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INTRODUCTION.

CHEMICAL Awarysis is divided into two branches, viz.
Quaritarive Analysis, which has for its object the deter-
mination of the number and nature of the constituents of
substances without reference to their proportions, and
QuanTIiTATIVE Analysis, which seeks to ascertain the
amount of the several constituents present in a substance.
The present volume is restricted to the study of the
former branch.

In its simpler form, qualitative analysis usually has
reference to the examination of salfs, i.e. combinations of
metals and acid radicles, and in such cases the problem
involved is the determination of the particular metals
and acid radicles present in a substance.

In determining the metal or metals present in a given
substance, we submit a portion of the substance to the
action of various reagents. These reagents are applied in
the dry way, e. g., before the blowpipe, or in the wet way,
t.¢e., in the state of solution. The latter method is the
more important. Usually, the phenomenon which we take
advantage of in detecting any substance 1s the formation
of a precipitate, when solutions of certain bodies are
brought together. The formation of a precipitate, of
course, is due to the interaction of the substances in
solution giving rise to the production of a new compound
which is insoluble, or only slightly soluble, in water.

Reagents are divided into group reagents and special
reagents. The former are those which produce a similar
general result with several metals—e. g., Hydrochloric
acid gives a precipitate with either silver, mercury, or lead,
and is therefore the group reagent for those metals. Special
reagents are those which we make use of for confirming
the presence or absence of a certain metal.

vi
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In analysing a substance it is of the utmost importance
that the reagents should be used in a systematic order;
otherwise altogether erroneous results may be obtained.

The metals are usually divided into six* groups,
according to their behaviour with the following reagents.

Group I. comprises those metals whose chlorides are
insoluble in water, and which, therefore, are precipitated
by hydrochloriec acid (or, indeed, by any soluble chloride).
They are Silver, Lead, and Mercury (ous).

Group II. comprises those of the remaining metals whose
sulphides are insoluble in hydrochloric acid, and which,
therefore, are precipitated by sulphuretted hydrogen in
presence of that acid. They are Mercury (ic), Lead,
Bismuth, Copper, Cadmium, Tin, Antimony, and Arsenic.

Group IIL includes those of the remaining metals whose
hydroxides are insoluble in water and in ammonium chloride
solution, and which, therefore, are precipitated by ammonia
in presence of ammonium chloride. They are Iron,
Chromium, and Aluminium.

Group 1IV. consists of those of the remaining metals whose
sulphides are insoluble in water, and which, therefore, are
precipitated by ammonium sulphide in alkaline solutions.
They are Nickel, Cobalt, Manganese, and Zinc.

Group V. includes those of the remaining metals whose
carbonates are insoluble in water and ammonium salts,
and which, therefore, are thrown down by ammonium
carbonate in presence of ammonium chloride. They are.
Barium, Strontium, and Caleium.

Group VI. comprises the remaining metals, for which
there is no general reagent. They are Magnesium, Potas-
sium, Sodium, and Ammonium,

Special notice should be taken of the words ‘ of the
remaining metals,” which appear so often in the above
account. Group IV,, for example, does not consist of all
the metals which are precipitated by ammonium sulphide
in alkaline solutions, but only of those not ineluded in
Groups I, II., and IIL, which are thus precipitated.

* The student must be perfectly familiar with these divisions and .
the group reagents before commencing systematic analysis.
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After each group reagent has been added, the precipi-
tate must be filtered off and the next group reagent added
to the filtrate, which is now free from the metal of the
previous group. If there is no precipitate when a given
group reagent is added, this indicates that no metal of this
group is present. In this case it is of course unnecessary
to filter before adding the next group reagent.

After separating the metals of a mixture into their
respective groups, the next thing is to separate the
members of each group from one another. The method
adopted in each case depends upon the solubility of a
certain compound (e. g., the sulphide) of one or more metals
in a given reagent, the corresponding compound of the
other metal or metals of the group being insoluble.
Tables for the separation of the metalsof each group are
given in Chapter IV, Finally, the presence of each metal
is confirmed by the application of special or confirmatory
tests, which depend upon reactions peculiar to the metal.
These reactions are given in Chapter III.

In case the student is told that only one metal is to be
looked for, the process of analysis is of course much
simplified. All he has to do, after finding to which group
the metal belongs, is to go through the Table for that
group till he finds which metal is present, and then apply
confirmatory tests. The student is strongly advised to
practise analysing a large number of simple salts before
attempting to analyse mixtures. It must be carefully
borne in mind that analysis is founded upon a knowledge
of the properties of the metals and acids, and is really an
application of such chemical knowledge to the question
in hand. The student should, therefore, in all cases
endeavour to clearly understand the chemical changes
which are produced in the various operations of chemical
analysis. To this end he will derive great advantage by
making it a rule to express by means of equations the
various reactions which he performs. These equations
should be written in a note-book at the time the
experiments are being made in the laboratory.

A more complicated case of qualitative analysis presents
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itself when the substance to be examined contains not
only salts but other bodies, such as free elements and
oxides. An account of the processes to be adopted under
these circumstances will be found in Chapter V.

Rules for Qualitative Analysis :—

(1) Use small quantities of the substance to be tested, even if you
have a large stock of it at your disposal ; otherwise reactions will often
be maskef, especially those performed in the dry way. If you have
only a small allowance, treasure it, and always keep some in reserve to
fall back upon.

(2) Work systematically, avoid making random shots, and record
your processes and results in an orderly way.

(3) Do not assume what you think ought to have happened if it
does not; the basis of your expectation may be erroneous, and in
laboratory practice should be confirmed, though it is foolish to follow
up an unsatisfactory result in an examination,

(4) Make a note of seeminf discrepancies of results: you will
probably find the explanation later yourself,

(5) Eeep your test-tubes and vessels scrupulously clean. Wash
them and your platinum wire at the end of your work each day ; try
the wire alone in the flame before using it.

(6) Be exact in carrying out the directions given.

This book has been printed on specially tough paper in
order to adapt it for laboratory use.
i



LIST OF REAGENTS AND APPARATUS

REQUIRED FOR QUALITATIVE ANALYSIS,

Fluid Reagents.
Ix 6-0z STOPPERED BOTTLES.

Concentrated Sulphuric Acid. ' Dilute Sulphurie Acid.
Concentrated Nitric Acid. ' Dilute Nitrie Acid.
Conecentrated Hydrochloriec Acid. .|  Dilute Hydrochloric Acid.

The dilute acids should be made by mizing one part of Hn.e pure
aetd with three parts of waler.

Sulphuretted Hydrogen Water. | Ammoninm Carl onate,
Ammoninm Hydroxide, . Sodium Hydroxide,
Ammonium Chloride, | Sodium Carbonate.
Ammoniam Sulphide. | Barium Chloride.

I‘x 4-0z. SFDPPERFD BoTTLES.

Sodinm Phosphate. . Calcium Sulphate.
Potassium Ferrocyanide. | Ferric Chloride,
Potassium Ferricyanide, |  Lead Acetate.
Potassium Chromate. 3 | Mercuric Chloride,
Ammonium Oxalate. |  Stannous Chloride,

Alcohol.

In 2-0z. SToPPERED BOTTLES.
Platinic Chloride, Silver Nitrate. Cobalt Nitrate,

IN 4-0z. STOPPERED BOTTLES.
* o These reagents are for oceasional wuse as special fests.

Hydrofluosilicie Acid. | Magnesium Sulphate.
Tartaric Acid. | Caleium Chloride.
Starch Paste. ' Ammonium Molybdate.
Potassinm Todide. . Ammonium Sulphate,
Potassinm Nitrate. Chlorine Water.

Carbon Disulphide.
Acetic Acid.
Chloroform.

Potassium Cyanide,
Sodium Acetate.
Baryta Water.
Copper Sulphate,

M —— e
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Dry Reagents.
In 2-0z. WiDE-MOoUTHED CORKED BOTTLES.

Fusion Mixture. Calcium Hydroxide (slaked
Sedium Carbonate. lime).

Borax. Manganese Dioxide.

Potassium Nitrate. Potassium Bichromate.
Potassium Chlorate, Sodium Sulphite,

Starch. Granulated Zine.

Potassium Cyanide, Copper Turnings.

Ferrous Sulphate,

Apparatus.

Wash-bottle (p. 7). Sulphuretted Hydrogen a]ipamtus (p. 14).
(Ferrous Sulphide will be required for this apparatus.)

2 doz. ta,ist-tubes, 6 x & in. 2 boiling tubes, 8 x 1} in. Test-tube
brush.

Test-tube stand to hold twelve at least. Piece of wire gauze.

Piece of platinum foil, 2 in. x 1 in. 3 inches platinum wire.

Black’s blowpipe. 6 bulb-tubes. 3 watch-glasses,

2 porcelain evaporating basins, 2-0z. and 4-oz. 3 funnels, two 2-in.
and one 3-in, Filter papers. Bunsen burner, or 1 spirit lamp,
4-0z.

Pair of brass or iron crucible tongs. Wedgwood ware mortar and
pestle, 4-oz. at least. 4 lb. tubing and rod. Corks, assorted.

Pieces of charcoal for blowpipe work.

Litmus and Turmeric papers.

To meet the requirements of the Inter. Sc. and First Medical
Examinations of London University, Messrs. Crive & Co., W.C.,
supply sets of Chemical Apparatus, suitable for qualitative and
quantitative analysis, at 21s. or 50s. per set; a set of Chemical
Reagents at 38s. ; and a selection of suitable Salts for Qualitative
Analysis at 5s. A detailed list can be had on application. The
apparatus and reagents are only supplied in sets as above, and

cannot be had singly.






QUALITATIVE ANALYSIS.

B

CHAPTER I
INTRODUCTORY EXPERIMENTS.

To bend a piece of glass tubing.—Take a piece of %-inch
soft tubing, and hold it horizontally in the upper part of an
ordinary luminous gas flame, with its length in the plane of
the flame. Turn the tubing slowly round and round so as
to heat it uniformly. When it begins to soften, remove it
from the flame and bend it slowly and carefully to the
required shape. Allow to cool, and t/en remove the coating
of soot from the bend.

To cut narrow glass tubing with a file.—Take a piece of
glass tubing and lay it on a table. Taking hold of it with
the finger and thumb of the left hand near the point where

‘it is to be cut, draw one edge of a sharp triangular file
once across it, from heel to point. The tube can now be
broken by forcibly attempting to bend it away from the fils
scratch, and at the same time trying to pull it apart. The
cut ends must then have their sharp edges rounded by hold-
ing the tube vertically in the Bunsen flame, until the flame
is coloured strongly yellow by the sodium of the glass.

To draw out a piece of glass tubing ; to make a jet.—
Take a short piece of tubing and heat the middle portion in
a small blow-pipe flame, supporting each end of the tube
with the fingers, and continually turning it round so as to
equally heat all sides ; when the tube is quite soft, remove
it from the flame and slowly draw it out. The more slowly
it is drawn out, the more gradually will the tube taper

QL. ANAL, B



2 INTRODUCTORY EXPERIMEXNTS.

towards the centre. Then with a file cut the tube at a
suitable point, round off the cut ends in the flame, and the
jet is ready for use.

To make a Bulb-tube.—Take a piece of %-inch tubing
about 6 inches long, and heat one end in the blowpipe flame
until it is completely closed and rounded off. Before this
rounded end becomes too thick, take it out of the flame,
and holding the tube vertical blow into it steadily, but not
too strongly, until a small bulb is blown at the heated end.

Use of Spatula.—Tt is often necessary to take a small
quantity of some solid substance out of a bottle. For this
purpose the spatula—an instrument very like a small table
knife—is used. A small bone or ivory paper cutter
answers the purpose very well. The blade of a penknife is
sometimes used, but the use of iron or steel is objectionable.
A platinum spatula is the best to use.

To fix a platinum wire in a glass holder.—Take 6 inches
of narrow glass tubing and draw it out a little in the middle.
Cut in two at the middle of the drawn-out part. Into the
narrow cut end insert a piece of platinum wire about 2
inches long ; then hold this end in the flame until the glass
closes round the wire. A piece of glass rod makes a better
holder. Draw the rod out and cut in two as described above.
Then hold the narrow end of the rod in the flame until it is
quite soft, and insert the piece of platinum wire into the
soft end.

The platinum wire thus mounted will be in frequent use
for flame tests, and should be kept dipping in hydrochlorie
acid in a test-tube. This can be done by fitting the holder
with a cork which fits into the mouth of the test-tube.
Kept in this way the wire is always clean.

Flame tests.—(1) Place a small quantity of solid sodium
carbonate, Na,CO,, on a watch-glass. Lift a small portion
of it with the loop of the platinum wire, and hold in the
lower outer part of the Bunsen flame. The flame shows an
intense yellow colour, characteristic of sodium compounds.
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Clean the wire by holding it in the flame until all trace of
the yellow coloration disappears. Then wash it in dilute
HC1 and again heat it.

(2) Take some baryta (or any barium salt) and heat it in
the same way. The flame is of a yellowish-green colour,
but possibly not very intense. Pour a few drops of HCl
into a watch-glass, dip the loop of the wire in it, and take
up with the moistened wire a few particles of the salt. On
now placing the wire in the flame, the yellowish-green
coloration will be much more intense. Now clean the wire
by alternately dipping it in HC1 and heating it in the flame.
For a time the effect of this is merely to increase the in-
tensity of the coloration, but after some time it becomes
fainter, and by using fresh acid once or twice the wire can
be thoroughly cleaned. Barium compounds are the most
difficult to remove from the wire.

(3) Take some strontium nitrate and treat in the way
described above. The flame is coloured an infense crimson ;
moistening with HCl makes the flame more intense. Clean
the wire, wash it and put it away in a corked test tube or
bottle,

Borax bead reactions.—Fused borax possesses the power
of dissolving many metallic oxides and salts with formation
of compounds which often possess distinctive colours, and so
afford valuable tests.

(1) Take a piece of platinum wire fitted with a glass
handle as already described, but without a loop at the end ;
heat in the Bunsen flame, and dip into powdered borax.
Some of the salt will adhere to the wire. Again heat the
wire, when the borax upon it will first “intumesce,” i.e.,
swell up from the escape of its water of crystallization,
and then fuse quietly to a clear, colourless bead. Now
take a small quantity of a manganese compound e.g., MnSO,
or MnO,, and bring it into contact with the bead, and
again heat in the outer part of the Bunsen flame ; a charac-
teristic purple or amethyst colour will be produced. If now
the airholes at the base of the lamp be partially closed, so
a8 to produce a slight luminous appearance in the upper
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central portion of the flame, and the bead be heated in this
flame (* reducing flame ”’), since there is an excess of coal-
gas there, the oxide of manganese, existing as borate in the
bead, will be reduced to a lower state of oxidation, and the
bead will, when cooled (best in the coal-gas at the centre of
the base of the Bunsen flame), be found to be colourless.
Treated in a similar way, Chromium compounds give a
green bead in either flame ; Iron, a reddish-yellow, in the
oxidizing, greenish-yellow in the reducing flame; Cobalt, a
bright blue in either flame, ete., etec. Inall cases only a very
small quantity of the substance to be tested must be used,
otherwise the colour produced is too dark to be recogniz-
able.

The Blowpipe.—To acquire the proper use of the blow-
pipe will necessitate a good deal of practice. A. continuous
blast of air must be kept up ; for this purpose it is necessary
to blow without interfering with the breathing. The secret
of doing so is to use the cheeks to blow with, and to breathe
through the nose. If the cheeks be blown out, it will be
found that the air ecan be forced out of the mouth by con-
traction of the cheeks at the same time as inspiration
is effected through the nose. By long practice this
may be done continuously. When blowing continuously,
however, since the air is forced out of the mouth by the
pressure of the cheeks—not by their contraction—they
must be kept distended. It isnot necessary to blow hard :
a very gentle blast suffices.

To obtain the blowpipe flame, the air-holes at the bottom
of a Bunsen burner are closed so as to give a smoky
luminous flame, and the blast of air from the nozzle of the
blowpipe is then directed across this flame so as to produce
a long straight pointed flame. It is used for observing
the effects of a very high temperature on different sub-
stances, and in some cases to effect their oxidation or
reduction,

To oxidize a substance it is heated in the outer flame—
that is, at the tip of the blowpipe flame. To effect redue-
tion, the inner flame must be used—that is, the substance
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is heated in the centre of the blowpipe flame, which for this
purpose must show a small luminous streak in the centre.

Experiments with the Blowpipe.—(1) Take a piece of
hard charcoal and scrape a small groove near one end.
In this groove place a small quantity of litharge (lead
oxide) and direct on it a reducing flame. In a short time
it will melt, and if the heating be continued long enough
a globule of lead will remain on the charcoal. This is an
example of reduction effected by the reducing-flame and
the charcoal.

(2) Take some potassium nitrate, KNO,, and, having
placed it on charcoal as described in (1), bring the blow-
pipe flame to bear on it. It suddenly flares up, and burns
a portion of the charcoal with it. This is deflagration.

(3) Take weights of powdered sodium carbonate, Na,CO,,
and potassium carbonate, K,CO,, proportionate to their
molecular weights, and mix them thoroughly. This mix-
ture is known as fusion mixture, and should be kept ready
for use. Take a small quantity of litharge (lead oxide),
mix it with three or four times its weight of fusion mixture,
and heat the mixture on charcoal before the blowpipe.
The mass fuses, and in a short time small globules of lead
appear and are readily fused into one large globule. The
use of the fusion mixture is twofold—it prevents the fused
litharge from being absorbed by the charcoal, and the
fusion and reduction are more easily effected than in ex-
periment (1). The fusion mixture here acts as a flux.

Note.—When a substance is to be reduced, it should be
heated on charcoal, with some suitable flux, in the reducing
Aame. If oxidation is to be effected, it should be heated
on the platinum wire, or on a piece of platinum foil in the
oxidizing flame.

(4) Take some zine oxide, Zn0O, mix it carefully with
fusion mixture, and heat on charcoal before the blowpipe.
The oxide is reduced to the metallic state,* and zinc, being

* The student is not to suppose that the zine can be 7solafed in this
way.; it is far too easily oxidizable and the production of the metal is
only a transition slage.
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volatile, burns on passing through the outer flame with a
bluish-green flame, forming the oxide which is deposited
on the charcoal in the form of an incrustation, which is
yellow when hot and white when cold. Now moisten the
mass with a few drops of cobaltous nitrate, and again
heat in the outer flame. The mass now assumes a fice
green colour,

() Take a small quantity of tin oxide, and mix it with
powdered potassium cyanide, KCN ; place the mixture on
charcoal, and cover it over with a little KCN, then heat
before reducing blowpipe flame. The tin oxide is quickly
reduced, and small globules of metallic tin are obtained.
Substances that are not easily reduced by charcoal alone
are readily reduced in the presence of KCN, owing to the
tendency of that compound to take up oxygen or sulphur
to form KCNO or KCNS.

(6) Powder some copper sulphate, and mix it with five
or six times its weight of fusion mixture. Heat the mix-
ture on charcoal before the inner blowpipe flame. The
mass fuses, and the CuS0, is reduced to metallic copper,
which is too infusible to be fused into a globule, and
therefore remains on the charcoal as small reddish particles
or scales which are not easily detected. Allow the mass
to cool, remove it from the charcoal together with the
crust of underlying charcoal, and place the whole in a
small mortar, Powder it very finely, and transfer the
powder to a small beaker. Pour on some water, and stir
the whole for some time ; on standing, the metallic pa-
ticles sink quickly, so that if the water be poured off after
a short time the copper will be found as a powder at the
bottom of the beaker, and may be recognized by the effect
of adding a few drops of nitric acid. Iron compounds
may be similarly dealt with, and the iron particles are
readily detected by means of a magnet.

Sublimation.—(1) Take some ammonium chloride, and
place a small quantity in the bulb of a bulb-tube.
Holding the stem of the tube with a pair of crucible
tongs, heat this substance in the Bunsen flame. It gradu-
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ally disappears from the bulb and condenses as a white
sublimate in the upper part of the tube.

(2) Take some white arsenic, As,O;, and heat in a bulb-
tube. A glittering white sublimate of As,O;in octahedral
erystals is obtained in the upper part of the tube. Mix
some As,O, with KCN and powdered charcoal, and heat
the mixture in a bulb-tube, A brilliant black metallic
mirror of arsenic is obtained in the upper part of the
tube.

To make a Wash-Bottle.—Take a 16-o0z. flask, either of

Fic. 2.

the ordinary round form or, better, of the conica shape;
fit it with a good cork or indiarubber stopper, in which
bore two holes by means of a sharp cork-borer (moistened
with glycerine in the case of the rubber cork), Then fit
two pieces of tubing bent as shown in Figs. 1 and 2,
taking care to round off the ends in the flame, and that
the tube % ends very close to the bottom of the flask;
to the end n of the longer tube fit a piece (about 1} inches)
of narrow (}-inch diam.) indiarubber tubing, carrying at
the other end a short piece (about 1 inch) of glass tubing
drawn out to a jet. The wash-bottle is to be nearly filled
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with distilled water, which can be expelled by blowing
down the tube m, and the fine stream issuing from the jet
can be directed in any desired direction by the flexibility
of the rubber tubing. The wash-bottle is used chiefly for
washing precipitates on filters and as a reservoir of pure
water for general purposes.

To test the solubility of substances.—(1) Take some
Epsom salts, MgSO,, TH,0, and with a spatula place a very
small quantity of it in a dry test-tube. Half fill the test-
tube with water from the wash-bottle, using the jet of
water to wash all traces of the salt down the sides of the
tube. Close the tube with the thumb, and shake up the
solution. It will then be found that all the substance has
dissolved.

(2) Take a small quantity of lead chloride, PbCl,, and
attempt to make a solution of it in the way described
above. It will be found that this salt does not dissolve
readily in cold water. Now hold the test-tube in the
Bunsen flame so as to boil the water. The lead chloride
soon dissolves, and a clear solution is obtained. Allow
this solution to stand and cool—the lead chloride again
crystallizes out,

(3) Take some barium hydroxide and attempt to make a
solution as above. 1t will be found that this substance is
apparently insoluble in both hot and cold water. Take
some red litmus paper and test the solution ; it will be
found to give a strong alkaline reaction, thus showing
that a solution has been obtained, and that barium hydrate
is slightly soluble in water. Also, place a few drops of the
solution on a piece of clean platinum foil and heat over
the Bunsen flame. A small white speck is left on the
foil showing that the solution contained some solid
substance. ; |

(4) Take some pure barium carbonate and treat as above,
It will be found insoluble in water (unless, as is frequently
the case, it contains traces of the hydroxide). Take a fresh
quantity of the substance in a test-tube and pour in some
dilute hydrochloric acid, HCIL. The carbonate rapidly
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dissolves with effervescence, carbonic acid gas, CO,, being
evolved.

Precipitation is the basis of testing in the wet way.
One of Berthollet’s laws of double decomposition may be
enunciated thus :—

“Two substances in solution will always decompose
each other if it be possible, by double decomposition, to
produce another substance less soluble than either of the
original substances.”

This law expresses the principle of testing by precipi-
tation. For example, take a solution of barium chloride
in a test-tube and add to it a small quantity of a solution
of magnesium sulphate, MgSO,. The following double
decomposition is possible :

BaCl, + MgS0, =BaS0, + MgCl,
(soluble)

Now barium sulphate, BaSO,, is quite insoluble in water
and acids, and therefore the reaction takes place and a
white precipitate of BaSO, is produced.

This reaction now furnishes us with a test for the
detection of barium compounds and also for sulphates; for
the test is based on the insolubility of BaSO,, and may
therefore indicate Ba or H,SO,, but has nothing to do with
Mg or HCL. A consideration of the reaction given below
will further explain this :—

Ba(NO,), + Na,SO, =BaS0, + 2 NaNO,,
(Boluhlﬂg

Substances employed in systematic analysis for the
detection of other substances are called reagents.

Solutions of gases or of solids, with other liquids so
employed, are called ‘“wet” reagents; those used in the
solid form, “dry” reagents. Solutions used as wet
reagents should not be too concentrated.

Filtration.— 7o fold « filter paper.—If, as is usually the
case, the precipitate is required as well as the clear liquid,
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an ordinary plain filter answers best. In cases where the
amount of precipitate is only small, and the filtrate is the
portion desired, a ribbed or folded filter should be used,
as the liquid flows through such a paper much more
quickly than through a plain filter.

To fold a plain filter.—Take a circular piece of filtering
paper of the requisite size, and fold it'in half. Then again
fold it in half, so as to form a quadrant. Now open it in
such a way that a cone of paper is formed having one
thickness of paper on one side and three thicknesses on
the other. Take a plain funnel (i.e., not a fluted one)
having an angle of 60° at the apex, and fit the filter paper
carefully into 1it, and moisten the paper with water. The
paper should be in contact with the glass in every part,
and ought in all cases to be small enough to go entirely
into the funnel, and leave a small portion of the glass
uncovered all round its upper edge.

If, as sometimes happens, the angle of the funnel is not
exactly 60° it will be found that the paper will not fit
accurately to the glass. In this case, fold the filter paper
the second time not exactly in half, and open the smaller
or larger side according to whether the angle of the funnel
is less or greater than 60°.

A little care in folding and fitting the paper to
the funnel is well repaid by the greater rapidity with
which the liquid will flow through ; and, since filtration
is the most tedious operation in analytical work, any
means by which it can be facilitated is well worth
attention.

Certain precipitates—e.g., silver chloride—filter easily
and rapidly in the usual way, whilst others—e.g., alu-
minium or ferric hydroxide—filter very slowly by the
ordinary method. In order to increase the rapidity of
filtration in such cases, the following arrangement may be
used :—

The funnel and filtering paper are arranged as already
described, but instead of allowing the filtrate to drop
directly from the funnel into the test-tube or other vessel,
fit to the lower end of the funnel, by means of a short
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length of indiarubber tubing, a piece of narrow glaxs tube
bent round upon itself, near its upper extremity, as
Fig. 3 :—The bend insures that the liquid shall entirely fill,
the tube, and there is therefore formed an unbroken column
of liquid in the lower part of the tube, and this
column by its weight, reduces the pressure on the

lower side of the filter paper, and hence very
areatly increases the rate of filtration. In using

this arrangement it is important that the paper

fits closely to the funnel, otherwise chanuels are Fic. 8.
formed for the admission of air, which, of course,
altogether spoils the action of the long tube in reducing
the pressure below the papsr. The tube should be of as
great a length as the filter-stand will allow, but a length
of a few inches has a remarkable effect in accelerating
filtration, especially of gelatinous precipitates like ferrie
hydroxide, a precipitate which is most tedious to filter by
ordinary means. In making the bend in the tube, it
will be found best to heat the tube at the proper place in
a large flat flame, and, holding each end of the tubein the
fingers, when the portion in the flame becomes quite soft,
to bring the hands near together, at the same time giving
one hand a slight twist. A loop will thus be formed, in a
similar .manner to the forming of a loop in a short piece
of string, if it be held by one hand at each end, and
the hands be then brought nearer together. A little
practice will make this clearer than any amount of
description.

To fold a pleated filter paper.—Take a circular piece of
filtering paper and fold it in half, then again, and again
in half, then open so that its outline is a semicircle ; the
creases produced by the other foldings are merely to serve
as guides. Then, beginning at the straight side (i.e., the
diameter of the circle of which the paper now forms half),
fold the paper from the centre to the circumference as
far as the first crease : then turn the whole paper over,
and fold the folded portion back an equal amount on the
other side; and so on, until the whole paper is folded
into a sector-shaped piece. Press the paper well, so as to
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render the creases distinet, and then open it. A conical,
pleated filter will thus be formed which, when supported
by a funnel, will allow a liquid to flow through with great
rapidity.

Filtration.—Take a solution of barium chloride, BaCl,,
and add a solution of sodium carbonate, Na,CO,, slowly,
and finally drop by drop, until a precipitate is no longer
formed. Fit a filter-paper -into a funnel, and moisten it
with a jet of water from the wash-bottle to make it fit
. closely to the glass. Then support the funnel on a suit-
able stand, and, having placed a test-tube or small beaker
below to receive the filtrate, pour a portion of the contents
of the test-tube gently on to the side of the filter-paper,
taking care not to fill it too full. When this portion has
filtered through, add another portion, and so on until the
whole is filtered. To wash the precipitate on the filter-
paper, direct a jet of water on to it so as to wash it down
into the apex from the upper edge of the paper, fill up
with water, and allow to stand until this water has all
filtered through. Then fill up again several times until
the washings show no alkaline reaction.

Testing the solubility of precipitates.—Take a small
quantity of a solution of silver nitrate, AgNO,, dilute it
with water, and add dilute hydrochloric acid, HCI; a
white curdy precipitate of silver chloride, AgCl, is
obtained. Add a solution of ammonium hydroxide,
NH,OH, in excess, and shake up the mixture: the
precipitate dissolves, showing that AgCl is soluble in
NH,OH. |

This is a conveaient method of procedure applicable in
most ordinary cases, but it is sometimes advisable to
separate the precipitate from the accompanying liquid.
This can be done thoroughly by filtration and washing,
but more readily thus:—Allow the precipitate to subside,
pour off the liquid and fill up with water. Again allow
the precipitate to settle down and pour off the water.
Repeat this once or twice. This method of washing by
decantation 1s applicable only to heavy precipitates.
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Marsh’s Apparatus.—Take a wide-mouthed bottle of about
8 ounces capacity, fit it with a good cork or indiarubber stopper,
in which bore two holes, one for an acid funnel, the other for a
delivery tube ; this
gshould be bent back
horizontally for 3
inches, and then back
upon itself and cut off
gshort ; then fit it by
means of a small cork
to a small calcium
chloride tube in order
to dry the hydrogen.
Connect: the other end
of this tube with a
straight piece of hard
glass tubing turned
up at the end and
drawn out to a jet.
It is quite common,
however, to use an
ordinary form of a
delivery tube drawn
out to a jet. Place

. zine (free from ar-
senic *) in the bottle
and pour upon it pure
gulphurie acid diluted
with about five times its volume of water.

