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PREFACE.

IN re-casting the sixth edition of my ¢ NoTES FOR STUDENTS IN
Cueyistry,” I found myself so cramped for space that I
omitted the *Nores oN AwavnyTicAL CHEMISTRY,” and deter-
mined to publish them separately.

The present book is the third edition as a separate issue.

I have again to express my sincere thanks to my chief
assistant, Mr. . G. Stewart, and also to a former one, Mr.
A. P. Hoskins, for the help afforded in passing the sheets
through the press. At the suggestion of Messrs. Greg and
Dear, I have expanded the preliminary portion, and I have
to thank them for explaining to me the difficulties they
experienced in the use of the book. Mr. Styles, a promising
pupil, has also greatly aided me in correcting the press.

ALBERT J. BERNAYS.

Chemical Laboratory,
St. Thomas's Hospital Medical School.
February, 1889,
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BERNAYS'S NOTES

ON

ANALYTICAL CHEMISTRY.

PRELIMINARY.
PURE DISTILLED WATER.

As distilled water is the great solvent of liquids, solids, and gases,
substances may be contained in solution.

Distilled water is colorless, inodorous, and uninflammable. It has
no effect upon the colors of blue litmus, red litmus, or turmeric
papers: they are only wetted. A solution of Carbonate of Sodium
to a small portion contained in a test tube, and of Nitrate of Silver
to another portion, produces no change in the appearance of the
water. Acidulated with Hydrochlorie acid, no darkening takes
place when Hydric sulphide is added to a further portion of the
water. If quite pure, it is not rendered turbid by Lime-water, nor
colored even faintly yellow by Nessler’s test. IFinally, a drop
heated npon Platinum-foil should leave no residue, if the water is
absolutely pure.

Water freezes at 0° C., and boils at 100° C. under a pressure of 760 milli-
metres. Water is said to boil when the tension of its vapor is equal to the
superincumbent pressure. In hecmm'n;f ice, one volume of water enlarges to
1:0908. It is almost incompressible. It is the standard of specific gravities
of solids and liguids. Water has a maximum density at 4° C, and expands
for all degrees above and below 4°. In the passage from ice, to liquid water
of the same temperature, heat is absorbed and becomes latent ; the latent
heat of water is said to be 70 thermal units,—a thermal unit meaning the
amount of heat required to raise a unit weight of water through 1° C. The
latent heat of steam at 100° is 536 thermal units. Water has also the
highest specitic heat of bodies, and is taken as the standard of comparison of
specific heats. By specific heat, we understand the quantity of heat neces-
sary to raise one gramme weight of a body 1° C, as compared with that
which is required to raise the same weight of water 1° C. Thus in the
same time that one gramme of mercury is raised 30°, the gramme of water
is raised 1° C'.; the ratio between these two guantities would then be the

L



2 0N TESTING SOLUTIONS OF ALEALINE BUBSTANCES.

specific heat of mercury. Each element has its own specific heat, and this
is, generally, inversely as their atomic weights. But, if instead of com-
paring equal weights of the elements with an equal weight of water, we
take the atomic weights of the elements, the elements have, for the most
part, the same atomic heats. The atomic heats of most of the elements
may be taken as 64, and they are obtained by multiplying the specific heat
of each element by its atomic weight. Water is the great solvent. As arule,
the lower the temperature, the larger the amount of gases soluble in water.
Equally, as a ruole, the higher the temperature of water, the greater is its
solvent power upon solids.

OF SUBSTANCES IN SOLUTION.

Now study the reactions with Test-papers, especially with red
litmus and blue litmus.
A. Red litmus is turned blue: solution is alkaline.
B. Blue litmus is reddened : solution is acid.
(. Test-papers are unchanged : neutral.

A. THE SOLUTION IS ALEKALINE : red litmus is
blued.

If an alkaline solution contains free Ammonia, or Carbonate of
Ammonium, the Ammonia will be recognised by the smell, If
the alkaline solution contains a Sulphide, there will be the odor
as of rotten eggs. If the alkaline solution contains a Cyanide,
there will be a smell of prussic acid.

a. To a portion in a test-tube, say 20 drops, add a solution of
Carbonate of Sediuwm Na,CO,: a careful observation of results is
of first importance.

I. No precipitate in the alkaline solution, and no smell of
Ammonia NH,, even on boiling, would indicate either Potassinm
hydroxide KOH, Sodinm hydroxide NaOH, or Salts of Potassium,
or Sodium, with alkaline reaction. [Carbonate of Potassium
K,C0O,, Carbonate of Sodium Na,CO,, and Carbonate of Am-
wonium (N1I,),C0,, are very soluble in water, and turn litmus
paper blue.]

I1. No precipitate with Sodium earbonate Na,CO,. but a smell
of Ammonia NH,, without, or with heating, would indicate a
solution of Ammonium liydrate NH,OH, or some Salt of Am-
monium with alkaline reaction.

ITI. A white precipitate with Sodium carbonate Na,CO,, in
the alkaline solution, points to the Hydroxides or Hydrates of
Barium Ba(OH),, Strontium Sr(OH),, or Caleium Ca(OI),.
[Barium carbonate BaCO,, Strontium carbonate SrCO, and
Caleium carbonate CaCO,, are practically insoluble in pure
waler: they are precipitated from any of their soluble salts by
solution of Carbonate of Sodinm. Thus: -



USE OF NITRATE OF SILVER IN ALEALINE SOLUTIONS. 3

BaCl, + Na,CO, = BaCO; + 2NaCL
Sr?"{[} g NauC’D = SrC0; + 2NaNO,.
CaSO, + hmGDE = CaGO + Na,S0,.]

B. To a further portion of the alkaline solution, contained in a
test-tube, add Nitrate of Silver AgNO,.

The precipitate is grey-brown : divided into two portions, the
one is soluble without effervescence in Nitrie acid, and the other
in Ammonia. The solution must contain Hydroxides of Potas-
sium, Sodium, Ammonium, Barium, Strontium or Calcium, as
these alone are soluble in water.

KOH + AgNO,
NaOH + AgNO,
NH,0H + AgNO,
Ba OH), + 2AgNO, = 2AgOH + Ba2NO,.
Sr(OH), + 2AgNO, = 2AgOH + Sr2NO,.
Ca(OH), + zngND = ZﬁgDH + Ca2NO,

All the hydroxides are converted into soluble nitrates, and the
Silver nitrate into insolubie grey-brown Silver hydroxide AgOH.
1f then, in an alkaline solution, Sodinm earbonate has produced
no ppt., the Alkalies, Potassinum, Sodium and Ammonium hy-
drates may be prmeut and their presence is confirmed by the
grey-brown ppt. when Silver nitrate has been added. [N.B.—
With Ammonic hydrate, Silver nitrate will give no ppt. unless
the solution of Ammonia is weak, or the solution of Silver .
nitrate is strong and in excess, because Silver hydroxide is so
soluble in Ammonic hydrate.] Again, if Sodium carbonate has
produced a white ppt. in an alkaline solution, the alkaline
earths as Hydroxides, respectively, of Barium, Strontium, or
Caleium may be present, confirmed by Silver nitrate occasioning
a grey-brown ppt.

1f the ppt. with Silver nitrate in an alkuline solution is liver-
brown, readily soluble both in Ammonic hydrate and in Nitrie
acid, an Arsenate of Potassium, Sodinum or Ammonium is pre-
sent. Thus, with the common Sodium arsenate :

Na,HAsO, + 3AgNO; = Ag,As0, + 2NaNO, + HNO,.

If the ppt. is bright yellow, and soluble both in Ammonie
hydrate and in Nitric acid, a I’hn%phnte or an Arsenite, of Potas-
sinm, Sodium or .eimmoumm 18 present, [H.g.

Na,HPO, + 3AgNO; = Ag,PO, + 2NaNO, + HNO,.
K;AsO, + 8AgNO, = Ag,AsO; + S8KNO,.

If the ppt. is paler yellow, a Bromide or an Iodide of Potas-
sfum, Sodium or Ammonium is present,
KBr + AgNO; = AgBr + KNO,.
KI + AgNO; = Agl + KNO,.

AgOH + KNO,.
AgOH + NaNO,.
AgOH + NH,NO,.

LI T T I



NITRATE OF SILVER A8 A TEST FOR RADICLES.

Neither Silver bromide AgBr, nor Silver iodide Agl, is soluble
in Nitric acid, but Silver bromide is soluble in large excess
of Ammonic hydrate, in which latter, Silver iodide, with loss of
vellow color, is quite insoluble.

If the ppt. is wlite, soluble with effervescence in Nitric arid
HNO,, and equally readlly in Ammonie hydrate, the solution
must eontain a Carbonate, either of Potassium, Sodium or Am-
monium.

K,C0, + 2AgNO,
Na.CO, + 24gNO, = Ag,CO, + 2NaNO..
(NH,),C0, + 2AgNO, Agﬁms + 2NH,NO,.

If the ppt. is white, easily soluble at first, but permanent when
an excess of Silver nitrate has been added, soluble in strong
boiling Nitric acid, and in Ammonic hydrate, it is probably a
Cyanide either of Potassium, a, Sodium, or Ammonium. The
smell of Hydroeyanic acid (Prussic acid) is very pronounced in
the alkaline soluticn.

a. KON + AgNO, = AgCN + KNO.,.

If a white ppt., with Silwer nitrate, eoluble in Nitric acid and
in Ammonic hydrate, a Borate, an Oxalate, a Tartrate, a Citrate,
or an Acetate may be present.

NaBO + AgNO, = ﬂgB + NaNO.,.
Na,0,0, + 2AgNO, = Ag,G,0, + 2NaNO.,
K,C,H,0, +2Ar1\03_ﬂquH0 + 9KNO,.
K,C,H,0, + 3AgNO, = Ag,C,H,0, + 3ENO,.
Nﬂ.{] H; D + .a'Lg"*JD = AgCH 0 + NnNDa

If a white ppt. with Silver nitrate, in an alkaline solution,
changing by heat into more or less of a mirror of metallic silver,
the white ppt. soluble both in Nitric acid and in Ammonie
hydrate, a Sulphite of Potassium, Sodium, ¢, or Ammoninm may
be present.

a. Na,80, + 2AgNO; = Ag,S0, + 2NaNO,,
-'ELEESOH + HEU = ﬂgg “F HES{)_|.

If the ppt. is white, with Silver nitrate, in an alkaline solution,
clanging to yellow, orange-red and black, a Thiosulphate of
Potassium, Sodium, a, or Ammonium may be prezent.

a. Na,S,0, + 2AgNO; = Ag,S,0, + 2NaNO,.
Ag5,0, + H,0 = AgS + H,80,

If the ppt. is black, with Silver nitrate, in an alkaline solution,
it must be a Sulphide respectively of Potassium, a, Sodinm, or
Ammonium, b, of Barium, ¢, Strontium, or Caleium. The solu-
1ion smells of Hydrie Sulphide.

Ag,CO, + 2KNO,.

i



USE OF CARBONATE OF S0DIUM A8 A TEST. 5

c.s K.S + 2AgNO, = Ag,S + 2KNO,,
{1\1—[4)_,5 + 2AgNO, = Ag; S + 2NH ‘\0
c. BuS + 2AgNO, = Ag.S + BuﬂNG

The student will notice that the Hydroxides, the Arsenates,
Arsenites, Phosphates, Bromides, Todides, Cyanides, Carbonates,
Borates, tixalates, Tartrates, Citrates, Thiosulphates, Sulphites and
Sulphides of Potassium, Sodium and Ammonium, are soluble in
water. The Chlorides are also very soluble, but do not blue red
litmus paper. Silver nitrate gives with the chlorides a white curd-
like ppt.,soluble in Ammonie hydrate and insoluble in Nitrie acid.

NH,Cl + AgNO, = AgCl + NH,NO,.

B. THE SOLUTION 1S ACID : blue litmus s reddened.

To a portion in a test-tube, about 20 drops, add Sedium
carbonate Na,CO;, dropwise, until alkaline to test-paper.

aa. If there is effervescence, without any precipitate, either a
free acid is presenf, or an acid salt of Potassium, Sodium or
Ammonium. Further, boil. If Ammonium is present, Carbonate
of Ammoninm (NHi)EG{‘Jﬂ, will be recognized by its odor, by its
vapors which turn red litmus paper blue, and by the white
fumes of Chloride of Ammonium NH ,Cl, when a glass rod dipped
into Hydrochlorie acid is approached.

Now heat a drop or so of the original solution on platinum-
foil : no residue, but acid fumes, indicates either a free volatile
acid, or an aecid sali of Ammonium.

A glassy residue on platinum, with slight greenish flame, would
indicate free Phosphorie acid, or an acid phosphate of Ammonium.

A crystalline residue on platinum indicates an acid salt of
Potassinm (violet color to flame), or Sodium (bright yellow color
to flame).

BB3. No effervescence, but a ppt. at once; or effervescence
with a ppt.: then the reddening of the litmus is due only
to the nature of the salt, as many salts, neutral according to
theory, have yet an acid mu,c:tmn and turn blue litmus paper red.
Thus most salts of the mdmm:,f metals redden litmus paper, as
Ferrous sulphate FeSO,, Cupric sulphate CuS0O,, Lead nitrate
Pb2NO;, Ferrie chloride Ie,(Cl;, Zine sulphate ZnSO,, &e.
(These salts are neutral becanse the Hydrogen in the acid 1s dis-
placed by its equivalent of other metal. Sulphuric acid H,SO0,,
has two atoms of displaceable Hydrogen: Zine is a dyad, and
displaces the two atoms of Hydrogen, but the resulting Zinc
sulphate ZnSO,, though a neutral salt, reddens blue litmus.)
The ppt. consists generally of a Carbonate of some metal belong-
ing to Groups 1., 1I., I1I., 1V. and V., all the Carbonates of
which are insoluble in water : more rarely, by the loss of Carbonic



6 CARBONATE OF EODIUM A8 A GROUP-TEST.

acid with effervescence, of a basic Carbonate, or even of a Hy-
droxide. (A basic salt contains an Oxide or Hydroxide in com-
bination with the neutral salt: thus, Basic Cupric carbonate
Cu(OH),, CuCO,.) The following are illustrations under each
group :—

Groups.
1.—2AgN0O, + Na,C0, = Ag,CO; + 2NaNO,.

I1—CdS0, + Na,CO, = CdCO; + Na,SO,.
IIT—ALCl, + 3Na,CO, + 8H,0 = Al(OH), + 6NaCl + 3C0..
IV.—ZnS0, + Na,CO; = ZnCO; + Na,S0,.

V.—BaCl, + Na,CO, = BaCO, + 2NaCl

. No effervescence and mo precipitate—Possibly a solution of
Mercuric eyanide, or of feeble acids like Arsenious, Boracic, or
Hydrocyanic acids.

86.—No effervescence, but a ppt. on standing or on heating:
possibly Tartar emetic.
Confirm by further tests, ascertaining the page from the Index.

C. THE SOLUTION IS NEUTRAL TO TEST-
PAPERS.

- Now carefully add solution of Sodium ecarbonate to a small
portion in a test-tube. If there is no ppt., even on boiling, we note
the absence of all metallic salts belonging to Groups 1. II. 1I1.
IV.and V. Ammonium in Group VI. will be recognized by the
odor of the Carbonate: Salts of Potassium and Sodium by the
residue upon platinum, and by the colors to flame. If, however,
Sodium carbonate causes a ppt.,, a neutral salt of some metal
belonging to Groups I. II. III. 1V. and V. must be present. There
are very few such possible, as they have generally an acid reaction.

For acid radicles, try the reactions given at pp. 3, 4.

As already stated at page 1, all the reactions with distilled water
are negative, inasmuch as we Gnl:,r dilute the various tests.

The colors communicated to flame are very helpful, but, as a rule,
it is better not to heat a liguid on platinum foil until we have
ascertained something of the character of the unknown body by
means of: 1. Test-papers; 2. Sodinm carbonate; 3. Silver nitrate,
especially if solution alkaline. If the substance is a solid, before
the application of heat, ascertain: 1. Whether possessed of color or
smell ; 2. Whether a fragment is soluble in water ; 3. Effect of solu-
tion on test-paper ; 4. Addition of Sodium carbonate, and further,
of Silver nitrate. When heated, remember that Salts of Potassium
give a violet color to flame, and red, when seen cut off by blue
glass. Sodium, a bright yellow.. Lithium, a purple crimson.



A FEW PRECAUTIONS TO BE OBSERVED. T

Strontinm, a erimson. Calcium, yellowish-red. Copper, green or
blue. Lead, blue. Thallium, green. DBarium, yellowish-green.
Boracie acid, green. Antimony, bluish-green. Arsenie, lavender.
Phosphorus, green, &c.

Precautions.

The student is further advised upon the following points:—

When a solution is heated in a test-tube, the latter should be
kept in continuous slight agitation to prevent ejection of the
contents, which should not exeeed, for heating, one-third of the
capacity of the tube.

Beware of adding concentrated acids to hot solutions, or to strong
ammonia.

Always neutralise acid solutions with ammonia, before adding
Sulphide of Ammonium, otherwise Sulphur would be precipitated
and give rise to mistakes.

Tests should be employed almost dropwise at first, as otherwise
many indications are lost. Whilst moderation is recommended
in the use of tests, care should be taken to add a sufliciency, as
otherwise serious mistakes must arise. KExcess of a test must
always be employed in order to separate members of particular
groups.

1f I'].El. liquid is strongly acid, dilute with distilled water, before
adding most tests; by this method the presence of salts of Anti-
monous chloride, of Bismuth nitrate and chloride may be indicated
by a ppt., or cloudiness, as they are only soluble in much free acid.

When filtration is required in Qualitative Analysis, do not allow
the washings to pass into the filtrate; whenever it is possible,
decant, or pour off the clear fluid from the ppt.

Do not mistake traces of impurity for the main substance present.
The platinum-foil and wire should be kept serupulously clean.
Boil with Hydrochlorie aecid, and then test in flame till yellow
Sodium flame has been driven off. The test-tubes should always
be kept clean, and indeed general cleanliness observed; indeed,
test-tubes should be washed before they are put aside and rinsed
with distilled water. Keep the tests in a definite order on the
shelves. Do not leave the stoppers out of bottles, or they will get
mixed and cause serious errors,

As Hydric Sulphide H,S, does not keep well, and as it must be
of good quality, it E-;hﬂ‘l.ﬂli always be tested. About 25 drops, or
roughly a eubie centimetre, of solution of Potassium di-chromate,
acidulated with half the measure of Sulphuric acid, should give a
green-blue solution, with deposit of Sulphur, on addition of a
solution of Hydrie Sulphide.

K,Cr,0; + 4H,80, + 8H,8 = K,Cr,4S0, + TH,0 + 38.



8 MOST OXIDES AND HYDROXIDES ARE INSOLUEBLE.

Hydric sulphide H,S, does not keep, becanse the Oxygen of air
oxidizes the Hydrogen to Water H,0, and precipitates the
Sulphur: 2H.S + 0, = 2H,0 + 8,.

STUDIES ON THE METALS, OXIDES, HYDROX-
IDES AND SULPHIDES; ALSO ON SALTS.

The Metals are insoluble in water. Some metals decompose
Water, and dissolve as Hydroxides in water. Thus:—

K, + 2H,0 = 2KHO + H, Na, + 2H,0 = 2NaHO + H,

Most Oxides are insoluble in water. Combinations of Metallic
Oxides with Water are called Hydroxides, or Hydrates: these are
also, for the most part, insoluble in water. The only Hydroxides
which are soluble in water are those of Potassium, Sodinm,
(Lithium), Barium, Strontium, Calecium and hypothetical Am-
monium : their solutions strongly blue red litmus-paper.

KHO. NaHO. (LHO). Ba(HO), Sr(HO), Ca(HO),. NH,HO.

When a solution of Potassium hydroxide KHO, is nsed as a test
it is for the purpose of ascertaining whether salts are present, of
metals other than those, the oxides and hydroxides of which are
soluble in water. For instance, if Potassium hydroxide is added
to a solution of Magnesium Sulphate MgSO,, we obtain at once a
permanent white precipitate of Magnesium hydroxide Mg(OH),,
as it is mearly insoluble in water: in solution we find Potassium
sulphate: 2KOH + MgSO, = Mg(OH), + K,SO,. In some cases,
the hydroxide first precipitated by Potassinm hydroxide is re-dis-
solved in excess, as with Lead hydroxide, Stannic and Stannous
hydroxides, Antimonous hydroxide, Chromic and Aluminum hy-
droxides, and Zine hydroxide: the greater number are insoluble
in excess of the test.

A solution of Ammonium hydroxide is also employed as a test for
the same reason, that it precipitates Metallic hydroxides from
solutions of their Salts. Thus, with Magnesium sulphate we obtain
a solution of Ammonium sulphate, and a precipitate of Magnesium
hydroxide: MgSO, + 2(NH,0H) = (NH,),S0, + Mg(OH),. In
some cases, the Hydroxide first precipitated is re-dissolved in excess,
as with Silver hydroxide, Cadmium hydroxide, Cupric hydroxide,
Zine hydroxide, Nickel hydroxide, Cobalt hydroxide, and to a con-
siderable extent Ferrous and Manganous hydroxides, and still less,
Chromic hydroxide.

If Hydrochlorie acid has any action upon a Metal, it exchanges
its Hydrogen for the other Metal, and Hydrogen is generated as a
Gas ; in such a case we obtain a Chloride in solution, e.g., Zine and
Iron, Magnesium, Aluminum and Tin, are thus immediately acted



ACTION OF ORDINARY ACIDS UPON METALS. 0

upon by Hydrochloriec acid, and solutions, respectively, of Zine,
Ferl‘-ﬁts, Magnesium, Aluminum, and Stannous chlorides are ob-
tained.

Zn + 2HCI = ZnCl, + H,.

Fe + 2HCl = FeCl, + H..

Mg + 2HCI = MgClL, + H,.

Al, + 6HCl = ALCl; + 3H,.

Sn + 2HCI = SnCl, + H..

Upon Cadmium, Cobalt and Nickel, there is a similar but slower
reaction. Lead, Copper, Quicksilver, Antimony, Bismuth, Silver,
Gn]il and Platinum, are practically not acted upon by Hydrochlorie
acid.

With Hydroxides, Hydrochloric acid forms Chlorides and Water.
Thus, with Potassium hydroxide, Silver hydroxide, Caleinm hydrox-
ide, Bismuth hydroxide, and Stannie hydroxide, Hydrochlorie
acid yields, respectively, Potassiom, Silver, Calcium, Bismuth and
Stannie chlorides.

KOH + HCl = KC1 + H,0.
AgOH + HCI = AgCl + H,O.
Ca(OH), + 2HCI = CaCl, + 2H,0.
Bi(OH), + 8HCl = BiCl, + 3H,0.
Sn(OH), + 4HC] = SnCl, + 4H.0.

Mercurous and Silver chlorides are insoluble in water: Lead
chloride is with difficulty soluble: therefore Hydrochlorie acid is
used as the first Group test, by means of which Mercurous and
Silver are completely precipitated from solutions of their nitrates
or any other soluble salts. Lead is only partially precipitated as
chloride. The other Chlorides are soluble in water.

Dilute sulphuric acid, when it acts upon the metals, such as
Zine, Iron and Magnesium, exchanges in a similar manner its
Hydrogen for Zine, Iron and Magnesium, and we obtain a Sulphate,
respectively, of Zine, Iron or Magnesimm, with evolution of
Hydrogen, thus :(—

Zn + H,S0,, 2H,0 = ZnSO, + H, + 2H,0.
Fe + H,S0,, 2H,0 = FeSO, + H, + 2H,0.
Mg+ H,SO,, 2H,0 = MgSO, + H, + 2H,0.

With the exception of Barium sulphate, Strontinum sulphate, and
Lead sulphate, all Sulphates are soluble in water, so that we may
find any metallic sulphate in solution except these three.

Sulphurie acid, as Oil of vitriol, has nusually a different action,
when heated with many metals: we obtain a Sulphate of the
metal, but a portion of the acid is decomposed, go that Sulphur
dioxide SO, and Water, are formed at the same time. F.g., Copper
and Mercury, when heated with the concentrated acid give Cuprie
and Mercuric sulphate, together with Sulphur dioxide and Water:

Cu + 2H, S0, = CuSO, 4+ SO, + 2H,0.
Hg + 2H,50, = HgSO, + S0, + 2H,0.
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Nitrie acid HNO,, is the greatest solvent of the metals, and for
the most part changes them into Nitrates, with partial decom-
position of the acid. The concentrated acid has no action upon
Gold and Platinum, Iron and Alnminum. Tin and Antimony are
changed into white acid Oxides insoluble in water. Hydrogen is
not evolved when a Nitrate is formed, but it may be Nitric oxide,
Nitrous acid, Ammonic hydrate or Nitrous oxide, together with
Water. E.g.

