIONS AND EXERCISES.
1. Deseribe a method by which bromine can be obtained from a soluble hro-

mide.
2. How would you prepare HBr from a soluble bromide ?
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3. Explain the action of heat upon 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 HCL, concentrated 80,Hog, coneen-
trated NOsHos, und of POHos upon potassic bromide.
5. How is HBr distinguished from HCL?
8, What takes place when bromine, phosphorus, and water are brought
together ?
9. Expluin tiha action of SH,, SONaos, and SS0ONao: upon bromine suspended
in watanr.
10. Give the atomic and volume weights of bromine and of hydrobromie acid.
11. 1-56 grm. of argentic bromide are heated in a current of chlorine ; what will
be the weight of the silver salt left ?

BROMIC ACID, {gﬁ;.—ﬂhmimd in combinntion with potassium by

adding bromine to a moderately concentrated solution of potassic hydrate.
Potassic bromate crystallises out from the elightly yellowish-coloured liquid, and
is purified from potassic bromide by washing with waterand reerystallisation. The
reaction takes place according to the equation :—

) Obr
9Br, + 6KHo = BKBr + 4 g, * 30H..

The free acid is obtained by Erecumlm;ing baric bromate with dilute sul-
phuric acid.

REACTIONS IN THE DRY WAY.

All bromates are decomposed by heat. Some, eg., the alkaline bromates,
fuse and evolve oxygen, leaving a bromide; others, such as zincic and magnesio
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.

LEACTIONS IN THE WET WAY.

B
We employ A SOLUTION OF POTASSIC DROMATE, {gﬁ;,

All bromates are soluble in water. Argentic and mercurous bromates are
diffieultly soluble.

Dilute sulphurie, nitrie, or phosphorie acid liberates bromic acid from its
galts, which, meuvcr, exhibits great instability and breaks up into bromine,
oxygen, and water. ’

romates are readily broken up by deoxidizing substances, such as aulphurous
and phosphorous acids, sulphuretted hydrogen, etc., with formation of sulphuric
and phosphoric acids, sulphur and water, and liberation of bromine. A mixture
of potassic bromide and Lromate, when acted upon by dilute acids, is decomposed

into bromine and water, thus :—

sKBr + { OB + 6HCL = 8Br; + 80H; + GECL

The weak affinity of bromine for oxygen is, moreover, rendered apparent on
boiling bromine witi such powerful oxidizing agents as nitrie acid, potassic chlo-
rate or manganate, which are without action uponit. oAty

‘A bromate in the presence of a chlorate is readily distinguished by precipitation
with NO:Ago ; the white argentic bromate, g-ﬂﬂ' gives off bromine on
being treated with HCL The residue which bromates and chlorates leave on
jgnition may also be tested by any of the methods described under hydrochlorie
and hydrobromic acids.
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QUESTIONS AND EXERCISES,

State how potassic and baric bromates are prepared. _

Describe the changes which metallic bromates undergo when submitted to
heat.

. Explain the action of dilute acids upon potassic bromate.

What is the action of 8H,, S0, or P+0, upon potassic bromate ?

How can a bromate be distinguished in the presence of a bromide ?

How ean a bromate be distinguished from a chlorate or nitrate ?

How is free bromic acid obtained ? ‘

How much potassic bromate should there be obtained from 50 grms. of
bromine ¢

FABDBE P

HYDRIODIC ACID, HI.—Occurs in nature in the form of
soluble iodides (KI, Nal, MgI,, Cal.), in sea water, in the ashes of
marine plants, in some mineral springs, from which bodies iodine is
obtained, by processes similar to those employed for the extraction
of bromine from bromides.

REACTIONS IN THE DRY WATY.

Most iodides undergo decomposition when heated by themselves,
either with or without exclusion of air, Aul, and Ptl, give off
iodine, and leave the metals; others are partially decomposed,
giving off iodine, and leaving an oxide of the metal. The alkaline
iodides, however, can be heated to fusion, withont undergoing any
decomposition. Ignition with ammonic chloride converts iodides
only partially into chlorides. On fusing cupric oxide in a bead of
microcosmic salt, and introducing a little potassic iodide into the
bead and heating in the inner blowpipe flame, the outer flame
becomes of a fine emerald green colowr.

REACTIONS IN THE WET WAY.

We employ a soLuTiON OF POTASSIC 10DIDE, KI,
All metallic iodides may be divided into—

1st. ITodides insoluble in water, such as Apl, Hg,I, HgI,,
Pbl,;, Cu,l, (Bil,, Aul,, Ptl,), and Pdl,, and—

2nd. Iodides soluble in water, comprising all others. The
iodides of the heavy metals are less soluble than the
corresponding bromides or chlorides,

Soluble iodides may be examined in two ways—

1st. By precipitation or conversion of the soluble into insoluble
todides.

NO,Ago gives a yellowish white precipitate of argentie ioaide,
Agl, insoluble in dilute nitric acid, almost entirely insoluble in
ammonic hydrate (pisrizorion sErweeN HI axp HCIL, or HBr);
goluble in potassic cyanide.

N.,0Hg.0” gives a yellowish green precipitate of mercurous

!u:ll?;e, Hg.I., insoluble in dilute nitrie acid, soluble in potassic
iodide.
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HgOl, giving a beautiful vermillion red precipitate of mereurie
joaiae, HEL,, soluble, however, in excess either of mercuric chloride
or of potassic iodide.

gg‘“ .Pho" gives a bright yellow precipitate of plumbie lodide,

PbL,, soluble, like the chloride, in hot water, from which it erystal-
lises ont, on cooling, in beauntiful shining yellow scales; goluble in
dilute nitric acid.

§0,0n0" (cuprous sulphate), obtained by treating S80.Cno”
with SOHo,, produces a dirty white precipitate of cuprous fodide.
Cu, L, which is of interest, because chlorides and bromides cannot be
precipitated in_like manmner, and becanse it serves frequently for
removing iodides from dilute solutions containing chlorides and
bromides.

ond. By liberating iodine, and causing the iodine vapour to act
upon starch paste. This may be effected in several
WEL}VE.

On mixing a dilate solution of potussic 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 upon a freshly-prepared solution of starch, to
which it imparts a fine blue colour, owing to the formation of dodide
of starch. This is one of the most delicate tests. The reaction
serves equally well for the detection of NOHo (comp. page 116), or
NO,Ho, after reducing to NOHo (see page 114), thus:—

oK1 4+ 2NOKo + 4HCl = I, + AK(Cl + N,0, + 20H..

A solution containing free iodine may also be shaken up with a
few drops of carbonic disulphide, which dissolves the iodine, assuming
a fine violet colour. MKther dissolves iodine, but the colour which is
produced resembles ether colonred by bromine.

Nitric 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, .4., Ba0,, Pb0,, MnO,
and HCL, or Fe,Cly and HCI), 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 fumes, which condense to beautiful fern-leaf shaped
crystals.

£ The methods adopted for the extraction of iodine from metallic

iodides are all based upon the expulsion of iodine by oxygen (or its
equivalent of chlorine or bromine). Todine 18 obtained by distilling

an iodide with an oxidizing agent and sulphuric acid, e.g. :—

EKI -+ Mnﬂz -+ ES'D:HD-; = Iz 4 HDgM‘IlD” - ED,K@, -
QDHQ, or

6KI + Cr,0:Ko: + ?EC&H:@T EHSI;- + 8,0,Cr0" + 480:Ko0; +

IF;’T _;:I-I : I.-"J? 2

-
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Concentrated acids, such as SO.Ho., or NO,Ho, decompose
iodides with separation of bluish black scales of iodine and evolu-

tion of 80, or lower oxides of nitrogen, thus :—

2KI + 4NO.Ho = I, + 2N0.,Ko + N.,0, + 20H..

On fusing an iodide with 80,HoKo, iodine is likewise liberated,
thus :—

2KI + 480,HoKo = 380,Ko. + 80, + I. + 20H,.

On examining for fraces of iodine by acting upon an iodide with chlorine or
bromine, excess of the latter elements must be earefully avoided, as the iodine
forms with the chlorine or bromine colourless chloride or bromide of iodine, and
destroys the blue colour of iodide of starch, or the violet colour of the carbonie
disulphide solution. The blue colour of iodide of starch is also destroyed by
various reducing agents, such ns 80, SH, As,0y; SnCly, and HgyOl, or by
any organic reducing body. Alkalies destroy the eolour, dilute acids (even acetic
acid) restore it again. On heating iodide of starch the colour disappears, but
reappears on cooling.

The destruction of the blue colour of iodide of starch by various reducin
ﬂgﬂnba 18 due to the decomposition of water by the iodine, with formation of HI,
the oxygen being transferred to the reducing agent, thus :—

S0Ho, (a dilute solution) + Iy + OH,; = S0,Hoy + 2HT.
ﬂHg + I3 =2HI + 8.
ﬂ.ﬂHﬂg + ]-; o= ﬂ][! = 2HT + MGHD&;

Hydriodic acid is usually prepared by acting upon iodine sus-
nded in water (or dissolved in hydriodic acid), with a current of
H,.  Sulphur separates and is removed by filtration, and the

solation of hydriodic acid concentrated by distillation. Its aqueous
solution absorbs oxygen from the air, water being formed and
iodine liberated, which dissolves in the undecomposed hydriodic
acid, and imparts a brown colour to the liguid.

Insoluble iodides have to be fused with alkaline carbonates.

The agueous extract is examined for iodine, and the residue for the

metal,
- QUESTIONS AND EXERCISES,

1. How would you extract iodine from Mgl.? Give several methods, and
express the changes by equations.
2. Explain the action of heat upon solid iodides.
3. Classify all iodides according to their solubility in water.
4. Explain how you would distingnish HCl, HBr, and HI, when oceurring in
one and the same substance.
9. Explain the action of iodine vapour upon starch.
6. Why is it preferable to liberate iodine by means of N,0j, instead of by
bromine or e¢hlorine ? .
7. How would you prepare a solution of hydriodic acid ?
8. How much idodine can be obtained from 100 lb. of NaI?
9. Ei_:lrn graphie formulm for cuprous and mercurous iodides.
10. }L-xg'lgyn how you would distinguish free iodine in the presence of an
1odide.
11.- What action takes place when a dilute solution of S0, acts upon iodine, and
i E?::-; m:nf mdmp i::nllnnﬂe the mﬁiaaurc for 80, and vice versd ?
. 8 ot a mineral water yield '184 grm. of Agl; how much iodine i
there in 100,000 parts of th:é water ¢ g e i

K
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> o ot : . :
I10DIC ACID, { Oi[o.—Pntasam iodate is obtained, like the corresponding

chlorate and bromate, by dissolving iodine in otassic hydrate. The iodate erystal-
lises out first, being ueh less soluble than KI. The free acid can bhe prepared by
decomposing baric iodate with sulphuric acid, thus:—

oI .
0 o
glnm" + SOsHoy = 2{ O + SO:Bao”.

__Todic acid is also obtained by the action of strong boiling nitric acid upon
jodine, or by passing chlorine through iodine suspended in water.

REACTIONS 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
e:pballad. When heated with charconl they explode less violently than chlorates
or bromates.

REACTIONE IN THE WET WAY.

We employ ASOLUTION OF POTASSIC I0DATE, {g%ﬂ-
Alkaline iodates alone are soluble in water.

“BaCl, gives n white precipitate of barie lodate, soluble in nitric acid.

MO Ago produces o white crystalline precipitate of argentic lodate,
apuﬂn%y soluble in nitrie.ncid, readily soluble in ammonic hydrate (DIBTINCTION
yrom HI). On the addition of a reducing agent, €4 g0Ho,, to the clear
ninmnninnnl solution of argentic iodate, @ precipitate of Agl is obtained,
thus i— )

ol
OAgo

Potassic iodate is decomposed by S, with formation of potassic iodide and
sulphuric acid, and precipitation of sulphur; by 80 o, with separation of
iodine, which (by the decomposition of water) is converted into hydriodic acid.

A mixture of an iodate and jodide is decomposed by weak ncids (e.g., acetic
neid), with liberationof iodine. Traces of an iodate in potassic iodide can, there-
fore, be detected by means of the delicate iodide of starch reaction.

Todates which give off iodine when they come in contact with various reduc-
in% agents, e.9., 80z, S50 Nnog, SnCly, difler, however, in a marked manner from
ohlorates and bromates by emaining unacted upon by concentrated sulphurie
acid, unless the action be pssisted by deoxidizing sgents, such as ferrous salts,
ete. Instead of acquiring o less stuble character by the interposition of the atoms
of oxygen between the iodine and potassium, potassic iodate,* and still more g0
periodate (obtained by passing ¢hlorine through an alkpline solution of potassic
jodate), is eapable of vesisting the action of 8 phuric acid far more readily than
potassic iodide. Periodates are, in fact, not reduced by the ordinary reducing

agents by which ‘odic ncid is reduced, except by SH..

QUESTIONS AN D EXERCISES.

1. How are potassic iodate and periodate obtained ? Give equations.
9. Hxplain the changes which iodates and periodates undergo upon ignition.

e

% J. Thomson {Deut. Chem. Ges. Ber., vii, p- 112) deduces from the dif-
ferences observed in the solubility of chlorates and bromates, compared with
that of iodates, also the formation, by preference, of acid salts with the alkali
bases, and the facility with which iodie anhydride can be prcpa:md_tlimgtl;.' by
heating the hydrated acid, that iodic acid must be viewed as 8 dibasic acid, and
he assigns to 1t the formuln :—J20gHa 0T 1710, (OH) 5, and he derives periodie

acid, H;I0H,, or H,I0,(0H)g, by veplacing the triatomic iodine atom by Hs.

+ 880Ho, = Agl + 380,Ho,.
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3. Explain the change which takes place when potassic iodate is acted upon—
lst, by reducing ageutls, e.g., 80y S8H,, FeCly; 2ndly, by concentrated
sulphurie acid.

4. A precipitate contains Agl and {giga' State how you would separate the
two salts from each other.
5. Explain the action of HI upon a mixture of KI and ?

AL+ Ko, =HZo, + KZ 4

HYDROFLUORIC ACID, HF.—Occurs in nature in com-
bination chiefly with cal¢ium in the mineral called fluorspar (Derby-
shire spar), éﬂng; also as double fluoride of alumininm and
sodinm in eryolite, 6NaF,ALF,. It is, moreover, met with in
certain natural phosphates, e.g., coprolite, wavellite, and in a few
silicates, e.g., topaz, mica, hornblende.

REACTIONS IN THE DRY WAY.

Heated ont of contact with the air, most fluorides remain un-
changed. Volatile fluorides can be distilled ; but when heated in a
moist a.tmnsghare, or if water be added, they are decomposed into
oxides (oxyfluorides) and hydrofluoric acid. The changes which
fluorides undergo in the dry way are of two kinds.

1st. The flucride gives off hydrofluoric acid gas which corrodes glass.
—By heating a fluoride containing water in a piece of combustion
tubing, open at both ends, before the blowpipe, the glass around the
fluoride is attacked. The experiment may be carried out also by
mixing a little microcosmic salt with the fluoride, and holding the
tobe in a slightly slanting position,

By heating a mixture of a fluoride with hydric potassic sulphate
in a test-tube, HF is disengaged, thus :—

CaF. + 280,HoKo = 80,Cao"” + 80,Ko0, + 3HF.

The gas corrodes the upper part of the tube on account of its action
upon the silica of the glass, with which it forms a gaseous compounnd,
silicic fluoride, BiF,, thus :—

2nd. The fluoride is decomposed by hydric potassic sulphate in the
presence of a borate, with formation of volatile boric fluoride, BFy.—
By heafing a mixture* of powdered hydric potassic sulphate and
fosed borax with the finely powdered fluoride, on the loop of a
platinum wire, in a clear flame of a Bunsen gas lamp, boric fluoride
is disengaged, imparting a beautiful yellowish-green colour to the
flame, which is highly characteristic, although very evanescent,

REACTIONS IN THE WET WAY.
=
We employ A sovurion oF sonio FLUORIDE, NaF.

* 10 mol. of 80,HoKo ( = 10 % 136).
3 mol. of CaF, (= 8 x 78).
1 mol. of B,0;Nao, 202.

1
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Most metallic fluorides are solid; others, again, such as the
fuorides of the metals whose higher oxides possess acid properties,
form volatile, fuming, highly corrosive liquids, or are gaseous ab
the ordinary temperature.

Fluorides are either soluble in water and more or less erystalline,
such as KF, NaF, AmF, AgF, SnF, FelF; HgK,, 1,F,, or
imsoluble or very sparingly soluble in water, and amorphous when
obtained by precipitation, e.g., Cal',, BaF,, Pbl,, Znk,, Cul..

The reactions which a soluble fluoride gives by double decom-
position with solutions of salts, whose metals form insoluble
fluorides, are not very characteristie.

BaCl, produces a bulky white precipitate of barie filnoride, Bal,,
goluble in hyd];m::'lxlm'ic acid and in much ammonic chloride.

CaCl, (or CaHo,) gives a gelatinous translucent precipitate of
calele nuoride, Cal, which becomes visible by the addition of
ammonic hydrate. Cal; is slightly soluble in cold hydrochloric or
nitrie acid, difficaltly soluble in boiling hydrochloric acid, less
goluble in acetic acid, insoluble in free hjrdmﬂunric acid, soluble to
some extent in ammonic chloride.

NO,Ago produces no precipitate.  (DISIINCTION BETWEEN HF
axp HCL)

It is preferable to test for HF by the reactions based npon the
formation of gaseous Sily or Bl

All fluorides (soluble or insoluble) are decomposed on heating
with concentrated sulphuric acid, with disengagement of HI', a
GH:Fg -+ BU,HG; = 21’1F + Soggﬂﬂ”.

The experiment is best performed by treating the fluoride with sulphurie acid
leaden still and U-tube, surrounded with ice,

£ o for the condensation of the acid.
; Hydrofluoric acid gas is highly
— corrosive, and should not be inhaled.
If it comes in contact with silica (e.g.,
in glass), S1iF, is formed. The glass

becomes corroded or etched.

Tts action upon glass may be shown also
by covering a platinum erucible, containing
trated sulphuric acid; with a piece of glass,

e.i., & watch-glass. The vapour of the evolved hydrofluoric acid corrodes the
covered with a thin layer of ‘melted wax, and some design scratched on the waxed
gide with a pointed instrument. The gas acts upon the unprotected portion of
watch-glass, The design will be found etched more or less deeply into the glass,
after the removal of the wax. Mere traces of o fluoride arve thus detected, and as
for hydrofluoric acid.

If the fluoride contain much silica, sulphuric acid disengages

metallic sulphate being left, thus :—
in a small leaden cup heated over a water-bath (Fig. 17), and connected with a
Fia. 17. a little finely powdered fluoride and concen-
ss. The action of the hydrofluorie acid becomes apparent when the glass is
the glass. To prevent the melting of the wax, & ittle cold water is kept on the
no other substance attacks glass similarly, the reaction 18 perfectly charncteristic
silicic fluoride instead of h}rdmﬂunric acid, which does not attack
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glass ; but when passed into water—best by letting the delivery-
tube dip into a little mercury—it is decomposed into hydrofluo-
gilicic acid and into 8iHo,, thus:—

3SiF, + 4OH, = SiHo, + 2(2HF,SiF)).

This reaction is employed for detecting fluorine in silicates, or if
applied to flnorides which are free from silica, some finely powdered
quartz or glass is first mixed with the fluoride, before treating with
sulphuric acid, and passing the silicic fluoride into water.

The experiment may he performed in a glass flask or small stone ware bottle,
provided with a wide delivery-tube, which dips under mercury contained in a
small porcelain cup at the bottom of a beaker or glass eylinder. Care should be
taken that the inside of the delivery-tube remains perfectly dry, when the re-
ceiving vessel is filled with water, A mixture of one part by weight of finely
powdered fluorspar, and one by weight of fine sand is introduced into the glass
or stone ware vessel. Seven to eight parts by weight of oil of vitriol are added,
and the whole shaken up together and gently heated upon a sand- (or water-)
bath. Each bubble of the evolved BiF,, on passing through the water, is
decomposed, with separation of gelatinous silica, which after a time fills the
whole glass vessel in the form of a dense jelly. The silica is separated by strain-
ing through a cloth from the hydrofluosilicie acid, which may be returned to the

lass cylinder, and a fresh quantity of SiF; passed through, till the acid solution
iﬂa become sufficiently coneentrated.

Silicates containing fluorides which are not deeomposed hy sulphuric acid, are
fused with four parts of fusion mixture. The fused mass is extracted with water
and filtered. The filtrate containg the fluorine in the form of alkaline fluorides
together with alkaline silicates. On slightly acidulating with dilute hydrochlorie
acid to decompose the excess of alkaline carbonates, and then digesting with
ammonie hydrate, 8ilo, is precipitated, which can be filtered off, leaving the
alkaline fluoride. On adding CaHo; or OaCly, and digesting at a gentle heat, a
gelatinous precipitate of CaFy is obtained, which is filtered off, dried, and
examined. If phosphoric acid be present, the precipitate contains Py0.Cao”y,
as well as Cal,, which does not, however, interfere with the disengagement of
hydrofluoric acid gas.

Insoluble luorides, e.g., CaFy, are not completely decomposed by fusion with
alkaline carbonates, unless 8i0y be present.

QUESTIONS AND EXERCISES.

Which are the most important natural compounds of fluorine ?

. What changes do solid fluorides undergo when heated by themselves ; 2ndly,

when mixed with microcosmic salt or hydric potassic sulphate ?

. How is BF; formed, and why does it furnish us with a characteristic reac-

tion for fluorine or vice versd for boron ?

. Classify fluorides according to their solubility in water.

. Deseribe some characteristic reactions for fluorine in the wet way.

. How would you distinguish gaseous HCI from HF ?

. How is hydrofluoric acid gas prepared 7 Explain its action upon glass.

. How would you test for small quantities of a fluoride ?

9. Explain the action of concentrated sulphuric acid upon a fluoride containing
much 8i0,

10. How is fluorine delected in silicates decomposable by 8O0;Ho; containing
traces of a fluoride ?

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 ¢

12. How would you prepare KF, AmF, and liquid HF ?

@ e

o
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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
silicie fluoride. :

REACTIONS IN THE WET WAY.

A CONCENTRATED SOLUTION OF THE ACID may be employed.

On evaporating a solution of hydrofluosilicie acid in a platinum vessel, it
volatilizes, and is decomposed into 8iF, and 2H[F. The acid ought not, there-
fore, to be heated in a glass vessel.

A few silicofluorides, e.g., 9KF,8iF,, 2NaF,8iF,, Ball,Bil,, are difficultl
soluble in water, and are rendered quite insoluble by the addition of alcaﬂra{
Most other metallie silicofluorides are readily goluble 1 water.

BaCl, precipitates translucent erystalline barie silicofluoride, Bal.Sil,,
which falls out very readily. The precipitation is complete on the addition of
an equal volume of alcohol, Strontium iz not precipitated from concentrated
golutions, (IDIETINCTION BETWEEN BARIUM AND STRONTITM.)

'jE]";GI ives o translucent gelatinous precipitate of dipotassie silicofinoride,
2KF,8il,.

Awmlo separates SiHlo; and forms AmkF.

On heating a metallic silicofluoride with concentrated sulphurie acid in &
plnlll;‘izaum orucible, covered with a watch-glass, the glass becomes corroded or
etehed,

QUESTIONS AND EXERCISES.

1. How is 2HF,8iF, prepared ?

9. State how 2HF,81F, acts upon KHo, oH,, Fe, Cu0.

3. What decomposition takes place when silicofluorides are heated—1st, by
themselves ; 2ndly, with concentrated S80:Ho,?

4. How is BaF,, 8iF, obtained P

5, What proportions by weight of CaFy, 8104, and 80,Mo., are required for
the preparation of 2H17,81F, ?

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-
ash, sombrerite, coprolite, apatite, wagnerite, wavellite, vivianite,
pyromorphite, etc.

REACTIONS IN THE DRY WATY.

Normal phosphates of fixed bases are not decomposed npon
ignition. ono- and di-hydric normal phosphates lose water, and
are converted into pyro- and metaphosphates, thus:—

(l:l EPDHQNH.{J; = onarlqﬂ.-ﬂl -+ OH:.

Hodie
2 pyrophosphate.
(2) POHo.Nao = PO;Nao + OH.
Sodie

metaphosphate.
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Fusion with caustic or carbonated alkalies converts pyro- and
metaphosphates into normal or orthophosphates. Boiling with con-
centrated acids (NO,Ho) affects this conversion likewise.

Alkaline earthy phosphates are only partially decomposed by
fusion with alkaline carbonates; most others, e.g., magnesic, ferrie,
zincie, nickelous, manganous, cupric phosphates are completely de-
composed. The solution contains trisodic and tripotassic phosphates.
P,0,AlLo" can only be decomposed by fusion with silicic anhydride
or sodic silicate (water-glass) and fosion mixture,* being converted
into sodic aluminic silicate and trisodic phosphate. (Comp. p. 46.)

REACTIONS IN THE WET WATY.

We employ a SOLUTION OF HYDRIC DISODIC PHOSPHATE, POHoNao,.
All phosphates may be divided into—

1st. Phosphates which are soluble in wafer, comprising _the
alkaline phosphates only ; their solutions react alkaline ;
and

ond. Phosphates which are insoluble in water, but soluble in
mineral acids (some also in acetic acid), comprising all
other metallic phosphates.

The following are some of the more important reactions by
double decomposition :—

BaCl, yields a white precipitate of hydric baric phesphate,
POHoBao", difficultly soluble in ammonic chloride, soluble in nitric
or hydrochlorie acid.

aCl,, or 80,Cao" produces a white precipitate of hydric caleie
(or tricaleic) phosphate, POHoCao", readily soluble in mineral acids, ¥
soluble in acetic acid, after being freshly precipitated, difficaltly
goluble in ammonie chlorde.

S80,Mgo" (or better still MgCl:) in the presence of AmCI 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
phosphorie acid.

NO.Ago gives a light yellow precipitate of triargentic phosphate,
POAgo,, soluble in ammonic hydrate and in nitrie acid.

* One part of 810y, together with six parts of fusion mixture,
t P,0,Cao"y + 4NO;Ho = P;0;HoCno” + 2 NO*Cao,
2
Soluble tetrahydric
caleie diphosphate, reprecipitaled by AmHo,
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({ ggs);Pbu", plumbic acetate, produces a whife precipitate of

plumbie phosphate, P.0,Pho"';, readily soluble in nitric 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 state takes place.

Fe.Cl, gives a yellowish-white gelatinous precipitate of ferrie
phosphate, P,0.Fe,0", soluble in hydrochloric acid. The ferric salt
should be added drop by drop, sufficient to just impart a red tinge
to the snpernatent solution, since the precipitate is somewhat soluble
in excess of ferrie chloride. Sodicacetate 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.., from the alkaline earth phosphate, P20:Cno"y, the free
acid is nearly neutralized with ammonie hydrate or ammonic earbonate, and
then sodic acetate added, which, by double decomposition with the free hydro-
chlorie acid, forms sodic chloride and free acetic acid, in which the precipitate,
produced by a slight excess of forvie chloride, is absolutely insoluble. The mix-
ture is heated to boiling, a reddish-brown precipitate is obtained, which contains
the whole of the phosphoric acid, together with some basic ferric acetate. [t must
be filtered hot, and washed with hot water; the filtrate contains the alkaline
earthy bases as chlorides.—(Comp. also p. 36 and 37.)

Small quantities of phosphoric acid, in the presence of large amounts of «
ferrie salt, such as we meet with in solutions of ivon oves, of pig iron, steel,
ete., are best removed by first reducing the ferric to ferrous salt by boiling
with 80HoAmo, neutralizing with CONuaog, aud lastly with sodie acetate and
precipitation with a few drops of ferric chloride (or by reoxidizing a small portion
of the ferrous salt by the addition of a little chlorine water, or & drop or two of
bromine). The whole of the phosphoric acid 18 usually precipitated in this
manner. Loss arising from the solvent action of ferric acetate is nvoided, as
ferrous acetate does not dissolve ferric phosphate.

This method is employed with advantage in the examination of iron ores, ete.
The pruc:i‘pitutu is filtered hot, redissolved in dilute HCL, and the phosphorie
noid prﬂmpit.n.tml in the presence of citric or tartaric acid, AmCl and Ambo, by
means of magnesic sulphate.

AsOHo, exhibits with ferric chloride a similar reaction, and has,
thevefore, to be separvated from an acid solution, by boiling with
S0 HoAmo and precipitation by a current of SH, gas.

Small traces of phosphorus (phosphoric acid), nsnally found in soils,
jron ores,in pig iron, steel, sheet copper, etc., may also be precipitated
after dissolving the ore or metal in hydrochloric and nitric acids,
whereby the phosphorus is converted into POHo,, and after driving
off the excess of acids by evaporation and taking up of the residue
with concentrated nitric acid, by adding a solution of ammomic
molybdate and concenirated nitric acid ; the silicic acid 1s separated
by the evaporation to dryness, and arsenic acid, if present, should be
first removed by sulphuretted hydrogen. On digesting the solution
ab a g{’:lﬁﬂﬁ: heat (ﬁl’.}u G) for some time (hc:urs lf HEEEHEH-I‘}"), flIl-d
stirring with a glass rod, a bright yellow precipitate of ammonic
phospho-molybdate 18 obtained. .

The constitution of this precipitate is not well understood ; we
Jnow merely that it contains molybdic acid, ammonia, and phos-
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phorie acid* (about 3 per cent.). By washing the yellow precipitate
with a solution of ammonic molybdate, and lastly with a solution of
ammonic nitrate, and then dissolving it in ammonic hydrate, filter-
ing, and adding 80,Mgo", AmCi, and AmHo, the phosphoric acid is
obtained as POAmoMgo".

White of egg (albumen) is not coagulated by tribasic phosphorie acid, nor by
a solution of an orthophosphate acidulated with acetic aeid.

PYROPHOSPHORIC ACID, PO, llo,— lrmphoaphntaa are obtained
by heating munn:g'd.ric phosphates. They are of little importance, however, since
they are not usually met with in natural compounds, and as they arve speedily
converted, by the action of acids or alkalies, into tribasic phosphates.

REACTIONS IN THE WET WAY.

We employ A 280LUTION OF 80DIC PYROPHOSPHATE, PyOyNaoy.

Alkaline pyrophosphates arve soluble in waler.

All others are ingoluble in water, bul soluble in dilule acids.

The presence of a soluble pyrophosphate is indicated on adding NO;Ago,
which gives a whife precipitate of argentic pyrophesphate, P;03;Ago0,,
goluble in nitric acid and ammonie hydrate.

Atbumen 13 not coagulated by the free acid, nor by an acetic solution of a
pyrophosphate.

MU;Amo; (ammonle molybdate) does not give a precipitate, until by the
miltiun of mineral acids the pyrophosphate has been converted into tribasic plios-
phate.

METAPHOSPHORIC ACID, PO,Ho, is distinguished from the tetra-
and tribasic acid as follows :—

Albwmen gives an- abundant white precipitate with the free acid, and with
soluble metaphosphates, on the addition of acetic acid.

80:Mgo”, AmCl and AmHeo fail to precipitate soluble metaphosphates,

NOzAgo 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 tetrabasic and monobasie nature is
lost sight of. They can, therefore, only be detected by special experiments.

PHOSPHOROUS ACID, PHo; (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, phosphites are decomposed, burning
with & bright flame. Heated in a retort they evolve hydrogen, mixed towards
the end of the decomposition with PHjy, and are converted into phosphates.

REACTIONS IN THE WET WAY.

A soLuTION oF 80DIc PHOSPHITE, PHoNao,, may be employed.

Alkaline phosphites are soluble in water.

All other phosphites are, for the most part, difficultly solulile or insoluble in
water, but soluble in acetic acid (plumbic phosphite excepted). Phosphites (as

# 0,0, 907 P.C.; P,O,, 81 P.C.; OAm,, 8'6 P.C., and OH,, 26 P.C.
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well as hn:rnphmp_ﬂﬁm] ave of interest mainly on account of the powerful
reducing action which they exert upon salts of varions metallic oxides, capable of
forming lower oxides, or of bein veduced to the metallic state, as well as upon
the lower oxides, ete., of metalloids, e.g., S0y,

NOqAgo is reduced thereby to metallic silver, especially in the presence of
anymonia and on the application of a gentle heat.

Hg(l, and N:0,Hgso", are reduced to HgaCls and metallic mercury.

80, forms a phosphate with liberation of sulphur and evolution of SHa.

Nascent hydrozen yields a mixture of Hy ung P1I; which fumes in the air and
burns with an emerald-green colour. When passed into & solution of argentic
nitrate, the gaseous mixture precipitates PAg, and metallie silver.

The difficultly soluble phosphites of Ba, Ca, b, ete., are obtained by double
decomposition, the latter salt being insoluble in acetic acid.

ll‘l':l'l“"ﬂ ns_rnmmus AcID, POH:Ho {mﬂun’bmiu}.-——ﬂbtnhmﬂ by
the action of alkalies or hydrates of the alkaline earthy bases upon phﬂsphm-l.is

and waler.
P, + ﬂ-ﬂHg + 3KHo = 3PDI'IEED =5 I"'H'a.

REACTIONS I¥N THE DRX WAY.

HH;,rpaplmnphitcs are decomposed upon ignition into pyrophosphates and
P n i
APOH Ko = Py03Ko0; + 2PH, + OHx

REACTIONS IN THE WET WAY.

A SOLUTION OF POTABSIC HYPOPHOSPHITE mAY be employed.

All hypophosphites are soluble in water. They constitute even more powerful
veducing agents than the phosphites.

Nitric acid or chlorine water uha.nﬁa& them into phosphates.

80, o, is reduced to 80 Ho,, partly even to sulphur.

80,Cuo” is reduced to metallic copper (cupric hydride).

Hgll, is reduced to Hg,Clg, and then to mercury.

AuCly and NO,Ago yield the pure metals.

7n + 80,Hog (nascent hydrogen) yield Hy and PH;.

Tn the ordinary course of analysis, both phosphorous and hypo-
phosphorous acids are converted into phosphoric acid, and they

must therefore be identified by the special reactions just described.

QUESTIONS AND EXERCISES.

How does phosphoric acid occur in nature ?
Tixplain 15\0 action of heat upon POHo;Nao, POAmoMgo”, and

PO HoAmoNao. _ e

How are meta- and pyrophosphates converted into tribasic phosphates ?

Explain the aotion of potassic hydrate or carbonate upon PyOgFeso",
P,0:Ca0"'s, P.0:Cuo"y, POHoBao”, in the wet und dry way.