Allow the generation of hydrogen to proceed for a few minutes in
order to expel all air from the apparatus, and then light the jet.

If the materials are pure, the flame will be almost colourless, and
will yield no stain if a piece of porcelain be held in the flame (sce
p- 33). Great care must be taken that the jet is not lighted too
soon ; otherwise serious consequences may result, a mixture of
hydrogen and air being highly explosive.

Sulphuretted Hydrogen.—This is best used in the form
of gas, though a solution in water will suffice if the
apparatus for the manufacture of the gas be not readily
available.

One form of apparatus comsists of two bottles with
necks in the side connected together by a piece of india-

# (Commercial zine contains arsenic ; it would not therefore afford
reliable evidence in testing matter for arsenic (e.g. the contents of
a stomach wheve arsenical poisoning has been suspected).
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rubber tubing. One bottle is partially, about half, filled
with a mixture of fragments of iron sulphide and glass
marbles, the latter being used to allow of the free passage
of a liquid in the interstices between the pieces of
iron sulphide; the other bottle contains dilute hydro-
chloric acid (1 of strong acid to about 2 or 3 of water).

The upper neck of the bottle containing the iron sulphide

ks
i
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is fitted with a cork carrying a tube which is bent at right
angles and fitted either with a piece of indiarubber tubing
and a pinch-cock, or, better, with a glass stop-cock.

‘When in use, the acid bottle is raised on a block and a
piece of straight glass tube is fitted, by means of a short
length of indiarubber tubing, to the delivery tube of the
other bottle, and the flow of the gas governed by the stop-
cock or pinch-cock. When not in use, the position of the
bottles is reversed, when the acid runs away from the iron
sulphide, and all action ceases. This arrangement is
shown in Fig. 5.
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Kipp's Apparatus.—An alternative form of apparatus
which is in very common use is shown in Fig. 6. It con-
sists essentially of three bulbous por-
tions, the lower two of which are in
one piece and open into each other.
The upper bulb terminates below in
a tapering tube which reaches nearly
to the bottom of the lower bulb ; this
tube is ground at D so that it fits
tichtly into the neck of the middle
bulb.

A having been placed in position,
fragments of ferrous sulphide are in-
troduced into B through K of such
size that they will not drop through
into C. The tap M is opened and
dilute hydrochloric acid is poured into
A till C is full and the liquid rises
sufficiently high in B to cover the
ferrous sulphide. The tap is now closed ; the sulphuretted
hydrogen produced soon pushes the acid out of B and up
into A, thus stopping further action.

When the apparatus is to be brought into use the tap is
opened ; acid at once runs out of A and rises in B, thus
coming in contact with the ferrous sulphide.




CHAPTER 1L
REACTIONS OF THE METALS.

GROUP 1.
METALS PRECIPITATED AS (CHLORIDES.

Group-reagent—HCI.

SBILVER, Ag . . . Pp. Silver Chloride, AgCl (white).

LEAD,Pb . . . . ,, Lead Chloride, PbCl,

MERCURY, Hg" . . ,, Mercurous Chloride, Hg.CL, ,,
(Mercurous)

SILVER, Ag.
Solution—Silver Nitrate, AgNO..

1*. The group-reagent, hydrochloric acid, HCI, gives a
vhite curdy precipitate of AgCl, which becomes violet on
exposure to the light: ¢nsoluble in hot water and nitric
acid, soluble in ammonia, and in potassium cyanide with
formation of the compounds AgNH,Cl and KAg(CN),
respectively.

NH,; + AgCl = AgNH,CIL
2 KCN + AgCl = KAg(CN), + KCL

2. Potassium chromate, K,CrO,, gives, in neufral solu-
tions, a dark rea precipitate of silver chromate, Ag,CrO,.
K,CrO, + 2 AgNO, = Ag,CrO, + 2 KNO.,.

The precipitate is readily soluble in mineral acids, except.

* The most important reactions are numbered in thick type,
16
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hydrochloric acid, which converts it into insoluble silver
chloride.

Ag,CrO, + 2 HCl = 2 AgCl + H,CrO,.

3. Potassium cyanide, KCN, gives a white curdy pre
cipitate of silver cyanide, AgCN, very soluble in excess
of KCN with formation of KAg(CN),. .

AgNO, + KCN = AgCN + KNO,.
AwLN + KCN = Kﬂg(ﬁ‘ﬁ)2

- If the solution is rubbed upon a bright piece of copper,

a white stain of silver is produced. This stain does not
disappear on heating.

4. Caustic potash, KOH, or caustic soda, NaOH, gives a
dark brown precipitate of silver oxide, Ag,0.

2 AgNO, + 2 KOH = Ag,0 + H,0 + 2 KNO,.

The precipitate is soluble in ammonia with formation of
AgNHOH,

Ag,0 + 2 NH, + H,0 = 2 AgNH,0H.

Ammonia gives the same precipitate, soluble of course in
excess.

5. Sulphuretted hydrogen, H,S, gives a black precipitate
of silver sulphide, Ag,S, insoluble in dilute acids, except
kot dilute nitric acid.

6. When a silver salt is mixed with sodium carbonate,
Na,CO,, and heated on charcoal before the blowpipe,
brllllant white malleable beads of silver are obtained.
The silver salt is first converted into the carbonate, which
is unstable, and readily breaks up into metallic silver,
CO,, and oxygen.

4 AgCl + 2 Na,CO; = 4 NaCl + 4 Ag + 2 CO, + O,
The beads of silver do not mark paper.

Silver nitrate is the only common soluble salt of silver.
QL- AN-‘H]-JI ﬂ
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LEAD, Pb.
Solution—Lead Nitrate, Pb(NO,),.

1. The group reagent, hydrochloric acid, gives a Zeavy
white crystalline precipitate of lead chlorlda, ]E”b(:}l2 soluble
in hot®water, but crystallizing out on ceoling ; insoluble in
ammonie. No precipitate is formed in dilute solutions,
because lead chloride is slightly soluble in cold water.

2. Potassium chromate, K,CrO,, gives a bright yellow
precipitate of lead chromate, PbCrO,: insoluble in dilute
nitric acid and acetic acid. Caustic soda changes the
colour of the precipitate from yellow to red, the normal
chromate being converted into a basic chroma.te, PbCrO,,

PbO (chrome red).

2 PbCrO, + 2 NaOH = PbCrO,, PhO +
Na,CrO, + H,O.

The red precipitate dissolves in excess of caustic soda,
forming a red solution, [Distinction from Bismuith.]

3. Potassium iodide, KI, gives a golden yellow precipitate
of lead iodide, PbI, : soluble in boiling water, but crystal-
lizing out in brilliant iridescent scales on cooling,

4, Sulphuretted hydrogen produces a black precipitate
of lead sulphide, PbS. If the solution is strongly acid
with HCl, a reddish-brown precipitate is first formed
having the composition PbS, PbCl,. Excess of H,S or
addition of water decomposes this cnmpc}und thus—

PbS, PbOl, + H,S = 3PbS + HCL

Lead sulphide is insoluble in cold dilute acids, but
dissolves readily in hot dilute nitric acid with formation
of lead nitrate, free sulphur and oxides of nitrogen. We
may suppose that the first change which takes place is.

PbS + 2 HNO, = Pb(NO,), + H,S.
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The sulphuretted hydrogen is then oxidized by the excess
of nitric acid.

3 H,S + 2 HNO, = 38 + 4 H,0 + 2 NO.

At the same time a portion of the lead sulphide is
oxidized to lead sulphate. If strong nitric acid is used
the whole of the sulphide is converted into sulphate.

PbS + 8 HNO, = PbSO, + 4 H,0 + 8 NO.:

Lead sulphide is insoluble in alkalies and alkaline
sulphides.

5. Dilute sulphurie acid, H,SO,, gives at once in con-
centrated solutions a whife precipitate of lead sulphate,
PbSO, : precipitation takes place in very dilute solutions
only after a time; the addition of alcohol favours the
precipitation.

The precipitate is soluble in caustic soda and caustic
pntash,i and also in a solution of ammonium acetate +
ammonia.

Lead sulphate also dissolves on long boiling with strong
hydrochlorie acid.

6. Potassium hydroxide, KOH, or sodium hydroxide,
NaOH, gives a white precipitate which at first consists of
a basic lead salt ¢.e, a compound of the normal salt with
the hydroxide, Pb(OH),. As more alkali is added the
basic salt is completely converted into the hydroxide, the
precipitate remaining white,

Excess of alkali redissolves the precipitate with forma-
tion of * potassinm plumbite, K,PbO,,” or * sodium
plumbite, Na,PbO,.” -

2 KOH + 2 Pb(NO,), = Pb(NO,),, Pb(OH), + 2 KNO,.
2 KOH + Pb(NO,),, Pb(OH), = 2 Pb(OH), + 2 KNO,
2 KOH + Pb(OH), = K,PbO, + 2 d 0.

Ammonium hydroxide, NH,OH, behaves in a similar
manner except that the precipitate is insolublein excess.

7. Heat on charcoal with sodium carbonate, N 2,C0,,
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and potassium cyanide, KCN : beads of lead are formed,
which are malleable, and mark paper.

Common soluble salts, Lead nitrate, Pb(INO,),, and lead acetate,
Pb(CsH,0,), (sugar of lead), are readily soluble in cold water. Lead
chloride, I'bCl,, and lead iodide, Pbl, are sparingly soluble in cold
water, but readily soluble in hot water.

MERCURY (mercurous), Hg'.
Solution—Mercurous Nitrate, Hg,(NO,),.

1. The group reagent, hydrochloric acid, gives a white
precipitate of mercurous chloride, Hg,Cl, (calomel):
insoluble in hot water, blackened by ammonia.

The blackening on the addition of ammonia is due to
the separation of metallic mercury, dimercurammonium
chloride, NHg,Cl, being simultaneously formed.

Hg Cl, + 2NH,0H = NH,HgCl 4 Hg + 2H,0 4 NII,CL

When mercurous chloride is boiled with strong hydro-
~hloric acid for a long time, it breaks up into mercury
{which separates as a black precipitate) and wmercuric
chioride (which dissolves).

Hg,Ol, = Hg + HgCl,

If nitric acid is substituted for hydrochloric acid com-
plete solution takes place, a mixture of mercuric chloride
and nitrate being formed. We may suppose that the
mercurous chloride 1s first broken up into mercury and
mercuric chloride, as represented in the above equation,
and that the mercury then dissolves in the nitric acid with
formation of mercuric nitrate.

3Hg + 8 INO,; = 3 Hg(NO,), + 4 II,O + 2 NO.

Aqua regia brings about the solution more readily than
nitric acid alone. The nascent chlorine produced by the
action of the two acids on each other converts the Hg,Cl,
into HeCl,.
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2. Potassium hydroxide, IXOH, or sodium hydroxide.

NaOH, gives a black precipitate of mercurous oxide,
Hg,0.

2 NaOH + Hg,(NO,), = Hg,0 + 2 NaNO, + H,0.

[Distinction from mercuric salts, which give a dark yellow
precipitate of mercuric oxide, HgO. ]

3. Stannous chloride, SnCl,, gives a grey precipitate of
metallic mercury.

SnCl, + Hg,(NO,), = Hg,Cl, + Sn(NOy),.
SnCl, + Hg,Cl, = 2 Hg + SnCl,

[ Distinction firom mercuric salts, see p. 23.]

4. Sulphuretted hydrogen produces a black precipitate
of mercuric sulphide + metallic mercury.

Hg,(NO,), + H,8 = Hg + HgS + 2 HNO,.
Mercurous sulphide, Hg,S, is unknown,

5. When any dry mercurous compound is heated in a
tube with powdered charcoal and Na,CO,, the metal is
reduced and volatilized, and deposited in the cooler parts
of the tube in the form of a mirror made up of minute
metallic globules,

6.* Acidulate a portion of a solution of any mercurous
compound in a tube with nitric acid, and boil with a strip
of pure electrolytic copper. A film of mercury is deposited
on the copper. When dried between blotting-paper and
heated in a tube, the mercury sublimes and the copper
resumes 1ts natural colour.

Mereurous nitrate, Hgy(NO,),, is the only common soluble mer-
curous salt.

¥ Compare Reinsch’s test for arsenic (p. 34).
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GROUP IL

METALS PRECIPITATED AS SULPHIDES,

Group-reagent—H,S in presence of HCL,

DIVISION I

Metals whose Sulphides are Insoluble in Alkaline Sulphides
or Hydrates.

MERCURY, Hg" {mmcurzc] . Pp. Mercuric Sulphide, Hg8 (black),
LEAD.*Ph . . « +  Lead Sulphide, PbS o
BIEHUTH Bi . . . . . . , DismuthSualphide,Bi8;, ,,
COPPER,.Cun . . . . . . ,, Cupric S8ulphide, CuS
CADMIUM, Cd + + + + « 35 Cadmium Sulphide, CdS8(z JEHEJH?}

DIVISION II.
Metals whose Sulphides are Soluble in Alkaline Sulphides or

Hydroxides,
TIN, Bn"” (Stannous) . . . Pp. Stannous Sulphide, 8n8 (dk. brown).
Snl" (Stannic) . . . ,, Stannic Sulphide, SnS. (yellow).
ANTIMONY,Sb . . . . ,, Antimony Sulphide, 8b,8; (orange).
ARSENIC, As. . . . . ,, Arsenic Sulphide, As,S; (yellow).
DIVISION LI

MERCURY, Hg"
Solution—Mercuric Chloride,* HgCL,

1. The group-reagent,i sulphuretted hydrogen, H,S,
added slowly, gives first a white precipitate, which, as more
of the reagent is added, first becomes gellow, then brown,
and finally black. The white precipitate is a double com-
pound of HgS and HgCl, (HgCl,, 2 HgS); the black
precipitate 1s HgS. There is some doubt about the com-
position of the yellow and brown compounds. HgS is
insoluble in acids, but 1is partially converted into

* Lead, as PbCl,, is slightly soluble in cold water, and therefore
occurs in Group II. as well as in Group L.

+ Sulphuretted hydrogen may be used as a solution in water, or the

s itself may be passed into the solution from a suitable apparatus
%s[:aa p. 14) until the precipitation is complete. The latter method,
where practicable, is preferable.
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Hg(NO,),, 2 HgS (which is white) by boiling with strong
HNO,. HgS is also insoluble in ammonium sulphide and
in caustic alkalies.

2. Stannous chloride, SnCl,, gives, with mercuric salts,
a whate precipitate of mercurous chloride, Hg,Cl,, which,
on boiling with excess of the reagent, gives grey metallic
mercury. If the solution be poured off, and the precipitate
boiled with hydrochloric acid, the mercury is obtained in
small globules,

2 Hﬂ'{‘] == SHCI‘}

; Hg,Cl, + SnCl,.
HgECI + SnCl,

2 Hg + SnCl,

3. Potassium iodide, KI, gives a precipitate which is
yellow at first, but rapidly changes to bright scarlet. The
precipitate consists of mercuric iodide, Hgl,.

2 KI + HgCl, = Hgl, + 2 KCL

The two different colours correspond to two different
forms of mercuric iodide. The two forms crystallize in
different shapes. At ordinary temperatures the scarle:
form is more stable than the yellow, but above 126° C.
the reverse is the case.

The precipitate of mercuric iodide is soluble in excess of
either the mercuric salt or potassium iodide.

4. Potassium hydroxide, KOH, or sodium hydroxide,
NaOH, gives in the cold a wellow precipitate of mercuric
oxide, HgO, insoluble in excess.

2 KOH + HgCl, = HgO + H,0 + 2 KCL

In the heat the precipitate obtained is 7ed, but still consists
of HgO. The difference in colour is due to difference in
the size of the particles.

5. Ammonium hydroxide, NH,OH, gives a white pre-
cipitate of mercurammonium chloride, NH,HgCl (énfusible
white precipitate)—

2 NH,OH + HgCl, = NH,HgCl + NH,Cl + 2 H,0.
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6. Repeat reactions 5 and 6 for Hg'. Similar results
will be obtained.

Mercurie chloride, HgCl, (corrosive syplimate) is the most important
soluble mercuric salt. Mercuric nitrafe, Hg(NO;),, is also soluble,
but the salt is unstable, and when in solution tends to form insoluble
basic salts.

LEAD, Pb.

Unless the solution be very dilute, lead is usually detected in Group I.
If not so detected, a h]aci recipitate of leady sulphide, PbS, will
be obtained on addition of l-Igél in Group II., if the solution be not
too aecid, For this reason, if there is a doubtful indication of a
precipitate in Group I., and lead is suspected from preliminary exami-
nation (see Chap. iv.), H,S should be passed through the original
solution if that %s acid, and not through the portion to which HCI
has been added.

[This point is of importance in systematic analysis. On account of
the sli{;Et solubility of PbCl, in cold water, Pb is not completely
precipitated in Group I.; and if the solution be too acid, or too con-
centrated, it is mot precipitated at all in Group II., and therefore
appears in Group III., where it is often mistaken for some other metal. ]

For other reactions of Lead, see Group L.

BISMUTH, Bi

Solution—Bismuth Nitrate, Bi(NO,),, dissolved in
dilute nitric acid.

1. Sulphuretted hydrogen gives a brownish-black preci-
pitate of bismuth sulphide, Bi,S,.

3H,S + 2Bi(NO,), = Bi,8, + 6 HNO,

~ The precipitate is soluble in hot dilute nitric acid, but
insoluble in ammonium sulphide and in caustic alkalies.

2. Water added in large quantity to a solution of
bismuth, to which ammonium chloride, NH,Cl, hasfirst been
added, produces a white precipitate of a basic chloride,
BiOC], which is insoluble in tartaric acid. [Distinction
from the basie chloride of antimony, SbOCI, which is soluble
in tartaric acid. ]

BiCl, + H,0 = BiOCI + 2 HCL.
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3. Potassium chromate, K,CrO,, gives a yellow precipitate
of the basic chromate, Bi,O(CrO,),—

2 K,CrO; + 2 Bi(NO,); + H,0 = Bi,0(CrO,),
+ 4 I{NUE + 2 HNOg

The precipitate is soluble in dilute nitric acid, but insoluble
in sodium hydroxide. [Distinction from lead.]

4, Dilute sulphuric acid, H,S0,, gives no precipitate.
[Distinction from lead.]

5. Caustic potash, KOH, gives a white precipitate of
bismuth hydroxide, Bi(OH),, insoluble in excess—

3 KOH + Bi(NO,), = Bi(OH), + 3 KNO,.
NaOH and NH,OH behave in a similar manner.

6. Add caustic potash to starnous chloride, SnCl,, till the
precipitate of stannous hydroxide first formed redissolves,
forming potassium stannite, K,Sn0O,. Now add a solution
of a bismuth salt. A black precipitate of bismuth dioxide,
Bi,0,, is formed.

2 KOH + SnCl, = Sn(OH), + 2 KCl.
2 KOH + Sn(OH), = K,SnO, + 2 H,0.
K,Sn0O, + 6 KOH + 2 Bi(NO,), = Bi,0, + K,SnO,
+ 6 KNOg + 3 H,0.

7. Mix with sodium carbonate, Na,CO; and heat on
charcoal before the blowpipe in the reducing flame : brittle
metallic beads are obtained, and an orange-yellow incrustation
is formed on the charcoal.

Most of the soluble bismuth salts are decomposed by water, in-
soluble basic salts being formed. Bismuth nitrate, Bi(NO,),, the
commonest salt, dissolves in a small quantity of water, especially if
nitric acid is present. A large quantity of water decomposes the salt,
and basic bismuth nitrate (bismuthyl nitrate or bismuth oxynitrate),
BiONO,, is formed.
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COPPER, Cu.
Solution—Cupric Sulphate, CuSO,.

1., Sulphuretted hydrogen, H,S, gives a black precipitate
of cupric sulphide, CuS—

CuSO, + H,S = CuS + H,SO,.

The precipitate is soluble in hot dilute nitric acid, but
insoluble in hot dilute sulphuric acid. It is slightly soluble
in ammonium sulphide, but insoluble in caustic alkalies.
The moist precipitate rapidly undergoes oxidation to cupric
sulphate in the presence of air.

CuS + 2 0, = CuS0,. ;

If potassium cyanide is present sulphuretted hydrogen
produces no precipitate with a copper salt. This is because
a complex cyanide of potassium and copper, KCu(CN),, is
formed which is not decomposed by H,S. (See below
under 4.)

2. Ammonium hydroxide, NH,OH, when added in small
quantities, produces a greenish-blue precipitate of a basic
salt, CuSO,, Cu(OH),, which is readily dissolved in excess
of the reagent, forming a splendid azure-blue liquid ; this
coloration is easily perceptible, even if the solution contain
only slight traces of copper. The blue solution contains
ammonio-cupric sulphate, CuSO,, (NH,),, H,O.

2 CuSO, + 2 NH,OH = CuS80,, Cu(OH), + (NH,),S0,.
CuSO, + Cu(OH), + 6 NH,OH + (NH,),S0O,
= 2 CuSO,,(NH,),, H,O + 6 H,0.

3. Potassium ferrocyanide, K ,Fe(CN), gives a reddish-
brown precipitate of cupric ferrocyanide, Cu,Fe(CN),, in
neutral or slightly acid solutions, but not in alkaline
-solutions,

K, Fe(CN); + 2 CuSO, = Cu,Fe(CN); + 2 K,80,.
A brownish colour is produced in very dilute solutions of
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copper salts; it is best seen when the reacticn takes
place in a watch-glass placed on a sheet of white paper,
K, Fe(CN), affords one of the most delicate reactions for
copper salts.

4. Potassium cyanide, KCN, gives a greenish-yellou
precipitate of cupric cyanide, Cu(CN),.

2 KON + CuSO0, = Cu(CN), + K,S0,.

The precipitate rapidly loses cyanogen, forming ecuprous
cyanide, Cu,(CN),,

2 Qu(ON), = Cu,(CN), + C,N,.

If excess of potassium cyanide is added the precipitate
redissolves, forming a double cyanide of potassium and

copper, KCu(CN),.
2 KCN + Cu,(CN), = 2 KCu(CN).,.

As stated above, this compound is not decomposed by
sulphuretted hydrogen. The explanation of this is that
the ions of the double cyanide are K and [Cu(CN),], not
K, Cu and (CN), ¢.e., there are no fr&s copper tons (or more
cnrrectly only a very _;‘Iew) Now it is on the presence of
free copper ions that the precipitation of copper by H,S
depends, the sulphur ions of H,S combining with them to
form insoluble CusS.

5. Caustic potash, KOH, or caustic soda, NaOH, gives
a bulky light blue precipitate of cupric hydrate, Cu(OH),.

2 KOH + CuSO, = Cu(OH), + K,S0,.
The precipitate is insoluble in excess. If the mixture is

boiled the precipitate becomes black, the cupric hydroxide
losing part of its water.

3 Cu(0OH), = Cu(0OH),, 2 CuO + 2 H,0.

6. If a piece of bright iron be dipped into a cupric
solution acidulated with HCI, it becomes coated with
copper ; if clean iron filings be boiled in the solution, it
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will lose its blue colour, the copper being wholly displaced
by the iron.
CuS0, + Fe = FeSO, + Cu.

7. Mix with sodium carbonate, Na,CO, and potassium
cyanide, KCN, and heat before the inner blowpipe flame
for some time : red metallic scales of copper are obtained.

Cupric sulphate, CuS0O, (blue vitriol), is the commonest soluble salt
of copper. Cupric nitrate, Cu(NOy)y and cuprie chloride, CuClg, are
also readily soluble.

CADMIUM, Cd.
Solution.—Cadmium Chloride, CdCl,.

1. Sulphuretted hydrogen, H.S, gives a fine wyellow
precipitate of cadmium sulphide, Cds.

CdCl, + H,S = CdS + 2 HCL

The precipitate is soluble in dilute sulphuric acid. [Distine-
tion from copper.] The presence of much HCI prevents its
formation. It is not soluble in ammonium sulphide or in
caustic alkalies.

2. Potassium hydroxide, KOH, or sodium hydroxide,
NaOH, gives a whife precipitate of cadmium hydroxide,
Cd(OH).,. '

2 KOH + CdCl, = Cd(OH), + 2 KCL
The precipitate is insoluble in excess.

3. Ammonium hydroxide, NH,OH, gives the same
precipitate, soluble in eacess,

4, Potassium cyanide, KCN, gives a white precipitate of
cadmium cyanide, Cd(CN),. The precipitate is soluble in
excess forming KCd(CN),.

9 KCN + €dCl, = 2 KCI + Cd(ON),.
2 KCN + Cd(CN), = K,Cd(CN),
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H,S precipitates cadmium sulphide from this solution,
whilst copper sulphide is not precipitated under similar con-
ditions. The explanation is that K,Cd(CN), ionizes partly
into K and [Cd(CN),] and partly into K, Cd and (CN), i.e.,
there are some free cadmium ions in solution, and th.se
with the sulphur ions of the H.S form cadmium sulphide.

5. Mix with sodium carbonate, Na,CO, and heat on
charcoal before the inner blowpipe flame: a &rown
tnerustation of cadmium oxide, CdO, is obtained. (Z%is
experiment must be carefully performed, for if heated too
strongly the oxide is completely wvolatilized.)

Cadmium chloride, CdCl,, cadmium sulphate, CdSO,, and cadmium
nitrate, Cd(NO;),, are common easily soluble salts of cadmium,

DIVISION IIL
TIN (Stannous), Sn”,
Solution—Stannous Chloride, SnCL,.

1. Sulphuretted hydrogen, H,S, gives a chocolate-coloured
precipitate of stannous sulphide, SnS.

SnCl, + H,S = SnS + 2 HCL

This precipitate is insoluble in colourless ammonium
sulphide but dissolves in yellow ammonium sulphide (which
contains sulphur in solution) with formation of ammonium
thiostannate, (NH,), SnS,.

SnS + (NH,),S + 8 = (NH,), SuS,.
Yellow smmonium
gul-hide

Addition of acid precipitates stannic sulphide, SuS,, not
stannous sulphide, from this solution,

(NH,),SuS; + 2 HCL = SuS, + 2 NH,Cl + H,S,
Stannous sulphide is soluble in NaOH with a pinch of
Na,0, as oxidising agent, a mixture of sodium stannate
and thiostannate being formed.

3 SnS + 3 Na,0, = 2 Na,Sn03 4+ Na,SnS,.
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If an acid is added stannic sulphide is precipitated.

Na,Sn0; + 2 Na,SnS, + 6 HCl = 6 NaCl + 8 SnS,
+ 3'H,0.

Stannous sulphide is insoluble in ammonium earbonate,
It dissolvesin hot strong hydrochlorie acid, forming stannous
chloride.

2. Mercuric chloride, HgCl,, produces first a white pre-
cipitate of Hg,Cl,, which, when boiled with excess of the
solution, becomes of a greyish-black colour owing to 1ts
reduction to metallic mercury. (For equations see p. 23.)

3. Caustic potash, KOH, and caustic soda, NaOH, give a
white precipitate having the composition Sn0O, Sn(OH),.
The preclpltate is soluble in excess, forming potassium or
sodium stannite.

9 $nCl, + 4 KOH = 800, Sn(0H), + 4 KO + H,0.
SnO, Sn(OH), + 4 KOH = 2 K,$n0, + 3 H,0.

Ammonia produces a similar precipitate but it is insoluble
in excess.

4, Add a strip of zine to a solution acidulated with
HCIl: it becomes coated with a spongy mass of metallic
tin. Platinum-foil, in contact with'the strip of zine, does
not become blackened. [Distinction jfrom copper and anti-

mony. |

5. Mix with sodium carbonate, Na,CO,, and potassium
cyanide, KCN, and heat on charcoal before the blowpipe:
malleable beads of tin and a white incrustation on charcoal
are obtained.

——

SnCl,, 2 H,0 is the only common soluble stannous salt.
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TIN (Stannic), Sn'",
Solution—Stannic Chloride, SnCl..
1. Sulphuretted hydrogen, H,S, gives a dull yellow pre-
cipitate of stannic sulphide, SnS,.
SnCl, + 2 H,S = SnS, + 4 HCL

The precipitate is soluble in eolourless ammonium sulphide
(and, of course, in yeilow ammonium sulphide), forming
ammonium sulphostannate, (NH,),SnS,,.

SnS, + (NH,),S = (NH,),SnS,.

The precipitate also dissolves in caustic alkalies, forming
a stannate and a sulphostannate.

3 SnS, + 6 NaOH = 2 Na,Sn0, + Na,SnS; + 3 H,0.

SnS, is insoluble in ammonium carbonate. It dissolves
in hot strong hydrochlorie acid, forming stannic chloride,
SnCl,.

SnS, + 4 HCl = SnCl, + 2 H,S.

2. Caustic potash, KOH, gives a white precipitate of
stannie acid, H,SnO,,

4 KOH + SnCl, = H,8n0, + 4 EC1 + H,0.

The precipitate is soluble in excess forming potassium
stannate.
H.,Sn0O, + 2 KOH = K,SnO, + 2 H,0.
NaOH and NH,OH behave in a similar manner,
Stannic acid is soluble in HCl and HNO,.