3Cu + S8HNO, = 3(Cu2NO,) + 2NO + 4H,0.
8Hg + SHNO, = 3(Hg2NO,) + 2NO + 4H,0.
2Ag + 3HNO; = 2AgNO, <+ HNO,+ H,0.
4/n + 9HNO, = 4(Zn2N0O,) + HN  + 8H,O0.
4Zn + 10HNO, = 4(Zn2NO;) + N,0 + 5H,0.

Aqua regia, or a mixture of Nitric and Hydrochloric acids,
changes the metals into Chlorides. The two acids act upon one
another so as to liberate Chlorine which forms a Chloride, together
with Nitrosyl chloride NOCI, and Water, H,0. Thus:—

SHCI + HNO, = CL, + NOCI + 2H,0.

Gold dissolves as Aurie chloride AuCl,; Platinum as Platinic
chloride PtCl,; Tin as Stannic chloride SnCl,; Antimony as Anti-
monous chloride ShCl, ; Iron as Ferric chloride Fe,Cl;, and so on.

If any acids, such as Hydrochloric, Sulphurie, or Nitric acid, are
present in a liquid in a free state, Litmus is reddened, and solution
of Sodium carbonate Na,CO, neutralizes the free acids, with effer-
vescence from the escape of Carbon dioxide, and with formation of
soluble Chloride, Sulphate, or Nitrate of Sodium. Z.g.

29HCl + Na,CO; = 2NaCl + H,0 + CO,,
H,S0, + Na,CO; = Na,80, + H,0 + CO,.
2HNO, + Na,CO; = 2NaNO; + H,0 + CO,.

Sodium carbonate Na,CO, is said to neutralize these acids, as it
exchanges Sodium Na, for every atom of Hydrogen it displaces
from them.

We use Sodium carbonate as a Preliminary test, because it
occasions Precipitates in most splutions of Metallic salts, as all
Carbonates are insoluble in water, except those of Potassium, Sodium
and Ammonium. Y

Sodium carbonate Na,CO,, 10H,0 is the neutral Sodium salt
of Carbonic acid. It is easily soluble in water, and strongly
alkaline : it therefore blues red litmus paper. We may divide all
soluble metallic salts, or their soluble Hydroxides into two divisions.

DivisioN A. comprises Groups L., II., IIL, IV. and V., or all
Metals, the Carbonates of which are insoluble in water.

Division B. comprises Group VI, or all such Metals, the Car-
bonates of which are soluble in water. This group comprises salts
of Potassium, Sodium and Ammonium (with rarver alkaline Metals),
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as the Carbonates of these Metals are alone soluble in water, and
therefore cannot be precipitated by Sodium carbonate.

DIVISION OF THE METALS INTO GROUPS
COMPRISED UNDER A. AND B.

DivisioNn A.—THE CARBONATES OF THIS DIVISION ARE PRACTICALLY
INSOLUBLE IN WATER.

The precipitates are for the most part white, but with a
Mercurous salt, black ; with a Mercuric, red-brown ; with
a Cuprie, blue; with Ferrie, gelatinous red-brown; with
Ferrous, dirty green ; with Cobalt, pink ; with Nickel, apple-
green; with Chromiec, bluish-green. If any free acid is
present, there is effervescence, with, at first, re-solution of
the precipitate.

It should be remembered that most of the Nitrates, Sulphates, and
Chlorides of the Metals in this Division are soluble in water. The Carbon-
ates, Sulphites, Phosphates, Arsenates, Arsenites, Borates, Oxalates, and
Silicates of these Metals are not soluble in water: therefore, if Sodium
earbonate has given a ppt., none of these salts ean be present.

Drvisiex A. Group I.—Hydrochloric acid* HCI, precipitates
Lead, (Thallium), Silver and Mercurous, from solutions of their
soluble salts, respectively, as Chloride of Lead, (Thallium), Silver
and Mercurous chloride.

9H(C1 + PL2NO,
(2HCI + TI,80,

2HNO; + PbCl,, white.
H,50, + 2TICl, white.)
HCl + AgNO, HNO, + AgCl, white.

2HCI + Hg,2NO, = 2HNO, + Hg,Cl,, tawny.

No precipitate: absence of Lead, (Thallium), Silver and Mer-
curous: pass on to Group IIL.

Hydrochlorie acid is a solution of HCI in water., All chlorides
are soluble in water, except those of Silver and Mercurous.
Chloride of Lead is with difficulty soluble, but it is quite possible

o

* Concentrated solution of Hydrochlorie acid will precipitate Antimonous
oxy-chloride, soluble in excess, fromn solutions of Tartar emetic ; Cream of
Tartar, from neuatral tartrate of Potassium ; Arsenious acid from soluble
Arsenites, and the respective acids from alkaline Borates, Silicates, Titanates,
Antimonates, Stannates, Molybdates, and Tungstates ; Aluminum hydroxide
and Zine hydroxide from solutions in Potassium hydroxide and Sodium
hydroxide ; Sulphur from the higher Sulphides of Alkalies and Alkaline
earths ; Sulphur from Thiosulphates, Uric acid, Hippuric acid, Benzoic acid,
Salicylic and Gallic acid, from Urates, Hippurates, Benzoates, Salicylates, and
Gallates of the Alkalies; &e., &c.
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to have a solution of Chloride of Lead, and it is therefore necessary
to look for Lead in Group II. if Hydrochlorie acid has oceasioned
no precipitate. Several metallic Chlorides which are decomposed
by water, as Antimonous chloride and Bismuth chloride, are soluble
in HCI, and can only be met with, as such, in solution of HCI.

Divistox A.  Group I1—The Metals of this Group are not pre-
cipitated by Hydric chloride.

To the Hydroehlorie acid solution, add solution of Hydrie
Sulphide in water. Hydric sulphide H,S is a gas of the well-
known odor of rotten eggs. In solutions of Metallic salts, it
exchanges its Hydrogen for some other metal, and precipitates the
Metal in the form of a Sulphide insoluble in water. The Metals of
Groups III. and IV. are not precipitated in presence of Hydrochlorie
acid ; therefore Group-test II. is expressed by Hydrochlorie acid
+ Hydrie Sulphide.

a. Solutions of Salts of Antimony, Stannic and Stannous, (of Gold
and Platinum), are precipitated as Sulphides, insoluble in water.
These Sulphides are, however, soluble, after neutralization with
Ammonie hydrate, in Ammonium Sulphide.

258bCl; + HCl + 3H,S = 6HCl + HCl + Sb,S;, orange-red.
SnCl, + HCl + 2H,S = 4HCL + HCl + SnS,, yellow.
SnCl, + HCI + H.,S = 2HCl + HCIl + SnS, dark brown.

b. Solutions of Salts of Lead, Merecurie, Bismuth, Copper and Cad-
mium are precipitated as insoluble Sulphides, and the Sulphides
(after neutralization with Ammonium hydrate) are not soluble in
Ammonium Sulphide.

PbCl, + HCl+ H,S = 2HClI + HCl + PbS, slate-colored.
Hg(Cl, + HCl+ H.,S = 2HCl + HCIl + HgS, black.
9Bi3NO,) + HCl+ 8H,S = 6HNO, + HCl + Bi,S,. brown-black.
CuSO, + HCl+ H,S = H,S80,+ HCl + CuS, black-brown.
CdSO, . + HCl+ H,S = H,S0,+ HCl + CdS, bright yellow.

Group IT.— No precipitate : absence of soluble salts of Antimonous,
Stannie, Stannous ( Lead), Mercurie, Bismuth, Cuprie and Cadminm.
Pass on to Group 1II.

N.B.—No arsenite nor arsenate of any Metal of this and the former

group is soluble in water. If Carbonate of Sodium has occasioned a
ppt., Salts of these Acids cannot be present,

Division A. Group I11.—The Metals of this Group are not pre-
cipitated by Hydrie chloride HCI, nor by Hydric sulphide H,S, in
presence of Hydrie chloride.

To a fresh portion of the original solution Ammonic chloride is
added, and then Ammonic hydrate: the presence of excess of
Ammonic chloride prevents the precipitation of the Metals of the
next Group. Solutions of Ferrie, Aluminum and Chromic salts are
decomposed and precipitated respectively, as Ferric hydroxide,
Aluminum hydroxide, and Chromic hydroxide.
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Fe,Cl; + 6NH,OH = 6NH,CI 4+ Fe,0.H,.
AlCl, + 6NH, OH_ = 6NH, CI + AlL;:0 Hﬁ.
Cr, 330 - E-NH OH = 6[(1\IL)ES[L] + Cr,0, T

Group III.—No precipitate : absence of Ferric, Aluminum and
Chromie salts, soluble in water. Pass on to Group IV.

Divisiox A. Group 1V.—The metals of this Group are not pre-
cipitated by Hydrie chloride HCIl: nor by Hydric sulphide H,S, in
presence of Hydrie chloride HCl: nor by Aminonic hydrate NH,OH,
in presence of Ammonic chloride NH,CL

To a fresh portion of the Original Solution, Ammonium chloride
is added, and then Ammonium sulphide. The latter test is similar
in its reaction to Hydric sulphide in Group-test I1., and, if used by
itself would first precipitate all the metals of Groups 1., IL., III.,
and IV. It should never be added fo an acid solution, as the
Acid decomposes the Ammonium sulphide: for this reason, we
neutralize an acid solution with Ammonium hydrate, before addition
of Ammonium sulphide. Solutions of Salts of Ferrous, Cobalt and
Nickel, Zinc and Manganous belong to this Group IV., and are pre-
mpltated as Sulphides, insoluble both in water and in ‘the tests.

FeSO, + (NH,),S = (NH,),80, + FeS, black.
CoCl, <+ (NH, ),S = 9NH, Gl -+ C:::E: black.
I\lGI + (NH,).S TJH Cl <+ NJS black.
MHS{] + (NH,).S = (I\II-IJ‘JES{'}‘JL + MDB, flesh-coloured.
ZDSO_, + (NH,).S = (NH,).S0, + ZnS, white.

Group IV.—No precipitate : absence of soluble salts of Ferrous,
Cobalt and Nickel, of Manganous and of Zine.

Division A, Group V.—The Metals of this Group are not pre-
eipitated by Hydric chloride HCL: nor by Hydric sulphide H.S, in
presence of Hydrie chloride HCI : nor by Ammonic hydrate NH,0H,
in presence of Ammonic chloride NH,Cl: nor by Ammonic sulphlde
(NH,),S, in presence of Ammonic chlande NH,CI.

To a fresh portion Ammonic chloride is u.d{leﬂ and then, drop-
wise, Ammonic carbonate.

a. A white precipitate of, respectively, Barium carbonate, Stron-
tium carbonate, and C.i.lcmm carbonate, from any soluble salt of
Barium, Strontinm and Caleium.

BaCl, + (NH,),00, = 2NH,Cl + BaCO,, white.
SrCl, + (NH,),CO, = 2NH,CI + SrCO,, white.
CaCl, 4+ (NH,),C0, = 2NH,CIl 4+ CaCO0,, white.

Group Vi—a. No precipitate : absence of soluble salts of Barium,
Strontium and Caleium,

b. No precipitate, but only by Sodic earbonate Na,CO,, the
Divisional-test A : Magnesium is present in form of some soluble

Ir i
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salt. Confirmed by the use of Ammonic chloride, Ammonic hydrate
and then Sodic phosphate: when a white crystalline ppt. of Am-
monic Magnesium phosphate (NH,)Mg PO,, 6H,0.

Group V.—b. No precipitate; absence of Magnesium in form of
Salt.

DivisioNn B. Group VI—Sodium carbonate gives no precipitate :
absence of Salts of Metals belonging to Groups 1., IT., IIT.,, IV. and
V. This Group comprises only soluble Salts, or Hydroxides, of the
Metals Potassium, Sodium, (Lithium) and Ammonium.

Boil a portion of the original solution with Sodium carbonate, if
Ammoninm is present in form of an odorless salt, Ammonium ecar-
bonate will be evolved in colorless vapor, which blues red litmus,
and fumes with a glass rod dipped into Hydrochloric acid.

9NH,Cl + Na,CO, = 2NaCl + (NH,),00,.

Salts of Ammonium volatilize, with, or without decomposition,
when heated on Platinum-foil: they may leave a residue if the
Ammonium salts contained a fixed acid. They also afford a yellow
ppt. with Platinic chloride.

Salts of Sodium give a yellow color to flame and leave a residue.
(Salts of Lithium give a purple color to flame.)

Salts of Potassium give a violet color to flame, and are precipitated
by Platinie chloride.

Group VI—No reaction, and no residues: absence of Salts, and of
Hydroxides, of Potassium, Sodium, Lithium and Ammonium.

RECAPITULATION.

Division A. Carbonate of Sodium Na,CO,, with or without effer-
vescence and usually without the application of
heat, gives a ppt. in solutions of Metallic salts.

If no ppt. pass on to Division B.

Group I. HCl, a ppt. Pb. Ag. Hg,. No ppt., pass on to
Group 1L

Group II. HC1 + H,S8, a ppt. Pb in dilute solutions. Sb. Sn.
Au. Pt. Hg, Cd. Bi. Cu. No ppt, pass en to
Group III.

Group 1II. NH,Cl + NH,OH, a ppt. Fe,. Al,. Cr,, No ppt,,
pass on to Group LV.

Group IV. WH,Cl + (NH,).8, a ppt. Fe. Co. Ni. Mn. Zn. No
ppt., pass on to Group V.

Group V. NH,Cl + (NH,),CO,, a white ppt. Ba. Sr. Ca. No -
ppt. Magnesium,
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Divisioy B. Carbonate of Sodium Na,0O,, no precipitate. a. On
boiling with Na,CO,, there is an odor of Ammonia,
Litmus is blued, and fumes are formed with Hy-
drochloric acid: (NH,). & No reaction. Yellow
color to flame. Na. Purple color to flame. Li,
Violet color to flame. K. ¢ No reaction: absence
of all metals in the form of salts.

REACTIONS OF THE METALS AND STUDIES
OF THEIR OXIDES, HYDROXIDES AND
SALTS.

Diviston A.—Solutions of such metallic salts, soluble in water
as are precipitated by a solution of Sodium carbonate Na,CO,,
either as Carbonates or as Hydroxides, or as Hydroxides combined
with Carbonates (Basic salts).

Group I—Metals precipitated by Hydrochloric acid HCI, as
Chlorides. Lead, Silver, (Thallium) and Mercurous belong to this
Group. Solutions of their soluble Salts are precipitated as Lead,
Silver, (Thallium) and Mereurous chlorides. The Sulphides of
these metals are in shades of black, and are insoluble in Am-
monium sulphide (NH,),S, after neutralizing the acid liquid with
Ammonic hydrate NH,OH.

1. Lean, Promeum, Ph = 207.

Chief soluble salts of Lead : Acetate Ph2C,H,0,3H,0 Nitrate Ph2NO,.
Chloride PbCl,. Solutions faintly acid. Goulard’s Extract is Liquor
Plumbi sub-acetatis 2PbO,Pb2C,H,0, Slightly soluble, alkaline, blues
litmus. Lead is a bluish, lustrous, malleable metal. Dyad. Sp. gr. 11:37,
Sp. heat 0:0314. Melts at 334°. Blow-pipe bead on charcoal flattens
under the pestle, and marks paper like black-lead. Melts, and gives a
vellow incrustation of Oxide, when heated on charcoal in outer blow-pipe
flame. Dilute Hydrochlorie and Sulphuric acids, no reaction. Nitric ucid
HNO,, dissolves Lead as Lead nitrate Pb2NO,.  38Fb 4 8HNO, = 3(Pb2N0O,)
+ 4H,0 4 2NO. Boiling H,S0, produces insoluble Lead sulphate PbSO,,
with Sulphur dioxide SO, and Water H,0.

Galena, or Lead sulphide PbS, is the chief ore of lead. When roasted in
the reverberatory furnaee, the sulphide is oxydized in part to Lead oxide
PhO, and into Lead sulphate PbSO,. Thus: 2PbS 4 1-]8._, = 2Pb0 4 280,.
PbS + 20, = PbS0O,. When unchanged Sulphide is heated with Oxide and
Sulphate of Lead, we obtain the metal Lead and Sulphur dioxide PbS 4 2Pbh0O
=3Pb 480, Pbs4PbS0,=2Pb+4-250,. Galena resembles metallic Lead
in lustre, but is brittle and not malleable. Hot HCl dissolves PbS as
PhCl,, with evolution of H,S. Nitric acid forms a nitrate, with separation
of Sulphur and Lead sulphate : nitrous fumes are evolved.

Lead oxide, PbO, is yellow, or salmon-colored, fusible: alkaline when
moistened, slightly soluble ; it is dissolved by Nitric acid, as Lead nitrate :
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Pb0 4+ 2HNO, = Pbh2NO, + H,0. On charcoal, it is easily reduced to the
metallic state, with 'r'ellm-. incrustation of Oxide. Hydroxide of Lead
Pb(OH),, white, almost insoluble in water, soluble in Potassium hydroxide,

KOH. Lead hydro-carbcnate Ph{DH}E,PbCDa. is White Lead, insoluble in
water, and therefore precipitated from solutions of Lead salts by Sodium
ca.rb::rnﬂtc; it dissulves with effervescence in Nitric acid, as Nitrate.

Tests for Lead in soluble salts.

I. Hydric chloride HCI, the group-test, gives a white precipitate
of Lead chloride PbCl,, soluble on addition of water and boiling ;
insoluble in Ammonie hydrate NH,OH.

Hydrie chloride with Hydrie sulphide HCl + H,S, slate-colored
Sulphide PbS, insoluble in NH,0OH, and in Ammonic sulphide
(NH,),S. The ppt. may be red at first, as Lead chloro-sulphide
9PhC ﬂ,dPhb and it is changed by excess of H,S, into Lead
sulphide Pbs.

Potassium hydroxide I{GH, white ppt. of Hydroxide Pbh(OH),,
soluble in KOH in excess.

Ammonic hydroxide NH,0H, white hydroxide, either imme-
diately or on keating : insoluble.

Sulphurie acid, H,SO,, white, insoluble PbSO,, soluble in Am-
monium acetate.

Potassinm iodide KT, yellow ppt. of Lead iodide PbI,, soluble in
much boiling water, and deposited as golden scales on cooling.

Potassinm dichromate K,Cr,0., yellow ppt. of Lead chromate
PhCr0,, soluble in excess of KOH.

Heated on charcoal with Na,CO,, bluish, lustrous beads of malle-
able metal, with incrustation of yellow Oxide.

2. TraLLIOM, T1 = 204.

Tin-white metal : tarnishes in air. Under water, in presence of air,
dissolves slowly as Thallous hydrate. Sp. gr. 11-9. Sp. heat 0-0336.
Monad and triad. Melts at 294° C. Precipitates lead from its salts.
Carbonate, T1,CO,, requires 20 parts of water for solution: in ordinary
solutions, T1, is prempjtuted by Na,CO;.  Thallous oxide, T1,0, is black :
deliquesces as hydroxide, erystallizing in colorless, or pale ,}e]luw prisms.

In soluble Thallous salts :—

I. HC), a curd-like precipitate, little soluble in water, and less in HCL.

H,S precipitates partially as Sulphide, in absence of mineral acids.

NH,HS as brown-black Sulphide, insoluble.

Flame colored emerald- -green.

3. SiLveER, ArGENTUM, Ag = 108.

Lustrous, white metal. Monad. Sp. gr. 10:57. Sp. heat 0:056. Melts at
1040° C. Blow-pipe bead lustrous, mﬂ.lluuhlﬂ no in-::rustutmu Absorbs
oxygen when melted, and gives it out ugam. “spits” on cooling.
Tarnished by H,S. Not oxydized by air: a noble metal. Not acted upon
by HCI E'-:cept at a red-heat. Not touched by dilute Sulphuric acid,
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Boiled with H,SO,: Ag,+2H,80,=Ag,80,480,4+2H,0. Nitric acid the
great solvent : 23g2+ﬁHN0==-'i:r‘LgND,+3H=D+2N.JG,. Silver hydroxide,
AgOH, is grey-brown, soluble in NH,OH, and also in HNO,.

The Nitrate, AgNO,, and the Sulphate, Ag,S0O,, the chief soluble salts :
the latter requires 200 parts of water for solution. Silver uitrate is neutral
to test-paper and melts at 200° C. : *lunar caustie.”

Silver carbonate, Ag,CO,, is nearly white, insoluble in water, and there-
fore precipitated by the divisional test A, as Ag,CO,,

Silver glance, Ag,S, Argentite, is the chief Ore. Roasted with NaCl,
into Na,S0, and AgCl: the AgCl into Ag by metallic iron; the Ag
amalgamated, and the Hg removed by heat.

Tests for Silver in soluble Salts: generally the nitrate.

1. Hydrochlorie acid, HCI, white, curd-like precipitate insoluble
on boiling with water (soluble in much HCI or in chlorides on
boiling, and re-precipitated on addition of water), soluble in
NH,0H, and changing to violet in strong light.

Hydric sulphide, H,S, brown-black Silver sulphide Ag,S, soluble
in boiling Nitric acid.

Potassinm hydroxide, KOH, grey-brown Hydroxide, AgOH,
soluble both in NH,OH and in HNO, ; insoluble in KOH.

Ammonium hydroxide, NH,OH, behaves like KOH, but the pre-
cipitate so soluble in excess, that if solution acid, no precipitate.

Potassium dichromate, K,Cr,0,, erimson chromate Ag,CrO,,
soluble in HNO,.

Potassium iodide, KI, pale-yellow iodide Agl, insoluble both in
NH,0H, and in HNO,,

Cu, Fe, Hg, and Zn precipitate grey Silver, lustrous under pressure.
- On charcoal, in either flame, white, lustrous, malleable beads, without
incrustation.

4. Mercury, Hyprareyrum, Hg = 200; as Mercurovs, Hg,.

Lustrous, silvery liquid. Dyad. Sp. gr. 13:56.. Sp. heat 0:032. Boils at,
8587 C. Melts at—89-5° C. Not acted upon by HCI, nor by dilute Sulphuric
acid. Chlorine attacks it immediately. Dilute nitric acid gives Mercurous
nitrate : 2Hg, +8HNO, = 3(Hg,2NO,) 44H,0 4 2NO. Boiled with Sul-
phuric acid, into Mercuric sulphate: Hg 4 2H,80, =HgS0, 480, 4+2H,0.

Two Oxides, both of which are insoluble in water. Only Mercurous oxide,
Hg,0, comes into Group I. It is black, and changed by light into Mercury
and Mercuric oxide. Mercurous carbonate is yellow, insoluble ; by pouring
mercurous nitrate into an excess of Sodium Hydro-carbonate, NaHCO,.
Division-test A, Sodium carhonate, gives a recipitate im soluble Mercurous
salts, first yellowish-white, then, through }fe]i'lnw. to dingy grey-green.

Chief soluble Salt, Mercurous nitrate, Hg,2NO,, very acid. (Calomel,
Hg,Cl,, is white, and quite insoluble in water. By hoiling with HCI into
HgCl, 4+ Hg. Volatilised by heat, blackened by (NH,),S, and by 2NH,
?fngrt;ﬂ into black NH,Hg,Cl 4+ NH,Cl. Prepared by subliming ig with

g4,

Tests for Mercurous, in goluble Salts.
I. HCI, white, insoluble Mercurous chloride, Hg,Cl,, turned into
¢ 0
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black mercurous chloro-amide by NH,OH. Thus: 2NH, + Hg,Cl,
= NH,Hg,Cl + NH,Cl. (Hg,Cl, dissolves in Aqua regia as QHgCIE,
and in nitrie acid as Mercmiie chloride and Nitrate, 0

H.S, black Mercurous sulphide, Hg,S, insoluble in HNO, (but
soluble in Aqua regia as Mercuric chloride).

KOH, black Hg,0, insoluble in excess.

NH,0OH, blm:k Hg,0, insoluble in excess.

K,Cr,0,, brick-dust colored Mercurous chromate, Hg,CrO,.

KI, finch-green precipitate of Mercurous iodide, Hg,L,.

SnCl, by i white precipitate of Calomel, Hg,CL, -::hangmg to grey
metallic Mercury, on addition of excess of Stannous chloride.
Hg,Cl, + SnCl, = SnCl, + Hg..

Cu, Zn, and Fe precipitate metallic Mercury.
Mercurous salts, heated with dry Na,CO; in a narrow tube, yield globules

of Hg.
Heated cn Platinum, Hg,2NO,, first white, then yellow, red, black, HgO,

and volatilised as 2Hg + O,

N.B.—In solutions of Tartar emetic, the group test HCl precipitates white
Antimonous oxy-chloride, ShOCL, soluble in excess as ShCl;, 4+ H.O. and
discovered in Group II. by H,S, with which it gives an orange-colored
sulphide, 8b,S;. In concentrated solutions of alkaline Arsenites in which
Sodiuwm carbonate gives no preeipitate, HCl gives a copious white precipitate
of Arsenious owide, As,Oj, soluble in excess, and discovered in Group II.
by H,S.