How can P.0,AL0v be decomposed ¥ : ]

Classify all phosphates, Pyrc:plmsplmtes. phosplutes, and hypophosphites

according to their goluhlity in water. _
Explain the solvent action of HCL or NO;Ho upon the alkaline earthy

phosphates. 4
How is phosphoric acid removed from alkaline earthy phosphates ?

Qtate how you would detect phosphoric acid in a soil or iron ore; oOr
phosphorus in metallic copper or cast iron.
_ What is the approximate composition of ammonic p'lma_]{]lgrmﬂlyhdnm?
Which reactions enable us to distinguish between tribasic, tetrabasic, and

monobasic phosphates ?

=¥ o e SR
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12, How would you prove the presence of magnesic, as well as of potassic phos-
phates in ‘wheat flour, pale ale, and in cheese?

13. How would you prepare POH;Ho and (POH,);Cao™ P

14. How are caleic phosphite and potassic hypophosphite acted upon by heat ?

15. What are the products of oxidation, obtained on i:rm'nmﬁ PHj in air?

16. Explain the deoxidizing action of phosphites and hypophosphites. :

17. How can potassic hypophosphite be detected in the presence of potassic
phosphite and phosphate ? g\l \ .

18. How would you prepare gnseous PH? What 1s its action upon solutions
of cupric sulphate and argentic nitrate ?

19. Give symbolic and graphic formule for gaseous phosphoretted hydrogen,
ealeie hypophosphite, cupric phosphide.

20. by a symbolic equation the change which POH,Ho undergoes when
it is acted upon by , by 80,Cuo”, or by AuCl;. ’

21. How would you convert bone-ash into & soluble ecalcic phosphate (into
P.0.Ho,(ao"—a constituent of calcic superphosphate) ?

22, b4 ﬁ'ma. of cast iron yielded ‘046 of PyOzMgo™;; what is the percentage of
phosphorus in the iron ?

SILICIC ACID, SiHo,—Silicic anlydride or silica, Si0,,
oceurs in nature both in a erystalline and amorphous condition,
either in the free or combined state. Quartz and rock crystal ave
composed of almost pure crystalline silica. Opal, hyalite, and some
other minerals consist of amorphous silica, and are probably derived
from silicic hydrate by a process of slow dehydration. Other
silicions bodies, such as chalcedony, agate, flini, are principally com-
posed of amorphous silica, or of a mixture of the two,

The compounds of silica with bases, especially with OK,, ONa,,
Ca0, MgO, ALO,, FeO, MnO, are exceedingly numerous, and vary
to a very great extent in their constitution and properties.

REAUTIONS IN THE DRY WAY.

Both varieties of silica are characterised by their infusibility
when heated by themselves before the blowpipe, or in a bead of
microcosmie salt. Pure silica fuses with sodic carbonate to a clear
glass, which remains transparent on cooling. If a silicate be heated
in like manner with microcosmic salt, its base or bases are dis-
solved, while the silica is seen to float about in the lignid bead as a
gilica skelefon. Silicates containing coloured oxides give rise to
EP%lesrl:.ant beads, in which the 810, can be distingnished only with

ificulty.

When silica, or a silicate rich in siliea, is heated before the blow-
pipe with sodie 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
dhstinguishing tests regarding the chemical composition of these
bodies, since a very large number of silicates differ from each other
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merely in the relative proportions of their component metallic
elements.
REACTIONS IN THE WET WAT.

All silicates may be divided into—

1. Silicates, which are soluble in water, including only potassic
and sodie silicate; and

9. 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 hydrofluoric acid, with
disengagement of silicic fluoride, or by fusion mixture (or caustic
baryta) at a high temperature.

By treating an aqueous solution of sodic silicate, BiNao,, with
dilute hydrochloric acid, it 1s 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 anlydrous 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 b ydrochlorie acid and hot water,
when NaCl is dissolved oul (together with small guantities of Al
and Fe—impurities in the sodie silicate). The impalpable powder
of amorphous silica is thrown on a filter and washed with hot water,
dried and ignited.

“AmCl or COAmo, precipitates SiHo from a solution of sodic
silicate. Salts of most of the heavy metals, as well as of the alka-
line earthy metals, form by double decomposition with a soluble
gilicate, white or yeilnwiah-white silicates, soluble in dilute hydro-
chloric or nitric acid, which, however, possess no characteristic
properties. Tt is, therefore, necessary to remove the silica in order
to detect bases, by evaporating to dryness with hydrochloric acid.
On digesting the dry mass with a little hydrochloric acid, the
metallic oxides are dissolved, and can be separated by filtration from
the silicic anhydride. Si0,, like P05, s detected whilst lesting for
bases.

Most natural and artificial silicates are ingoluble in water. Many,
e.q., zeolites, as woll as certain artificial silicates, gnch as slags from
blast furnaces, ete., are decomposed on digesting the finely powdered
silicate with concentrated hydrochloric acid. The gelatinous mass
is evaporated to dryness on & water-bath, when amorphous silica
separates.

Silicates, such as kaolin, which are not dissolved by Tiydrochloric
acid, can frequently be decomposed, either partly or wholly, by hot
concentrated sulphuric acid; many natural silicates yield more or
Jess silica, on treatment with hydrochloric acid, which silica may be
taken to represent the soluble silica orv the dcc?mpqsuhle Fﬂwates,
leaving the greater portion of the mineral behind in an insoluble

condition.
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Silica, or silicates insoluble in acids, are readily attacked by
gaseous hydrofluoric acid, or by fluorspar and S0,Ho,, gaseous SiF,
being given off. This method is invariably resorted to whenever
alkalies are present in a silicate, as e.g., in felspar, EiED%EIﬂ:A]tDﬂ_
A little of the finely powdered silicate is moistened with strong
ammonia, put into a platinum crucible or small platinum capsule,
and exposed to the action of gaseons HF. This gas should be gene-
rated in a leaden or platinum vessel. The platinum erucible is to
this end placed in a small leaden basin, which can be closed with
a lid of the same metal. A layer of fluorspar is put at the bottom
of this vessel, mixed and covered with concentrated sulphuric acid.
The platinum crucible rests on a leaden tripod. The leaden vessel
after being covered and luted with moist linseed meal, is placed for
a day or two in a warm place. The crucible is then taken out, and
its contents cautiously evaporated by applying a gentle heat, as
shown in Fig. 18, from the upper part of :
the cruocible downward, till the whole of o
the ammonie fluoride has been driven off.
The dry residue is dissolved in hydro-
chloric acid, and tested for bases. A
emall residue is wusually left, which is
filtered off and treated once more in the
same manner.

The same result may be obtained more
expeditiously by treating the mineral in
a platinnm crueible with liquid hydro-
fuoric acid, and evaporating cautionsly
in & closet which stands in connection
with the chimney, and which has a good
in-draught of air. The residue is dis-
solved in hydrochloric acid. Any inso-
lnble residue which may be left is sepa-
rated by filtration and treated again
with hydrofluoric acid. This treatment has generally to be repeated
Bevﬁéru.l times, before the whole of the bases are obtained in a soluble
condition,

Treatment with CaF,; and concentrated 80;Hos is objectionable, on account
of the formation of insoluble SOHo.Cac”.

All gilicates insoluble in water and acids, no matter whether the
contain alkali metals or not, may be decomposed by fusion with alka-
line carbonates (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
crucible 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 platinum crncible 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 d
way.) The silica is thus obtained in combination with the alkalies
and dissolves in hot water, and the bases (Ca0O, MgO, Al,0,,
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Fe,0,, etc., etc.) 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. Silicie
anhydride is left, and the bases ave removed as chlorides by filtra-
Gion. Tt is obvions that we must examine for the alkali bases in a
separate portion, by treatment with hydrofluoric acid.

Pure amorphons silica dissolves completely, when boiled in a

latinum vessel with an aqueous solution of fixed caustic or car-
bonated alkalies. .

8i0, is separated from TiO; (titanie anhydride) by fusion with S0;HoKo
in a_pl-a.t-inum erucible, and subsequent treatment with water ; the 8i0; remains
undissolved. The TiO, is precipitated from the acidulated agueous solution by
long-continued boiling. :

: QUESTIONS AND EXERCISES.

1. Crive instances of erystalline and amorphous silica.

9. Describe the reactions for 810, in the dry way.

4. Classify silicates according to their solubility in water and acids.

4. E:pluliu the action of HF, or of CaF; and concentrated 80.Ho,, upon
silicates.

b. '!Jm::rilba how amorphous silica is obtained from 8iNuaoy, from quartz, or from
felspar.

6. How would you ascertain the presence of potassium or sodium in a silicate,
woluble in IOl and in a silicate, insoluble in HCl, e.g.,in Bohemian
glass ? !

7. What is the action of caustic and carbonated alkalies upon amorphous
silica ?

8. How is Ti0O, separated from 8i0, 7

9. How is silicon detected in pig-iron ?

BORIC ACID, BHo, (Orthoboric acid).—Is found in nature,
both combined and in the free state.

REACTIONS IN THE DRY WAY.

Most borates swell up when heated by themselves, and fuse into a
transparent glass which dissolves metallic oxides, producing various
colours. The free acid forms scaly crystals, possessing a pearly
lustre and feeling peculiarly greasy to the touch.

When heated to 100° C. the crystals lose water and become con-
verted into metaborie acid, BOHo. This acid fnses to a colourless,
transparent, glassy-looking mass,—Dboric anhydride, B,0s, which can
be kept in a liquid condifion without loss from volatilisation.

A mixture of 80,HoKo and a horate, heated on a platinum wire
in a blowpipe flame, imparts a green colour to the flame, owing to
the liberation of boric acid.

To detect fraces of boric acid before the b]owpige, the borate is
powdered and mixed with 80,HoKo and Cal,* (Comp. page131).
The mixture is made into a stiff paste with a few drops of water,

# Three (o four parts of the flux (consisting of one part of powdered CaF,
and four and a half to five parte of s0,HHoKo).
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and cautiously introduced, on the loop of a platinum wire, into the
inner blowpipe flame, when the outer flame acquires ‘momentarily a
yellowish-green tint, owing to the volatilisation of borie fluoride, BF;.
Phosphates as well as copper salts, when moistened with sulphurie
acid and heated in the oufer flame, give likewise a green tint to the
Hame.

REACTIONS IN THE WET WAY,

We employ A SOLUTION«OF BoRAX, B,OsNao,.

The alkaline borates are soluble in water, all others are difficultly
soluble, but none are absoiutely insoluble. All borates dissolve in acids
and ammonic 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, ete., are white or yellowish
white, and are readily soluble in acids and ammonic chloride.

The free acid dissolves in water and alcohol, 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 alcohol 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 caleie chloride, or even by the presence of small quantities of an
alkaline tartrate, free tartaric or phosphoric acid; but the green
becomes again perceptible on the addition of a little concentrated
sulphuric acid.

A green flame (of a somewhat greenish-blue tint, however) is obtained also
by heating many metallic ehlorides with alcohol and concentrated sulphuric acid
(owing to the formation of ethylic chloride, {EE:CI)' also by passing hydro-
chlorie acid gas into the flame of burning aleohol.

Borie acid, when combined with bases, requires first to be
liberated, by the addition of a little concentrated sulphuric acid,
before its aleoholic solution ean produce the green flame.

If a borate cannot be decomposed by sulphuric acid, it is fused
with potassic hydrate, and the fused mass taken up with alcohol.
On the addition of concentrated sulphurie acid, the burning aleohol
shows the characteristic green flame.

An agueons solution of borie acid cannot be evaporated without
loss of acid from volatilisation.

An aleoholic solution of borie acid colowrs turmerie 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 hydrochlorie acid is blackish brown, and must not be con-
founded with the colour produced by boric acid. The dried paper
aciquires a blackish tint when dipped into alkalies.
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Hydrofluorie acid (or 80,Ho, and CaFy), decomposes all borates, with for-
mation of volatile borie fluoride, thus :—

B,0,Nao, + 6CaF, + 780,Ho, = 680Ho,Cao" + S0:Nuoy + 4BF; + OHy.

and if the gaseous boric fluoride be passed into water, it forms a peculiar acid—
hydrofuoboric acid-—the constitution of which is not well understood, thus:—

ﬂFﬂ, 'i" EDHI_'I — H{BF}HHE‘} +' -.B]Iﬁsn.
Hydrofluoboric

acid.

This acid combines with bases, forming borofluorides or fluoborates, thus :—

BF&HF + KHo = BFH,KF + OH..

QUESTIONS AND EXERCISES.

1. How is metaborie acid obtained ?

2, Explain the reactions in the dry way for horie acid or borates.

3. Clussify borates according to their solubility in water.

4. Explain the colour test fur boric acid.

. How are borates, insoluble in water, examined ?

6. Explain the action of HLF upon borie acid.

7. State how you would I{}\'l]]'.lﬂrﬂ argentie borate, plumbic borate, hydrofluoborie
acid, and potassic fluoborate.

8. Explain the action of boric acid upon turmerie paper.

HYDROCYANIC ACID (Prussic acid), HCy.—This acid*
consists of hydrogen and the compound radical cyanogen, Cy, mole-
cule g.llg. Tt forms with metallic oxides salts, called cyanides,
analogous in their chemical constitution to chlorides, bromides, ete.
Cyanogen cannot be obtained by the direct combination of carbon
and nitrogen, but an alkaline cyanide results from the action of
caustic or carbonated alkalies upon nitrogenous organic bodies, such
as fibrin, albumen, and gelatin at a high temperature. The best
known cyanide, viz., potassic cyanide, KCy, unless specially purified,
contains more or less potassic cyanate, CyKo, and potassic car-
bonate.

REACTIONS IN THE DRY WAY.

KCy and NaCy are nob decomposed upon ignition n close
vessels, as may be inferred from their mode of manufacture; but
when heated with free access of air, they are converted into cyanates.
The same change takes place, only more speedily, when potassic
cyanide is heated with less energetic oxidizing agents, such as
MnO,, PbO, Cul, 8n0,, ete., when the metal, or a lower oxide 1s
left. Heated in the presence of metallic sulphides, it is converted
into potassic sulphocyanate, CyKs. Potassic cyanide is on this
account a most valnable deoxidizing (desulphurizing) agent, and is

# The compounds which the radicals eyanogen, ferro- and ferricyanogen, ete.,
are capable of forming will be treated somewhat more fully, since a tlmrou%h
understanding of the various reactions is necessary, in order to successfully

analyse cyanogen compounds.
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employed in blowpipe reactions, whenever a metallic oxide (or sul-

hide) has to be reduced to the mefallic state. Cyanides of the
ﬁeaw metals nundergo decomposition upon ignition ; some (e.g., the
cyanides of the noble metals) break up into metal and cyanogen
gas ; others into a metallic carbide and nitrogen (e.g., the u:_-%amdes
of iron); otliers again (such as AgCy, HgCy, CuCy, 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, Cy,.

This deportment of solid eyanides furnishes us with ready means
of preparing cyanogen gas, either by igniling dry HgCy,, or AgCy;
or by }:mﬁng two parts of dry yellow prussiate of potash, or commer-
:cHi:al potassic ferrocyanide, K FeCys, with three parts by weight of dry

gCl.

Cyanogen is a colourless gas, of peculiar odour, burning with a
beantiful purple or peach-blossom coloured flame, and yielding CO,
and N. The gas is pearly 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. It is one of
the few gases which condense at a moderate pressure (3'6 atmo-
spheres).

REACTIONE IN THE WET WATY.

The cyanides of the alkali metals and alkaline earthy metals
are soluble in water, the former readily, the latter with difficulty.
The cyanides of 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 crystalline, 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.e., cyanides which contain only one metal :—

Potassic cyanide, soluble in water .. .« KCy
Sodie % a ) e .. NaCy
Barie i difficultly soluble in water .. BaCy,
Zincie »  insoluble in water .. <« ZnCyy
Cadmic 5 o i< e -» CdCy,
Nickelons 7 i i v+« NiCyq
Cobaltous 1) ” . .o Colyq
Ferrous i et ol 5 .« FeCy,
Cuprous ,, i e i v+ C'yCyy
Mercuric ,,  eoluble in water .. .. HgCy,
Argentic insoluble in water .. .+ AgCy.

Some of these single cyanides are readily decomposed by acids,
with evolution ¢f hydrocyanic acid ; others, especially the cyanides
of iron, cobalt, and the noble metals (An,Pt), may be boiled with
moderately strong acids, without decomposition.

L
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The action of dilute acids upon double cyanides shows clearly
the existence of two distinet classes of double cyanides, viz. 1—

1st. Double eyanides which are readily decomposable, giving off
hydrocyanic acid, when heated with dilute mineral acids. They pos-
spss an alkaline reaction. Their alkaline cyanide is decomposed by
dilote mineral acids into HCy and a salt of the alkali metal, and
into a cyanide of the heavy metal, which remains in combination
with the liberated HCy ; or the latter is evolved and the metallic
eyanide is precipitated ; or both cyanides are decomposed, and the
whole of the HCy is liberated, e.g. :—

(1) Kﬁ.gﬂﬁ <+ HD:HU: ﬁgcy + HGT -+ HDEK’“.
Precipitated.

(2) K.Zn''Cy, + 4HCl = ZnCl, + 2KCl + 4HCy:

ond. Double eyanides which possess a neutral reaction and give off
no hydroeyanic acid, when treated with dilute hydrochloric acid, the
negative element of the acid forming a salt with the allali metal, whilst

the hydrogen or positive element, by uniting with the remaining
elements, forms a new acid of a wore complex nature, thus :—

K.FeCy, + AHCl = HFeCys + 4KCL

Hydroferrocyanic
acid.

K.;Fﬂgcfn + GHGI == Hu.F'E}gUFn -+ GI{GL
Hfdrufar%c]rnnic
L.

Kﬂﬂﬂz{:j’u + ﬁEGl = HﬂUDEGF|1 -+ 6K CL
H;,fﬂmc-ub_n&tiujmdn
e,

The single, as well as easily decomposable double cyanides, which
yield hydrocyanic acid, when treated with dilute mineral acids, are
‘noreover remarkable for their highly poisonous character, whilst
these latter—the double cyanides containing & non-decomposable
cyanogen radical (e.q., ferrocyanogen, FeCys, cobalticyanogen, CosCyia)
—are not poisonous.

It is obvious that all these complex cyanogen compounds—both
decomposable and non-decomposable—may likewise be viewed as
double cyanides. 3 .

The following list* contains some of the more interesting double
cyanides, 7.6., cyanides confaining more than one metal ; the easily
decomposable class being indicated by a comma placed between the
cyanogen and the metal :—

Dipotassic zincic tetracyamide «o.ecsnrrens K7Zn,Cys
o ecadmiec i SR R S thtll,Cy;.
+ nickelons 5 e S RN AR

# Kokulé, Lehrbuch der organischen Chemie, I, p. 314
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Potassic argentic dioyanide......coovue04s KAg,Cys.
»  BUrOUS e T KAu',Cy,.
»  puric tetracyanide. . ... oivivaians KAu",Cy,.
Dipotassic cuprous tetracyanide. . .......... Ky/Cu'q,Cyy.
o latinous R AT e K Pt”,Cyy.
Tetrapotassic diplatinic decacyanide ....... » Ky'Pe"oCyyg
e ferrous hexacyanide (potassie
ferrocyanide, yellow prussiale) .........s K, FeCy,.
Hexapotassic diferrie doaecacyanide (potassic
ferricyanide, red prossiafe) ...ocoveenanes Ky FeyCOyia.
Hexapotassic dicobaltie dodecacyanide (potas-
Ei'n mbu]t'iujnllide}f * B & F 8 #F @ & A% FR TR BE R AD K"CDZC?H*
Hexapotassic dichromic dodecacyanide .. .. .. K CryCyia.
& dimanganie 5 srnsae KgMmglle

If we take, however, into account the different deportment of
these double cyanides with dilute acids and with ferroso-ferrie 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 aeid,
when treated with dilute acids, and produce (with the exception of
the ferro- and ferricyanogen compounds}, no precipitate of Prussian
blue with ferroso-ferric salts and hydrochloric acid, it becomes
evident that the complex groups of elements, ferrocyanogen, FeCys,
Serricyanogen, ¥e,Cyya, cobalticyanogen. CosCyyy, 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 atomie proportions,

We are able, for instance, to produnece by double decomposition,
precipitates with soluble salts of almost all the heavy metals in
which the potassinm—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; + 80.Ko,, or
K,FeCys + 280,Cuo” = Cu";FeCy, + 280.Ko,,

On the addition of an alkaline hydrate or carbonate, the whole of
the heavy metal is removed as hydrate, with formation of potassic
ferrocyanide.

, Hasily decomposable solnble double eyanides give likewise preci-
pitates with solutions of heavy metals, 0.4

2KAgCy, + 80,Zno" = Zn"Ag.Cy, + 80,Ko0,;
Precipitated.

but there is no evidence to show whether these precipitates are real

* Compound bodies, containing the complex radicals ferro-, ferri-, ete,
eyanogen are viewed here as molecular compounds, and no constitutiona] furmulmj
have been attempted, _ulthuuﬁh it would mnot be difficult to assign such formulm
to them, if the functions which the carbon and nitrogen atoms play in these
compounds were sufficiently established.

L 2
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compounds or only mixtures of fwo insoluble cyanides ; nor is there
any proof that alkaline hydrates reproduce the original double cya-
nide. Dilute sulphuric acid decomposes Zn(Cy, in the above preci-
pitate, AgCy being left behind; just as if no connection had ap-
parently existed between the two cyanides. Alkaline hydrates or
carbonates are withont action upon easily decomposable cyanides.
A few are decomposed by sulphuretted hydrogen, e.g., K.CdCyy,
K.HgCy,, KAgCy,, with precipitation of a metallic sulphide ; in
others, such as K,MnCyy, K,NiCy;, K.ZnCy, and K,CuCyy, the
metal is only partially precipitated as sulphide, whilst K Fe"”Cys
and K,Co” Cy, are not precipitated at all.

Tt is evident from these changes that easily decomposable and
difficultly decomposable double cyanides (ferro-, ferri-, cobalti-, and
chromi-cyanides) differ not so much in their chemical structure and
habitus, as in the degree of stability which they exhibit, varying
with the individual nature of the metal which they contain.

We employ A SOLUTION OF POTASSIC CYANIDE, KCy.

NO.Ago gives a white curdy precipitate® of argentic cyanide,
AgCy, insoluble in dilute nitrie acid, soluble in ammonic hydrate,
godic hyposulphite, and potassic cyanide. The precipitate resembles
AgCl so very closely that special experiments ave required to dis-
tinguish it from the latter, or to detect hydrocyanic acid in the
presence of a ehloride.

On igniting a mixture of AgCl and AgCy, which has been
entirely freed from argentic nitrate by washing with hot water,
AgCy is decomposed 1nto cyanogen, metallic silver, and para-
cga.nngeu. AgCl, on the other hand, fuses without decomposition.

n dissolving the residue in nitric acid and filtering, a precipitate
of AgClis obtained, on the addition of h ydrochloric acid, or a soluble
chloride, the silver of which must have been present originally as
cyanide. (DISTINCTION perweeNy HOL axp HCy.)

Dilute mineral acids decompose potassic cyanide with evolution
of HCy. On decomposing, therefore, a small guantity of KCy by
dilute sulphuric acid in a small porcelain dish, and inverting
another small dish, containing & drop or two of yellow ammonic
sulphide, over if, the gaseous hydrocyanic acid, acting upon the
ammonic sulphide, forms ammonic sulphocyanate, CyAms, and
AmHs, thus:—

8,Am, + HCy = CyAms + AmTs,

which gives, on acidulating with hydrochloric acid, a characteristic
blood-red coloration with Fe,Cl,.
This constitutes one of the most delicate reactions for free hydro-
eyanic acid, 08 well as for soluble or easily decomposable cyanides.
g§0,Cuno’’, to which & colution of SOHo, has been added, gives
with KCy a white precipitate of cuprous cyanide, 'Cu:Cy, soluble
in potassic cyanide (K, Cu':Cy4)-

# HgCy; is nob precipitated by argentic nitrate.
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N.0Hgo" gives a grey precipitate of metallic mercury, whilst
Cys remains in solution, thus:—

'HE'-;C'}"E = Hg =1 HEUFE*

Tron salts are among the most delicate reagents for hydrocyanic
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-eyanogen), which are of a characteristic blue colour. (Hence
the name eyanogen, from xvavos, blue, and yevvaw, I gﬂum_‘&t&._] The
solution containing hydrocyanic 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
hydrochlorie acid, in order to dissolve the ferrous and ferric hydrates,
which are likewise precipitated by potassic hydrate, a fine blue pre-
cipitate of Prussian blue is obtained. The changes may be expressed
by the equations—

El) KHo + HCy = KCy + OH..
2) 80,Feo”" + 2KCy = Fe'Cyy* + 80.Ko..

FeCy, by combining with 4KCy, forms the soluble double
cyanide K FeCy,.

(8) 28,0,Fep™ + 3K, FeCy, = 3Fe"Cy,,2'Fe.Cy, + 680,Ko,.

Free hydrocyanic acid dissolves mercuric oxide, with formation
of mercuric cyanide, which is not precipitated by alkalies.

The alkali salts of the compound cyanogen radicals, FeCys,,
Fe,Cyi:, Co:Cyi, are decomposed by moderately concentrated sul-
phuric acid with evolution of hydrocyanic acid.

This furnishes us with a convenient method for preparing 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 condenser and double-
necked receiver from which any uncondensed gas can be carried under a Bunsen
lamp, and burnt. Every joint should be made perfectly fight, and the con-
denser-tube should dip into the water placed in the receiver. The reaction takes
place according to the equation :—

2K, FeCy; + 380;Ho; = 6HCy + K Fe"FeCy, + 880,Ko..
White residue

turning blue by exposure
to the atmosphere,

Hydrocyanie acid is exceedingly poisonous. Small quantities of
the gaseous acid, when inhaled, cause a peculiar sensation in the
throat and are followed by headache, giddiness, and other disagree-
able symptoms. Great care must therefore be taken in operating

* FeCy; is difficultly obtained in an isolated condition, as it forms in the

presence of KCy, Bc:-tuaaiu ferrocyanide, K,FeCy,, containing the compound
eyanogen radical FeCy,, which in its turn ren.::h! up:'.:u the farriagna.lt. A7
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with .HCF', as for instance, on pouring it from one vessel to another,
or with cyanogen compounds generally, and for the purposes of
analysis small quantities only should be operated upon at a time.

HYDROFERROCYANIC ACID, H,FeCy;—This acid is
tetrabasie, i.e., its four hydrogen atoms can be replaced by four
atoms of a monad or two atoms of a dyad metal. The potassinm
salt is prepared on a manufacturing scale by introdueing nitrogenous
animal substances (horn-shavings, ete.) and iron into fused wood-
ashes. The fused mass is lixiviated with water and the salt allowed
to erystallise out. It may also be prepared by decomposing Prussian
blue with KHo or COKo, and separating the ferric hydrate by
filtration, thus :—

8Fe' Cy,,2'Fe'":Cys + 12KHo = 3K FeCys + 2Fe,Ho,,

Potassic ferrocyanide, K,FeCy; + 3Aq, crystallises in large
lemon-yellow crystals; hence its name yellow prussinte of potash,
Its positive element (potassium) can, by donble decomposition,
be replaced by other metals, either entively or partially, and the
property of cyanogen to form double cyanides is well illnstrated
by the deportment of the more complex ferrocyanides. This will
be seen from the following list of some of the more common
ferrocyanides :—

K, FeCy, + BAq. K.Ca"TeCyy + 3Aq.
NoFeCyqg + 6GAq. CugFeCy;  + 4Aq.
AmFeCy, + 38Aq. K,Cu”FeCyg + 2Aq.
BEJIQFE‘D_'F“ s ﬁﬂ.l" KEFHHFEU}'E.
K.Ba"FeCy; + BAq. NaKgFeCys + 8Aq.
“sWeCys + 12Aq. AmK FelCy, + 3Aq.

REACTIONS IN THE DRY WAY.

K FeCy, fuses, when strongly ignited, and breaks up into nitro-
gen, potassic eyanide, and carbide of iron, or a mixtore of carbon
and iron, thus :—

K, FeCys = 4KCy + C.Fe + N..

Hented with free access of air, or in contact with metallic oxides,
the KCy is further converted into potassic cyanate, CyKo.

REACTIONS TN THE WET WAXY,

‘We employ A SOLUTION OF POTASSIC FERROCYANIDE.

The alkaline ferrocyanides are readily soluble in water, the alkaline
earthy fervocyamides are difficultly soluble; those of iron and most
other metals are insoluble in water, and many of them also tnsoluble in
acids. They are decomposed on boiling with potassic hydrate with
formation of a solution of potassic ferrocyanide, and an insoluble
metallic hydrate. Some ferrocyanides are remarkable for their
characteristic colour, notably so those of iron and copper; others
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ite, e.g. of the alkaline earthy metals, of Zn, Pb, Ag,

Bﬁr:' rél;et:‘ﬂiﬁaﬂ ’;E?: €.y Ni”aFequ,. Co'’;FeCys; reddi§h white, e.g.,
Mn'’sFeCy,. Potassic ferrocyanide is employed, on this account, as
a useful reagent in the qualitative examination of metals, especially
of iron and copper. L

NO,Ago produces a white pl‘?ﬂlPlﬁ&t{:‘f of argentie fe]-rnesinmn,
Ag FeCy,, insoluble in di:lll'l.lfﬂ nitric acid and ammonic hydrate,

1 ic eyanide.

mlugagugﬁfaﬁdidﬁnezcasﬂ, gives with a solution of &Feg 5 & red
(chocolate-coloured) precipitate of dicuprie ferrocyanide, Cu'’;FeCys,
whilst an insufficient amount of the cupric salt gives a brown pre-
cipitate of dipetassie eupric ferrocyanide, K.Cu" FeCy,.

80,Feo” givesa light blue precipitate of aipotassic ferrous ferros
cyanide, K;Fe" FeCys,, thus :—

K.FeCy: + 80,Feo” = K,Fe"FeCy; + S0.,Koy,

which is slowly owidized by exposuve to the air, or rapidly, by
oxidizing agents, snch as nitric acid, or chlorine water: a part of
the potassium being removed as oxide, or chloride, thus:—

9Fe''K,FeCys + Cl, = Fe",K.Fe,Cyy, + 2KCl,

Light blue Diferrous dipotassic
precipitate. ferricyanide.

or potassic ferricyanide in which four atoms of potassium have been
replaced by two atoms of dyad iron. . ) .

Potassic ferrocyanide is, in fact, veadily converted into potassic
ferricyanide, KsFe,Cyy, (analogous to the conversion of ferrous salts.
into ferric salts), by various oxidizing agents, such as chlorine,
nitric acid, potassic chlorate and hydvochlorie acid, ete.

Fe.Cl; gives an infensely blue precipitate of 8Fe'Cy,, 2'Fe'";,Cys,
called Prussian blue, thus :(—

3K,FeCys + Fe,Cl, = 3Fe"Cy:,2'Fe"".Cy,s + 12Kl

which constitutes at once a most characteristic and delicate reaction
for ferric salts and for ferrocyanogen, (as well as for cyanogen, as
has been already shown). This precipitate is insoluble in dilute
mineral acids, but dissolves in oxalic acid to a blue liguid (blue ink),
and in ammonic tartrate to a violet ligmid. It is decomposed by
alkalies. On boiling with mercuric oxide, Prussian blue is entirely
decomposed into HgUy, and ferrous and ferric oxides, thns:—

3Fe"Cy,,2' Fe",Cy, + 9HgO = 9HgCy, + 3Fe0 + 2Fe,0,.

By adding an insufficient amount of Fe,Cl; to a solution of K FeCy,, a blue

recipitate is likewise obtained which is, however, soluble in water, and 18 there-

ore called soluble Prussian blue (used for inks). It is generally thought to be
composed of one part of Prussian blue and one of potassic ferrocyanide,

Concentrated sulphuric acid (about 10 parts by weight) decom-
poses potassic ferrocyanide (1 part by weight of the dry salt) with
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wului;-iﬂn of carbonic oxide (METHOD FOR PREPARING CARBONIC OXIDE) ;
the nitrogen of the cyanogen, being converted into ammonia, is left
as ammonic sulphate, thus:—

K,FeCy; + 680,Ho, + 60H, = 6C0 + 280.Ko, + S0,Feo”
r -+ 33{}1ﬁ.mug.

When concentrated hydrochloric acid is added to an alkaline
ferroeyanide, hydroferrocyanic acid separates, in the cold, as a white
erystalline powder, which turns rapidly blue. If ether be added to
the solution of potassic ferrocyanide, previous to its precipitation
with concentrated hydrochloric acid, the acid is obtained quite
colonrless,

HYDROFERRICYANIC ACID, H;Fe,Cy,,.—This acid is
hexzabasie, since its six atoms of hydrogen may be replaced by six
atoms of a monad metal, or by three atoms of a dyad metal
Potassic ferricyanide is derived from K FeCy; by a process of oxida-
tion, as, for instance, by passing chlorine into an aqueous solution of
it, till a solution of ferric chloride produces no longer a blue precipi-
tate, but imparts merely a brown coloration to the liquid. The
change is expressed by the equation :—

EKJ‘FEUj"g + G]-a_ = KgFEﬁUjrm + 9K Cl.

It is effected by the abstraction of two atoms of the metal potassinm
from two parts of K,FeCy,. Two atoms of cyanogen are transterred
to two molecules of FeCys, whereby the ferrous cyanide is converted
into ferric eyanide. :

It is also called red prussiate of potash, on account of the dark
red coloured crystals, which can be separated from potassic chloride
by erystallisation. ,

Reducing agents convert it into potassie ferrocyanide, especially’
in alkaline solutions. The transformation is effected by the addition
of two atoms of the metal potassinm. The ferric cyanide in the
double cyanide is reduced to ferrons cyanide, thus:—

6K Cy, Fe'”’:Cys + K, = BKCy,2Fe"Cy, or 2(4KCy,FeCy2)
= 2K FeCys.
The following are instances of indirect oxidation effected by
potassic ferricyanide :—

8H, converts the ferri- into a ferrocyanide, with separation of sulphur,

KT ” 1 3 with precipitation of 10dine,
Cr.0,, or its salts, in the presence of KHo, is converted into CrOy,
PbO " 1 a8 " PbDﬂ'r
MnO 1 1 ) a1 mn{}h
BnD 1] 1] 18 E5 ] EnDE'
gggn L ) L] ﬂD:-

4]
KC’F i 2t a3 G}'E'ﬂ:
PEGH ¥ i 1 Pﬂﬂil

80;.