3. Mercuric chloride, HgCl,, gives no precipitate.
[ Distinction jfrom stannous saﬂts.]s

4. Reaction 4 for stannous compounds applies also to
stannie compounds.

SnCl, is the only common soluble stannic salt,
Sodium stannate, Na,Sn0,, is also common,
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ARSENIC,* As,

Solution—Arsenious Oxide, As,0, dissolved in dilute
HC1 (which contains Arsenious Acid, H,As0,).

T Sulphuretted hydrogen, H.S, gives (in acid solutions)
a lemon yellow precipitate of arsenious sulphide, As,S,.
3 H,S + 2 H;AsO, = As,S; + 6 H,0.

The precipitate is soluble in ammonium sulphide, forming
ammonium arsenite, (NH,);AsS;, and in caustic alkalies
forming a mixture of arsenite and thioarsenite.

As,S, + 3 (NH,).S = 2 (NH,),AsS,.
15

As,S; + 6 KOH = K As0, + K AsS; + 3 H,0.
Potassinm Potassinm
arsenite thicarsenite

It is also readily soluble in a concentrated solution of
ammonium carbonate again forming a mixture of arsenite
and thioarsenite.

As,S; + 3 (NH,),CO, = (NH,),As0, + (NH,),AsS,

Ammonium Ammonium
arsenite thioarsenite
4
+ 3 CO.,.

2. Add cupric sulphate, CuSO,, and then sodium hydrox-
ide, NaOH, drop by drop, till in excess (to render the
solution alkaline): a fine green precipitate of arsenite of
copper (CuHAsO,) is obtained.

H,As0,+ CuSO, + 2 NaOH = CuHAsO, + Na, SO, + 2 L0

3. Marsh’'s Test. —Hydrogen is generated from zine f and dilute
sulphurie acid, both free from amenie, in the apparatus deseribed on
p. 13, and the jet lit as soon as all the air in the apparatus is dis-

Em——

* Arsenic, when present as an arsenate, that is, as Asy, is only
premplt«&tml as As,S; by passing the gas through the solution for some
time. In this form arsenic will be detected as an acid (see page 72).

T As already stated on p. 13 ordinary commercial zinc contains
arsenic and is therefore useless for this test; special arsenic free
from zine must be employed.
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placed by hydrogen. A small quantity of the solution is then
poured down the acid funnel into the bottle. In a short time
arseniuretted hydrogen, AsHj, is produced and escapes, mixed with
a large proportion of hydrogen. The escaping gas now burns with
a bluish flame, and fumes of arsenious oxide, As,0, are evolved.
If a cold porcelain dish be held in the flame, a bright black stain of
metallic arsenic is produced on the dish. k

This stain is readily dissolved by a drop of sodium hypochlorite,
NaOCl. [Distinction from antimony. ]

2 As + 5 NaOCl + 4 NaOH = 2 Na,HAs0, + 5 NaCl
+ H,0.

Further, the stain is practically insoluble in hydrochloric acid,
whereas that produced E‘y antimony compounds under similar cir-
cumstances is soluble.

If, while the gas is still escaping, the delivery tube be heated by
the flame of a Bunsen burner or spirit lamp, at a point a short
distance from the jet, a black rin%e\’vill be produced on the tube just
beyond the flame. If the tube be now cut off at this point, and
held in a slanting position over a flame so that the ring is gently
heated, a sublimate of octahedral crystals will be formed at the jet
end of the tube.

If the tube, with the sublimate, be dropped into a test-tube con-
taining dilute hydrochloric acid, the arsenious oxide dissolves and a
zolution is obtained from which sulphuretted hydrogen will precipi-
tate arsenious sulphide, as in Test 1.

4. Hoffmann’s Test. *—By the aid of the apparatus employed for
the previous test, generate arseniuretted hydrogen, AsH, ; but,
instead of burning the gas, pass it by means of a piece of bent tub-
ing into a testptuﬁe containing a solution of silver nitrate. A black
precipitate of metallic silver is produced, whilst nitric and arsenious
acids remain in solution.

AsH, + 6 AgNO, + 3 H,O = 6 Ag 4+ H;AsO; + 6 HNO,,

When the gas has been passing for some minutes, filter the liquid in
the tube, add some more silver nitrate and then a few drops of
solution of ammonia for the purpose of neutralising the nitric acid.
A yellow precipitate of Ag;AsO; is obtained.

H,AsO; + 6 HNO, + 3 AgNO, + 9 NH,0H = Ag,AsO,
'+' 9 NI’IJLT{ju + BHE{:L

* The same objection applies to this test as to Test 3, namely
that ordinary zinc contains arsenic.

QL. ANAL. D
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5. Fleitmann’s Test.—Boil a piece of aluminium foil
with a solution of caustic soda: hydrogen is given
off. Add a few drops of a solution of As,O4; the escap-
ing gas now contains AsH,, which is recognised by its
blackening a piece of filter-paper previously moistened
with Aﬂ'NO and held over the mouth of the
test-tube. "ﬂas.ﬁmctwn Sfrom antimony, the compounds

of which are not reduced in alkaline solutions to
SbhH,. | :

6. Reinsch’s Test.—The solution is mixed with HCI,
and boiled with a clean piece of copper-foil. A grey film
is deposited on the copper. The capper-foil, having been
washed and dried, is then heated in a narrow open tube
where the arsenic oxidizes, and arsenious anhydride, As,O,,

is deposited in the cool part of the tube in octahedral
crystals.

7. Mix with sodium carbonate, Na,CO,, and powdered
charcoal, and heat in a small bulb-tube: a black lustrous
metallic ring will be produced in the cool part of the tube.
This ring, when treated as in Test 3, gives exactly the
same results,

Arsenious oxide, As,Og, slightly soluble in water, but readily soluble
in dilute HC], is the only common arsenic compound.

ANTIMONY, Sb.

Solution—Antimonious Chloride, SbCl,, dissolved in
dilute HCL.

1. Sulphuretted hydrogen, H,S, gives (in acid solutions)
an orange-red precipitate of antimonious sulphide, Sh,S,.

3 H,S + 2 SbCl,=Sb,S, + 6 HCL

The precipitate is soluble in ammonium sulphide, forming
ammonium thioantimonite, (NH,),SbS,.

3 (NH,),S + Sb,8; =2 (NH,),SbS,.
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1t isalso soluble in caustic alkalies, forming an antimonite
and a thioantimonite—

6 KOH + Sb,S, = K,Sb0, + K,SbS, + 3 H,0.

Potassium  Potassium
antimonite thicantimonite

Tt is insoluble in ammonium carbonate, but dissolves in
boiling strong HCI.

Sb,S,+ 6 HCl=2 SbCl, +3 H,S.

2. Water produces a white milkiness due to the pre-
cipitate of antimony oxychloride, SbOCl—

8bCl, + H,0 =SbOCI +2 HCL

The precipitate is easily soluble in tartaric acid [Dis-
tinction from bismuth], forming antimonyl tartrate, (SbO),
C,H,O,

SbOCl + C,H,0,=(8h0),C,H,0, + 2 HCL

3. If a piece of platinum-foil and then a strip of zinec be
dropped into a solution of antimony acidulated with HCI,
so that the metals touch one another, a brown or black
film (metallic antimony) will coat the platinum : free nitric
acid must, however, not be present,.

4, Marsh’s Test.*—Apply this test as described for arsenic. On
the introduction of the antimony solution to the apparatus, anti-
moniuretted hydrogen is produced, and the flame becomes bluish-
green in colour. A black stain is produced by this flame on cold
poreelain, just as in the case of arsenic ; but the stain is less lustrous,
and 18 insoluble in sodium hypochlorite, NaOCL

5. Hoffmann's Test.*—Apply this test as for arsenic. A black
precipitate is obtained in the solution of silver nitrate: this con-
tains antimony as SbAg;, whilst nitric acid remains in solution.

* The objection to these tests referred to under Arsenic applies
here as well of course.
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Filter. Digest the precipitate with tartaric acid. The antimony
dissolves with formation of antimonyl tartrate, leaving the silver.
Filter and pass H,8 through the filtrate. An orange precipitate of
Sb,S, is formed.

6. Mix with sodium carbonate, Na,CO,, and potassium
cyanide, KCN, and heat on charcoal before the inner blow-
pipe flame: brittle beads of antimony are produced which
give off white fumes of antimonious oxide, Sb,0,.

Tartar emetie, potassium antimonyl tartrate, K(SbO)C,H,O,, and
antimonous chloride, 8bCly (butter of antimony), are the comumonest
antimony compounds. The former is readily soluble in water. The
latter dissolves readily in a small quantity of water or in dilute HCI ;
a large quantity of water precipitates SbOCI,

GROUP III.

MEerALs PRECIPITATED AS Hyproxipes By NH,OH 1x THE
PRESENCE OF ExcEss or NH,CI,

Group-reagent—NH,Cl and NH,0H.*
IRON, Fe"' (Ferric). Pp. Ferric Hydroxide, Fe(0H); (reddish-brown).

[IroN, Fe" (Ferrous). Ferrous salts are not completely preecipi-
tated by ammonia in the presence of NH,Cl; hence, before testing for
iron in this group, a few drops of nitric acid must be added and the
solution boiled in order to convert any ferrous salt present into a ferric
salt, If iron is found, the original solution must then be tested to
discover whether it was initially present as a ferrous or ferric salt.]

CHROMIUM, Cr. Pp. Chromiec Hydroxide, Cr(0H), (dark green),
ALUMINIUM, Al. ,, Aluminium Hydrate, Al{0H)s (white).
IRON (Ferric), Fe™.
Solution—Ferric Chloride, FeCl,.

1. Ammonium hydroxide, NH,OH, gives a reddish-brown
precipitate of ferric hydroxide, Fe(HO),.

3 NH,OH + FeCl, = Fe(OH), + 3 NH,CI.
* When NH,C] and NH,OH are koth to be added to a solution, the

NH,CI should be added first, because it is often udded to prevent the
precipitation of hydroxides by the NH,OH.
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The precipitate is insoluble in NH,Cl. KOH and NaOH
give a similar precipitate.

2. Potassium ferrocyanide, K, ,Fe(CN),, gives a dark blue
precipitate of Prussian blue, Fe4(“Fe(cN o

3 K, [Fe(CN),]+4 FeCl,=Fe,” [Fe"(CN),],+ 12 KCL

3. Potassinm ferricyanide, K,Fe(CN),, gives no precipi-

tate, but a deep green (very dilute solutions) or brown
coloration.

4. Potassium thiocyanate, KSCN, gives the solution a
blood-red colour on account of the formation of Fe(SCN)s;.

3 KSCN + FeCl; = Fe(SCN); + 3 KCL.
The colour of the solution is readily destroyed by a solution
of mercuric chloride, HgCl,.
5. Ammonium sulphide, (NH,),S, gives a black precipi-
tate of ferrous sulphide, FeS, mixed with sulphur.,

3 (NH,),S+2 FeCly=2 FeS +S +6 NH,CL

Ferric chloride, FeCl,, and iron alum, K,Fey(S0,),, 24H,0, are the
commonest soluble salts of iron (Fe'").

IRON (Ferrous), Fe".
Solution—Ferrous Sulphate, FeS0,.

1. Ammonium hydroxide, NH,OH [also KOH and
Na(OH)], gives a light-coloured precipitate of ferrous hydr-
oxile, Fe(OH),, which rapidly turns dirty green, and more
slowly reddish-brown, by reason of theabsorption of oxygen,
and formation of ferric hydroxide.

2 NH,OH + FeSO, = (NH,),S0, + Fe(OH),.
4 Fe(OH) + O, 2 H,0 = L Fe(OH),.

Complete precipitation of ferrous hydroxide by NHHO
is prevented by the presence of ammonium salts.
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2. Potassium ferrocyanide, K ,Fe(CN),, gives a bluish-
white precipitate which speedily turns blue by absorption
of oxygen. v

If air is entirely excluded and the ferrous salt is quite

free from ferric salt the precipitate is quite white and
consists of K,Fe"[Fe”(CN),].

JFa"(CN)ﬁ] + FeSO, = K,Fe'[Fe”(ON)] + K,SO,.

Under ordinary conditions air is always present and so
the precipitate is bluish,

3. Fotassium ferricyanide, K ,Fe(CN),, gives a dark blue
precipitate of Fe,"[Fe”CN);], {.’E wrnbull’s blue). |[Distinc-
tion from ferric salts.]

2 K [Fe(CN),] + 3 FeSO, = Fe,"[Fe"(CN),]; + 3 K,SO,

4. Potassium thiocyanate, 'KSCN, produces neither a
precipitate nor change of colour when the solution is free
from a ferric salt.

5. Ammonium sulphide, (NH,),S, gives a black precipi-
tate of ferrous sulphide, FeS.

(NH,),S + FeSO, = FeS + (NH,),SO0,.

Ferrous sulph ate, FeSO, (frl een. vitriol), is the common soluble B&H’-
of iron, Fe”. Ferrous ammonium sulphate, Feg"(NH,),(S0,), is a
mmmun double salt soluble in water,

CHROMIUM, Cr.
Solution—Chromic Chloride, CrCl,.

1. Ammonium hydroxide, NH,OH, gives a dull green
precipitate of chromic hydromde Cr(OH),, with most
chromium salts,

CrCl, + 3 HH@H = Cr(OH), + 3 NH,CI,

The precipitate is partially soluble in excess, forming
a pinkish solution which contains ammonium chromite,
(NH,),Cr,0,

6 Cx(OH), + 6 NH,OH = § (NH,),Cr,0, + 12 H,0.
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When the liquid is boiled the Cr(OH), is completely
precipitated, the chromite being decomyposed thus—

(NH,),Cr,0, + 2 H,0 = 2 NH, + 2 Cr(OH),.

2, Potassium hydroxide, KOH, and sodium hydroxide,
NaOH, give the same precipitate soluble in excess of the
alkali, and forming a green solution,

6 KOH + 6 Cr(OH), = 3 K,Cr,0, + 12 H,O.
Potassium chromite

If the solution is boiled with ammonium chloride the
chromite 1s decomposed, and chromium hydroxide is re-
precipitated '

K,Cr,0, + 2 NH,CI + 2 H,0 = 2 Cr(OH), + 2 NH,
+ 2 KCIL

Cautious addition of hydrochloric acid also brings about
the reprecipitation of the hydroxide; excess of acid re-
dissolves it, forming the chloride.

K,Cr,0, + 2 HOl + 2 H,0 = 2 Cr(OH), + 2 KCL.

3. Chromic compounds may be recognized by converting
the chromic oxide into chromic acid. This can be done in
several ways :—

(1) By gently warming chromium hydroxide suspended
in water with sodium peroxide, Na,O,.

2 Cr(OH)g + 3Na,0, = 2 Na,CrO, + 2NaOH + 2 H,0,
Sodium chromate

(ii) By boiling a solution of CrCl, with NaOH, and
sodium hypochlorite, NaOCIl, or with bromine water and
caustic soda (7.e.,, NaOBr),

Cr(OH), + 3 NaOCl + 4 NaOH
= 2 Na,CrO, + 3 NaCl + 5 H,O.

(iii) By fusion with alkaline carbonates and nitre.
Chromium compounds, when mixed with fusion mixture
and nitre, and fused on platinum-foil, give a yellow mass
of potussium and sodium chromate,

In each case the chromate can be tested for by acidifying
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with acetic acid and then adding lead acetate when a yellow
precipitate of lead chromate, PbCrO,, is formed.

K,CrO, + Pb(C,H,0,), = PbCrO, + 2 KC,H,0,.

4. Chromium compounds give an emerald green borax
bead, both in the inner and outer flame.

Chromous chloride, CrCl,, and chromic chloride, CrClg, are the
most important compounds in which chromium oceccurs as a base,
Chrome alum, K,Cry(S0,),, 24 H,0, is a common soluble double salt.
The chromates contain chromium as chromie acid.

ALUMINIUM, AL
Solution—Alum, K,Al,(S0,),, 24 H,0.

1. Ammonium hydroxide, NH,OH, gives a white trans-
parent gelatinous precipitate of aluminium hydroxide,
Al(OH),.

K,AL(SO,), + 3 NH,0H = 2 Al(OH),'+ K,S0,

+ 3 (NH,),S0,.
If a large excess of cold ammonia is added the precipitate
redissolves, but on boiling the solution, complete repre-
cipitation takes place. The presence of ammonium chloride,

however, prevents the solution of the hydroxide in cold
ammonia.

2. Potassium hydroxide, KOH, or sodium hydroxide,
NaOH, also precipitates the hydroxide. The precipitate is
readily soluble in excess, forming an aluminate.

NaOH + Al(OH); = NaAlO, 4+ 2 H,0.
Sodium aluminate

Txcess of ammonium chloride causes reprecipitation of

the hydroxide.

NaAlO. NH,C1 2 H,O = Al(OH). + NH,OH
o + NH,CL + 2 (OH); 4+ o

Boiling renders the reprecipitation complete.
The cautious addition of an acid also brings about
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this reprecipitation, but if excess of acid is added the
hydroxide redissolves (unless the acid is a very weak
one e.g., carbonic acid). Thus in the case of hydrochlorie
acid we have

NaAlO, + HOl 4+ H,0 = Al(OH); + NaCl.
Al(OH), + 8 HCl = AICL, + 3 H,0.

3. Disodium hydrogen phosphate, Na,HPO,, gives a
white bulky precipitate of aluminium phosphate, AIPO,,
insoluble in NH,OH and NH,CI

2 Na,HPO, + K,AlL,(SO,), = 2 AIPO, + K,S0, + 2 NaHSO,
+ Na,SO,.

4. Heat on charcoal before the blowpipe: a white mass
is obtained which is highly luminous while hot. Allow to
200l, moisten with cobaltous nitrate, and heat again in the
inner flame: a fine blue mass is obtained. [Distinction
from zine.]

The commonest substance containing aluminium is common (potash)
alum, which is a soluble double sulphate of potassium and aluminium,
Ko AlLy(S0O,),, 24H,0. Ammonium-alum, (NH)AL(SO), 24H0, is
another common alum,

GROUP 1V.

METALS PRECIPITATED AS SULPHIDES BY AMMONIUM SULPHIDE,
(NH,),S, 1xy preEsENcE oFr NH,OH axp NH,CL

Group-reagent—NH,Cl, NH,0H, and (NH,),8.
NICEEL, Ni . . . Pp. Nickel Sulphide, NiS (black).
COBALT, Co . . . ,, Cobalt Sulphide, Co8 (black).
MANGANESE, Mn . ,, Manganese Sulphide, MnS8 (buf).
ZINC,Zn . . . . ,, Zinc Sulphide, Zn8 (white).

NICKEL, Ni.
Solution—Nickel Sulphate, NiSO,.

[Note that the colour of the solution is green. All aqueous
solutions of mickel salts are of a greenish colour.]

1. Ammonium sulphide, (NH,),S, gives a black precipitate
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of nickel sulphide, NiS : slightly soluble in excess if yellow
ammonium sulphide is used, producing a dark brown liquid.

(NH,),S + NiSO, = Ni§ + (NH,),80,.

The precipitate is insoluble in acetic acid and practically
go in dilute HCL. It dissolves slowly in hot concentrated
HC], rapidly in HCI + a crystal of KCIO,, and in aqua
regia. If acetic acid is added to the black liquid referred
to above the dissolved nickel sulphide is reprecipitated.

2. Potassium hydroxide, KOH, or sodinm hydroxide,
NaOH, gives an apple-green precipitate of Ni(OH),.

2 KOH + NiSO, = Ni(OH), + K,S0,.

The precipitate is insoluble in excess,

3. Ammonium hydroxide, NH,OH, produces in neutral
golution the same precipitate which. however, dissolves in
excess of the reagent to a blue liquid, containing the com-
pound NiSO,,4 NH,. The precipitate is not formed in the
presence of NH Ci or other amrmonium salts. On this
account there 1s no precipitate when ammonium hjrdmx:nde
is added to an acid solution of a nickel salt ; an ammonium
salt is formed and prevents the Precipitatinn.

4. Potassium cyanide, KCN, gives a yellowish-green
prempltat-e of mickel cyanide, Nl(CI\)E soluble in excess,
giving a brownish-yellow solution, containing a double
cyanide of nickel and potassium, K,Ni(CN),.

2 KCN + NiSO, = Ni(CN), + K,SO,.
2 KON + Ni(CN), = K,Ni(ON),.

The solution undergoes no change when boiled in air.
On adding caustic soda and bromine (z.e, NaOBr)* o

* When bromine is added to caustic soda in the cold sodium
hypobromite, NaOBr, is formed :

2 NaOH + Br, = NaBr + NaOBr + H,0.
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sodium hypochlorite (NaOCl) and warming gently, a black
precipitate of Niy(OH), is obtained.

2 EENi(CH)i 4+ NaOBr 4+ NaOH 4+ HEO = NiE(OH)E
+ 4 KCN + 4 NaCN +4 NaBr.

5. Potassium nitrite + acetic acid gives no precipitate.
[Distinction from cobalt.)

6. Heated on a borax bead, in the outer flame, compounds
of nickel yield an intensely coloured bead, which appears
hyacinth-red to wiolet-brown when /hot, and wyellowish to
sherry-red when cold, according to the quantity of nickel
present.

Nickel sulphate, NiSO,, nickel chloride, NiCl,, and nickel nitrate,
Ni(NO,),, are the commonest soluble nickel salts. They are all of a
green colour and more or less deliquescent.

COBALT, Co.
Solation—Cobalt Nitrate, Co(NO,),.

[Note that the colour of the solution is a pale red. All
aqueous solutions of cobalt salts are of a reddish colowr.]

1. Ammonium sulphide, (NH,),S, gives a black pre-
cipitate of cobalt sulphide, CoS, insoluble in excess.

(NH,),S + Co(NO,), = 2 NH,NO, + CoS.

The precipitate is insoluble in acetic acid and practically
so in dilute hydrochloric acid, but dissolves slowly in the
hot strong acid. It is readily soluble in HCl + a crystal
of KCIO,, and in aqua regia.

2. Potassium hydroxide, KOH, or sodium hydrate, NaOH,
gives a precipitate of a blue basic salt, which on exposure to
the air becomes olive-green,owing to the absorption of oxygen.
When heated, a rose-red cobaltous hydroxide, Co(OH),, is
obtained, which contains usually a small quantity of dark
brown cobaltic hydroxide, Co,(OH);. The precipitate is
dissolved by ammonium carbonate to an intensely violet-red
fluid.
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3. Ammonium hydroxide, NH,OH, gives in neutral
solution a bluish-green precipitate of a basic salt readily
soluble in excess. The precipitate is not formed in the
presence of ammonium salts (e.g., ammonium chloride) and
so when ammonium hydroxide is added to an aeid solution
of a cobalt salt, no precipitate is formed (¢f. the similar
behaviour of nickel, p. 42).

4. Potassium cyanide, KCN, produces a reddish-brown
precipitate of cobaltous cyanide, Co(CN),, which is redis-
solved in excess of KCN, forming potassium cobaltous
cyanide, K,Co(CN),.

2 KON + Co(NO,), = Co(CN), + 2 KNO,.
4 KCN + Co(ON), = K,Co(CN),.

When this solution is boiled it absorbs oxygen from
the air and is converted into potassium cobalticyanide,
K4Co(CN),.

4 K,Co(CN), + O, + 2 H,0 = 4 K,Co(CN), + 4 KOH.

The oxidation takes place more rapidly if a trace of free
acid is present, so that a few drops of acetic acid should be
added before boiling. If now this solution is allowed to
cool and then gently warmed with caustic soda and bromine
(NaOBr) or with sodium hypochlorite (NaOCl) no precipitate
is formed, as these reagents do not decompose potassium
cnbaltm}ramde at a gentle heat. [Distinction from nickel.]

5. Potassium nitrite in the presence of free acetic acid
gives a yellow precipitate of potassium cobaltinitrite,
K,Co(NO,),. [Distinction from nickel.)

Co(NO,), + 7 KNO, + 2 G,H,0, = K,Co(NO,
+ 2 KNO, + 2 KC,H,0, + H,0

o,

6. The borax bead is coloured &#lue in the outer and inner
flame by cobalt compounds.

Cobaltons sulphate, CoSO,, cobaltous nitrate, Co(NO,),, and
cobaltous chloride, CoCl;, are the micst important of the soluble
cobalt salts.
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MANGANESE, Mn.
Solution—Manganous Sulphate, MnS0,.

1. Ammonium sulphide, (NH,).S, gives a fesh-coloured
recipitate of manganese sulphide, MnS, [Distinction from

Ni, Co, and Zn.]
MnSO, + (NH,),S = MnS + (NH,),S0,.

The precipitate is readily soluble in dilute mineral acids,
and is even soluble in acetic acid. [Distinction from Ni,

Co, and Zn.]
MnS + 2 HC,H 0, = H,S + Mn(C,H,0,),.

2. Sodium hydroxide, NaOH, or potassium hydroxide,
KOH, gives a white precipitate of manganous hydrate,
Mn(OH),, insoluble in excess. The precipitate speedily
absorbs oxygen from the air, and turns dark brown with
the formation of the hydrated manganic oxide, Mn,O,, H,0O,
which is insoluble in NH,Cl.

2 NaOH + MnSO, = Mn(OH), + Na,SO,.
4 Mn(OH), + O, = 2 Mn,0,, H,O + 2 H,O.

3. Ammonium hydroxide, NH,OH, produces the same
precipitate, except when ammonium salts arc present,
when the precipitation is prevented.

[On adding NH,Cl and NH,OH to a solution of a
manganese salt, a soluble double chloride of ammonium and
manganese, 2 NH,CIl, MnCl,, is formed. Onexposure to air,
this solution is gradually oxidized, and the manganese
precipitated as Mn,O,, H,O. For this reason manganese
may be precipitated in Group IIL, but the precipitation does
not take place until after exposure to the air for some {ime.
Ferric hydroxide is precipitated immediately.]

4, Fuse a very small quantity of a manganese salt with
fusion mixture and a little potassium nitrate, KNOg, on a
piece of platinum-foil. A deep green mass remains. This
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mass is a mixture of potassium and sodium manganates,
K,MnO, and Na,MnO,.

If the mixture is treated with a small quantity of water
it forms a deep green solution of the manganates. IExcess
of water causes the colour of the solution to change to pale
pink, the manganates being converted partly into perman-
ganates (KMnO,, NaMnO,), and partly into hydrated
manganic oxide, Mn,0,, H,O.

8 K,MnO, + 6 H,0 = 6 KMnO, + Mn,0,, H,0
+ 10 KOH.

The permanganates cause the pink colour; the Mn,O,,
H,O falls as a brown precipitate. The conversion of
manganates Into permanganates is also readily brought
about by the action of an acid (even carbonic acid).

8 K,MnO, + 5 CO, + H,0 = 6 KMnO, + Mn,0,, H,0
+ 5 K,C
8 K,MnO, + 5 H,S0, = 6 KMnO, + Mn,0,, H,0
+ b K80, + 4 H,0.

5. In the outer flame the borax bead is coloured
amethyst when cold. In the inner flame the bead becomes
nearly colourless,

The most important salts of manganese are manganous sulphate,
MnSQ,, and manganous chloride, MnCl,, Of these the sulphate is
the more commonly met with., The manganic salts are wvery
unstable,

ZINC, Zn,
Solution—Zinc Sulphate, ZnS0,.

1. Ammonium sulphide, (NH,),S, gives a white pre-
cipitate of zinc sulphide, ZnS,

ZnS0, + (NH,),S = ZnS + (NH,),S0,.

The precipitate is soluble in dilute mineral acids but not
in acetic acid. [Distinction from Mn.]
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2. Potassium hydroxide, KOH, or sodium hydroxide,
NaOH, gives a white gelatinous precipitate of zine
hydroxide, Zn(OH),, soluble in excess forming potassium
zincate, K,Zn0,, or sodium zincate, Na,ZnO,.

2 KOH + ZnS0, = Zn(OH), + K,SO,.
Zn(0H), + 2 KOH = K,Zn0, + 2 H,0.

The precipitation is incomplete in the presence of NH,CI,
the zinc being converted into the double salt, 2 NH,CI,

Zn(Cl,, which 1s not completely decomposed by caustic
alkalies,

ZnS0, + 4 NH,Cl = 2 NH,C], ZnCl, + (NH,),SO,

This behaviour is quite different from that of aluminium,
for it will be remembered that NH,Cl reprecipitates
aluminium hydroxide from a solution of sodium aluminate

(see p. 40).

3. Ammonium hydroxide, NH,OH, produces the same
precipitate, soluble in excess forming ammonium zincate,
(NH,),Zn0,. In the presence of NH,Cl, however, no
precipitate is formed, the double salt NH,Cl, ZnCl, not
being decomposed by ammonia.

« 4, Potassium ferrocyanide, K,Fe(CN),, gives a while
precipitate of Zn,Fe(CN),.

K Fe(CN); + 2 Zn80, = Zn,Fe(CN), + 2 K,S0,,
The precipitate is insoluble in dilute acids.

5. Heat some of the dry salt on charcoal : a mass of
zine oxide, ZnO, remains, which is yellow when hot, and
white when cold. Allow to cool, moisten with a drop of
cobaltous nitrate, Co(NO,),, and again heat., The mass
now becomes green.