Group I1. —Hydrc:-chlurm acid produces mno precipitate, but
on addition of Hydrogen sulphide, H.S, to the Hydrochloric
acid solution, the following metals are precipitated as sulphides:

Arsenious . As,S,, bright yellow sulphide.
Antimonous 8Sb,S,, orange-red sulphide.
Stannic . . SnS,, pale yellow sulphide.
Stannous . SnS, brown sulphide.
Platinic . PtS,. black sulphide.
Aurous . Au,S, black sulphide.

Lead . . PbS, slate-colored sulphide.
Cupric . . CuS, black sulphide.
Mercuric . HgS, black sulphide.
Bismuth . Bi,S;, brown-black sulphide.
Cadmium . CdS, yellow sulphide.

As,S,, Sh,S;, SnS,, SnS as SoS,, (Au,S, and PtS,) are soluble, after
neutmir-mtlun with Ammonia, in Ammonie sul 1}]11de (NH,).S,.

PbS, CuS, HgS, Bi,S,, CdS, are not soluble in Ammonic hulphlde

a. Sulphides soluble in Ammonic sulphide after neutral-
ising the free acid with Ammonic hydrate.

Arsenicum as Arsenious oxide, As,0;, forms an acid with water, Arsenious
acid, H;AsO,, and salts called Arsenites. Those of Potassium, Sodium, and
Ammonium alone soluble in water, and strongly alkaline. If therefore
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Sodium carbonate has been added, and there is a precipitate, Arsenious
oxide need not be looked for. But if Na,CO; has given no precipitate, and
AgNO,; a yellow precipitate soluble in NH,OH and in HNO,, then HCI
+ H.S gives a _‘Fﬂﬁﬂ'ﬁf precipitate of As,S;, soluble in NH,OH, in (NH,),
CO,, and in (NH,),S. See p. 46.

The only Arsenates soluble in water are the Arsenates of Potassium,
Sodium, and Ammoniwn., HCl liberates Arsenic acid, H;AsO,, very
soluble in water, and H,S gives no visible result. Leave about 25 drops in
the test-tube, boil down to a drop, and add more H,S ; a yellow precipitate
of Arsenious sulphide, As,S,, with Sulphur, soluble in NH,0H, will indicate
an Arsenate. See p. 46.

5. AxTiMoNY, STisrum, Sb, = 480, Sb = 120.

A bluish-white, lustrous, crystalline, brittle metal. Triad and Pentad.
Sp. gr. 6°7. Sp. heat 00051. Fuses at 430° C. Immediately attacked by
Cl, ; burns to Antimonous chloride, ShCl;. Dilute Sulphuric acid has no
action. Boiled with H,SO, to white sulphate: Sb,412H,S0,=2(5b,350,)
+ 650, + 12H,0. Dilute HCI has no reaction. With Nitric acid into a
white powder called Metantimonic acid: Sb, 4+ 8HNO, = 4HSbO, +4NO
+ 2N,0, 4+ 2H,0. Heated in air, Antimony burns into white Antimonous
oxide, Sb,0; ; yellow-tinted when heated, with white incrustation.

Antimonous sulphide, Sb,S,;, or Stibnite, is the ore; metallic-looking.
Heated with metallic iron, yields antimony ; 25b,5; 4+ 6Fe = 6FeS 4 Sh,.
Boiled with HCI, is the source both of Antimonous chloride, SbCl,, and of
Hydrogen sulphide, H,S. Sb,S, 4+ 6HCI = 2ShCl; 4+ 3H,S.

Antimonous chloride, ShCl,, is only soluble in presence of much free HCI :
decomposed by water into insoluble white Oxy-chloride, ShOCI, soluble in
Tartaric acid, H,C,H,0,.

SbhCl, 4+ H,0 = ShOCl 4+ 2HCIL

Chief soluble salts: Antimonous chloride, ShCl;, in HCI, strongly acid.
Tartar emetic, 2(KSbOC,H,0,),H,0, faintly acid, and precipitated by,
I, HCI as SbOCI, soluble in excess, and discovered in Group IL

Tests for Antimenous, as Chloride, SbCl,.

Il. HCl + H,S, orange-red Sh,S,, insoluble in Ammonia and in
Carbonate of ammonium; soluble in Ammonium sulphide, after
neutralising with Ammonic hydrate. Sh,S;, soluble in strong HCI
to Antimonous chloride; a source of H,S. Thus: Sb,S, + 6HCI =
25hCl, + 3H,S.

KOH, white Sh,0,, soluble in excess,

NH,OH, white, insoluble in excess.

}(’;"ater precipitates white Oxy-chloride, SbOCI, soluble in Tartaric
acid.

. Zn, in presence of HCI, precipitates Sb on platinum as a black powder,
msoluble in cold HCI.

Cu, in HCI solution, when heated, is covered with a violet-grey deposit of
Antimony : Reinsch's test. The deposit, heated with KOH, uxpuéing the
metal freely to the air, is gradually oxydized and dissolved ; dilute, pass
H,S through liquid, filter off Cupric sulphide and add HCI, when orange-
red Sh,S; appears. Antimonous sulphide is insoluble in (NH,),C0,.

c 2
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Zn, with dilute sulphuric acid, in presence of an Antimonous salt, gives off
Stibine, SbH,, as a colorless gas: Marsh’s test. In a H, apparatus,
provided with a drying tube and a jet, the gas may be kindled, and burns
with bluigh-green flame to white Antimonous oxide, 8b,0,, and water, H,O.
On porcelain, close to the inner flame, a black deposit of Antimony, soluble
in Ammonic sulphide, and separating as orange-red 8b,5; on evaporating.
A piece of filter paper, moistened with Silver nitrate, is blackened wit
BbAg, when suspended in escaping SbH,.

Heated on Charcoal with NaHCOj, in the inner blow-pipe flame, lustrous
heads of Antimony, with white inerustation of $b,0,. Beads brittle,

6. Tiv, STaxxvM, Sn = 118.

White lustrous metal, malleable. Dyad and Tetrad. Sp. gr. 7-25. Sp.
heat 0056, Melts at 228° C. Readily dissolved by HCl as Stannous
chloride, SnCl,. Sn +4 2HCI = SnCl, 4 H,. Dilute sulphuric acid has no
action upon tin; but, when boiled with sulphuric acid, into Stannous
sulphate, BnS0,. Bn 4 2ZH, SO, = SnS0, + S0, 4+ 2H,0. Concentrated
Nitric acid has no aetion; but, when somewhat diluted, Tin is changed
into a white powder—Metastannic acid, H,,5ns0,,, with evolution of
Nitrous fumes, Chlorine attacks Tin, and forms Stannic chloride, Tin-foil
burns into Stannic oxide, SnQ,.

Tin has two chief basic oxides : Stannous, SnO, and Stannic oxide, Sn0..

The Ore of Tin, * Tinstone” is Stannic oxide, Sn0, The metal is
obtained by reduction of Sn0,, with Carbon at a low red-heat,

Sranvovs Oxipg, SnO.

The chief Stannous Salt is the Chloride SnCl,2H,0. Tt is very
acid, as dissolved in HCl ; decomposed by water into Oxy-chloride
of tin, Sn0,SnCl,. Stannous oxide, Sn0, is black: Hydroxide,
SnH,0,, white, soluble in KOH, as Stannate of Potassium.

Tests for Tin as Stannous.

II. HCl + H,S, dark brown Stannous sulphide, SnS,H,0, readily
soluble, after neutralising with NH,OH, in yellow Ammonic
sulphide, as Stannic sulphide, and re-precipitated as yellow Stannic
sulphide by HCI.

KOH, white SnH,0,, soluble in excess.

NH,0OH, white Hydroxide, insoluble.

Na,C0,, precipitates white Hydroxide, SnH,0,, with evolution of
C0,. On boiling, black SnO.

HgCl, is reduced to Hg,Cl,, and further, by heat, into 2Hg. So
that stannous chloride is a test for Mercurie, p. 23.

Zn precipitates metallic Tin, readily soluble in dilute HCIL.
On Charcoal, with NaHCO,, in reducing flame, small beads of metallic
Tin, with white incrustation of Stannic oxide.

Sraxnte Oxroe, Sn0,,

Is white; insoluble in water. Its chief salt is Stannic chloride
ShCl,, very acid.
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Tests for Stannic,

/1. HCl + H,S, yellow precipitate of hydrated sulphide, SnS,,
92H,0, soluble in KOH, and also in (NH,),S atter neutralising with
Ammonie hydrate.

KOH, white hydroxide, soluble in excess as Stannate.

NH,0H, white Hydroxide, insoluble.

Zn precipitates metallic Tin,

On Charcoal, with NaHCO,, in reducing flame, beads of metallic Tin, and
a white incrustation of Sn0O,.

7. GoLp, Avruy, An = 196.

Yellow lustrous metal, very malleable and ductile. Monad and Triad.
Sp. gr. 19:5. Sp. heat 0-032. Melts at 1240°. Native. Insoluble in HCI,
im HNO,, and H,S0,. Chlorine attacks it immediately, and dissolves it as
Aurie chloride, AuCly, with yellow or orange color. Aqua regia dissolves it
by its free Chlorine.

3HCI + HNO, = 2H,0 + NOCI + Cl,.

Auric oxide, Au,0;, the chief Oxide, is of a brown color. Its Hyvdrate,
SU,HED‘, is & powder of reddish-yellow color. By heat into Gold and

Xygen.

Tgsts for Gold as Awrie chloride, AuCl,. Solution, yellow, or orange,
strongly acid.

IT. HCl + H,S, black di-aurous disulphide, Au,S, Au,S,, soluble in am-
monium sulphide. H,S precipitates gold from hot solutions.

KOH precipitates yellow-brown Aurate, KAu0,.3H,0, soluble in excess.

NH,U%, olive-brown Fulminating Gold, Au,0, 4NH,.

SnCl,, containing a little SnCl,, gives purple of Cassius, SnAu,,Sn,0,,
4H,0. :
Fe80,, a precipitate of brown-colored gold.

6FeS0O, 4+ 2AuCl; = Fe,Cl; 4 2(Fe,350,) 4+ 2An.
Oxalic acid reduces Gold salts to metallic state. 3H,C,0, + 2AuCl, =
6HCI + 6CO, + Au,.

Upon Charcoal, all Gold compounds reduced to Instrons Gold without
incrustation.

8. PraTivum, Pt = 194:5.

Dull white metal, malleable and ductile. Dyad and Tetrad. Always
native. Sp. gr. 21'5. Sp. heat 0:031. Melts at about 2000°, Like Gold,
it does not tarnish in flame, and is easily attacked by Chlorine. Platinic
chloride, PtCl,, is reddish-brown or reddish-yellow, and is the chief Salt.
By heating Platinic chloride. PtCl,, Platinous chloride PtCl, and Cl,
result: then Platinum and Chlorine. Platinic oxide, PtO,, is black: its
- hydrate, when dry, brown.

Tests for Platinie in Platinic chloride. Solution strongly acid and colored
reddish-yellow.

II. HCI 4 H,S, especially by heat, brown PtS,,H,0, soluble in much Am-
maonic sulphide.

KHO generally precipitates potassium Platinic chloride, 2KCILPtCl,, with
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yellow color, as Platinic chloride is really 2HCLPtCl,. Excess of KHO
gives the yellow Hydrate when boiled.

NH,HO, gives yellow precipitate of 2NH,C1,PtCl,, because the Ammonia
finds the necessary HCI to make it Ammonic chloride.

Oxalic acid does not reduce Platinic salts.

On Charcoal, heated in the blow-pipe flame, Platinum remains as an in-
fusible grey powder, flattened under pestle, in mortar, to dull white metal.

b. SBulphides insoluble in Ammonie sulphide, after neutral-
ising free acid with Ammonic hydrate.

Leap, Prumeuy, Ph = 207.

Chief salts: acetate, nitrate, chloride, See p. 16. In a dilute solution
of a Lead-salt, although Na,CO; will have given a white precipitate, HCI will
occasion rone: Lead oxide must be sought for again in Group II., sub-
division b, by the same tests as already given at p. 16.

9. Correr, CurruM, Cu = 63-3.

A lustrous metal of red color, malleable, ductile, and tenacious. Dryad.
Sp. gr. 8:95. Sp. heat 00093, Melts at 1300°. Oxydizes readily at a red-
heat, forming both red Cuprous oxide and black Cupric oxide. Sometimes
native. Insoluble in dilute Sulphuric and Hydrochlorie acids: slowly
soluble in HCI in presence of air: Cu 4+ 2HCI = CuCl, 4 H,. With hot
Sulphuric acid: Cu 4 2H,S0, = CuSO, + 2H,0 + 502 “With dilute
Nitric acid: 3Cu + HHNO — 3(Cu2H ) + in 04+ 2NO. A good
method of making Nitric oxide. Chlorine attacks it immediately ; to
Cupric chloride, CuCl,.

Supric oxide, Cu0, is the chief Oxide. Readily prepared by heating
Cupric nitrate, Cu2NO,, to redness. It is black and quite insoluble in
water. With 2HCI, into green CuCl, and H,0. With Nitric acid, into
blue Cu2NO,, and H,O. ith H,80,, into CuSO, and H,0. Anhydrous
Cupric sulphate is white ;. blue vitriol, CuS0,,5H,0, blue crystals. Cuprous
oxide, Cu,0, is Ruby Copper Ore : salts colorless. The chief ore of copper
is GDF]]EI‘ pyrites, FeCuS,. By roasting, the Iron oxydized, and slagged off
as Silicate by further heating with Silica, SiO,. Sulphur dioxide is given
off, and on further caleining the Cuprous sulphrde Cu,S, it becomes in part
2Cu0 4+ S0,. When 2Cu0 is heated with remaining Cu,S, we obtain
4Cu + S0,

Tests for Cupric in soluble salts. The commonest are the
sulphate, nitrate, chloride, and acetate. All are colored blue or
green, and have an acid reaction. The color of the solution would
suggest either a Cuprie or a Nickel salt.

Na,CO4, blue precipitate of basic carbonate, soluble with deep-
blue color in NH,OH. Malachite is CuH,0,,CuCO,: it is green,
Azurite is 2CuH, G CuCO,, and is blue.

1I. HCI + H,S lu own-black ppt. of Cuprie sulphide Cus, slightly
coloring the solution. Insoluble in Ammonic sulphlde HCI
alone, changes blue solution to green.

KOH, blue precipitate of CuH,0,, insoluble in excess: when
heated, in part into biack CuO. If glucose first added, CuH,0, is
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dissolved by KOH with deep blue color, and precipitated on heating
as yellow or red Cuprous oxide Cu,0.

NH,OH, first a greenish-blue precipitate of basic salt, soluble in
excess to bright blue ammoniated salt.

Ammonium carbonate in excess re-dissolves Cuprie hydro-
carbonate with deep-blue color: may be employed for separating
Copper from Bismuth.

Potassium ferrocyanide, K,FeC;N,, a red-brown ppt. of Cupric
ferrocyanide, Cu,FeC;N,.

Fe deposits metallic Copper, especially recognisable, by its color,
if solution acid. Zn and Pb also precipitate Cu.

On Charcoal, with Na,CO, in inner flame, red beads of Copper.

Borax bead, moistened with original solution, and heated in outer flame, is
green when hot; otherwise blue. In inner flame colorless, or red from
metallic Copper.

Flame colored green or blue.

10, Mercuric, Hg = 200,

Mercury and Mercurous oxide and salts have been already described at

. 17. Mercuric oxide is yellow or red, and insoluble in water. Black
when heated, and volatilised as Hg and Oxygen. Heated with 2HCI] into
H,0 and Mercuric chloride, HgCl,. Its chief salt is Mercuric chloride
HgCl,, know1 better as Corrosive sublimate. It 1s prepared by subliming a
mixture of Mercuric sulphate with Sodium chloride. HgS0, 4 2NaCl =
Na,SO, 4+ HgCl,. Completely volatile. Soluble in 16 parts of cold water.
Sodium carbonate gives a heavy red-brown precipitate of 2HgO,HgCO, in
solutions of Mercuric chloride, but no precipitate in solutions of Mercuric
cyanide: HCl immediately separates hydrocyanic acid from the cyanide.

Tests for Mercuric in solutions of Mercurie chloride.

II. HCl + H.S, when the latter is slowly added, detects mercurie
at once by white precipitate of Chloro-sulphide HgCl, 2HgS, then
yellow, orange, black sulphide HgS, insoluble in strong nitric acid.

KOH, vellow Mercurie oxide, HgO,

NH,OH, white Mercuric chloro-amide: 2NH, 4+ HgCl, = NH,CI
+ NH,Hg,Cl.

KI, searlet ppt. of Hgl,, soluble, withont eolor, in excess.

SnCl,, first Mercurons chloride, Hg,Cl,, and then Hg: in solution
Stannic chloride. Mereurie chloride a test for Stannous salt.

y szl separates Hg as silvery mirror, the Mercury volatilising by
eat.

Heated in the solid state with Na,CO, in glass tube, Mercury volatilises.

11. BmismuTi, Bi = 208.

A lustrouns, reddish-white metal : very brittle. Triad and Pentad. Chiefly
native. Sp. gr. 98, Sp. heat (:031. Melts at 270°. Chlorine attacks
Bismuth, and forms Bismuth chloride, BiCl;, soluble in free HCIl: decomn-
posed by water into white Oxy-chloride, BiOCl, greatly increased as a pre-
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cipitate by Tartaric acid. Nitric acid dissolves Bismuth as Nitrate,
Bi3NO,;, soluble in nitric acid: it crystallizes as Bi3NO,,56H,0. Bismuth
nitrate, BiBNO; is decomposed and precipitated white, on addition of water,
as basiec nitrate, BINO,,H,O. Dilute sulphuric acid has no action, but hot
H,80, vields Water, Sulphur dioxide, and Bismuth sulphate Bi 2350,
Aqua regia dissolves it as Bismuth chlﬂrlde, BiCl,.
odiuin carbonate, with effervescence, a white precipitate of basic car-

bhonate of Bismuth.

Chief salts, Nitrate and Chloride : easily decomposed by water, and the
precipitates increased by Tartaric acid. Very acid to test-paper.

Tests for Bismuth in soluble salts.

II. HCl + H,S, dark-brown ppt. of Bismuth sulphide Bi,S,,
insoluble in Ammonie sulphide ; soluble in HNO.,.

KOH, white Hydroxide, insoluble in excess ; on boiling, yellow.

NH, C'H white ppt. of Hydroxide: insoluble in excess.

K. brgﬂ.,, deep-yellow ppt. of Chromate Bi,3CrO,, insoluble in
KOH (distinetion from Lead), soluble in Nitric acid.

On Charcoal, in reducing flame with Na,CO,, beads of reddish-white
metal : brittle. But slight incrustation of yellow color.

12. Capymivm, Cd = 112.

Tin-white, lustrous metal. Dyad. Sp. gr. 8:6. Sp. heat 0:056. Fuses
at 820° Boils at 860° Dilute sulphuric and hydrochloric acids slowly
dissolve cadmium as CdSO, and CdCl,, with evolution of H,. Dilute nitrie
acid dissolves it rapidly, forming Cd2NO,, H,O, and NO, Chlorine imme-
diately dissolves it as chloride, and so also does aqua regia.

Sulphide, CdS, and carbonate, CdCO,, known as ores. Chief ones, in
association 1:'.rli;h zinc : cadmium most volatile. (See Zine, p. 28.) Cadmium
oxide, CdO, is brown : hydroxide, Cd(OH),, white ; both insoluble in water,
but dissolved as CdCl,, CdS0,, or CdENg}a, by the respective acids with
‘separation of water.

Chief salts: Cd2NO,; €dCl,,2H,0; CdS0,,4H,0; CdI,; CdBr,

Sodium carbonate precipitates white Cadmium carbonate.

Tests in soluble Cadmium salts. Solutions colorless,

1I, HC1 + H,S, light-yellow precipitate of CdS, insoluble in
Ammonic sulphide, soluble in HNO, and in hot dilute H,S0O,. '

KOH, white ppt. of Hydroxide, insoluble.

NH,0H, whiie ppt. of Hydroxide CdH,0,, so soluble in excess
that ammonium salts prevent precipitation.

(NH,),CO,, ppt. of white Carbonate, insoluble.

K ,FeC,N,, white ppt. of Cadmic ferrocyanide Cd,FeC N,.

Ferricyanide of potassinum yellow-brown precipitate, Cd,l'e,C,,N,..

On Charcoal, in reducing flame, with Na,CO,, beads of Cadmium with
brown incrustation of Oxide.

13. Parvapiom, Pd = 106.

Lustrous metal, silver-white. Unchangeable in air. Sp. gr. 11'4. Melts
at 1500°. Precipitated from Palladous chloride by Potassium iodide and
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reduced from the latter by heat. Dissolved by hot nitric acid, and by

sulphuric acid : slowly by Hydrochloric acid.

gallﬂduus oxide PdO ‘is black: prepared by heating Pd2NO,. Solutions
of salts, brown or reddish-brown.

Tests for palladous in soluble salts : chloride, nitrate, or sulphate.

IT. HC14+H,5 %rempntates black Tuﬂudnus sulphide, insoluble in ammonium

sulphide, but soluble in boiling HC
KOH, brown basic salt, snluhle when boiled.
NH,0H, flesh-colored prempltate, soluble in excess.
KI, "black palladous iodide.
FeS0,, precipitates palladium as a black powder,
Heated on charcoal, the salts yield spongy palladium.

14. Irox As FERRrIC.

Ferric salts are yellow, yellow-red, or red-brown. Acid reaction.
Sodium carbonate, with effervescence, a bulky red precipitate.
HC] deepens the vellm or yellow-red color.

II. HCI 4 IL,S reduces ferric salts to ferrous, Group IvV. Only sulphur,
of white or yellow color, is deposited. Thus:— .
Fe,Cl; + HCl 4+ H,S = 2FeCl, + S 4 2HCI + HCL

If, then, a whitish or yellowish ppt., in a solution originally
colored reddigh-yellow or yellow, add NH,OH to one portion:
this, with the H,S present, forms Ammonic sulphide, and throws
down black Hydrated Ferrous sulphide. To another portion of the
HCl + H.S reaction, add Potassium ferricyanide ; Turnbull’s blue
1s precipitated. A FERRIC salt was present. See Group III.

N.B—HCl + H,S reduces solutions of chromic acid af rich red-yellow
color to the condition of green salts of cHrRoMIC OXIDE. See Chromic acid,
p. 48.  Chromates of the alkaline metals soluble in water. The acid Chr0=
mates, of red-yellow color, are converted, with effervescence, info neutral
yellow Chromates, by Sodic Carbonate.

Group ITI.—To the Tests HCl + H,S float a few drops of
Ammonic hydrate : if no ppt., pass on to Group V.

If a ppt., the only metal in Group III., which would be as black
Ferrous sulphide, is Ferric; Aluminum would be white; Chromic
would be dirty green.

The metals of this Group IIL are precipitated as Hydroxides
in neutral solutions to wEmh first Ammonie chloride, and
then Ammonia has been added. Comprises:

Ferric as hydroxide . . Fe,H,0,.
Aluwinum as hydroxide AlH,0,.
Chromie as hydroxide . Cr,H,0,
(Manganic as hydroxide Mn,H,0,.)

14. Irox, FERRUM, Fe = 56.

White metal, malleable, ductile, tenacious. Dyad, Tetrad and Hexad.
Sp. gr. 784, Sp. heat 0°114. Rusts in damp air. Rendered Passive by
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concentrated Nitric acid, and not acted upon. Very dilute Nitric acid dis-
solves Iron as Ferrous nitrate, but when allowed to heat, Ferric nitrate,
Fe,6NO;, together with Wnter Ammonia, and Nitrous fumes, is formed.
HCI dissolves iron as Ferrous chlﬂrndL Fe + 2HCl = FeCl, + H,. Dilute

sulphuric acid F&lds FeSO, + H, Chlorine attacks Imn, and produces
Ferric chloride, Fe,Cl,. Wlth Lr="Fal,,

Ferric oxide, Fe,[}s, is red-brown: an ore of Iron as red Hsmatite,
reduced to metallic state by carbon at a white heat.

Ferric hydrate, Fe,H 0, ; also native as brown Haematite, 2Fe,0,,3H,0.

Solutions of Ferric salts yellow, yellow-red, or red-brown : acid reaction,

Tests for Ferric salts, soluble in water. Chief salts;: Ferric
chloride, Fe,Cl,6H,0; and Ferric sulphate, Fe, 350, 9H,0.