2 1 1] "
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NH, gives with K.Fe,Cy:. potassic and ammonic ferrocyanides
with evolution of nitrogen gas, thus :—

BE;FEECFN + 16HH3 = BEF'EUF-& + ngBGFg 4 H‘-

Many organic substances, e.g., sugar, dextrine, starch, alcohol,
and even paper, are oxidized, in the presence of an alkali, to G.Og
and OH,. Indigo is bleached. Phosphorus, sulphur, and md_me
are converted by the action of KsFe,Cyy, in the presence of alkalies,
into POHos, 80;Hos { Gy, -

Analogous to potassic ferrocyanide, ferricyanogen forms double
ferricyanides, by the partial or entire replacement of the six atoms of
the positive element, potassinm, by different metals. The following
are some of the more important metallic ferricyanides :—

KEFEEOF]! BaﬂgKEFEgU}'lg 5= E&q.
NagFe,Cvie + Aq. Fe''yFeyCyig (Turnbull's blue).
Ca'sFesCyys + 6Aq.

REACTIONS IN THE DRY WAY.

Potassic ferricyanide is decomposed upon ignition, yielding
cyanogen and nitrogen, and leaving a residue, consisting of potassic
eyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon
and iron.

REACTIONS IN THE WET WAY.

We employ A SOLUTION OF POTASSIC FERRICYANIDE.

The alkaline fervicyanides are readily soluble in water. The others
are mostly insoluble,

NO.Ago produces an orange coloured precipitate of argentic ferri-
eyanide, Ag;Fe,Cyy, insoluble in dilute nitric acid, but readily
soluble in ammonic hydrate, and potassic cyanide.

S0,Feo” gives a blue precipitate (Turnbull’s blue) of Fe';Fe;Cyia,
triferrous ferricyanide, which is decomposed by potassic hydrafe into
potassic ferrocyanide and ferroso- ferric hydrate :—

F'EHEFB#,GFN + 8KHo = E-KJ,FECFL-. = FEaD{:‘iDHﬁ-

Fe,Cl; produces no precipitate, but gives a brownish coloration.
The deportment of potassic ferro - and ferricyanide with iron salts
enables us to distinguish between ferrous and ferric salts.

HYDROCOBALTICYANIC ACID, H,/Co",Cy.—Solutions of cobal-
tous salts are precipitated by KCy. The precipitate consists of flesh-coloured or
cinnamon-brown cobaltous cyanide, CoCys.  Excess of potassic cyanide dissolves
the precipitate, forming a readily decomposable double cyamde, which, on
boiling, or on the addition of HC, is converted into a difficultly decomposable
ﬂﬂuble eyanide, analogous to potassic ferricyanide, with evolution of hydrogen,
thus :(—

E{EGI,U-:-CH] + Eu‘Hg = Euﬂﬂ@fu + 2KHo + H,.

Potassic cobalti-
cyanide.
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This double cyanide is of great interest, because if enables us lo separate
cobalt from nickel, both qualitatively and guantitatively.

CYANIC ACID, CyHo.—Obtained in the form of potassic cyanate by the
oxidation of KCy or K,FeCys. This salt is very stable when heated by itself,
but deliquesces in the air, and is broken up by water into an acid carbonate and
ammonia, thas :—

CFE.U + P20OHg = C0HoKo + NH;.

Potassic cyanate is invariably found in commercial potassic cyanide, sometimes
to a considerable extent.

REACTIONS IN THE DRY WATY.

Tt ncts as & flux in blowpipe reactions, and is a powerful oxidizing agent.
When heated with charcoal, it 18 converted into KCy, €O, and COp. On heating,
therefore, a metallic oxide on charcoal, with KCy containing Cyllo, the oxide is
reduced to the metallic state,

REACTIONS IN THE WET WAY.

The cyanates of the alkalies, alkaline earths, and a few metallic oxides are
soluble in water, but decompose rapidly with evolution of ammonia. NO; pro-
duces with potassic cyanate o whife l{runipitnm of argentic eyanate, Uydpo,
soluble in ammonic hydrate, and in dilute nitrie acid ; AgCy is insolublein nitric
acid

Moderately concentrated sulphuric or hydroehloric acid decomposes CyKo
with effervescence, owing to the liberation of CyHo, which affects the eyes most
painfully, and is recognized by its pungent odour, resembling that of strong
acetic neid ; the greater portion of the liberated acid is, however, decomposed at
once by water into COy, and an ammonic saly, thus :—

EG}'EU + Eaﬂ'gﬂﬂg T E'DHg = 200; + Eﬂang + Bﬂgﬁmﬂm

and it is by testing for ammonia, by means of caustic lime, that its presence can
be shown. |

SULPHOCYANIC ACID, OyHs.—Obtained in combination with potas-
sium by heating KCy with sulphur or a metallic sulphide. Hence the usefulness
of potassic cyanide for reducing metallic sulphides in blowpipe reactions.

REACTIONS IN THE DRY WATY.

OyKs can be fused oub of confact with the air, without undergoing decom-
sition. It turns first brown, then green, and lastly indigo blue, but becomes
again colourless on cooling. In contact with the air, CyKs is converted into
cyanate and sulphate, with disengagement of 80z The sulphoeyanates of the
heavy metals are decomposed upon ignition, CS, being given off at first, and on
raising the temperature a mixture of nitrogen and cyanogen 18 evolved, whilst a

metallic sulphide is left :—

oN
433'3 Ous” = Ny + 84 Sy + 208; + 4CuS.

REACTIONS IN THE WET WAY.

We employ & SOLUTION OF AMMONIC SULPROCYANATE, CyAms.

NOzAgo pmduu&ﬁ a white curdy pmclPu.a.tq uﬁ argent‘in au]phqnynunte.
CyAgs, insoluble in water and in dilute acids ; 1t 18 !{I:]:U.blﬂ in ammonic Iﬂmie,
from which it crystallises out on evaporation. It is also soluble in CyAms or
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Ks, forming a doubls sulphocyanate (CyAgs, CyKs), from which water or
crdivc:uhloriu Euil:'l precipitates granular—ammonic hydrate, erystalline CyAgs.

80,Cuo” gives a black crystalline precipitate of euprie sulphocyanate,
g; Cus”, which on standing in the liquid is converted into enprous sulpho=
cyanate. CYCuss” This characteristio cuprous salt is obtained instantly by

ing SOHos, or a solution of a ferrous salt to the cupric salt.
admriﬂlﬁ pr?&um an infensely red solution, owing to the formation of a soluble
ferrie sulphocyanate, Oy Feys*.  Alkaline sulphocyanates fum_lah us, on this
account, with o mosé delicate reaction for ferric salts. This reaction serves also
for the detection of sulphocyanogen and hydrocyanic acid. The blood red colour
is destroyed by HgCl;, On introducing some metallic zine into the blood red
golution, 8H, is evolved.

QUESTIONS AND EXERCISES,
1. Explain the derivation of the term cyanogen.
2. Why are { CN. FeCy; and Fo,Cy), viewed as compound radicals ?

8. How are KOy and K, FeCys prepared? Describe their properties, as far as
the analytical data illustrate them. _

4. Explain the action of heat upon KCy and K,FeCyg, 1st, out of contact with
air ; 2nd, with free access of air. : :

5. What constitutes the usefulness of KCy as a reagent for blowpipe experi-
ments ?

6. Explain the changes which cyanides of the heavy metals undergo upon
ignition.

7 Huna%l would you prepare cyanogen gas? Describe its properties.

8. Classify eyanides according to their solubility in water. Enumerate some of
the more important single eyanides.

9. What is understood by soluble double eyanides? How are they classified,
and how can the easily decomposable double cyanides be distinguished
from the difficultly decomposable double cyanides ?

10. Enumerate, 1st, easily decomposable double cyanides ; 2nd, difficultly decom-
posable double cyanides.

11. Give reasons for the existence of the compound radieals ferro-, ferri- and
m'ri?lti-.ryg;mgun mm the double cyanides K FeCyg; Pb";FeCya,

aUosUya.

12. Explain the action of dilute acids upon single cyanides and upon easily de-
composable double cyanides.

13. Explain the difference between a precipitate, produced by a solution of a salt
of a heavy metal with a solution of an easily decomposable double cyanide,
or with an alkaline ferro- or ferricyanide.

14. What is the action of hydrated and earbonated alkalies upon the two classes

- of double cyanides ?

15. Explain the action of 8H, upon the following oyanides and double
cyanides: HgCy,, K CdCy, KApgCys, K MnCy, KiCuCy, Ki.CoCy,,
KgNi 4=

16. How is Egﬁ'j distinguished from AgCl?

17. Describe the action of HCy upon S:Ams, and explain how traces of HCy
can be detected, in the presence of ferro- or ferricyanogen compounds.

18. How ;Eﬂul_sﬂ. you demonstrate the greater stability of HgCl; over that of
Hgly:

19. Explui-n{:hn use of ferroso-ferrie salts for the detection of HCy.

20. How is HOy prepared? Describe its properties.

21. Describe shortly how yellow prussiate of potash can be prepared.

22. Enumerate some of the more common ferrocyanides.

23. Hu;! w?ukl you examine a ferrocyanide insoluble in acids, e.g., Prussian
ue
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24. Explain the action of KHo upon Prussian blue and upon Turabull's blue.

25. Explain what reactions ferrous and ferric salts give with ferro- and ferri-
cyanides.

96, Explain the formation of soluble Prussian blue.

97. What is the action of dilute or of concentrated sulphuric acid upon potassic
ferrocyanide 7

98, State how H,FeCy; is prepared.

29. Explain the conversion of potassic ferro- into ferricyanide.

30. Give instances of the oxidising action of potassic ferricyanide in alkaline
solutions.

81. Enumerate some of the more important metallic ferricyanides.

82, How can argentic ferro- and ferricyanides be separate from each other ?

83. What decomposition takes place when ferro- and ferricyanides are fused with
a mixture of ammonic sulphate and nitrate ?

84. How is CyHo recognized in the presence of a eyanide ?

35. What is the action of concentrated 80,Hoy upon a cyanate P

96. What renctions take place when potassic eyanate ia heated with charcoal,
with MnQs, or with OHy?

87. Explain the formation of potassic sulphocyanate, and state what change it

undergoes when heated in contact with air.

Txplain the action of nascent hydrogen upon ferrie sulphocyanate.

39, Why does potassic sulphocyanate enable us to distinguish between ferrous
and ferric salts ?

it

40. Calenlate the percentage composition of cuprous sulphocyanate, Eg Cuga”.

Cmaprer VIIL
REACTIONS OF THE ACIDS.

B. OraANIc ACIDS.

Most organic acids cannot be distingnished qualitatively as readily
as inorganic acids, A few of the more generally occurring acids
which can be readily detected, claim a short notice.

The greater number of organic acids consist of carbon, hydro-
gen, and oxygen ; some also contain nitrogen. There is no organic
acid known containing only two single atoms of an element, and
only one containing three, viz., hydrocyanic acid, HCON ; whilst the
aumber of atoms in a molecule of most organic acids, as for in-
stance in stearic acid, CsHOy, is far greater than in any inorganic
compound. _

The element with which oxygen, hydrogen, and nitrogen are
grouped 1n organic acids 18 carbon, which in most cases, probably
in all, acts as a tetrad element.® A £ v

Groups of elements performing similar functions in organic acids,
and built up invariably in the same number, are called compound
organic radicals. 4 ; _ g 2y

Nearly every organic acid contains one acidifying principle of
two negative compound radicals, e.g. i—

# Frankland : Lecture Notes, page 109.
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Li

Cyanogen (molecule) {gg.; HEGE—GEH, or

Oxatyl (the molecule :
of which is dry{gggg 0—=C——C=0.
oxalic acid) (|] ] é}

o

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 bouds of the carbon satisfy each other.

These radicals are closely related to each other. An aqueous
golution of ecyanogen (ome volume of water dissolves about four
volumes of the gas) is speedily transformed into ammonic oxalate,

ks C COAm
N R O Amo
CN + 40H, = COAmo’

In the presence of a boiling solution of potassic hydrate, cyanogen
evolves ammonia and produces potassic oxalate, thus :—

COKo

from which salt oxalic acid can be obtained.

Oxalic acid, on the other hand, may be converted into cyanogen,
by trapsforming it into ammonic oxalate and submitting this salt to
the action of heat, thus :—

CO(NH,0) _ [ON”
GD('NH:ID} —_— {GHJ’H’ + 40Hﬂr

{gg 4ok 4 908, = {20k Long,,

Oxalic acid, or the molecule of the compound radical oxatyl,
results from the oxidation of a Jarge number of organic bodies, e.g.,
sugar, woody fibre, ete., by the action of powerful oxidizing agents,
such as concentrated nitric acid, and is resolved into products of the
final oxidation of everything organic, viz., carbonic anhydride and
water.

Heat, in fact, breaks up nearly all salts of organic acids. Those
of alkaline and alkaline earthy bases, leave upon gentle ignition
sarbonates, with separation of carbon, and consequent blackening,
oxalates excepted. The carbonaceous residue being soluble in water,
indicates that the organic acid was combined with alkali metals, and
if insoluble, with alkaline earthy bases. The decomposition i8, more-
over, accompanied in most instances by the evolution of volatile
mattei-, of carbonic oxide and hydrocarbons, empyrevmatic vapours
and oils.
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In the free state organic acids ave either volatile, and can be dis-
tilled or sublimed, generally without undergoing decomposition and
without leaving any carbonaceons residue, as for instance, formie
acid, and its homologues acetic acid, ete. (or the acids of the fatty
acid series); benzoic acid and others, belonging to the series of
aromatic organic acids. These acids can be removed from any of
their saline compounds by decomposition with dilute sulphuric
acid. Other organic acids are non-volafile, and are decomposed
when heated by themselves, leaving a carbonaceous residue ; and the
acids cannot be removed from their salts by distillation with sul-
phuric acid.

FORMIC ACID, {gﬂﬂﬂ.—nhmima in & great many chemi-
cal reactions, as a product of oxidation or decomposition. It 18
usually prepared by heating a mixture of equal weights of crystallised
oxalic acid and glycerine to 75° C., and distilling with water—

d0Ho . W
COHo = 1 COHo T ©0=

Formie acid distils at 100° C. It is of interest, as being the lowest
.puaaih!r_: acid in the series of fatty acids, a Em_'iea ':\rhich most com-
prehensively illustrates the structure of organic acids.

By a successive increment of CHs, or by substituting for H—
the positive element in formic acid—snceessively semi-molecules of
the compound organic radicals methyl, CH,, ethyl, C;H,, etc., the
whole series of fatty acids can be obtained, thus:—

H (]
Formic acid { COHo H—[Ig—{}uH
H O
H 1 g
CH
Acetic acid CH, or . H—(0—C—0—H
CEHC 42 { coHo { COHo ﬁ
" H H O
' C.H
Propionic acid gg: or { Gbﬁﬂ H——{J—é——lﬂ—ﬂn—ﬂ
| COHo e i
¢
H, Cc.H
Butyrie acid 'J CH, or { g
aryrl CH. COHo
_COHo

H C.H
Stearic acl {E’JDH{}" COHo
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The lower members of the series of fatty acids dissolve freely in
water, whilst the more complex fatty acids, with largely increased
molecular weights—to mention only stearic acid—are quite insoluble
in water.

REACTIONS IN THE DRY WAY.

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 €0,, 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, { CONao®

All formates are soluble in water ; some also in alcohol.

Formie acid and formates are readily recognised by their fro-
erty of reducing salts of the noble metals, e.g., AuCl,, NO,Ago,
20, Hg.0", or HECl,, to the metallic state, with evolution of car-

bonic anhydride.

Potassic permanganate is likewise deoxidised by formic acid.

This reducing action distinguishes formic acid from acetic acid and
maost of its homologues.

When heated with concentrated sulphurie acid, formie acid and
formates are broken up into water and carbonic oxide, which latter
burns with a fine blue flame. (METHOD OF PREPARING CARBONIC OXIDE
GAs.) The mixtuve does not blacken. The decomposition is expressed
thus :(—

H i, + SOHo, = CO + SO,Ho, + OH,

ACETIC ACID (Vinegar), {ggh01—0bmhed either by the
oxidation of aleohol, thus :—

CH. o CH,
CH:HD T { GU:E{} + OH,

or by the destructive distillation of vegetable substances, especially
of wood. Pure acetic acid boils at 117°C., and is prepared by
decomposing dry sodic acetate (5 parts by weight) with concen-
trated sulphuric acid (6 parts by weight). The crude acid is placed
over Mn(,, in order to destroy any g ., and rectified by distillation
over a little sodic acetate.

REACTIONS IN THE DRY WAY.
Acetates are decomposed upon ignition, yielding a peculiar

inflammable volatile liquid called acefone, { ggE}H , thus:—
3 :
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GE CH,
N {GDUH;,,.

The acetates of the alkalies and alkaline earthy -bases, when
strongly ignited, leave a carbonate; those of the heavy metals
leave either a metallic oxide, or the metal itself, mixed with

carbon.
Heated with caustic alkalies (soda-lime), as seen in Fig. 19, dry

Fra. 10,

sodic acetate gives off marsh-gas, or Light carburetted hydrogen, CHy,
thus :—

3 {ggﬁm + NaFo,CaHo, = 200Nao,, + COCa0” + 3CH.
Marsh gas.

The gas can be collected in the usual manner over wu,tar,_and on
applying & light it burns quietly with a yellowish flame, with for-
mation of water and carbonic anhydride, It forms one of the con-
otituents of the gas-bubbles which are seen to rise from the bottom
of stagnant waters, where decaying organic matter TNas accumulated.
Hence its name marsh-gas. AR

Its specific gravity is *554 when compared with air, Its mole-
cular weight is 16, one litre weighing 8 criths. A mixture of marsh-

and air—one part by volume of ilahe hfc'!mca.rhqn with 10 of air
—explodes pﬂwerfullj' when a light 18 applied. Light c:a.rh}lrattfed
hydrogen forms a constituent of ordinary coal-gas, and is likewise
found in coal mines, where it gives frequently rise to explosions
when mixed with air and fired. 1t is called by the miner fire-damp.
The atmosphere left 1 the workings of a coal-pit, after an explosion
of fire-damp has taken place, is called choke-damp, or after-damp,
consisting to a large extent of carbonic anhydride.

REACTIONS IN THE WET WAY.

A SOLUTION OF SODIC ACETATE, gg%a o, TOBY be employed.
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All acetates are soluble in water. Argentic and mercurous acetates
are the least soluble.

On heating a solid acetate (or a concentrated aqueouns solu-
tion of it) with alecohol and concentrated sulphuric acid, acetic
ether (ethylic acetate), {ggﬁlm, (Et = ethyl) is formed which
possesses a peculiar fragrant odour. The change is expressed
thus :—

{ggﬁm + EtHo + 80,Ho, = {ggﬁ . + 80;HoNao + OH,.

Too much alechol should be avoided lest common (or sulphurie)
ether, Olit,, be formed, the odour of which would mask that of the
acetic cther.

By distilling an acetate with moderately dilute sulphurie acid
in a retort, free acetic acid is obtained, which is recognised by its
characteristic pungent odour.

Fe,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 basic ferric acetate, in the form of brownish-yellow flakes.
AmHo precipitates the iron from a solution of ferric acetate as ferric hydrate.

Ammonic acetate, especially in the presence of ammonia, dissolves several
inscluble sulphates, e.g., SO;FPbo”, 80.Cao”.

c ITHM

STEARIC ACID, C_UHG.—-Fnund in fatty bodies, e.g.,
CH.Ho

pure mutton fat, in combination with glycerine, < CHHo. When
CH.,Ho

heated with solutions of caunstic alkalies, the fat saponifies and the
fatty acid forms with the alkali metal a soap, freely soluble 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 alcohol, from which it crystallises

in milky white needles. Its composition is C,;Hy0s, or gg}lﬂ":’

It melts at 54° C. Pure hard soap is sodic stearate, {gb%in, and

contains generally—

20—25 per cent of water
7— 8 1 11 soda (DNH’E)
and 67—73 ,, sy Btearic acid.

The analysis of soap is effected by treating 10 grms. cut up into
thin slices, in a porcelain dish, with dilute hydrochloric acid, and
heating gently for some time, till the whole of the soap is decom-
posed. The fatty acid floats on the surface. The dish is set aside

M



162 BENZOIC ACID.

to cool, when the fatty acid is obtained as a solid cake, which can
be readily removed and dried between filter paper. Sodic chloride
is left in solution, and is obtained on evaporation in crystals.

QUESTIONS AND EXERCISES.

1. What elements enter into the composition of organic acids ?

9. State which compound organic radicals are met with in organic acids, and
show the relation which exists betwween them.

3. How are the several salts of organic acids influenced by heat, and what
inference can be drawn from this action ?

4. Explain the structure of the several members of the fatty acid series. Give
illustrations.

5. How is formic acid obtained, and what changes do formates undergo, when
heated out of contact with air?

6. How can o formate be detected in the web way ? Give equations.

%. State how you would prepare pure carbonic oxide from baric formate.

8. You have given to you plumbic formate, how would you prepare therefrom
formie acid and sodic formate ?

9. State how acetic acid is prepared.

10. What is the action of heat upon dry ncetates P

11. How would you prepare mn.rﬂh—gna%

12. Explain the terms fire-damp, and choke-damp, or after-damp.

18. How can the composition of marsh-gas be shown experimentally P

14. Explain the action of acetic acid upon argentic earbonate or plumbic oxide.

15. What residue is left on igniting augic acetate, calcic acetate, plumbic acetato,
or argentic acetate ?

16. Explain how you would obtain acetic ether, describe its composition and
properties.

17. Giive graphic formule for marsh-gas, cyanogen, acetic ether, acetone.

18. Explain the composition of hard soap.

19. A solution containing an unknown quantity of formic acid, when heated with
golution of AuCly, yielded 2:235 grms. of metallic gold. How much
formic acid by weight did the solution contain ?

20. A quantity of erystallised argentic acetate lenves upon ignition 1°236 grm. of
metallic silver. How much acetic acid does this gorrespond to ? _

91. How much dry sodic acetate must there be decomposed in order to obtain
20 litres of marsh-gas?

BENZOIC ACID, {gbﬁﬁ[}, or shortly BaHo—1Is found
in many gums and balsams, from which it is obtained by subli-
mation. Heated in a tube open at both ends, the acid sublimes in
long needles, giving off a very irritating vapour. Heated on platinum
foil, benzoie acid burns with a luminous smoky flame.

The crystalline acid 18 very slightly soluble in water or acids,
and floats on water. Benzoates of tetrad metals are mostly insoluble
in water, all others are soluble.

Fe.(l, gives a pale yellow precipitate of basic ferric benzoate,

Bz Fewo™ Fe.0s + 15 Aq; and ammonic benzoate is employed some-
times for the separation of Fe'¥ from Mn'' (compare page 38). ‘
On distilling benzoic acid with lime or baryta, benzol, C.H,, is

obtained—

C . e i
{ O + 080 = C.H; + COCho'".
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Dilute acids precipitate benzoic acid from aqueous solutions of
benzoates ; nitrie acid is without action npon 1t.

Heated with concentrated sulphurie acid, benzoic acid does not
blacken, neither does it evolve S0s.

COHo Rk
SUCCINIC ACID,{ C.H, , or briefly SuHo,.—Dibasic acid.—
COHo
Obtained by the distillation of amber, of fossil resin, and also by
the long-continued action of nitric acid upon bubyrie, stearvic, or
margaric acids, The acid crystallises in white plates, is readily
soluble in water, aleohol, 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 upon platinum foil, it burns with a blue flame and
without smoke. g
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 neutral plumbie
co—
succinate, {GEH.,an”, which is rendered basic by treatment with
CO_,

ammonic hydrate. : : _
Fe.Cl; prodnces from a solution of neutral ammonie suceinate,

a brownish-red, volwminous precipitate of basie ferrie succinate,
Su,Feov, Fe,0,, 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" ¥rom Fe'¥).

On boiling the precipitate, produced by ferric chloride from a
solntion 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(l, to the ammoniacal solution, a whife precipitate of barie
succinate is obtained, whilst benzoic acid gives no precipitate (prs-

TiNcTION BETWEEN BzHo axp SuHos.)

QUESTIONS AND EXERCISES,

How are benzoic and succinic acids prepared? Give graphie formule.

How would you distinguish BzHo from SuHo, in the dry way ?

State how the precipitate produced by BzHo and SuHo; with Fe.Cls
assists us in distinguishing between these two acids.

How would you prepare benzol from benzoic acid ?

You have given to you a mixture of plumbic benzoate and succinate. State
how you would obtain the two acids in the free state.

1:340 grm. nfl the argentic salt of an organic acid leaves upon ignition 632 grm.
of metallic Ag.  What is the molecular weight of the acid ?

M 2

T - o
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COHo
oxidation of a large number of organic bodies, e.g., sugar, by nifric
acid; or woody fibre, by the action of canstic alkalies. The free

acid, ggg‘; + 2Aq, isa violent poison. It crystallises in rhombie

prisms with two molecules of water of erystallisation, which it loses
when exposed to dry air, 7., it effloresces and crumbles to a
powder. With bases it forms an important series of salts called
oralates. The acid being dibasic, two series of salts, neutral and
COKo 4 COKo

Goko = {

OXALIC ACID, {UDH‘LMM;G aoid—Obtained by the

acid oxalates, Ko 4 coHe exist (besides some super-acid

oxalates).
REACTIONS IN THE DRY WAY.

Oxalic acid when heated by itself, sublimes for the most part
anchanged ; a portion of it breaks up into GO, €O, and some formic
acid. %xnﬂﬂtua yield, upon ignition, different products of decom-
position, according to the nature of the base contained therein,

Mlaline owalates leave a carbonate, with slight blackening, and
give off carbonie oxide.

Alkaline earthy oxalates leave a carbonate, together with some
caustic base, it a strong heat be applied, and give off CO and CO..

Owalates containing melallic bases which donot form carbonates,
or the carbonates of which are decomposed by heat, break up into
metallic oxides, and give off equal volumes of GO and CO,, or into
metal, as for instance argentic oxalate, giving off CO,.

REACTIONS IN THE WET WAY,

We employ A SOLUTION OF AMMONIC OXALATE, ggimg

Owalates are either soluble in water, e.q., the alkaline oxalates and
q few metallic oxalates; or insoluble in water, but soluble in actds.

CalCl, (80.Ca0"" or CaHoy) precipitates even from very dilute

solutions white pulverulent calcic oxalate, § ~ DGRG", readily soluble

in hytlmt:hluric or mitrie acid; almost insoluble in oxalic or acetic
acid, and in potassic or ammonic hydrate. Heat promotes the pre-
cipitation from very dilute solutions. This constitutes one of the -

most delicate reactions for oxalic acid. . 4
Ba(l, gives from solutions of nentral oxalates a whife precipitate

of paric oxalate, GgBﬂﬂ” + Aqg, soluble in oxalic acid, readily

soluble in hydrochloric or nitrie acid.
NO,Ago produces a white precipitate of argentic oxalate,
COAgo
{ COAgo y \
Concentrated sulphuric acid decomposes oxalic acid or oxalates,
on the application of a gentle heat, mto C0O and CO, without
blackening, by withdrawing from the molecule of oxatyl a molecule

, soluble in dilute nitric acid, and in ammonic hydrate.
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of OH,. The gaseous mixture is passed through a wash-bottle
containing caustic soda or lime-water, and the carbonic oxide gas
is collected over water. The gas burns with a blue flame. (UsvAt
METHOD FOR PREPARING CARBONIO OXIDE.)

Oxalie 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 is carbonic anhydride, thus :—

Mn0, + gg]ég + 280,MHo0, = 200; + 80,Mno” + 80;Ko; + 20H,.

A solution of gold is reduced to metallic gold, thus :—
COH
2Au0l; = 3{ SOHO = 600, + Auy + GHOL

Potassic permanganate is speedily reduced (decolorised).

QUESTIONS AND EXERCISES.

1. How is oxalic 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 8O;Ho; and MnO, or Cr,0;Kos;
4th, in contact with AuCl, 7 I

3. How would you distinguish caleic oxalate from ealeic carbonate, fluoride,
borate or phosphate.

4. What takes place when potassic, argentie, caleie, or zineie oxalate isignited by
itself P

5. How would you prepare pure carbonie oxide gas from sodic oxalate ?

6. Why is oxalic acid decomposed by concentrated sulphuric acid almost without
any blackening ? -

7. Caleulate how much MnO,; is contained in a sample of black manganic

oxide, 22 grms. of which, when treated with { SOK® and SO,Ho,,

yielded 1'662 grm. of CO,.

8. The caleic salts in one litre of water are precipitated with ammonic oxalate.
The precipitate yields upon ignition 1696 grm. of COCao”. How much
Ca( does the water contain, 1st, per gallon, 2nd, per 100,000 parts P

COHo
CHHo - e -
TARTARIC ACID, CHHo’ shortly THo,—Dibasic acid.—

COHo
Found in grapes, tamarinds, pine-apples and several other fruits in
the form of hyllric potassic tartrate. The acid met with in commerce
is prepared from the tartar or argol, an impure hydrie potassic tar-
trate, deposited from the grape juice during fermentation. The acid
forms colonrless transparent erystals, very soluble in water, both hot
and cold, and soluble also in aleohol. The agueous solution under-
goes gradual decomposition.

REACTIONS IN THE DRY WAY.

Tartaric acid is decomposed by heat, giving off a peculiar odour,
resembling that of burnt sugar (caramel), and leaving a residue of
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carbon. Alkaline tartrates when heated in a test-tube, are decom-
posed, with evolution of inflammable gases, leaving a mixture of
finely-divided charcoal and carbonate (black flua), from which the
carbonate may be extracted by water. The carbonaceous residue
left upon igniting alkaline earthy fartrates contains an insoluble
carbonate, and effervesces when treated with dilute hydrochlorie
acid. Tartrates of the heavy metals also undergo decomposition,
accompanied by the characteristic odour of burnt sugar, and leave
much carbon mixed with metallic oxide or metal.

REACTIONS IN THE WET WAY.

We employ A SOLUTION OF TARTARIC ACID, and for some reactions
A H[}L::}TIGH oF A NORMAL SaLT (Rochelle salf, or potassic sodie tar-
trate). ;

The alkaline tartrates are soluble in water, the acid salts less s0
than the neutral tartrates. The normal tartrates of the alkaline earthy
bases, of the earths and heavy metals, are difficultly soluble in water, but
dissolve readily in dilute tartaric acid. Alkalies fail to precipitate
double tartrates, readily soluble in water, containing an alkaline-
and metallic base, Hence the presence of tartaric acid serves to
prevent the precipitation of Fe.,0,, Cr,0, Zn0, NiO, CoO, MnO,
Cu0O, PbO, Bi,0; PtO, or CdO, whilst some other substance,
a.q., POHo,, if present, may be precipitated from an alkaline solu-
tiom.

KCl (or some other potassinm galt, especially the acetate) pro-
duces in a solution of free tartaric acid a heavy white erystalling
precipitate of hydrie potassic tartrate, THoKo, readily soluble in
mineral acids and in alkalies and alkaline carbonates, insoluble in
acetic acid. The precipitation is accelerated by agitation and by
allowing to stand for some hours. Alkalies dissolve the precipitate,
forming a normal tartrate, soluble in water, from which acetic acid
reprecipitates the hydric potassic tartrate.

Calo, added to excess precipitates free tartaric acid as a white
ealeic tartrate, TCao".

CaCl; (but not 80,Cao’, except on long standing,) precipitates
from a solution of a mormal tartrate, white calcic tartrate (1'Cao”,
+ 8 aq.), soluble in acids, even tartaric acid, in ammonic salts
(AmCl), but not in ammonic hydrate. The precipitate is soluble
an cold potassic or sodic hydrate, which is nearly free from ua.r}:n_-unate,
but is reprecipitated on boiling as & gelatinous mass, which redissolves
on cooling.

NO,Ago produces from a solution of a mormal tartrate (e.g.
Rochelle salt) in the cold a white curdy precipitate of argentic tar-
trate, TAgo,, On filtering and dissolving some of the precipitate
oft the filter with a little dilute ammonic hydrate, and heating the
solution in a clean test-tube.or flask during ten to twenty minutes,
‘n water, heated to abont 66° (., the glags becomes coated with a
fine silver mirvor. (CHABACTERISTIC REACTION FOR TARTARIC ACID.)

Ac,Pho' gives a white erystalline precipitate of plumbic tartrate,



CITRIC ACID. 167

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 SO,Pbo”.

Concentrated S8OsHo, decomposes tartario acid, or a tartrate, on
heating, with evolution of 80, CO,, and CO, and separation of
carbon.

QUESTIONS AND EXERCISES.

1. Describe some sources of tartaric acid.

9. Describe the decomposition which tartaric acid and tartrates undergo upon
ignition.

8. What is the composition of black flux

4. Explain the solvent action of tartaric acid upon certain tartrates in the pre-
sence of alkalies.

5. How can tartarie acid be detected in the wet way ?

6. Give graphic formulw for Rochelle salt, argentic and plumbic tartrates.

CHHo(COHo) i
CITRIC ACID,{ CH (COHo) + 2 aq., or briefly Gios—
CH, (COHo)

Pribasic acid.—Obtained from orange or lemon-juice. Found also
in many other fruits. It forms colourless prismatic erystals, which
Eﬂsaaas a pure and agreeable acid taste. They dissolye in ecold and

ot water, and in alcohol. The aqueous solution undergoes decom-
position after a time. The eitrates 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 erystallisation,
then fuses, and is decomposed with disengagement of pungent and
irritating acid fumes, leaving a less abundant earbonaceous residune
than tartaric acid. Alkaline and alkaline earthy citrates leave a
carbonate npon ignition.

REACTIONS IN THE WET WAY.

We employ A sorurion oF CiHo; IN WATER, OR A SOLUTION OF A
NORMAL ALKALINE CITRATE.

Potassic salts give no precipitate.

CaHo, gives no precipitate in the cold from a solution of citrie
acid, or of a neutral citrate; but on heating, a white precipitate of
calele eitrate, Ci,Cao''y, is obtained. (DISTINCTION BETWEEN TARTARIC
AND CITRIC AciD.) When both citric and tartaric acid are present, the
precipitate produced by CaHos,, or CaCl, in the cold is filtered off,

and the clear filtrate boiled, when a further precipitate indicates
eitric acid.
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PRACTICAL EXERCISES.