The more commonly occurring zine salts are the sulphate (white
vitriol), ZnS0, 7 HgO, the chloride, ZnCl; and the acetate,
Zn(CgH404);
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GROUP V.

METALS PRECIPITATED AS (CARBONATES BY AmMoNIUM CAR-
BONATE, (NH,),CO,, 1x THE PRESENCE oF NH,Cl AND
NH,OH.

Group-reagent—NH,Cl, NH,0H, (NH,),CO,.

BARIUM, Ba . . . Pp. Barium Carbonate, BaCO, (white).
STRONTIUM, Sr.. . ,, Strontium Carbonate, SrC0; ,,
CALCIUM,Ca . . . ,, Calcium Carbonate, CaCO, <

BARIUM, Ba.
Solution—Barium Chloride, BaCl,.

1. Ammonium carbonate, (NH,),CO;, gives a white pre-
cipitate of barium carbonate.

(NH,),CO, + BaCl, = BaCO, + 2 NH,CL

2. Dilute sulphuric acid, H,SO, and all soluble sul-
phates, give immediately a heavy white granular precipi-
tate of barium sulphate, BaSO,, even from very dilute
solutions of barium salts.

H,S0, + BaCl, = BaSO, + 2 HCL

The precipitate is insoluble in acids except hot strong sul-
phuric acid, which slowly converts it into the acid sulphate,
BaH,(S0,), ; it is also insoluble in alkalies and in ammon-
ium sulphate.

Solutions of strontium or calcium sulphate—two sulphates which
_are but slightly soluble in water—constitute the most delicate test
for barium.

3. Potassium chromate, K,CrO,, gives a lemon-yellow
precipitate of barium chmmate, Ba.Cl(J : soluble in nitric
and hydrochloric acids, but inmlubla in acetic acid.
[ Distinction from strontium and calcium salts. See pp.49, 50.]

K,0rO, + BaCl, = BaCrO, + 2 KCL

4. Hydrofluosilicic acid, H,SiF,, produces a colourless
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crystalline precipitate of barium silicofluoride, BaSiFy,
[ Distinction of barium from strontium and calcium salts,
which give no precipitate.]

H,SiF, + BaCl, = BaSiF, + 2 HCL

The precipitate subsides quickly, especially when an equal
bulk of aleohol is added. This is because the precipitate
is insoluble in alcohol whereas it is slightly soluble in
water. It is also slightly soluble in dilute acids.

5. Ammonium oxalate, (NH,),C,0,, gives a white pre-
cipitate of barium oxalate, BaC,0,, sparingly soluble in
acetic acid, readily in HCI.

(NH,),C,0, + BaCl, = BaC,0, + 2 NH,CL
6. Barium compounds, when heated in the lower part

of a Bunsen flame, colour the upper part of the flame
yellowish-green.

Barium chloride, BaCl,, and barium nitrate, Ba(NO;),, are the
commonest soluble salts of barium.

STRONTIUM, Sr.
Solution—Strontium Chloride, SrCl,.

1. Ammonium Carbonate, (NH,)CO,, gives a white pre-
cipitate of strontium carbonate, SrCO,.

(NH,),CO4 + SrCl, = $rCO, + 2 NH,CL.

2. Dilute sulphuric acid, H,SO,, and all soluble sul-
phates, produce a while precipitate of strontium sulphate,
SrS0,.

H,80, + SrCl, = SrSO, + 2 HCL

~In dilute solutions the precipitate only appears after
~ some time, more especially when calcium sulphate is used
as the precipitant : heat favours the precipitation.

3. Potassium chronate, K,CrO,, gives no precipitate
QL. ANAL, L
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unless the solution is strong, when a yellow precipitate of
strontium chromate, SrCrQ,, is formed.
K,CrO, + SrCl, = SrCrO, + 2 KCL
The precipitate is soluble in acetic acid. [C/. barium, p.48.]
4. Hydrofluosilicie acid, H,SiF; gives no precipitate.
[ Distinction from barium.)

5. Strontium compounds colour the flame an inlense
CrUmson.

Strontium nitrate, 8r(INO,),, and chloride, SrCl,, are the commonest
soluble compounds of strontium.

CALCIUM, Ca.
Solution—Calcium Chloride, CaCl,

1. Ammonium ecarbonate, (NH,),CO,, gives a white pre-
cipitate of calcium carbonate, CaCO,.

(NH,),C0, + CaCl, = CaCO, + 2 NH,CL

2. Ammonium oxalate, (NH,),C,0,, gives a white powdery
precipitate of calecium oxalate, CaC,0,, even in largely
diluted solutions.

(NH,),C,0, + CaCl, = CaC,0, + 2 NH,CL

The precipitate is insoluble in acetic and oxalic acids,
but is readily soluble in nitric and hydrochloric acids.

3. Dilute sulphuric acid or soluble sulphates give, from
concentrated solutions, a white precipitate of calcium
sulphate, CaSO,, which is slightly soluble in water.

H,S0, + CaCl, = CaSO, + 2HCL

4, Potassium chromate, K,CrO,, gives no precipitate.
[ Distinction from barium.]

5. Hydrofiuosiliciec acid, H,SiF,, gives no precipitate.
[ Distinction from barium. ]
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6. Calcium compounds colour the flame a yellowish-red.

The chloride and sulphate are the compounds of calcium most
commonly met with.

GROUP VI

No Group-reagent.
MAGNESIUM, Mg. ‘SODIUM, Na.
POTASSIUM, K. AMMONIUM, NH,.

MAGNESIUM, Mg.
Solution—Magnesium Sulphate, M350,

1. Ammonia, NH,OH, gives a white precipitate of mag-
nesium hydroxide, Mg(OH),.

2 NH,0H + MgS0, = Mg(OH), +(NH,), SO,.

In the presence ¢f NH,Cl no precipitate is formed because
of the formation of the soluble double chloride of ammonium
and magnesium, 2 NH,Cl, MgCl,. This compound is not
decomposed by ammonia.

If ammonia is added to magnesium chloride only half the
magnesium is precipitated as the hydroxide ; the other half
is converted into the double chloride.

2 NHOH + 2 MgCl, = 2 NH,CL MgCl, + Mg(OH),.

[The double chloride formed in the presence of NH,Cl is not pre-
cipitated by (NH,),CO;z: hence magnesium is not precipitated in
Group V., provided a sufficient quantity of NH,CI be present.]

2. Caustic potash, KOH, precipitates the hydroxide,
Mg(OH),, unless ammonium chloride is present. NaOH,
Ba(OH), and Ca(OH), give the same precipitate.

3. Disodium hydrogen phosphate, Na,HPO, in the
presence of NH,OH and NH,CI, gives a white crystalline
precipitate of ammonium magnesium phosphate, MgINH, PO,

MgSO, + Na,HPO, + 2 NH,Cl + NH,0H
= MgNH,PO, +(NH,),S0, +2 NaCl + H,O.
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The separation from a dilute solution of a salt of mag
nesium is promoted by heating gently and stirring with a
glass rod. Very dilute solutions give a precipitate only
after standing some hours in a warm place.

4, Heat strongly before the blowpipe on charcoal:
moisten the residue with cobaltous nitrate, and again heat :
a pale pink mass will be obtained. [Distinction from zinc
and aluminium. |

Magnesium aul})hate, MgSO,, and magnesium chloride, MgCl,, are
the commonest soluble magnesium compounds.

POTASSIUM, K.
Solution —Potassinm Chloride, KCl.

1. Place a few drops of the solution on a watch-glass,
and add to it two or three drops of chloroplatinic acid,
H,PtCl;, and then a few drops of alcohol. If the solution
is concentrated, a dense yellow crystalline precipitate of the
chloroplatinate, K,PtCl;, is at once formed.

2 KCl + H,PtCl, = K,PtCl, + 2 HOL

If the solution be dilute, the precipitate is obtained only
after some time.

Its formation can be hastened by rubbing the bottom of
the watch-glass with a glass rod. The precipitate forms
along the lines where the rod comes in contact with the
watch-glass. In very dilute solutions no precipitate is
obtained.

Note.—Potassium iodide behaves abnormally. It givesa
brown coloration owing to the liberation of iodine, but no
precipitate, if only sufficient H,PtCl; is present to oxidise
the KI. (If more than this is present 1t will react with
the KCI, produced as shown in the above equation, and a
precipitate will be formed.)

2 KI 4 H,PtCl; = 2 KC1 + PtClL, + I, 4+ 2 HCL
The solution should be boiled for a few minutes with the
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addition of nitric acid so as to expel the iodine. The
addition of HyPtCl; will then produce a precipitate of
K, PtCl,.

2. Sodium hydrogen tartrate or tartaric acid gives in
concentrated neutral or slightly acid solutions a white cry-
stalline precipitate of acid potassium tartrate, KHC,H,O,
(cream of tartar).

KCl + NaHCH,0, = KHC,H,0, + NaCL
Shaking or stirring favours the precipitation.

3. Place a few drops of the solution on a watch-glass and
add some sodium cobaltinitrite, Na;Co(NO,),. Stirup with
a glass rod. A yellow precipitate of potassium cobalti-
nitrite, K,Co(NO,), forms along the lines where the rod
touches the glass.

3 KCl + Na,Co(NO,); = K,Co(NO,); + 3 NaClL

4. Potassium compounds colour the flame violet. Owing
to the presence of traces of sodium in all potassium salts,
this flame test is not always distinet. By looking at the
flame through a piece of blue cobalt glass the potassium
flame can be distinguished in the presence of sodium, but
this method is not very reliable, and, unless the potassium
flame is very distinct, its presence will need careful con-
firmation in the wet way.

The nitrate, chloride, bromide, iodide, carbonate, and sulphate are
the most common potassium compounds,

SODIUM, Na.
Solution—Sodium Chloride, NaCl.
1. Chloroplatinic acid, H,PtCl;, sodium hydrogen tar-
trate, and tartaric acid give no precipitate.

2. Potassium pyroantimonate, K,H,Sb,0,, gives a white
crystalline precipitate of sodium pyroantimonate, Na,H,
Sb,05, from concentrated neutral or alkaline solutions.

K,H,8b,0, + 2 NaCl = Na,H,8b,0; + 2 KCL
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3. Sodium compounds colour the flame an intense golden-
yellow.

N.B.—This test is the most reliable for sodium, but it
must be remembered that traces of sodium are always
present, so that a faint yellow coloration of the flame
may in general be neglected. When sodium is present in
quantity, the colour is characteristic and very intense.

To make more certain, stand with your back to the
light and look at the back of the hand illuminated by the
sodium light. If sodium is present in quantity the hand
will appear blackish grey.

All sodium compounds are soluble in water, the most common
being the chloride, sulphate, nitrate, carbonate, and phosphate.

AMMONIUM, NH,.
Solution—Ammonium Chloride, NH,Ci.

1. Chloroplatinic acid, H,PtCl,, produces in concentrated:
neutral or acid solutions a dense yellow precipitate of the

chloroplatinate, (NH,),PtCl,.
2 NH,Cl 4+ H,PtCl, = (NH,), PtCl; + 2 HCL

The experiment should be carried out as in the corre-
sponding case of potassium (p. 52).

2. Ammonium salts behave like potassium salts with
sodium hydrogen tartrate and sodium cobaltinitrite.

3. Add caustic soda, NaOH, or caustic potash, KOH,
and heat gently. Ammonia, NH,, is given off, and is
readily recognised by smell, action on litmus paper, and
by fuming when a glass rod dipped in HCI 1s brought
near it.

NaOH 4 NH,Cl = NaCl 4+ NH; 4+ H,0.

4. Heat some dry ammonium chloride in a test-tube: a
white sublimate is formed in the upper part of the tube.
All ammonium salts are either volatilized or decomposed
by heat.
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5. Nessler’s solution (potassic mercuric iodide, Hgl,,2KI + NaOH)
gives a brown precipitate of NHg,I, H,O, or a yellowish-broun
coloration, according to the amount of ammonia present.

2 Hgl,, 2 KI + 4 NaOH + NH,Cl = NHgI.H,0 + 3 H,0 +
4T SNAL o Mall. .

This reaction is too delicate for the analysis of ordinary salts,
and should only be used for detecting traces of ammonia.

The most common salts of ammonium are the chloride, carbonate,
gulphate, bromide, and nitrate,



CHAPTER IIL

REACTIONS OF THE ACIDS.

SULPHURIC ACID, H,SO,.
Solution—Potassium Sulphate, X,80,.

1. Barium chloride, BaCl,, gives a heavy white powdery
precipitate of barium sulphate, BaSO,, insoluble in HCI
(See p. 48.)

2. Lead acetate, Pb(C,H,0,),, gives a keavy while pre-
cipitate of lead sulphate, PbSO,. (See p. 19.)

SULPHUROUS ACID, H,S0,
Solution—Sodium Sulphite, Na,S0,.

1. Add HCIl, and, if necessary, heat: the smell of
burning sulphur is perceptible, SO, being evolved without
the precipitation of sulphur. [ Distinction from thiosulphates.]

Na,80; + 2 HCl =2 NaCl+ H,0+ 80,

2. To some pieces of granulated zinc in a test-tube add
a little hydrochloric acid till a brisk effervescence takes
place ; then pour in some of the liquid to be tested, and
hold a piece of filter-paper moistened with lead acetate
in the escaping gas. Any sulphite present will be
reduced by the hydrogeun and converted into sulphuretted

56
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hydrogen, H,S, which will stain the paper black with lead
sulphide,

H,S0, + 6 H=H,8 + 3 H,0.
H.S + Pb(C,H,0,), = PbS + 2 HC,H,0,.

3. Barium chloride, BaCl,, gives a white precipitate of
BaS0,, soluble in HCI,

BaCl, + Na,S0,=BaS0,+ 2 NaCl.

Most sulphites contain small quantities of sulphate
(from oxidation) and hence the precipitate with BaCl, is
usually not completely soluble in HCI.

4. Silver nitrate, AgNO,, gives a white precipitate of
silver sulphite, Ag,SO,.
2 AgNO, + Na,80, = Ag,80, + 2 NaNO,.
If the mixture is heated the precipitate becomes bluck,
metallic silver being formed.

5. Lead acetate, Pb(C,H,0,),, gives a whife precipitate
of lead sulphite, P"bSOB Which remains unchanged on
heating. [Dustinction from thiosulphates.]

Pb(C,H,0,), + Na,80, = PbSO, + 2 NaC,H,0,.

THIOSULPHURIC ACID, H.S,0..
Solution—Sodium Thiosulphate, Na,S,0,.

1, Hydrochlorie acid or dilute sulphuric acid gives, on
warming, a smell of SO,, and a whitish-yellow precipitate
of sulphur.

Na,§,0, + 2 HCl =2 NaCl+ H,0 +80, +8.

2. Silver nitrate, AgNO,, added gradually, in excess,
gives, after some time, a while precipitate of silver thio-
sulphate, Ag,S,0,.

2 AgNOg+ Na,8,0,=Ag,S,0, + 2 NaNO,.
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The precipitate slowly decomposes, becoming yellowish-
brown and then black, forming silver sulphide, Ag,S,
thus—

AgS,0,+H,0=Ag,S+H,SO0,.

3. Lead acetate, Pb(C,H,0,),, gives a white precipitate
of lead thiosulphate, PbS,0,, which becomes black on
boiling, the thiosulphate being converted into sulphide.
[Distinction from sulphites. )

Pb(C,H,0,), + Na,S,0, =PbS,0, + 2 NaC,H,0,.
* "PbS,0, + H,0 = PbS + H,80,.

HYDROSULPHURIC ACID, H,S.
Solution—Ammonium Sulphide, (NH,),S

1, Heat with HCI : sulphuretted hydrogen gas is given
off, which is known by its characteristic odour and the
black stain it produces on paper moistened with lead
acetate ; and most soluble sulphides, since they contain
persulphides, give a white precipitate of sulphur,

2. Lead acetate gives a black precipitate of lead sulphide,
PbS.

3. Soluble cadmium salts give a fine yellow precipitate of
cadmium sulphide, CdS.

4, Heat a dry sulphide in a piece of glass tubing held
obliquely over a flame: in general, sulphur dioxide gas,
which may be recognized by its odour, is given off,

Tests 2 and 3 are applicable to the detection of H,S as an agueous
solution or as a soluble sulphide.

Note.—All salts of sulphur acids may be detected thus :—
Fuse with Na,CO; on charcoal in the inner blowpipe
flame. The sulphur is converted into sodium sulphide.
Thus suppose calcium sulphite, CaSO, is the salt used.
This is first reduced to caleium sulphide, CaS, by the char-
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coal, and then sodium sulphide is formed by double decom-
position with the sodium carbonate.

CaS0,+3 C=CaS +3 CO.
CaS + N: a,C0g =CaCO, + Na,S.

Place the mass on a bright silver coin, and moisten it.
A black stain will be produced on the silver, due to the
formation of silver sulphide, Ag,S.

2-Ag+Na,S +H,0=Ag,S+2 NaOH.
If the mass be acidified, H,S is given off.
NagS + 2 HCl = H,S + 2 NaCL

HYDROCHLORIC ACID, HCL
Solution—Sodium Chloride, NaCl.

1. Silver nitrate, AgNOs, gives a whife curdy precipitate
of silver chloride, AgCl: insoluble in strong boiling nitric
acid (silver cyanide dissolves) : soluble in dil. ammonia.

2. Mix with manganese dioxide, MnO,, and conc. H,S0,,
and heat : chlorine gas is given oﬂf and may be rac.ogmzed
by its colour, odour, and bleaeh:ng action on moist litmus,

MnO, + 3 H,80, + 2 NaCl = MnS0, + 2 NaHSO, + Cl,
+2 H,0.

Note.—Since common MnO, frequently contains chlorine
(as chloride), a blank test should always be made, 7.e., some
of the MnO, should be heated with H,SO, to see whether
any chlorine is evolved. If this is the case the sample
must be rejected. The best manganese dioxide to use is
““needle” or native “ manganese.”

8. Strong sulphuric acid, when added to a strong
solution of a chloride or to the dry salt, produces acid
fumes of HCI, seen more dlstmctlv by blowi 'ing over the

mouth of the tube.
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CHLORIC ACID, HCIO0,,
Solution—Potassium Chlorate, KC10,.

1. Heat a small quantity of the dry salt in a test-tube :
fusion first takes place, then oxygen is evolved and may be
detected by means of a glowing splinter. When action
ceases a residue of potassium chloride, KCl, remains.
Dissolve this residue in water, and test for HOI by Tests
1, 2, and 3, above.

2. On adding strong H,SO, to a few small crystals of
KClO; in a test-tube, the mixture turns yellow, and a
yellowish gas, chlorine peroxide, ClO,, is evolved. On
gently heating, a series of detonations occur.

3 KCIO, + 2 H,80,=2 Cl0, + KCIO,+2 KHSO,+H,O0.
3. Strong HCI produces a yellow coloration, and a

yellow gas is evolved consisting of a mixture of chlorine
and chlorine peroxide (called euckiorine).

Enchfurina

4. On charcoal potassium chlorate deflagrates like a
nitrate, but more violently.

Note.—Most chlorates are soluble in water ; hence the
absence of wet tests, which are based on precipitations.

HYPOCHLOROUS ACID, HCIO.

The hypochlorites are all soluble in water, and are found
only in combination or mixture with the chlorides of the
same metal. Bleaching powder, Ca(OCI)Cl, is the most
familiar example of such a compound. When dissolved in
water it breaks up into a mixture of calcium chloride and
calcium hypochlorite.

2 Ca(OCI)Cl = Ca(OCl), + CaOl,
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Hypochlorites are distinguished by their powerful bleach-
ing action in the presence of acids,

1. Shake up some bleaching powder with water, and
filter off ; then add to the filtrate dilute sulphuric acid,
H,S0,; chlorine is evolved, and may be recognized by
colour, odour, and bleaching action.

CaCly+ Ca(OCl),+ 2 H,80,= 2 CaS0, +2 H,0 +2 Cl,.

HYDROBROMIC ACID, HBr,
Solution—Potassium Bromide, KBr.

1. Silver nitrate, AgNO,, gives a yellowish-white pre-
cipitate of silver bromide, AgBr.

AgNO, + KBr = AgBr + KNO,

The precipitate is insoluble in dilute nitric acid and almost
insoluble in dilute ammonia, but dissolves in strong
ammonia, [Distinetion from HCL.]

2. Add chlorine water to the solution ; the liquid becores
yellow from free bromine.

Cl, + 2KBr = 2KCl + Br,

Shake up with some carbon disulphide, CS,, which does not
mix with the solution, but dissolves out the bromine, and
an orange-coloured solution of bromine in CS, sinks to the
bottom,

3. Mix with MnO, and H,SO,, and heat: bromine
vapour of a reddish-brown colour is evolved, which colours
paper moistened with starch gellow. [Distinction from
todine.]

MnO, + 3 H,SO, + 2 KBr = MnSO, + 2 KHSO,
+ 2H,0 + Dr,
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HYDRIODIC. ACID, HI.
Solution—Potassium Iodide, KI.

1. Silver nitrate, AgNO,, gives a yellow precipitate of
silver iodide, Agl.

AgNO; + KI = Agl + KNO,,

The precipitate is insoluble in nitric acid and in dilute
ammonia, and is only slightly soluble in strong ammonia,
by which, however, it is turned white.

2. Mercuric chloride, HgCl,, gives a yellow precipitate,
changing to scarlet, of mercuric iodide, Hgl,: soluble in
excess of HgCl, or of KI. (See p. 23.)

3. Add a few drops of chlorine water; the solution
becomes brown from liberation of iodine.

2KI + C, = 2KCl + L.

Shake up with a little CS,: a fine violet-coloured solution
of iodine in C3, sinks to the bottom. [If too much chlorine
water s used, colourless 1Clg is formed.)

4. Mix with manganese dioxide and sulphuric acid and
heat in a long test-tube: wviolet-coloured iodine vapour is
given off, which condenses in the cool part of the tube in
grey-coloured crystals, and turns paper moistened with
starch paste blue.

MnO, + 3 H,80, + 2 KI = MnSO, + 2 KHSO, + 2 H.0
+ L.

5. A mixture of copper sulphate, CuSO,, and ferrous
sulphate, FeSO,, solutions gives a white precipitate of
cuprous iodide, Cu,L,.

2 KI + 2 CuS0, + 2 FeS0, = Cu,I, + K,S0, + Fey(SO,)s.

HYDROFLUORIC ACID, HF.
Most fluorides are insoluble in water. Those of the
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alkali metals and silver are, however, soluble. The only
important fluorides are fluor spar, calcium fluoride, CaF,,
and cryolite, 3 NaF, AlF,.

Solution—Potassium Fluoride, KF.

1. Silver nitrate, AgNO,;, gives no precipitate, since
silver fluoride, AgF, is soluble in water. [Distinction from
the other halogens. ]

2. Calecium chloride, CaCl,, gives a white gelatinous
precipitate of calcium fluoride, CaF,, difficultly soluble in
HCL

CaCl, + 2 KF = CaF, + 2 KCI

3. Barium chloride, BaCl,, gives a white precipitate of
barium fluoride, BaFE, difficultly soluble in HCL

BaCl, + 2 KF = BaF, + 2 KCL

4. Heat some powdered fluor spar with concentrated
sulphuric acid in a test-tube. Acid fumes of hydrofluoric
acid will be evolved, rendered more evident bj,r blowing
across the mouth of the tube. Note the oily appearance in
the test-tube.

5. Mix some powdered fluor spar with some sand, intro-
duce into a test-tube, add strong sulphuric acid, and warm
gently. SiF,is evolved. Now introduce into the upper
part of the tube a glass rod, on the end of which is a drop
of water. The SiF, and the water react with precipitation
of silicic acid, HySi0O3, which forms a white film on the rod.

3 8iF, + 3 H,0 = H,Si0; + 2 H,SiF,

HYDROCYANIC ACID, HCN.
Solution—Potassium Cyanide, KCN. :
1. Silver nitrate, AgNO,, gives a whife precipitate of
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silver eyanide, AgCN, which is at first redissolved, but
remains when an excess of AgNO, has been added.

AgNO, + ECN = AgCN + KNO,.
AgGN + KON = KAg(CN),
Soluble
KAg(CN), + AgNO, = 2 AgCN + KNO,
Wash and dry the precipitate, and then heat to redness.
Metallic silver remains. [Silver chloride, AgCl, melts
when heated, but is not decomposed. ]

2 AgCN = 2 Ag + G,N,.

2. Dilute sulphuric acid, H,SO, when added to a very
small quantity of KCN, gives the peculiar odour of hydro-
cyanie acid, HCN.

[N.B.—Z1his vapour is very poisonous.]
H,80, + KON = KHSO, + HCN.

3. When heated with strong sulphurie acid, carbon
monoxide is evolved. (Test in the usual way.)

2 KCN + 2 H,80, + 2 H,0 = K,80, + (NH,),S0,
+ 2 CO.

4. Ferrous sulphate, FeSO,, and ferrie chloride, FeCl,,
are added, then Eﬂﬂltl‘.l]l hydromde, and lastly excess of

hydruchlﬂrm acid ; a deep blue precipitate of Prussian blue
is produced.

FeS0, 4+ 2 NaOH = Fe(OH), 4+ Na,S0,.
6 NaCN - Fe(OH), = K, Fe(CN), + 2 NaOH.
8 Na,Fe(CN), + 4 FeCl, = Fai[Fa(GN)E}, + 12 NaClL

5. Place a little of the solution in a small beaker, add a
few drops of dilute sulphuric acid, cover the beaker with
a watch-glass on the lower side of which a drop of yellow
ammonium sulphide has been placed, and gently warm the
beaker on a sand tray. After a few minutes, remove the
watch-glass and evaporate the drop of ammonium sulphide
upon its lower surface to dryness over the flame, taking
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care not to overheat it; when cold, moisten the residue
with a drop of ferric chloride solution : a blood-red colora-
tion will be produced, due to the formation of ferric
sulphocyanide, Fe(CNS),. '

The explanation of the changes which take place is as
follows :—HCN is evolved by the action of the H,SO, on
the cyanide. This with the yellow ammonium sulphide,
(NH,),S + S, forms ammonium thiocyanate, NH,SCN.

(NH,),S + S + 2 HCN = NHSCN + H.
T e

Fe(SCN), is then formed by double decomposition
between the NH,SCN and the FeCls.

FeCl; + 3 NH,SCN = Fe(SCN); + 3 NH,CL
Simply evaporating a portion of the original solution
with a little yellow ammonium sulphide on the water-bath,
and when dry adding FeClg, will, in many cases, be quite

sufficient, This is one of the best tests for hydroeyanic
acid.

HYDROFERROCYANIC ACID, H,Fe(CN),.

Solution—Potassium Ferrocyanide, K ,Fe(CN),.

1. Silver nitrate gives a white precipitate of Ag,Fe(CN),,
insoluble in nitrie acid, insoluble in ammonia.

K, Fe(CN), + 4 AgNO,; = Ag,Fe(CN), + 4 KNO,,
2. Ferrous sulphate, FeSO,, free from ferric salt, gives

a white precipitate, which speedily turns blue when exposed
to the air. (See p. 38.)

3. Ferric chloride, FeCl,, gives a precipitate of Prussian
blue. (See p. 37.)

4. Copper sulphate, CuSO,, gives a reddish-brown pre-
cipitate of cupric ferrocyanide, Cu,Fe(CN);. (See p. 26.)

5. Warm with dilute sulphuric acid. Hydroeyanicacid
QL. ANAL, F
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(recognized by its smell) is evolved from ferrocyanides of
the alkali metals.

2 K,[Fe(ON),] + 3 H,S0, = K,Fe[Fe(CN),] + K,SO
4[ ( )E] 2 4 2 [ {. E]-I-BH{jiﬂ_

6. All ferrocyanides are decomposed on heating with
strong sulphuric acid, Carbon monoxide is evolved, and
may be tested for in the usual way.

K,Fe(CN), + 6 H;0 + 11 H,80, = 2 KHSO, + FeSO,
+ 6 NH,HSO, + 6 CO.

7. Insoluble ferrocyanides are decomposed on boiling
with caustic potash, potassium ferrocyanide being formed.
In the case of Prussian blue, for example, the decomposi-
tion is represented by the equation,

Fe, [Fe(CN)y]; + 12 KOH = 4 Fe(OH); + 3 K Fe(ON),.

The ferric hydroxide precipitated may be filtered off,
and Tests 2 and 3 applied to the filtrate, which contains
the potassium ferrocyanide.

HYDROFERRICYANIC ACID, H,Fe(CN),.
Solution—Potassium Ferricyanide, X Fe(CN),.
(This is the only common ferricyanide.)

1. Silver nitrate gives an orangered precipitate of
silver ferricyanide, Ag,Fe(CN),, soluble in ammonia.

K,Fe(ON), + 3 AgNO, = Ag,Fe(ON), + 3 KNO,.

2. Ferrous sulphate, FeSO,, gives a deep blue precipitate
of Turnbull’s blue. (See p. 38.)

3. Ferric chloride, FeCl,, gives no precipitate, but a
deep brown or greenish coloration.

3. Ferricyanides of the alkali metals on warming with
dilute sulphurie acid evolve hydrocyanic acid.
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5. All ferricyanides, on boiling with strong sulphuric
acid, are broken down and evolve carbon monoxide. The
decomposition in the case of Turnbull’s blue is represented
by the equation,

Fe;,"[Fe"(CN),], + 12 H,SO, + 24 H,0 = 3 FeS0O,
+ Fe,(S0,); + 6 (NH,),SO, + 12 CO.