1. HCI brightens the yellow color.

II. HCl and H,S preecipitates Sulphur, white or yellow, and
reduces Ferric to Ferrous salts: Fe,Cl; + HCl + H,S = 2FeCl,
+S+2HCI+HCI.

IIl. NH,C1+NH,0H, precipitates flocculent red-brown Ferric
hydroxide, Fe,H,0,, insoluble in excess.

KOH, similar reaction.

K,FeCy,, precipitates Prussian blue.

K,FeCy,;, a brown coloration, but no precipitate.

Potassinm sulphocyanide, KNCS, gives blood-red solution, un-
affected by HCI.

On Charcoal, with Na,CO,, in reducing ﬂame, dull-black Powder -
attracted by the magnet.

Fused with Borax, on Platinum wire, in reducing flame, the bead green ;
in outer flame, vellowish-red.

15. Avvanxuom, Al = 27.

Lustrous white metal, malleable and ductile. Pseudo-triad. Sp. gr. 2-7.
Sp. heat 0-214. Melts at 700°. Unchanged in air. Readily dissolved by
dilute HCl, and H,S0,, as AlLCl,, and Al,3S0,, with evolution of H.,.
Nitric acid does not attack it. Chlorine combines with it, when heated,
to Aluminum chloride, Al,Cl,, The metal is made from the anhydrous
Chloride, by the action of Sodium, and heat. Al,O, + 3C + 3Cl, =
Al,Cl; 4 3CO. ALCl + 3Na, = Al, + 6NaCl

Aluminum oxide AlsO,, 18 white, and the only Dmde Salts ecolorless,
and of acid reaction. ~Aluminic hydroxide, Al,H,0,, is white and gela-
tinous : becomes Oxide when heated.

Na,CO,, precipitates the Hydroxide, from salts,

NH_HS, precipitates the white Hydroxide, and not the sulphide.

Tests for Aluminum in soluble salts. Salts colorless and acid.
Chief salts: Potassic-alum, K,Al480,24H,0. Ammonic-alum
(NH,),A1,450,,24H,0. Aluminum sulpha.te Al,380,18H,0. Alu-
minum chlurlde Al,Cl;,12H,0.

I1I. NH, OI+NH OH, a white, gelatinous precipitate of ALLH,O,,
insoluble in excess.
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KOH, white, gelatinous Hydroxide, soluble in excess as Potassic
aluminate, K,0,Al1,0,,8H,0. .
NH,),C0,, white precipitate of Hydroxide, insoluble in excess.
va,HPO,, white Aluminic phosphate, not soluble in Acetic acid.
Heated on Chareoal strongly, moistened with Cobalt nitrate, and
re-heated, yields Thénard’s blue.

16. CaromivMm, Cr = 52.

Nearly white. Dyad to Hexad. Almost infusible. Sp.gr.7. Sp. heat 0-1.
Nitric acid, no reaction. HCI dissolves it with evolution of H, as Chromous
chloride, CrCl,. Also dissolved by heat in H,50, : H, evolved.

Chief Basic oxide is Chromic oxide, Cr,0,, bright green: the coloring
matter of the Emerald. Its salts are green, or reddish-violet. Its Hydrate
Cr,H,0,, also green. Chromic chloride Cr,Cl ,12H,0, is green, and very
soluble. The chief salt of Chromic oxide is Chrome-alum, K,Cr,450,,
24H,0, in ruby-red octahedra: its solution is reddish-violet, with acid
reaction.

£ Tests for Chromic salts. Na,CO,, bluish grey-green basic car-
onate.

117, NH,Cl+NH,0H, a dirty green gelatinous precipitate of
hydroxide, Cr,H,0;, soluble on boiling with excess of ammonia,
with peach-blossom color.

KOH, blue-green hydroxide, snluble in excess to emerald-green.
On boiling, re-precipitated completely.

Fused with Na,CO, and KNO,, on platinum, yellow chromate is obtained.
Borax-bead is colored green : so also is microcosmic salt.

17. Maxcangsiom, Mn = 55,

Manganic oxide, Mn,0,, is blackish-brown. Found as the mineral
Braunite. Salts deep red, and decomposed by heat into Manganous salts
(p. 20). In the rare manganese alum, K,Mn,450,,24H,0.

18. GLucixuM or BEryYLLIUM, Be = 94,

Silver-white metal, malleable and ductile, Dyad. Sp. gr. 2:1. Sp.
heat 0-4079. Like Aluminum it dissolves in Potassium hydroxide. Melts
at about 1000° Dissolves in HCI to beryllium chloride, and H, Its
oxide, BeO, resembles MgO; its hydrate is white and gelatinous. Sodium
carbonate prcciﬁitutes BeCOj;, white, soluble in great excess. BSalts, acid.
BeS0,,7TH,0 ; BeCl,,4H,0.

111. NH,Cl + NH,0H, white, gelatinous hydroxide, BeH,0,.

KOH, white hydroxide, soluble in excess.

(NH,),CO,;, white carbonate, easily soluble in excess. (Al,H,0,, in-
soluble.) Diluted and boiled, reprecipitated.

(NH,),S, white hydroxide.

Group I'V.—DMetals of this Group are precipitated by Ammonic
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Blﬁlﬁhlde, (NH,),S, in presence of Ammonium chloride, as sul-
phides

Zine . . . as ZuoS, white sulphide.
Manganous . . MnS, flesh-tinted sulphide.
Ferrous . . . FeS, black sulphide.
.Cobalt. . . . CoS, black sulphide.

Nickel. . . . NiS, black sulphide.
Uranous . . . US, black sulphide.

Uranic. . . . U,S;, yellowish-brown sulphide.

19. Zixo, Zn = 653.

Bluish-white, lustrous metal. Dyad. Brittle at common temperatures.
Malleable and ductile between 100° and 150°. Sp. gr. 7. Melts at 433°.
Sp. heat 0°095. When pure, but little acted upon by dilute sulphuric and
Hydrochloric acids. With the ordinary dilute acids, the metal gives the
respective Chloride and Sulphate, with evolution of H,. In cold Nitrie
acid : 4Zn 4 10HNO, = 4(Yn2NO0,) 4 NH,NO, 4 3H.0.

With hot Nitric acid, besides an Ammonic salt, a Nitrate, Nitric, and
Nitrous oxides, Nitrogen and water. Potassium Hydroxide dissolves zinc;
2K0H + Zn = Zn0,K,0 + H.,.

Zine oxide ZnO is wh1te, aud canary-yellow whilst hot. Its Hydroxide
ZnH,0, is white, and very soluble in KOH and NH,0H. Zinc carbonate is
fn:-und native as Calamine, ZnCO, ; by heat, into D'-:lde, and reduced to metal
by carbon. Zinc distils at 1040°, so that when Cadmium and Zine together,
Cd distils first. Zinc sulphide, ZnS, is the common Ore. When roasted, it
oxydizes, and SO, is evolved ; the Oxide is reduced by Carbon.

Salts of zinc have acid reaction. Common salts are ZnS0,,7H,0 ;
ZnCl, ,H,0. Colorless. Sodium carbonate precipitates white basic carbonate

zine.

Tests for Zine in soluble salts :—

IV. NH,Cl+(NH,),S, white, flocculent Zine sulphide, ZnS, in-
goluble in KOH.

KOH, white ppt. of Zine hydroxide, ZnH,0,, soluble in excess.

NH,OH, white ZnH,0,; soluble in excess. If free acid, or Am-
monic salts present, no ppt.

(NH,),CO,, white, gelatinous, basie Carbonate, soluble in excess.

K, FeCy,;, white, ge]u,tmnus, ppt. of Zine ferrocyanide, Zn, FeCy,.

KﬂFEGj'u, brownish-yellow ppt. of Zine ferricyanide, Zng2FeCy,.

With Na,CO, upon Charcoal, in reducing flame, an incrustation of white
Oxide, canary-yellow whilst hot.

Heated strongly on Charcoal, note the passing yellow color of the Oxide:
moisten with Cobalt nitrate and re-heat, when Rinman’s green is obtained.

20. MaxcaxEstuM, Mn = 55.

Greyish metal with reddish tinge. So oxydizable that it must be kept
‘under benzene. Decomposes water. Dyad. Sp. gr. 8. Sp. heat 0-122.
Dissolved by all three dilute aeids. Melts at w hlte heat. The meta.l 18
obtainable from its Oxides, at a white heat, by Carbon.
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Chief Ore, found native, is Pyrolusite or the Peroxide MnO,. Dark
grey. In cold HCI dissolves as Manganic chloride, MuCl,, with red color ;
on warming, into Manganous chloride, MnCl,, and Chlorine, Cl,. MnO,
+ 4HCI = MnCl, 4 Cl, 4+ 2H,0. MnO, + H,S0, is & test for Chlorides.

Manganouns oxide, MnO, a greyish-green powder, is the chief base of
Manganesium. Its Hydroxide MnH,0,, is white, but browns speedily by
oxydation. Its salts are more or less Pfe:-;h*culm'ed, when soluble. Neutral
or faintly acid. Chief soluble salts, MnSO,,7H,0; MnCl,4H,0. Sodic
carbonate precipitates MnCO,,H,0, white. Ammonium chloride and Am-
monic hydrate, used as Group III. Test, give no precipitate, but the solutions
brown rapidly from the oxydation of the Manganous to Hydrated Manganic
oxide, Mn,0,,H,0, which precipitates.

Tests for Manganous, MnO, in its soluble salts.

IV. NH,C1+(NH,),8, a flesh-tinted precipitate of MnS,H,0,
browning on exposure, and easily soluble in acids.

KHO, white MnH,0,, insoluble in excess : browning on exposure,

NH,OH, white, largely soluble in excess. No ppt. if NH,CI
present, Precipitate darkens by exposure, and becomes Mn,0,,H,0.

(NH,),CO,, white carbonate, soluble in ammoniacal salts.

K, FeCy,, reddish-white Mn,FeCy,.

K,FeCy,;, brown Mn,Fe,Cy,,. \

Heated on Charcoal or Platinum, in the outer flame, with Na,CO;, into
green manganate, Na,MnO,,
Borax bead, amethystine in the outer flame; colorless in the inner.

21. FErruM, Fe = 56 (p, 25).

Ferrum in Ferrous salts. Ferrous oxide is black. The Hydroxide
FeH,0, is white, insoluble in water, oxydizing rapidly into blue-green, and,
finally, red Ferric Hydroxide. Its soluble salts are more or less sea-green ;
faintly or strongly acid. Chief salt: Ferrous sulphate, FeSO,,7H.O.
Sodium carbonate, white ppt, of FeCO,, when free from a Ferric salt.
I. HCI, changes the color to yellow. II. HCl 4 H,S, no reaction unless a
Ferric salt present (p. 26). J[III. NH,Cl 4 NH,OH, no immediate ppt., but
rapidly oxydizing, separating red Ferric Hydroxide. If any Ferric present,
Group-test NH,Cl 4+ NH,OH will give a dirty-green precipitate.

Tests in ferrous salts.

1V, NH,C1+4(NH,),S, black Ferrous sulphide FeS,H,0, soluble
in dilute Hydrochloric acid.

KOH, whitish ppt. of Hydroxide, insoluble in excess, changing to
dirty green and at last to red Ferric on the surface.

NH,0H, white ppt. largely soluble in excess, and changing more
rapidly to Fe,H,0,, passing through shades of dirty green.

K,FeCy,, white ppt, X,Fe,Cy,; if a Ferric salt present, then
more or less blue,

K,FeCy,, precipitates Turnbull’s Blue.

KCNS, no change of color unless Ferric present; then more or
less port-wine color.
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22. CosarT, Co = 586.

White, reddish-tinted metal. BSlightly magnetic, malleable, tenacious.
Dyad. Sp. gr. 87. Melts at lower temperature than Iron. Readily dis-
solved by Nitric acid to Cobalt nitrate, Co2NO, ; slowly dissolved by dilute
HCI and dilute Sulphuric acid.

Cobalt oxide, CoO, is greenish-brown, insoluble in water. Cobalt
Hydroxide, CoH,0,, is rose-red ; soluble in NH,OH, with reddish color.

Chief salts: Cuéﬂ”TI'IE{]; Co2NO0,.6H,0; CoClL,.6H,0. Acid reaction.
Solutions blue, red or pink. HCl may change the red color to blue.
NH,Cl 4+ NH,OH no precipitate, but becoming reddish-brown on exposure.
Sodic carbonate, a lilac precipitate of 3C00,2CoCO,,4H,0.

Tests for Cobalt in soluble ralts.

IV. NH,Cl1+(NH,),S, black ppt. of CoS,H,0, insoluble in dilute
HCl: soluble in Aqua regia.

KOH blue basic Cobaltic salt precipitated. turning green on
exposure; into pale-red hydroxide CoH,0,, on boiling.

NH,OH, blue basic salt, readily soluble in excess, with greenish
color, browning on exposure; ultimately red.

(NH,),CO,, peach-colored basic carbonate, readily soluble in
excess with magenta color.

K, ,FeCy,, greenish precipitate.

K, FeCy,, brownish-red precipitate,

Elﬂn addition of tartarie acid to a fresh sample, then of ammonia,
and then of ferricyanide of potassium, a deep yellowish-red color
ensues, Thus may Cobalt be detected in presence of Nickel.

[KNO,, together with Acetic acid, yields after a time a bright
yellow precipitate of cobalt-potassium nitrite. ]

[KCy, brownish-white CoCy,, easily soluble in excess as 2KCy,
CoCy,, and precipitated by HCI; not precipitated after boiling, as
Cobalticyanide of potassium, K,CoCy, is formed.]

[Ca2010 gives a black precipitate of Cobaltic hydrate Co,0,
3H,0.] :

On Charcoal similar to Iron, but more metallic.

Borax bead colored blue in outer and inner flame.

23. NickeL, Ni = 586.

White metal. Dyad. Sp. gr. 88, Melts more readily than Iron.
Dilute Nitric acid a ready solvent, to Nickel nitrate. Concentrated HNO,
renders it passive. Dilute Hydrochloric and Sulphuric acids slowly dissolve
it. Kupfer-nickel, Ni,S,, is its chief Ore. Arsenical nickel, NiAsS,, is also
an Ore. The metal obtained from the Oxide by strongly heating with
Carbon ; or from the oxalate NiC,0, by heat.

Nickel oxide is grey; Hydroxide, NiH,0,, unripe apple-green. Soluble
galts are green, and redden litmus. Chief salts: NiCl,.9H,0; NiSO,,
7H,0 ; Ni2NO0,,6H,0. Seodium carbonate precipitates green basic carbonate,
NH,Cl 4+ NH,0H, a plum-colored liquid, so that Nickel is really detected

in Group IIIL
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Tests for Nickel in soluble salts.

IV. NH,Cl+(NH,),S, black Sulphide NiS,H,0, giving brown
coloration to I:qmd as it is slightly soluble. With difficulty
soluble in HCI; easily in HNO, and in aqua regia.

KOH, apple- green ]1:,rdrnxid{:= NiH,0, ; insoluble in excess.

NH, f‘IH ereenish turbidity, soluble in excess with plum color ;
no |=recjp1tnte in free acids, or in presence of ammonium salts.

(NH,),C0,, green basic ‘carbonate of Nickel, readily soluble to
greenish-blue fluid.

K,FeCy,, greenish-white ppt. of ferrocyanide Ni,FeCy,.

K FECHE, yellowish-brown precipitate of Nickel ferricyanide
Ni;Fe,Cy;a.

KCN, yellowish green NiCy,, soluble with brownish-yellow color, in
eXCess, as EKCv NiCy,, and re-precipitated as NiCy, by acids.

On Charcoal, Nickel is found similarly to Iron and Cobalt.

Borax bead, in outer flame, violet while hot ; reddish-brown on cooling ; in
inner, grey.

24, Uraxtom, U = 238.

Silver-like in lustre, slowly tarnishing. Sp. gr. 18-7. Readily dissolved
by acids. Chief ore is Pitchblende, a Uranous diuranate, UO,,2U0,;. The
metal obtained from uranous chloride, UCI,, by Sodium.

Uranous oxide, UQ,, is brown. Its Hydroxide, UO,.2H,0, is reddish-
brown. Salts are green. They slowly absorb oxygen, and become yellow
instantly with Nitric acid.

Tests for Uranous salts.

IV. NH,Cl +4 (NH,),S, a black Sulphide.

KOH, yellowish-brown hydroxide, insoluble in excess. By absorption of
oxygen into uranic hydrate.

Uranic oxide, U0O,;, a brownish-yellow powder. Hydroxide, greenish-
yellow. Salts yellow, with greenish fluorescence in solution. NaHCO,,
yellow carbonate of uranium and sodium.

Tests for uranic salts.

IV. NH,Cl 4+ (NH,),S, dark-brown sulphide.

KOH, a yellow insoluble uranate of potassinm.

NH,0H, similar reaction.

( NH,“&UE}E, yellow precipitate of uranic and ammonium carbonate.

K ,FeCy,, reddish-brown pl’E{:lpltﬂtD

With borax bead, pale-green in inner flame.

GGroup V.—Metals which are precipitated by Sodic ecarbonate,
but not by the Group tests 7., /7., f1/.and 1V, DBarium,Strontium,
Caleium, and Magnesium are precipitated as Carbonates, readily
soluble in free acids as their respective salts:

Chloride of ammonium to which Ammonie ecarbonate has
been added, precipitates Barium, Strontium, and Caleium as car-
bonates, but not Magnesium.
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Barium carbonate, BaCOj, Strontinum carbonate, SrC0O,, Calcium
carbonate, CaCO,.

25. Bagiuy, Ba = 137.

Metal of pale-yellow color. Dyad. Sp. gr. 36. From the fused chloride
by electrolysis. Fuses at red heat. I?emmpusea water: Ba 4+ 2H.,0 =
BaH,0, + H.,.

Barium oxide, BaO, the only basic oxide, - By heating the Nitrate to
redness ; greyish-white. Unites with water to form the Hydrate, BaH,0,,
soluble in 20 parts of cold, and 3 of boiling water. Tt is a test for CO,, and
is precipitated as white carbonate, BaCO,, if exposed to the air. Solution
strongly alkaline, precipitated by Na,CO,, but not by the preceding group-
tests : with Silver nitrate, a grey-brown precipitate of Hydroxide, AgHO.

Chief soluble salts: BaCl,2H,0 ; Ba2NO,, neutral. Less soluble
in HCI than in water, and may be precipitated by the strong acid.

Tests for Barinm in soluble salts.

V. NH,Cl+(NH,),C0O,, a white granular precipitate of BaCO,.

KOH, precipitates white hydroxide in concentrated solutions,
soluble in boiling water.

NH,OH, no reaction, unless it contains Carbonate.

CaS0,, an immediate white precipitate of Sulphate BaSO,.
5 x’ég soluble Sulphates precipitate Barium as insoluble Sulphate

aS0,.

Na,HPO,, white BaHPO,.

K.Cr,0;, yellow BaCrO,, soluble in HC] (unless the test contains
sulphate).

2HF,SiF, precipitates white Silico-fluoride, BaF, SiF,.

Soluble Salts impart yellowish-green color to flame. Insoluble
salts must be moistened with HCI, and then heated.,

Barium chloride is insoluble in absolute Aleohol.

26, STRONTIUM, Sr = 87°5.

Yellow. Dyad. Decomposes water: Sr 4 2H,0 = SrtH,0, + H,. Sp.
gr. 2:5. Melts at red heat.

Strontia, SrO, is the only basic Oxide: by heating the nitrate to redness ;
forms with water Strontium hydroxide, 8rH,0,, requiring 50 parts of water
for solution. Precipitated by CO,. Solution strongly alkaline, precipitated
by Na,CO, as SrCO,, but not by Group-tests 1., IL., III.,, and IV. With
Silver nitrate, a grey-brown precipitate of Silver hydroxide, AgHO.

Chief soluble Salts : SrCl,,6H,0; Sr2NO,,5H,0.

V. NH,Cl + (NH,),CO,, precipitates white SrCO,,

KOH, precipitates white SrH,0,, insoluble in excess, but soluble
in much boiling water. '

NH,0OH, no reaction,

CaSO0,, a white precipitate on heating, or on long standing.

As soluble sulphates remove both Ba and Sr, these may be
separated from solutions containing Ca.

Soluble salts, carmine color to flame.
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Strontium chloride, SrCl,, is soluble in absolute alcohol, and thus
separable, quantitatively, from Barium chloride.

27. Cavoron, Ca = 40.

Yellow lustrous metal. Dyad. From the fused chloride by electrolysis.
Melts at red heat. Decomposes water: Ca 4 2H,0 = CaH,0, + H..
Sp. gr. 1:57. Sp. heat 0-167.

Caleium oxide, Ca0, the only basic Oxide. White, infusible ; lime-light.
Quicklime is CaO ; by heating Limestone, CaCQO,, to redness = Ca0O + CO,.
Slakes with water to Caleium hydroxide, CaH,0,, a white amorphous
powder, requiring 723 parts of cold, and 1330 parts of boiling water for
solution. Lime-water is such a solution. Milk of lime is Caleium hydroxide
largely mixed with lime-water. Lime-water, alkaline, precipitated by CO,
from air, and of course by Na,CO,; Silver nitrate is precipitated as Silver
hydroxide, AgHO, grey-brown.

Chief soluble Salts : CaCl,,6H,0 ; CaS0,.2H,0 ; Ca2N0, 4H,0. (Chloride
of lime, 2Ca0Cl,, dissolves in water as Calcium chloride, CaCl,, and Caleinm
hy?iﬂ;hlurite, Ca2Cl0, bleaching litmus, and evolving Cl, on adding an
acid. !

Tests for Caleium in soluble salts.

V. NH,Cl + (NH,),CO,, white precipitate of CaCO,. The Test
should be used very sparingly, on account of the solubility of
Caleium Bi-carbonate, CaCO, H,CO,. [Temporarily hard water
contains the Bi-carbonate; it is softened by boiling: into CaCO,
+C0, + H,0. Such water is also softened by adding sufficiency of
Caleium Hydroxide: CaCO,H,CO, + CaH,0, = 2CaCO, + 2H,0.]

KOH, white precipitate of Hydroxide CaH,0.,.

NH,0OH, no reaction.

CaSO0,, of course no reaction. Distinetion between Ba, Sr, and
Ca: Ba immediately precipitated, Sr on heating, Ca not at all.

Concentrated solutions of sulphates precipitate the Chloride,
Nitrate, &c., as white Calcium sulphate CaSO,,2H,0.

Ammoninm oxalate, (NH,),C,0,, precipitates white Calcinum
oxalate, insoluble in acetic acid. This test is decisive if Caleinm
sulphate has given no precipitate.

Soluble salts communicate a yellowish-red color to flame,

28. MagxEsioy, Mg = 24,

Silvery lustrous metal. Dyad. Sp. gr. 1'74. Sp. heat 0-25. Melts at a
red heat. By the action of Sodium upon the Chloride by heat: MgCl, +
Na, = 2NaCl 4+ Mg. Dissolves in the three dilute common acids with
evolution of hydrogen; not in KOH. Burns brilliantly to Magnesiun
oxide. or Magnesia, MgO.

Magnesium oxide, MgO, the only base of magnesium. White, amorphous
powder ; when moistened, blues red litmus, but requires 5142 parts of cold
water for solution. Practically insoluble in water, and precipitated by
Lime-water from its soluble salts, [

Chief soluble salts: Sulphate MgS0,,7H,0 is Epsom salts; Chloride,
MgCl,,6H,0 ; Nitrate, Mg2NO,,6H,0.

D
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Tests for Magnesium in soluble salts,

V. NH,Cl + (NH,),CO;, no precipitate. But, if ammonium
chloride has been forgotten, a precipitate, increasing, of basic
magnesium carbonate. No precipitate in presence of free acids, as
then an ammonium salt is formed with the ammonium of the
carbonate.

KOH, white Magnesium hydroxide MgH,0,, insoluble in excess.

NH,OH, white MgH,0,; inereased by heat. No precipitate in
presence of free acids.

NaHCO,, no precipitate till warmed. Therefore a Mg salt a test
for a bi-carbonate of sodium or potassium.

LIJ_“!INTEFEPOH a white precipitate of MgHPO,, greatly increased by
)

Ammonium chloride, then NH,OH, and. then Na,HPO,, a white
crystalline precipitate of MgNH, PO EH 0.

Magnesium is precipitated as MgEH PO,,6H,0, after the sepa-
ration of Caleium by oxalate of Ammoniunm,

No color to flame; MgO, rose-colored, when ignited on Platinum with
Cobalt nitrate.

Group VI—Metals of the Alkalies. The Carbonates are all
goluble in water: (Lithium Carbonate, however, with difficulty
soluble, and may be precipitated by Sodium carbonate). Fromany
salt of Ammonium, in which the latter is not at once recognizable
by the smell, the Carbonate of sodium test, on boiling, liberates
Ammonic carbonate, recognizable by the smell, &e. Group VI
includes Ammonium, Potassium, and Sodium, Lithium, Rubidium,
and Caesiun.