In order to enable the analyst to acquire a thorough 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 mauner shown in the Ap-
pendix. The nature of these exercises will be sufficiently indicated
by the following examples :—

1. Crystallised magnesic sulphate (Epsom salts).
2. Sodic sulphite.

3. Saltpetre.

4. Common sodic phosphate.
o. Potassic iodide.

6. Potassic oxalate.

7. Citric acid.

8." Calcic tartrate.

9. Sodic acetate.

10. Caleic phosphate.

11. Dried green vitriol.

12. Borax.

Preliminary to the analysis of more complex bodies, a number of
double salts or mixtures of salts containing one or two bases, and
one, two or more acids should be next examined, such as:—

Ammonic ferrons sulphate.

Common ammonium or potassium alum.
Microcosmie salt.

Potassic sodic tartrate (Rochelle salt).
Dipotassic calcic ferrocyanide.

Potassic chlorate and potassic nitrate.
Sodic chloride and potassic carbonate.
Potassic oxalate and potassic carbonate.
Ammonie chloride and sodie 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 arrangement
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 nnder examination. A few simple experi-
ments are frequently sufficient to determine, in the case of simple
salts, the nature of both base and acid, and in that of & compound
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180 EXAMINATION OF SUBSTANCES

EXAMINATION OF A SUBSTANCE IN THE WET War.

1st. The substance under ewamination 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 snlphides of the alkalies or
alkaline earthy metals.

Evaporate a portion of the liquid to drymess on a watch-glass or

latinum foil. It leaves no residue, and may consist of pure water
only; or it leaves a residue; a larger portion of the liguid should
then be evaporated to dryness in a porcelain dish and subjected to
a preliminary examination in the dry way.

ond. The substance under examination consists of a solid body.—
If it occurs 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 gu:‘gat&i i.e, stirred
up ?:'f}l:ntedljf with water ; the coarser [prfrl.i.::'ias of the pqwdmgud substance fall
rapidly to the bottom,and the water ho ding the finer particles in suspension can
be poured off. The coarser parficles 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
some time, the whole of the suspended particles fall to the bottom of the vessel,
and 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 undissolved portion again
with boiling water as long as anything is dissolved. A drop of the
solution, when evaporated on a watch-glass, or on platinum foil,
ghould leave a visible spot.

The aqueous ewtract is set aside until the residue has in like
manner been treated with acids. It should be tested with hitmus-

aper.

E I)4’31‘]1131 residue insoluble in waler is next ireated with dilute hydro-
chlovie acid, and heated for some time to boiling. The undissolved
portion 1s allowed to subside and the clear fluid decanted., This
operation should be repeated several times, both with dilute and
concentrated hydrochlorie acid. Boiling with HCl generally dis-
solves out whatever is soluble, and NO,Ho has rarely to be resorted
to. 1f an insoluble residue be left, treat with small quantities of
aqua regia, Observe carefully what changes take place when the
substance is treated with acids, especially whether any and what
gases are disengaged.
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The residue insoluble in water and aecids should be carvefully
washed with distilled water, filtered, dried, and then mixed with
three to four times its weight of dry CONao, and COKo, (fusion-
mixture) and fused. The fusion is best performed in a platinum
cracible, provided the insoluble residue does not contain any metals
capable of forming alloys with platinum. This can be readily ascer-
tained by an examination of the residue in the dry way.

It should be borne in mind that only BARIC, STRONTIC, CALCIC,
AND PLUMBIC SULPHATES; PLUMBIC AND ARGENTIC CHLORIDES ; 810,
MANY SILICATES; NATIVE OR IGNITED Al,0; AND ALUMINATES; IGNITED
Cr,0, and Fe,0;; curoME IRON ORE; SnO, (IGNITED OR AS TIN-
STONE) ; 16NUED Sb;0, (A FEW METAPHOSPHATES AND ARSENATES) ;
CaF, AND A FEW OTHER NATIVE FLUORIDES; SULPHUR AND CAKBON,
are usually present in the residue.

Ag,FeCysand Ag;Fe;Cyy, AgBr, Agl, and AgCy are decomposed
into .Egﬂl 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 aqueouns
and acid extracts becomes necessary only when it is intended to
show how the acids and bases ave combined in a compound body.

The examination of a residue requiring fusion with alkaline car-
bonates is invariably conducted 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 HCl or NO,Ho. The aqueous 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 porcelain
erucible with 3 or 4 times their weight of a mixture of 3 parts of
80;Amo; and 1 part of NO;Amo. The metals can then be detected
in the residne 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 condueted, and
whilst the separation into groups is effected means of the several group-
reagents. The precipitates can then be well washed. Again, the time aw:uEiuﬂ
in the evaporation of the filtrate from Group II, and in separating Felv, Criv,
and Al'" by means of ©OBao” in Group IIT, may be employed in the examina-
tion of the precipitate produced by HCl or SHy, ae 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 81Ty, and gently heated (Notes 5 and 6).

Evaporate the FILTRATE till free
evaporate to complete dryness.
by the blackening of the residue), heat to redness in a
iga regidue with a little concentrated HOl, add water anc
leaves & white residue of 840, (Note 8), Test a small porti

from HH&,

If oxalates or organic matter
reelain dish, but not otherwise. Treat
heat, when it dissolves either wholly or
on of the HCI solution with ammonice

molybdate, with the addition of concentrated nitric acid.

(A.) No precipitate is obtained, P OHo, Is absen
portion of the solution, heat to boiling, and filter quickly ;

containing a few drops of ammonic sulphide.

(B.) A precipifate iz obtained, POllo; 1s
rema.iniulg portion of the solution,
t

To the fi

wash well. Neglect filtrate (Note 10).

t.—Add AmO),

— —

then add a few drops of concentrated NO,HD, and

(Note 7) be suspected (indicated

AmHo, and 8 Ams, to the remaining
wash well with hot water

present.—Add AmC] and AmHo in slight excess to the
heat gently and filter quickly ; wash well with hot water.
rate add SAm, to slight excess, heat to boiling and filter.
containing a few drops of 8 Am,, and exaw
precipitates to a poreelnin dish, and digest with a little SAmg (Note 9).

Wash with hot water

ine filtrates under Group IV. Transfer the two

Filter off and

(A)
The FPRECIPITATE may con-
tain—
Al Hog, yellowish-white,

gelatinous.
Cr.Hog, bluish-green.
Feld, black.
Ens, white.
Mns, flesh-coloured.
Nis,  black.
uusl‘ tL]

Examine by Table III A.

(B.)

The FPRECIPITATE may com-
tnin—

Al Hog, yellowish-white,
gelatinous.

Cr.Hog, bluish-green.

FeS, black.

ZnsS, white.

MIns, flesh-coloured.

NiS, black.

GDS, 1

Together with the phosphates
of (Cr) and Al, as weﬁ as of
the alkaline earthy metuls.
(Note 11.)

Examine by Table II1 B.

To the FILTRATE from IIT A. or
111 B. add AmHo and GOAmoy,
heat gently (Note 12) and filter.

The PRECIPITATE| SOLUTION wmay
may contain— contaln—
COBao”, white. | MgO.
G'Dﬂm", 1 DH.:;.
€0Ca0”, ., O Nag.
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 hydrochlorie acid,
S H,; may be passed at once.

2. 113 a saturated solution of a bariec salt, HCl produces a white precipitate,
soluble in hot water. From an alkaline solution HCl may precipitate SiHo,
(gelatinous), BHoy, BzHo [and uric acid] erystalline, also 8b.0; (amorphous).
Metallic oxides, such as Al:0; and metallic sulphides, such as As8.S; Sb.S,,
Sb.S;, SnS, and SnS,, 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 arsenic, should be boiled with a solution of SOHos, or
SO0HoAmo, and the acid solution evaporated considerably to expel the SO0,
Ba, 8r, and Pb, when present, may be precipitated either partly or wholly, as
eulphates. The precipitate is best examined separately.

4. Certain oxychlorides, e.g., of Bi, 8b, 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 -::u‘xyr:hlljm'idea into the corresponding
metallie sulphides.

6. SH, often produces merely a ﬁl‘ﬂ{:ipimﬁiﬂn of sulphur, owing to the
presence of oxidizing ngents, such as Cl, Br, I (SOHo,, NOHo), NO.Ho, ClHo,

gﬂlu, E}Iﬂ’ gﬁf}, and @rO;Hog, 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 -.:ul' Pb.SCl; often comes
down from strongly acid (HCI) solutions, if the solution has not been sufliciently
diluted with water. Cadmium is often left in solution, if too much acid be

regent.
I'.' 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. Organic wcids, e.g., THo,, CiHoy, also sugar, ete., prevent the precipitation
of Al.Hog, ete., in Group I11. (Comp. p. 166.)

8. It is possible that this S10; may be mixed with other substances, eg.,
Al.0; Cr.0, Fe.0; (rendered insoiuble by strong ignition), S0;Bao”,
S0.8r0”, in which case it is necessary to examine it separately.

9. If the S Ams were added uimuftunmus]y with the AmCl and AmHo, phos-
phates of Fe, Mu, Zn, Ni, and Co would be decomposed into sulphides, with
formation of POAmo,, which might produee a precipitate of a phosphate of the
alkaline earthy bases, by acting upon salts of these bases other than phosphates,
or act as a solvent for other phosphates in the presence of AmHo. (Comp.
. B2,

. 1[}}, This filtrate may contain POHoy, a proof that a phosphate of the metals
TFe, 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.

. 62.

g 11}: Small quantities of borates and fluorides of the alkaline earthy metals
may likewise be precipitated, together with the alkaline earthy phosphates, but
need not be examined further, since their bases will be detected in Group LV,
and their neids on examining in the usual way for acids. e

12. The solution must not be boiled, since the AmCl, by double decomposition,
dissolyes the alkaline earthy carbonates forming chlorides and ammome car-
bonate, which volatilizes with the aqueous vapour.
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Tapre IT.—SEPARATION OF

The precipitate may contain Mg, PbS, Bi.S,

ﬂ'l.ls, ﬂﬂﬂ, 5“'5: Ens’!: H.h-;_ss:- shﬂsﬁi AEZEEI

(Comp. p. 90.) Wash the precipitate until frec from

Resiovg. —Wash well; boil in o little concentrated
waler; add dilute 80:Hoa, as long as a precipitate
bulk of aleohol (methylated) ; filter.

WO,Ho, until all aclion ceases. Dilute with
is produced ; allow to cool and add an equal

Resiore.—May contain g, 80,Pbo”
pmmonic necebate :
allow to cool

and 8. DBoil in

S0,Pho” dissolves ;

and filter.

QorurroN.— Boil off the aleohol, add excess of AmHo;

boil and filter.

RESIDUE consists
of g8 and 8,
or of B only.

Confirm by re-
ducing the dried
Hgs in & bulb-
tube with dry
GU .'.\rllﬂj.

Metallic mirror
and globules.

Presence of Hg.
(a8 mercurieum. )

SorurioN.—Add
Cr0,Ko,, yel-
low precipitate
Df GI‘D:PI)G".

rresence of b,

The PRECIFITATE

consista of

Bi];[ua. Dig-
golve in n few
drops of dilute
HCl; evapo-
rate nearly to
dryness  and
add water.
Milkinegs from
BiOCL

Presence of L.

Sorovrion.—Acidulate

glightly with

HCO! and pass SHy; filter off and
wash the precipitate with weak SHy

wibor.
and filter.

Boil with dilute S0:Ho,

Resmoue, — Dis-
solvein NO.Ho;
add slight excess
of AmHo, then
CH,

GOHo, "¢
K,FeCyg. Brown

precipitate of

Ullg]"{: G_}"Eq

Presence of Cu.

SorurioN, — Add
AmHo and pass

EH@ Yellow
precipitate  of
Cds.

rresence of Cd.

Note 1.—Cus is somewhat soluble in S;Am, and

Hgd in SNa,
If both Cus and g8 are present

1t 18 therefore advisable to

dissolve in
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THE METALS OF GROUP IL

(Au and Pt must be tested for specially in a separate portion of the filtrate from Group 1).
HCl; boil with NaHo, or S;Am,, snd filter (Note 1).

SoruTioN may contain As, 8b, Bn (Au and Pt) as sulpho-salts. Acidulate with dilute hydro-
chloric acid, AB:5;, Sb.S; and SnS; are reprecipitated. Filter and wash ; digest with

COHoAmo and filter.

Resroue consists of Sb.S; and Sns,,
Introduce into a Marsh’s apparatus in which

HCIL.

Dissolve in boiling

hydrogen is generated by means of pure Zn and HCL

—

SbH; comes off. Collect as
metallic 8b on porcelain or
glass and identify the de-

sited metal by means
of ClNao or dry HCI gas.

Presence of §h.

The =mesipvE in the gene-
rating flask consists of Zn
and Sn.

Detach the precipitated Sn
from the strips of zine;
wash and dissolve in o
little eoncentrated HCl by
the aid of platinum-foil.
Dilute with water, and add
He(Cl;, A white precipi-
tate of Hg:(Cls, or of grey
metallic Hg, is obtained.

Presence of So.

Sorurioxy contains JAS8S;.
Reprecipitate by adding HCL.
Confirm the presence of As
by reducing with KCy and
JU'N a0 in a bulb-tube.

garlic

Metallic mirror and

odour.

PFresence of As.

dizsolve the precipitate in the absence of €CuS with S:Amg and in the absence of Hgs with SNa..
when a little ©u3 will be found in the solution,
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TasrLe III A.—SEPARATION OF THE

A. POHo, 1s absent.—Dissolve the precipitate from Group IIIA. in a little dilute HCI, with the

is perceptible. Filter off sulphur if necessary. Nearly neutralize solution with CONao,; add
possible. Pour off the clear liquid, which contains the chlorides of the metals Zn, Mn, Ni

;hluridca of Felv, Al'* and Cr!*; throw the precipitate—which contains the hydrates (and basic
ol water.

Sorvrion.—Remove BalCl, by adding a few drops of dilute 80.,Hoy; boil, allow to subside,

and filter off 80;Bao”. Nearly neutralize the filirate with ©ONao., and add pure NaHo,
till the solution becomes alkaline ; boil and filter.

The sonuTION may con- | The PrECIPITATE may contain MnHo, Colo, and WiHo,, Wash,

tain zine as ZnNao,. dissolve in a little dilute HCl; nearly neutralize with AmHo ; add
ﬁiﬂllﬁﬂi of E&gfu excess of EHLW and a little acetic acid ; pass a rapid current of

S1I; for several minutes through the solution and filter.
Presence of Zn.

The BOLUTION con-
lﬂ_inﬁ f-il{'!' mﬂ.:llgl‘l‘l'lﬂﬂﬂ

OCl

REsinve.—Dissolve in HCI and 0o’ nearly

as acetate. neutralize with ©0Nao, ; add a weak solu-
Add AmCl, AmHo and tion of KCy, so as just to redissolve the
SAm;. precipitate first produced. DBoil briskly for
Flesh-coloured preci- gome time, allow to cool (filter off any shight
pitate of IMInS. precipitate), and add a strong solution of
ClNao ; allow to stand for some time in a

Presence of Mn. warm place, a8 long ns a black precipitate

forms, and filter.

Preore. — N1,Hoi | The sorvuTION con-
Confirm by heating tains the cobalt as
a small portion of K CoyCyys. Evapo-
* it on a borax-bead rate to dryness, and
before the blowpipe test a little of the
flame. - residue before the
A yellowish to sherry- blowpipe flame on a
red bead. bhorax bead.
A blue bead in both
Presence of NL flawr es,
'l Presence of Co.

—TIf no pure NaHo ean be procured, a comparative test should be made, by acidulating a
Nﬁt&l’icﬂif'itztﬁr? it with dilute HCOl and AmHo. If the amount of precipitate thus obtained
1

whetlier Al be present or not in the mixture.
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METALS OF GROUP IIIa.

addition of a few small crystals of {g%ﬁ Digest at a gentle heat, as long as any chlorous odour

COBao” and shake well. Allow to subside in a flask kept corked, to exclude the air as much as
and Co, as well as BaCl, arising from the double decomposition of the ©OBao"”, by the
salts) of Felv, Al' and Crlv, as well aa the excess of GOBao"” employed—on a filter and wash with

PrecIPITATE—Dissolve in dilute HCL; remove the BaCl, thus formed, by dilute 80.Ho, and
filter. Nearly neutralize the filtrate with ©ONao,, and add pure NaHo (free from alumina)
(Note 1) in excess, and boil for some time. ¥Fe.lo; and ©r,Hog are precipitated. Al;Hog
dissolves in excess of NaHo.

PrecrerraTe.—Fuse with fusion-mixture and N0,Ko on pla- | SonvrioN.—Acidulate with di-
tinum foil. Dissolve the alkaline chromate which is thus lute HClL and add AmHo
formed in hot water, and filter. in slight excess.

White gelatinous precipitate,

Resmove.—Dissolve in dilute | Sorvriow, yellow. Confirm by Presence of Al
HCl and add K;FeCy,. 2 - ... JCH,
A precipitato of Brussian | “cidulating with{godr and
blue. . cH :
mlr‘[mg( { coa)ﬂl‘hn’.
Presence of Fe. Yellow precipitate of

CrO,Pho”.
Dilute and test the original
HCl solution specially for Presence of Cr.
Fea” and Fe'* by means of a
solution of IMn.0:Ko,, as | Test the original substance
well as by means of K,;FeCysg, specially for ©ry0; and
K¢Fe,Cyjq or CyAms. ri;, by boiling a small
portion with ©ONaos. The
filtrate contains the chro-
mate, and the residue the
Cr.,0;. The latter may be
converted into a soluble
alkaline chromate by fusion

with ©ONaog and NO,Ko.

Emtity of sodic hydrate, about equal in bulk to that employed for redissolving the alumina, and
m the reagent alone, at all equals that of the Al,Ho, precipitate, it must remain doubtful
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Tasre III B.—SEPARATION OF THE

B. ngﬂﬂ is present.—Dissolve the precipitate obtained according to the directions given in
OKo’

metals Zn, Mn, Ni, Co, Allv, Crlv, Felv, ns well as phosphates of Cr'*, Al'Y, Ba, Sr, Ca, and

CH;
COHo

if necessary. Digest at a gentle heat, as long as any chlorous odour is perceptible.

and as long as & precipitate is produced. Heat gently, and filter hot.

The soLurioN may contain the chlorides of Al, Or, Zn, Mn, Ni, Co (Ba, 8r, Ca, Mg), as well as
the phosphates of the alkaline earthy metals. Add Fe.Cls (Note 2), drop by gro , 88 long
as a precipitate forms and till the colour of the supernatant fluid becomes red. The re-
maining Thus]ﬂmtes 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 soLUTION sontains now only chlorides—possibly of all the metals of

Group ITT, as well as of the metals of the alkaline earths—the whole
of the phosphoric acid having been eliminated. Add AmCl, AmHo

and 8 Ams.

A black precipitate is obtained. Filter.

CoruTion.—Add COAmo,.

Examine PRECIPITATE
according to Table

white PRECIPITATE
which may be—

COBao",

CO8ro”,

COCuno",
Examine by Table IV
(without, however,
mixing it with the
precipitate obtained
in Group LV).

A

SorUTION may contain
Mg Add
%DHHNM;.
White erystalline pre-
cipitate.

Presence of Mg.
(as phosphate.)

I11A for Co, Ni, Mn,
Zn, Al and Cr.

Test a portion of the
original substanece,
dissolved in water or
HCl, for Fe” and

Felv,

The PRECIPITATE con-
sists of Ps0;Fe 0™
and ferric acetate.

Neglect.

Note 1.—Test a portion of this hydrochloric acid solution with ammonic molybdate for
Ca, Mg, were originally present, but only phosphates of Ni, Co, Mn, Zn and Fe, decomposable by

Note 2—1f ¥F'e,Cl; produces no further precipitate with a portion of the acetic acid solution,
dissolution of F'e8 in j Ol being frequently sufficient to decompose the whole of the phosphates
Ca and Mg. In this case no ferric salt need be added to the main portion of the solution, and the

Note 8.—Instead of fusing with 810, and ©ONaoy, the presence of P05Al0™ (¥30,Crgo™
with NaHo, which dissolves égogﬁlgﬂ" and decomposes the ferric phosphate, with formation of

rcprecipilﬂtﬂd.
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METALS OF GROUP IIIs.

the General Table under Group ITI B., in dilute HCL, with the addition of a few crystals of
Filter off sulphur, if necessary (Note1). The solution may now contain the chlorides of the

: CH
Mg. Nearly neutralize with a dilute solution of ©ONaog; then add a solution of {EG?‘TM

The PRECIFITATE may consist of FPs0.Feso", P.0.Alo™ {Hﬂ_ta 3), P;0,0r0™. Dry on the
filter. Fuse in a platinum crucible with 810, and pure fusion mixture, together with a little
WO.Ko. Dissolve in hot water, add ©0Amog; digest, allow to subside and filter.

ResrpuE may consist of S1Ho,, 81;0;Fe0"!, 81,0;A10™ and Fe,Ho, | Sorvrion.—Add
Acidulate with HCl; evaporate to dryness and ignite gently. Extract CH, =
with a few drops of concentrated HCl and hot water. Filter. COMHo
({88
Sorvrion.—Nearly neutralize with @ONao,, and Resrove 810, 1:'3“'3‘“' P"’fﬂi "it%ﬂ- 1
add pure NaHo in excess. Heat and filter. Neglect. Presence of ©rU; an
|  therefore
— | Presence of Cr.
Restore.—F e:Ho,. EDLUI‘IDH.—&ddMnT (as phosphate).
Confirm by dissolv- with dilute HCl an 34 SRs,
ing in HCl and | add AmHoin slight A ;lgﬂPg‘ﬁml“_“ﬁ f
adding CyAms. A | excess. ol i : & ;3:11‘::'1‘ “ﬁ;_
blood-red eolour. A white gelatinous pre- I"gl.'.)ll S s e
cipitate. Yoot ;L% OB DD Nog
Presence of Fe _ S
(as phosphate). Presence of Al
(as phosphate).

phosphoric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Ba, Sr,
SAms. Proceed, therefore, to examine the solution at once by Table ITIA.

it is obvious that no phosphates of the alkaline earthy bases are left, the F'@,Cl; derived from the
of the alkaline earthy metals in an acetic solution into ferrie phosphate and chlorides of Ba, Sr,
esamination of the filtrate may at once be proceeded with according to Table IIIa.

is rarely met with) may also be ascertained by boiling the precipitated phosphates of Fe and Al
Fe,Ho; Filter. Acidulate the filtrate with dilute HCl; add AmHo, when FP30;Al0M is
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SEPARATION OF THE METALS OF GROUP V.
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194 EXAMINATION FOR ACIDS,

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., A8:0,,
A8,0; 8i0,, and POHo, in combination with metals of Group T11
ﬂ.-'ﬂd IV, GrU{EIﬂg, G'Dq.,. SHQ, SOH’D:, EHDHG:, ClHU, HDHU, the
gix lastly mentioned acids on dissolving the substance in dilute HCI,
or on adding HCl in Group 1.

A careful preliminary examination for acids will probably lead

to the detection of a further number of acids, e.g., of HI, { g%_[ﬂ,

OB ocl
By, { T, and { 901 | NO,Ho, (NOHo), HOJ, (CIHo), HE,
CH,

HCy, HFeCys, H,Fe,Cyn, CyHo and CyHs, {G'DHD Rt { ggﬁg

The presence of other organic acids isélikewise indicated. When
more than one of these acids is present, the detection is somewhat
more diffienlt, and the results obtained by a preliminary examination
for acids requive to be carefully confirmed by the examination of the
colution. Thus a chloride in the presence of a nitrate, when
treated with concentrated 80;Ho,, evolves chlorine and red fumes
of lower oxides of nitrogen ; in the presence of a chromate, brownish-
red fames of Cr0.Cl,,. HgCly, Hg.Cl,, or BnCl, does not evolve
HCI when treated with SO,Ho,. Polysulphides, when treated with
HOL, evolve SH,, with geparation of gulphur. S0, and SH;, when
evolved simultaneously, destroy each other, ete.

When the preliminary examination gives no distinct indieation
of the presence of any of the acids just mentioned, S0O.Hoz, BHos,
POHo,, Si0, will have to be looked for.

The analyst will have to bear in mind that acids cannot be
Jetected 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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PREPARATION OF SOLUTIONS FOR ACIDS,

G_re&t care onght to be bestowed upon the preparation of the
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 bg the several reagents employed for the detection of acids in the wet way
e.g., of Ba, Sr, Ca, or Pb, on the addition of 80:Cno” or S0.Mgo"; of .&g’
‘Hg'y or Pb, by Ball; or ©Call.; of Fe and others by AmHo, ete., etie.) l

The precipitate produced by CONao, (which reagent ought fo
be added in the least possible excess) is filtered off, and the filtrate
tested with a few more drops of CONaos. 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 €O, is evolved,
and till the solution is rendered distinctly acid.

(Small quantities of 80,Nao, and NaCl are almost invariably contained in
the commercinl ©ONnog; it is therefore necessary to test a portion of the
aqueous, or HCl solution of the substance, prepared without the intervention of
CONuos, for S0,Ho, by means of BaCl,. A nitrie acid solution of the original
substance is in like manner tested for HCL by adding MO.Ago.)

9. Another portion of the alkaline filtrate is rendered acid by
means of dilute NO;Ho and boiling.

3. A third portion is rendered acid by means of dilute { ggf—ln 5

and lastly—

4. A fourth portion of the alkaline golution is carefully neu-
tralized by first adding dilute 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 nentral reaction with blue and red litmus-

apers. The strictest attention should be paid to these directions, and
the least possible excess of either acid or alkali should be employed,
since the precipitation of several acids is prevented by the formation
of an ammonic salt in anything like large guantities, on account of
the formation of a soluble double salt, e.g., ammonic calcic tartrate,
ammonic caleic citrate, ete.

If the preliminary examination for bases has shown the presence
of ammonic salts, it 1s necessary to decompose them by boiling with
caustic NaHo, before preparing Solution IV.

Ebullition or fusion with CONao, decomposes the phosphates of
the alkaline earths but very imperfectly, and the phosphoric acid so
combined is invariably detecte by means of MoO,Amo,;. (Comp.
Table 111 B.)

If organic acids are present in combination with heavy metals
(viz., those of Groups 1 and I1I), SH, should be passed throngh the
slightly acid (HCI) solution and the precipitate filtered off. The
colution 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
Ca(l, (ammonic salts should be carcfully avoided). .

No further notice need be taken of the following acids: COj,
SH,, 80,, NOHo, ClHo, {ggﬁu, gince they can be detected with
certainty by a preliminary examination, and as they would, for the
most part, be lost on acidulating the solutions.

Porrioxy Acipvnaten wite HCL
80.Ho,.—On the addition of BaCl; a white precipitate, insoluble on

boiling.

SiHo,—On %:;he addition of AmCl or COAmo, a gelatinous pre-
cipitate, requiring no further confirmation, since 510, is lefb
on evaporating the filtrate from Group 1I with NO,Ho.

H,FeCy;—On the addition of Fe,Cl; a deep blue precipitate.

1 L) 80.Feo” light ,, 1
IIGFE':UJ"]:E'_ 1 17 14 dﬂ-l‘k dEEP L} ] 13
i 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:Cyi..
CyHs.—Fe,Cl; produces a blood-red coloration, which is destroyed
by HgCl, and not by HC1 (the red colonr which acetic acid
imparts to a solution of Fe,Cl; is destroyed by HCI).
9HF,8iF,—On the addition of BaCl; a gelatinous translucent
precipitate of Bal', SiF, is obtained, which is decomposed by
strong acids. Confirm by heating the precipitate, when
volatile 8iF, is given off. AmHo precipitates gelatinous
SiHo, with formation of AmF, BaF,; and OH..

Porrion AciouratEp witH NO,Ho.

H(CL—On the addition of NO,Ago a white curdy precipitate,
goluble in AmHo. For the distinction between hydrochloric
and chloric acids comp. p. 121

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.Iy—Dn the addition of NO;Ago a white amorphous precipi-

tate, little soluble in water and dilnte NO.;Ho, easily soluble
in AmHo.—AgBr und{gﬁgﬂ 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
l;‘recipitate of AgBr is obtained.
or the distinction between HBr and HCI, comp. page 125.
HL--0On the addition of NO;Ago a yellowish white precipitate,
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searcely soluble in AmHo. Confirm by the blue colour im-
parted to starch paste by the iodine liberated by Nz0, gas.

DH{J'_DH t.hé addition of NO;Ago a white precipitate of { glﬁ 20’

sparingly soluble in dilute N0.Ho, soluble in AmHo (Agl
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 HCOU and HI.—HCI in the presence of
HI cannot be distingunished in the same ready manner as
HCI in the Bresuuce 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 HOl, HBr, and HI.—Precipitate the
HI as Cu,l; by means of S0,Cno’" and 80,Feo” or 8OHo,,
and filter. Remove the cupric and ferric salts by a little

ure NaHo, evaporate the filtrate to dryness, and examine
for HOl and HBr by testing one portion for HOL 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 cgnnidcﬂ.

 In order to 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 NO,Ho, and test the
olear solution with HCL A curdy white precipitate indicates
HCy. Confirm also by the reaction with ferroso-ferrie salts,
KHo and HCI in a fresh portion of the solution.

Distinction between HOI, HBr, HI, and H(y.—Test
gpecially 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 cansing the evolved HCy to act mpon a drop
of NO;Ago, or a little S,Am,, contained in a second por-
celain dish, inverted over the one containing the mixed
galts. A white precipitate of AgCy 1s obtained ; or the
CyAms which is formed gives a blood-red colour with ferric
galts, affording equally conclusive eyidence of the presence

of HCy.

H;FeCye } are likewise precipitated on the addition of NO,Ago,

HEFBzU]rr;

and are insoluble in dilute NO,Ho. The first and second
form salts which are insoluble in AmHo, whilst AgaFc-nU}fn
is veadily soluble. These acids are, however, best detected in
the portion acidalated with HCL
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No other cyanogen ecompound but a cyanide gives off HCy when
treated with very dilute 80,Hos, and it is therefore possible also to
distinguish HCy in the presence of OyHs, CyHo, H,FeCy;, HyFe,Cyyo

PorrioN ACIDULATED WITH { gg;:{n'

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,Cao" a white precipitate of

{ggﬂﬂn" is obtained, which on ignition leaves COCao",

goluble with effervescence in { gC}Hi[g' (Caleic fluoride is not
affected.)

CrO.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 NEUTRAL.

THo.—On the addition of CaCly, a white precipitate, soluble in
AmClor cold KHo—80,Ho,, { GOT1°, HF, POHo,, AsOHo,

BHo,, 8iHo,, CO., 8OHo,, are likewise precipitated by CaCl,

from a nentral solution, and THo. can obvionsly 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
ixcess of AmHo, or CaHo,, has been added and the solution
oiled.

The detection of tartaric and citric acids—indicated during
the preliminary examination by a strong odour of burnt sugar
—Tequires 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 AmTo, forms a less lustrous
mirror, and only after boiling for a long time.
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BHo,—CaCl, produces from a concentrated solution of a borate a
whitish precipitate soluble in AmCl. Boric acid is also indi-
cated in the preliminary examination by the swelling up of
some of its saline compounds, and the precipitation of a con-
centrated solution of a borate with concentrated S0;Ho; or
HCOL

More delicate, however, is the reaction which borie acid
gives with turmeric paper, and the colour which boric fluoride
imparts to the flame. (Comp. page 131 and 142.)

BzHo.—On the addition of Fe,Cl; a pale yellow precipitate. Con-
firm by the reactions which a benzoate gives in the prelimi-
nary examination, since a precipitate of Fe,Ho, is frequently
mistaken for ferric benzoate, owing to imperfect neutraliza-
tion.

SuHo,—On the addition of Fe,Cl; a reddish brown precipitate.

For the distinction between benzoic and succinic acids, com-
pare page 163,

e b el
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APPENDIX I

REACTIONS OF THE RARE METALS.

MeTALS are termed rare when they occur 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 PALLADIUM, Ruopium, Osmivm, RurHe-
x1vy, and Iripron, are found native, and associated with the native
metals Pratisey, and Gorp, Others are found in eombination with
oxyqen, such as Tiraniuym, UraNivM, TawraruM, and Niopiom ; with
sulphur or arsenic, such as TUNGSTEN or WorrraM, MOLYBDENUM,
Vaxapros, TaALLIOM, and INDIUA.

Others, especially the rare metals nsually 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 mostly speeifi-
cally heavier than their metals, such as GLociNoM, Zirconionm, THO-
rioM, Cerius, Lastaasvs, Dipyaooy, Yrrrivy, Erpiow, are chiefly
met with in nature as ozides, in combination with silica (sometimes
combined with titanic, niobic, and tantalic acids); and lastly, the
rare metals of the so-called alkali group, whose oxides possess the
most pronounced basic character and are soluble in water, such as
Tararom, Rusioiow, and Caesioym, are chiefly met with as salfs,—
carbonates, phosphates, or silicates—and in a soluble condition, in
sea-water, or in certain mineral springs.

The rare metals cannot be studied with advantage, 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
}:llile distinctive analytical features, but to their general chemical

1story.

The following is the analytical position assigned to these metals
by the various group reagents :—

Group I.  Precipitated by HCl:—Tungsten, as tungstic acid ;

niobium, as niobic acid; thallium, as chloride;
(tantalum, as tantalic acid, and molybdenum, as
molybdic acid, are soluble in excess of HCI).

Group II. Precipitated by SH,, from a HCL solution, as sul-

phides: —
(A.) Imsoluble in yellow ammonic sulphide:—
Palladium, rhodium, osmium, and ruthe-
niom.
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(B.) Soluble in yellow ammonic sulphide :—Gold,
platinum, iridinm, molybdenum, tellurinm,
and seleninm,

Group I1I. Precipitated by AmCl, AmHo, and SAm,:—Ura-
ninm, indinm (thallinm), as sulphides ; glucinum or
beryllinm, thorinm, zirconmium, ecerium, lanthanum,
didymium, yttrium, erbinm, titanium, tantalum, and
niobinm, as hydrafes. Vanadinm, precipitated as
sulphide, on adding HCI to the filtrate.

Group IV. None.

Gronp V. Lithinm, caesium, and rubidinm.

METALS OF THE ALKALIES.