6. Insoluble ferricyanides are decomposed on boiling
with caustic alkalies, the ferricyanide of the alkali metal
being formed. Thus with Turnbull’'s blue and caustic
potash the decomposition is represented by the equation,

Fe,'[Fe”(CN),], + 6 KOH = 3 Fe(OH), + 2 K, Fe(CN),.

After filtering off the precipitate of ferric hydroxide
Tests 2 and 3 may be applied to the filtrate containing the
potassium ferricyanide.

NITRIC ACID, HNO,.
Solution—Potassium Nitrate, KNO,,

1. Take a weak solution of the nitrate, and dissolve in
it a crystal of ferrous sulphate, FeSO,., When quite cold,
pour mtu the tube enough concentrated H 250, to form a
distinct layer at the bottom. A deep purple or brown-
coloured ring will appear where the liquids meet.

The nitrate in the presence of sulphuric acid is reduced
to nitric oxide by the ferrous sulphate—

6 FeSO, + 4 H,S0, + 2 KNO, = 3 Fe(S0,),
+ K,S0, + 4 H,0 + 2 NO.

The nitric oxide dissolves in the excess of ferrous
sulphate to form the brown compound FeSO,, NO.

FeSO, + NO = FeSO,, NO.

Note.—When the addition of FeSO, produces a pre-
cipitate (e.g., with barium nitrate), apnrtmu of the solution
should be boiled with sodium carbonate, then filtered,
concentrated, and the filtrate acidified with dilute H,SO,.
The test may then be applied to this solution, wl:m_l
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contains the acid as sodium nitrate, the base having been
precipitated as a carbonate.

FeSO, + Na,CO; = FeCO, + Na,SO0,.

2. Heat with concentrated sulphuric acid and copper
turnings: nitric oxide, NO, is given off, which is con-
verted into brown fumes of nitrogen peroxide, NO,, in the
upper part of the tube, from absorption of oxygen.

3 Cu + 8 H,80, + 8 KNO; = 3 Cu(NO,),
+ 8 KHSO, + 4 H,0 + 2 NO.

3. A nitrate heated on charcoal deflagrates.
Note.—All nitrates are soluble in water; hence we
have no precipitation reactions. Compare chloric acid.

NITROUS ACID, HNO,.
Solution—Potassium Nitrite, KNO,.

1. On addition of dilute sulphuric acid, H,SO,, a brown
gas is given off, which consists of a mixture of NO, and
NO.

2KNO, + H80, = K,SO, + NO + NO, + H,0.

In the upper part of the tube the NO combines with
the oxygen of the air and becomes converted into nitrogen
peroxide, NO,.

[No gus is evolved when nitrates are mixed with dilute
sulphurie acid.]

2. A solution of ferrous sulphate gives a dark brown
coloration on the addition of dilute sulphuric acid. [Dis-
tinction from HNO,.]

The coloration is due to the formation of the compound
FeS0,, NO.

2 FeS0O, + 2 KNO, + 3 H, S0, = Fe,(S0,); + 2 KHSO,
: ; L + 2 i-IEO 4+ 2 NO.
FeSO, + NO = FeSO, NO.
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In some cases (namely when the solution of the nitrate
has an acid reaction) the coloration is produced without
the addition of an acid.

3. A dilute solution of potassium iodide, KI, acidified
with H,SO,, and to which some starch paste has been
added, gives immediately the blue iodide of starch.

2KI+2H,80, + 2ENO, =1, + 2NO + 2K,SO,

+ 2 H,0.

CARBONIC ACID, H,CO,.

1. All earbonates are decomposed by dilute acids with
evolution of CO, This may be detected by suspending
a drop of lime-water on a glass tube over the gas, when

the drop soon turns milky.

Distinetion between normal and acid carbonates.

1. Acid carbonates or bi-carbonates evolve CO, on
boiling, and are converted into normal carbonates, e. g.,

2 KHOO, = K,C0, + H,0 + CO,.

2. Magnesium sulphate, MgSO,, gives no prempﬁat&
in the cold with bma.rbonates, beeause MgH (GD&)2 is
soluble. On hmlmg the solution, however, the magnesium
bicarbonate is decomposed and a white prempma,t-a of
normal carbonate is formed.

2 NaHCO, + MgS0, = MgH,(CO,), + Na,SO,.
MgH (OO )2 = MgUO + H 0 + CO,.

Normal carbonates give a precipitate of MgCO, at once.
Na,COg + MgSO, = MgCO; + Na,SO0,

BORIC ACID, H.BO,.
Solution—Borax, Na,B,0,.

1. Add HCI to a solution of borax; wet a piece of
turmeric paper with the solution. The paper when dried
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becomes reddish-brown, and, on treating with dilute
caustic soda, changes to a purplish blue-black.

Dry the paper by coiling round the exterior of a test-tube, par-
tially filled with water, and boiling the water in the tube over the
Bunsen flame.

2. Place a small quantity of the dry salt in a test-tube;
cover with alcohol, make into a paste with H,SO,, and
ignite: the alcohol burns with a green fame, due to a
compound of boric acid and alcohol.

Na,B,0; 4+ H,S0, + 5 H,0 = 4 H;BO; 4 Na,S0,.

3. Place a small quantity of the dry salt on the loop of
the platinum-wire, and heat in the Bunsen flame. The
borate at once swells up, and then shrinks and fuses to a
transparent glass, consisting of anhydrous borax. If ths
salt is moistened with HCI or H,SO, before heating, and
held just at the edge of the flame, the flame is tinged green,
due to the free boric acid.

SILICIC ACID, H,Si0,,
Solution—Sodium Silicate, Na,Si0,.

1. Add HCI, and evaporate in an evaporating dish to
dryness ; when cold, moisten with HCI, heat, and add
water : white flakes of silica, Si0,, will remain un-
dissolved.

2 HCl + NaSi0, = H,8i0, + 2 NaCl.

The silicic acid first formed as in the first equation loses
- water when the evaporation is carried to dryness as
represented in the second equation.

2. Fuse a colourless silicate in a bead of microcosmic
salt : the silica floats about in the bead as a skeleton.
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PHOSPHORIC ACID, H,PO,.
Solution—Sodium Phosphate, Na,HPO,.

1. Silver nitrate, AgNO,, gives a yellow precipitate of
silver phosphate, Ag,PO,, soluble in NH,OH and in acids.

3 AgNO; + Na,HPO, = Ag,PO, + 2 NaNO; + HNO;.

2. Ammonium chloride, NH,C], ammonium hydroxide,
NH,OH, and magnesium sulpha.te MgSO4 (“ magnesia
mw.fwe "), give a white crystalline precipitate uf ammonium
magnesium phosphate, NH,MgPO,.

2NH,Cl + NH,OH + MgS0, + Na,HPO, = MgNH,PO,
+ (NH,),S0, + 2 NaCl + H,0:

Precipitation is favoured in dilute solutions by agitation
and allowing to stand for a time.

3. Ammonium molybdate, (NH,),MoO,, gives, on gently
warming, a finely divided yellow precipitate in solutions
containing excess of nitric acid. The precipitate probably
has the cﬂmpumtmn (NH,),PO,, 12 MoO,. In dilute
solutions the liquid becomes yellow, but a precipitate 18
formed only after gentle warming and standing for some
hours. The solution must not be too strong in phosphate.

4. Barium chloride, BaCl,, gives a white precipitate of
Ba,(PO,),, soluble in dilute acids. If the solution is
neutralized by adding ammonia, Bay,(PO,), is repre
cipitated.

3 BaCl, + 2 Na, HPO, = Bay(PO,), + 4 NaCl + 2 HCI,
Bay(PO,), + 6 HOI + 3 BaCl, + 2 H, PO
'~ 3Ball, + 2 HyPO, + 6 NH,OH = Ba,(PO,),

+ 6 NH,Cl + 6 H,0.

5. Ferric chloride gives a yellowish-wlkite precipitate
of ferric phosphate, FePO,.

FeCly + Na,HPO, = FePO, + 2 NaCl + HCL
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The precipitate is soluble in dilute mineral acids but
ensoluble in acetic acid.

ARSENIC ACID, H,As0,
Solution—Sodium Arsenate, Na,HAsO,.

1. Silver nitrate, AgNO,, gives a brick-red precipitate of
silver arsenate, Ag,AsO, |[Distinction from phosphoric
acid.]

3 AgNO, + Na,HAsO,=Ag,AsO, + 2 NaNO, + HNO,.
The precipitate is soluble in ammonia and in nitrie acid.

2. Ammonium chloride, NH,Cl, ammonium hydroxide,
NH,OH, and magnesium sulphate, MgSO,, produce a
white erystalline precipitate of NH,MgAsO,, similar in
appearance and properties to NH,MgPO,.

Na,HAsO, + 2 NH,Cl + NH,0H + MgS0, = (NH,)MgPO

+ 2 NaCl + (NH,),80, + H,0.

[The corresponding arsenious compound, (NH,)MgAsO,, is soluble in
water, so no precipitate is formed when an arsenile is treated with
MgSO, + NH,Cl + NH,OH.]

3. Ammonium molybdate, (NH,),Mo00,, in excess gives,
on boiling, a wellow precipitate, having the composition
(NH,);As0,, 12 MoO,, in solutions made strongly acid with
nitric acid.

4, Add concentrated hydrochloric acid ; heat .to boiling,
and pass H,S. A yellow precipitate of arsenious sulphide,
As,S,, mixed with sulphur, is obtained. [Differemce from
phosphate. ]

2 Na,HAsO, + 4 HCl + 5 H,S = As,S, + §, |
+ 4 NaCl + 8 H,0.

The reduction proceeds much more quickly if sulphurous acid be
added before passing H.S.
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5. Ferric chloride, FeCl;, gives a white precipitate of
ferric arsenate, FeAsO,.

FECIE + Hﬂl;Hﬂ.SO‘i = FE;'"LSO‘L - 2 N&Gl "+' HG]..
The precipitate is soluble in dilute mineral acids, but
insoluble in acetic acid.
6. Copper sulphate, CuSO,, gives a light blue precipitate
of cupric hydrogen arsenate, CuHAsO,. ,

CuS0O, 4+ Na,HAsO; = CuHAsO,; + Na,S0,.

ARSENIOUS ACID, H,AsO,.

Solution—Arsenious Oxide, As,0, dissolved in Hydro-
chloric Acid, HCI.

[ See Arsenic, page 32.]

ALUMINATES.

Solution—Potassium Aluminate, KAlO,, or Sodium Alumi-
nate, NaAlO,.

1. Test with litmus. The solution is alkaline.

2. Cautiously add dilute hydrochloric acid. A white
precipitate of aluminium hydroxide forms soluble in excess
of acid and in caustic potash or soda. For equations see.
pp. 40, 41. The precipitate may be filtered off and part
of it just dissolved in HCI and Test 3 for aluminium
(p. 41) applied; the other part is treated as in Test 4

(p. 41).
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3. Add excess of ammonium chloride and boil. A white
precipitate of aluminium hydroxide is again formed. See
p. 40 for the equation.

STANNATES.

Solution—Potassium Stannate, K,Sn0;, or Sodium Stan-
nate, N aESnUE

1. Test with litmus. The solution is alkaline.

2. Cautiously add dilute hydrochloric acid. A white
precipitate of stannic acid, H,SnO;, is formed, soluble in
excess of acid and in caustic potash or soda.

3. Introduce a piece of bright metallic copper into the
solution. A bright layer of metallic tin is formed on the
copper. This may be dissolved in strong hydrochlorie
acid and Test 2 for tin (p. 30) applied.

CHROMIC ACID, H,CrO,.
Solution—Potassium Chromate, X,Cr0,.
(All chromates are red or yellow.)

1. Silver nitrate, AgNO,, gives a dark red precipitate of
silver chromate, Ag,CrO,. (See p. 16.)

2. On adding dilute sulphuric acid, the colour of the
solution darkens, owing to formation of dichromic acid,
H,Cr,0,. To this solution add sulphurous acid : the solu-
tion becomes green from reduction, thus :—

2 H,Cr0, + 8 H,80, = Cry(S0,); + 5 H,0.

3. Lead acetate gives a wellow precipitate of lead
‘chromate, PbCrO,. (See p. 18.)
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4. On passing a current of H,S gas through an acid
solution of a chromate, reduction takes place; the solution
becomes green owing to the formation of chromic chloride,
CrCl (if HCI is the acid used), and sulphur is precipitated.
Thus—

2 K,CrO,+3 H,S+10 HCl=4 KC1+CrCl;+8 H,0+3 8.

Note.—This reaction should be carefully noted, as it is
likely to cause some perplexity in testing for the metals of
Group II.

PERMANGANIC ACID, HMnO,.
(Commonest permanganates, KMnO,, NaMnO,.)
Solution—Potassium Permanganate, XMnO,.

1. The purple colour of permanganate solutions is dis-
tinctive.

2. Silver nitrate, AgNO,, gives a dark red precipitate of
AgMnO,.
KMnO, + AgNO, = AgMnO, + KNO,.

3. Sulphurous acid, H,SO,, decolorizes the solution, the
sulphurous acid being oxidized to sulphuric acid.,

2 KMnO, + 5 H,S0; = K,S0, + 2 MnSO,
+ 2 H,S0, + 3 H,0.

4. An acid solution is also decolorized by ferrous sulphate
solution, the ferrous sulphate being converted into ferric

sulphate, Fe,(S0,),
2 KMnO, + 8 H,S0, + 10 FeSO,
= 5 Fey(30,); + K80, + 2 MnSO, + 8 H,0.

5. Sulphuretted hydrogen, H,S, decolorizes an acid
solution of a permanganate, sulphur being precipitated.
For this reason a permanganate is decolorized in Group IL

2 KMnO, + 5 H,S + 3 H,S0, = 2 MnSO,
+ K,S0, + 8 H;0 + 5 8.
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FORMIC ACID, H.,CO, or H.COOH.

Formic acid is a colourless, slightly fuming liquid, having
a pungent and characteristic odour. When cooled down
it solidifies, melting again at 9°, and boiling at 99°. Itis
miscible in all proportions with water, alcohol and ether.
[t has strong antiseptic properties, and is a powerful
reducing agent. The formates as a rule are readily soluble
in water, lead formate being the least so.

1. On heating a formate (or formic acid) with strong
sulphurie aecid, it is decomposed. Carbon monoxide is
evolved, and may be burnt at the mouth of the tube, but
no charring takes place.

2 H.COONa + H,80, = 2 H,0 + 2 CO + Na,80,.

But if a formate is heated with dilute sulphurie acid,
formic acid itself is liberated, and can be recognized by its
characteristic smell.

9 H.COONa + H,SO, = 2 HCOOH + Na,S0,.

2. When dry formates are heated with soda lime,
hydrogen is evolved.

H.COONa + NaOH = Na,CO, + H,.

3. On gently heating a formate with strong sulphurie acid
and ethyl alcohol, the fragrant and characteristic odour
of ethyl formate, somewhat resembling the smell of rum, is
noticed.

H.COONa + H,S0, + C,H,(OH) = H.CO0.C,H,
Ethyl formate

+ NaHSO, + H,0.

4, When mercuric oxide is added to cold dilute formic
acid, it dissolves, forming mercuric formate.

HgO + 2 HCOOH = H,0 + (H.C00),Hg.
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On gently heating, this mercuriec formate is converted
into mercurous formate (a white substance), and carbon
dioxide is evolved.

2 (H.CO0),Hg = (H.C00),Hg, +H.COOH + CO,.

On further heating, the mercurous formate is reduced,
and a grey precipitate of metallic mercury is produced.

(H.COO),Hg,=H . COOH +2 Hg+ CO.

It will be seen on reference to the above equations, that
free formic acid is produced at each of these stages. This is:
capable of dissolving more mercuric oxide and consequently
a repetition of the above reactions takes place, until finally
all the formic acid is oxidized. The final state of affairs
may be represented by the following equation :—

H.COOH + HgO =C0,+H,0 + Hg.

This reaction may be made use of with formates, by
adding mercuric oxide to the formate solution, warming,
and then adding dilute sulphuric acid, drop by drop, to
liberate the formic acid, which acts upon the mercuric
oxide.

5. Mercuric chloride gives with formic acid or formates,
on boiling, a white precipitate of mercurous chloride, ox
a grey precipitate of metallic mercury.

(1) 2 HgCl,+ H . COOH = Hg,Cl, + 2 HCI + CO,.
(2) HgOl,+ H . COOH = Hn+2 HCL + CO,,

6. In strong solutions of formates, or free formic acid,
silver nitrate gives a white precipitate of silver formate,
which on warming, or standing, is reduced to a grey pre-
cipitate of metallic silver, and carbon dioxide is evolved.

H.COOH + AgNO;,=H.COOAg+ HNO,.

Bilver formate

2 H.C00Ag=H.COOH +C0,+2 Ag.

It will be seen that here again formic acid is re-formed
The final state of affairs may be represented as follows :—

H.COOH +2 AgNO,=2 Ag +CO, + 2 HNO,,
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7. In neutral solutions of formates, ferric chloride gives
a red coloration, but no precipitate in the cold. To a
portion of this red solution, add a little hydrochloric acid,
when the colour will be destroyed. If the rest of tha
solution is boiled, a reddish precipitate of a basie iron salt
will be produced.

ACETIC ACID.
H,C,0, or CH, . COOIL.

Acetic acid is a pungent-smelling, strongly-acid liquid.
When anhydrous, it is known as ¢ glacial acetic acid.” It
solidifies in the cold, forming large erystalline plates, which
melt at 17°, and boil at 118°. 1t attacks the skin, and its
vapour burns with a pale blue flame. With water, aleohoi,
and ether, it is miscible in all proportions, and it is largely
used as a solvent in organic chemistry. All neutral acetates
are soluble in water, and on ignition in the dry state yield
inflammable vapours, consisting chiefly of acetone.

2 CH, . COONa =CH,.CO.CH,+Na,CO0,.

Acetone

1. On heating an acetate with strong sulphurie acid,
acetic acid is set free, and can be recognized by its smell
(¢f. formic acid).

3 CH,.COONa +H,80,=2 CH,.COOH + Na,S0,.

2. When & mixture of equal parts of arsenious oxide
and an acetate is heated, the intensely obnoxious and highly
characteristic smeM of cacodyl oxide is noticed.

As,0;+8 CH;. COOK =2 A?(UH3)4O +4 K,C0;+4 CO,.
: Cacodyl oxide
This is one of the best tests for the presence of an acetate,
but only small quantities of the substances should be used.
As the liquid (cacodyl oxide) is exceedingly poisonous, the
experiment should be performed in a fume cupboard, and
care should be taken not to inhale the fumes,
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3. In neutral acetate solutions, ferric chloride gives a
red coloration. To a portion of this red liquid add a drop
of hydrochloric acid ; it will be turned yellow. If the rest
of the solution is boiled, a brownish precipitate of basic
terric acetate will be thrown down, the solution become
colourless, and at the same time the smell of acetic acid
will be noticed.

1) 3 CH,.COONa + FeCl, = 3 NaCl + (CH,.COO),Fe.
3 8 8 3

Ferric aceta
(2) (CH4.CO0),Fe+2 H,0=
(CH,4.CO0)(OH),Fe + 2 CH,.COOH.

Basic ferric acetate

4, Silver ritrate gives in concentrated neutral solutions
of acetates a white crystalline precipitate of silver acetate,
but no precipitate is formed with free acetic acid. Silver
acetate is not reduced to metallic silver, even after prolonged
heating. [Distinction from silver formate.]

CH,.COONa + AgNO, = NaNO, + CH,.COOAg.
Silver acetate

5. When an acetate is gently warmed with alcohol and
strong sulphuric acid, a pleasant smell of ethyl acetate
(acetic ether,) somewhat resembling the smell of formic
ether, is produced.

CH;COONa +C,H,.OH + H,SO,=
CH,.COO0.C,H, + NaHSO, + H,0.

Ethyl acetate

6. On strongly heating a dry acetate with soda lime,
marsh gas (methane) is evolved.

CH,.COONa + NaHO = CH, + Na,CO,.

7. When mercuric oxide is dissolved in acetic acid,
mercuric acetate is formed. On prolonged boiling, mno
reduction takes place, and when the solution is allowed to
cool, white shining crystals of mercuric acetate separate
out. [Distinction from formic acid.]

HgO +2 CH,.COOH = H,0 + (CH,.CO0),Hg.

Mercuric acetate
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COOH
OXALIC ACID, H,C,0,or |
COOH

Oxalic acid crystallizes in colourless rhombic prisms con-
taining two molecules of water (H,C,0,.2 H,0). It is
readily soluble in alcohol and in water, but ether only
dissolves it sparingly. When the crystals are first heated,
they melt at 100°, and the water of crystallization is driven
off. At about 150°, the anhydrous acid sublimes, but it
decomposes on rapid heating into carbon dioxide and formic
acid ; or into carbon dioxide, carbon monoxide, and water—

H,C,0,=C0,+H.COOH=CO0,+CO + H,0.

Oxalic acid is dibasic and forms two classes of salts—
acid salts, in which only one hydrogen atom is replaced by
a metal or radicle, e. g. acid sodium oxalate, NaHC,0, and
ethyl oxalic acid, C,H, HC,0,, and normal salts, in which
both hydrogen atoms are replaced by metals or radicles, or
by one metal and one radicle, e.g., neutral sodium oxalate,
I*TKEC!EO*1r ethyl oxalate (C,H,),C,0,, and potassium ethyl
oxalate, K(C,H,)C,0,, Weare also acquainted with salts
termed guadroxalates, which we may look upon as com-
pounds of equal molecules of the acid salt and of oxalic
acid, thus—HKC,0,, H,C,0,, 2 H,O (salts of lemon).

The oxalates, with the exception of those of the alkali
metals, are mostly insoluble in water.

1. All oxalates are decomposed on heating, without
blackening. Oxalates of metals whose oxides decompose
on heating, leave the metal (e.g., silver). Oxalates of the
alkalies leave carbonates. Oxalates of the alkaline earths
(e.9.,barium, calcium) leave the carbonates if not too strongly
heated, but if great heat is applied, the oxides are left.

2. On_heating an oxalate (or the acid) with strong
sulphuric acid, it is decomposed, a mixture of ecarbon
dioxide and carbon monoxide gases being evolved, but
no blackening takes place. While the mixture is being
heated, the test-tube should be held in as nearly a horizontal
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position as possible, whilst a second test-tube containing
lime water or baryta water is placed beneath, to catch the
carbon dioxide as it pours out. The monoxide can be
detected by applying a light to the mouth of the first tube.

Na,C,0, + H;80, = CO, + CO + Na,80, + H,0

3. If a soluble oxalate is strongly acidified with sulphuric
acid, gently warmed, and a solution of potassium perman-
ganate added to it gradually, the latter will be decolorized,
and at the same time carbonic acid gas is disengaged and
may be detected in the usual way.

5 Na,C,0, + K,Mn,0, + 8 H,80, = 10 CO,
K,S0, + 2 MnSO, + 5 Na,SO, + 8 H,0.

4. Calcium chloride, when added to a neutral or alkaline
oxalate solution, produces a white precipitate of calcium
oxalate, insoluble in acetic acid or ammonia, but soluble in
dilute nitric or hydrochloric acids. If this precipitate is
dried and heated in a crucible over a Bunsen flame, carbon
monoxide is evolved and a residue of calcium carbonate left
behind, which effervesces on the addition of acetic aecid.

(1) Na,0,0, + CaCl, = CaC,0, + 2 NaCL

Galr:ium umlata

(2) CaC,0, = CaCO, + CO.

5. Silver nitrate gives, in neutral oxalate solutions, a
white precipitate of silver oxalate, soluble in nitric acid,
and in ammonia.

2 AgNO, + Na,C,0, = Ag,C,0, + 2 NaNO,.
Slhernxalatﬁ

The silver oxalate does not darken on being heated, but
carbon monoxide 1s given off with a slight explosion, and
silver carbonate is left behind. On further heating this is
decomposed and metallic silver is produced.

Ag,C,0, = Ag,C0, + CO.
2 Ag,CO, = 4 Ag + O, + 2 CO,.
QL. ANAL. G

Il 1|
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6. When a freshly prepared ferrous sulphate solution is
added to a mneutral ozalate solution, a yellowish colour 1s
produced, and after standing for some time, a bright yellow
crystalline precipitate of ferrous oxalate is thrown down.

K,C,0, + FeSO; = FeC,0, + K80,

Ferrous oxalate

7. On strongly heating a dry neutral oxalate with soda
lime, Lydrogen is evolved and a carbonate is produced.

Na,C,0, + 2 NaHO = 2 Na,CO, + H..

TARTARIC ACID.

CH(OH) COOH
H,C,0, or |
* CH(OH) COOH

Tartaric acid crystallizes in  ¢olourless transparent
rhombic prisms, very _&ﬂ{vh{ilq in awater and alcohol, but
insoluble in ether. It melts, with’decomposition, at about
167°. Like oxalic acid, it ‘formis both neutral and acid
salts, a number of which aré soluble in water, whilst all
are soluble in dilute hydrochi\n.é acid,

1. Heated in a dry tube, tm‘ka\& swell up, giving off
an odour of burnt sugta.r, and lea.vmg a bl&c]{ residue of
carbon behind.

"\-.

. Heated in a test-tube with st;run\g:\ sulﬁhnl'iu acid
ta.rtra,tes at once blacken. Carbon monoxide is evolved
and can be burnt. at the mouth of the tu Carbon
dioxide and sulphur dioxide are also given off,the latter
being recognized by its smell. In order tha.t “carbon
dioxide may be identified in the presence of this gas,-the

apparatus shown in Fig. 7 is used.

In test-tube A is placed the tartrate and sulphuric aecid ;
in B a saturated solution of potassium bichromate, which
absorbs the sulphur dioxide ; and in C some lime-water,
which is rendered milky by the carbon dioxide,
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3. If a little solid tartrate is gently heated to about
120°C.; with cone. sulphurie acid containing one per cent. of
resorcin, a beautiful reddish-violet colour is obtained. This
test is conveniently performed on a small piece of poreelain,

4. To a tartrate solution, add a few drops of ferrous
sulphate solution, one or two drops of hydrogen peroxide,
and finally excess of caustic potash, when a deep blue or
violet colour is obtained.

)
I'|I }‘
. Silver nitrate solutio) gw with neutral tartrates,
a w’mm precipitate of silv #cbrtm . snluble in ammonia

and in nitric acid. If the precip

ammonia to dissolve the residy added -..\.;; nally
heat applied, the inside of thejvessel will i coad
marror of mﬁv&r The ex er1m5nt is best per

N
Lk
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6. Calcium chloride produces, in neutral tartrate solu-
tions, a white precipitate of calcium tartrate, soluble in cold
caustic potash or soda. [Distinction from calcium citrate.)

CaCl, + Na,H,C,0, = 2 NaCl + CaH,C,0,.
Calcium tartrate

Unless the tartrate solution is very concentrated, this
precipitate only comes down after long standing or shaking.
The precipitate is allowed to settle and the supernatant
liquid poured off ; a few drops of ammonia are added and
then a crystal of silver nitrate. On gently heating the
tube in a beaker of water, a silver mirror is produced.

7. To a solution of tartaric acid (or a neutral tartrate),
add a solution obtained by dissolving potassium carbonate
in acetic acid. On vigorous shaking or stirring, a heavy
white precipitate of potassium hydrogen tartrate comes
down. If alcohol is added, it furthers precipitation.

H,0,0, + OH,. COOK = KH. H,C,0, + CH,. COOH.

Potassium acetate Pﬂta.ssiumdi:y rogen
tartrate

8. Tartaric acid, oralkaline tartrates, prevent the precipi-
tation by the alkalies of the hydroxides of copper, nickel,
cobalt, chromium, iron, ete., even on boiling. This pro-
perty is well seen in Fehling’s solution, which is made
by dissolving copper sulphate and Rochelle salt (sodium
potassium tartrate) in water, and then adding caustic soda
No precipitate iz formed. '

CITRIC ACID, HC,0..

Citric acid crystallizes in transparent rhombic prisms
containing one molecule of water of ecrystallization
(H,C,0,-H,0). It is very soluble in water, fairly so in
alcohol, but only sparingly so in ether. It melts at 100°,
and soon after commences to lose water of crystallization,
which, however, is not completely driven off till about 1307,
On being heated in a test-tube, the acid melts and after-
wards blackens, and irritating fumes of aconitic acid are
given off.
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Citrie acid 1s a tribasic acid and forms three classes of
salts as—C,O.H.K, C;,0.H;K,, and C,O.H.K;. A con-
siderable number of citrates are freely soluble in water,
especially those of the alkali metals.

1. Citric acid and its salts, when heated with strong sul-
phurie acid, are decomposed, the oxides of carbon being
evolved. After continued heating, blackening takes place
and sulphur dioxide is evolved (tartrates blacken at once).

2. Calcium chloride when added to a neutral solution of
a citrate, gives no precipitate in the cold, even after much
shaking and long standing, but on warming, the precipitate
of calcium citrate comes down. If the solution is very
dilute, it will need concentrating somewhat. The pre-
cipitate of calcium citrate is not formed in the presence of
free citric acid even on boiling, but excess of an alkali
favours its production. Calcium citrate is soluble in
ammonium chloride, but not in caustic soda or potash. It
is also distinguished from calcium tartrate, by being
heated in a test-tube with a crystal of silver nitrate and a
drop of ammonia. No mirror is formed, but after pro-
longed heating, reduction sets in.