29. Ammon1UuM, (NH,), = 36.

A compound metal, resembling Potassinm. Only known in combination,

Chief soluble salts: Ammonium chloride, NH,Cl. Ammonic carbonate,
(NH,),CO,. Ammonic nitrate, NH ,NO,. Ammonic sulphate, (NH,),S0,
Ammonic phosphate, [NH,,}E_P'D.*,SHG Microcosmic * salt, Na H‘HP'D,,
4H,0. Sulpbhydrate, NH,HS. Ammonic sulphide, (I‘TH,:}2

T-:lzstss for soluble Salts. All volatile, except where the radicle is
fixed.

Na,CO,, liberates (NH,),CO, on heating, recognized by its smell,
by bluing red litmus, and forming white fumes with a glass rod
dipped into HCL

If'f PtCl,,2HCI, yellow crystalline powder of 2NH,C1,PtCl,.

H.C,H,0,; ("lartaric acid), In excess, a white cr ystﬂ,lhue precipitate
of Ammmuc hydrogen tartrate, NH HGiH , especially on stirring.

Nessler’s test (Hgl, in KI and KOH addeé}, a brown %lrecipitﬂ.te
(or yellow coloration, if a trace of ammonia), as Oxy
ammonium iodide, NI, o Hg,10.

Ammonie hydra.te is a solution of NH, in H,0, or of NH,OH :
it is colorless, alkaline, smells of Ammnum, Im:nes 110 1esldua on

I-INercur-



TESTS FOR AMMONIUM, POTASSIUM AND EODIUMLL 30

warming. AgNO,, grey-brown precipitate of Silver hydroxide
AgOH, readily soluble in excess: no ppt. if Ammonia in excess. It
free from carbonate, no precipitate by lime-water. Fumes more or
less with HCL. Pt-GL,E]I[Gl, yellow precipitate of Ammonic-platinic

chloride, 2N H,CI,PtCL,.

30. Porassiom, Karton, K = 39. K, = 78.

Silver-white metal, tarnishing in damp air. Monad. Oxydizes to K,0.
Kept under naphtha. Sp. gr. 0-865. Melts at 62:5° C. Sp. heat 0-1G6.
By strongly heating K,CO, with Charcoal = K, + 3C0. Decomposes
*nu.tf:r K, + 2H,0 = EKHO + H..

Its Dude, K, D is white. Its Hy dmxlde, KOH, very soluble, deliquescent.
Prepared by dlssuhmn' the Carbonate in 10 parts of water, boiling, and adding
Calcium Hydroxide : Kzﬂﬂ + CaH,0, = 2KOH + CaCO,,

Its salts are legion. Nearly all soluble. Chief salts : K,C0,.2H.,0.
KHCD,. KCl. KI. KBr. KCy. K,S0,., EHS0,. KNO,. ECI'U'
K, FeCy,3H,0. EK,FeCy,.

Tests for soluble Salts.

Na,CO,, no reaction, even on boiling (see 29, Ammonium).

VI PtGL,ﬂHCl j’ﬂllﬂw erystalline ppt. of EI{CI L0,

H,C,H,0,, in excess, a white crystalline '[Jl&l_".lpit:l.t& of KHG H.O;

H Eth, Fluosilicie a.cld a white, erystalline precipitate of K SiI‘

Violet color to flame ; 1ed th1011g11 Cobalt-glass.

A solution of the Hydroxide is strongly alkaline. Na,CO,, no
reaction, even on boiling. AgNO,, grey-brown precipitate of AgOH,
soluble both in NH,OH and in HNO,. Precipitates and re-dissolves
the Hydroxides from soluble Zinec and Lead salts. 2HCILPtCI,,
yellow preeipitate of Potassium Platinie chloride Z2KCLPtCI,.
Liberates NH,OH from any ammonium salts.

31. Soprom or NaTrivm, Na = 23. Na, = 46.

Lustrous, reddish-tinted metal. Monad. Sp. gr. 0:97. Sp. heat 0-293.
Melts at 956° C. Oxydizes to Na,0 in dry air. Decomposes water:
Na, + 2H,0=2NaOH+H,. Kept under naphtha. Prepared from Na,CO,
by heating with Charcoal : Na,CO, + 2C = 8C0O + Na,. Sodium oxide,
Na,0, is white. H ydroxide, NaOH, w ]ute, translucent, deliquescent.
Solution of H#dmmde, by dissolving Na,CO, in 10 of w ater, boiling, and
adding CaH.0, to the boiling liquor until ﬂperatmn complete : Na, 'II.,['J:i +
CaH, U — 9NaHO + CaCoO,.

All salts soluble, n'{ccl}t pyrantimonate, Na,H,5b,0.6H,0. Chief
salts: NaCl. Na,CO,10H,0. = NaHCO,. NaNO,. Nn HP'O ,12H,0.
Na,8,0,,5H,0. Na,B,0, IGH,'D NaEE-.-D”IﬂH 0, NaNH IIPD“HI 0.

Tests in soluble salts.
Na,CO,, no reaction, even on hoiling : absence of Ammonic salts.
VI 2HCLPtCl, no precipitute, even on vigorous stirring ; not a
salt of potassinm.
H,C,H,0,. no precipitate.
Yellow color to flamne, absorbed by blue Cobalt glass.
D 2
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32. Lirarom, Li = 7.

Silvery metal. Monad. Sp. gr. 0°6. Decomposes water. Sp. heat 0-94.
Melts at 180°. From the fused chloride by electrolysis. Oxide, Li,0O;
hydroxide white, not deliquescent. Lithium chloride, LiCl, very soluble in
aleohol.

Tests for soluble salts.

Na,CO,, in fairly strong solutions, white Li,CO,. After a time, in weaker
solutions. Group-tests L., IL, ITI., IV. and V., no precipitates.

Na,HPO,, slowly precipitates {m at once when heated) Li,PO,H.O,
soluble in HC, and not re-precipitated by NH,OH until heated.

Carmine color to flame.

33. Rusmivm, Rb = 853

Yellowish-white, lustrous. Monad. Sp. gr. 1-5. Melts at 358:5° C.
Like K,, the H, kindles from the violent reaction upon water. Rubidium
more electro-positive than potassium.

Chloride, RbCl, chief soluble Salt.

Tests for soluble Salts.

Na,CO,, no reaction, even on hoiling. Rb,CO,, insoluble in alcohol.

2HCLPtCl,, yellow precipitate 2RbCl PtGI“ even less soiuble than
Potassivm-platinic chloride.

Violet color to flame.

34. Cagsrum, Cs = 133.

White, lustrous, easily- oxydized. Monad. Decomposes water with
violence. Sp. gr. 1'88. Melts at 26:5° C. One Oxide, Cs,0; Hydroxide,
CsOH. Most electro-positive metal.

Tests for soluble Salts.

Na,(0,, no reaction, even on poiling. Cs,CO,, soluble in alcohol.
2HCLPtCl,, yellow 2CsCLPtCl,, most insoluble of all.
Violet color to flame,

GROUP-TESTS FOR SOME ACIDS IN THEIR
SOLUBLE SALTS.

It must now be clear to the student that nearly all the salts of
Potassium, Sodium and Ammonium are soluble in water, and that,
in solutions of these, Sodium carbonate can give no precipitate.

As most metallic oxides are insoluble in water, only Salts of these
can be found in solution in water, and in such solutions Sodium
carbonate will give a ppt., because their Carbonates are also all
insoluble in water

But not only are the Carbonates for the most part insoluble in
water, but also the Phosphates, Borates, Chromates, Oxalates,
Arsenites, Arsenates. Sulphides, Sulphites, Thiosulphates, Silicates
and Fluorides, &e. So that, if Sodium carbonate Na,CO,, gives a
ppt. in a solution of a metallic salt, we need not look for a Carbonate,
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a Phosphate, a Borate, a Chromate, an Oxalate, an Arsenite, &e., &e.
Of course, if a solution is colorless, a Chromate is impossible, as the
latter must be yellow, or yellow-red.

Certain combinations of Metallic oxides with water may be in
aqueons solution, such as Potassimm hydroxide, KHO, Sodium
hydroxide NaHO, Barium hydroxide Ba(HO),, Strontium hydroxide
- Sr(HO),, Calcinm hydroxide Ca(HO),, and Ammonium hydroxide
NH,HO. They are strongly alkaline, and in solutions of Ba(HO),,
Sr(HO),, and Ca(HO),, Sodium carbonate gives a white ppt. (p. 32).

Organic acids may generally be distinguished, whether as salts
or as free Acids, by the fact that they are Carbon-compounds, and
are nearly all carbonized by heat.

The ordinary soluble salts of the Metals in the first five Groups
are the Sulphates, Chlorides, Bromides, Iodides, Cyanides, Acetates,
Nitrates and Chlorides.

If a solid has to be examined, it is advisable to moisten a very
small portion in a watch-glass with Ammonie sulphide, so as to
disclose the presence or absence of most metals of Groups L, IL.,
II1. and IV.: if blackened or browned, turned orange-red or yellow,
there is reason to believe in the presence of some Metal, the Car-
bonate, Phosphate, Borate, Arsenite, Arsenate, &c., of which need
not be looked for.

In the case of a white powder, like Arsenious oxide, Ammonic
sulphide dissolves it to a colorless solution, whieh, when diluted
with water, gives with HCl a bright yellow ppt. of Arsemious
salphide, soluble in Ammonia. A further test,—heat upon Platinum
—iwould volatilize it with lavender-colored flame.—In the case of
Calomel, Ammonic sulphide would form black Mercurous sulphide :
heated on platinum, Calomel would volatilize. Complete volatility,
together with the blackening, would suggest Calomel (Mercurous
chloride) : Ammonia added to a further portion would confirm
Mereurous, as the white powder would be blackened, and the
Chloride would be discovered by decanting the clear solution, acidu-
lation with Nitric acid, and precipitation of white Silver chloride
by Silver nitrate. Free acids and acid salts might occasion effer-
vescence in the Ammonie sulphide, from escape of Hydrie sulphide
H,S, together with a deposit of Sulphur if yellow Ammonic disul-
phide has been employed.

The condition of the Solution as to Alkalinity, Acidity, or
Neutrality, is of first importance (pp. 2-7), and so also the effect of
heat upon Platinum or upon Charcoal.

If a solution is colorless, Ferrous and Ferrie salts, those of Nickel
and Cobalt, of Cupric, as also Chromates, Manganates and Perman-
ganates of the Metals must, under ordinary eircumstances, be absent.

The absence of smell, or otherwige, must be noted, as a eultured
scent will diagnose Ammonia, Hydrie sulphide, Sulphurous acid,
Chlorine, Bromine, Todine, Hydric cyanide, &e., d&e.
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As a Group-test, Na,CO,, retains its value, and tells what the
Acidity proceeds from.

If no precipitate, and no effervescence in a solution, it is advisable
at once to heat a drop upon Platinum-foil, in order to ascertain
whether we have to deal with anything beyond Distilled water.
The best method is to take a drop in the upper part of a clean test-
tube held horizontally, and evaporate gently: thus, the residue is
more easily seen, and, if volatile, can be better examined.

In the analysis of simple solutions, containing but one acid and
one base, of Salts soluble in water, such as satisfy most of the
ordinary requirements, there is rarely need for filtration when
Sodie earbonate has produced a ppt.; but we may continue the
addition till slight excess is present (known by the alkaline character
of the liquid and no further ppt.), warm, filter and examine the
liquid that passes through the filter (called the filtrate) for the
acids. The ppt. of Carbonate or Hydroxide may be washed with
distilled water, dissolved in HCI, or HNO,, and tested for the Metal
which is then present as Chloride or Nitrate : many of the Metals
are, hméever, best removed by excess of H,S, in a sclution acidulated
with HCI.

REACTIONS OF THE ACIDS, WITHE DESCRIPTION OF ORDINARY MODES
OF PREPARATION. '

A. Balts vigibly or detectibly decomposed by the Group-test A
Hydrochlorie acid.

Hydrochlorie aeid, HCI, is a colorless, suffocating gas, fuming
strongly in air. Water dissolves 500 volumes at 0°. Solution of
the gas in water known as Hydrie chloride or Hydrochlorie acid.
All Chlorides soluble in water, except Hg,Cl, and AgCl. Dissolves
Zn, Mg, Fe, Cd, Sn and Sb, as Chlorides with evolution of H,:
Bismuth, Tin and Antimony ehlorides only possible in solution
with free Hydrochloric acid. Prep. 2NaCl + HS0, = Na,S0, +
2HCl. N.B. As HCI is the first Group-test for the metals, a little
attention enables the Student to detect the presence of Carbon-
ates, Bilicates, Sulphides, Sulphites, Thicsulphates, Nitrites,
Chlorates, Chlorites, and Hypochlorites. If Arsenites are
present, HCI sets free Arsenious acid, and the second Group-test
HCl + H.8, precipitates it in the form of Sulph-arsenious acid
As,S,, soluble in NH,. If Chromates are present, the bright
yellow solution becomes yellow-red, and on addition of the second
Group-test HCl + H,8, the free Chromic acid is reduced to
bluish-green Solution of Chromic chloride with deposit of Sulphur.
If free Nitric acid is present, the addition of HCI, and heat,
discovers the Nitrie acid owing to the change of color (deep yellow)
and evolution of Nitrosyl ehloride NOCI, and Cl,.
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The important salts discoverable by the Group-test A. HCL
are: Carbonates, Sulphides, Sulphites, ''hiosulphates, Nitrites,
Chlorates, Hypochlorites, Hypobromites, Acetates, Cyanides,
Arsenites, Chromates, Silicates.

I. Carbonates. Those of the alkaline metals alone soluble in
water, Selutions colorless: alkaline to test-paper. The Hydro-
earbonates, or bi-carbonates, KHCO,, NaHCO;, and NH,HCO,, are
also alkaline: when solutions warmed, they evolve CO,, with
effervescence.

All bi-carbonates of the metals somewhat soluble and precipitated,
when boiled, as carbonates.

The common soluble Carbonates are: 2K,CO,,3H,0. KHCO,.
Na,C0,,10H,0. NaHCO,.. 2[(NH,),C0;],CO,.

A. HCl, effervescence from escape of inodorous CO,, which can
be decanted into a test-glass containing Lime-water, and yields
ppt. of CaCOs,,

BaCl,, white ppt. of BaCO,, soluble with effervescence in HCI.

AgNO,, white ppt. of Ag,CO,, soluble with effervescence in HNO,,
and also soluble in NH,HO.

* Solution of Na,CO,, precipitates solution of Magnesium sulphate
at once as white earbonate; but, solution of NaHCO,, only on
standing, or immediately on warming.

Carbon dioxide CO,, a colorless gas, inodorous, soluble in water
measure for measure. Its solution in water turns litmus paper
port-wine red, evolves pearly bubbles of gas on heating, precipitates
lime-water, and leaves no residue on evaporation. Hypothetical
Carbonic acid H,CO;. Prep. of CO,. CaCO, + 2HCI = CaCl,+
H,0+CO,.

IT. Bulphides. Yellow, or colorless. Smell of H,S. Alkaline
to test-paper. "Those of Groups V. and VI, among the metals,
alone soluble in water. The common soluble sulphides are:
NHHS, (NH,),S, (NH,).S..

A. HCI evolves H,S, which browns or blackens'lead-paper. In
the higher Sulphides, or Polysulphides, HCl precipitates Sulphur
of white or yellow color, and evolves H,S with effervescence and
characteristic odor,

AgNO,, black Ag,S, insoluble in Ammonie hydrate.
Fe,Cl,, black sulphide.

Nitroprusside of sodinm, Na,Fe(NO)Cy,, rich violet color (none
with H,S).

Hydrogen sulphide, IS, in solution in water, is recognized by
its odor of putrid eggs, and acidity to test-paper. Either colorless,
or slightly milky from Sulphur. Blackens lead-paper. No residue
on heating. Prep. FeS + H,S0, = FeSO, + H,S.

A. HCL, no reaction. HCL + H,Sis No. 1L, Group-test (pp. 18-25)

Eﬁﬂipitute& many metallic Sulphides, and does not re-dissolve
e,
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Cl, precipitates S, with formation of 2HCL

Br, and I,, in aqueous solution decolorized, and changed into
HBr and HI. Br, + H,S = 2HBr + 8. I, +HB 2HI + S.

HNO, ﬂx:,'dzzea the H of H,S, and depﬂmtﬂ S, When heated
with HNO,, Sulphuric acid is found in solution.

As the quality of H,S in solution is of great importance to the student,
and as it spoils unless well stoppered, the following test of quality is
recommended.

Add H,SO, to 20 or 30 drops of K,Cr,0,, and add to this mixture excess

of H,S solution : it should become milky blue-green.
2K,Cr,0, + 8H,S80, + 6H,S = 2(K,Cr,450,) 4+ 14H,O + 38,.

ITI. Sulphites. Those of the alkaline metals alone soluble. Normal
sulphites alkaline to test-paper. Acid sulphites are all more or less soluble,
redden litmus and then bleach it. Sodium sulphite, Na,50,,7H.0, the
commonest salt.

A. HCI evolves odor of burning brimstone ; but S0, is so soluble, that
there is rarely effervescence.

lPICI + Zn evolves H,S, which browns lead-paper and deposits yellow
sulphur.

IBHDIE, white ppt. BaS0,, soluble in HCI if no sulphate present: rarely
the case

AgNO,, white ppt. Ag,50,, readily dissolved by original solution. By
heat : Ag,S0, -|=]E[l O into metallic silver, Ag,, and H,S0,. Silver either as
grey powder, or metallic, lustrous.

Fe,Cl;, red color, then reduced to Ferrous salts: Fe,Cl; + SO, 4+ 2H,0 =
4HC] + FeCl, 4 FeSO,.

i ISIE;HSD reduced to H, As{] Thus: H,AsO, 4+ S0, + H,0 = H,As0, +

Sﬂlutmn of Sulphurous aecid, H,S0,, is odorous of burning brimstone ;
reddens and bleaches litmus. Decﬂm]mses H,5 with deposit of S,, and
formation of Pentathionic acid. AgNO,, a ppt. No residue on platinum.
Prep. of Elulphur dioxide SO, by burning S in air. Also by heating
Cu 4 2H,80, = CuSO, + 2H,0 + 80,. One vol. of water dissolves
50 vols. at 1.'3‘3 .

IV. Thiosulphates. Salts of alkaline metals, of Ca and Sr, soluble.
The ordinary salt, Na,S,0,.0H,0. When heated on platinum, to Sulphate
and Sulphide, burning thsm with yellow flame to Sulphate with blue and red
tints on platinum. Alkaline reaction.

A. HCI, after short time—immediately on heating—precipitates yellow or
white sulphur, and liberates S0,. Na,S,0, + 2HCl = 2NaCl 4+ H,0 +
50, + Bb.

AgNO,, white ppt. Ag,S,0,, changing rapidly to yellow, orange, and
Bl M, Ar.Ni0 ¢ M0 = AxB M0, 5

Szlxer f—]lIDI‘IﬂE hwnnde or iodide readily dissolved by Thiosulphate of
sodium as NaAgS,0,, with fﬂrnmtmu of NaCl, NaBr, or Nal.

BaCl,, white BaS,0,.

In a free state, ’I'hmﬁulphurm acid is unknown. See above.

V. Nitrites. For the most part soluble. KNO, the ordinary salt.
A. HCI evolves nitrous fumes, with yellow color to liquid, and orange in
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the tube : Nitric acid in solution. FeS0, added to HCI solution, rich olive-

brown color, clearing to deep yellow : orange fumes,

FeS0,, olive-brown color, with evolution of orange fumes. The color due
to NO, which unites with 2Fe50,.

CuS0,, emerald-green color, Cu2NO,.

KI and starch-paste with acetic acid, blue Iodide of starch. Confirmed as
Nitrite by coloring original solution with Potassium permanganate, and

addition of Acetic acid: decolorized.

AgNO,, white ppt. AgNO,, soluble in much water.

Nitrous aecid, HNO,, unknown in pure state. By gentle heat : SHNO,=
HNO, + 2NO + H,0.

VI. Chlorates. All soluble in water, The ordinary salts : KClO,and
Ba2Cl0,,.

A. HCl decomposes Chlorates on warming : solution becomes greenish-
yellow, and a mixture of Cl, and Cl0O, fills the tube,

Chlorates deflagrate on charcoal. Heated strongly on Platinum, they
effervesce from escape of Oxygen, and become Chlorides : dissolve in water,
acidulate with HNO, and add AgNO,, and there will be a white, curd-like
ppt. of AgCl, soluble in NH,OH.

VII. Hypochlorites. Solutions alkaline, smell of Chlorine and
bleach litmus papers. Bleaching powder, 2Ca0Cl,, dissolves in water as
Ca2C10 + CaCl,. So that a chloride is also always present. “Eaun de
Javelle” is KCl + KCIO in aqueous solution. ¢ Labarraque’s liquid” is
NaCl + NaClO in water.

A. HCI sets free Cl, and water. Indigo-blue decolorized. On boiling, into
a Chlorate and Chloride.,

Lead acetate, Ph2C,H,0,, white ppt., changing from red to brown PbO,.

VIII. Hypobromites. Alkaline., Bleach litmus. Used in Russell’s
and West's test for Urea, CO(NH,),.

Potassinm hypobromite is a mixture of KBrO with KBr. With Urea:
3KBrO + KHO + CON,H, = 3KBr 4+ KHCO, + 2H,0 + N,.

A. HCI evolves Bromine, easily recognized by its red-brown fumes, and
orange color to starch-paste.

IX., Cyanides. Chief salt: Cyanide of potassium KCN, color-
less, strongly alkaline, odorous of Prussic acid.,

A, HCI liberates HCN, volatile, with smell of bitter almonds,
and constriction of throat. A strip of filter-paper moistened with
KOH, suspended in tube from which HCN escaping, gives Prussian
blue when immersed in Ferrous sulphate, boiled, and HCI added in
excess.

AgNO,, white, curd-like ppt. of AgCN, very soluble in KCN, in
NH,OH and in strong, boiling HNO, : but if a Chloride present,
AgCl, insoluble in HNO,. Silver cyanide AgCN, when dry, on
ignition gives off Cyanogen, burning with peach-blossom-colored
flame, and is reduced to metallic silver. ;

Again: AgCN, treated with Zn and dilute Sulphuric acid, yields
HCN, which may be distilled.
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FeS0,, red ppt. of 2FeC,N,,KCy. Boiled with KOH, on addition
of HCI gives Prussian blue.

(NH,).S, added to soluble Cyanide, and evaporated to dryness,
leaves Ammonium sulphocyanate, NH,ONS, which gives blood-red,
soluble Feérric sulphocyanate, after adding Ferric chloride.

Mercuric cyanide, HgC,N,, is somewhat anomalous. Soluble in
water, faintly acid, Na,CO; no reaction. But HCI, in the usual mode of
testing for bases and acids, evolves HCN, which may be detected as above.
HCI 4 H,S gives white Chloro-sulphide, changing through yellow, and
orange, to black ppt. of Mercuric sulphide, HgS. HCI 4 KI, scarlet Hgl,.
fiinuti:d in the solid state, gives C,N,, burning with peach-blossom-colored

ame.

Hydrocyanic acid, HCN, smells of bitter almonds. Faintly
acid. No effervescence with Na,CO;. No residue on Platinum.
Prep. KCN + H,SO, dilute = KHSO, + CNH.

A. HCIL, no inereased smell.

AgNO,, white ppt. of AgCN, soluble in NH,OH and in boiling
HNO,.

Feé@g, no reaction: boil with KOH, and add HCI, Prussian
Blue is obtained.

X. Bilicates. Very alkaline. Those of alkaline metals alone soluble.
A, HCl precipitates gelatinous 8ilicie acid, H,Si0,, except in ver
dilute solutions: on evaporation to dryness, ignition, and boiling with HC],

Bilicon dioxide 5i0,, is left as a white, amorphous, insoluble powder.

NH,Cl, white ppt. of H,S10,, with evolution of NH,.

BaCl,, white ppt. of Ba,8i0,, decomposed by HCL

A dialyzed solution of Bilicic acid is gelatinized by HCI, and is only
faintly acid to test-paper.

On Platinum-wire with Na,CO,, fused in blowpipe-flame, to a clear glass,
unless Na,CO, in excess. 510, expels CO,, with effervescence, at a red heat.

XI. Titanates resemble Silicates.

A. HCI precipitates H,Ti0, : with Zn first a blue ppt., becoming white.

In inner flame, with Microcosmic salt and Ferrous sulphate, a red bead.

Titanic acid is removed from Silica by fusion with KHSO,, and
subsequent treatment with water: 5i0,, undissolved.