The alkali metals, Carsionm, Rusipivy, (potassium, sodium,) and
Liraiom are remarkable for their highly electropositive character,
the powerful alkaline nature of their oxides, and hydrates, and the
very general solubility of their salts, Caesinm appears to be the
most highly electropositive member, whilst lithinm shows the least
electroposifive character. They exhibit analogouns gradations in
their respective combining weights, fusion points, specific gravity,
action upon water, and the solubility of their carbonates, thus:— -

Caesium. Rubidiom. Pobassinm. Sodinm, Lithium.
Atomie wcights 1338 865 309:°1 23 g
TFusion-points. . — 88-6° (. 825° Q. a96° ¢, 180° C.
Specific gravity el .5 “RGE . 59
nt 16°C. .. 1°516 865 97
Action of the Decomposes Do, tutdoes Do, buk
i 5 L | H 'It.] !'
il upun}::."::u:;snﬂ;;e:*.‘,:}: Do. Do Robmenomly i i
water ...... | coming inflamed. hydrogen.

the respective v 4 Not Difficultly
carbonates .. Highly deliquescent, absorbing  deliquescent. soluble in
water speedily from the air. water.

Solubility Df} COCs0, CORbo, COKo, CONuo, C0Lio,
L

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. CAESEUM, Cs. Atomic weight, 133.—Oceurs 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 fo contain
34 per cent. of Caesia. . 3

Both esesium and rubidinm were discovered by Bunsen and Kirehhoff in
1860, whilst examining spectroscopically the saline residue left on evaporating
large quantities of the Diirkheim mineral water. The metal cacsium hn.srrfut
yet been isolated, but has been obtained in the form of an amalgam. The
hydrate, CsHo, is very soluble, both in water and aleohol, and very strongly

—

e

et e o i i e s
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alkaline. The earbonate, COUso,, resembles potassic and rubidie earbonate,
but is soluble in 5 parts of beiling aleohol. (DistizorioNn rrom COKo, AND
CORbos;, WHICH ARE INSOLUBLE IN ALCOHOL.)

REACTIONS IN THE DRY WAY.

When heated on platinum wire, in the inner flame of the blowpipe, volatile
caesinm salts impart an intense sky-blue colour to the outer flame. (Hence
the name of the metal, from caesivs, sky blue.) When examined with the aid
of o spectroscope,* principally two intensely sky-blue lines, Csa and Csg, close
upon the strontium line, Srd, are seen (together with various other less distinctly
visible lines in the orange, yellow, and green).

REACTIONS IN THE WET WAY.

TsE A sonvTion oF CArsic Cunonipg, CsCl.

PtCl; (Platinie chloride) produces a light yellow crystalline (octahedral)
precipitate of the double chloride of caesium and platinum, 2C0sCl,
PtCly, very difficultly soluble in boiling water— 377 parts in 100 of water. The
corresponding potassic platinic chloride is dissolved by repeated treatment with
boiling water.

THos (tartarie acid) produces a colonriess fransparent crystalline precipi-
tate of hydric eaesie tartrate, THoCso0 ; about 8 times more soluble in water
than the corresponding rubidiom salt.

Method aof Separation of Cs from Rb.—8nCly, added to a solution of the
chlorides of Na, K, Li, Rb, and Cs, containing free HCI, forms a heavy white
precipitate, consisting of nearly pure caesic stannie 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.

* When elements in the gaseous condition, or vaporized by strong ignition,
are analysed by means of the spectroscope (for a description of which we refer
the student to Roscoe or Schellen on the Spectroscope), 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 so much greater than that of the
non-metals, that the latter ure only rarely seen. The heat which can be pro-
duced by a good Bunsen gas burner is not strong enough to volatilize all elements,
or to heat their vapour highly enough. Most heavy metals enn only be
volatilized by means of an electric spark, making use of an induction -:1«:::5j 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 Greissler tubes. :

It is usual to employ the spectroscope only for the examination of those
metals, or metallic compounds, which can be volatilized by means of the gas
flame from a good Bunsen burner, such as the alkali metals, sodium, potassinm,
« rubidium, caezium, lithium ; the alkaline earthy metals, barium, strontium,

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

It is only by employing larger quantities of pure substances, and heatin
them very intensely, that many of the less prominent lines can be observed,
The accuracy of the reactions is, 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. Speetroscopic analysis constitutes,
in fact, a most valuable auxiliary to chemical analysis.
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2. RUBIDIUM, Rb. Atomic weight, 85'5.—Occurs widely diffused in
nature, although only in very small quantities, in a large number of minerals, in
Tepidolites and in mineral waters, likewise in the ashes of many plants, such as
tobacco, coffee, beetroot, &c. The metal is obtained, like potassium, by heating
the carbonate with earbon. It is white, more easily fusible and convertible into
‘Fnﬁﬂllr than potassium, and takes fire spontancously in air. Tts oxide, rubidia,
ORby, is a powerful base, and its salts, like the corresponding caesium salts, are
isomorphons with those of the metul potassinm. The hydrate, RbHo, is strongly
alkaline, and very soluble in water and alcohol. The carbonate, CORbo, is a
deliquescent salt, insoluble in aleohol.

REACTIONS IN THE DEY WAY.

Volatile rubidium salts, when heated on & platinum wire in the inner blow-
pipe flame, colour the outer flume dark red (hence the name rubidivm, from
rubidus, dark red). When examined spectroscopically, two dark red lines,
Rhe, and Rby, on the extreme left of the solar spectrum and close to the potas-
sium line, together with two distinctly vielet lines, and several weaker lines
in the yellow, readily distinguish rubidium compounds.

REAOTIONS IN THE WIT WAY.

A sorvriox oF Rupipie Canoring, RbOl is employed.

PtCl, (platinie ehloriae) produces a light yellow erystalline (octahedral)
precipitate of rubidie platinie chloride, 2Rb01LPtOl,, very difficultly soluble
in boiling water. The solubility of the double chlorides of platinum and potas-
gium, rubidium, or cacsium is respectively as 5°18, ‘634, and ‘377 in 100 parts of
boiling water. (Method of Separation of K from Rb and Cs.)

THo. (tartaric acid) yields o whife precipitate of hydrie rubidic tar.
trate, THoRbo, which is less soluble than the corresponding caesium com-

ound.
k Separation of Caesiwm from Rubidiwm.—The several platinum salts are firat
prepared ; and after having been gently heated in a current of hydrogen, the
CsCl and RbCl can be separated from the metallic plalinum hy hot: water. The
two chlorides are mext converted into carbonates, by digestion with COAgo,.
The solution can then be evaporated to ﬂ%nﬂsa. and the €0Cso0; extracted with
boiling alcohol, CORbo; being insoluble. Or the carbonates may be converted
into acid tartrates, by ﬂ.{iﬂillb’ to the solution twice ns much tartaric acid as 1s
necessary to neutralise it. The two tartrates are separated by fractional erystal-
lisation, hydric rubidie tartrate crystallising out first, being about 8 fimes more
insoluble in water than the hydric caesic tartrate. On ignition, the pure tar-
trate yiclds again the carbonate, from which the various salts may then be

prepared.

3. LITHIUM, Li. Atomic wei,i:;htr, 7.—Appears to be ?,-ida‘.ljr diffused in
nature, although it is found, in anyt iing like quantities, only in a few SILICATES,
especially in lithia mica or lepidolite (2 to © per cent. of Li), in petalite and
spodumene, and in a few PHOSPHATES, aqch a8 triphylline, or ferrous ,[m“n'
ganous | lithic phosphate, 8P,0,Feo0”s, POLiog (with 3 to 4 per cent. of Li), and
amblygonite (6 to 9 per cent. of Li). It has also been found in many mineral
springs—most abundantly as yet in & mineral spring in Cornwall—in sca-
water, in the ashes of various kinds of tobaceo, and other plants, and in some
rites. |
meki"i]c:tfnelal lithium is much less oxidisable than pnga.asium and acdmm:. It
makes a lead-grey streak on paper. When freshly cut, 1t has the colour of silver:
but it tarnishes quickly, on exposure to the air, becoming slightly yellow. It is
harder than potassium and & ium, but softer than lead. It flonts on rock oil,
and is the lightest of all known solids, its specific gravity being onl{ 59, It
decomposes water ab the ordinary temperature, with evolution of wydrogen,
forming lithic hydrate, Lilo, but does not melt, and 1t 1gnites 1n air only far
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above its meltin int (180° C.). The oxide, OLiy, is not deliquescent. The
metal is prﬂpurgedpcl.:w 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 materially interfere with
the production of this colour; but the presence of a small %ﬂﬂntltj' of soda gives
rise to a yellow flame. By means of the spectroscope the occurrence of v
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,

WEe EmMrPLOY A sonUTION OF Lirnic Cnroripg, LiCL

PtCl,; produces no precipitate. ;

POHoNao; (hydric disodie phosphate)—but not the corresponding
potassium salt—produces on boiling a white precipitate of lithic phosphate,
2P0Lioy + Aq, very little soluble in cold water, soluble in HCI, and reprecipi-
tated only, on boiling, after neutralisation with AmHo. .

Lithie Carbonate, especially after having been fused, is difficultly soluble
in eold water, hence alkaline carbonates yield from concentrated solutions of
lithium salts a crystalline precipitate of lithic carbonate, COLio, (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 lithic tartrate is soluble.

Lithie silicofluoride is almost insoluble.

Separation of Lithiuwm.—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 diyness, 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 KCl) being
insoluble in absolute aleohol and ether.

Bemark.—The student will now have no difficulty in construct-
ing a table for the separation of these five metals.

ExtricrioN oF Litarvd FrRoM TRIPEYLLINE.—Dissolve the powdered ore
in HCl, with a little NOyHo (in order to convert Fe” into Fel), neutralize with
AmHo, when Py0.Feso™, and PyO.Mno"y, are precipitated. The solution, on filter-
ing, may contain some more phosphorie acid, which may be removed by adding
8Ba, and filtering off the precipitated POHoBaos. 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 18 left. The hydrate may be
pr::ipnred from this by evaporation with sulphurie acid (so as to obtain 80,Lio,),
and addition of BaHo,, and filtering. The excess of Balo, is next cautiously
removed from the filtrate by means of 80,Ho,. On evaporation, white crystal-
line, strongly alkaline, lithic hydrate, LiHo, 18 left.

REACTIONS OF THE RARE METALS OF
GROUP III.

Group III comprises the Rare Metals Urantom, INpiom (Twaar-
Liom), Grucisom, Tuoriom, ZircoNiom, Cerivm, Lastmaxum, Dipy-

mioM, Treaniosm, Tasrarvy, Niosiom, Yrrrios, Ersiom, and Vaxa.
DIUM.
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In considering the reactions by which these rare bodies may be
recognized, we cannot do better than avail ourselyes 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 out 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 SAm,, in the form of owides (hydrates).

Besides the metals aluminium and chromium, already treated of
in the main portion of the book, there ave:—

1. GLUCINUM (Beryllium) G1” (or Be'). Atomic weight, 9-4.—This metal
oceurs only in a few minerals, and is found, very locally, as a SILICATE, m
P.&gunm'{c_'siﬂ-luu (45 per cent. of GIlO), combined with ﬂluFJilEiﬂ silicate ; in
beryl, 8ig0Al0" G o"y (138 per cent. of G10), and in smaragdite, in evclase, and
some other rare minerals, such as lewcophane. : _

The metal is prepared, like the metal aluminium, from the chloride. It is
white, and has a specific gravity of 2:1. It vesembles aluminium in dissolving
in HCI, s 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 silicate with 4 parts of its weight of fusion mixture, decomposing the
mass with HCl, and evaporating to dryness, to separate the 8i0,. From the
HCI filtrate both the Al,Oy and GO ave precipitated by means of AmHo. On
hoiling the precipitate, however, for some time wit1h AmCl, NH, is evolved, and
glucinum is dissolved out as chloride, G17Cl,, The insoluble Al,Ho, remains
behind., Pure glucina ean then be precipitated from the filtrate by means of
AmHo, as gelatinous hydrate, G1Ho,, which on igmtion yields the white anhy-
drous glucina, G10, of specifie gravity 3'08. : A4 g \ \

From the oxide we can obtain the salts by dissolving in the respective acids,
or by double devcom positien, from one of ila‘m:rluh_lu gults. Gluecina resembles
alumina, inasmuch as it combines also both with acids and bases. '.l;t.a salts are
colourless, and of a sweet, slightly astringent taste ; they show an acid reaction.

REACTIONE IN THE DRY WAY.

Glucinum compounds give no characteristic reactions in the dry way.
N.0,Coo" yields a grey mass.

REACTIONS IN THE WET WAY.
Usk A SOLUTION OF GLUCINIC SULPHATE, SO.G i

2 roup reagents AmHo and SAm,, as well as the fixed caustic alkalies
nn:lq;{i?nﬁnu [!:u"t.}:_',r bases, precipitate glueinic hydrate, G1Ho, (flocculent),
soluble, like Al,Hog, in excess of the fim_-dl. r_t'llmlwtt, but not in ammonia. On
boiling, G1Ho, is almost completely r:-prumlpltuted from a dilute NaHo or KHo
solution. (DISTINCTION FROM ALO,) Like Al,Oy, it 18 reprecipitated also on

iti f AmCL. p
He gg}:’:.‘uﬁi gim o white precipitate of glucinie cnrllmmtq,lﬂﬂt}ln Y, freely
soluble in excess, reprecipitated as basic carbonate on boiling. (D1sTINe-

rroN FrROM Al,Oy.) ! : ‘
CONaoy, or COKaoy, Smuipitatuu likewise white carbonate goluble only in large

excess of the precipitants. .
COBao” precipitates gluemum comvletely, even in the cold.
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Besides these characteristic reactions, we may mention the difficultly soluble
double sulphate Eg%ﬂﬂlu” + 3Aq, which the readily soluble glucinic sul-
2
phate forms, when brought together with potassic atﬂﬁmt—n. :
SEPARATION OF AL ¥rom G10O.—Dissolve in HCL; pour slowly, and with
continued stirring, into a warm concentrated solution of COAmo, A precipi-
tate forms, consisting of Al Hog, the solution containing the glucinum as double
carbonate, Neutralize with HCL; boil and add AmHo. GlHo, is precipitated.

2. ZIRCONIUM, Zriv, Atomic weight, 89'6.—Found as S1n1cATE, chiefly
in the rare mineral zircon, 8iZro'v, The silicate is not attacked by acids, 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 HCl, in order to remove 810, and to decompose the insoluble,
mﬂy-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 fluoride of potassium
and zirconium, 2KF,Zrl, by means of metallic alominium. The hydrate is a
voluminous white body, resembling Al,Hog It dries up to yellowish, trans-
parent lumps, Zrilo,, which dissolve readily in acids. On iguition, this hydrate
loses its water, and undergoes a molecular change, when the dioxide, or zirconic
anhydride, Zr(,, is no longer soluble in dilute acids.

irconium salts, obtained by dissolving the hydrate in dilute acids, are
colourless, and of an astringent taste.

REACTIONS IN THE DRY WAY.

Of all the earthy oxides, ZrO, is the only one which remains entirely unaltered
when submitted to the action of the oxyhydrogen blowpipe, and gives out the most
intense and the most fixed light. Moistened with Ny0,Co0”, and intensely
heated, the mass becomes of a dirty vielet colour. With borax, ZrO; yields a
colourless glnss which becomes slightly opague when cold.

REACTIONS IN THE WET WAY.

Use A sorvriox of Zimconic SULPHATE, 8,0,Zrotv.

The group reagents, SAm,, or AmHo, produce a white flocculent precipitate
of zireconic hydrate, ZrHo,, insoluble in excess; insoluble also in NaHo
or KHo (Disrixeriox rrom Al axp Gl).

KHo, or NaHo, same precipitate, insoluble in excess, not dissolved by a boil-
ing solution of AmCl (DisTivcrion FroM Gl).

COAmo; produces a white flocculent precipitate of a basic carbonate,
1:1:;1:]113- soluble in excess, reprecipitated on boiling (DisTINCTION FROM

COKo, and CONuog, same precipitate, redissolves in a large excess of COKo,,
especially of COHoKo (DisTiNcTioN FROM Al).

COBac” gives no precipitate in the cold, and precipitates glucinum salts im-
perfectly, even on boiling.

Oxalle acid gives a bulky precipitate of zirconie oxalate (DIsTINCTION
FROM Al AND Gl), insoluble in excess, difficultly soluble in HCI, soluble in
excess of ammonic oxalate (Distiserion rros Th).

HEF produces no precipitate (DistiNcrron Frox Th aND X}

830Nuo; precipitates zirconic hyposulphite (SS0).Zro'* (DisTizcTION
FROM X, Er, AND Di). The separation takes place on boiling, even in the

f;ﬂ;ﬁll::;ﬂf 100 parts of water to one of ZrO, (Dismixcriox ¥rom Ce

Zirconic sulphates, 8,0, Zrotv, forms with 1 i
_ , forr potassic sulphate an insoluble deubl
sulphate of Ifr and ]bI{manlubla i excess of 80yKo, (D1sTiNeTION FPRON _..;:
AXD Gl). When precipitated cold, it dissolves readily in a large proportion of

P
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HOI, but is almost insoluble in water, and HCI, when the S0;Ko. is added to a
hot solution (DistrverroN Froxm Th axp Ce). !

Turmeric paper, when dipped into a hydrochloric acid solution of a zirco-
nium salt, acquires a brownish-red colour after drying in the water-bath (Dis-
rINeTION Froa Th). But titanie acid—the only other metal which affects
turmeric paper under the same circumstances—colours the paper brown, and its

resence may therefore prevent the zireonium from being recognized. If the TiO,

e, however, first reduced, by means of zine and HCl, to the state of sesqui-
chloride —the reduction being marked in the solution by & change of colour to
pale violet or blue—it no longer colours turmeric paper, and any change in the
colour of the latter is then due to zirconium alone. The reaction requires great
care, however, as, on exposure of the paper to air, the 'Ti";0;, passing again to
tho state of Tilv0,, would in its twrn eolour the turmeric paper, and thus render
the observation doubtful.

Certain chemical diserepancies in the behaviour of the zirconinum compounds,
but more especially the fact that the specifio gravity of zircons from various
localities differs greatly, have led chemists to suspect that ZrOj, really consists of
o mixture of two or more closely allied oxides, like the metals of the yitrium and
cerium group. No method has, however, as yet been devised for isolating any
other oxide.

g THORIUM, Thiv. Atomic weight, 234, —Found in a few rare minerals
only, viz., in thorite (orangite), consisting principally of a hydrated silicate
(88iTho'*,40Hy), in monacite and pyrochlor.

Thorite is decomposed by moderately concentrated 80sHes, and also by con-
centrated HCL. The oxide or anhydride, ThOy, is white when cold, yellow when
hot. The moist hydrate dissolves readily in acids ; the dried hydrate only with
difficulty. Thorium salts containing colourless acids are white.

REACTIONS IN THE DRY WAXY.

ThQs, when heated before the blowpipe, remains infusible ; it imparts no
tinge to the flame, and gives & colourless borax bead. It yields no characteristic

reaction with Ns0,Coo".
REACTIONS IN THE WET WAY.
Use A sorurioN oF THORIC SurenATe, 8,0,Tho'v.

8Amg or AmHo (group reagents), precipitates the white gelatinous
nhydrate, ThOHog, insoluble in excess.

KHo, or Nallo, same precipitate, insoluble in excess (DISTINCTION FROM Al

p &l).

E!Giini, JDI{DQ, or OONnog, precipitates white basie thorie carbonate,
rendily soluble in an excess o the precipitants, difficultly goluble in
dilute solutions (DISTINCTION FROAM Al). From a sclution in COAmo.
thoric carbonate is reprecipitated, even at 650° C.

COBao” precipitates thorinm salts completely in the cold.

oxalic acld produces a white precipitate (DISTINCTION FROM Al A¥D GI),
not soluble in excess nor i dilute mineral acids ; soluble in ammome
acetate, containing free acetic acid (DISTINCTION FROM Y AND Ce).

HEF prggigimtua gelatinous thoric tetrafinoride, ThF,, which becomes

ulverulent after some time; the pmisigu.l,a ;s insoluble in water, and in HF
} x oy Al, Gl, Zr, A¥D Tily). : _
{DI;';EI;T“I; preci itat-;ra thnric hyposulphite, {H?ﬂ]{I‘hu“, mixed with sul-
phur, from neuthﬂr acid solutions. The precipitation is not complete (Dis-
rox FroM X, Er, AND Di). e
Tlﬁirhgiling concentrated solution of 80,Ko, precipitates slowly, but completely,
the whole of the thorium sulphate as white erystalline inso uble potassio-

thoric sulphate (S02)Kos hotv + 20H, (DISTINCTION FROM Al AXD G,
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soluble with difficulty in cold, and also in hot water, readily on the addition of
some HCL

4. YITRIUM, Y. Atomic weight, 61°7; and 5, ERBIUM, Er’f. Atomic
weight, 112'6.—These very rare elements are only found in a few minerals, in
ytterbyte, or gadolinite, orthite, yttrotantalite, ete. The metals have never been
obtained pure. Yttrium and erbium always occur together in nature, and closely
resemble the metals of the cerite group. They differ from most other earths in
being completely soluble in acids, even after ignition, u.ud_fmm 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, and can only
be approximately separated from each other. The colour of the yttrium salts is
white. Frbium salts have a more or less bright rose tint, erystallise readily, and
possess o sweet astringent taste. Anhydrous ¥Ol, is not volatile (DISTINOTION
¥rOM Al, Gl, AND Zr).

REACTIONS IN THE DRY WAY.

No peculiar reaction with borax, no colour to the flame, and a greylsh blue
coloured mass with N,0,Coo”.

REACTIONS IN THE WET WAY.

Use soLUTIONS OF THE N1TRATES, N30, Yo", and Ny0,Ero”, and test them
side by side.

SAmy, or AmHo (group reagents) precipitates the hydrates, insoluble
in excess, Large excess of 8Amg somewhat prevents the precipitation
of yttrie lgdmtau. J

KHo, or NaHo, precipitates whife hydrates, YHo,, or ErHog, insoluble in
excess (DisTINeTION PROM Al AxD Gl). The precipitation of yttrium
by alkaline hydrates is not prevented by the presence of THos (pIs-
riNeTION FROM Al, Gl, Th, axp Zr), yttrium being slowly but completely
precipitated as tartrate, TYo". g

00Ko,, and CONao, precipitate whife carbonates, difficultly soluble in
excess, more readily soluble in COHoKo, and in COAmoy (but not so
readily as COGlo”). On boiling the whole of the yttria is deposited
(pisTivoTioN oF Y From Al Gl, Th, Ce, A¥p Di). AmCl decomposes
C0Yo"”, with evolution of NH, and CO,, and formation of ¥Cl.. Satu-
rated solutions of COYo", in COAmos, have a tendency to deposit the
double carbonate, ggiﬁgfn”.

COBao" produces with erbium salts no precipitate, either in the cold, or on
heating ; and yttrium salts are but imperfectly Rrecigitutud on heating.
(DistiNcrioN OF Er ANDp Y FrOoM Al, G, Th, Ce, La, Di).

Oxalic Acld produces a precipitate of white ytirie oxalate,
{ggfn",ﬂﬁg. (DisTivorion oF Y ¥roM Al AND Gl), insoluble in
excess, difficultly soluble in dilute HCI, and partially dissolved by beiling
with ammonic oxalate. Erbium salts are likewise precipitated as oxalate,

ggErﬂ" ;OHy, in the form of a light rose-coloured, heavy sandy powder.

HF precipitates whife amorphous hydrated yttric filuoride, insoluble

in water and HF ; soluble, before ignition, in mineral acids; decom-

pmeqr ‘c:t.nly by strong 80.Ho, (Distixoriox or Y rrom Al, Gl, Zr,
AxD Ti.

A cold saturated solution of 80,Y 0" becomes turbid between 30°—40° C., and
on boiling, is precipitated almost entirely.

80,firo” forms with 80,Ko,, potassio-erble sulphate, 8,0,Ko.Ero”,
P2
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difficultly soluble in cold water, when hydrated, bub readily soluble in the
anhydrous condition, and on warming.

Potassic yttric sulphate, 8,0,Ko.Yo"”, dissolves readily in water, and in
a solution of S0.Ko, (p1sTiverioN oF X AND Er ¥rox Th, Zr, and THE METALS
or THE CERITE GROUP).

When erbium nitrate is heated on a platinum wire in o gas flame, it imparts
an intense greenish colour to the flame, which when seen timugh the spectro-
scope shows bright lines in the yellow and green, also in the orange and in the
blue in an otherwise continuous speetrum. 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. These absorption-bands
are characteristic for erbinm, ns yttrium solutions show none, under like circum-
stances.

SppanaTION oF Y wrom 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, N.0,(Er0,)"Ero”, whilst the
mother-liquor contains ehiefly yttric nitrate. By repeating this same process of
separation several times over, the earths may be obtained pure by finally igniting
the nitrates.

6. CERIUM, Oo” and '*. Atomie wnight. 92. 7. LANTHANUM, La”.
Atomic weight, 92'8. 8. DIDYM TUM, Di”, Atomic weight, 96. These three
rare metals constitute, like yttrium and erbium, a group which may conveniently
be studied together. The most abundant of the fow cerium minerals is cerife, o
hydrated sinicATE of the three metals Ce, La, and Di, as well as of iron and
ealeium, 8i[Ceo” Lao"Dio”Feo”COno' Js.  The finely-powdered mineral is readily
and completely decomposed by boiling with concentrated HCI, or aqua regia ; or
by fusion with fusion mixture ; or lastly, by boiling with concentrated SOHos.

CERIUM.—This metal exists both in the dyad, pseudo-trind, and tetrad con-
dition. Thus it forms the several oxides :—

Ce”0 ‘0’90, Cel*0; and Cey0; = Ce0,Ces0s
Cerous oxide. Ceric oxide Cerie Ceroso-ceric oxide, or
(sesquioxide). dioxide. triceric tetroxide.

Cerous and ceric oxide are both capable of combining with acids to form two
series of salts, of which the cerousare the more stable and most important. They
are colourless, or slightly amethyst-red, and acid to litmus. Cerous chloride is
not volatile (DisTINcTION FROM Al, Gl, AND Zr). Cerous sulphate is not entirely
goluble in boiling water.

REACTIONS IN THE DRY WAT.

All cerinm compounds give with borax, or microcosmie salt, in the outer
flame, o clear bead which is dark red while hot (DISTINCTION FROM THE FPRE-
oEDING EARTHS), fainter or nearly colourless on cooling. In the inner flame, a
colourless bead, or if eeric oxide is present, a yellow opagque bead is ohtained.
Lanthanum compounds give colourless beads, and didymium compounds give
with borax eolourless, or, if in large quantity, pale rose-coloured beads, in both
flames, and with microcosmic salt, in the reducing flame, an amethyst-red bead,
inclining to violet.

REACTIONS IN THE WET TWAY.

A. CEROUS COMPOUNDS.—We employ A SOLUTION of Cerovs CHLo-
RIDE, Oe”Cls.
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SAm. (group reagent) throws down the whife cerous hydrate, CeHoy,
insoluble in excess. e
AmHo precipitates a basie salt, insoluble in excess ; the presence of I'Hog
pxg_‘rents the precipitation by AmHo (DISTINCTION FROM Y), but not by

KHo.

KHo,or NaHo, precipitates whife ecrous hydrate, insoluble in excess, which
turns yellow on exposure to the air, or when acted upon by oxidising
agents, such as chlorine water, sodic hypochlorite, &e., being converte
into the yellow hydrated ceroso-cerie oxide, Ce;0,,30H, (DIsTINCTION
FroM Al aAxp Gl).

O0Kos, 0ONaoy, or 00Amoy, produces a whife precipitate of cerous car=
bonate, COUeo”, a[iaringly soluble in excess of the fixed carbonates,
somewhat more soluble in COAmog ; insoluble in water and €Oy ; decom-

ed by dilute acids. :

COBao” precipitates cerium salts slowly, but completely on standing.

Oxalic Acid, or Ammoniec oxalate, precipitates cerium compounds com-
pletely, even from moderately acid solutions, us a curdy white precipitate (turn-

ing slowly crystalline) of eerous oxalate, {ggﬂm", inzoluble in excess of the

precipitants (DISTINCTION FROM Zr), but soluble in a large excess of HCL. On
ignition cerous oxalate leaves yellowish-white ceroso-ceric oxide, CeyOy (Dis-
rNorioN FRoM Al axp Gl, which form soluble oxalates).

A saturated solution of potassic sulphate *produces a white erystalline preci-
pitate of potassio-cerous-sulphate, 8,0,Ko.Ceo”, even from somewhat acid
solutions (Dismicriox ¥roM Al axp Gl); difficultly soluble in cold water,
readily soluble on heating; quite insoluble m a saturated solution of 80;Kog
(Distiserioy ¥ROM Y AND Er); soluble in much dilute HCL 'With dilute
solutions the precipitate takes some time to form.

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 0F Ce FROM La, AND Di—A convenient method of oxidizing
and separating cerous salts consists, according to (#ibbs, 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
off part of the Hﬂg.{['ﬂ, go a8 to form a basic ceric nitrate, insoluble in water or
dilute NOsHo, lanthanum and didymium can be dissolved out as nitrates. After
removing the plumbie nitrate from the solution by SH,, the La and Di are pre-
cipitated as oxalates, The residuary basic ceric nitrate is dissolved in fuming
NO,Ho, any lead removed by SHo, and the cerium precipitated as oxalate.

B. CERIC COMPOUNDS —Salts of 'Ce”;04 such as the sulphate,
oxalate, 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,0,, when heated with HCl does not form CesClg, but yields 2CeCl, + Cl,.

Oxidizing agents, such as Cl passed into a solution of KHo, containing
CeHo, in suspension, sodic hypochlorite, PbO; and NO,Ho, HgO and potassic
permanganate, convert cerous into ceric compounds, and furnish methods for
the separation 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 colonrless
when free from didymium salts, and possess n sweet astringent taste. Lanthanie
oxide is wh:tju and i8 not altered, even by strong ignition (DISTINCTION FROM
Ce), being still reacily soluble in acids. Both the oxide and the hydrate turn
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red litmus paper blue. It decomposes ammonium salts, in solution, on beilin
with evolution of NH;. Lanthanum resembles in this respect magnesium.
solution, saturated in the cold, of lanthanic sulphate deposits a portion of the
salt alveady at 80° C. (pistivoriox ¥rom Ce"). In its reactions lanthanum
closely resembles cerium.

REACTIONS IN THE WET WAY.
UsE A sorvTioN oF LaxTHANIC CELORIDE, La"Cls.

8Am,, or AmHo, precipitates basic salts which pass milky through the filter,
on washing.

KHo, or NaHo, precipitates lanthanie hydrate, LaHo,, insoluble in excess,
unalterable in the air, or in the presence of oxidizing agents (DISTINOTION
rroM Ce).

C0Amo, gives a precipitate which is insoluble in an excess of the precipitant
(prstixcrIoN FrROM Ca).

C0Kos, or CONnoy, COBao”, oxalle aeid, 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 AmHo, is washed repeatedly with cold water,
and a few small crystals of iodine added to it, a blue coloration is produced
which gradually pervades the entire mixture (characteristic for La compounds

only). .

DIDYM1UM,—This metal forms likewise only proto-salts, coloured a pure
EEink, 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¥0O, is doubtful). In contact with water it 1s elowly con-
verted into the hydrate, without acquiring an alkaline reaction. It rapidly
attracts 004 and is readily dissolved by the weakest acids. It expels ammonia
from ammonium salts when boiled with them. The chloride, DiCly, is not vola-
tile. The nitrate, on heating, is converted into a basic salt, N.O(Di0,)"3Dio”
+5Aq (DistixorioN FroM La), which is grey when hot and also when cold
(DisTiscrioN ¥ros 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
prOM Di). Didymium salts resemble in their chemical deportment lanthanum
and cerium salts.

REACTIONE IN THE WET WAY.

We may employ A EOLUTION OF THE Cnroriog, Di¥Cl,, or Sulphate,

80.Dio",

SAm, or AmHo (group reagents), precipitates basle salt, insoluble in
AmHo, but slightly soluble in AmCl, with displacement of NI,

KHo, or NaHo, precipitates gelatinous didymic hydrate, Dillos, resembling
Al.Hog, but of a pale-rose colour. It is insoluble in excess, and does not
alter in the air.

C0Ko;, CONaos, or COAmog, produces a copious precipitate of didymic car-
bonate, CODio”, iusnh:b]{:} in excess of the precipitants (DISTINCTION
rroy Ce), but slightly soluble in a concentrated solution of AmCl.

COBao” precipitates didymium compounds slowly (more slowly than Ce or
La), and never completely. 4o

©Oxalic acid precipitates didymium salts, ( cDDiu” +4Aq), almost com-

letely, ammonic oxalate completely. The precipitate is difficultly soluble

in cold HCl, but dissolves on heating. a o 1
A concentrated solution of S0sKog, or better still, 8O;Nao, precipitates didy-
minm solutions more slowly and less completely than cerous solutions, as a rose-
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white potassio-didymic sulphate,$,0,Ko;Dio” + Aq, slightly soluble in water,
less soluble in an excess of the reagent, difficultly soluble in hot HCIL.

When a ray of white light is sent through a didymium solution, and examined
by the spectroscope, dark bands are seen in the continuous gpectrum. Dilute
solutions show these absorption bands in the yellow and green, concentrated solu-
tions exhibit, in addition, gaveral 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 earthy metals already treated of, the student should tabulate them according
to the scheme given on page 49, 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.

o, TITANIUM, Ti” and 'v. Atomic weight 50,—This, as well as the two next
following metals (usually treated of in Group ITI, because they are precipitated
by the group reagents, AmCl, AmHo, and S8Amy), differ entirely from the pre-
viously treated metals. Their anhydrides, Ti'vOs, Tavy(),, and Nb¥yO; are
essenlinlly acids, analogous to 8i0;, 8n0y, Sb.0;, ete., and are found in nature
gither in the uncombined state (Ti0O,), or combined with various metallic bases,
as TiTANATES, TANTALATES, and NIOBATES.

Titanivm is found as ANHYDRIDE (almost pure) in the minerals Rutile,
Anatase, and Brookife ; combined with bases, chiefly lime, in Titanite, TiOCao0",
in titaniferous iron, n(Fe.05), m(TiORo"), and is found in small quantities in
many iron ores, in fire-clays, and generally in Silicates. (Hence its occurrence in
blast-furnace slags, as Nitride, TiCy,,8TizNg, in bright copper-coloured crystals).

Titanium forms several oxides, of which two are known with certainty, and

one whose existence is probable, viz. :—

Ti"O T30 Tilv(,.
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.