2 Ce0,H;K, + 8 CaCl, = Ca,(C40/H;), + 6 KCL

Caleinm eitrate

3. Lime water in excess gives no precipitate in the cold
with citric acid or citrates, but on boiling, calcium citrate
is thrown down. On cooling, the precipitate is re-dis-
solved.

4, In neatral solutions of citrates, sﬂver nitrate gives
a precipitate of silver citrate, soluble in ammonia. On
heating, the silver is reduced, but without the formation
of a mirror.

CGOTH:'}NH?. + 3 AgNOE = CEOTHE,A-gﬂ. + 3 N&NOS-

H2ilver eitrate

5. Citrates, like tartrates, prevent the precipitation by
the alkalies of the hydroxides of copper, nickel, cobalt, ete.



- e e i

| ([DH P9IRIFU8U0D UL SULLO[1]D
SUTA[OAD) SDPIOB UL  OAOSSIp
I9JeM UT O[qUOSUL  SI)BULOIL])

e —————— e e rims

1)) @_:m ﬁuh
g ‘sp ‘uyg ‘S Jo sejew
-0IyD . pue. seyBUIOqo eUIBAIY

"I[N]OS 1B IAPUIBIIAN]

fuo mBm;mE:; mE._ii_.

591 BUOIY

.m@::m;ma.a

‘g jo uonyeredas yim ‘ersol
enbe 10 “oNH Aq 10 {(pasoss

duq §°H) 0H 4q pesod

‘ajqnios figpybuys
fiton QB pue QO ‘syjawe
AUI[EY v oY} JO s[wjauL 1) pus

-uwooop oxe sepiydns Jeyjo [V | ‘s[eiewr 1pey[e o3 jo sapmydiug .mm_s:.::r
"§JBIONYD IV | SAPUIOTYD
_ °[ Jo uonynjoas yia fONH
-0, pue Lq poesodwosap “1°ny *Pqg
44 “SH .&m.u&_, josepipo] | BH+°IBH=) °I3H “IH 'SOPIPOL 4SO | 'SOPIPOT
qd pue “mﬂ : mz. jo seprutozg TOH m._.mm__m "Sapluioaq 3807y | sopluoag
“0n) pus (10098
By ‘8BH ‘qq Jo sepuopy) | pue[nON]) seprojyafxo maj y 'SOPLOIYD 80Ty | "SPHIO[YD
EONH 2In[Ip ul ajqnjos Ajipeal EEQEMQ s0)BI)
QIR YOIM S9JBIJIU OISBQ Mo V | -1U 216mg MeJ v) SoJuajiu JSOIY |  ‘S2)BIIN
; ) (orquyos mﬂ_gea |
pue 1g ‘e ‘qq jo saquydqng sojuydins opsvg omog | st FOg™y)  'sareydus gsory | sejeyding
‘B ETOIBD AUI[BY[®
T00 JO WOTN0Ad M pue ‘ep pue ‘o4 ‘B ‘uly
pasoduioosp ore seyeuoqwd IV | ‘qd “I§ “eq Jo sejuuoqIed PV | 'sejeUoqiE)
'BAIIY NI ATANTOSN] _ 'FAI0V ‘A€ AISOLK00F(] WO ‘NI HTHNTOF HALY M KI 37E0TOZ HRY R

i

BLIVE DONIMUAO00 AINOKRWOD HUON THIL 0 ALITIEATOS AHLI DNIMOHE FTLV],

SHILITIIATOS d0 HTIVL




CHAPTER IV.

SYSTEMATIC ANALYSIS OF SALTS.
Preliminary Examination in the Dry Way.

If the substance is in solution, a portion should be
evaporated to dryness on a water-bath while the examina-
tion in the wet way is being proceeded with. The residue
after evaporation should then be examined as below,
L-IX,

I. Note the general physical characteristics of the
substance.

On this point the previous experience of the student
must be his guide. He should note the appearance, colour,
lustre, erystalline form, ete., of all substances with clearly
marked characteristics which come under his notice. It is
useless to give any list of such substances, as they must
be seen to be recognized.

II. Heat a small portion of the powdered substance in
a bulb-tube in the Bunsen flame.

OBSERVATION. INFERENCE.
1. The substance fuses and | Salts of the alkalies or
solidifies on cooling. alkaline earths.

2. The substance changes
colour—

87
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OBSERVATION.

(a) Yellow while fwt, white)
on cooling.

J
(6) From white to ye Jﬂwisfa—]
brown when hot, dirtylight -
yellow on cooling. l
(¢) Dark red while Lot, yel-)
lowish-brown on maﬁ'mg
(d) From white to m'-:'mg&"
and reddish-brown, dull|
yellow on cooling, fusible
at an intense heat.

(¢) From yellow to reddish-
brown while hot, yellow |
when cold, fusible ata red
heat.

S

o

3. The substance gives off
water with or without fusion.

4, The substance first swells
up and then shrinks.

5. The substance wfcctzhzes]_
and condenses as a sublimate
in the upper part of the tube— J

(«) Reddish drnps, yellow
when cold

(8) Black subhmate, which)
becomes red on rubbing. [

(¢) Yellow sublimate.

(d) Sublimate of small white\
octahedral crystals. |

6. A gas is evolved—
(«) O (test with glowing
splinter), }

INFERENCE.

Zn0, 8b,04
SnO,.

Fe,O,.

Pb0.

Salts containing water of
crystallization ;  also
acid salts (e.g. NaHCO,)

Alums, phosphates, bo-
rates.

S, Hg, As, 8b, NH,,

Sulphur or a sulphide.
HgS.

As,S,, Hgl,.

As,O,.

Chlorates, nitrates, per
oxides.
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OBSERVATION,

(6) Brown fumes of NO,,

(¢) NH, (smell and alkaline
reaction),

(d) Violet vapours of iodine.
(¢) CO, (lime-water test).

() a

(bleaching action,
smell and ecolour).

{9) Br (smell and colour).

(k) SO,(smell).
{z) CO,N (smell, rose-)
 coloured ﬂar,ne.) J

(%) Burnt sugar smell and
immediate blackening.

89

INFERENCE.
Nitrates of heavy metals,
Pb, Bi, Hg, ete.
Salts of NH,, combined
with a non-volatile acid.
Todides,

[Carbonates (except those

| of the alkalies),

Hypochlorites and some
chlorides and chlorates.

{Same bromides
bromates.

Sulphites, sulphur com-
{ pounds,

and

Cyanides of heavy metals.

Tartrates,

ITI. Heat a portion of the substance on chareoal in the

outer blowpipe flame.

1. It decrepitates.

2. It fuses and sinks into the
charcoal.

3. It deflagrates,

4. A4 white mass remains,
highly luminous while heated.

5. A coloured residue is left
on the charcoal. }

6. White fumes are given off.

NaCl, KI, ete,

Alkaline salts,

Chlorates, nitrates and
certain oxides,

Alkaline earths, AlQ),,
Si0,, Zn0, Sn0,.

Cu, Co, Ni, Mn, Fe, Cr,

Hg, As, Sb, and NH,
compounds,
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OBSERVATION. INFERENCE.

7. Anincrustation is formed
on the charcoal—

(a) White incrustation. NH,, Hg, Sb, Zn.
(b) White (with garlic odour). | As.
(¢) Yellow when hot, wﬁiﬁa} 7n

when cold.
(d) Reddish-brown. Cd.
(e) Straw colour. Sn.
(f) Brown when hot, yellow Pb.
when cold.
(9) Brown when hot, orange) | ;
when ecold. } 3

IV. Moisten the cold residue of III. (if white) with
cobalt nitrate, Co(NO,), and heat strongly.

1, The residue 18 colowred—

Blue. Al,O,, phosphates, borates
and silicates,

Pale pink (colour indistinet). | MgO.

Green. ZmQ,

Bluish-green (dirty). Sn.

V. Mix a portion of the substance carefully with fusion
mixture and a trace of KCN, and heat on charcoal in

the inner blowpipe flame,

1. A metallic bead ts obtained.

(¢} A white malleable bead | Pb.
which marks paper
(yellow incrustation on |
charcoal). '

(b) Soft, white malleable | Sn,
" bead (slight yellowish

tnerustation).
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OBSERVATIOXN. INFERENCE.

(¢) Hard white malleable | Ag.
bead (no incrustation).

(d) White brittle bead (yel- | Bi.
low tnerustation).

(¢) White brittle bead (white | Sh.
fumes and incrusta-
tion).

2. Red infusible scales. Cu.

3. Magnetic metallic par- | Fe, Ni, Co.
ticles.

4, When the fused mass s | Sulphur compounds,
placed on a bright silver coin
and moistened with a drop of
water, a black stain of Ag,S s
produced.

VI. Hold a piece of the substance moistened ;with HCl
on the loop of a CLEAN platinum wire in the Bunsen
flame.

1. The flame is yellow, Na.

s = violet, K.

R - wntense erimson, | Sr,

! 4 yellowish-green, | Ba.

o . orange-red, Ca.

6. ” 1) green, HEBOE' or Cu.

7. ” »» EJJ‘H.G, Pb, Bi, CHGIE, .&340“_

It is almost impossible to distingunish from one another by the eye,
the colours given to theflame by Pb, Bi, As, Sb, and K. Arsenic
compounds always evolve a visible white fume, and lead invariably

corrodes the platinum.
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VII. If the substance is coloured, heat on borax bead.

_ | OBSERVATION. r fie
Oxidizing Flame. | Reducing Flame, SREERCEL
Green. : Green. _ Cr.
Yellow (cold), brown (hot) | Dirty green, olive, | Fe,
Amethyst. | Colourless. Mn,
Violet (hot) to yellow-brown, Grey and opaque, Ni.
(cold). i
Blue. | Blue. Co,
Green (hot), blue (cold). | Colourless or red. i Cu
Black (too much of the substance has been 1.1sed}._

VTIII. Heat a small quantity of the substance in a test-
tube with a little dilute HCL

OBSERVATION. : INFERENCE.
1. 4 gas is evolved—

(a) CO, (lime-water test). Carbonates.
(0) H,S (smell, and lead ace- | Sulphides, except those

tate paper test). of the metals of Groups
I. and IIL.
(¢) 8O, (smell of burning | H,S0.,
sulphur). |

(d) 8O, and separation of | H,S,0..
yellow sulphur.

(¢) C1 (smell, and bleaching | Oxidizing ~agents, e.g.,
test). ~ chromates, chlorates,
peroxides, HCIO.

(/) HCN (smell of bltterlﬂj’amdﬂs
almonds).

(9) NO, (colour and smeil). | Nitrite.

2. Smell like that of vinegar. | Acetate.
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IX. Heat in a test-tube with concentrated sulphuric

acid :—
OBSERVATION,

1. A gas is evolved—

(a) HCI (smell and white
fumes* with ammonia).

(b) Hi::]:_]'; égﬂ}};e ;L‘ppemnce in

(¢) I (violet vapours).

(d) Br (smell, colour and
action on starch paper).

(¢) NO, (smell and colour).

(f) ClO, (smell, colour and
crackling).

INFERENCE,

Chloride.

Fluoride.

Todide.
Bromide.

Nitrite or nitrate.
Chlorate.

(9) CO (burns with queE Formate cyanide, or double

flame).
() CO 4 CO,.

2. Smell of vinegar.

8. Blackening and evolution
of CO, CO, and SO,.

|

cyanide.
Oxalate.

Acetate.
Tartrates (blacken im-

mediately) ; citrates
(blacken after a time).

EXAMINATION FOR BASES.
Preparation of Solution.

1. If the substance is solid, it should be finely powdered ;
then try if it is soluble in water, in the cold or on boiling.
If insoluble in water, try first dilute HCI, then concen-

trated HCI.

If insoluble in HCI, try aqua regia.

Note.—It will generally be found unnecessary to employ
aqua regia, but, if used, the solution should be evaporated

* A number of other acids also give white fumes with ammonia,

E.1]. HND;}, HF, HBr.
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to dryness with excess of HCl, and the residue dissolved in
warm water before proceeding with the examination.

2. If the substance is insoluble in the above solvents,
powder it very finely and mix thoroughly with five or six
times its weight of pure fusion mixture. Heat the
mixture on a boat made of a large piece of platinum-foil,
first over the Bunsen flame, and then over the blowpipe.
When cold, boil the foil and the fused mass with water
until the whole mass is completely broken up and separ-
ated from the foil. The solution now contains the acid
of the substance combined with K and Na, while the
residue contains the base as an oxide or carbonate. Filter
off and wash the residue with hot water until the washings
give no alkaline reaction. Then—

(a) Test filtrate for acids, as directed in examination for

acids.

(%) Test residue for bases by dissolving in dilute HCI

and proceeding as detailed below.

Note.—The most commonly occurring insoluble sub-
stances are—native or ignited alumina and chromie oxide ;
silica and many silicates; barium, strontium and lead
sulphates ; silver chloride, cyanide, bromide, and iodide;
many minerals, e.g. chrome iron ore, calcium fHuoride;
carbon.

3. If the substance is provided in solution, or is soluble
in water, test with litmus paper. If the reaction is—

() Aeid. Freeacid, acid salt, or a normal salt having
an acid reaction, may be present.

(b) Alkaline. Free alkali, peroxides of the alkali metals,
or alkaline salts—carbonate, phosphate, borate, cyanide,
silicate, and particularly stannate and aluminate.

(¢) Neutral. Water, or one or more of a large number
of salts, may be precent.

When the solution is prepared, you must proceed to
separate the metals present into groups, using Table A

civen below, and having done this you must find what
metals of each group are present, using Tables I.-VIII.
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NOTES ON THE SEPARATION OF THE METALS
INTO GROUPS.

The separation of the metals into groups depends upon
the following facts:—

Groupr I.—The insolubility of AgCl, PbCl, Hg,Cl,, all
other chlorides being soluble.

Group II.—The insolubility of the following sulphides
in dilute hydrochloric acid :—HgS, PbS, Bi,S,, CuS, CdS,
A3,8,, SbyS,, Sb,S,, SnS,, SnS.

Grovup 1L (b).—The solubility of As,S,, Sb,S;, SnS,,
SnS, in yellow ammonium sulphide or in caustic alkalies +
Na,0,. :

Group III.—The precipitation of Fe(OH),, AI(OH);,
Cr(OH),, on the addition of NH,Cl and NH,OH.

Group IV.—The insolubility of CoS, NiS, ZnS, MnS in

an alkaline (or neutral) solution.

Group V.—The insolubility of CaCO,, SrCO,, BaCO,, in
an alkaline (or neutral) solution.

The following points should be carefully noted :—

Group I.—The hydrochloric acid must not be too strong,
or barium chloride (BaCl,), which is insoluble in strong
HCI, may be preeipitate&. The precipitate in this case
dissolves readily on adding water.

Group II.—It is well to dilute considerably before
passing - H,S; mineral acids, especially nitric, unless
greatly diluted, are likely to interfere. Cadmium, in
particular, is difficult to precipitate in a strongly acid
solution, and might pass forward to Group IIIL., where it
would be thrown down as a yellow sulphide on the addition
of ammonium hydroxide. - Antimony also is often kept in
solution by hot moderately strong HCI ; addition of water
brings about precipitation.

On passing sulphuretted hydrogen through the solution
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a preeipitate of sulphur is sometimes produced. This
lidicates the presence of an oxidizing agent :

H,S + FeCl, = 2 FeCl, + 8 + 2 HOL

The yellowish solution of FeCl; becomes -colourless
Similarly, chromates or dichromates change from yellow to
green under the reducing action of H,S ; in all such cases
turbidity due to sulphur occurs :

2 K,CrO,+10 HCl+3 H,S=Cr,0l, + 4 KCl+8H,0+38.

If arsenie acid (H AsO,) is present it is reduced by H,S
to the arsenious c{m.ditmn before it can be prempltated
This often takes a considerable time. It proceeds quicker
on warming :

H AsO, + H,S = H;AsO, + H,0 + S,
and then 2 HAsO, + 3 H,8 = As,S;, + 6 H,0.

Another method of procedure (not, however, altogether
free from ob]ectmn) is to boil with a solution of sulphm
dioxide before passing H,S, if arsenic has been detected
in the preliminary examination. This will rapidly reduce
arsenic acid, if present.

Hsﬁsoé + HESOE —_ HEASOE + HJSO?

Be careful to boil the solution till the smell of SO, has
completely disappeared before passing H,S, or a precipitate
of sulphur will be formed.

2 H,S + H,80, = 3H,0 + 3 8.

In ﬁa?&r&tmg the two parts of Group 11, yellow ammon-
lum sulphide should be used. When freahhf prepared,
ammonium sulphide is colourless, and in this case should
be digested WJth sulphur before use. Caustic potash
or caustic soda may be used instead of ammonium
sulphide if mercury is known to be absent (HgS being
somewhat soluble in caustic alkalies). They are much
cleaner to work with, but possess the disadvantage
that stannous sulphide occasionally fails to dissolve. If,
however, a little sodium peroxide is added, SnS dissolves

QL. ANAL. H
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readily, so that it is advisable to add some in any case.
If copper is suspected, KOH or NaOH should be used, as
CusS is slightly soluble in ammonium sulphide.*

Group III.—Before adding ammonia to precipitate the
metals of this group it is necessary to boil off the H,S, or
the metals of Group IV. would be precipitated by the
ammonium sulphide formed on neutralizing the free acid
with ammonia. After this it is necessary to oxidize any
ferrous to ferric salt by adding a few drops of HNO, and
boiling well, the former salt being incompletely precipitated
as Fe(OH), by ammonia, in the presence of ammonium
salts.

Ammonium chloride is added before ammonia to prevent
magnesium and manganese from being partially precipitated
as hydroxides; a double salt is formed in each case
(e.g., NH,Cl, MgCi,), which is not decomposed by ammonia.
The ammonium_ chloride also prevents the partial precipi-
tation of zine, cobalt and nickel, double salts not decom-
posed by ammonia being also formed in these cases.
Since, however, the hydroxides of Zn, Co and Ni are
soluble in excess of ammonia, the presence of ammonium
chloride is not essential so far as these metals are
concerned.

The addition of NH Cl also renders the precipitation of
Al(OH), more complete.

Note,—Tt is very necessary to boil before filtering,
because chromium is only completely precipitated by
NH,OH on boiling. (See p. 39.)

Group IV.—Nickel sulphide is somewhat soluble in
ammonium sulphide, forming a brown solution ; it is there-
fore necessary to avoid adding an excess of this reagent.

Grour V.—It is usually necessary to concentrate the
solution by boiling it in a porcelain basin before proceeding
to Groups V.and V1. ; otherwise it is difficult to precipitate
Ca, Sr, Ba, and Mg at all completely.

* When the solution is acidified the CuS coumes back as a yellow
precipitate closely resembling SnS,.



99

SYSTEMATIC ANALYSIS OF SALTS,

WG 03 amsodxa wo J9[01A

Apumey sumg 97 fQNH Suippe : :
hm_ ?..u_w_ﬁﬁ_._omhm%h.ﬁmﬁ: apro[ya 15 oded ‘g gso, £q waguop)
IaApis e, Amssedou  JI d9Ig

0 d ‘g gsa1, £q uwyuop) A Ve
*A[N[OSIT ST L “Aamora g

"HOAJOSSIP 9PLIOTYD JBATISY

‘RIIOUIIUE JO TWOIIN[O8
T O geoy oppuad ® g® 3sebI(] uiejuon Leyy

018 10 108V

‘HAAISAY CTIVILTIT

"1 [J ‘SUTRUIOL ONPISAL € JT  "UIN[OA BT[] SAWT} 0811} JNoqe 0f ajnyip
¢ wiSax wnbe jo sdoap moy v yyim 9safip pus ‘uiseq urepeoiod © 0} TejsuTL],

*‘TOaIsay

g1 ofed ‘g 989, Aul
-fpdde pue “ajesm joy ul OpLIO[YD
pual oy} Surapossip £q Tuuguop |

1

*pajuaido
l-oad aq eouo je [a sjuidpus pra
TOSTH e[y ® ppe ‘qupIp L4 st
uonnos oy 31 ‘pomsodap oq [

OpLIoIY PBY]

jo speysfan ‘Lyyuenb ur
nuosaxd st pwal Ju {1002 03 MOV

L LLVELIIA

*saun} anoj 1o aaarp) uogerado ey quedaa ¢ ayenidieasd a1} 10400 03 88 08 103y A1} U0 I9jEM furgrog anoJ

‘(sno)8H ‘8v ‘a4

[ d00UE) J0 STVIAT] THEL J0 NOILVVAAY

‘1 HTdVL



100 BYSTEMATIC ANALYSIS OF BALTS,

NOTES ON THE SEPARATION OF THE METALS
OF' GROUP L

The precipitate consists of AgCl, Hg,Cl,, or PbCl,.
Silicie acid may be precipitated here from an alkaline
silicate :

Na,Si0,+ 2 HCl = 2 NaCl + H,Si0,.

It is of a flocculent nature and after being boiled is not
dissolved by acids.

Antimony and bismuth may also be precipitated as oxy-
chlorides by dilution of a strongly acid solution with water
(or dilute acid).

BiOl, + H,0 = BiOCI + 2 HCl.
8bCl, + H,0 = SbOCI + 2 HCL.

The precipitate in this case is soluble in concentrated
hydroehloric acid. Such a solution may be largely diluted
with water and, disregarding the turbidity, may be added
to the filtrate for Group IL. and treated with H,S, since
this reagent converts the oxychlorides into sulphides.

If then a precipitate is produced in a strongly acid
solution, always test its solubility in cone. HCL

Note.—Since the only free acid likely to be present in
quantity is HCl (for if aqua regia is used as solvent the
HNO, is all expelled as directed on p. 91), there will be
no Group I. metals present if the solution is strongly acid,
for they are precipitated by HClL Of course a strongly
acid solution might be given for analysis, but in this case
the free acid should be identified before testing for the
metals, and if it is HNO, it should be expelled by
evaporating to dryness with HCI; if it is H,SO, the
solution should be diluted with water before adding HCL
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The separation of AgCl, Hg,Cl,, and PbCl, is based on -

(¢) The solubility of PbCl, in hot water, Hg,Cl, and
AgCl being insoluble :

(6) The solubility of Hg,Cl, by conversion into HgCl,
with aqua regia (see p. 20), AgCl being
insoluble.

Lead chloride is slightly soluble, even in the cold, and
hence, if lead is found in this group, there will be a little
carried forward to Group II.

It should also be remembered that mercurous salts are
precipitated in Group L., and mercurie salts in Group 11



OF SALTE.

SYSTEMATIC ANALYSIS

102

1% onud
‘g gs0, £q wguo)
: -1addoy
"NOLLOTOS

‘WNIWPE)
£0)80
-put 31+ ‘aoqpd i
"WLVLITIOEU ]

‘pourtoy st ejepdwoead v gy

SO
U008

oy ysnonpy <°H ssed wayy ¢ smadde
-s1p auofod onjq a3 mun ‘doap Lq doap

NOM Ppe

¢ quasead st zaddoo ‘onpq st 31 T

1 Bnoayy fy Surssed Aq
WNIUIPED JI0] 90UO0 € )52] ‘SsA[INo]oo ST 31 JT
“ALVULTL]

75 odud
‘s Iseg, ¢ 1ojeMm
Suippe  pue [DH
pojeIjuad o jo

sdorp maj e ur Sul
-Ajossip Aq uLyue)

‘qInwmstg
A1qeqord

"HIVIIATONN J

1991y ‘surtoj eyeyidooad o3Tym ® 3T 'sed oy jo Lpjouny
-sIp S[[aWs JI [[14 etuowme ppe “jussead Ju [orod[e oy} jo [iog

"HLVILTI L

‘61 ofed

‘L 9sal, Aq wayuo))

‘peaTy

§94BOIPUL 31 ‘OJ1M J]

"HLVILIJIOH Y

pnwslq 1oy 403 03 paadord ‘ueard st ajegidioard ou jf

MR

“IopureuIdI a[} 03 [oyoo[e puv *OSEH en[ip ppe ‘pawaoy st ajeidrooad aryMm ® Jf
ue pug ptov oumydins oupp Surppe 4q puey 10§ uonjrod v 3597 ‘[00))

‘[OYooTE JO Mq[uq [Eu

HLVALTI

(g "d aes)
$3H 7z “("ON)SH

A0

(61 °d 99s) Yo8qg
oq Avur 91
‘£avoy pue ajgs J

"Pa1o9]
-fau aq Aew pue
‘iaygdng

Lpquqoad
SI 1 ‘sseur mof[a&k
suneoy jysi v gy |
oprydms Lmozagg

Lquqoad st 1
‘eBuap pur yoepq JI

HAAISEY

04y ‘SUTBIIAL OIS ¥ T PIOT oLj1a oqupip Surjroq i saprydns pejeyidmard oty gseSiq

‘n) ‘v 94 ‘SH ‘qq
‘D[] 40095 0 FIVIA[] HHL 40 NOILVEVIAS

11 HTdV.L




SYSTEMATIC ANALYSIS OF BSALTS, 103

NOTES ON THE SEPARATION OF THE METALS
OF GROUP IlLa.

Note.— Assistance may often be gained and the labour of
testing shortened by carefully observing the colour of
the precipitate, e.g., a clear yellow precipitate would
exclude Hg, Bi, and Cu, the sulphides of which are brown
or black. In a dark coloured precipitate, however, the
yellow sulphides must of course be looked for.

The separation of Group ILa is based on—

(a) The insolubility of HgS in boiling dilute nitric
acid, the other sulphides being converted into
nitrates,

(b) The insolubility of PbSO,.

(¢) The insolubility of Bi(OH); in ammonia, Cu(OII),
and Cd(OH), being soluble,

(d) The fact that the double cyanide of potassium
and copper, KCu(CN),, is not decomposed by
H,S, whilst the corresponding cadmium salt
is decomposed and yields a precipitate of CdS.
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NCTES ON THE SEPARATION OF THE
METALS OF GROUP ILb.

The soluble thio-salts, obtained by dissolving the sul-
phides in ammonium sulphide or in NaOH 4 Nay0O,, are
decomposed on adding hydrochloric acid. As,S; SbyS,,
Sb,S;, and SnS, are reprecipitated.

The separation of these sulphides is based on—

(a) The solubility of As,S;in a solution of ammonium
carbonate ;

(b) The solubility of Sb,S,, Sb,S; and SnS§, in ]mt-
concentrated hy drochloris at‘ﬂd especially o

addition of a cr}stal of KC1O, from time to
time,

and the subsequent precipitation of antimony on zinec-
platinum in one portion of the solution, and of tin on
metallic copper in another portion of the solution:

An alternative method of separation consists in warm-
ing the precipitated sulphides with conc. HCL.  The

sulphides of antimony and tin dissolves whilst As,S, is
insoluble,
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NOTES ON THE SEPARATION OF THE METALS
OF GROUP IIL.

See note at the head of Group IL.a. A pure white pre-
cipitate would exclude Fe and Cr.

Phosphoric Acid.—If phosphates are present the precipi-
tate may consist of phosphates of any or all of the metals
of Groups IIL, IV., and V., or of Mg (as well as of the
hydroxides of the metals of Group ITL ) for the phosphates
of these metalst are insoluble in water, but soluble in
dilute HCl. Now in Groups 1. and II. the solution is
kept acid, so the phosphates remain in solution. In
Group III., however, it is rendered alkaline, so that if
‘any of the metals referred to are present in solution, and
also the (PO,) greup, a precipitate of a phosphate will be
formed at once.

Suppose, for example, the original mixture consisted of
calecium chloride, CaCl,, and sodium phosphate, Na,HPO,,
This would be found to be insoluble in water, because as
soon as water was added the two salts would react with
precipitation of calcium phosphate, Cay(PO,),.

3 CaCl, + 2 Na,HPO, = Ca,(PO,), +4 NaCl + 2 HCL

The addition of HCI (the next solvent which would be
tried) would, however, bring about complete solution.

-:  Cay(PO,), + 6 HCI = 3 CaCl, + 2 H,PO,.
‘When now ammonia is added in excess in Group ITL,,
the calcium phosphate is reprecipitated.

3 CaCl, +2 H,PO,+ 6 NH,0H = Ca,(PO,), + 6 NH,CI
- + 6 H,0.

)i The hosphates of ‘the metals of Groups I. and II, are also
insoluble, l;mt these metals have, of course, been removed while the
golution was acid.
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If then phosphates are present, it is necessary to remove
the phosphoric acid before applying the group reagents.
This is done as in Table V.

Boric and Hydrofluoric Acids.—What has been said
with regard to phosphates applies also to borates and
fluorides, the majority of which are insoluble in water;
so that borates and fluorides of the metals of Groups IIL,
IV., and V. or of Mg may be precipitated in Group 1IL.
The presence of boric acid or of hydrofluoric acid should
have been detected in the preliminary examination. If
either or both of these acids are present they must be
removed by evaporating the filtrate from Group II. to
dryness several times with excess of strong hydrochloric
acid. The volatile acids, H;BO; and HF, are gradually
replaced by HCl. The evaporation should be performed
in a fume cupboard. The residue is finally taken up with
water and treated as usual.

Silicic Acid.—Silicates may be held in solution in
Groups I. and IL, ¢.e., while the solution is acid, but in
strong solution the addition of ammonia causes the pre-
cipitation of insoluble silicic acid, If the presence of silica
is suspected, evaporate the filtrate from Group IL to dry-
ness, and gently ignite. Add a few drops of strong HCI,
then water, heat gently, and filter from the insoluble silica.
Proceed as usual.