XI1I. Tungstates of alkaline metals alone soluble.
A. HCI, white ppt. of tuu%stic acid, H,WO,, yellow on boiling, insoluble in
excess, but soluble in NH,OH.
Zn with HCI, blue color. _
In inner flame, a blue bead with microcosmic salt, becoming red when
heated with Fe50,,

XIII. Molybdates of alkaline metals soluble. Colorless. Alkaline.

A. HCI, white Molybdic acid, soluble in excess of HCl. In HCI solution
with Zn, blue, green, brown-black.

Salts of soluble molybdates, yellow by H,S, and precipitated as brown-
black MoS, by acids, soluble, when neutralized, in (NH,),5,.
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Molybdate of ammonium in Nitrie acid isa test for Ortho-phosphorie acid :
so that Na,HPO,, a yellow ppt. when heated, of Ammonium-phospho-
molybdate. 2(NH,),PO0,,22M00,,12H,0.

Chromates, of thealkaline metals, soluble with lemon-yellow color.

A. HCI changes yellow color to bright yellow-red. See Group
B. XIX,, p. 48.

Arsenites, of alkaline metals alone soluble: Alkaline reaction.

A. HCI to concentrated solutions, a white ppt. of Arsenious oxide,
Asiqg, soluble in excess. Confirmed by H,S. See Group B. XVL.,
p. 45.

Sulpharsenites. KjAsS,, alkaline, yellow.

A. HCI, yellow ppt. of As,S,, with H,S, evolved.

Sulpharsenates. K AsS,, alkaline, colorless.

4. HCI, yellow ppt. of As,S; and H.,S.

Antimonites as KSbQ,, soluble, alkaline.

A. HCI, white ppt., soluble in excess. H,S added, orange Sh,S,,
soluble in strong HCI as ShCl; 4+ H,S.

Antimonates. Pyrantimonate of potassinum, K, H,Sh,0;, s soluble
in water. Alkaline.

A. HCI precipitates white H,Sb,0..

With Sodium salts, K,H,Sb,0, gives white ppt. of Na,H Sb,0,,
the only insoluble sodium salt.

Sulphantimonites. KSbS,. Alkaline.

4. HC], orange Sbh,S,.

Sulphantimonates. K SbS,. Alkaline.

4. HCI, orange Sb,S; + H.,S.

Acetates, all soluble : those of Ag and Hg, with difficulty. See
Group C. XX VIIIL

. HCI sets Acetic acid free, recognized by odor of vinegar. P. 51.

Urates. Only of alkaline metals soluble.

£l. HCI, white ppt. of Uric acid.

Hippurates, alkaline to test-paper.

A. HCI, white needles of hippurie acid. P. 57.

Benzoates.  All more or less soluble.

4. HCI, white, glittering scales of benzoic acid. P. 56.

Salicylates,  All more or less soluble.

4. HCI, precipitates Salicylic acid in small, white needles.

Gallates. Alkaline to test-paper.

4. HCIl, minute white crystals of Gallic acid. P. 55.

Ferrocyanides. When soluble, bright-yellow.,

Also decomposed by HCL. P. 51.

A. HCl, either a bluish tint, or bluish-white ppt. in strong
golutions. P. 51.

B. Balts, the radicles (or eclectro-negative elements) of which
form insoluble compounds with Barium chloride BaCl,.
Includes Sulphates, Selenates, Silico-fluorides, Ortho-phosphates,
Pyro-phosphates, Metaphosphates, Phosphites, Fluorides, Arsenates,
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Arsenites, Borates, lodates, Bromuates, Chromates, Oxalates (Tar-
trates, Citrates). Also: Carbonates, Sulphites, Thiosulphates,
Silicates, already discovered by 4. HCL

B. BaCl,, the Group-test here suggested to follow upon 4. HCI,
is employed because so many of the Barium salts are insoluble in
water. Barium chloride BaCl,, 2H,0, erystallizes in lustrous
rhombic tables, soluble in two parts of water at 15° C. Much less
soluble in HCI, and in HNO,: insoluble in alcohol. The action of
BaCl,, may be thus given :

BaCl, 4+ Na,S0,

BaCl, + Na,HPO,
BaCl, + Na,CO; 2NaCl + BaCO,.
BaCl, + K,CrO, 2KClL 4 BaCrO,.
BaCl, + K,C,0, = 2KCIl  + BaC,0,.

XTIV. SBulphates. All Sulphates are soluble in water, except Barium,
Strontium and Lead sulphates. Neutral or acid to test-papers.

9NaCl + BaSO,.
9NaCl + BaHPO,.

I [ |

B. BaCl,, white ppt. of Barium sulphate, BaS0O,, insoluble in
HCIL. If HCI has produced no reaction, BaCl, gives a ppt. of BaSO,.

Pb2C,H,0,, white ppt. of PbSO,

Any ordinary Sulphate when fused on charcoal with Na,CO,, in
the inner blowpipe-flame, gives a Sulphide, eausing a brown-black
stain of Silver sulphide when laid on a clean Silver coin, and
moistened.

Free Sulphurie aeid, H,SO,, an oily liquid, volatile with white
suffocating fumes. Heats with water. When dilute, acid to test-
paper, effervescence with Na,CO,, no ppt. HCI no reaction. BaCl,,
white ppt. of BaSO,, insoluble in HCl. No residue on Platinum,
but concentrates to an oily drop, moving towards cooler parts and
volatilizing as white, pungent acid. A drop of the dilute Aeid on
filter-paper, heated over flame, chars the paper. Prep. of Sulphurie
acid : 50,+H,0+N,0,=H,S0,+2N0. Then 2NO+0=N,0;; and
S0 on.

Selenates resemble sulphates,

B. BaCl,, white ppt. of BaSeOQ,, insoluble in HCl; when this mixture
boiled, Cl, evolved, and then H,SO, separates red Selenium. The original
solution, on charcoal, in blowpipe-flame, gives off odor of horse-radish.

Silico-fluorides, for the most part insoluble in water,

B. Ba(Cl,, ppt. white BaF,,SiF,, insoluble in HCI.

KCI, ppt. white 2KF.SiF, : gelatinous.

Salts heated with H,S0, corrode Glass.

Silico-fluoric acid, 2HF SiF, colorless, acid. Effervesces with Na,CO,.

Id} BaCl, and also KC] produce precipitates. NH,OH separates Silicie
acid.

On Platinum, volatilizes as 2HF and SiF, ; therefore etches (Glass,

XV. Ortho-phosphates. Colorless. Mostly insoluble. Acid,
alkaline or neutral. The common salt, soluble, Na,HPO,, 12H,0,

o TSI .
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alkaline. Mierocosmic salt, NaHNH,PO,,4H,0. Salts of alkaline
metals alone soluble In water.

B. BaCl,, white ppt. of BaHPO,, soluble in HCL

AgNO;, canary-yellow ppt. of Silver ortho-phosphate, Ag,PO,,
soluble in NH,OH and in HNO,.

HCl+ H,S, no reaction (not an arsenite).

PbiC,H Og, white ppt. Pby2P0,, soluble in HNO,.

CJ;LU!., white Ca,2P0,, soluble in acetic acid.

Ii&_(]lu, white ppt. I‘EP{L, soluble in the test, insoluble in Acetic
acid.

MeS0,. after addition of NH;CI+NH OH, white, erystalline ppt.
of MeNH, PO, 6H,0. This ppt.is changed b;-,r heat, into Magnesium
Pyro- phns]:-lmte Mg,P,0., Water and Ammonia.

Ammonium mnlybdate in HNO,, by heat, a yellow ppt. containing
Ammonie ortho-phosphate. (Arsenates give similar reaction.)

Orthophosphorie acid, H,PO,, syrupy liquid.

Very acid, even dilute, I\nﬁﬁg, effervescence without ppt.

By heat, into clear glass of Metaphosphorie acid, HPO,.

B. BacCl,, no ppt. till neutralized by NH,OH.

Pyrophosphates, like orthophosphates, as to insolubility. Boiled with
dilute mineral acids into orthophosphates, and detected as under,

B. Ba(Cl,, white ppt. of Ba,P,0,, soluble in HCL

AgNO,, white, gelatinous Ag,P,0.. Precipitate hoiled and evaporated
with I'stﬂe Nitric acid, in which it readi]_',r dissolves, and carefully neutralized
with NH,OH, a yellow ppt. of Ag;PO,.

Magnesium ammonium orthophosphate, MgNH PO,.6H,0, by heat into
Water, NH; and Pyrophosphate of Magnesium Mg, P, CL

Py, J:ﬂphﬂﬂp?:arac acid, ,P,0., on evaporation, loses Water, and becomes
Metaphosphoric aeid.

Metaphosphates, like Ortho- and Pyro-phosphates, as to insolubility.

B. BaCl,, white Ba2P0,, soluble in HCI.

_ AgNO;, white AgPO;, soluble in HNO; and in NH,OH. When AgPO,

is just dissolved in HNO,, and boiled for a few seconds, NH,OH carefully
added, gives yellow ppt. of Orthophosphate. Acidulated with Acetic acid,
HPO,, precipitates albumen. By boiling with mineral acids into Ortho-
phosphoric acid, and easily distinguished by NH,0H, NH,Cl,+ MgSO0,.

Metaphos }?qmrm aecid, acid, fusible to clear g]ass Ver}' soluble ; effer-
-vesces with Na,CO,.

FPhosphites of alkaline metals soluble : others with difficulty.
f:f':.-ﬂf .y White ppt., soluble in HCI.

Ag"'ﬂ 0,, white ppt., by heat into metallic silver.

Hg2NO,, white ppt., by heat into metallic mercury.

CaH,0,, white ppt. of phusphltc

CaCl,, white ppt., soluble in Acetic acid.

H._.SD,, with sepnmtinn of 8,changes Phosphorousinto Orthophosphorie acid.

Phosphorous acid, P(OH),. Very acid. Slowly absorbs Oxygen, and
reduces salts of Ag, Hr and Au.

When heated, into Phosphorie acid and Phosphine, Thus: 4P(OH), =
3H,PO, 4 PH,.
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Fluorides of alkaline metals soluble,

B. BaCl,, white ppt. soluble in HCI,

CaCl,, white, gelatinous CaF,, nearly insoluble in HCL

AgNO,, no ppt., as AgF soluble.

Heated with H,S0,, fumes of HF, which etch glass.

Hydrofluoric acid, HF, very acid even when very dilute, Prep, CaF, +

H, SD = CaB0, + 9HF. Ktches glass.  Action upon Si0,. 4HF +
Sl(l. = 8iF, 4+ EI_I 0. Water decomposes Silicon fluoride into éﬂmu fluoric
acid and Ortho-silicic acid : 35iF, 4+ 4H,0 = 2(2HF,SiF,) + H,Si0,.

XVI. Arsenites of alkaline metals alone soluble 1 water.
Alkaline reaction. I, HAs(Q, the chief soluble salt. In strong
solutions of Arsenites, HCI may give a white ppt. Df Arsenious
anhydride, As,0,, soluble in excess.

N.B. Arsenites will be indieated in Group II., in tlle search for
Metals by HCl+H.S (p. 18).

HCI+ H,S, bright yellow ppt. of As,S;, soluble in NH,0H, in
(NH,),CO,, and, when free from aecid, in (NH,),S, fmmmg Sulph-
arsenite of ammonium. As,S, is insoluble in HCI.

B. BaCl,, white ppt. of BaHAsQ,, soluble in HCI,

AgNO,, yellow ppt. Ag,AsO,, soluble in NH,OH, and in HNO,.

CuS0,, green ppt. CuHAsO,, Scheele’s green.

Arsenious acid, H;AsO,, in solution in water is faintly acid.
Very little soluble. No visible reaction with Na,CO, On
evaporation, white residue, completely volatile with lavender color
to flame.

HCI no reaction.

HC1 + H,S, bright yellow ppt. of As,S,, soluble in NH,0OH.

BaCl,, no reaction until drop of NH,0H added ; then white ppt.
of BaHAsO,.

CuS0,, no reaction until drop of NH,OH, forming an Arsenite,
gives Scheele’s green, Cupric arsenite, CuIIAsDS. as a |1pt

AgNO,, slight clouding, with FLII{‘}W ppt. of Arsenite quﬁsﬂ
on addition of drop of NH,0H. ppt. is sol. in HNO,, and in
NH,OH.

Marshs test applies to Arsenious acid and Arsenites; Mg or Zn, in
presence of dilute sulphuric acid, yields Arsine AsHj, burning with bluish-
white flame to H,0, and Arsenious oxide As,O,. If incompletely burnt,
Arsenicum is depumted on a cold surface, soluble in Chloride of lime. Also
filter-paper, moistened with AgNO,, may be suspended in a test-tube over
escaping AsH;, and there will be a black deposit of Silver upon the paper.
AsH, + 6AgNO, 4 3H,0 = 6HNO, + 6Ag + H,AsO,,

Reinseh’s test applies to both. HCI first added, and then strips of pure
clean Copper to solution in Test-tube, and boiled ; a steel-grey deposit of
CuzAs,. The metal with Alloy mthdmwn, w nslled dried in water-bath,
heated in glass tube, As,O;, sublimed in octahedra.

On Charcoal, mixed with Na,CO,, in oxydizing flame, a garlic odor, and

bluish-white flame.
Heated with black flux in narrow glass tube elosed at one end, Arsenicum

As, volatilizes: 2As,8; + 6K,CO; + 6C = 6K,S 4 6CO 4 6CO, + As,.

sl P
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XVII. Arsenates. Those of the alkaline metals soluble, color-
less. Chief Salt, Di-sodium hydrogen arsenate Na,HAsO,12H,0:
alkaline.

HC1 + H,S, no reaction till evaporated to within a drop or so;
then H,S again, when As,S; + S,, soluble in NH,OH.

B. BaCl,, white ppt. of ]3&33&5[}4, soluble in H(}l
o ;igU\HOS, liver-brown ppt. Ag;AsO,, soluble in HNO,, and in

1

CuS{L, greenish-blue, CuHAsO,, soluble in NH,0H to deep blue.

NH,Cl + NH,0H + MgS0,, white, eryst. ppt. MgNH,As0,,6H,0.

Molybdate in HNO,, on heating yellow ppt. P. 42

Reinsch's and Marsh’s tests, on charcoal as with XVI.
Some arsenates, such as FeAsO,, give no distinct mirror of As,, with
Na,CO; and charcoal when heated.

Arsenic acid, H.Asﬂ,, is very deliquescent. Very strong acid,
effervescence with Na,CO,. By heat into (As,0,),,H,0 and 02,
volatile. AgNO,, red- hmwn ppt. of Ag,AsO,.

B. BaCl,, no ppt. till neutralized ; then white Arsenate.
CuS0,, no ppt. till neutralized ; then greenish-blue ppt.

XVIII. Borates. Salts of alkaline metals soluble. Colorless.
Chief salt, Borax, Na,B,0,,10H,0; alkaline reaction. All Borates
somewhat soluble; easily in acids, and salts of Ammonium.

B. Ba(l,, white ppt. Ba2BO0,, soluble in HCI.

CaCl,, white ppt. Ca2B0,, soluble i in NH,CI, and in Acetic acid.

AgNO,, white ppt. AgB0,, soluble in HNC}S, and in NH,0OH.

Intumesces when heated on Platinum, fuses, :felluw color to
flame, if Sodium bi-borate; moistened with H,SO, and re-heated,
oreen color to flame.

HCI to a Borate, then turmeric paper dipped in; on drying, the
latter red-brown, and the stain blue by soda.

Boracie acid, HBO,,H,0, in white scales, fusible. Green color
to lame. Turmeric paper browned.

B. Ba(l, no reaction till NH,OH added : then white ppt.

CaCl,, no reaction.

AgNO,, no reaction.

Todates. Alkaline soluble. Deflagrate on Charcoal.

HCI, brown I,, soluble in Chlnrﬂ%urm with amethystine color, and with
starch, dark-blue iodide.

B. BaCl,, white ppt. of Barium iodate Ba2I0,, soluble in HCI.
HI:‘L{;};WD white ppt. of AglO,, soluble in NH,OH, and with difficulty in

Sulphurmls acid, H,S0;, reduces Todates to Todine and Hydriodie acid,

By heat into Iﬂdldcs( 49); some evolve Iodine when thus heated, and
give off characteristic violet vapors.

Iodic acid, HIO,, very soluble, reddens and then bleaches litmus
Reduced by H,_.E:. a8 well s by 80, to I,.
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With Morphia (p. 95), Iodic acid is reduced to brown-tint of Iodine,
discoverable by Starch-paste which is blued.

Bromates : colorless. Salts of alkaline metals readily soluble. Deflagrate
on charcoal. On platinum into bromides. HCI and heat, orange vapors of
bromine, soluble with orange color in chloroform.

B. B{LCE white Barium bromate, Ba2BrO,.

AgNO,, wlaite AgBrO,.

Bromie acid, HBrO,, reddens and bleaches litmus.

HCI separates Br,, with formation of Chloride of Bromine,

XIX. Chromates. Yellow or yellow-red. Salts of alkaline
metals very soluble. Chief salts: K,Cr0,, yellow:; K,Cr,0., yellow-
red ; (NH,),Cr,0,, yellow-red. Di-chromates, acid reaction.

Na,C0,, with effervescence, changes yellow-red Di-chromate to
yellow Chromate.

HCI changes Chromate to yellow-red Di-chromate, and Chromie
anhydride. When heated, Chlorine evolved. K,Cr,0, + 14HCI =
9KCl + Cr,Cl, 4+ TH,0 + 3Cl,. Solution of Cr, Cl green.

HCI1 + H S tn quﬂ-green Cr,Cl,+8,. A test tul H.;b P. 40.

B. Ba {J’FE, ellow Barium chromate BaCrO,, soluble in HCI.

AgNO,, erimson Ag,CrO,, soluble in NH,OH and in HNO,.

Pb2C,H,0,, yellow PbCr0,, soluble in KOH.,

CaCl,, no {th as many Chromates are somewhat soluble.

H,S0; and aleohol, reduce Salts of Chromic acid to blue-green
chromie oxide salts. Dichromate of Potassium is much used as an
oxydizing agent. Thus for estimating the amount of Iron in solu-
tion of a Ferrous salt: 6FeCl, + K,Cr,0, + 14HCl = 3Fe,Cl; +
2KCl + Cr,Cl; + TH,O. :

Chromic ﬁnhydnda, Cr0,. Acid,in erimson prisms very soluble
in water. No ppt. with BaCl, or with AgNO,.

Aleohol reduces Cr0O, to Cr,0,, with violent reaction, and changes
the color to blne-green.

XX. Oxalates. Many insoluble. Chief salts: KHC,0,,H,C,0,.
K.C,0,, NHHC,0, (NH).C,0,, Na,C,0,; colorless. Acid, or
alkaline, or neutral.

B. Ba(Cl,, white Barium oxalate, BaC,0,, soluble in HCI.

CaCl,, white CaC,0,, insoluble in Acetic acid.

CaS0,, white CaC,0,, insoluble in Acetie acid.

AgNO,, white Ag,C,0,, soluble in NH,0H, and in HNO,.

FeS0,, yellow ppt. of Ferrous oxalate, FeC,0,.

Heated on platinum  into Carbonates, much darkening, and
effervescing with HCl. Ammonium salts volatile.

Oxalie Acid, H,C,0,,2H,0, ecrystallizes in prisms, soluble in
eight parts of water. Acid reaction.

Na,CO,, effervescence.

B. Ba(1, white ppt. BaC,0,, soluble in HCI.

CaCl,, white ppt. of CaC,0,, insoluble in Acetic acid.

CaS0,, white ppt. of CaC,0,, insoluble in Acetic acid.
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CaH,0,, white Calcium oxalate, CaC,0,.

H Sﬂl, heated with Oxalic acid into Cf} + CO, + H,0. CO may
be kindled with blue flame; no darkening of the acid.

On Platinum, heated, White, suffocating, coruscating vapors.
Fuses and volatilizes without blackening, or residue.
BTa.rtmtes, Citrates, and Malates also precipitated white by

. BaCl,.

C. Salts, the radicles of which are precipitated by Silver
nitrate, AgINO,.

Comprises, besides many of the preceding, the Chlorides, Bromides,
lodides (Cyanides), Ferrocyanides, Ferricyanides, Sulphocyanates of Silver,
insoluble in dilute Nitric acid.

XXI. Chlorides. All soluble, except AgCl and Hg,Cl,.

BaCl,, no reaction.

C. AgNO,, white, curd-like ppt. of AgCl. soluble in NH,OH,.
precipitated therefrom by Nitric acid, and therefore insoluble in
Nitric acid. If HNO, added first, Bromides and lodides detected
before employment of AgNQ,.

Hg,2NO;, whitish ppt. of Calomel, Hg,Cl,, blackened by NH,0H.

PL2C,H,0,, white PbCl,, soluble in boiling, water.

MnO, +H S0, to a Chloride, gives off Cl,, yellow-green, bleaches.
Glass-r nd moistened with KI and stmr:h-pa,ste, blued.

If a trace of a Chloride be added to a bead of Sodium metaphosphate
containing a trace of Cu0, heated in reducing flame, blue flame observed.

Dried Chlorides mixed with K,Cr,0- in powder, and heated with
H,S0,, give off blood-red drops of Cr0,Cl, condensed from its dark-
red vapours.

Hydrochloric acid or Hydrogen chloride, HCl, is acid, volatile,
suffocating. Na,CO,, effervescence without ppt. No residue on
Platinum. With Nitrie acid, on heating, yellow; aqua regia.
Chlorine is evolved, with Nitrosyl chloride NOCI, and water,

Fumes with glass-rod dipped in NH,OH.

BaCl,, no reaction, except in atwnb acid, when ppt. of Barinm
E-hlﬂl'l(lﬂ BaCl,, soluble in water.

C. AgNO,, white Ag(Cl, soluble in NH,0H. insoluble in HNO,
Eﬂhﬁﬂg gives off ClL, on heating. 4HCI + MnO, = MnCl, + Li +

Chlorine w ater, reddens and bleaches litmus. Odorous of Cl,.
AgNO,, white ;ig';l Added to a drop of KI, separates I, with
sherry color to solution, soluble with amethystine color in
Chloroform.

XXII. Bromides. Bromides resemble the Chlorides. KBr,
the chief salt,
BaCl,, no reaction.
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C. AgNO,. yellowish-white Silver bromide, AgBr, soluble in
much NH,0H : insoluble in Nitric acid.

Hg,2NO,, yellowish-white Mercurous bromide, Hg,Br,.

Pbh2C,H,0,, white PbBr,, less soluble than PbCl,.

Cl, water, colors a soluble Bromide yellow, or yellow-red, as 1t
sets Bromine free, soluble with orange-color in Chloroform ; starch-
paste is colored orange.

HNO,, separates Br, on warming a soluble Bromide, ¢ither color-
ing the solution yellow, or even red-brown, with vapors of Br,
which may condense to blood-red drops.

AgCl by KBr into soluble KCI +insoluble AgBr.

Hydrobromie acid, HBr, is acid, colorless, and completely volatile. Soon
yellow, by ﬂwdutmu of H, and separation of a little Br, Na,CO,,
effervescence.

BaCl,. no reaction.

c. AgNO,, yellowish-white AgBr, soluble in much NH,OH, inscluble in
Nitrie acid. :

Cl, also separates Br, and forms HCI + Br,, HNO, decomposes it, and
separates Br,.

MnO,, evolves Br,.

Bromine water is rich red-brown, odorous of Br,. Heddens and bleaches
litmus. Volatilizes without residue. H,S gives colorless HBr and ..
Starch-paste, orange. Chloroform added, gives rich orange color, AgNO,,
yellowish-white AgBr.

XXTIII. Iodides: many insoluble. Of alkaline metals, very
soluble. KI the chief salt: faintly alkaline.

BaCl,, no reaction.

C. AgNO;,, pale yellow ppt. of Silver iodide Agl, insoluble in
Ammonia, as well as in HNO,.

Hg(Cl,, scarlet ppt. of HgIg, soluble in excess.

Hg,2NO,, finch-green Mercurous oxide, Hg,[..

Cl, water separates I,, which gives sherry color to liquor. Shaken
mth Chloroform, the latter becomes amethystine. Excess of Cl,
forms ICl,, colorless.

Heated with MnO, and H,S0,, Todine evolved, which colors blue a glass-
rod dipped into more starch-paste.

Mixed CuSO, + FeSO0,, white ppt. of Cuprous iodide, Cu,L,.

HNO,. ‘;epurates I, as a characteristic solid deposit 1|L.e G-raphlte volatile
with violet vapor, cﬂndeusmg to solid I,.

Bead of NaPO, colored with CuD, heated on Platinum wire with an
Iodide, imparts green color to reducing flame.