In order to prepare some pure titanic anhydride, finely-powdered rufile is
fused with 3 parts of COKoy, 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 & filter, with cold water, and dissolved in cold dilute HCl. On diluting
considerably with water and heating to boiling, for some time, the whole of the
titanium is precipitated as meta-titanic hydrate, Ti*OHo, (Fe being held
in solution by the acid), which differs from (ortho) titanic acid m being quite
insoluble in all acids, except strong sulphuric acid, whilst titanie hydrate (ob-
tained by precipitation with alka.linsg), of exactly the same composition, 18 reaai]jr
soluble even in dilute 80;Ho,, or HCL. The pmcipimteni meta-titanic acid 18
usually tinged yellow, owing to some ferric oxide which is carried down with 1t
It is best, therefore, to filter off, to wash with a solution of AmCl, and redissolve
the precipitate in strong 80,Ho, After dilution with water, it is reprecipi-
tated once more by long-continued boiling, and is then all but free from iron.
(METHOD OF SEPARATION FROM Al, &1, Y, anp Th.)

‘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. 810, if present, is not attacked by 80;HoKo, and remains
in the insoluble residue.

Pure Ti(,; may also be obtained by fusion with aeid potassic fluoride, and
digsolving the fused mass in dilute HCL Potassic titanic fluoride, 2KF,TiF,,
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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—ihife, w%leu only feebly ignited, yellowish or brownish,
when intensely ignited.
8i0,, 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,.

REBEACTIONE IN THE DRY WAY.

Titanium compounds, when heated on charcoal, before the blﬂwpi]iﬂ, are nob
reduced to the metallie state (p1sTizcriox From In). Heated in a borax bead
{on charcoal), or better still, in a bead of microcosmic salt, pure TiOy, ora
titanate, 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:Feo™ be added,
the bead obtained in the inner flame, becomes blood=red.

REACTIONS IN THE WET WAY.
Use A goruTioN oF Trranie aorp, in HOL

SAm., AmHo, KHo, or NanHo, alkaline carbonates, as well as COBao"”, pro-
duce o bulky white precipitate of (orthe)titanic hydrate, Ti'vOHo,,
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
HC1, or in dilute 80,Ho,, Washing with hot water converts it into

insoluble meta=titanic hydrate. The presence of THo, prevents the
precipitation. (Iron, as well as Mn, Ni, Co, Zn, and U, which are pre-
cipitated by 8Amy, in the presence of THo; and AmHo, may thus be
separated from TiOy.) i

K, FeCy, produces n dark-brown precipitate. _ :

Infusion of galls, a brownish precipitate, which speedily turns orange-
red.

POHoNao, throws down the titanic acid almost completely from an acid
solution ns a white gelatinous phosphate, which when washed and dried
leaves o basle salt, 2Ti0, POy, or P,O(TiO) ¥ Tiolr.

Metallic tin, or zine, immersed in a HC solution of TiOy, evolves hydrogen
and reduces the TivO, to "Ti”'y04, which gives rise to a pale violet or blue colora-
tion and finally throws down a dark violet precipitate, which is rapidly reoxidized
to white TiO,, with decomposition of the water, or when exposed to the air.
This reaction frequently indicates the presence of TiOy, 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. NTOBIUM, Nbr.
Atomie weight, 94.—This group of metals occurs only in a few minerals, found,
as yet, in a few localities, and, then ounly, in small quantities. The dtﬂTcult‘i' of
defecting mere traces of them may account for their having been overlooked in
others, in which they have since been found, viz., in finsfone and wolfram.

In some of the minerals, either tantalum or niobium prevails, such as in
fantalife, and in niobite (columbite). They are META- compounds and may be
expressed by the general formula :—m(Ta0;):Feo” + n(NbOg).Feo . IE
yittrotantalite—the orTHO-compound—of the formula _:—TB,E'DL.{N:IJED,}H@ o I
stands for Y'[Er”, Ce”, U”, Fe”, Ca"] and in enxonite, woehlerite, and pyro-
chlor, the metal niohium oeeurs as a PYRO-niobate, combined with fluorides, viz.,

E{Hha{}_u_-ﬂlou-‘:}, 6 [NEI{}F.
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Tantalum and niobium exist chiefly in the pentad condition, as is evidenced
by the composition of their oxides (anhydrides), chlorides, fluorides, etc., ete.,
YI1E. :

Tantalic anhydride, Ta¥,0;. Chloride, Ta*Cl;. Fluoride, Ta*F.
Niobic 5 N0, ., Wbl »  NOF,.

A lower oxide, "Taiv0,, and sulphide, "Talv,8,, are said to exist. In tantalates,
and niobates, the acids closely resemble arsenie, or phosphorie acid ; they can
exist as meta- Tav(Nb¥)OsHo, pyro- Tavy(Nbvy)OzHo,, or ortho- Ta¥(Nb*)Olo,
tantalic (niobic) acid.,

TANTALIC and NIORBIC ANHYDRIDES are prepared from tanta-
lites, or niobites, by fusing the finely powdered mineral with 3 parts of 80;HoKo.
The fused mass 18 extracted with water, whereby the bases are principally
removed as sulphates. The residuary Ta,0;, and Nb.O;, are washed and fused
once more with hydric potassic sulphate, ete. The residue after having been
well washed is dissolved in HF, and a boiling solution of HF,KF gradually
added to it. The liquid, on cooling, or on concentration, yields difficultly soluble
potassic lue-tantalate, 2KF,TakF; (soluble in about 1560—200 parts of water
only), whilst the mother-liquors contain potassic fluo-oxyniobate, 2KF,
NbOF,, OH, which is soluble in 12°4 to 13 parts of water (Distinction also from
titaniwm which forms KF, TiF,, soluble in D6 parts of water): These two salts
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
can be boiled out with water. When 80;Ho,s is expelled from the inscluble
tantalie, or niobic sulphate, by strong ignition, or by heating in an atmosphere of
ammonie carbonate, Ta,0g, or NbaOy, 1s left.

TANTALUM.—The anhydride is a white powder. When strongly ignited
it turns pale yellow, without emitting any light, and becomes inscluble in HCI,
or strong 80,Hos. (DistiNcrion Frox TiO,.)

Fused with KHo, it is rendered soluble in water; fused with NaHo, it
forms chiefly sodic meta-tantalate, TaO,Nao, insoluble in excess of NaHo,
but soluble in water. When a solution of soda is added to this solution, sodie
tantalate is precipitated. Hydrated tantalic acid dissolves in HF, from a con-
centrated solution of which KF precipitates the fine, needie shaped, potassic
fluo-tantalate. By longed boiling with water, this soluble salt changes to
an insoluble compound, Ta,0;2KF TaF;, the formation of which affords the
means of detecting the smallest quantity of fluo-tantalate in mother-liquors, con-
taining potassic fluo-oxyniobate.

REACTIONS IN THE DRY WAY.

Microcosmie salt dissolves TasO; to a colourless bead in both flames, and
does not acquire a blood-red tint by the addition of fervous sulphate (DisTixg-
TIOX FROM Ti0.).

EEACTIONE IN THE WET WAY.

Use A sorvTiOoN oF TaO.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 acids.

HCL precipitates TaqO;, at first, then redissolves it in excess.

COy passed through a solution of an alkaline tantalate, precipitates acid, or
anhydro-tantalate.

AmHo, or 8Am,, pmcipitntes_fmm a HCI solution tantalic hydrate, or an
acid ammonie tantalate ; THo, prevents the precipitation.

AmUl, or 80,Amo,, precipitates tantalic hydrate, TaO.Ho.

K FeCy; gives irom acidified solutions, a yellowish-white precipitate, which
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turns brown by the addition of a few drops of Amllo, and is soluble in
larger quantities.
Kﬂ.F'EgU}'ﬂ, a ysﬂﬂw Pﬁﬂlplt&fﬂ
Infusion of galls, added to an acidified (S0,;Hog or HCI) solution of an
alkaline tantalate, forms a light-yellow precipitate, soluble in alkalies.
Metallic zine and HCI does not reduce TasOg, and no blue colouration (or
only a very faint one) is observed (DISTINCTION FROM Nby0g).

NIOBIUM.—Niobic anhydride, NbyO;, is white, but turns transiently
yellow, when ignited. By strong ignition in hydrogen, it is converted into
"Nbiv,0,. Like tantalic anhydride,it combines both with bases and acids. Con-
cenirated sulphuric acid dissolves niobic anhydride, unless it has been too
strongly ignited, and the solution remains clear, on the addition of much water
(p1sTINCTION FROM TasOg).

On fusing with caustic potash, a clear mass consisting chiefly of potassic
metaniobate, Nb0,Ko, is obtained, which is readily soluble in water, but is pre-
cipitated as sodic salt, on the addition of NaHo. Sodiec meta-niobate, obtained
by fusion with caustic soda, behaves like the corresponding meta-tantalate.

REACTIONS IN THE DRY WAY.

Microcosmic salt dissolves NbyO; 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 o red
colour, when a little ferrous sulphate is dissolved in it.

REACTIONS IN THE WET WAY.

UsE AX AQUREOUS BOLUTION OF POTASSIO NIOBATE.

The niobates of the alkalies are soluble in water, all others are insoluble, and

are decomposed by acids.

Mineral acids, especially sulphuric aeld, even ab the ordinary tempera-
ture, precipitate nioble hydrate, nearly insoluble in the acid. (The
preeipitation of tantalic hydrate requires the aid of heat.)

oxalic acld does not nffect alkaline niobates.

g Amg, or AmHo, precipitates from acidified solukions of Nb;O; the hydrate,
containing ammonia, soluble in hydrofluoric acid.

AmOl preeipitates the acid, but only slowly and incompletely, more especially
if in the presence of alkaline carbonates.

K, FeCy, gives, with a_solution of an alkaline niobate which has been acidu-
lated with sulphuric or hydrochlorie acid, a red precipitate.

K, FeyCyie, 8 bright yellow precipitate.

Infusion of Galls, an orange-red recipitate.

A piece of zine immersed in an aciguln,l.ud solution, forms a beautiful blue

recipitate, which after a time changes to brown. (Tantalates yield none or only

a faint blue colowr).

(B.) Rare Metals, precipitated by the Group reagents, AmOl, AmHo
and S Ama, in the form of Sulphides.

1, URANIUM, U” and peendo-triad. Atomic weight, IE&—Hn}nium is not
a very abundant metal ; it is found principally in pitch-blende, which contains
from 40 to 90 per cent. of uranoso-uranic OXIDE, U0, ; in uranium-ochre, or
SULPHATE ; and in wranile or wranium mica, which 18 a calcic (cn_prm} uranic
pHOSPHATE. In small quantities it oxists in several rave materials, such as
enxenite, yttrotantalite, &e. : y ;

Uranium is almost always obtained from piteh-blende. The U0y, therein,
is mssociated with sulphur, arsenie, lead, iron, and several other metals. The
mineral is finely powdered, freed by elutriation from the lighter earthy impuri-
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ties, roasted for a short time to remove part of the sulphur and arsenie, then
dissolved in nitric acid, and the solution evaporated to dryness. The residue is
exhousted with water, and the solution filtered from a brick-red residue of ferric
oxide, ferric arseniate and plumbie sulphate. On evaporation, the aqueous solu-
tion yields crystals of the nitrate, which by dissolving in ether and setting aside for
spontaneous evaporation, are obtained pure. When recrystallised once more from
boiling water, I-EIE‘_‘_F consist of pure uranylic nitrate, N,0,(U,0,)0” 60H, ;
in which (“U",30,)" or mranyl 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-triad metal. It forms with oxygen
two salifiable oxides, together with two intermediate oxides, thus :— .

Uranous Uranic oxide or

oxide. uranylic oxide. Intermediate oxides.

s TR 1 P ] 2 |
higo] 0"40;, or T,0,, or T,0;, or
(T404)"0 U305, 070 (dark green.) ‘U",0;20"0 (black.)
Uranous chloride. Uranylic chloride. Pentachloride.
UCl: (U304)"“Cly U.Cl;
Uranous sulphate. Uranylic sulphate.
80,0,U, or 80,Uo" 8040,(Us04)", or Eﬂg{UgGg}ﬂ”

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
(U,0.)"Ro
the general formula { O + xOH;, analogous to dichromates, disulphates,
(U304)"Ro
ete. These are yellow, insoluble in water, but are decomposed by acids. Disodic
diuranate (wrenium yellow) is much used as a pigment in glass and porcelain
manufactures.
REACTIONS IN THE DRY WAY.

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 greem tint on cooling. The oxides of uranium are not
reduced by fusion with CONaog on charcoal.

REACTIONS IN THE WET WAY.

(A.) URANOUS COMPOUNDS.—UsE A sorvrioN or Uravovs Sur-
PHATE, 80,Uo”. (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 agueous solutions.

SAm, forms a black precipitate of uranous sulphide, U”S.

Am‘guhlik[n, or NaHo, throws down red-brown gelatinous uranous hydrate,

"Hoag,
COKo,, CONaoy, or COAmo,, precipitates green uranous hydrate, soluble
n excess, especially in excess of COAmo,.
Uranous salts become oxidized to uranic salts by exposure to air, or by treat-

ment with nitric acid, eto. Gold and silver salts are speedily reduced by them,
and ferric salts are reduced to ferrous salts.

B. URANIC COMPOUNDS. UsgE A HOLUTION oF Uraxic Nitr
N,0,(U.0,)0". 5

Urauic salts are yellow, they are mostly soluble in water, and d
uranous salts by 8H, and jl::;5= aﬂ-nhul. or ether, in sunlight. Sp e thoed i

SAm, produces in the cold a chocolate brown precipitate of uranylie sul-
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phide, containing also ammonic sulphide and water. If is insoluble in
yellow ammonic sulphide. On warming or boiling the liquid which con-
tains the uranylic sulphide, (U,()8, suspended in it, the precipitate
splits up into sulphur and black uranous oxide, U0, which is insoluble
in excess of SAm.. Uranylie sulphide dissolves readily in neutral ammo-
nic carbonate. | METHOD OF SEPARATION 0¥ U ¥rOM Zn, Mn, AND Fe.]

AmHo, KHo, or NaHo, produces a yellow precipitate, consisting of acid
uranate of the alkali metal ; insoluble in excess of the precipitant; not
precipitated in the presence of tartarie acid.

COKo,, CONao,, or COAmoy,, gives o light yellow precipitate, consisting (in
the case of potassic carbonate), of potassio=-uranic carbonate ; readil
soluble in an excess of the precipitant. By treating the liquid wit,
dilute sulphuric acid, as long as effervescence takes place, an acid uranate
is precipitated. [METHOD OF SEPARATION OF U FROM Al axp Felv.]

COBao" completely precipitates a solution of a uranic salt, even in the cold.
[ Separation of ‘U from Ni", Co”, Mun", Fe', and Zn.)

K FeCyy pri:ducaa n reddish-brown precipitate. (Most delicate special
reaction.

Kgle,Cye produces no change.

Motallic zine does not precipitate metallic uranium from its solutions.

9. THALLIUM, T and . Atomic weight, 204.—This metal was dis-
covered by Crookes in 1861, It occurs in many kinds of copper and iron
pyrites, but invariabl in very minute quantities; also in many kinds of erude
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 cadmium and bismuth, in ores of zine, mercury, and antimony, in the
ashes of some plants, and in some saline wabers.

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 liquid syphoned off. On the addition of concentrated
liydrochloric acid, impure thallious chloride, T1C), is precipitated. This impure
chloride is dissolved in concentrated sulphuric acid, evaporated till the hydro-
chloric acid, ns well as the greater portion of the sulphuric acid, has been driven
off, then dissolved in boiling water, and a rapid eurrent of sulphuretted hydrogen
passed through the solution, whereby all the metals of the 8T group are pre-
gipitated. On now introducing plates of zine into the dilute acid filtrate,
spongy metallic thallium is precipitated, which can be readily removed from the
zine, and obtained in lumps or bars by pressure. It must be pmaurved under
water.

The salts may be prepared by dissolvin the metal in the respective acids, or
by the double decom position of soluble thallium salts.

Thallium forms two series of compounds .—thallious and thallie. In the
thallious the metal exists as a monad, and in the thallic as o trind. Thus we

have :—

Thallious oxide ... ©OTl; Thallic oxide .... Tl3"0g
Thallious chloride .. TICL Thallic chloride .. T1"Cly, ete.,
together with several intermediate compounds.

In some of its chemical relations 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 carbonate, an insoluble
double platinum salt, an glum, analogous to nrdmpry tash alum, and a
series of thallious phosphates, analogous to the alkaline phosphates. In most
other respects, however, st is more nearly allied to the heav Enutu.la‘. especially
to lead, which it resembles closely in appearance, density, m ting-point, specific
heat, and electric conductivity.

REACTION IN THE DRY WAY.

Thallium compounds impart an intense green colour to the blowpipe flame.
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The spectrum of thallivm shows only one emerald green line, Tla, and hence
its name from Ballog, green.

REACTIONS IN THE WET WAY.

A THALLIOUS COMPOUNDS.—We employ A 8OLUTION OF THALLIOUS
SULPHATE, S(:Tlo,. :

Thallious salts ave for the most part colourless and soluble in water, such as the
nitrate, sulphate, phosphate, tartrate, and acetate. Some are diflicultly soluble,
e.g., the carbonate and chloride, and a few are almost insoluble, e.g., the iodide.
They react neutral to test-paper, and possess a slight metallic taste. Thallions
oxide, OTly, is colourless and fusible ; 1t dissolves in water, the solution is colour-
less, alkaline, eaustic, and absorbs carbonic anhydride from the air. It also dis-
solves in aleohol.

Thallious salts are difficultly converted into thallic salts ; powerful oxidising
agents, such as nitric acid, are without effect on them. They require boiling and
evaporating with agua regia to convert them into the higher salts.

S8H; does not precipitate strongly acidified thallious solutions unless AsyOy
be present, when a part of the thallium is carried down with the arse-
nious sulphide, as a brownish red precipitate. Neutral or very slightly
acidified solutions are incompletely precipitated by 8H,. From acetic
acid solutions the whole of the thallinm is thrown down as black thal-
lious sulphide, ST1,.

SAm, (group reagent) precipitates the whole of the thallium as thalllous
sulphide, insoluble in ammonia, ulkaline sulphides, or potassic cyanide.
Readily soluble in dilute hydrochlorie, sulphurie, or nitric acids, but diffi-
cultly soluble in acetic acid. When exposed to air, thallions sulphide is
rapidly converted to thallious sulphate. On heating it fuses and volati-
lizes.

KHo, NaHo, or AmHo, does not precipitate aqueous solutions of thallious
salta.

Carbonated alkalies produce a precipitate only from concentrated solutions,
COTloy being soluble in 20 parts of water.

HCI, or a soluble chloride (bromide), throws down whife thalllous chlo=
ride, TICl; the precipitate subsides readily, and is unalterable in the air.
It is very slightly EU-].LRI].E in boiling water, and still less so in hydrochlorie
acid.

KI precipitates, even from the most dilute thallious solutions, light yellow
thallious lodide, TII, which is almost Entir[&l?r insoluble in water, but
somewhat more soluble in a solution of potassic wodide. T'his constitutes
the most delicate reaction for thallious salts.

Cr0;Ko; precipitates yellow thallious chromate, Cr0.Tlos, insoluble in
cold nitrie or sulphurie acid.

PtCl, precipitates difficultly soluble, pale orange coloured thallious platinie
chloride, 2T1C1 PtC1,.

Zine precipitates metallic thallium.

B. THALLIC COMPOUNDS.—We employ a sorvrioxn ofF Trarnic
Crvroripg, T1"'Cl,.

Thallic salts are easily distinguished from thallious salts by their behaviour
with caustic and carbonated alkalies, which precipitate drown gelatinons thallie
hydrate, T1I"'OHo, insoluble in excess.

Thallic oxide is scarcely acted on by concentrated sulphurie acid in the cold ;
on hentim: thallie Eull]llhnl:e, (80,),Tlo™,,70H is obtained. When a solution of
thallic sulphate is boiled, oxygen is given off and a thallious salt left. When
treated with HCL, thallic oxide yields the chloride T1"Cly, as a white erystalline
mass, which on heating splits up into TICI and Cl,,

HCI, or a seluble chloride (bromide), produces no precipitate.
SH; reduces thallic to thallious salts, with precipitation of sulphur,
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gggﬁ produces a whife pulverulent precipitate.
POHoNao; gives a whife gelatinous precipitate.
AsOHog, or a soluble arseniate, 5}*35 a yellow gelatinous precipitate.
CrO;Ko; does not precipitate thallic salts.
KT gives a precipitate of TII and I..

3. INDIUM,In'*, and pseudo-triad. Atomic weight,1138'4.—Has hitherto only
been found as a rare and insignificant constituent of some zine ores (zinc-blende
from Freiberg), in the metallic zine prepared from these ores, and in tungsten.

Indium is a white, highly lustrous metal, resembling platinum, soft and
duectile, of specific gravity 7-42, It fuses easily at 176° C. 1t is not oxidized in
the air or in water. Dilute HCl or 80;Ho, cﬁasulrﬁ it rendily, hydrogen being
given off. Concentrated sulphuric acid dissolves it with evolution of 80;. This
is readily soluble also in cold dilute nitric acid. The oxide, ‘In*;05 is brown
when hot, straw-coloured when cold, and is readily reduced when heated on
charcoal, or in a eurrent of hydrogen gas. A black dioxide, In'vO,, exists
likewise.

The principal salts of indium, viz.,, the sulphate, (SO.); Ino¥l, 90H,, the
nitrate, NgOgIno, and the chloride, In"’Cly, are freely soluble in water. The
chloride is volatile and hygroscopic.

BREACTIONS IN THE DRY WATY.

Indium and its compounds impart to the flame a peculiar bluish tinge. When
examined with the aid of a speciroscope 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 WATY.

‘We may employ A SOLUTION OF ANY OF THE ABOVE BALTS, g

SH, produces no precipitate in the presence of o strong acid. Indinm is,
however, precipitated like the metal zine, from slightly acid solutions, or
in the presence of acetic acid. The slimy precipitate or Indie sulphide,
“In, "84, i8 of o fine yellow colour. o ‘

8Am, produces at firsl a whife precipitate from a solution, containing ammonic
tartrate, said to consist of ‘In*/,S, and hydrogen. It turns yellow on the
addition of acetic acid. The sulphide is inscluble in cold, but soluble in
hot 8Am;, and on cooling it separates nsgu.iu of o white colour.

KHo, NaHo, or AmHo, produces a white bulky precipitate of indic hydrate,
In"'Hos, resembling aluminic HYDRATE, quite insoluble in KHo or AmHo.
The presence of THo, prevents the precipitation.

Alkaline carbonates precipitate whife gelalinous earbonate. When
recently precipitated it is soluble in ammonic carbonate, but not in the
fixed alkaline carbonates. On boiling, indic earbonate separates again.

OOBao” precipitates indic salts in the cold, as basic salts. (DISTINCTION
oy Zx, Mx, Co, N1, AND FE.) e

POHoNao; throws down a bulky whife precipitate.

Alkaline oxalates produce a crystalline p?eclpl!:a!,u. ,

Zine precipitates the metal in the form of white shining laming.

4. VANADIUM, V/*and *. Atomiec weight 51'3,—Occurs only in a few
very rare minerals, principally in vanadite, or plumbic vanadate and oxychloride,

V;0;Pbo™y (&Ph): annlogous in composition to pyromorphite (comp. p. 98) ;

also to a very small extent in many iron ores (clay and pea iron ores), and, as
Roscoe mcen{l;,' discovered, in the copper-bearing beds at Alderley Kdge, and
Mottram St. Andr ws, in Cheshire. : _ '
Vanadite may e made the starting point for prqpnrmg the several vanadium
compounds. The mineral is dissolve in nitrie acid, and the lead and arsenic
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precipitated by 8Hg, which at the same time reduces the vanadic pentoxide,
Vv,0,, to tetroxide, V1"40,. The blue filtered solution is then evaporated to
dryness and the residue digested in ammonia, when the vanadic tetroxide
becomes reoxidized into pentoxide. The ammonic vanadate can be precipitated
as & white powder from this solution by introducing a lumgaﬂf sal-ammoniae,
being scarcely soluble in a saturated solution of AmCl. By exposure to o
temperature below redness, in an open crucible, ammonia is expelled and Vv,0;4
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 :—

Oxides. Oxychloride. Chlorides. Sulphides.

- - A e, — ___..._.._.-ﬂ-_-—u.\
"?‘”gﬂﬁ = vﬂl‘? b
"7,04 (black) — VCl, e
Niv,0, (blue) = vl niv,g,
V05 V*OC(l, == VoSs

The most important of these compounds is the pentoxide, or vanadic anhy-
dride, identical in composition with phosphorie, arsenie, antimonie, tantalic and
niobic auhydrides. It combines in different proportions with bases forming like
the other anhydrides referred to, three series of salts, viz., orthe-, pyro-, and
meta-vanadates. Fused with CONaog, it yields sodic ortho-vanadate, VONao, ;
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.)

Vanadie anhydride has a reddish-yellow colour, and is difficultly soluble in
water (1,000 parts), forming a light yellow solution, which reddens litmus paper.
It dissolves also 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 violet. The V,0; becomes reduced to
"V"30; ; and on the addition of AmHo, a brown precipitate of the hydrate of
the dioxide (hypovanadious acid) forms, whiek absorbs oxygen more rapidly
than any other known reducing agent, and bleaches organic colouring matter
{im];}o solution, etc.) as quickly as chlorine.

any organic substances, such as oxalic or tartaric acid, sugar, aleohol,
reduce vanadic acid, especially in the presence of strong mineral acids, to the
blue :‘d?"'gﬂ,.. The same takes place when 80y, or S8H,, are added to its solutions
in acid.
REACTIONS IN THE DEY WAY.

Borax dissolves V0 to a 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.

BREACTIONS IN THE WET WAY.

Use A sorvTioN oF SBopic MErAvawapare, VO, Nao.

Orthovanadates are generally yellow or reddish-yellow, both in the liquid and
solid 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 g
neutral or orthovanadate, the solution becomes yellowish-red, owing to the for.
mation of anhydro-salts.

Ammonice, barie, and plumbic meta-vanadates are but sparingly soluble in
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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 soluble in nitric acid, but insoluble in alcohol.

SAm, (group reagent) produces a brown coloration in the liquid, and on
acidulating with HCI, or better with 80,Ho,, the soluble ammonic sul-
pho-vanadate is decomposed, and brown pentasulphide, V.8; mixed
with sulphur, is precipitated ; the ligquid 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,
like that of ferric acetate, whilst the ether remains colourless. This reaction is
extremely delicate. :

Vanadie and chromic acids are the only acids whose salts give rise to red-
coloured solutions. They are, however, differently aflected by reducing agents.

REACTIONS OF THE RARE METALS OF GROUP IL

Group II comprises the Rare Metals, precipitated as Sulphides by
SH,, from a Hydrochloric Acid Solution, viz.:—

(A.) As Sulphides, insoluble in yellow Ammonic Sulphide :—PAr-
rApIuM, Ruoprus, Osmiom, RUTHENIUM,

1. PALLADIUM, Pd” and v, Atomic weight, 106:5.—Occurs native in
latinum ores, 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
may 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 colour.
Its specific gravity is 11'8, Of all the so-called platinum metals it fuses most
veadily, difficultly in an ordinary fire, but ecasi _1{3 in the oxy-hydrogen flame.
Palladium is sparingly soluble in pure nitric 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, ns for most other platinum metals, is aqua regia, Palladium forms several
oxides and chlorides, in which the metal exists either as a dyad or tetrad, thus :—

Palladious oxide...... Pa”’0 Chloride...... Pa”“Cl
Palladic liay ABd O, T e A S

The lower oxide is obtained on gently igniting palladious nitrate. It is
black, and its hydrate dark brown. Both part with their oxygen upon intense
ignition, leaving spongy palladinm. The nitrate may be prepared from the metal
by dissolving in nitric acid and conecentration over & water-bath. It forms then

a brownish-red non-crystallisable mass. 1
Palladious salts are mostly soluble in water; they are brown or reddish-

brown ; their dilute solutions are yellow.
BEACTIONS IN THE WET WAY.
We employ 4 SOLUTION OF PALLADIOUS NITRATE, N,0,Pdo”.

OH, precipitates a brown basic salt, from solutions containing slight excess

of acid only. '
SH,, or E&m;thmwa down from acid or neutral solutions dlack palladious

sulphide, PdS, insoluble in SAmg, but soluble in boiling hydrochlorie
acid, and readily soluble in aqua regia.
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KHo, or NaHo, precipitates a yellowish-brown basie salt, soluble in excess.

00Ko,, or CONaog, precipitates brown palladious hydrate, PdHo,, soluble
in excess, reprecipitated on boiling.

AmHo, or COAmo,, produces no precipitate from the nitrate, but decolorises
the dark brown solution. ‘

HI, or soluble lodides give, even in very dilute solutions, a black precipi-
tate of palladious lodide, Pdl, somewhat soluble in excess of KI.
(Most characteristic reaction for Pd. It serves for the detection of
iodine in the presence of chlorine and bromine.)

HgCy, gives a yellowish white gelatinous precipitate of PACy,, readily soluble
in lgl.l?j', and in AmHo. Slightly soluble in HCL It leaves on ignition
spongy metallic palledinm.

CyAms Elées}nn precipitate, even after the addition of 80,. (DierINCcTION
rrox Co.

8n(l, produces a brownish-black precipitate, soluble in HCI, to an intense
green solution,

Palladions salts are reduced to the metallic state by phosphorus, 80Ho,,
NOKo, { UHDHn’ metallie zine or iron, aleohol, ete.

Palladious chloride, obtained by dissolving PAS in boiling HCL, is preci-
pitated by ammonia as fesh-colowred ammonio - palladious chloride,
N.H Pd"Cl,, soluble in AmHao to a colourless fluid, from which HCl reprecipi-
tates it as a yellow crystalline chloride, identical in composition.

AmC] does not precipitate palladium salts.

KCl precipitates a brownish-red octahedral double chloride, 2KC1, PACl,,
insoluble in absolute aleohol ; soluble in water to a dark-red fluid.

All palladium salts are decomposed by ignition, leaving metallic palladium.

2. RHODIUM, RbL", 'v, and ¥, also a pseudo-triad. Atomic weight, 104-4,
—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 softened,
even in the flame of the oxy-hydrogen blowpipe. The specific gravity of un-
fused rhodium is 1064, that of the pure metal, after fusion, 121, Rhodium is
unalterable in the air at ordinary temperatures, but oxidizes at a red heat. It
also combines with chlorine at a red heat. When pure it resists the action of
the strongest acids, even of aqua regia ; but when alloyed with other metals, as
with Pb, Bi, Cu, and P, it is soluble in aqua regia ; when, however, alloyed with
Au, or Ag, 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 05", Mixed with sodic chloride,
and ignited in a current of chlorine, a double chloride of sodium and
rhodium, 3NaCl,Rh"Cl;120H,, is formed, which is likewise easily soluble in
water.

_Rhodium forms several oxides, chlorides, sulphides, ete., in which the metal
exists as a dyad, tetrad (pseudo-triad), or hexad element, thus :—

Oxides.
Fetoions: oid Binsc i s i i STEVTTON -1 1.1 I
T R S e A e g
" _diq:r.iﬂa ....................... sesss  RANMO,
Rhodic trioxide (anhydride, acting as a weak acid). . Rhvi0,,
Chlorides. Sulphides,
- - r_
Riodious chloride...... Rh“Cl, Rhodious sulphide. . .. ‘Tﬂ._h""ﬂ‘
Rhodic chloride........ Rh“Cl. Rhodic  , .... ‘Rh/S,

or "Rh#,Cl;,
q
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The most important eompounds are the Rh.0l; and RhyOy  Rhodium salts
are obtained with difficulty, owing to the insolubility of the metal, and its oxide
in acids. Their solutions are generally rose-coloured. :

REACTIONE IN THE WET WATY.

W e may employ A SOLUTION OF Porassio-Ruopic SULPHATE, or of THE
poUBLE CHLORIDE OF Soprum AXD RHoDIUM.

SH., or SAm,, precipitates from a hot solution brown rhodic sulphide,
Rh.S,, insoluble in 8Amy, but soluble in boiling nitrie acid. e L5
KHo, or NaHo, gives with the chloride 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 rhodie chloride, KHo, producing at first no precipitate,

ives, on the addition of alcohol, a brown precipitate of rhodic hydrate.

AmHo gives also a yellow precipitate, only formed, however, after some time,
soluble in HCL

KT produces a slight yellow precipitate.

Metallic zine precipitates black metallic rhodium. .

NOKo (potassie nitrite) gives with the chloride an orange-yellow precipi-
tate, which is slightly soluble in water, but readily soluble in HCL

Rhodium is distinguished 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.

9. OSMIUM, 0s”, v, ¥4, and ¥4, also a pseudo-triad. Atomic weight, 199°2,
—Found chiefly as a natural alloy of osmium iridium in platinum ores, which
remains behind undissolved, when the ores ave 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 porcelain
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 caustic

otash. Iridium remains behind in the tube ns o double chloride, 2KCLIrCl,.

his salt is obtained in reddish-black regular octahedra, by recrystallisation
from water. The alkaline solution is evaporated with excess of sa -QIMMmOoniag,
and leaves on ignition of the dry residue, and extraction with water, metallic
osmium, as & 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 it. In contact with air, it burns the more readily the finer
the metal is divided, and is sonverted into osmie anhydride, OsviH0, Red
fuming nitric acid, or aqua regin, dissolves osmium Iihnwise,l am:l_ 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 oxidé ...... 0870 Osmious chloride. .. 08"Cly

Osmic 4 e o 0 Osmie s (not r08"3Clg,6KCI
isolated)

Osmic dioxide ...... 08'YO4 Osmie tetrachloride . 0s!¥Cl,

Osmious anhydride .. 08704 SR e

Osmie anhydride ,... 08710, e —

MThe two highest oxides combine with bases, and form osmites and unstable
osmates. 080, is remarkable for its peculiar, exceedingly irritating, and offensive
odour, resembling that of Cland I. It }nt-!:nclm the mueous membrane ntm:l the
lungs, and 18 excessively poisonous. It 18 absorbed by water, and is precipitated
from its solutions by all metals, even by mercury and silver, as a black metallie
powder. On heatinga mixture of finely-divided osmium, or of the sulphide, with

®
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potassic chloride in a stream of chlorine gas, a double chloride, 0s:CI6KCI,
80H,, 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 osmium
chlorides, and may conveniently be employed for studying the reactions.

REACTIONE IN THE WET WAY.