Organic Acids—The salts of many of these (e.g., oxalic
acid) are insoluble in water, but soluble in dilute HCI
(just like the phosphates), and so they are precipitated in
Group III. 1f the presence of organic matter has been
detected in the preliminary examination, the filtrate from
Group II. should be evaporated to dryness, moistened with
strong HNO,, and gently ignited.* This destroys the
organic matter. Treat the residue with a little hot con-

* The ignition should not be too strong, or the aluminium and
. chromium hydroxides may become converted into the insoluble form of
the oxides.
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centrated HCI, add water, filter if any portion remains
undissolved (it will be carbon), and proceed with the filtrate
as usual. There is a second advantage in destroying the
organic matter, namely, that the presence of many organic
substances (e.g., tartaric acid) prevents the precipitation

of metals by alkalis (e.g., NH,OH in Group III).

The separation of Fe, Al and Cr is based on the conversion
of AI(OH); and Cr(OH),; into the soluble compounds
Na,Al,04 and Na,CrO,, b‘!‘ Na,0, 4+ Water, Fe(OH); re-
maining unattacked.

Manganese, if present, will most probably be partially
precipitated in Group III. If so it will be found in the
residue with the iron. It is therefore as well to always
test this residue for manganese by boiling it with excess
of a solution of bleaching powder for a considerable time.
A pink solution (due to the formation of a permanganate)
proves the presence of manganese.

Note.—Chromium present as chromate is not precipitated
by ammonia. The presence of a chromate will be indi-
cated in Group II, as already mentioned on p. 97. If
sufficient H,S has been added, all the chromate will have
been reduced to chromic salt, which will give the normal
reaction.
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SYSTEMATIC ANALYSIS OF SALTS, 111

NOTES ON THE TREATMENT OF GROUP III IN
THE PRESENCE OF PHOSPHORIC ACID.

As ferrie chloride has to be added to precipitate the
phosphoric acid, it is necessary to test for iron before
proceeding further.

The method of removing phosphoric acid which is
adopted depends upon the fact that ferric phosphate is
insoluble in acetic acid, the phosphates of the metals of
Groups IV., V., and Mg being soluble (AIPO,, like FePO,,
is insoluble, whilst CrPO, is soluble with difficulty).

The addition of sodium acetate causes the small quantity
of free mineral acid still present to be replaced by free acetic
acid.

- NaC,H,0, + HCl = NaCl + HC,H,0,.

The liquid is made more strongly acid by adding acetic
acid, When ferric chloride is added, ferric phosphate is
formed :

Cay(PO,), + 2 FeCly = 3 CaCl, + 2 FePO,

The calecium, barium, strontium, ete., are converted into
chlorides, and remain in solution, whilst the FePO, is pre-
cipitated. Of course, if Al or Cr is present, and there is
sufficient phosphoric acid present to combine with them,
these metals will also be precipitated (wholly or partially),
and so the precipitate may contain Cr and Al as well as
Fe, and should be examined for them. There may not
however be enough phosphoric acid present originally to
combine with them at all, so that the filtrate, after the
removal of phosphoric acid, must be examined for Al
and Cr ; or there may only be sufficient to combine with
part of them, in which case Al and Cr will be found in both
the precipitate and the filtrate.

When the supernatant liquid becomes 7ed, it is a sign
that all the phosphate has been precipitated and the iron is
now being converted into ferric acetate, which is red. On
boiling, this is converted into basic ferric acetate, which is
precipitated. (See p. 79.)
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Since however on cooling, even slightly, the basic salt
redissolves in the acetic acid present with re-formation of
the normal acetate, it is necessary to filter rapidly, and to
boil up again each time after pouring some of the mixture
on to the filter. The filtrate should be colourless, showing
that all the iron has been removed.

Another way is to remove any iron present in filtrate by
the addition of NH,Cl + NH,OH.

Note.—If a precipitate remains when acetic acid is added,
this indicates that Fe, Al or Cr is present (or a mixture of
them). If no precipitate remains, then these must be
absent (except perhaps Cr), and one or more of the metals.
Ba, Sr, Ca or Mg must be present.



113

SYSTEMATIC ANALYSIS OF SALTS.

Ly o%ud p 3o [, £q wayuop ‘95 oFed ‘g 350, £q

ULy
asausdusy
sajealpur agejudio
-aud ojpm v ¢ woynjpos
oY} ysnoayy sed GOy sseg 103 188,
"HLVELTL] “HLVLIAIOH J

1231y ‘poonpoad st eyeyidioand yueurvuriad e
JI '6830Xe UL HOUN PPv MOU ! j|hq [[RWS 0] UMOp
[roq pug “ODH Jo s¥sfio sy 0 om3 M 1seSI(Y

Figuyz pus *[QuIy usjuod vy

WLV AL

318q0) | ‘e adud ‘g 3sag, £q nc.m:cm___ _
10f ‘pp oned ‘g 9so, Apdde ‘[9OIN !
pue ssoufip o} ojuiodeag NoR[q JT
*HIVIALII ] “LLVLIAIOET J
‘Kiussooou Jraegpy *(jroq jou op) Kpyuad Em.: 10000

ur afuelo sowooaq pmbip ayy [ ‘aejum AULOq
U} pur ‘HOEN Jo ssooxa ppe ‘ooy) [loq puw
‘10 angeor Jo sdeap map v ppy  poaossipax gsul
st osuuop orgm oreidoond ayy iy “doap £q doap
‘KO uey) puv ‘pow Lpuiey Suo g fopey ppe
pue ‘[OH [»dxo 0} ssoufip 03 Spvou wonynjos oy LCH |
‘uorjnjos
woouli v soa1d  eouvuiwopard wr a0 euoqe [Y0IN
‘uonnjos yupd v saALS souvutmopoad ur 1o ouoju Qo)

01O JO s[e3shan [[vws 9211[} 10 0M3 ppeu
pue ‘pre ouo[aeapLy Suoils I anpisal oy} uLIe g
"SIN pue gop) ureuod Aejyg
"HOAISEY

Jt 1991

N Uz I ‘09

‘(pappe uaaq serp Jejusm jo aurnfoAa penba uw yargm 03 [DH eupp) pov olo[yaoapiy ajupip
A yia (opqeangousd s aey se 118 a0 govjao0 Suipuppxe puw) ppos oy ug seprydus paxiur o} 9sesI(]

* A1Ussooetr

‘Al 40045 40 SIVIAJY 4HL 40 NOLLVUVdES

1A

HTAV.L

QL, ANAL,



114 SYSTEMATIC ANALYSIS OF SALTS.

NOTES ON THE SEPARATION OF THE METALS
OF GROTIP TV.

See note at the head of Group IL.a. A pure white
precipitate would point to zinc as the only metal present,
whilst the only black sulphides in this group are those of
Ni and Co.

If the liquid becomes brown it is a sure indication of the
presence of nickel, nickel sulphide being slightly soluble in
ammonium sulphide. Before proceeding to the next Group
the brown filtrate from Group IV. must be acidified with
acetic acid, warmed gently, and the precipitated NiS filtered
off and tested for nickel by Test 6, p. 43.

The separation of Co and Ni from Zn and Mn depends
upon the fact that CoS and NiS are insoluble in very dilute
hydrochlorie acid, ZnS and MnS being soluble.

The separation of cobalt from nickel depends upon the
difference in properties between the double cyanides of
nickel and cobalt, as explained on pp. 42-44,

An alternative method of separation is based upon the
different behaviour of nickel and cobalt towards potassium
nitrite 4+ aceticacid. (See pp.43,44). Thesolution obtained
by dissolving the sulphides of Co and Ni in HCl + KCIO,
is neutralized with caustic soda. Excess of acetic acid is
then added, followed by excess of potassium nitrite (use
one inch of the solid stick). Shake well. A yellow
crystalline precipitate of K Co(NO,), is formed, becoming
complete on standing for 15 minutes. Thefiltrate contains
the nickel which may be precipitated as green Ni(OH), by
the addition of NaOH. Confirm nickel by submitting the
precipitate to the borax bead test. (Test 6, p. 43.)

Perhaps the best method of dealing with nickel and
cobalt is the following :—Divide the solution obtained by
dissolving the sulphides of Ni and Co into two parts.
Treat one part as in Table VI,, proving the presence of
nickel but neglecting the filtrate. Treat the other part by
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the KNO, + C,H,O, method described above, and prove
the presence of cobalt, again neglecting the filtrate. There
is then no need in either case to bring about complete
precipitation before filtering, since the filtrate is not used.

The separation of zine from manganese depends upon
the fact that Zn(OH), is soluble in NaOH, whereas
Mn(OH), is insoluble. (See pp. 45, 47.)
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SYSTEMATIC ANALYSIS OF SALTS. 117

NOTES ON THE SEPARATION OF THE METALS
OF GROUP V.

Some assistance may be gained in the determination of
this group by noting the eifect of adding a solution of
CaSO, to a small portion of the acetic acid solution. An
tmmediate white precipitate indicates barium. Strontium
and calcium may of course be also present. A whate
precipitate produced affer gently warming and shaking tho
solution for some time indicates presence of strontium and
absence of barinm. Calcium may of course be also present.
No precipitate shows that calcium alone is present.

The separation of the metals of Group V. is based on—

(@) The insolubility of barium chromate in acetic acid.
(b) The precipitation of strontium sulphate by dilute
sulphuric acid, calcium sulphate only being
thrown down by sulphuric acid from concentrated
solutions of calcium salts :
CH,.CO,

CR_.cO.>5r + H,80, =880, + 2 CH,.CO,H.

The calcium is finally precipitated as calcium oxalate.
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TABLE VIIL
SEPARATION oF THE METALs oF Grour VI
Mg, NH,, K, Na.

Test a portion of the original solution for ammonium salts
1 by heating with caustic soda ; if present, ammonia is given

: off and may be recognized by its smell and by its turning |
red litmus paper blue.

Test a portion of the filtrate from Group V. (which should

be concentrated on the water-bath) for the presence of
2. magnesium by adding ammonia and then sodium phosphate.
A white precipitate which becomes denser and crystalline
on standing indicates the presence of magnesium salts,

Magnesium salts absent.—Proceed at once to (4) with the
rest of the filtrate from Group V. !
Magnesium salts present.—Evaporate the rest of the filtrate |
from Group V. to dryness, and ignite the residue in a
porcelain crucible so long as white fumes (due to am-
monium salts) are given off. To the residue add water
3. and excess of baryta-water (till distinetly alkaline) and
boil, thus precipitating Mg(OH),. Filter, and reject |
the residue. The filtrate contains Ba(OH), {excess) and
other barium salts, as well as, possibly, salts of potassium |
and sodium. To it add sufficient ammonium ecarbonate
to precipitate the barium salts. Again filter, and reject |
the residue. !

| The solution may contain salts of K, Na, oxd NH,. Eva- |
| porate to dryness, and ignite to get rid of ammonium

' salts. If mo residne is left, K and Na are absent. If

a residue remains, dissolve in a little water. Add chloro- |
4, platinic acid until the supernatant liquid is yellowish, |
and then an equal volume of aleohol. A yellow pre-
cipitate of K,PtCl; indicates the presence of potassium.
Filter this off; the precipitate may be examined for
confirmation according to Test 4, page 53.

To ascertain whether there are any sodium salts in the fil- |
trate from (4), it is necessary to get rid of the chloropla- |
tinic acid (excess) ; to do this, add a small piece of starch, |
evaporate to dryness, and ignite. Boil up with water, |

b. and filter. The residue will be carbon and platinum ; |

the filtrate will contain any sodium salts that were

present. Evaporate to dryness, and, if a white residue is
obtained, the presence of sodimm salts may be inferred. |

Confirm by Test 4, page 54. IF

e e e et e i
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NOTES ON THE SEPARATION OF THE METALS
OF GROUP VI,

The detection and separationof these metals is based on—

(@) The decomposition of ammonium salts and volati-
lization of ammonia by heating them in presence
of caustic alkalies:

NH,Cl + NaOH = NaCl + NH, + H,0.

(6) The insolubility of magnesium ammonium phos-

phate (MgNH,PO,) in a neutral or alkaline
solution :

MgCl, + NH,OH + Na,HPO, = MgNH,PO, + 2NaCl + H,0

As the precipitate is only formed wvery slowly in dilute
solutions, the filtrate from Group V. should always be
concentrated before adding NH,OH and Na,HPO,. Even
then the precipitate only forms slowly unless the solution
is very strong, and its/formation should be promoted by
warming gently and stirring. ' Neglect of these precautions
often results in magnesiui being missed altogether.

Note.—Ca, Sr and Ba often escape precipitation by
(NH,),CO,, and are precipitated by Na,HPO,, being mis-
taken for Mg Whereas however, MgNH, PO, always settles
completely on standing, leaving the supernatant liquid
quite clear, this is /mot the case when the precipitate is
composed of phosphate of Ca, Sr or Ba.

Note.—There is no really satisfactory confirmatory test
for magnesium.

(¢) The separation of magnesium befere testing for
sodium and potassium. On adding baryta-water
magnesium hydrate, Mg(OH),, is precipitated :

MgCl, + Ba(OH), = Mg(OH), + BaCl,
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The barium chloride is next precipitated by

ammonium carbonate :

and the ammonium salt volatilized by heat.
(d) The 1solubility of potassium chloroplatinate, the
corresponding sodium salt being soluble :

2 KCl + H,PtCl, = K,PtCl, + 2 HOL

Note—If a brown coloration is produced when HQPtGIG
is added it proves the presence of an iodide in the solution

e.g. 2 NaI + H,PtCl, = 2 NaCl + 2 HCI + PtCl, + L,

In this case the solution should be boiled with a little
HNO, to expel 1odine. Addition of a further quantity of
H,PtClg will now precipitate potassium if present.

(¢) In the decomposition of the excess of chloro-
platinic acid, the starch* acts as a reducing agent
and throws down metallic platinum, which is
insoluble.

Alternative method of removing magnesium. The use of
baryta water for the separation of magnesium is, of course,
necessitated by the fact that sodinm phosphate is inadmis-
sible, since sodium is to be tested for in the filtrate. If,
however, ammonium phosphate, (NH,),HPO,, is available,
this may be used to precipitate the magnesium, thus avoid-
ing the baryta-water method, which is rather elaborate.
In this case the following is the course of procedure :—
Concentrate the filtrate from Group V., add ammonia and
ammonium phosphate in excess, and allow to stand in a
warm place for some time. When a precipitate ceases to
fall, filter and test the filtrate for Na and K.

* Formaldehyde may preferably be used as reducing agent in
place of starch. There is then no need to evaporate to dryness and
ignite in order to bring about reduction, since chloroplatinic acid
is reduced by formaldehyde on simply wm*ming. The precipitate
of platinum is filtered off and the filtrate tested for sodium as
deseribed.
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EXAMINATION FOR ACIDS.

The tests for acids are each applied on separate portions
of the same solutions ; there is no separation of groups as
in testing for bases,

In making the tests for acids, the student should be
cuided by—

() The results of the preliminary examination. In many
cases the acid or acids will have been detected in this
examination, and it is only necessary to confirm the
results in the wet way.

(b) Tle results of the examination for the bases. The
bases being now known, and the properties and solubility
of the substance being determined, the field of search is
often considerably narrowed. If no acid is found, the
substance may consist of oxides or hydroxides,and here
a knowledge of the nature of the bases helps to decide
whether such compounds are likely to occur.

A knowledge of the commoner compounds of each metal is often
heloful, but should not encourage random shots.

Preparation of Solution, |

1. The substance ts in solution or soluble in water,

If metals of Group I. or II. are present, remove then
by boiling with a slight excess of pure sodium ecarbonate,
filter, and use the filtrate for the examination for acids.
If Groups I. and II are absent, use the original solution.

2. The substance ts insoluble in water, but soluble in acids.
Boil a portion of the solid with a strong solution of
sodium carbonate, filter, and use the filtrate,

3. The substance is insoluble in acids,

Treat as described for the preparation of the solution for
the examination for (see p. 92) bases, using the aqueous
filtrate.
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Divide the filtrate into six parts and treat these as
follows :—

1. Acidulate with HCl and add to different portions.

(z) BaCl,.
White ppt. insoluble in | H,SO, or H,SiF;
boiling HNO,.

(6) FeCl,,

Blue ppt. (turned brown | H Fe(CN),.
by KOH, colour restored
by HCI).

Blood-red coloration | HCNS,
(bleached by HgCL,).

(¢) FeSO,.

Blue ppt. (turned brown | H Fe(CN),.
by KOH, colour re-
stored by HCL

2. Acidulate with HNO; and add AgNOg.  Only regard a
precipitate which becomes curdy on boiling and shaking,

Precipitate is

L Curdy white. Soluble in | HCN.
strong boiling HNO,
and in NH,OH.

il. Curdy white. Insoluble | HCIL
in strong boiling HNO,,
soluble in NH,OH.

i, Curdy yellowish - white. | HBr,

Soluble  in  strong
NH,OH.

iv. Curdy yellow. Insoluble | HI,
in NH,OH, but turned
white by it.
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3. Acidulate with acetic acid and divide into three parts.

(a) Boil and add CaCl,.*
White ppt. sol. in HCL. | Oxalate.

(b) Boil and add FeCls.
White ppt. sol. in HCL. | H;AsO,.

Yellowish - white ppt.

soluble in HCI. H,PO,.
(¢) Add Pb (C,H;0,),. Yel-
low precipitate. H,Cr0,.

4. Acidify with HCl, boil to remove CO,, just neutralize
with NaOH, cool, and when quite cold add Caﬂlﬂ in excess.

White ppt. soluble in cold
KOH, repptd. on boil- | Tartrate.

ing ; sol. in acetic acid.

White gelatinous ppt. insol-
uble in cold KOH.

(a) Insoluble in acetic acid,
readily soluble in HCL. | Oxalate.

(b) Insoluble in acetic acid,
difficultly sol. in HCI. | HF.

(¢) Soluble in acetic acid. H.BO,, H,PO,, H;AsO,.

No ppt. in the eold; while
ppt. on bmhng, insol.
i KOH. Citrate.

5. Acidulate with HNOQg, boil, and just neutvalize with
dilute NaOH. Add FeCls.

Red coloration, discharged
by HCL I Formate or acetate.

* If the presence of the H,SO, has been proved by la, remove it
by adding HCI and BaCl,, and filtering off tFe precipitate of BaSO,.

Neutralize the filtrate with NaOH, acidulate with acetic acid, and
then add CaCl,.
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6. To a portion of solution add a solution of FéSﬂi, and
then pour down the side of the test-tube strong H,80,. See
Note, p. 67.

A brown ring* formed at
the junction of the
fluid indicates HNO,.

The acids found by the above examination should be
confirmed, using the tests given in Chapter ITI. Some
acids not included in the above scheme will have been
detected by the preliminary examination.

Detection of certain acids in the presence of each other.

In some cases where two or more acids occur together in
the same solution the reactions interfere with one ancther,
and special methods of detection are needed. A few cases
commonly met with are treated below.,

Sulphite and Sulphate,

Add BaCl, ; the precipitate consists of barium sulphite
and sulphate. Filter at once, wash the precipitate well
with %ot water (to remove BaCl, completely), and then pour
dilute hydrochloric acid over it ; the sulphite dissolves with
evolution of SO, and the sulphate is unacted wupon.
If, therefore, barium salt (test with H,SO,) is found in
the acid filtrate, sulp/iite must have been present ; and, if an
insoluble residue remained on the filter after treatmens
with HCI, sulphate is indicated.

Phosphate and Arsenate.

Acidulate with HCIl, add a few ecrystals of sodium sul-
phite and warm gently for five minutes. The sulphur
dioxide formed will reduce the arsenate to arsenite. Boil
till all odour of SO, has disappeared, and then pass H,S to
throw down the whole of the arsenic as As,S,. Flltar

* Note.—Iodides and broinides also give a brown ring,
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boil off H,S from the filtrate, and test for phosphate accord-
ing to Test 3, page 71.

Chlorate and Chloride,

Divide the solution into two parts; test one part for
chloride with silver nitrate (Test 1, page 59). Evaporate
the other part to dryness on a water-bath and warm the
residue gently with concentrated hydrochloric acid; if
euchlorine (a yellow gas with characteristic odour) is given
off, chlorate is indicated,

Chloride, Bromide, and Iodide.

(a) First remove the todide.—Add a solution of copper
sulphate and ferrous sulphate, till the hydriodic acid 1s
completely precipitated as white cuprous iodide, Cu,l,.

2 CuS0, + 2 FeSO, + 2 KI = Cu,I, + Fe,(S0,),
4 K RO,

2 CuSO, + 8O, + 2H,0 + 2 KI = Cu,I,+ 2 KHSO,
+ H,80,

Filter; confirm iodine in the precipitate by heating
with concentrated H,SO,. Violet vapours of iodine are
evolved.

(6) Remove copper from the filtrate by adding excess of
KOH, boiling and filtering ; evaporate to dryness, mix the
residue intimately with an equal amount of powdered
potassium bichromate, and introduce into a small dry
retort. Pour over it enough concentrated H,SO, to just
cover it, and heat gently. Brown fumes, consisting of a
mixture of CrO,Cl, and bromine, distil over, and condense
to a brown liquid which may be collected in a tube slipped
over the neck of the retort.

4 KCl + ECr,0, + 3 H,80, = 3 K,SO,
+3110+20r001
6 KBr + K,Cr,0; + 7HjS0, = Cry(30,),
+ 4 K,80, + TH,0 + 3Br,

Add water to the distillate. The bromine dissolves as such,
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forming a reddish-brown solution ; the CrO,Cl, is converted
into H,CrO,, which dissolves,

CrO,Cl, + 2 H,0 = H,CrO, + 2 HOL -

Divide the solution into two parts. Test one part for
bromine by shaking up with CS, (see Test 2, p. 61). Test
the other part for chromic acid by neutralizing and adding
acetic acid and lead acetate. (See Test 3, p. 73). The
presence of chromic acid shows that a chloride was
originally present.

Nitrate and Nitrite,

To one portion add a solution of potassium iodide, a few
drops of dilute H,S0,, and some starch paste. A blue
coloration, due to iodide of starch, indicates nitrite. (See
p. 69). If nitrite is present, it must be destroyed before
testing for nitrates, by adding a little urea, CO(NH,),, and
dilute H,SO, to the second portion of the solution,
and warming till evolution of gas (nitrogen) ceases.

2 KNO, + CO(NH,), + 2 H,80, = CO, + 3 H,0 + 2 N,
+ 2 KHSO,.

The solution can then be tested for nitrates in the usual
way.

Nitrate and Chlorate

Evaporate to dryness, and heat the residue to redness.
The nitrate is converted into nitrite, and the chlerate into
chloride. These can be tested for in the usual way,



‘trate — raercuric acetate. |oxide in fume cupboard :

{

‘acetate with dilute sulphuric acid in a boiling tube fitted
with a cork and delivery tube (a small retort is better).
''The formic and acetic acids will be liberated, and should

‘and shake till no more dis- and evaporate to dryness.
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Formate and Acetate.

e ——

Heat the substance supposed to contain formate and

be collected in a second tube kept immersed in ecold
water. Divide the distillate into two portions, A and B.

Portion A. Portion B.

= ————— .

Add yellow mercuric oxide Neutralize with NaOH |

solves. Warm gently ; #e-| Divide into two portions,
duction will take place. For-|C and D.

mic acid present. Add more| C. Heat with strong sul-|
mercuric oxide and heat till| phuric acid ; carbon monoxide
all the formic acid is de- evolved and burns at mouth |
stroyed. Filter. of tube. Presence of formic |
acid confirmed.

Neglect precipitate—Fil-| D, Heat with arsenious

|i11dESEI’ib{Lh]B odour of cac-|
Evaporate to dryness and odyl oxide. Presence of
grind in a mortar with strong acetic acid confirmed.
sulphuric acid.  Smell of|

acetic acid, |
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— —rra—— - = —

Oxalate and Tartrate.

To a neutral solution add ealeium chloride; shake well and allow
to stand for 20 minutes. Filter off the precipitate, which consists of
caleium oxalate and tartrate,

Wash well on the filter-paper. Remove a small portion of the
precipitaie for confirmatory tests C and D below. Make a hole in the |
filter-paper and wash residue through into a boiling tube. Boil with
a little acetic acid, Filter.

Residue= ' Filtrate.

Calcium oxalate. | Evaporate just to dryness and
Wash well and dry. Divide heat with a little strong sulphurie
into two parts A and B. ‘acid, Carbon monoxide and diox-
& Place ona piece of platinum ide, and sulphur dioside evolved,
foil and heat over the Bunsen flame “ith immediate blackening.
to convert into calcium carbonate.  Presence of Tartaric Aeid.
.&l!;w io cool, and add acelic|  (Confirm as follows—
GCE, o ... | ©. Heat one portion of residue
Carbon dioxide evolved with (see above) on a piece of porcelain,
effervescence. with strong sulphuric acid con-
Presence of Oxalic Acid | taining resorcin,
confirmed. - Reddish-violet Coloration.

B. Heat in a test-tube with' p Placesecond portionin a test-
strong sulphuric acid.  Carbon | tyhe with a drop or two of am-|
diowide and monoxide evolved, ponia, a crystal of silver nitrafe,!

without blackeqing. : : and a little water. Heat gently.
|  Presence '—‘é 015311'1 Acid | pirror of metallic silver
confirmed, produced. ,

Free Acids,

Only the following common acids are considered here :—
HCl, HNO,, H,S0,, H,PO, H,BO,, acetic acid, oxalic
acid, tartaric acid, citrie aecid. ]

If you find on going through the groups that no base is
. present, then—

(1) If the substance is solid it may be one of the
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following acids, viz., H;BO-, oxalic acid, tartaric acid, citrie
acid, or a mixture of these.

Dissolve some of the substance in water and test with
blue litmus. It will be turned red. Test for boric acid by
means of turmeric. (See Test, p. 69.) Neutralize the
solution with NaOH, and test for the other acids in the
ordinary way.

(2) if the substance is®a liquid it may be (a) H,SO,,
IINO,, or acetic acid, or (b) an aqueous solution of any of
the acids mentioned in (1) or (2a), or of HCI or H,PO,.

(@) Of these acids, H,SO, is an oily liquid, which when
mixed with water gives rise to much heat. HNO, fumes
strongly in the air and acts on copper with formation of

brown fumes. Acetic acid is recognized by its odour,
(b) Proceed as follows :—

(1) Test with blue litmus, which will be turned red.

2) Evaporate a portion of the solution to dryness.
1ICl, HNO,, H,80,, and acetic acid gwa off intensely acid
fumes and leave no residue.

In the case of the other acids, the water is first driven off,
leaving a residue of the acid. On further heating, H,BO,
and PO lose more water, leaving finally resrdues of ]33303
1104 HI:’O leapectwelj' ; oxalic amd behaves as described on
p. 80, tartaric acid as described on p. 82, and citric acid
as described on p- 84.

(3) Neutralize the other portion of the solution with
NaOH, and test for the acids in the ordinary way.

Hydroxides.

If you are given a solution which contains one or morg
metals, but no acid radicles, then the metals must be
present as hydroxides. [Alan since the only soluble hydi-
oxides are those of K, Na, NH,, Ba, Sr, Ca, Mg (E]]Dlltlj}
only these metals can be present. | The sulutmu will then
answer to the following tests :—

QL. ANAL. [
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1. Silver nitrate gives a brown precipitate of silver oxide,
Ag,0, soluble in ammonia. (See p. 17.)

2. Mercurie chloride gives a yellow precipitate of mercu-
ric oxide, insoluble in excess. In the case of ammonia, the
precipitate is white, consisting of meicurammonium chloride,
HgNH,CL. (See p. 23.)

3. The solution is strongly alkaline.



CHAPTER V.

ANALYSIS OF MIXTURES WHICH MAY CONTAIN
ELEMENTS AND COMPOUNDS.

IN the previous pages the systematic analysis of salts has
been dealt with ; it is necessary, however, to be able to
analyse mixtures which may contain bodies not belonging
to this class of substances. Directions are given in this
chapter for the analysis of a mixture which may contain
elements or compounds. This examination should precede
that for a mixture of salts, if elements are suspected to be
present, but, as the processes are somewhat more compli-
cated, the matter has been placed at this portion of the
book.

Elements and eompounds may, for the purposes of
analytical investigation, be divided into three great
classes :—

(1) The elements ;
(2) The oxides and sulphides ; *
(3) The salts.

We shall first endeavour to aseertain to which of these
classes a substance under examination belongs, and with
this object we make the following observations :—

(1) Examination of external characters, such as
colour, lustre, hardness, malleability, ete.

* Sulphides strictly belong, of course, to (3), but. they are grouped

wong with the oxides for convenience.
131
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(2) Changes which take place when the substance
is heated (a) in a closed tube (where the action of air
is limited) ; () in a tube open at both ends, so that
the full effect of oxidation may be determined. These
experiments will show whether the substance is fusible
or readily volatile, and whether it forms an oxide, the
nature of which may be also noted. (¢) Changes
which occur when the substance is heated in presence
of reducing agents, such as hydrogen and carbon, and
the products obtained under such treatment. (d) The
action of water and mineral acids upon the body, and
the nature of the products obtained.

Examination of liquid substances.—Excluding the
gases, which are recognized by the properties deseribed in
the text-books, substances may be presented either in the
liquid or solid form, or they may be dissolved in water.
Some of the well-known gases may also be presented in
solution in water, e.g., HCl, HBr, HI, SO,, NH,, etc. ; but
they may still be recognized by their odour or reactions.