Hydriodic acid, HI, acid, volatile. Browns rapidly by oxydation of H,
to H,O, and separation of I,. Free iodine always detectible, except when
quite freshlv made. I\af.{]{)x, effervescence, and combines with free L.

o. AgNO, pale-yellow ppt. of Silver iodide Agl, insoluble in NH, “and in
HNO

Solution of I, in water, sherry-colored. Smells of I,. No residue, but
violet vapor when heated. Decolorized by 2H,S = 4HI + S,. Shaken
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with Chloroform, colored amethyst by I,. Bleached by Cl,. Starch-paste
blued.

Cyanides. See IX.

0. AgNO,, white, curd-like ppt. of Silver cyanide, AgCN, soluble in
NH,HO, and in strong boiling HNO;. In soluble Cyanides, the ppt. re-
dissolved.

XXIV. Sulphocyanates. Chief salts: KNCS and NH,NCS. Color-
less. Slightly alkaline. Fe,Usy,, blood-red, very soluble.

0. AgNO,, white, curd-like AgNCS, soluble in NH,OH and in KNCS;
not in dilute HNO,.

Fe,Cl,, blood-red solution of Fe,(NCS),, decolorized by KOH, by HgCl,:
not by HCL. Zn and H,S0,, evolve H,S and decolorize.

Ph2C,H,0,, white Pb2Csy, very .iﬂlu’b]q in Acetic acid.

CuS0,, black ppt. Cu2Csy, changing to white Cu,2Csy : changed at once
by added FeSO,.

Boiled with HCL, pungent Sulphocyanie acid evolved.

XXV. Ferrocyanides. Chief salt, K,FeCy,3H,0: lemon-yellow.
Solution yellow. Na,CO,;, no reaction.

HCI may ppt. white, or bluish-white H,FeCy,, very soluble in water.

BaCl,, white ppt. of BaK FeCy,.

c. AgNO,, white Ag,FeCy,, not soluble in dilute Ammonia, or dilute
HNO,.

Fe,Cl;, ppt. Prussian blue, 2Fe,Cy,,3FeCy,,18H,0, insoluble in HCI.

Cus0,, ppt. claret-colored Guj‘eﬂyn :

FeS0,, free from Ferric, white or blue-tinted K, Fe Cy,.

Distilled with dilute H,50,, evolve HCN.

XXVI. Ferricyanides. K,FeCy, chief salt; colored brown-red.

c. AgNO,, orange ppt. of Ag;FeCy,, soluble in Ammonium hydrate, but
not in dilute HNO,.

Fe,Cl;, only deepens brown celor.

Fe%OJ‘, ppt. Turnbull’s blue, Fe,Cy,.3FeCy, = Fe,Cy,,, insoluble in HCI.

Distilled with dilute H,S0,, evolve HCN.

XXVII. Nitroprussides. Na,FeNOCy, 2H,0 is the chief salt: ruby-
red. A test for soluble sulphides (p. 39), with which a rich violet color.

BaCl,, no reaction. ;

Fezﬂfm no reaction,

c. AgNO,, pale salmon-colored ppt., insoluble in HNO,,

Fes0,, salmon-colored ppt.

XXVIIIL Acetates. All soluble in water, but AgC,H,0,, and
He,2C,H,0, with diffieulty. Salts colorless, or colored. Chief
salts : KC,H,0,. KC,H,0,C,H,0, NaCH,0,3H,0. NH,C,H,0,.
Pb2C,H,0,8H,0. Basic Lead acetate Ph2C,H,0,2Pb0, in Gou-
lard water. Cupric acetate Cv2C,H,0,,H,0.

HCI should have detected Acetic acid by its smell of Vinegar.

Ba Cl,, no reaction.

. AgNO,, shiny, scum-like ppt. of Silver acetate AgC,H,0,,
easily soluble on boiling. No ppt. in weak solutions. g
Hg,2NO,, white, greasy ppt. of Hg,2C,H,0,, soluble on heating.

E 2
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Fe,Cl,, rich red coloration, bright yellow by HCl, owing to
re-formation of Fe,Cl,.

Heated with Almhol and H.,80,, Acetic ether, C,H,C,H,0,,
recognized by its pleasant odor of apples.

On Platinum, slight darkening; conversion into Carbonates, or
Oxides. Potassium acetate KC‘EI-[E_.;U2 becomes fused K,CO,, entirely
soluble in water, alkaline, effervesces with HCL

Acetic acid, HC H,0,, or CH,COOH. Coiorless, odorous of Vinegar.
Sharp, pungent. ND 1&@1(1113 on Platinum. Effervescence Wlth
Na,CO,: therefore strongly reddens litmus.

U AHNO@, no reaction.

Fe,Cl;, deep'ns the color, but not much, till neutralized by
NH,OH. Red color changed to yellow by HCL

XXIX. Formates. All more or less soluble,

c. AgNO,, white AgCHO,, rapidly into grey Ag, + HCOOH + CO..

Hg,2C,H,0,, white Hg 2CHO,, changing to grey Hg.

Fe,Cl,, dLEp red : yellow color by HCIL

H,80, decomposes formic acid from formates into H,0 and CO, which
may be bumt with blue flame.

Formie acid, HCHO, or HCOOH, colorless, pungent liquid.

The acid of anfs. Very acid. Na,CO,, strong effervescence. By H,50,
= H,0 4+ CO. No residue on Platinum.

¢. AgNO;, no reaction till neutralized.

XXX. Meconates. Balts of alkaline metals colorless. Readily
soluble.

c. AgNO,, white ppt. Ag,C,HO,, soluble in HNO, and in NH,0H.

Fe,Cl;, deep cherry-red coloration, not bleached by HgCl, (sulphocyanate).
nor by hittle HCI (Acetates), but by much HCL.

Pbh2C,H,0,, white ppt. of Ph,2C.HO, (none with an Acetate, of course).

CaCl, white ppt. of Ca,2C. HO'

Meconie acid, H,C,HO,,3H, 0. In scales, sparingly soluble to colorless
liquid. Strongly iu:il:l. NuECD;, effervescence.

Fe,Cl,, deep cherry-red coloration : removed, and prevented, by much free
HCI

0. AgNO,, no reaction till nentralized.

CaCl,, no reaction till neutralized.

Pbh2C,H,0,, white ppt. of Ph,2C.HO..

On Platinum, heated, Meconic acid loses water, melts, inflames, leaving
coaly residue which burns away.

D. SBalts, the radicles of which are precipitated by calcium
chloride, CacCl,, either at once (oxalates, tartrates, or urates),
or on heating (citrates and malates).

Tneludes (besides XX., Oxalates), Tartrates, Citrates, Malates, and Urates.
Oxalates, XX., p. 45.

XXXI Tartrates. Neutral Tartrates of alkaline metals solu-
ble; Cream of tartar, KHC,H,0;, and Ammonium hydrogen Tar
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trate NH,HC,H,0,, with difficulty. KNaC,H,0,4H,0 is Rochelle
salt: very soluble. 2(KSbOC,H,0,),H,0 is Tartar emetic.

HC1, in solution of neutral Tartrates of K and NH,, a white,
erystalline ppt. ef KHC,H,0, or of NH,HC,H,0,, readily soluble in
excess of HCL

HCI, a white ppt. in solutions of Tartar emetic, KShOC,H,0,, of
Antimonous oxy-chloride, ShOCI, soluble in excess as SbCl,, and
precipitated as orange-red Sb,S;, by H,S.

Fe,Cl,, no precipitate. BaCl,, white ppt. soluble in HCL

D. CaCl,, immediata white ppt. of CaC,H,0,, soluble in KOH
when freed from CaCl,, by washing. CaC,H,0, heated with NH,0H,
and a crystal of AgNO,, a beautiful mirror of silver,

K.,S0,, on stirriug, a white erystalline ppt. of KHC,H,0,.

AgN(,, white ppt. of Tartrate, soluble in NH,0H, and in HNO,,
Easily reduced.

Heated on Platinum, they ecarbonize, with smell of burnt sugar:
leave Carbouates, Oxides or Metal. The soluble salts of K, and Na,
leave K,CO; or Na,CO,. The ash alkaline, and perfectly soluble:
if of K,, violet color to flame, and with HCI effervescence, and the
2K Cl precipitated by PtCl, as 2KC1,PtCl,.

Tartaric acid, C,H,(OH),(COOH),, in colorless, oblique-rhombic
prisms, very soluble. Very acid. Efferveseence with Na,CO,.

CaH,0,, white ppt. of Tartrate, when Lime in excess, soluble in
Acetic acid.

KOH, white erystalline KHC,H,0;, when acid in excess,

NH,0H, white crystalline ppt. when acid in excess.

H,S0,, boiled with Tartarie acid, decomposes it, blackens from
Carbon, and CO evolved, then SO.,.

On Platinum, it fuses, becomes yellow like Sucrose, browns, gives
off burnt sugar smell, burns with flame, carbonizes, and the C
burns away in outer flame.

EXXXII. Citrates. 3Many soluble. Neutral, alkaline, or acid.
HCl, no reaction.

Fe,Cl;, no reaction.
BaCl,, white ppt. soluble in HCI.
D. CaCl,, no ppt. till boiled. Insoluble in KOH,

ApgNO,, white citrate, soluble in NH,0H and in HNO,. Docs
not darken on heating. ,.

Ph2C,H,0,, white Citrate of Lead, very soluble in NH,OH.

On Platinum, with ecarbonization, into Carbonates, Oxides, or
Metals,

Citric acid, C,H,OH(COOH), = C;H,0.. Colorless, oblique-

rhombic prisms, very soluble. Aecid reaction, Effervescence with
Na,CO,.

Ferric chloride only brightened in color.

CaH,0,, no ppt. at all, even in excess, until boiled for a minute
ormore. Lime-water must be fresh, and litmus blued before boiling.
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D. CaCl,, no ppt. till neutralized and boiled.

AgNO,, no reaction till nentralized.

H,S0, and heat, dissolves Citric acid, with copious evolution of
inflammable CO. Solution only yellow.,

On Platinum fuses, and gives off suffocating fumes; but burns
quietly and muﬂ’cnmvely

XXXTII. Malates. Solutions colorless,

BaCl,, white ppt., soluble in HCI.

Fe,Cl;, no ppt.

D. CaCl,, no ppt. till aleohol added, or heated in strong solutions.

CaH,0,, no precipitate, even on boiling.

Ag‘n{)a, white ppt. of Ag,C,H,0,, soluble in NH,OH and in HNO,.
Becomes grey on boiling.

Pbh2C,H;0,, white, crystalline Lead malate PbC,H,0,, fusible in hot
water, resembling resin.

Malic acid, C,H,O0H(COOH),=C,H,0,. White, indistinctly crystalline.
Very dehqur:scent Strongly acid. hﬁewesﬁenﬂe with Na,CO,.

CaH,0,, no reaction possible.

Ferric chloride Fe,Cl;, brightened in color.

p. CaCl,, no reaction till neutralized, and after addition of Alcohol.

Pb2 G.EH:;OE, white, crystalline, fusing like resin under water.

ApgNO,, no reaction till neutralized.

H.S0,, heated with Malic acid or Malates, browns and blackens: CO
evolved.

On Platinum it fuses, and gives off pungent acid vapors, with frothing
effervescence : burns away.

Heated  carefully in a dry test-tube, Malic acid melts: Maleic acid
C,H,0,, volatilizes, and solid Fumaric acid C,H,0,, remains.

N.B. Lime-water distinguishes these four acids, Ozalie, Tartarie, Citric
and Malie.

Two or three drops of lime-water precipitates white Oxalate, insoluble in
Acetic acid. Lime-water in excess, precipitates white Tartrate, soluble in
Acetic acid. Lime-water in excess, precl itates white G:trate only after
boiling for some time. Lime-water no visible effect upon Malic acid under
any conditions.

XXXIV. Urates. Only of alkaline metals somewhat soluble.
Strongly alkaline.

HCI precipitates white powder of Uric acid, C;H,N,0,, insoluble
1N excess.

D. CaCl,, white ppt. of urate, decomposed by HCl with separation
of white Uric acid.

Uricacid, C;H,N,0,., White powder. Insolublein water. Na,CO,
dissolves it without effervescence. Dissolved by KOH heated.

Heated with two or three drops of Nitrie acid, evaporated to
dryness in porcelain basin, gives yellow-red residue, turned purple
by NH,OH (Murexid or Purpurate of ammonium, C.H,(NH,)N,0,).

On Platinum, when heated, Urie acid earbonizes without flame,
and the Carbon burns away. CNH is evolved. There is also a
smell as of burnt feathers.
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Urate of ammonium evolves (NH,),CO,, when heated with
Na,CO,.

E. Salts, the radicles of which are discoverable by the
Group-test Ferric chloride.

A. Only coloration in presence of Hylrochlorie acid.

Ferricyanides, XX VL., p. 5l.

E. Fe,Cl,. Red-brown coloration.

Sulphocyanates, XXIV., p. 5l.

E. Fe,Cl,. Deep-blood-red solution. *With zine, H,S evolved,
and solution bleached.

B. A blue precipitate, in presence of HCI.

Ferrocyanides, XXV., p. 61.
k. Fe,Cl;. Prussian blue.

C. The red or black coloration disappears on addition of HCI, and
solution yellow.

Acetates, XXVIIL, p. 51.

£. Fe,Cl,. Dark-red coloration.

Formates, XXIX., p. 52.

.. Fe,Cl;. Dark-red coloration.

Meconates, XXX., p. 52.

E. Fe,Cl;. Deep cherry-red coloration. Large excess of HCI
necessary to change the color.

XXXV. Tannates. Of alkaline metals, very soluble. Strongly
alkaline. Turn brown in air.

HCI, no visible reaction, as Tannin so very soluble in water.

E. Fc..PI blue-black coloration (very finely divided ppt.), yellow by HCL.

Pb2C, H D.z, white precipitate.

Gclatm PIE{'IpItﬂ‘tES Tannin, as white Tanno-gelatin.

Tannin or Tannic acid, C «Hy(OH),C00.C,H,(OH),CO0H. Yellowish
powder. Very soluble. Acid reaction. Na,CO,, effervescence. Sparingly
soluble in ether. Precipitates gelatin.

E. Fe,Cl;, blue-black, yellow by HCI.

H,S0,, dark brown.
On Platinum, Tannin fuses, blackens and burns away.

XXXVI. Gallates. Colorless. Alkaline to test paper. Turn brown
in air.

HCl, minute white erystals of Gallic acid, easily soluble in HCI.

E. Fe,Cl,, black, but by HCI, yellow, w ith ppt. of Gallic acid.

PbJL H, U white ppt. of Gallate.

AgN(}E, white ppt. 02 (Gallate, blackened by heat.

(Gelatin, no reaction.

Gallie aeid, C,H,(OH),CO0H = C,H,0,. In delicate, silken needles,
soluble in 100 of cold and 3 of boiling water. Reddens hitmus. Effer-
vescence with Na,CO,.

E. Fe.Cl,, black culur yellow by HCL. No precipitate.

Gelatin, no reaction.
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Ether, the great solvent.

Pb2C.H 302 white ppt. of Lead gallate.

H,S0,, gives magenta color. '

On Platinum, when heated, blackens instantly, and slowly burns.

XXXVII. Balicylates. More or less soluble.

HCI precipitates Salicylic acid in tiny white needles, soluble in excess.

E. Fe,Cl,, a deep violet color to salts and free acid, decolorized by HCL

Salieylic acid, C;H,OHCOOH = C,H,0,, in necdles soluble in 1800
parts of cold water aud eu.sil:.r in boiling water.

E. Fe,Cl;, deep violet color, not removed by acetic acid.

H,50, does not darken it. Melts at 155°; into CO, and Plenol C,H,0H,
recognised by its odor.

D. A precipitate is occasioned by Ferric ehloride in neufral solutions.
Ferric henzoate, bulky, flesh-colored.  Ferrie succinate is pale cinnamon-
colored. Ferric hippurate, eream-colored.

XXXVIIL Benzoates. All more or less soluble.

HC] precipitates Benzoic acid, in white scales, very soluble in ether.

E. Fe,Cl;, flesh-colored, bulky ppt. of Ferric benzoate, decomposed by
HCl, giving yellow Ferru: chloride, Fe,Cl,, and scales of Benzoic acid
uﬂdlasnlved

CaCl,, no reaction.

AgNO,, white ppt. of Silver 'henmute, sparingly soluble.

Benzoie aeid, (1;3 H:_,CGDH = C.H,0,. 5Shiny scales, often odorous of
gum benzoin, requiring 200 parts of cold, and 25 of boiling water for solu-
tion. Melts at 120°. Easily sublimed. Vapors acrid, irritating. Burns
with sooty flame.

H,S0,, no blackening.

E. Fe,Clg, no reaction till neutralized.

XXXIX. Buccinates. Mostly soluble,

HCI, no visible reaction. (Excludes Gallates, Benzoates, Hippurates.)
H[]é Fez{]lﬁ, a cinnamon- eﬂlured ppt. of Succinate, completely soluble in

1.

BaCl,, and Ammonia, no ppt. till aleohol added.

Pb2C,H,0,, white ppf readily soluble in Lead acetate.

ﬁgﬂés, white precipitate of Silver succinate.

H,50,, slightly browned on boiling.

Succinates, by heat, into Carbonates (blackening) Oxide, or Metal.

Suteinic acid, C,H,(COOH), = C,H,0,. Colorless, inodorous prisms,
readily soluble in water. Strongly acid. = Effervescence with Na,CO,.

E. Fe.,CI,,, deepened in color.

BaCl,, and Ammonia, a white ppt. after addition of alcohol.

On Platinum, fuses to clear liquid, and burns away with sootless flame.
Volatile ; can be sublimed. Vapors most irritating,

XT. Hippurates. Colorless. Alkaline,

HCl. white needles of Hippuric acid, easily soluble in boiling
vater, but separating on cooling.
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E. Fe,Cl;, cream-colored ppt., decomposed by HCI, separating the
acid. CaCl,, no ppt.
AgNQ,, white ppt., soluble in NH,0H.,

Hippuric acid, CH,NHC,H,0COOH =C,H,NO,. White needles,
requiring 600 parts ot cold water for solution.

E. Fe,Cl;, no reaction till neutralized.

On platinum, fuses to clear lignid, evolving somewhat of urinous
odor : color becomes rich brown-red, and it burns with sooty flame,
with coaly residue easily burnt. Evolves CNH.

KOH gives off Benzene and Ammonia.

Boiled with acids, assimilates H,0, and is changed into Benzoic
acid, C;H,COOH, and Glycocine, CH,NH,COOH. '

Sulphides, S8ulphites, Thiosulphates, Arsenites, Arsenates,
Phosphates and some others, also give reactions with Fe,Cl,.

F'. SBalts, the radicles of which are not precipitated, or
discovered, by any of the above reagents. Includes Nitrates,

Perchlorates and Chlorates if the latter has been missed by A.
HCI.

XT.I. Nitrates. All soluble, except Bi(OH),NO,.

HCI, no reaction. But strong HCl evolves Cl,—which dissolves
'Gold-leaf, and NOCI which is set free.

Ba(Cl,, no reaction.

Fe,Cl;, no reaction.

AgNQ,, of course no reaction.

FeSO, in solution, and H,S80, poured to the bottom of the
mixed liquors, there will be a dark-brown ecoloration (2FeS0,,NO)
at the point of junection ; inereasing on agitation, then disappearing,
the golution becoming yellow-red, and red nitrous fumes evolved.

H4S0, and copper-turnings, NO evolved, and copper sulphate in
soludon : red fumes are evolved: 2NO+0,=N,0.,.

On Platinum, KNO,, or NaNO,, fuse with characteristic violet. ar
yellow flames, and by greater heat into a nitrite. This, dissolved,
gives green Nitrite with Cuprie sulphate, and with Acetie acid,

‘Potassinm iodide, and starch, blue iodide of starch.

Nitrates deflagrate on red-hot charcoal. :

Nitrie acid, HNOQ,, is colorless. Very acid to test paper. Na,CO,,
Fﬁ'criirescence. No residue on Platinum. If concentrated, caustic
in odor.

HCI, more or less of a yellow, or even orange color, with fumes
of Nitrosyl chloride, NOCI, and gaseous Cl,, dissolving Gold-leaf,
bleaching litmus. 3HCI+HNO,=2H,0+NOC1+Cl,.

Sulphindigotic acid bleached, or turned yellow.

Stains wool yellow. Beware of spilling HNO, on clothes.

gCu gives when heated with 8HNO,=3Cu2NO,+4H,0+2N0:
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preparation of Nitric oxide. 2NO0+0=N,0,; 2NO+0,=N,0,.
Therefore orange fumes in air.

FeS0,, browns. Heat, if necessary.

If Nitrie acid very dilute, neutralize with CaCO,, filter, evaporate
to dryness, and decompose with mixture of Ferrous sulphate and -
Sulphurie acid.

Perchlorates.

HCI, added, indigo-solution not bleached.

H,50;, no reducing effect.

On Platinum, fuse, evolve 0,, and into Chlorides (XXIII., p. 49).

Perchloric acid, HCIO,, separated from KCIO, by H,80,. White vapors
on heating,

Chlorates, VI, p. 41.

REcAPITULATION OF GROUP-TESTS FOR THE ACIDS, IN COMBINATION.

A. Salts visibly, or detectibly (by color or smell, or precipitate) de-
- composed by Hydrochloric acid.

Comprises: Carbonates, Sulphides, Sulphites, Thiosulphates,
Nitrites, Chlorates, Hypochlorites, Hypobromites, Cyanides, Sili-
cates, neutral Chromates, Acetates, Titanates, Tungstates, Molybdates,
Arsenites, Sulpharsenites, Sulpharsenates, Sulphantimonites, Sulphan-
timonates, Antvmonites, Antimonates, Urates, Hippurates, Denzoates,
Salicylates, Gallates, Ferrocyanides,

B. Salts, the Radicles of which form insoluble compounds with
Bariuwm chloride.

Includes: Sulphates, Ortho-phosphates, Pyro-phosphates, Meta-
phosphates, Phosphites, Arsenites, Arsenates, Borates, Chromates,
Ozxalates, Tartrates, Citrates, Malates, Selenates, Fluorides, and

Selico-fluorides,

C. Salts, the Radicles of which are precipitated by Silver nitrate.

Includes: Chlorides, Bromides, Iodides, Cyanides (A), Sulpho-
cyanides, Ferrocyanides, Ferricyanides, Nitroprussides, Acetates (A),
- Formates, Meconates.

D. Salts, the Radicles of which are precipitated by Caleium chloride.

Includes: Oxalates (B), Tartrates, Citrates, Mialates, and Urates.

E. Salts, the Radicles of which are discoverable by the group-test
Ferric chioride.

a. Only coloration in presence of HCl. Comprises Ferricyanides
(red-brown), Sulphocyanates (blood-red).

b. Blue precipitate in presence of HCl. Ferroeyanides.

c. Red or black color, disappearing on addition of HCI, and
solution yellow. Acetates, Formates, Meconates, Tannates, Gallates,
Salicylates. In the case of Gallates and Salicylates, HCI precipi-
tates Galliec and Salicylic acids.
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d. A precipitate in neutral solutions, includes: Benzoates, Suc-
cinates, and Hippurates,

F. Salts, the radicles of whlich are not precipitated, or discovered, by
any of the above reagents. Includes Chlorates (A), Nitrates and
Perchlorates.

APPEARANCES OF THE MORE COMMONLY
OCCURRING BODIES.

Metallic lustre more or less marked. The Metals, Graphite,
Todine, many metallic Sulphides, and Arsenides as ores (Lead,
Silver, Copper, Iron, Tin, Antimony, Bismuth, Nickel, Cobalt);
Ferrie, Ferroso-ferric, and Stannic oxides as ores, Manganese
peroxide (Pyrolusite, erystallized), anhydrous Ferrie chloride.

Black. Most of the above in a finely divided state: the preci-
pitated sulphides of Lead, Iron, Bismuth (brownish), Mercury,
Gold, Platinum, Silver, Cobalt and Nickel ; Manganese, Nickel, and
Cobalt peroxides; reduced Iron, Lead, and Platinum; Ferrous,
Ferroso-ferric, Stannous, Mercurous, and Cupric oxides; Lead
suboxide, Cupric and other phosphides, Ferric tannate and Ferric
gallate (ink).

White or colorless. Salts of the following, unless the acid
radicle be colored:—Alkalies and Alkaline earths, Zine, Tin, Alu-
minum, Bismuth, Antimony, Cadmium, Silver, Mercury (neutral
salts), Lead, and Copper in the Cuprous form. Alkaloids, Sugars,
Starches, Glycerine, Aleohol, Urea; if pure. Distilled water. Free
acid radicles or Hydrogen salts ; except Chlorine, Bromine, Todine,
and Sulphur, Chromie, Bismuthie, Hypochlorous and Nitrous acids,
Oxides and Hydroxides of Alkalies, Alkaline earths, Zine and Alu-
minum ; Plumbic and Cadmiec hydroxides; Ferrous and Manganous
hydroxides (rapidly changing); Ferric phosphate; most Ferrous
galts when anhydrous.