SH;, or SAm,, gives a brownish-black sulphide, 0s”S, which only sepa-
rates when a strong acid is present. The precipitate is insoluble in

KHo, or .E'n}]u, AmHo, or COKo,, produces a brownish-red precipitate of
hydrated osmic dioxide, Os'*Ho,.
On fusing the double chloride with CONaog, dark grey 080, is obtained. -

Heated with tannie acid, or aleohol, with addition of HCL, the double chlo-
ride is reduced to the blue osmious ehloride, 08" Cl,.

A solution which contains osmic acid (an osmate) is remarkable for its great
oxldising power. It decolorises indigo solution, separates iodine from KI,
converts aleohol into aldehyde and acetic acid. Sodie sulphite yields a deep
violet coloration, and dark blue osmiouns sulphite, S0O0s0", gradually sepa-
rates. Ferrous sulphate produces a black precipitate of 0s0O; Stannous chlo-
ride produces a brown precipitate, soluble in HCI, to a brown fluid. All
compounds of osmium yield the metal when ignited in a current of hydrogen.

4. RUTHENIUM, Ru”, v, ¥, and *1 also a pseudo-triad. Atomie weight,
104°4.—Found in small quantity only, in that portion of the platinum ores which
remains behind, after treating with aqua regin. It is a greyish-white metal,
closely resembling iridium, and very difficultly fusible. When heated in the air
it becomes covered with bluish-black ruthenic oxide, Ru.();, insoluble in acids,
When pure, it is insoluble in acids, being barely acted upon by aqua regia;
fusion with hydric potassic 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, Ruv'0.Ko,, a dark

yreen mass, soluble in water to an orange coloured fluid, which tinges the skin
lack, from separation of black ruthenic oxide. Acids (NO:Ho) throw down the
black hydrate.

Or it may be rendered soluble by ignition with potassic chloride in a current
of chlorine gas, being thus converted into petassie ruthenic chloride,
2K CLRulvCl,.

Ruthenium forms several oxides, chlorides, ete., thus :—

Ruthenious oxide ........ Ru"(. Ruthenious chloride .... Ru”Cl,

Ruthenie w sessssss 'B0'7y0;  Ruthenie chloride ....., ‘Ru",Cl

Ruthenic dioxide ........ Ru'v0, Ruthenic tetrachloride ... RulvCl,

Ruthenie trioxide ........ Ruv'0y (known only in combination).
(anhydride).

Ruthenic tetroxide ...... RurilQ,

(perruthenic anhydride).

REACTIONE IN THE WET WAY.

We may em log a s0LUTION of RuTHENIC CHLORIDE, ‘Ru/,Cl;, prepared
by dissolving in HCl 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,0y,

SH, produces at first no precipitate, but after some time the fluid acquires an
azure blue tint, and deposits brown ruthenie sulphide, Ru.S," This
reaction is very delicate and characteristio.

8Am, produces a brownish-black precipitate, difficultly soluble in excess,

q 2
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KHo precipitates black ruthenic hydrate, Ru,Hog, insoluble in alkalies,
but soluble in acids,

CyKs produces, in the absence of other platinum metals, after some time a
red coloration, which gradually changes to purple-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 chlorides, 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, SO Ko, N30;Ruo™, readily goluble in an excess
of the alkaline nitrite. On the addition of a few drops of colourless SAm,,
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’”’,Clg to Ru”Cly), which subsequently disappents, rutheninm
being deposited in the metallic state.

(B.) As Sulphides, soluble in yellow ammonic sulphide :—IRrIDIUM,
MoryspeNuM, TELLURIUM, and SELENIUM.

1. IRIDIUM, Ir”, i*, and !, also as a paeudo-triad. Atomie 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 metallie-
looking brittle grains, when the ore is treated with aqua regia. In this condi-
tion, or when reduced ata red heat by hydrogen, from any of its compounds,
it is insoluble in every acid. Fusion with acid potassic sulphate oxidises, but does
not dissolve it (DisTixorioy ¥rosM Rh). When fused with caustie soda in a
silver orncible with access of air or with sodic nitrate, it is likewise oxidised,
but the compound of Ir,0, 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, 9NaClIrCl,., This same com-
pound is also obtained when a mixture of the iridium powder and dry eodic
chloride is heated in a glass or porcelain tube in a current of chlorine gas, and
the residue dissolved ont with water.

Iridium forms numerous compounds with oxygen, ¢hlorine, 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.

Tridions oXide . «vovvevsrarnssaersiarinnesneseis Ir"O.

Tridie 43 o T T e R R R JITiNE'CI'a..

Tridie dioxide (most stable).. covvoeveioies I L0
,, hydrate (bulky, indigo coloured).. .« .. .00 0. IrvHoy

Iridic anhydride (not known in the free state) ... .. IrvOy,

Chlorides. Todides. Sulphides.

— ) — 3 5
Ir"Cl,. Ir"l,. Ir"S greyish black.
Ir*yClg. Ir'"y1g. Ir"",8; brownish black.
II‘“’GLT Irhl].‘.

All iridium chlorides are ca able of forming crystalline double chlorides with
the chlorides of the alkali metals.

REACTIONE IX THE WET WAY.

A SovruTioN OF THE DOUBLE CHLORIDE OF Sopiusm AND IRIpIUM,
2NaCl,IrCly, may conveniently be employed.
8H, first decolorises the iridium solution, with separation of sulphur and
reduction of the IrivCl, to Tr'"’Clg, and finally precipitates brown iridie
sulphide, ‘Ir'".S;.
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SAm, produces the same precipitate, readily soluble in excess. in

KHo or NaHo added in excess colours the solution greenish, and ipi-
tates o little brownish black potassic double chloride. On heating
the liquid with exposure to the air, it acquires at first a reddish tint,
which changes afterwards to azure 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 Iridie chloride, 2KClLIrCl, in-
mﬂ;hlu in a concentrated solution of potassic chloride. :

AmC] throws down from concentrated solutions a dark red powder, consist-
ing of small octahedral erystals of the ammonie double chloride,
2AmC1,IrCly, insoluble in a concentrated solution of the precipitant.

Reducing 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-
salt, e.g. :—

2(2KCLIrCl,) + 4NOKo = 6KOLIr”yCl; + 2NO;Ko + N0y

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 brownish-
green iridie sulphite, 8O(Ir0)"o” 40H, (SEPARATION FROM Pt).

Metallic zine precipitates black metallie iridinm.

Note.—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”, 'v, ¥, and ", also as a pseudo-triad. Atomic
weight 96.—Occurs only in a few minerals, more especially in molybdic disul-
hide (Molybdenite), Molv8;, resembling graphite, and as plumbic molybdate
qu.}'fsnita, or yellow-lead ore), MoO,Pbo".

Molybdic anhydride, MoQy, serves for the preparation of ammonic molybdate,
a reagent largely used now in determining phosphoric acid, and best obtained
from molybdenite, by first roasting the ore, at a red heat, in an open vessel,
and dissolving the impure anhydride in strong ammonia. An acid ammonic

Mo(yAmo
mulyhﬂnt&,{ 0 + OH,, erystallises out, on cooling, in large trans-
MoO.Amo

parent crystals. 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 8'6. It is not affected by exposure to the air, but when
heated it becomes first brown, then blue, and finally white, passing through
various stages of oxidation till it is converted into molybdie anhydride, MoOj.
Molybdenum is insoluble in HCL, but is acted upon by NOyHo, or aqua regia,
being converted into the anhydride, if sufficient nitric acid be present.

It forms with oxygen, chlorine, sulphur, ete., compounds in which the metal
exists as a dyad, pseudo-triad, tetrad, hexad, and octad ; thus :—

Oxides. Chlorides. Sulphides.

ey N N
Molybdous oxide, Mo ‘O Mo"Cl,,
Molybdic ,, ‘Mo",0,. ‘Mo 5Cly.
= Mo(,Mo0.. —
Molybdie dioxide, MolvO,. Mo'*Cl;.  Molv8, (the native molybdenite),
Molybdie trioxide — Mov'8; (sulphomolybdic anhy-
or anhydride, Mo, -— dride).
Moviis; (per-sulphomolybdie
anhydride).

The higher oxide (anhydride) and sulphides form oxy- and sulpho-salts,—
molybdates and sulpho-molybdates. Black molybdous hydrate, Mo”Ho,, forms
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with acids molybdous salts, which absorb oxygen readily from the air, and are
powerful reducing agents. The principal salts are, however, the molybdates.

REACTIONS IN THE DRY WAY.

Molybdic anhydride, when heated on charcoal, in the outer flame is volatilized
and forms a yellow crystalline sublimate on the charcoal which turns white, on
cooling ; in the inner flame it is reduced to the metallic state (even without
GONao,) ; the metal can be obtained as a grey powder, on levigating the char-
coal. With borax, all oxides of molybdenum give in the outer flame a bead
which is yellow, when hot, and colowrless, on cooling ; in the inner flame, a dark-
Lrown bead, which is opaque, when excess of molybdenum has been used.

REACTIONE IN THE WET WAY.

We employ A sorvTioN oF AMMONIO MOLYBDATE.

- The alkaline molybdates are soluble in water. Most others are insoluble.

Nitrie, or hydrochlorie acid, precipitates white molybdic acld, MoO.Ho,,
from n concentrated solution of a molybdate, soluble, however, in a large
excess of the acid.

SH, gradually precipitates from acidulated solutions brownish-black molyb=
die tersulphide, MoS;, soluble in alkaline sulphides to sulpho-salts,
which are decomposed again by acids with recipitation of MoSg, 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 ﬂPPBﬂI‘ﬂ
green, till on the addition of excess of SHy the whole of the metal sepa-
rates, though slowly, as a tersulphide.

SAm, gives a similar precipitate, soluble in excess. .

Reducing agents, such 1s SnCly, N,0,Hgo”, Zn and HCO, ete., produce
changes, marked chiefly by alterations in colour.

The prineipal and most characteristic reaction for molybdie anhydride con-
sists, however, in precipitating it in a nitric acid solution, as yellow phos-
phos=molybdate, or arsenio=molybdate, by the addition of a mere
trace of o soluble phosphate, or arseniate. (Comp. p. 136.)

3, TELLURIUM, Te", v and ¥, Atomic weight 128.—Occurs in a few
places, and in small quantities only, as nafive metal (graphie and foliated tellu-
#ium) ; more often in combination with Au, Ag, Bi, Pb, as a (sulpho)-telluride,
analogous to arsenides, ete. ; or 08 TELLUROUS ACID, in combination with metallic
bases.

Tellurium exhibits all the physical properties of a metal, and resembles anti-
mony in its general appearance. It is a white, brittle, bub readily fusible metal,
which may be sublimed in o glass tube. When heated in the air, it burns with a
greenish-blue flnme, emitting thick white fumes of tellurous anhydride, TaO..
The metal is insoluble in HCL, but dissolves readily in NO;Ho, forming TeOg, &
white substance which fuses to a yellow fluid, at a gentle heat, and volatilises on
stronger ignition in the air. Tellurous anhydride dizsolves 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, TeDHoy, 18 precipitated from
an acid solution. A nitrie acid solution slowly deposits crystalline tellurous acid,
even without the addition of water.

Tellurium forms several oxides, chlorides, sulphides, ete., in which the metal
is a dyad, tetrad, or hexad ; thus:—

Oxides.

Tellurous oxide (anhydride) . ...oooviviiacnenes Telv,.
11 A oo asiimas e e R TED]OQ-

Tellurie oxide (anhydride). ..o veeneeceianaaess Te*'0;.
. R e e e e A R TeO.Ho,.
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Chlorides. Sulphides.
i g r g 1
Tellurous, or dichloride. .. .. SR 1| —

Tellurie, or tetrachloride ............ TeCl. Tead,.
— THE;-

It also forms with hydrogen a gaseous compound, ¢ellurietted hydrogen (or
hydrotelluric acid), Te"Hy. 2 :

Both the di- and ter-oxide are capable of forming with metallic bases salts
called tellurites and tellurates. 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. ;

The sulphides of this metal act as sulpho-acids, forming, with the alkaline
sulphides, sulpho-tellurites and tellurates.

REACTIONS IN THE DRY WAY.

When tellurites, or tellurates, are heated with charcoal and COKao,, they are
reduced to potassic telluride, Te"K,, which produces a black stain on a moist
silver plate, and is soluble in water, forming a dark-red solution. When HUl is
added to this solution hydrotelluric 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 metallie 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 sorvrion oF Porassio Ter-
LURATE, TeD,Ko, (obtained by fusing potassic tellurite with nitre).

HCl does not decompose tellurates in the cold, but on boiling the solution
chlorine is evolved, and on dilution with water tellurous acid, TeOHo,, is
precipitated, soluble only in a considerable excess of HCl. (DisTINe-
1108 OF Te(; FroM Te(,.)

B. TELLUROUS COMPOUNDS. —UsE A sorvrioNn ofF Porassic Ter-
LURITE, TeOKo,.

HCl decomposes this solution and precipitates white tellurous acid. Tel-
lurium resembles in this respect 8b and Bi compounds.

8H, precipitates from acid solutions brown tellurous sulphide, TeS,,
resembling in colour 8n8, and very freely soluble in ammonie sulphide.

Reducing agents, e.g., 80Nao,, 8nCl,, metallic zine and HCI, a solution
of sulphurous acid, ete., reduce tellurium compounds and precipitate
black metallic tellurium.

4, SELENIUM, S¢”, v, and v\, Atomic weight 158.—Found native, also
as SBELENIDE 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
sulphuric acid works, where the acid is manufactured from seleniferous pyrites.

It resembles the non-metallic element, sulphur, in many respects, e.g., in
exhibiting alike allotropic changes; in others the metal tellurium. It is &
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brittle dark-brown substance, fuses at 200° C., and vaporises at about 700° C.,
and may be sublimed. Heated in air it burns with a bluish flame and forms
selenious anhydride, SeO., 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 nitric acid, or aqua regia. Selenates containing selenic an-
hydride, SeO;, are formed by heating selenium, or its compounds, with carbon-
ates and nitrates of the alkalies, These oxides form two series of salts, viz.,
selenifes and selenates. The selenites are the more stable of the two.

REACTIONE IN THE DRY WAY.

Selenium compounds are reduced, when heated with CONao,, on charcoal, in
the inner blowpipe flame, and may be readily recognised by the characteristic
smell of horse-rnddish which they give off. If the Hn%inu residue, which contains
sodie selenide, SeNn,, be placed on a bright silver coin and moistened with a dro
of water, a black stain is produced on the silver. Treated with dilute HCL, it
evolves gnseous hydroselenie acld (selenietted hydrogen), SeH,, analogous in
composition and properties to sulphuretted hydrogen. It is an inflammable,
fetid, poisonous gas, very soluble in water. The aqueous solution of SeH,
gradually deposits selenium on exposure to nir; it precipitates selenides from
solulions of many metallic salts.

REACTIONE IN THE WET WAY.

A. SELENIC COMPOUNDS.—UsE A sOLUTION OF POTABSIC SELENATE,
EﬂUQE:Dg.

Selenates are stable salts, closely resembling the sulphates. They are soluble
in water with the exception of the barium, strontium, calcium and lead salts,
which are insoluble in water and in dilute acids.

HCI decomposes selenates, on boiling ; ehlorine is evolved, and the salt is

reduced to a selenite. (DisTi¥cTION FROM Se0,.)

SH, does not produce s precipitate, till the selenate has been reduced to

gelenite, by boiling with HCI,

BaCl, produces a white precipitate of barle selenate, S8eO,Bao”, insoluble

in water and in dilute acids ; decomposed by boiling HCL

B. SELENIOUS COMPOUNDS.—UsE A SOLUTION OF AN ALKALINE

SELENITE.
The normal alkaline selenites are soluble in water, most others are insoluble ;
all acid selenites are soluble. HCI does not decompose selenites.

8H, produces from an acid solution of a selenite, a lemon-yellow precipitate
::-} selenious sulphide, SeS; () readily soluble in ammonic sulphide.

Ball, gives a white precipitate of barie selenite, SeOBao", soluble in dilute
HCI, or NO.Ho.

Reducing agents, such as 80,, alkaline sulphites, 8nCly, metallie Zn, and
Fe, precipitate from acidulated (HCI) solutions metallic selenium, as a
red powder, which turns grey at a high temperature. (80:Feo” is with-
out action). Metallic copper is immediately coated black when placed in
a warm solution containing hydrochloric acid, and on standing, the solu-
tion turns light red, from separation of metallic selenium.

Group I comprises the Rare Metals precipitable by HCl, viz.,
the metal TrxasTEN, or WoLFRAM, which 1s precipitated as tungstic
acid, WO,Ho,, and THALLIUM precipitated as thallious chloride, T]GL
Several other metals already treated of in Group IIL besides
THALLIUM, Viz.,, Nioprom, Tanrarus, MOLYBDENUM, are likewise pre-
cipitated, but the precipitated acids (NbO,Ho, TaO,Ho and
]'.VE:-DEH{}:} dissolve again in an excess of hydrochloric acid,
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1. TUNGSTEN, or WOLFRAM, Wirand ¥, Atomic weight 184.—This
metal oceurs in nature as teroxide in the form of tungstates, in combination with
the bases Ca0, Fe(, Mn(, in the minerals wolfram, WO, [Feo” Mno"] and
tungsten, WO,Cuo".

The metal can be obtained by intensely heating the oxide in a current of
hydrogen. It forms an iron-grey powder, very difficultly fusible, and becomes
again oxidised to tungstic anhydride, WOy, when heated in air. Dry chlorine
gas converts it into dark violet, 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 metal 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,
o ey b=t =
Tungstic anhydride (lemon-yellow).... W¥iO,, WriCl,. Wrig,,
Tungstic dioxide (brownish-black) .... W0, wivCl,,
Intermediate (blue-coloured) oxide.... W,0,. Wl
f W"ﬂg,wfiﬂ3= Wﬂh,wmﬁ,

Tungstic anhydride can be prepared from wolfram or fungsten, by digesting
the finely divided mineral in aqua regia, till it is completely decomposed, and
evaporating to dryness on a water-bath. The metalliec chlorides are dissolved
out with acidulated water, and the residue, which contains a little gilica and some-
times niobic acid, washed with sleohol and treated with ammonia. Tungstie
acid ia dissolved, and silicie and niobic acids are left behind., From the ammonia
salt, pure anhydride is obtained by the evaporation of the filtrate and ignition.

REACTIONS IN THE DRY WAY.

When heated on charcoal in the reducing flame, together with €0ONao, and
ECy, tungstic anhydride is reduced to a black pmﬂglnr, containing metallic
tungsten. Heated with microcosmic salt, tungsten compounds give a colourless
bead in the outer flame ; in the inner flame a blue bead, which on the addition
of a little 80,Feo™ changes to bloed-red. The addition of tin changes the red
bead to blue or green.

REACTIONS IN THE WET WAY.

WE may eMProyY A sorvrio¥ oF Sopto TuNesTATE, WO, Nao..

The alkaline tungstates are soluble in water, all others are insoluble, and can
be obtained by dnuhﬁa decomposition.

Mineral aclds (HCIl, NO,Ho, or 80,Ho.) precipitate whife tungstie acid,
WO,Hoy. It turns yellow on boiling, and is quite insoluble in excess of the
acids. (D1sTINCTION FROM MoO,). Non-volatile acids (eg., phosphorie, tar-
taric) precipitate it likewise, but the precipitate is soluble in excess. It is also
readily soluble in AmHo.

8H, produces no precipitate from an acid solution, but reduces the tungstic
acid to the blue oxide, W0,

8Am, produces no precipitate from alkaline tungstates, but on acidulating
with HCI, light brown tungstie tersulphide, W&, is precipitated,
elightly soluble in pure water, but insoluble in the presence of salts. The
golution is colonred blue. The precipitated sulphide dissolves readily in
ammonic sulphide.

8BnCl, gives at first & yellow precipitate; on acidulating with HCl und

applying heat, the precipitate acquires a beautiful dfwe colour. This
reaction is very delicate and highly characteristic,

T
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REAGENTS.
SOLVENTS.

~ Distilled Water.*—Obtained by condensing stenm by means of a tin worm.
The first portions of the condensed water usually contain carbonie anhydride and
ammonic carbonate, and should be rejected.

Tmpurities—When evaporated in a platinum vessel, distilled water should
not leave a solid residue, either organie or mineral. Ammonie sulphide ought
not to give a precipitate (Cu, Pb, Fe), neither ought basic plumbie acetate to
eause n turbidity (COs, COAmos). No turbidity or precipitate should be pro-
duced, moreover, on the addition of ammeonic oxalate (lime), baric chloride (sul-
phates), or argentic nitrate (chlorides). Pure distilled water is colourless,
modorous, and tasteless.

Water used for Nessler's test should be specially distilled in a glass retort
with a few picces of caustic potash, and the distillate rejected as long as the
Nessler solution indicates any traces of ammonin.

Aleohol (Methylated Spirit), O,;H Ho or EtHo.—Ordinary methylated
spirit (i.e., ethylic alcohol, 80 p. e., mixed with 10 p. ¢. of wood spirit or methylic
alcohol) may be employed for most purposes. It can be rendered absolute by
shaking with well dried potassic carbonate and distilling the clear spirit in a flask
or retort from a water-bath.

Impurities.—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, OBts—The ordinary ether (methylated, i.e., prepared from methy-
lated alechol) of commenrce, is pure enough.

ACIDS.

sulphuric Acid,* 80,Ho,—Common oil of vitriol may be used in all
operations with which its usual impurities (lead, arsenic, iron, lime, nitrie acid) do
not interfere. Sulphuric acid, free from arsenic, should be employed for genera-
ting arsenietted or antimonietted hydm%cn, and an acid free from lead, whenever
this metal has to be precipitated as sulphate. Sulphuric acid, free from nitric
acid and nitric pemxisn, ought to be employed in testing for nitric acid by means
of ferrous sulphate. :

Impurities.—Pure sulphuric acid is eolourless, and leaves no 1:aa1dua on evapo-
ration in a porcelain dish. When a solution of ferrous sulphate is poured upon it
in & narrow test-tube, it should not form s brown ring where the two liquids
come in contact (nitric 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 presence of arsenic 18 best ascertained
by passing a current of sulphuretted hydrogen through the dilute neid, or by
generating hydrogen from zine free from arsenic, and passing the gas throughan

# The asterisk marks the more important reagents.
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ignited combustion tube (Marsh's test, Fig. 14). Plumbic sulphate is frequently
found in sulphuric acid, and is precipitated on diluting with water, being less
soluble in dilute than in concentrated acid. Hydrochlorie acid ghould 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 ome 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 plumbie sulphate
to subside, and decant or syphon off the clear liquid.

Nitrie Acld,* Aqua fortis, NO;Ho—Should be colourless, and leave no
residue on evaporation in a glass dish.

Impurities.—Sulphurie and hydrochlorie acids. Dilute considerably, and test
portions with baric nitrate and argentic nitrate.

Dilute Nitrie Acid.*—Prepared by diluting one part of pure commercial
acid (sp. gr. 1'38 to 1'45) with three parts of distilled water.

Crude Nitrie Aeid.*—May be employed for all experiments in which the
above impurities do not interfere, e.g., in the preparation of N,O, or N3Oy by
the action of nitrie acid upon copper or arsenious anhydride.

Concentrated Hydrochloric Acid,* Muriatie Aeid, HCl.—Should be
colourless, and leave no residue on evaporation.

Impurities.—Nerric 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,Cl;). On adding a few drops of a solution containing iodide of starch, the
blue colour should not be destroyed (80s). The dilute acid should remain clear
on the addition of a solution of baric chloride (80,Ho;). Sulphuretted hydro-
gen, when passed through the dilute acid, should not produce a precipitate
(arsenic), nor should ammonic sulphocyanate redden the diluted acid (iron).

_ Dilute Hydrochloric Acld. *—FPure commercial acid, sp. gr. 1'16, is diluted
with three times its bulk of distilled water.

~ Crude Hydrochlorie Acid.*—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 manganie dioxide.

Aqua _ll'._ep;la or Nitrehydrochloric Acid.—Frepared, when required
only, by mixing one part of concentrated nitric acid with three to four parts of
hydrochloric acid.

Sulphurous Acid, HDHng«.—PwEurad by acting with concentrated sul-
phuric m;ul 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.

CH. fhrmtie

Acetic Acid,® { GGE[Q' Pure commercial acid of sp. gr. 1'04, diluted with
one part of water may be used. It should leave no residue on evaporati

mpurifies,—Sulphuric and hydrochloric acids, lead, copper, ir.ll:n:-?f;::'
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_Tartarie Acld, THo,.—A solution is prepared when required only, as the
acid undergoes decomposition in an aqueous solution. One part by weight of
comimercial tartaric acid of sufficient purity is dissolved in three parts of water
(i.e., 1 grm. in 8 c.c. of water).

‘Impuﬁtifx_—'l'ﬂ.rtaric acid contains sometimes gypsum and caleie tartrate,
which are best tested for by igniting a few crystals on platinum, extracting the
residue, if any, with a few drops of dilute HCl, and adding to one portion BaCl,,

COAmo
to another AmHo, and { COAmo’

H : b )
Oxalic Acid, ggl—[g' The commercial acid is sufficiently pure. It
ghould 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 erystallised acid, ggﬁg, + 2 aq., in ten parts by measure of

waler.

Hydrofluoric Aeld, 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.

Hydrofiuosilicic Aecld, 2HF 8iF, —A solution of this acid in water is
prepared, as described, p. 183. It should be made sufficiently strong to precipi-
tate a soluble baric ealt readily.

Impurities—Owing to the mode of preparation the acid is often contaminated
with sulphuric acid. It should not produce a precipitate in & solution of a
strontic salt (80:Hoy).

Mydrosulphuric Acld, SH,—FPrepared when required. TIn well ap-
pointed laboratories sulphuretted hydrogen is now usually stored in n gasholder
over oil, and supplied Jike conl 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 n well-stoppered bottle, since
sulphuretted hydrogen decomposes rapidly when in contact with air with forma-
tion of sulphur acids and precipitation of white sulphur.

1f the gas be required entirely free from AsHy, it should be generated by
acting with pure HOI (concentrated) upon native grey antimony, 8bhySs.

BASES AND METALS.

Potassic Hydrate,* KHo, or Sodie Hydrate, NaHo.— Usually obtained
in commerce in the form of sticks or lumps, which may be dissolved in twenty
parts of water. , : :

Impurities.— Bilica, alumina, phosphorie, sulphurie, and hydrochlorie acids
(sulphates and chlorides, often in not inconsiderable guantities), and carbonic
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.

Ammonie 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 Hu;}. i

Impurities—A solution of ammonia should be colourless; on neutralizing
with pure HCI it should remain inodorous. When evaporated in a glass or
platinum dish, it should not leave any residue. Ammonia contains fre uently
traces of sulphuric and hydrochloric acids, and sometimes not inconsiderable
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quantities of ammonie carbonate, when it produces a white precipitate on the
addition of lime water.

Baric HMydrate,* BaHo,—Obtained by dissolving in a stoppered bottle
one part of crystallized baric hydrate, BaHo, + 8aq. in twenty parts of water.
Allow to subside and syphon off into another well-stoppered bottle. :

TImpurities—The solution commonly called baryta-water 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.

Calele Hydrate,®* CaHo,—Freshly slaked lime in powder is used in
qualitative analysis, as well as n solution of lime, so-called lime-water. This is
prepared by dissolving in eold distilled water some freshlly slaked lime, allowing
to subside in s stoppered bottle, and syphoning off the clear liquid into another
bottle. Lime-water contains about 1 part of lime dissolved in 600 of water.

Ammonie 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 ammonie
hydrate, a sulphide is obtained which contains a little free ammonis. The con-
centrated solution may be diluted with ten times its bulk of water. It should be
kept in well-stoppered bottles. Caleie 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 NHy, OH; and yellow 83Am..

Yellow Ammeonic Sulphide, 8SAm,—Used for the solution and con-
version of 8nS into SnS,. It may be prepared by digesting the neutral S8Am;
with flowers of sulphur and filtering the liguid.

Sodic Sulphide, SNa,—Prepared by saturating one portion of a solution
of sodic hydrate with sulphuretted hydrogen, and adding to it the sgcond portion.
A little ferrous sulphide, which is generally precipitated, is filtered off. The
solution must be kept in a well-stoppered bottle.

SALTS.

Potassic Sulphate, 80,Ko,—Dissolve one part of the commercial salt
in twelve parts of water.

Potassic Todlde, KI.—The commercial salt is generally sufficiently pure.
Dissolve in sixty parts of water. Pure KI should be free from iolate and
mabg{uata. It should not colour starch paste blue on the addition of dilute
8 20103,

Potassie Nitrite, NOKo.—Dissolve one part of the commercial salt in two
parts-of water, when required for use.

Potassic Chromate, Cr0,Ko,—Dissolve the salt of commerce in fen
of water.
Impurities—Sulphuric acid. The solution ought not to become turbid on
the addition of dilute HC1 and BaCl,.

Dipotassic Dichromate, Cr,(;Kos.—Purify the commercial salt by re-
erystallisation till it is free from 80,Ko,, and dissolve one part in ten of water.

Potassic Metantimoniate, Sb0,Ko + 5 aq.—Prepared by deflagrating
in & Hessian crucible one part of finely powdered antimony with four parts of
saltpetre. Pour the fused mass on a stone slab. Powder it, and boil with twelve
parts of water for two or three hours, and filter, when a clear and neutral solution
is obtained. KCI and AmCl should not precipitate it.

Potassle Ferrocyanlde® K FeCy; and Ferricyanide, K¢FeyCyig—
These salts can be purchased in a state of sufficient purity. They are dissolved,
in small quantities at a time, in twelve parts of water.
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Potassic Sulphocyanate, CyKs, or Ammonic Sulphocyanate,
CyAms,—Dissolve in 10 parts of water.
dmpurities, such as 80;Ho,, do not interfere with the reactions.

Sodic 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
MoO;Amos, and should not leave a residue, insoluble in water, on acidulating
with pure HCl and evaporating to dryness (810.).

Dissolve the dry salt in five parts of water.

Hydric Disodic Phosphate,* POHoNao; + 12 ag.—Recrystallise the
commercial salt and dissolve one part of pure salt in ten parts of water,

Impurities—~Sulphate and chloride.—Ammonic hydrate should not cause
any turbidity on warming (alkaline earthy phosphates). '

Sodic Acetate, { gg%m + 6 aq.—The commercial salt generally contains
sodic sulphate. Tf a pure salt cannot be procured, sodic acetate may be prepared
by neutralising pure sodic earbonate with pure acetic acid, Dissolve the salt in
ten parts of water,

Sodic Acetate and Acetie Acld.—Dissolve 20 grms. of pure crystal-

lised ggﬁm in 160 c.c. of water, and add 40 c.c. of concentrated
OH,

QOMo: This solution is used for the precipitation of ferric, aluminic, and

chromie phosphates.

Hydric Sodic Sulphite, SOHoNao.—Dissolve one part of the salt in
five parts of water. Hydric ammonie sulphite may frequently be used with

greater advantage.

Sodic Myposulphite, SSONuo; + 5 ag.—Readily procurable in a pure
state. Dissolve one part of the salt in forty parts of water.

Sodic Hypochlorite, CINao.—Prepared by shaking up one part of bleach-
ing powder with ten parts of water, and adding a saturated solution of commer-
cial sodic carbonate as long as a precipitate is produced, Allow to subside, and
syphon off.

Ammonic Oxalate* ggi::g + ag.—Purify the commercial salt by

recrystallisation and dissolve one part in twenty-four parts of water,
Impurities,—The salt should leave no fixed residue on ignition. Sul-

phuretted hydrogen or ammonic sulphide ought not to produce a turbidity or a
precipitate.

Ammaoniec Carbonate,* COAmo,—Prepared by dissolving one part of the
commercial sesquicarbonate, after scraping off from the lumps any foreign
matter, in four parts of water and adding one part of strong ammonia solution.
If a precipitate of ferric hydrate be thrown down, it is allowed to subside, and

the clear solution is syphoned off. _ _ _
i ;mjhi?'”fﬁ'ﬁ.— Iron::rllen:], sulphurie and hydrochlorie acids. The salt should

volatilize completely and give no precipitate with barie chloride, or argentic
nitrate (after acidulating with hydrochlorie or nitric acid respectively), also no
precipitate with sulphuretted hydrogen or ammonic sulphide.

Hydric Ammonic Carbonate, 0OHoAmo.— Obtained in_ ::::-h_mr]uas
rhombie prisms, on passing carbonic anhydride to supersaturation into a
concentrated solution of ammonia. The salt 18 Em{)]ﬂ_}'e{l for the separation
of As.S, from Sb;8; and SnS; A saturated solution 1s prepared when
required.

Ammonic Chloride,* AmCl—The commercial salt (sal-ammoniac) usually
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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 r%I:u} salt should leave no fixed residue on ignition. Dissolve in

five parts of water.

Ammonic Molybdate, MoO,Amo,—This salt may be purchased. Tt is
dissolved in strong ammonia and allowed tostand for some time. A slight yellow
precipitate containing ferric hydrate usually subsides. The clear fluid is poured
into concentrated nitric acid as long as the molybdic acid which at first preci-
pitates is entirely redissolved. The nitric acid solution should remain_colourless
on boiling. A yellow precipitate indicates contamination with phosphorie acid,
and the reagent should not be used, till it remains clear on digestion.

Ammonic Sulphate, 80,Amo,.—Recrystallize the commercial salt from an
ammonincal 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.

Barle 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, if necessary, by passing a current
of sulphuretted hydrogen, filtering and recrystallizing. Dissolve in ten parls of
water.

Barie Nitrate, N,0,Bao”.—Should not be precipitated by argentic
nitrate, as it is sometimes employed, instead of baric chloride, in order to avoid
intmduein%&nj chlorine into & solution. Pure baric acetate answers the same
purpose. For other impurvities, test as for barie chloride.  Iissolve one part in
15 parts of water.

Barie Carbonate,®* COBao”.—Prepared by precipitation of pure barie
chloride with ammonie carbonate and AmHo. Wash well till free from AmCl ;
stir up the precipitated baric carbonate with water to a thick creamy con-
sistency, and keep it for use in a stoppered bottle. Shake up before using this
reagent.

Calele Chloride,* CaCl; + 6 aq.—The commercial salt is dissolved in five
parts of water. The solution should be neutral to test-papers, and should not be
precipitated by ammonie sulphide (iron).

Calele Sulphate, S0.,Cno”.—A saturated solution is prepaved by re-
peatedly shaking up gypsum (SOHo,Cao” + aq.) with water, allowing to subside,
and syphoning off the clear liquid.

Magnesic Sulphate.— Dissolve the commercial salt (SOHo,Mgo” + 6aq.)
(recrystallized, if necessary), in ten parts of water.