The commoner elements or compounds that exist in the
liquid state are few, and we shall dispose of them first,
and then proceed with the treatment of solids.

Of elements there are only two—bromine and mercury -
the former a brown liquid, heavier than water, with a
marked and characteristic odour ; the latter a heavy liquid
with a bright silvery lustre.

Of compounds there are water, HNO,, H,SO,, acetic
acid, carhﬂn bisulphide, antimony pentachlnnde (SbCly),
and tin tetlachlunde (8nCl,). With the exception of
water, sulphuric acid, and carbon bisulphide, these liquids
fume in moist air, and the fumes may be rendered more
evident by holding a drop of ammonia solution near the
liquid.

Carbon bisulphide may be distinguished from sulphuric acid or
water by its odour, and by being a highly refracting liquid which
readily ignites and yields SO, amongst the products of combustion ;

CSa+8 0y = COz+2 S0,
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Water and sulphurie acid possess the following properties available for
their distinetion :—

(1) Water boils at 100°C., H,SO,; at 338°C. (with partial
decom position).

(2) Water is neutral to litmus, H,S0, is strongly acid.

(3) H,S0, is nearly twice (1°84 tines) as heavy as water,

Of the remaining compounds it may be remarked that
water mixes in all proportions with the free acids, but
decomposes the chlorides of tin and antimony with
the formation of white precipitates of oxychlorides.
These compounds may be further recognized by their
boiling point and acidity, and by the reactions described
later,

Examination of a solid substance.—To determine if
it is («) an element, () an oxide or sulphide, (¢) a salt.

From a solution, the solid may be obtained by evaporation
on a water-bath ; a substance in solution will usually be a
salt, since the elements (except Br and I) and the oxides
and sulphides (except those of the alkalis and alkaline
earths) are practically insoluble in water.

Tee DeTECTION OF AN ELEMENT,

A. By inspection.—Metals show a characteristic lustre.

Note.—(a) The metals sodium and potassium show lustre only
when freshly cut—they tarnish again instantly.

(b) Of the non-metals, only carbon (as graphite) a.mf iodine
show a lustre likely to be mistaken for *¢metallie
lustre.”

(¢) Some mineral sulphides, and one or two oxides, in the
erystallized condition present a lustrous appearance
like that of the metals ; these are :—

Sulphides of Fe, Co, Ni, Cu, Sb, and Pb*;
Oxides of Fe (heematite) and Pb (litharge).

The sulphides under (¢) may be distinguished from the elements
by roasting them in an open tube (see under H.) or by heating in
presence of hydrogen,

* Specimens of these minerals should be examined.
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Colour of the elements :—

White or grey, C, Na, Mg, Al, K, Cr, Mn, Fe, Co, Ni, Zn,
As, Ag, Cd, Sn, Sb, Pb, Bi, (Pt).

Reddish, Cu.
Yellow, (Aw).
Black, I, amorphous carbon.

» Note.—Fe, Co, Ni, are distinguished from the rest as being the
only elements attracted by a magnet.

Malleability.—Only the elements in italics in the above
list are malleable at ordinary temperatures; the rest are
brittle.

B. Heat the substance to dull redness in a dry test-

tube.*
If the substance is an element other than Ag (Au, Pt), it

will either melt, volatilize, or become dull, or even burn
owing to oxidation. . '

Note.—(a) Sublime and condense GM“E{_- of tibe :—
S, sublimate yellows
> o8 Llack{Igtline vapoftr is violet).
Hg, s - grey (gidbules), /

(b) Melt easily: —Na, Mg, P, K, Zn, Ci, Sn,?lp, L Bi. .
The first four of these take fire readily, and all oxi :
to some extent. \

fc) Some of the sulphides mentioned under A (¢) on heating
in a closed tube yield a sublimate of sulphur and
a little suiphur dioxide. They will, however, be
better dealt with under H.

C. Action of water and dilute acid.

Water at the ordinary temperature is without action on
any of the elements except the alkali metals Na and Kf
(and the metals of the alkaline earths, Ba, Sr, Ca).

If there is no action, warm the substance in a small test-

* Be careful to introduce the substance so as not to soil the sides of
the tube ; also do not employ large quantities of the material.

t These metals may be recognized by their softness and the readiness
with which they tarnish ; they should be-introduced with dry fingers
in very small portions into a large basin of water.
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tube with dilute sulphuric acid. If an evolution of gas
oceurs and the gas is found to be Aydrogen, it affords a proof
that the substance under examination is a metal.

In order to settle this point, fill a rather larger test-tube
with water and invert it in a basin of water ; now fill the
test-tube containing the substance completely with dilute
acid, and bring it mouth upwards under the lip of the
inverted test-tube. Collect a tube full of the gas and apply
a light to the mouth. If it is found to burn without
luminosity, the conclusion may be drawn that the gas is
hydrogen.

Dilute sulphurie acid has, however, no action on the
non-metals or on Cu, Ag, Hg, Pb, As, Sh, Bi; the action
on Sn, Co, and Ni is slow. If, therefore, no hydrogen
is evolved, the absence of an element must not be inferred.

Note,—CO, will be evolved from carbonafes, 8O, from sulphites,
HsS from sulphides, ete., in presence of dilute sulphurie acid, but

these may be e distingnished from hydrogen, and these salts are
not likely to be mistaken for elements on account of the difference in
their external appga;anc%

D. Warm gently in concentrated nitric acid.

In the case of "the solid elements (both metals and non-
meﬁals)!‘%eh fumes of the oxides of nitrogen are evolved.
This mdy be generally relied on as indicating the presence
of an element, but it must be remembered that it may also
occur with sulphides, which may by appearance (see A, ¢) be
mistaken for metals, or with a few other substances, such
as oxalic acid, which have no resemblance to the metals.

E. Immerse the substance in a solution of copper
sulphate to which one or two drops of dilute sulphuric

 acid have been added.

Many metals become coated with metallic copper, and the
deposit may be readily recognized by its colour,* either by
the naked eye or with a lens. The formation of such a
coating of copper may be taken as positive evidence of the

* Note.—This deposit of cnﬁl‘:per looks black viewed through a blue
solution, so the solution should be poured off in order that the colour
may be examined,
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presence of a metal, though its absence cannot lead to an
inference that no metal is present, since, with the noble
metals, the metalloids (and non-metals), no deposit is
formed.

Tre DeTECTION OF AN OXIDE OR SULPIIDE,

F. By inspection.—Ouwides and sulphides are wusually
amorphous powders.

It must be remembered, however, that many salts
answer this description ; further, crystalline salts that have
been powdered may seem to be amorphous until they
are examined with a lens. On the other hand, many
oxides and sulphides are crystalline, especially as minerals,
e. g., 8Oy, I,0;, corundum (Al O,), silica (as quartz, ete.),
CrO,, hematite (Fe,0,), As,05, 8n0,, Sb,0, and a few
hydroxides, e.g., Ba(OH),, the sulphides mentioned in
A (¢), and also zinc blende (ZnS), realgar (As,S,), and
orpiment (As,S,).

C'olours of oxides :—

Yellowish, Na,0,, Bi,O, PbO.

Red, Cr0Q,, Cu,0, HgO. (Fe,0,2H,0, may be of
various shades from yellow to brown).

Dark green, Cr,0,.

The rest are either white or black (or dark brown).

Colours of sulphides :—

Yellow, those of Na, K, Ca, Sr, Ba, As, Cd, Sn(ic), Sb.
Flesh-colour, MnS.
The rest are either white or black (or dark brown).

G. Heat the powder to dull redness in a closed tube.
In the case of oxides, no acid vapours are given off (most
salts on heating yield acid vapours), and no gas except
oxygen is evolved, and after heating there is usually no
visible change on cooling again. Solid oxides which decom-

pose completely into their constituents on heating are those
of Ag, I, Hg.
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Ozides which change in character, forming lower oxides
and giving off oxygen, are :—

SO, (white crystals) = SO, (gaseous) and oxygen.

CrU (red crysta.ls) = Cr,0, (dark green powder), and
oxygen.,

PbO, (brown powder) = PbO (yellow powder) and oxygen.

Pb 0 (red powder) = - . -

Some oxides volatilize and yield sublimates, e.g., POy,
As,0,, Sb,0s.

In the case of sulphides, sulphur and a little SO, may be
given off, the former depositing as a sublimate on the upper
part of the tube. For the recognition of sulphides heatmg
in an open tube is advisable, as follows :—

H. Heat the powder to a dull redness in a tube
open at both ends.

A tube, about 5 mm, bore, is taken and a little of the
power introduced near one end of it, the tube being held
in the flame slanting. If there be present sulphur or a
sulphide, 8O,, and possibly sulphur, will be given off, and
may be recognized in the fumes that pass up the tube, either
by smell, acid reaction, or best by its action on potassium
chromate.

Note.—(a) A sulphide may also be detected by heating with
sodinm carbonate, sodium sulphide being formed
and recognized by producing a stain when brought
on metallic silver and moistened with water.

(6) The behaviour of oxides (and salts) in the open tube
does not differ materially from that observed in
the closed tube.

K. Action of water and dilute acid.

The only solid oxides (or hydroxides) which dissolve freely
in waier are the oxides and hydroxides of Na and K, and
barium hydroxide (with an alkaline reaction); the oxides
of As and P, 80, CrO,, 1,0,, and the hydrated oxide of
boron—borie acid—(with an acid reaction). _

Of the sulphides, only those of the alkali metals (Na, K,
and NH,), the alkaline earth metals (Ba, Sr, Ca) and Mg
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are soluble in water ; the latter, especially that of caleium,
are not readily soluble. These aqueous solutions have an
alkaline reaction.

Boil with dilute sulphuric acid.

‘With the oxides solution takes place without the evolution
of gas, except that certain metallic oxides with a high
percentage of oxygen such as MnO,, CrO,, ete. (and salts
of these), may gwe off oxygen.

Some oxides e. g., Si0,, Sn0,, are mqoluble, whilst others,
such as Al US, FEEOE, 1111304, when in the mineral condition,
or if they have been ignited, dissolve slowly and with
difficulty.

The sulphides, in presence of dilute sulphuric acid, d1ssohe
with the evolution of H,S. (Test as described at page 58.)

The following sulphides resist the action of the acid :—
CuS, Bi,S,, HgS, Ag,S ; whilst PbS is converted into the
white 1ns¢}1uble PblS0O,.

TaE DETECTION OF A SALT.

The salts which are referred to in the following treatment
are :—nitrates, nitrites, chlorates, carbonates, sulphates,
sulphites, phosphates, arsenates, silicates, chromates, chlor-
ides, bromides, iodides, and fluorides.

L. By inspection and in presence of water.
The salts are usually crystalline in chamutm and may be
divided into two classes :—

(@) Those soluble in water,
(b) Those insoluble or almost insoluble in water.

Soluble in walter :—Nitrates of all the metals ; chlorates
of all the elements; the chlorides, bromides, and iodides
of all the elements, except Ag, Pb, and Hg (ous); all
salts of the alkali metals; and the su]phates except those
of Pb, Ba, Sr, Ca.

Iazsahmf& in water :—The commonly oceurring carbonates,
phosphates, sulphites, arsenates, silicates, and chromates,
except those of the alkali metals; the chlorides, bromides,
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iodides, and sulphates, mentioned above ; the fluorides of the
alkaline earth metals, and most other fluorides. (AgF is

soluble.)

Note.—Of the salts insoluble in water, the following are usually
soluble in dilute sulphuric acid :—carbonates (with decomposition),
vhosphates, arsenates, chromates, and (with decomposition) sulphites.

M. Heat the substance to dull redness in a test-tube.

Salts, when heated, in some cases melt or volatilize, and
frequently give off acid vapours, which may be detected by
the white fumes formed when a glass rod, moistened with
ammonia, is held within the tube. Any water which con-
denses on the upper part of the tube will in such cases
also show a distinet aeid reaction.

This occurs especially in the case of nitrates, sulphates,
and many fluorides and chlorides.

Note.—(a) Salts which give off carbon dioxide :—Carbonates, except

those of the alkali metals ; all bicarbonates.

(6) Salts which give off 50,:—Sulphites and some sulphates.

(¢) Salts which give off caygen only :—Chlorates, KNO,,
NaNO,.

(d) Salts which give off brown wvapours (N,0, ete.):—
Nitrates, (except ENO,, NaNO,;.)

(e) Salts which reac{]ily melt :—Those of the alkali metals,
and many salts with water of crystallization,

(f) Salts Whiﬂf{ give sublimates :—Salts of NH,, As, 8h, Hg.

(g) Salts which undergo no apparent change :—Silicates,
phosphates, arsenates, and chromates ; sulphates of the
alkali metals and alkaline earth metals and of lead.

N. Warm gently with concentrated sulphurie acid.

From salts the volatile acids are expelled with, or with-
out, decomposition ; e.g., nitric acid, carbon dioxide, sul-
phur dioxide (from sulphites), chloric acid (which breaks
up into ClO,, oxygen, and moisture), and the haloid acids
HF, HCl, HBr, HI, the two latter undergoing partial
decomposition, so that free Br or I may be found amongst
the vapours.

Note.—S0, may be given off (arising from the decomposition of
the sulphuric acid itself) in presence of certain elements, e.g., C, 8,

Cu, H%, ete. (vide preparation of SOg) ; Si0Og and SnOy; may separate
from silicates and stannates,
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STATEMENT OF PRELIMINARY
EXAMINATION OF A SOLID SUBSTANCE.

Columns 1 and 2 give general observation and inference respectively.

LR 3 33

»y  Specific

33 13 23

T

The more important properties are printed in italics,

Metallic lustre.

Malleable.

Brvittle and lusi-

oS,

Amorphous,

I. External Characters.

Metals and cer-
tain mineral |
sulphides. :

Clertain metals.

Certain metals |
and mineral
sulphides.

Usually oxides
or sulphides |
and certain |
salts. l

Of a white or

| Of a yellow

| Colour.

grey colour.

colour.
Of a red colour.
Magnetie.

Of a white or
grey colour.
Of a yellow
colour, or

black

| (Au).

Na, K, Mg, Al

(Mn), Fe, Co,
Ni, Ag, Sn,
Fb, (PL).

Cu.
Fe, Co, Ni.
Metals.

Mineral
sulphides,

(See p. 134.)

II. Heat to dull redness in a test-tube.

Melt readily.

Certain  ele- || Elementswhich| Na, P, §, K,
ments, salts |  melt readily. Cd, 8n, I,
of alkali | Pb, Bi.
metals, haloid

salts of the
alkaline |
earths, and |
galts with
water of erys-
tallization. !




Eagily ignite and
burn, '

Change  ecolour
whilst hot,

Swell up.

Volatilize
Jorm. sublimate,

Grive off gases,

]

|

j (See p. 88.)
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Certain - ele- |

ments and burn vigor-

some  sul- ously.

phides,

Certain oxjdes.
j (See pp. 87, 88.)

Certain

and | Certain

ments,
ides,
salts.

certain

salts.

ele- |
0X- |
and

Vapour purple.
Vapour red-
brown.

. Sublimate

i "Peroxides and

white.

Sublimate grey
or black,
Sublimate
yellow,

salts. |
(See.p. 86.) ||

I, 1.0,
b

E PEDM A 32031

Sby0y, Hg,Cly
NH,CIL
Hg, As, HgS.

ASQSJ ﬁ-]]d
some other
sulphides,
Hgl,, HgO,

S,

] III. Heat to redness in tube open at both ends.

No change.

Change froim lus-
trews to duli.

Become dnll and
give off 50,

Other changes as
in II., e.g., as
to gases given
off —subli-
mates, etc.

Certain metals,
many-oxides,

and salts.

Metals

mineral sul- |

phides,

Mineral
phides,

sul-

|
|
and il

not change,

=y

Metals which do |

ﬁg 3 {ﬂu, Ptl}l-
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IV. Bring a little of the substance in contact with water.

Water  deeoin- | Metals of alka-
posed. and H | lies(andalka-
evolved. line earths).

Liquid 4s alla-
line,

| Oxides, sul-
|  phides, and

| certain other

comp ounds
of
and alkaline
earths.

Tiquid is acid. | Oxides of non-

. metals.
| Salts of weak
bases,

Elements, ox-
ides, and sul-
phides (ex-
cept the
above),
many salts.

Insoluble,

and ||

alkalies |

Salts with acid
reaction,

|
U

| Those of Fe, Al,
. and those salts
| of strong acids
in which only
part of the
| hydrogen is
| replaced by
a metal, e. g.,
NaHSO,,

V. Warm with dilute sulphuric acid in a test-tube.

Inflammable gas | Certain metals | The gasis H. | Metals (except

evolved,

Other gases | Salts.

evolved,

and sulphides. |

The gas is H,S,

\ as shown by
smell.

No gas evolved
from
metals,

CO0,.

S0,
Cl,

| }TO:_,[ra:l brown).

the |

below).

| those named
|
: Sulphides,

| Ag, Hg, Pb,(An,
Pt), Cu, As;
Sb, Bi.

Carbonates and
| bicarbonates,
. Sulphites.

. Hypochlorites,
| Nitrites,



Dissolve
evolve no gas,

!

ANALYSIS OF MIXTURES.

salts.

VI. Spe

and | Mostoxidesand | Insoluble resi-

due,

cial tests.
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0 B T oand
above metals.

SIIDE,SILLEDH, and
A0, Fey0,.

Cry0y if ignited,
or  mineral
chlorides,
bromides, and
iodides of Ag,
Hg(ous), Pb.

Compounds of
Bi, Pb,- Ba,
Sr, Ca.

If there is evidence of the presence of a metal,

(1) Warm gently with concentrated nitric acid.

Bed peroxide of | Metals and sul-

nitrogen cvolved.

|
[ |

(2) Immnie

Red  coaling ﬂ)l:
€ [ :f

gnetallic copp

phides ; with |
sulphides |

there is usu-

Non-metalsalso
give rise to
red fumes,

ally also a |

which floats

separation ol’\\

fsulphur,

onp the sur- |

fage.

|
i

Al F R

n a solution of copper sulphate.
metals.

If there is evidence of a sulphide, apply the following test :—

(3) Mix intimately with Na,CO; and heat.
silver coin and moisten with a little water.

Brown stain
forins. |

| Sulphides,

Place on a
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Il there is evidence of a salt, apply the following test :—

(4) Warm with concentrated sulphuric acid.

Gases or acid va- | 80, (Elements), sul-
pours evolved, . |  phites.
| 20, Carbonates and
! bicarbonates,
0., Peroxides, or
| salts of these.
Cl,. Hypochlorites.
Chlorine  per-| Chlorates
| oxide (crackling),
| Chlorides.
| th (and Br). | Bromides,
! HI (and I). | Todides.
HNO; (and | Nitrates,
NOg). '

: |
From a solution @ Silicates ; salts

an insoluble | ofBi, Pb, Ba, |

1
white residue Sr, Ca ; stan- |
separates. natusaml an- |

timonates of |
alkalies.

Now proceed with the following special tests, which are
calculated to give more specific information as to the con-
stituents of the substances under examination, without
regard to the form of combination in which they exist:—

1) Reduction on charcoal. followed by an examination
of the residue. (See page8Y.) If a metallic residue is
obtained, this may be dissolved by warming with dilute
nitric (or hydrochloric) acid, and applying the individual
tests as described. (Pages 16 et seq.)

(2) Borax bead tests. (See page 92.)
(3) Flame coloration. (See page 91.) :

(4) Treatment of insoluble substances. (See page 94.)
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8. Required to find the notable impurity in Chrome
Alum,(K,Cr,(80,), . 24 H,0) a violet crystalline sub-
stance soluble in water.

e —— e

ExAMINATION FOR BASE.

e o

Experiment, Observation. Inference.
. Added HCI to aqueous solution. | No pp. Gp. L. abs.
| H.S [ Gp. 1L abs.

Bc:i‘led nl'igin;ti solution with a |
few drops of HNO,  Added |
NH,Cl and NH OH and

boiled. Reddish-brown pp. Fe
Filtered. Dissolved pp. in dil. |
! HCL Added K ,Fe(CN), Blue pp. Fe
' Added KCNS to original solu- | Blood red coloration | Ferric iron
tion. destroyed by HgClL,
Added K Fe(CN); to orizinal | Brown coloration. Ferric iron
solution. 1

EXAMINATION For AcCID.

Sulphate is known to be present and carbonate, ete., which are
precipitated by BaCl, in neutral solution, are absent,. because the
salt is completely soluble in water,

et

Heated dry sub. with cone. | No acid fumes, i HCl & HNO,
H.SO,. absent. |

Added HNO3+ AgNO, to solu- No. pp. HCl,; ste.,
tion. - absent.

Added TFeSO, solution and |
poured conc. H,30, down
the side of the tube. | No brown ring. HNO, abs.

e r—

The impurity, therefore, is Ferric Iron present, most probably
as Iron Alum—EK;Fe,(80,),. 24 H,0.
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9. Required to find the notable impurity in
Strontium Nitrate (8r(NO,),, a colourless crystal-
line substance soluble in Water.

ExAMINATION FOR BASE.

Erperiment,

Observation.

Inference,

|

| Added HCI to aqueous solution.
: 17 HE? 1 f tE
. Boiled original solution with
a few drops of HNO,.
Added AmCl+ AmOH,
Added Am,S to part of alka-
line liquid.

| Added Am,CO, to remainder.
| Filtered. Added Na,HPO,
to filtrate,

| Dissolved Gp. V. pp. in
| acetic acid. Added %{201'04
| to part of solution.

| Added excess of H,S80, to
| remainder and boiled. Fil-

tered off SrS0,  Added
ammonia to filtrate till
alkaline and them am-
monium oxalate.

Tried flame test with some
of calcium ozxalate pp. |

(+HC).

No pp.

13

Ty

White pp.

Yellowish-red |

coloration.

Gp. I. absent.

" Gp. II. absent.

Gp. IIL absent.
Gp. 1V. absent,

Ba, Sr, Ca.
Mg absent.

Ba absent.

Ca.

ExAMiNATION FoR AcID.

Added BaCl; to
solution.
Added HNO;+AgNO; to
aqueous solution,

aqueous

No pp.

L)

S = - —

-

The impurity is Calecium Nitrate—Ca(NO.,),.

H.,S0,, etec., absent.
HCl, etc., absent.
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10. Mixture containing two bases and two acids.
Pink crystalline deliquescent substance, soluble in

water.
PRELIMINARY EXAMINATION.
Experiment. ! Observation. I Inference.
Heated in bulb-tube. Water of crystalliza- | Chloride—probably
tion evolved. Then MnCly from col-
HCI. our of salt.
5] w‘lt’h Hcl vo T S
s cone. HaSOy, HCI evolved. Chloride.
SR Ehamual Wlth NasCOg and | Green mass. Mn.
a little KNO,. |
»» 0N platinum wire. | e P
Wer ExaMixATioN For BAsEs.
Added HCI to aqueous solution. No pp. Gp. 1. absent. |
e . ot o i Gp. II. absent. |
Boiled original solution with a little P Gp. ITL. absent.
HNOg. Added AmCl4-AmOH.
Added AmgS to part of alkaline solu- | Black pp. Ni or Co and -
tion. sibly Mn or Eﬂ.
Added remainder of alkaline solution
and more AmeS. Filtered. Added
AmiaC0y, Ko pp. Gp. V. absent,
Added NasHPO, = Mg absent,
Digested Gp. 411-". pp. with very

dilute HCI1 in the eold. Filtered.
Digested filtrate with KClO3 and
evaporated to small bulk, Added

exress of NaOH. Dirty-colonred pp. | Mn.
Tried borax bead test with Mn pp. Amethyst colora- | Mn.
tion when cold.
Warmed ﬁlart of Gp. IV. pp. insol.
in dil. HC1 '.chcnnf HCI+KClOg. | Green solution. Ni.
Boiled solution nearly to dryness to '
expel HCL  Nearly neutralized
with NagCOg and added KCN till
the pp. first formed just redis-
solved. Boiled. Allowed to cool.
Added NaOH+Br and warmed |
gently. Black pp. Ni.
Tried borax bead test with small | In the outer flame
portion of black pp. violet-brown
when hot: yel-
low when cold. | Ni,
EXAMINATION FOR AcIDs. J
Added BaCls to aqueous solation, '-.“."hitf1 G p. insol. | Sulphate.
in 3

Added HNOg+AgNO;.
ammonia.

Heated solid substance with MnOs+ Yellm-. ish-green gas
conec. HoS0y. evolved smelhn"
like chlorine and
bleaching moist

litinus paper.

i‘i‘irlute pp. sol. in | Chloride.

Chloride.

Metals found—Ni, Mn. Acid radicles—80,, Cl
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11, Solution containing two bases and two acids.
Colourless. Alkaline.

ExaminaTioNn For Basgs.

Experiment. | Obgervation. Inference,

Added HCL No pp. Gp. L. absent,
Gently warmed, Gas evolved with
,effervescence.

Smell of 8O,
KoCraOy  paper
turned green and
KIO; + BStarch |
1 Eaper turned 5Suthlte—pmbnb]j'

lue. | of Na, K or NHy. |
Boiled till smell of 80 was gone. | No pp. Gp. 11, absent. i

Passed HaS.
Boiled to remove HoS., Added a few
. d?&iﬁ of HNOg and boiled again,
A

ed AmCl+AmOH. i Gp. III absent.
Added Ame8 to part of alkaline
solution. ¥ Gp. IV, absent,
Added AmoCO4 to remainder. o Gp. V. absent,
Added NagHPO,. T Mg absent,
Boiled original solution with NaOH. Gas evolved smell-
| ing of NH; and
turning m& lit-
mus blue. NHy.

Boiled till smell of NHg dis-

| appeared. Neutralized solution
with HCl. Put a little on a wateh- |
glass, Added PtCly and rubbed
with glass rod. Yellow pp. K.

Evaporated a further quantit -:-f| -
solution to dryness and tried Hame |
test. | Violet. | K.

EXAMINATION FOR ACIDS.

~ Boiled with dil. HC1 to expel SOs. White pp. Phosphate, etc,
Just nentralized with NaOH and

added BaCla.
Added ammonium molybdate+HNOg. | Yellow coloration | Phosphate.
in cold. Yellow

Pp. on boiling.*

* This pp. could not be due to arsenate, for if the latter had becn present it |
would have been reduced to HyAsOg on boiling with HCIl4-sulphite (present
in the original solution) as above. On passing HoS a yellow pp. of Asoy
would have been obtained.

 Metals found K, NH,. Acid radicles S0,, PO,.

e e



156 A SELECTION OF MODEL ANALYSES.

12. Simple salt. White amorphous powder,
inscluble in water.

Heated sub. in a hard test-tube. Swelled up; odour of
burnt sugar. Black residue which effervesced with dil. HCI.
On treating another portion of residue with water and
filtering, the filtrate was alkaline, but did not effervesce
with dil. HCl. Probably Ca, Ba or Sr Tartrate.

Treated remainder of residue with HCl—Filtered. Ex-
amined the filtrate for the metal.

Passed H,S through a part. No pp. Gp. IL. absent.

Added NH Cl and NH,OH to remainder. No pp. Gp.
I11. absent.

Added (NH)),S to part of alkaline solution.—No pp. Gp.
I'V. absent.

Added (NH,),C0, to remainder.—White pp. Ca, Ba or
Sr present. Filtered. Dissolved pp. in dil. acetic acid.

Added K, Cr0O, to part of solution.—No pp. Ba absent.

Added CaSO, to another part.—~No pp. on shaking and
standing. Sr absent.

The metal present is, therefore, Calcinm. Confirmed by
(1) (NH,),C,0,—white pp. insol. in acetic acid. (2) Flame
test—dull red flame.

Examination for the acid. Heated original sub. with dil.
- H,50,—no smell. H.COOH and CH,.COOH absent.

Heated with cone. HyS0,.—Immediate blackening with
evolution of CO, CO,, and 8O,. Tartaric acid present.

Preparation of neutral solution of acid.—Boiled original
sub. with Na,CO, Filtered. Neutralized filtrate with dil.
HCl and warmed to remove CO,. Added NaOH till just
neutral to litbmus.

Applied the following econfirmatory tests for tartaric acid.

(1) CaCl,—White pp. soluble in cold NaOH.

(2) AgNOg—White pp. Pp. was allowed to settle, the
supernatant liquid poured off. Just sufficient ammonia
was added to dissolve the pp. On heating a silver mirror
was produced,

The salt is Caleium Tartrate—CaC H 0,
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13. Simple salt. Colourless, crystalline ; soluble
in water ; neutral.

Heated sub. in a hard test-tube.— White residue, soluble
in water ; effervesced with dil. HCl. Acid present in form
of K or Na salt [only K and Na carbonates—of those which
might be formed—are sol. in water|.

Heated portion of residue on Pt. wire after moistening
with HCl.—Violet coloration. K present.

Confirmed K by adding PtCl, to HCI solution of residue.
Yellow crystalline pp.

Heated original sub. with dil. H,S0,.,—No smell.
H.COOH and CH,;.COOH absent.

Heated original sub. with conc. H,S0,.—CO and CO
evolved (the CO burnt with a blue flame and the CO, turne
lime-water milky). Ozxalic acid present.

Confirmed oxalic acid by adding CaCl, to a solution of
the salt in water. White pp. insol. in acetic acid, soluble
in dil. HCL

The salt is Potassium Oxalate.—XK,C,0,.
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