Magnesia Mixture.—Dissolve 556 gms. of crystallized MgCl, in distilled
water, add 70 grms. of AmCl and 850 c.c. of concentrated solution of m;mtmfic
hydrate, and make up to 1 litre.

Ferrous Sulphate.—The commercial salt (SOHo,Feo” + 6 aq.), is
enough. Dissolve as required for use in ten parts of water, 6q.), is pure

Ferric Chloride,* Fe,Cl; —Prepared by dissolving fresh dy

and well washed Fe;Ho; in pure HCI, keeping the ferric hy
Allow to eool, dilute with an equal bulk of water and filter.

ly precipitated
rate 1n excess.

Plumble Acetate,* ( { gg“)HPbu”. Dissolve the commercial salt in ten
parts of water.

Argentie Nitrate,* NO,Ago.—Prepared either from silver (pur
a silver alloy (a silver coin), by df:;uhing in pure nitric acid, and E‘.I[;'en?;ilt.::ig:}ﬁ'
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AgCl. TFilter off the cupric salt, and wash thoroughly with hot water; transfer
to a porcelain dish, and introduce clean strips of zme. Collect the finely divided
silver on a filter, wash thoroughly with hot water, acidulated with a little sul-
phuric acid, and dissolve in dilute nitrie acid. Evaporate the solution to dryness,
and fuse the residue gently., Dissolve in twenty parts of water.

Mercurous Nitrate.—Dissolve the crystals of the commerecial salt,
gngEzﬂ” + 2aq., in 20 parts of cold water, acidulated with 1'2 part of nitrie
acid. Keep some metallic mercury in the filtered solution.

Mercurie 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 HgCly in 30 c.c. of water; add the mercury solution gradu-
ally, and with continuous agitation to the solution of potassic iodide, until the
precipitate ceases to be re-dissolved ; then add 60 c.c. of potassic hydrate and
filter. 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 (SOHoyCuo” + 4 aq.) is purified
by repeated erystallisation. Dissolve the crystals in ten parts of water.
Impurities.—Iron, zine.

Cuprie Chloride, CuCl,—Prepared by dissolving cuprie oxide in HCL.

Cuprous Chloride, 'Cu’;Cl,—Obtained by digesting OuCly with metallic
copper and ITCL

Stannous Chloride, SnCl,—Prepared by boiling 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,—Prepared by dissolving pure gold in aqua regia,
evaporating to dryness on o water-bath and dissolving in water.

Platinic Chloride, PtCl,—Dissolve some platinum scraps in aqua regia.
Precipitate with AmCL  Collect precipitate on a Swedish filter-paper ; wash
with strong aleohol; dry and ignite in a porcelain crucible, gently at first, and
lastly to intense redness. Redissolve the spongy platinum in agua regia. Evapo-
rate repeatedly to dryness on a water-bath, with addition of HCIL. Dissolve in
ten parts of water. Pure platinic chloride should dissolve completely to pure
aleohol. :

METALS AND OXIDES.

Zine, free from arsenie, 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, Pb0,—Readily prepared by digesting red lead in
boiling dilute nitric acid. The brown powder is well washed by decantation, and
lastly on the filter.

Manganic Dioxide, MnO,—Use the powdered commercial black oxide.

Hydric Peroxide, O;H, or Ho,—A solufion may be gmpnred by passing
a current of carbonic anhydride through water in which baric peroxide is sus-
pended. The precipitated baric carbonate is filtered off.
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Reagents used for Fusions and for Blowpipe Reactions.

Sodic Carbonate,* CONao.—Should be free from sulphate and chloride.

Fusion Mixture* or White Flux.— Consisting of dry CONao; and
COKos, 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 crystals of Rochelle salf (potassic sodie
tartrate) in a platinum crucible. The residue consists of carbon and alkaline

carbonates.

Hydric Ammonic Sodic Phosphate,* POHoAmoNao + 8 aq. (Micre-
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 erucible or on charcoal. For blowpipe reactions a
mixtire of equal parts of KCy and @ONaos (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 requirved, in
twenty parts of cold water, as its aqueous solution is rapidly decomposed.

Potassie Nitrate,* NO.Ko.—Used as an oxidizing agent. The commer-
cinl salt should be purified by dissolving the erystals in hot water to a saturated
solution, and allowing to cool in a porcelain dish with continuous stirring. The
nitrate falls out first as a fine white powder, and the impurities, e.g., phosphate,
sulphate, or chloride, are left in the mother-liquor.

Potassic Chlorate,* ggﬂ.—-’[‘hia salt can readily be obtained pure,i.e.,
free from chloride. Either by itself, or in conjunction with hydrochloric aeid, it
serves as a powerful oxidizing agent.

Borax,* B,0;Nao, + 10 ag.—The crystals should be gently heated in a
platinum erucible till the water of erystallisation has been driven off, and the
mass kept powdered and ready for use in blowpipe reactions.

Hydric Potassic 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, ﬂ.m:F keep
the lumps in a bottle,

Cobaltous Nitrate, N,0,Coo”.—Used in solution 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 Iufroduction to
Inorganic 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-
papers, they serve for the detection of free alkalies. All test-papers should be
kept in well-stoppered bottles or wooden boxes.

Indigo Solufion.—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 a dfa.rk 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,

R
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APPENDIX IV.

(A.) EXAMINATION OF A STMPLE SALT.
PRELIMINARY EXAMINATION FOR Base.

Substance given: white crystalline,

reaction of solution alkaline.

readily soluble in water,

Experiment.

Observation.

Tnference.

Heated some of the pow-
dered substance in a dry
test-tube.

Treated residue with water,
and filtered. Tested with
litmus paper.

Added dilute HCI. .

Tested HC1 extract on pla-
tinum wire in a Bunsen’s
gas flame.

Glave of water; fused; | Oxalate, formate.

was slightly blackened ; |
gave off €O, burning
with a blue flame.

The residue dissolved;
the solution reacted
strongly alkaline.

Effervescence, whilst be-
fore ignition the sub-
stance did not effervesce.

Violet flame g o

4

Alkaline oxalate.

Potassium.

FEXAMINATION OF SOLUTION FOR BASE.

Added HCL
No pp. Ab- | Added a solution of S8H; to the same solution.
sence  of
Group L = e T
No pp. Ab-| To a fresh portion of the solution added AmCl,
sence of AmHo, and SAm,.
Group 1L

To the same solution added COAmo,.

No pp. Ab-
sence  of
Grroup I11.

No pp. Ab-

sence  of

Group IV.

The solution may con-
tain—

MEO, ﬂEﬂ, DNII..":.
Tested a fresh por-
tion of solution spe-
cially for K by adding
HCI and PtCl,, yel-
low erystalline preci-
pitate.

Presence of K,
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PRELIMINARY EXAMINATION ForR AcID.

Experiment. Observation. Inference.
Treated a portion of the | €O and CO, given off,
powdered substance with with slight blackening
concentrated S0,Ho,. of substance.
Passed gases into lime- | White precipitate in lime- | From decomposition of

water and applied a light
to the unabsorbed gas.

water ; pgas burnt with
blue flame.

oxalate.

ExamiwaTioNn oF SOLUTION FOR AQID.

Acidulated with*
HCL

Acidulated with
HDQHG.

Al Rbad rith { OH,

cOHo

No precipitates.

No precipitates.

80,Ca0”

CaCl, a white p.p.

13

COHo.

Presence of { oOTo

Found rotassic Oxalate.

(B.) EXAMINATION OF A COMPOUND SUBSTANCE.
PRELIMINARY EXaMINATION FOR DASES.
Compound given: a dirty white powder.

Experiment.

Obgservation.

Inference.

Heated some of the pow-
dered substance in a dry
test-tube.

Heated a portion of the
substance, mixed with
CONao,, in a bulb-tube.

Heated some of the pow-
dered substance on char-
coal before the blowpipe
flame.

Substance fused. Gave
heavy white fumes,
which eondensed in the
upper part of the tube.

Gltave 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
gtate. The metal was
malleable ; the inecrus-
tation yellow.

A portion of the ignited
mass appeared strongly
luminous.

Compounds of Am,
Hg, As, ete.

From decomposition of
nitrates of Pb, Bi,
ete.

Am and Hg com-
pounds.
Ph.

Alkaline earthy bascs.
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EXAMINATION OF SOLUTION FOR Basus.
Substance dissolved partly in water, partly in HCI, with evolution

of G{}t-

PbCl, fell out.

On mixing

means of Cr0,Ko, or SO.Ho,.

the two solutions, acicular crystals of
Filtered off. Confirmed presence of lead by

Passed a current of SH..

A black pp.

Evaporated filtrate to dryness, with a few drops of NO,Ho.
Took up with dilute HCl. Added AmCl, AmHo, and SAm,.

No pp.
Absence of Group I1I.

To the same solution added COAmo,.

A white pp.

On evaporating filtrate to
dryness, and igniting,
no fixed residue was
left.

Absence of Mg, K, Na,

ExaxmiaTion oF PRECIPITATE PRODUCED 1IN Group 1I.

Washed precipitate till free from HC, and boiled with SAm,,.

Residue.—Boiled with NO.Ho.
added dilute 80,Ho, and methylated spirit.

Diluted with OH,, and

Filtered.

Residue.—DBoiled in
and filtered.

ammonic acetate,

Residue.—Dried and

ignited in a bulb-
tube, with dry
CONao,. Metallic
mirror and glo-
bules. Presemce
of Hg.

Solution.—Added

Cr0.Ko,,  yel-
low precipitate.
Presence of
"b.

Solution.—SH, ad-
ded to a portion
of solution gave no
precipitate. Ab-
sence of Bi, Cu,
Ca.

Solution. — Acidu-
lated with dilute
HCl. No yellow
precipitate. Aba
sence of As, Sb,
and Sn.

EXAMINATION OF PRECIPITATE PRODUCED TN Grovp IV,

Dissolved precipitate in a little dilute HCL '
with 80,Ca0’—no precipitate, even after some time.

Tested a portion of the solution
Absence of Lo and Sr,

Confirmed presence of Ca by adding to another portion of the solution AmHo

COAmo

and § 50Ame’

A white precipitate. Presence of Ca.
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PrErtMiNarY HxamixaTion ror AcIps,

Experiment. Ohservation, Inference.

Treated with dilute HCL Effervescence. The gas | CO,.
precipitated lime-water.

Trﬂ;;':d];[ with concentrated | Cl and nitrous fumes. HCl and NO,Ho.
! g0 Che
Confirmed HC1 by heating | Chlorine evolved. H(L

substance with MnQO,
and 80;Ho..

Ditto NO;Ho by means of | A brown ring was formed. | NO.Ho.

80:Ho, and 80,Feo”.

ExXAMINATION OF SOLUTION FOR AOCIDS.

Prepared solution by boiling some of the powder with a solution of
CONao,; filtered, and acidulated with—

HOL NO,Ho. SOk | Neutral solution.

No precipitates. | NOsAgo, white curdy | No precipitates. | No precipitates.
p.p.» Boluble in
AmHo. FPresence
of MC1,

Found—DBases : Hg0, PbO, Cal, OAm.,
Acids : 004, NO,Ho, HCI.
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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 colleges or medical schools, where he will abandon it for the more advanced
work placed in his hands by 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 he. We might
666 pages are crowded with facts and expe- | quote fifty instances of this.” — Chemical
riments, nearly all well chosen, and many | Mews,
quite new, even to scientificmen. . . It ’

By the same Author

LABORATORY TEACHING: Or, Progressive Exercises in

Practical Chemistry, with Analytical Tables. Third Edition. With 8g
Engravings . > F - .  Crown 8vo, 5s, Gd.

*«* 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 excrcises or lessons, with examples 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.
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Albert J. Bernays

NOTES FOR STUDENTS IN CHEMISTRY: Being a
Syllabus of Chemistry and Practical Chemistry. By ALBERT J. BERNAYS,
Professor of Chemistry at St. Thomas's Hospital. Fifth Edition.

[Fcap 8vo, 3s. 6d.

* * A new feature is an Appendix giving the doses of the chief chemical preparations
of the *‘ Materia Medica.”

¢ The new notation and nomenclature are | book, and a close revision of the whole."—
now exclusively used. We notice additional | Sefemtific Opinzon.
notes in apparently every paragraph in the

R
Jokhn E. Bowman and C. L. Bloxam

PRACTICAL CHEMISTRY, Including Analysis.
By Joun E. BowmaN and C. L. BLOXAM. Sixth Edition. With g8
Engravings . . ' . Fcap 8vo, 6s. 6d.

*_* The intention of this work is to furnish to the beginner a text-book of the prac-
tical minutiz 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 lan-
guage as simple as possible. This edition has been embellished with a large number of
addi ional wood engravings from sketches made in the laboratory.

——ma
J, Campbell Brown

ANALYTICAL TABLES for STUDENTS of PRACTICAL
CHEMISTRY. By J. CAMPBELL BrOWN, D.Sc. Lond., F'{E:ES' 23
vo, 2s. 6d.

—_— e

Frank Clowes

PRACTICAL CHEMISTRY AND QUALITATIVE
INORGANIC ANALYSIS. By Fravk CLOWES, B. Sc. Lond., F.C.5.
Lond. and - Berlin, Science Master at Queenwood College. With 46
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.

1.—{} —

. Fownes

A MANUAL OF ELEMENTARY CHEMISTRY,

Theoretical and Practical. By G. FOWNESs, F.R.S. Edited by Henry Watts,
B.A., F.R.S. Eleventh Edition. With 163 Engravings. Crown 8vo, 155

—_——

Remigins Fresenius

QU&LITATIVE ANALYSIS. By C. REMIGIUS FRESENIUS.
Edited by Arthur Vacher. Ninth Edition, with Coloured Plate of Spectra
and 47 Engravings i y s 8vo, 12s5. 6d

By the same Author
QUANTITATIVE ANALYSIS. Edited by Arthur Vacher.

Gixth Edition (reprinted from the Fourth), with 186 Engravings. 8vo, 18s.
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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 . i : Fcap 8vo, 6s. 6d.

By the same Author

A MANUAL OF QUALITATIVE ANALYSIS.
Fifth Edition, with Engravings - : Post 8vo, 8s. 6d.

Also
CHEMICAL TABLES ACCORDING TO THE OLD
NOTATION. On Five Large Sheets, for School and Lecture Rooms.
Second Edition ; : - - The Set, 4s. 6d.

'“We can always give praise to Mr. Gal- | *“Mr. Galloway has done much to simplify
loway’s educaticnal works. Theyare inva- | the study of chemistry by the instructive
riably written on a system and founded on | manner in which he places the principal
experience, and the teaching is clear, and | details of the science before his readers.”
in general complete."— Chemical News. — British Medical Fournal.

o —_—

T. Griffiths

CHEMISTRY OF THE FOUR SEASONS : Spring, Summer,
Autumn, Winter. By T. GRrIFFITHS, Second Edition, with Engravings. ,
[Fecap 8vo, 7s. 6d.

— f—

Corneclins B. Fox

OZONE AND ANTOZONE: their History and Nature. By
CorNELIUS B. Fox, M.D., Medical Officer of Health for Central and
East Essex. With Coloured Plates g : 8vo, 125, 6d.

o—

U. J. Kay-Shuttleworth

FIRST PRINCIPLES OF MODERN CHEMISTRY.

By U. J. KAY-SHUTTLEWORTH, M.P. Second Edition. Crown 8vo, 4s. 6d.

“We can recommend the book."— “Deserving warmest commendation.’’—
Athercerem, Popular Science Kev,

e

Francts Sullon

HANDBOOK OF VOLUMETRIC ANALYSIS:
or, the Quantitative Estimation of Chemical Substances by Measure applied
to Liquids, Solids, and Gases. By FRANCIS SuttoN, F.C.S., Norwich
Third Edition. With Engravings - : 8vo. Tn the Press

*«" 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,
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W. G. Valenin

INTRODUCTION TO INORGANIC CHEMISTRY. By
WM. 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, Gs. 6d.

Also
QUALITATIVE CHEMICAL ANALYSIS. Third Edition.
With 19 Engravings =&« e w0 e S T 8vo, 75. 6d.
Also

TABLES FOR THE QUALITATIVE ANALYSIS OF
SIMPLE AND COMPOUND SUBSTANCES, both in the Dry and Wet
Way. On indestructible paper : . : 8vo, 2s. 6d.

—a—-'l

Edward Frankiand

HOW TO TEACH CHEMISTRY: Hints to Science
Teachers and Students. Six Lectures delivered at the Royal College of
Chemistry 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.
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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 CRoOKES, F.R.S. With

336 Engravings ., : : " - 4 - 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 :—I. Chemical Metallurgy, Alloys, and Preparations made and obtained from
Metals, 2. Crude Materials and Produets of Chemical Industry. 3. Glass, Ceramic
Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5. Animal Substances. 6. Dye-
ing and Calico Printing. 7. Artificial Light. 8, Fuel and Heating Apparatus.
¢ Full and exact in its information on ¢¢ Mr, Crookes deserves praise, not only
almost every point.”— Esngineer. 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 Seience and Aris,

—_— f?———
¢. D. F. Phillips

MATERIA MEDICA AND THERAPEUTICS: VEGE-
TABLE KINGDOM. By CHARLES D. F. PaiLLips, M.D. 8vo, I5s.

“ It 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,"— Fractitioner.
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J. Forbes Royle and John Harley

ROYLE'S MANUAL OF MATERIA MEDICA AND
THERAPEUTICS. , Sixth Edition. By JoHN HArRLEY, M.D. With
139 Engravings. : 3 ‘ b Crown 8vo, 15s.

**This Manual is, to our minds, unrivalled | and completeness of information.”” —Britisk
in any language for condensation, accuracy, | Medical ;immaj

—e

J. C. Thorowgood

THE STUDENT'S GUIDE TO MATERIA MEDICA.

Including the New Additions to the British Pharmacopceia. * By Joun C.
THOROWGOOD, M.D. Lond., Lecturer on Materia Medica at the Middlesex
Hospital. With Engravings . ! Fcap 8vo, 6s. 6d.

*“Students can hardly hope for a more serviceable text-book,"— Practitioner.

—_—

Adolphe Wakituck

A DICTIONARY OF MATERIA MEDICA AND THERA-
PEUTICS. By ADOLPHE WAHLTUCH, M.D.

*+" The purpose of this work is to give a tabular arrangement of all drugs specified in
the British Pharmacopeeia of 1867. Every table is divided into six parts :—(1) The
Name and Synonyms ; (2) Character and Properties or Composition ; (3) Physiological
Effects and Therapeutics ; (4) Form and Doses ; (5) Freparations ; (6) Prescriptions.
Other matter elucidatory of the Pharmacopceia is added to the work,

‘“ A very handy book."—LZLancer.

8vo, 155,

—

R. V. Tuson

COOLEY'S CYECLOPAEDIA OF PRACTICAT
RECEIPTS, PROCESSES, AND COLLATERAL INFORMATION
IN THE ARTS, MANUFACTURES, PROFESSIONS, AND
TRADES : Including Pharmacy and Domestic Economy and Hygiéne.
Designed as a Comprehensive Supplement to the Pharmacopeeias and
General Book of Reference for the Manufacturer, Tradesman, Amateur,
and Heads of Families, Fifth Edition, Revised and partly Rewritten by
Professor RICHARD V. Tusow, F.C.S., assisted by several Scientific

Contributors g 3 : : 2vo, 28s.

“A much improved edition. ., . .
Long recognised as a general book of re-
ference.”— Trmes,

**The book is of considerable value for
household use, as well as professional pur-
poses, for it contains a quantity of interest-
ing information relating to the composition

of articles in common use as food and
medicine."'— Pall Mall Gasette.

** Other of the articles, as on *brewing,’
‘bread,’ elc., are specimens of what cyclo-
peedic writing should be, being concise and
thoroughly exhaustive of the practical por-
tion of the subject.”— Feterinarian,
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W. 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 Pharmacopeeias. By W. SoutHaLL, F.L.S. . Post 8vo, 2s. 6d.

—_—_— =

J. B. Smith

PHARMACEUTICAL GUIDE TO THE FIRST AND
SECOND EXAMINATIONS. By JoHN BARKER SMITH, Second
Edition . i . : : : Sl g Crown 8vo, 6s, 6d.

FIRST AND SECOND EXAMINATIONS
LATIN GRAMMAR—FRACTIONS — METRIC SvYSTEM — MATERIA MEDICA — BOTANY
—PHARMACY—CHEMISTRY—PRESCRIFTIONS,

_—

Jokn Steggall

FIRST LINES FOR CHEMISTS AND DRUGGISTS
preparing for Examination at the Pharmaceutical Society. By Joun

STEGGALL, M.D. Third Edition . i ; it : 18mo, 3s. 6d.
CONTENTS
Notes on the British Pharmacopceia, the | Thermometets.
Substances arranged alphabetically. Specific Gravity.
Table of 1'rcparations, containing Opium, | Weights and Measures, :
Antimony, Mercury, and Arsenic. Questions on Pharmaceutical Chemistry
Classification of Plants, and Materia Medica.

e [ et

Peter Squire
COMPANION TO THE BRITISH PHARMACOPCEIA.

With Practical Hints on Prescribing ; including a Tabular Arrangement
of Materia Medica for Students, and a Concise Account of the Principal
Spas of Europe. By PETER SQUIRE, Chemist in Ordinary to the Queen
and the Prince of Wales ; late President of the Pharmaceutical Society.
TatEIHOn ot o bstasnad sy W1, uszsiti] b 08BvD, K05 10d,

By the same Author

PHARMACOP(EIAS OF THE LONDON HOSPITALS.
Third Edition. : : 1 ‘ : 3 Fcap 8vo, bs.

* * Mr. Souire 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
Formule were revised and approved by the medical staff of each of the Hospitals, and
may therefore be taken as an excellent guide to the medical practitioner, both as to dose
and best menstruum in prescribing.
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J. Birkbeck Nevins
THE PRESCRIBER'S ANALYSIS OF THE BRITISH
PHARMACOPEIA. By J. BIRKBECK NEVINS, M.D. Lond., Lecturer on
Materia Medica in the Liverpool Royal Infirmary Medical School. Third
Edition, Revised and Enlarged LAY Lt aeide Royal 32mo, 3s. 6d.

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

—_— T

Jonathan Pereira
SELECTA E PRASCRIPTIS: 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, 55.

—_—

Henry Beasiey

THE POCKET FORMULARY AND SYNOPSIS
OF THE BRITISH AND FOREIGN PHARMACOPEIAS : Compris-
ing Standard and approved Formulze for the Preparations and Compounds
employed in Medical Practice. By HENRY BEASLEY. Ninth Edition.

[18mo, 6s.
By the same Author

THE DRUGGIST'S GENERAL RECEIFT-BOOK:
Comprising a Copious Veterinary Formulary and Table of Veterinary
Materia Medica ; Patent and Proprietary Medicines, Druggists’ Nostrums,
&c. ; Perfumery, Skin Cosmetics, Hair Cosmetics, and Teeth Cosmetics ;
Beverages, Dietetic Articles and Condiments; Trade Chemicals, Mis-
cellaneous Preparations and Compounds used in the Arts, &c. ; with useful
Memoranda and Tables. Seventh Edition . . . 5 18mo, 6s.

Also
THE BOOK OF PRESCRIPTIONS : Containing 3,000 Pre-

scriptions collected from the Practice of the most eminent Physicians and
Surgeons, English and Foreign. Fifth Edition . . Nearly ready.
“Mr. Beasiey'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
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Alfred S. Taylor
POISONS IN RELATION TO MEDICAL JURIS-
PRUDENCE AND MEDICINE. By ALFRED S. TAYLOR, M.D., F.R.S,,
FProfessor of Medical Jurisprudence to Guy’s Hospital. Third Edition, with
IQEENEraeinREE Y L o e ens . Dbl b Crown 8vo, 16s.
i iat
& H. Lescher
AN INTRODUCTION to the ELEMENTS of PHARMACY.
By F. HArRwooD LEscHER. Fifth Edition . 5 8vo. Jn the Press.

Sec. I. MATERIA MeDIcA; II. Borawy; IIL CHEMISTRY ; IV. PHARMACY;
V. PRESCRIPTIONS ; VI. PRACTICAL DISPENSING.

e —

B, 8. Proctor

LECTURES ON PRACTICAT PHARMACY

By BARNARD S. PROCTOR, Lecturer on Pharmacy at the College of Medi-
cine, Newcastle-on-Tyne. With 43 Engravings ; : 8vo, 12s.

CONTENTS

Drying—Comminution— Solution —Crystallisation— Precipitation—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 Baline Preparations, &c., Crystallised, Precipitated, Scaled, or Granulated—
Complex Processes—Dispensing— Reading. Autograph Prescriptions—Pills—Powders,
Ointments, Plasters, Suppositories, &c.—Qualitative Tests of the Pharmacopoeia—Quan-
titative Testing of the Pharmacopeeia—FPharmacy of Special Drugs.

*“ A good specimen of a treatise on Chemistry as applied to a special art.”'—Chemical
News.,
--—-—-—ﬂ—-l

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. ; L ! Sheet, 2s. ; Roller, 5s.

e [

G. C. Wittstein
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 . ’ . ; ; ‘ ; 18mo, 6s.
t 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.”— From the Introduction by Dr. Buchner.

< il
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THE PHARMACEUTICAL JOURNAL AND TRANSAC-

TIONS. Published weekly . . Srry Price 4d.
e

THE YEAR-BOOK OF PHARMACY: Containing the
Proceedings at the Yearly Meeting of the British 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.

[8vo, 1870, '71, '72, 7s. 6d. each ; 1873, '74, '75, 105, each.
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R V. Tuson

A PHARMACOPEIA, INCLUDING THE OUTLINES 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. Second Edition ST A Tt 7s. 6d.

“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

ity
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 8vo, 14s.

¢ As the standard manual of botany its position is undisputed."—Chemist and
Druggist.

=

Robert Bentley and Henvy Trimen
MEDICINAL PLANTS: being Descriptions with Original

Figures of the Principal Plants employed in Medicine, and an Account
of their Properties and Uses. By ROBERT BENTLEY, F.L.5., Professor
of Botany In King’s College, and to the Pharmaceutical Society ; and
Hesry TriMEN, M.B., F.L.S., Lecturer on Botany in St. Mary’s
Hospital Medical School. In about ]36 Monthly Parts, each containing
% Coloured Plates. Parts I. to V. issued since October, 5s. each.

* * A Prospectus and Specimen Plate will be sent on application.
o

. Kolilrawsch

AN INTRODUCTION TO PHYSICAL MEASUREMENTS,

With Appendices on Absolute Electrical Measurement, ete. 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,
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W. B. Carpenter

THE MICROSCOPE AND ITS REVELATIONS. By
W. B. CARPENTER, M.D., F.R.S. Fifth Edition, with more than 500
Engravings . : . 5 - - o Crown 8vo, 155,

*+" The author has aimed to combine within a moderate compass that information in
regar!:'l 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.

_—

J. H. Martin

A MANUAL OF MICROSCOPIC MOUNTING ; with Notes
on the Collection and Examination of Objects. By JoHN H. MARTIN,
author of “ Microscopic Objects,” With upwards of 100 Engravings.

[8vo, 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 dexterity, as far
as illustrations and words render it possible, necessary in their application,

e ] —

THE QUARTERLY JOURNAL OF MICROSCOPICAL
SCIENCE. (Established in 1852.) Edited by Dr. J. F. PAYNE, Assistant-
Physician at St. Thomas’s Hospital ; E. RAY LANKESTER, Professor of
Zoology and Comparative Anatomy in University College, London ; and
W. ARCHER, F.R.S.

Annual Subscription, 20s, ; Single Numbers, 5s.
*.» 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.

— ] —

J. 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 Society of Bengal. Second Edition, with 31 Flates
(28 Coloured). . : . ’ A ] H - . Folio, 74 75.

By the same Author

THE ROYAL TIGER OF BENGAL: His Life and Death,
With Map and Engravings . : ‘ ; . . Crown 8vo, 5s.
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A, Chauveau 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.5,, Veterinary Surgeon,
Royal Engineers ; Author of “ Travels on Horseback in Mantchu Tartary,”
“ Horse-shoes and Horse-shoeing,” “ Animal Plagues,” etc. With 450
Engravings . . i g . 8vo, £1 115, 6d.

t My, 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 Comparative Anatomy of the
Mammalia. . . We have nothing but praise to bestow on the manner in which
Mr, Fleming has performed his work."—Medico- Chirnrgical Review.

— ] —

T. H Huxley

A MANUAL OF THE ANATOMY OF VERTEBRATED
ANIMALS. By Prof. HuxLEy, LL.D,, F.R.S. With numerous Engrav-
ings. . NE RS e P S 3 & [Fcap 8vo, 125,

By the same Author

INTRODUCTION to the CLHSS[F!CHTIDN of ANIMALS.
With Engravings e : v e ow w0 Byo 6

e [
S, Messenger Bradiey

MANUAL OF COMPARATIVE ANATOMY AND
PHYSIOLOGY. By S. MESSENGER BRADLEY, F.R.C.S,, Senior Assistant
Surgeon to the Manchester Royal Infirmary. Third Edition, with 61
Engravings . . : - 5 X s - g Post Bvo, 6s. 6d.

el ] e
W. M, Ord

NOTES ON COMPARATIVE ANATOMY: a Syllabus of

a Course of Lectures delivered at St. Thomas's Hospital. By WiILLIAM
MILLER ORD, M.B. Lond., M.R.C.P., ﬂssistant-Ph}rsiman to the Hospital,
and Lecturer in its Medical School . . . Crown 8vo, 5s.

“ Compact, lucid, and well arranged. ““We hmre one through it carefully, and
These Notes will, if well used, be valuable | we are thoroughly satisfied with the manner
to learners, rlups still more so to®| in which the auilmr has discharged his task."
teachers."—Nature. —Pop. Science Review,

S —
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 ¥ . . Fcap 8vo, 3s.
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John Shea
A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix
of Examination Questions. By JoHN SHEA, M.D., B.A. Lond. With
numerous Engravings . . : Fcap 8vo, gs. 6d.

_a_
VESTIGES of the NATURAL HISTORY OF CREATION.
With 100 Engravings. Eleventh Edition : . Post 8vo, 7s. 6d.

S L—

. J. 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 . . 125 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 epinions
held by different zoologists.

— ] —

Andrew Wilson

PTHE STUDENTS GULDE [OLS @ TSENE V-

A Manual of the Principles of Zoological Science. By ANDREW WILSON,
Author of “Elements of Zoology,” and Lecturer on Zoology, Edinburgh.
With Engravings " i : . : g - . Fcap 8vo, 6s.

¢ Tt is alike lucid and well arranged.” — Med. Times and Gasz.

‘¢ Really a good book, well and clearly written,” —ZEdin, Med, Jour.

¢ A trustworthy guide,”—LZancet, :

“ The illustrations are clear, and the whole work is elegant and compact.” —Med,
Chir. Rev.
— s

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, Formula for Officinal,
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo-
logy of the Terms, and the French and other Synonyms. By ROBLEY

DuNcLIsoN, M.D. New Edition, by RICHARD J. 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.

..
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R. G. Mayne and J. 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

““ We have referred to this work hundreds
of times, and have always obtained the in-
formation we required . Chemical,

Feap 8vo, 105,

Botanical, and Pharmaceutical Terms are
to be found on almost every page.’—
Chemist and Druggist,

——
G. Dawsont

A MANUAL OF PHOTOGRAPHY. By GEORGE
DawsonN, M.A., Ph.D., Lecturer on Photography in King's College, London.

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

. Fcap 8vo, 5s. 6d.

many new methods and materials which
are so frequently being introduced, make it
essential that any book professing to keep
up to the times must be frequently revised,
and Dr. Dawson has in this work presented
the subject in its most advanced position,”
—MNature, May 29, 1873.

Lake P_rffa
A MANUAL OF PHOTOGRAPHIC MANIPULATION,

By LAKE PRICE. Second Edition, with numerous Engravings.
[Crown 8vo, 6s. 6d.

*.* Amongst the Contents are the Practical Treatment of Portraits—Groups in the
Studio —Landscapes—Groups in Open Air—Instantaneous Pictures—Animals—Architec-
ture—Marine Subjects—5till Life—Copying of Pictures, Prints, Drawings, Manuscripts,
Interiors—5Stereoscopy in Microphotography, &c., and Notices of the last Inventions

and Improvements in Lenses, Apparatus, &c.

““ In these days, when nearly every intel-
ligent person can, after a few weeks, master
the manipulatory details of our art-science,
attention to the artistic treatment of sub-
jects is a matter for the serious considera-
tion of the Photographer; and to those who

desire to enter on this path, Mr. LAKE
Price, in the volume before us, proves
himself to be ‘a guide, philosopher, and
friend.’ " —The British Fournal of Photo.
graphy. .

—_—

C. Brooke

THE ELEMENTS OF NATURAL PHILOSOPHY.
CHARLES BROOKE, M.B., M.A, F.R.S.

By
Based on the Work of the late

Dr. GoLDING Birp. Sixth Edition, with 700 Engravings.

s

[Fcap. 8vo, 12s. 6d.

G. F. Rodweil
NO-TFS 0N NATTRATL PHIL OGSO BH ¥ !
Lectures delivered at Guy's Hospital, by G. F. RODWELL, FR.AS,
Science Master in Marlborough College. With 48 Engravings.

“* As an introductory text-book for this
Examination [the Preliminary Scientific
(M.B.) of the University of London)], it is
quite the best one we haveseen . ., The
‘ Notes' chiefly consist of lucid and con-
cise definitions, and everywhere bristle with

[Fcap 8vo, gs.
the derivations of scientific terms, —
Nature,

*“ A well-arranged and carefully-written
condensation of the leading facts and prin-
ciples of the chief elements of Natural
Philosophy." —Chemizal Nizws,
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THE following CATALOGUES issued by Messrs CHURCHILL

will be forwarded post free on application:

1. Messrs Churchill's General List of nearly 600 works on
Medicine, Surgery, Midwifery, Materia Medica, Hygiene,
Anatomy, Physiology, Chemistry, &c., &, with a conplete
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 vecent works published by them on the Arvt and Science
of Medicine.

3. A Selected and Descriptive List of Messrs Churchill's works
on Chemistry, M. ateria Medica, Pharmacy, Botany, Photo-
graphy, The Microscope, and other branches of Science.

4 Messrs Churchill's Red-Letter List, giving the Titles of

Sorthcoming New Works and New Editions.
[Published every October.]

 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 jfrom

L

their House.

[Sent at the commencement of each year to every Medical Praclitioner 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.]
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MEessrs 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,
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them on Terms advantageous to Authors. Many of the Works in this
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