Yellow. Ferric salts (acid), most neutral Chromates, basic
salts of Mercury, Silver orthophosphate and arsenite; Sulphur,
soluble Persulphides, Cadmie, Arsenious, and Stannic sulphides ;
Plumbic oxide (““massicot”), Oxychloride (““Turner’s yellow ),
and iodide; Mereurie oxide (precipitated), Cuprous hydrate, Zine
oxide when heated ; Potassio-cobaltous nitrite (* Aureolin ") ; Bro-
mide of starch; Cadmium, Nickel, Mercuric and Bismuth ferri-
cyanides ; Auric oxide and chloride, Ammonio- and Potassio-
platinie chlorides.

Pale or Light yellow. Hypochlorous acid, Chlorine water
and gas, Silver iodide, precipitated Sulphur, Lead antimonate
(““ Naples yellow "), Ferrous oxalate, Antimonic anhydride, Tannic
acid, Potassium ferroryanide (“honey yellow "), Mercuric chloro-

sulphide (changing from white to yellow, orange, red, brown,
black).



60 MANY SUBSTANCES KNOWN BY THEIR COLOR.

Green. Cupric chloride, Hydroearbonate (Malachite), basie
Acetate (also blue “ verdigris”), Ferricvanide, Arsenite (Scheele’s
green), Aceto-arsenite (Emerald green); Nickelous hydroxide,
most Ferrous and Nickel salts; Chromic oxide, Hydroxide, and
salts (also violet) ; Aurous, Nickelous and Manganous oxides (dark
olive); Zine cobaltate (“ Rinman's green,” blowpipe test), Cobalt
ferrocyanide (dirty green to grey), Mercurous iodide (yellowish),
Manganates (intense bluish green, blowpipe test), Nitrous acid
(varies), Potassium ferroeyanide solution (yellowish).

Blue. Cupric hydrate, Hydrocarbonate (Chessylite), nitrate,
sulphate, acetate, arsenate, &e.; basic and anhydrous Cobalt salts,
Cobalt glass (““smalt”), Cobalt aluminate (“ Thénard’s blue,”
blowpipe test), Ultramarine, solution of Nickelous hydroxide in
Ammonia.

- Dark blue. Cupric salts with excess of Ammonia, Fehling’s
test, Prussian blue, lodide of starch.

Violet or Purple. Chromic salts (also green), some Cobalt
compounds, purple of Cassius (auric stannate); Ferrates and Per-
chromic acid (unstable); Murexide, solution of I, in CS, or CHCl,;
Todine vapor.

Crimson. Permanganates, Argentic chromafe,

Pink or flesh-colored. Manganous sulphide, chloride, sul-
phate, &e.; Cobaltous hydroxide and many salts in solution;
Magnesium cobaltate (blowpipe test).

Orange. Nitric acid containing Nitrous, Bromine water, Anti-
monous sulphide, some Chromates and Ferrie salts, Zinc and
Argentic ferricyanide, Auric chloride (dry), Nitrogen peroxide,
Bromine vapor.

- Brick-red. Plumbie oxide (litharge) and Chlorosulphide, Ar-
senic and Phosphorus iodides, Realgar (As,S,), Mercurous chro-
mate. '

Orange-red. Acid Chromates, some Ferric compounds, Mcr-
euric chromate (yellow at first).

Red. Basic Lead chromate, red Lead, Cinnabar and Vermilion
(Mercuric sulphide), Cuprous oxide, Chromic anhydride, Mercuric
oxide (““ red precipitate”), and Iodide.

Rose-red. Cobalt Salts.

Brown-red. Ferric oxide, Mercuric oxycarbonate (NaHCO, +
HgCl,), amorphous Phosphorus, solid Potassium ferricyanide,
Sodium nitroprusside, Manganic salts (unstable), reduced Copper,
Ferric acetate, formate, meconate, and sulphoeyanide, Bromine,
Chlorochromie acid, Cr0,Cl,, Cupric ferrocyanide (maroon).

"~ Brown. Reduced Gold, Ferric hydroxide (varies), Plumbic
peroxide, Ferric succinate and Urate (reddish), Ferric benzoate
_(pale), Blende (4nS), Cadmium oxide, Bismuth iodide and Bismu-
thic acid, Stannous Sulphide, Silver arsenate, Iodine water (light),
Todine tineture and alkaline triiodides (deep), Platinic chloride
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and other compounds, nentral Ferric solutions, some ozides of

Chromium, Uraninm ferrocyanide (dark), Manganous ferricyanide,

Cobalt ferricyanide (purple-brown), Mercurammonium iodide
(Nessler precipitate), Caprie chromate (orange-brown), solution of

llétn:mllt hydroxide in ammonia (becomes red), Sulphur vapor, plastic
alphur,

Grey. - Precipitated Antimony, Arsenicum, Mercury and Silver ;
Silver oxide (brown-grey), Cobaltous oxide, Silver antimonide, an-
hydrous Cupric sulphate.

[Many organic substances may be brown, yellowish, or grey, from
impurity.]

USUAL APPEARANCES OF CRYSTALS.

Transparent needles. Oxalic acid (also thicker and more
opaque). Magnesinm, Zine, Sodinm, Ammonium and Quina sul-
phates, Calcium chloride (deliquescent) Urea, Calcinm sulphate
(rather rare), Ammonium nitrate, chloride, and oxalate, Gallie
acid (minute), Sodium acetate, Cuprie chloride, hydrated Ferrie
chloride (hmun deliquescent), soluble Sucecinates, Potassium
picrate (yellow), Urea oxalate, [Thein, and many “LIL"LIDI(I.::]

Opaque needles. Hlp]mm, acid, Morphia, Strychnia, Magne-
sium phosphate (minute), Stannous chloride, Lead ncctﬂ.te Mer-
curic and Lead chlorides, Potassinm permanganate (dark purple},
Calcium benzoate, prismatic Sulphur, Potassium nitrate.

Pearly or resinous Ilustre: (u) needles; Silver acetate,
Aluminum sulphate, Potassinum ferricyanide.

(b) Plates or scales; Benzoic acid and soluble Benzoates,
Barium chloride, Boracic acid, Urea nitrate, Potassium ferro-
cyanide (also massive square tables), Barium hydmte Cadmium
and Lead iodides, Chromie chloride (anhydrous, violet), Potassium
chlorate (?), [Crutn}n chloral, Santonine, Lcumne Pierie acid (also
octahedra), some fatty n.uids, {Jhﬂlesterine, Sebacic acid,] Mercur-
ous acetate.

Short, thick erystals: («) efflorescent; most Sodinm salts,
Alums (octahedra), Tartar emetic, Cupric and Ferrous sulphates,
Lead acetate, Mercurous nitrate.

(b) deliquescent ; malic, phosphorous and phosphoric acids,
zine acetate, cadminm nitrate, hydropotassic sulphate.

(¢) permanent; Potassium chromate, dichromate, hydro-car-
bonate, sulphate, binoxalate, &c., Tartaric and Citric acids (if pure),
Strontinm nitrate, Cale-spar (CaC(,), Rochelle salt (sodio-potassic
tartrate), Suecrose, Gypsum, &e.

(¢) opaque; Pln]uhm nitrate (very mﬂ,rkml), Succinic aeid,
Lactose, Potassium hydrogen tartrate, Mercurie eyanide, Cinchonine
salts,

Cubes, Chlorides, Bromides and Iodides of alkaline metals,
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(eyanides usually in mass), Tron pyi'ites, FeS,, Galena, PbS, Fluor-
spar, CaF,. Potassium bromide is usually more trunsparent than

the iodide,

Substances commonly met with in masses, cakes, or lumps;
fused salts generally, especially the following :—

Structure pearly flakes: pure Sodium and Potassium hyd-
roxides, Potassium and Sodium acetates. Fibrous: Ammonium
chloride. Granular erystalline : Aluminum sulphate, Mercuric
chloride, Potassium disulphate, fused Calcinm chloride, Glucose,
Camphor, Silver nitrate (sticks), Potassium nitrate (“ sal prunella,”
sticks or balls, “glob. prunel.”), roll Sulphur. These may also
appear amorphous.

Amorphous : (¢) opaque; Arsenious anhydride, common
caustic Potash and Soda (sticks or cakes), fused Antimonous
sulphide (dark-brown), Potassinm cyanide and nitrite, Manganates
(dnﬁk green), Silicates, Zine chloride (deliquescent sticks), Barium
oxide.

(b) transparent ; glacial Phosphoric acid (deliquescent sticks
or lumps), Quartz and mixed Silicates (glass), Phosphorus (waxy,
becomes opaque white, yellow, orange, red), Sucrose in the form of
barley sugar, [Gelatine, soluble Albumen, Gums, Resins, &e.]

Gelatinous or flocculent bodies (Colloids). Hydrie and
many other silicates, most precipitates from solutions of aluminum,
iron, chrominm, manganese, nickel, and cobalt salts, potassium and
barium silicofluorides, calcinm fluoride, gelatine, albumen, starch
when boiled, &ec. Many precipitates, at first flocculent, become
granular, or even crystalline, by heat, or standing.

Crystalline precipitates. Potassinm and Ammonium hydro-
tartrates, Benzoic, Hippurie, Boracie, Arsenious, Chromic, Uric,
(allie, Salicylic and Picric acids, Ammonio- and Potassio-platinie
chlorides, Magnesium and Ammonin - Magnesinm phosphates
(minute), Plumbic chloride, Bromide, Iodide, and Sulphocyanate,
Cuprous chloride, Barium chloride, and nitrate (by strong acids),
Silver acetate, Potassic perchlorate, Urea nitrate and oxalate.

Syrupy liquids. Concentrated solutions of very soluble bodies,
such as Potassium and Sodium hydroxides, Potassium carbonate,
Zine and Ferric chlorides, Tartaric, Malic and Citric acids,
Suerose, &c.; Glycerine; Phosphorie, Arsenie, Sulphuric and
Lactic acids, [Gum, Albumen, Gelatine, &e.]

The above list embraces the substances most frequently met
with, including a few characteristic ones out of the range of
ordinary analysis, and omitting the majority of bodies enumerated

in the table of colors.

The amorphous powders are too numerous to specify. Opaque,
dead-looking powders are usually insoluble in water. If colored, a
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heavy metal is generally present. “ Seale preparations,” such as
citrates and tartrates of iron, simulate crystals, but are irregular in
form. Substances may be colored yellowish, brownish, &e., by im-
purity ; this is frequently the case with Glucose, Tannin, Alkaloids,
Malie, Urie, and Meconie acids. Pulverization generally diminishes
color in proportion to the fineness of the division; sometimes the
tint is removed or entirely changed. As a rule, colored bodies, if
soluble in water, give solutions of the same or similar hue, Ferri-
cyanides being notable exceptions. Lead and Mereuric iodides
give colorless solutions, so also do many other bodies in dissolving
in acids. The deep blue tint of Ammonio-cupric solutions is re-
moved by Potassium cyanide. The color of precipitates olten
varies with different circumstances of preecipitation.

Fluorescent bodies. Quina salts in solution [Chlorophyll,
Aesculin, Eosin, “ Paraffin oil,” Uranium compounds].

Substances more or less dichroie. Some salts of Chromic
oxide, Potassinm ferricyanide, Platino-cyanides, Nickel hydroxide
in Ammonia, [most Aniline dyes, Indigo,] Prussian blue, Potassinm
permanganate crystals.

Characteristic odors. Cl, Br, I,, 80, H.S, [H,Se, H,Te],
HCl, HBr, HI, HCN, (CN),, HF, NO,, NH,; PH, (stinking fish).
As and AsH, (garlic); C1,0 (from Hypochlorites); Acetic, Formie,
and Benzoie acids; burnt Sugar (sugars and Tartaric acid, on
heating); Burnt feathers (protein compounds by heat); pleasant
ethereal (Acetic and Formic ethers, from Acetates and Formates,
by heating with Alcohol and H,S0,); Aldehyd (from alecohol by
K,Cr,0, and H,S0,); Alcohol (nearly inodorous when pure), Ether,
Chloroform, CS,, Chloral, and a large number of organic compounds;
Acrolein (intensely pungent, from glyeerin by KHSO, and heat;
Phenyl isocyanide; pungent odors from Oxalie, Benzoie, Citric and
Suceinic acids by heat.

II. THE SUBSTANCE IS INSOLUBLE IN WATER.

If the substance is insoluble in water, it is boiled with strong HCI.
The following gases may be evolved: CO, from a Carbonate; H,S
from a Sulphide; SO, from a Sulphite, or Thiosulphate; HCN
from a Cyanide; Cl, from a Peroxide, or Chromate (turns green);
I, (violet vapor) from an Iodate; Br, (orange) from a Bromate.
Many Silicates gelatinize; in such case, evaporate to dryness,
ignite gently, and re-dissolve in HCI; Si0O, remains behind as a
white, insoluble powder, while the Basyls pass into solution as
Chlorides.

If the main part of the substance has dissolved, filter or decant,
boil off any large excess of HCI, dilute with a little water, and
proceed with the use of Group-tests as given at pp. 11 and 14.
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N.B. If erystals form in the solution on cooling, e.g. Arsenions,
Boracie, Benzoie, Hippurie, Urie, and Gallie acids, Lead chloride,
Barium chloride, Caleium, Barinm, Strontium and Magnesium
phosphates and oxalates,—more water should be added.

A yellow residue may be Salphur, or Tungstic acid : an orange
one, with odor of CNH, a Sulphoeyanide.

A turbidity, on dilution, indicates Sh or Bi.

If the solution gives a precipitate with NH,Cl4+NH,0H, a Phos-
phate or Oxalate may be present, as well as Fe,, Al, or Cr,. In
this case, test the original substance as follows :

a. Heat on platinum f{oil, treat the ash with HCI; effervescence
indicates oxalate; test for the probable basyl Ca, Ba, Sr.

b. To a solution of Ammonium molybdate in HNO,, add a drop
of the HCI solution, and warm,—a yellow precipitate indicates a
Phosphate.

e. To a-fresh portion of the HCI solution, add sodium acetate in

excess: CrPO,,is green, FePO,, and AIPO, are white and gelatinous.

Test for Fe (p. 25); if absent, nearly neutralize another portion
with Na,CO, boil with pure KOH and BaCO, and filter; to the
filtrate add HCI in excess, then NH,OH in excess, and warm,—
white gelatinous Aluminum ]13dmmde will be plEﬂlpltﬂ.fFﬂ The
Barinm precipitate on the filter is dissolved in hot dilute HCI,
H,SO, added to remove Ba as BaSO,, the solution boiled, filtered,
and tested with NH,Cl, NH,OH and MgSO, for the presence of a
Phosphate, which will be indicated by a white, erystalline deposit
of NH,MgPO,, 6H.0.

d. If Sodium acetate has produced a precipitate, filter and add
to the filtrate NH,OH : a precipitate indicates excess of Al (OH),,
Fe,(OH); or Cry(OH);.

e. If no reaction with Sodium acetate, add Fe,Cl; till solution
reddish,—a white precipitate indicates Calecium, Barium, Strontinm
or Magnesinm phosphate; boil till liquid colorless, ﬁlfel test the
filtrate for these metals (pp 32, 33). If necessary, tlle Ferrie
pI’E-ﬂl}]ltﬂTB can be tested for Dlthnphﬁsphmm acid, by dissolving in
warm HCl, adding Tartaric acid to prevent the separation of Ferrie,
NH,0H and then MgSO, to the clear solution : cr ystalline ppt. of
NH J‘.Ig[’ﬂi 6H,0 occurs, if Phosphate present.

/. Fluorides and Borates of Ba, Sr, Ca and Mg may also be pre-
cipitated by NH,OH; therefore the original substance must be
tested on Platinum with H,S0,,—a Borate gives green color to
flame.

Fluorides evolve HF, which corrodes glass. If either present,
add more NH,C] and test for Ba, Sr, Ca or Mg,

If insoluble in HCI, boil with HNO,., Remove nearly all the free
acid by evaporation, and test the solution for the various bases
under the different Groups,

If insoluble in HNO;,, boil with Aqua regia. Remove free acids,

S



EXAMINATION FOR RADICLES AND OF SUBSTANCES INSOLUBLE. 0o

dilute and test. Be careful to remove both HNO, and Cl,, as they
decompose H,S, with deposition of Sulphur.

As regards the examination for the radicle in substances only
soluble in acids, indications have already been noted (p. 118).

All Borates are soluble in HCl; on Platinum with H,SO,, all
Borates give green color to flame.

In the HCI solution, BaCl, discovers a Sulphate (p. 44); in any
Sulphide, the action of Nitric acid would be to create a Sulphate.

In the case of Silicates, evaporate to dryness, ignite and re-
dissolve in HCI; Silica Si0,, remains undissolved.

Phosphates are all decomposed by acids; their detection has
been explained at pp. 75, 82.

In the case of an Organic salt, blackening with a residue would
occur; dissolve the residue in HNO,, evaporate, re-dissolve in
water, and in the filtrate test for the Base.

If a substance is insoluble in acids as well as in water, various
methods must be employed.

% g%rhon disappears when strongly ignited, and deflagrates with
2

AgCl, AgBr and AgT melt when heated, and give metallic Silver
when heated with Na,CO,.

Al,0,, is white, infusible, and blued when ignited with Co2NO..
It is unlocked by fusion with KHSO,.

Sn0, and Sb,0, give malleable or brittle metallic beads, respec-
tively of Sn or Sb, when heated on charcoal with Na,CO,. In a
platinum capsule they may be reduced by Zn + HCl; Sb will stain
the Pt black.

They may also be unlocked by fusion with Na,CO,.

Silica and certain Silicates are untouched by acids ; heated in
the Sodium metaphosphate bead they yield a skeleton of Si0,.
They can be unlocked by HF; or by fusion with Ba(OH),; or
with 3 times their weight of Na,CO,, treatment with HCI, evapora-
tion to dryness, moistening with HCI, and addition of water which
leaves Si0, undissolved,
iy



66 TREATMENT OF ALLOYS.
If K or Na to be sought for, then Ba(OH), must be used.

Fluorides are white: all evolve HF when heated with H,SO,,
and corrode a watch-glass placed over the Platinum-capsule.

Chromic oxide gives a green bead with Borax. It is best
unlocked with a mixture of Na,CO, and KNO, yielding soluble
yellow Chromate. .

Some Alloys are best heated in an atmosphere of Chlorine after
admixture with Sodium chloride.

SHORT TABLE FOR DETECTION OF THE BASYL IN
A SOLUTION OF A SIMPLE SALT.

Note at once the absence of Arsenites and of Arsenates except of
potassinm, sodium and ammonium, if Na,CO; produces a pre-
cipitate.

Iﬂemember the application of AgNO, as important, not only when
solutions alkaline, but also when Na,CO, gives no precipitate, as
Arsenates (or even Arsenic acid) will be discovered by a liver-brown
(or a rich red-brown) precipitate. Both Arsenious and Arsenic
acids are precipitated in Group II. as yellow Ag,S,, but the latter
is difficult to produce except on evaporation and re-addition of
H.S, see p. 4. Arsenious and Arsenic acids are included among
the Basyls, because they are precipitated by the Group-test HC1 +
H,S. The full discovery of them 1s mentioned at pp. 73, 74, under
the Heading of TESTS FOR ACIDS, and again at pp. 45, 46.
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&2 METHOD OF DETECTION OF AN ORTHOPHOSPHATE.

ILLUSTRATIONS OF THE ANALYSIS OF SINGLE
BASES, SINGLE ACIDS, AND SINGLE SALTS

SOLUBLE IN WATER, OR DISSOLVED BY
THE SAME ACID.

RECAPITULATION.

DivisioNn A. Carbonate of S8odium Na,CO,. with or without effer-
vescence and usually without the applecation of

heat, gives a ppt. in solutions of Metallic salts.
If no ppt. pass on to Division B.
Group 1. . HCl, a ppt. Pb. Ag. Hg,. No ppt., pass on to
Group 11.
Group 11, HCl + H,8, a ppt. Pb. in dilute solutions. 8b. Sn.
Au. Pt. Hg. Cd. Bi. Cu. No ppt., pass on to
Group III.
Group 11I. NH,Cl + NH,OH, a ppt. Fe, Al. Cr,
: pass on to Group IV,
Group IV. NH,C1 + (NH,),8, a ppt. Fe. Co. Ni. Mn. Zn. No
ppt., pass on to Group V. :
Group V. NH,C1 + (NH,),CO,, a white ppt. Ba. Sr. Ca. No
ppt. Magnesium.

No ppt.,

Division B. Carbonate of SBodium Na,C0O,, no precipitate. a. On
boiling with Na,CO,, there is an odor of Ammonia,
" Litmus is blued, and fumes are formed with Hy-
drochloric acid: (NH,). b No reaction. Yellow
color to flame. INa. Purple color to flame. Ii.
Violet color to flame. XK. e No reaction: absence
of all metals in the form of salts.

1. Solution ecolorless, inodorous. Strongly alkaline. Carbonate of
Sodium no reaction, even on boiling: absence of all metals in Groups L,
I1., II1., IV. and V. 'The base is either Potash or Soda, or it is a salt ol
Potash or Soda. Silver nitrate gives a bright :.'t:llmv ppt., soluble in HNO,
and in NH;: it is either a phosphate or an arsenite. HCI 4+ H.S no re-
action: it is not an arsenite, p. 45, but a phosphate. Confirmed by tests,
y. 44, On Platinum a white fusible residue, vellow color to flame: it is
]End&, p- 35. The salt is Sodium orthophosphate.

2. Solution colorless, inodorous. All the tests as in 1, except that HCI +
H,S gives a bright yellow ppt. soluble in NH,: it is an arsenite, p. 45.

On Platinum; a white fusible residue, with violet color to flame. Platinic
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chloride gives a yellow ppt. of 2KCLPtCl,. The salt is Arsenite of
Potassium. Confirm, p. 35.

3. Solution colorless, inodorous. It is meutral. Carbonate of sodium
gives no reaction till heated, then an odor of NHj, litmus is blued when
held in upper part of the test tube, and a glass rod dipped into HCI forms
white fumes in the tube. It is a salt of Ammonium, p. 34, and gives a
white residue on Platinum, completely volatile. As Barium chloride gives
no reaction, it is not a sulphate. Silver nitrate gives a white curd-like ppt.,
easily soluble in Ammonia, but insoluble in Nitric acid. It is a Chloride,
p. 48, and is proved to be Chloride of Ammonium.

4. Solution colorless, inodorous, strongly alkaline. Carbonate of sodium
no reaction, even on boiling. Absence of all bases in Groups L., IL., III.,
IV. and V.: also of Ammonium in Group VI. It is either Potash KHO, or
Soda NaHO, or a salt. Nitrate of silver gives a white ppt., soluble with
effervescence in Nitric acid, and also soluble in NH;: it is a Carbonate.

.39. On Platinum a white residue, fusible, with yellow color to flame.

he salt is Carbonate of S8odium, p. 35.

5. Solution is colorless, inodorous, strongly alkaline. Carbonate of
sodium gives no reaction, even on boiling. The base must be Potassium
or Sodinm. Silver nitrate gives a grey-brown ppt., soluble in Nitric acid
and in Ammonia. The solution contains either caustic Potash or caustic
Soda. On Platinum, violet color to flame, fuses. Confirm Potassium by
addition of Platinic chloride, which gives a yellow ppt. The grey-brown
ppt. of Silver hydroxide with AgNO,, further confirms the presence of
Potassium in the form of Potassium hydroxide KHO, p. 35.

6. Solution colorless, inodorous, alkaline. Carbonate of Sodium gives no
reaction. even on boiling : absence of all bases in all Groups but VI. A
salt of Sodium or Potassium. Silver nitrate gives a white ppt. soluble
without effervescence in Nitric acid, and soluble in Ammonia: therefore
neither a carbonate, nor a chloride, nor a eyanide ; neither Potash nor Soda.
Chloride of Barinm gives a white ppt., soluble in HC1: therefore not a
Sulphate. Caleium sulphate no reaction: not an oxalate. On Platinum,
a wﬂite residue, with yellow color to flame: intumesces and melts to a clear
glass, which, moistened with H,80,, and re-heated, gives green color to
outer flame. It is a Borate, p. 47, of S8odium ; probably Borax.

7. Solution colorless, inodorous, strongly acid. Carbonate of sodium pro-
duces effervescence without any ppt. It is either a free acid or an acid salt
of Potassium or Sodium. Heated on Platinum, a white residue giving
violet color to flame : further heated, a dark color spreads over the powder,
and the latter fuses at length to a clear liguid. The strip of Platinum
transferred to a test tube, and moistened, gives a clear liquid, alkaline,
effervescent with HCL, owing to its conversion by heat into a carbonate, and
a yellow ppt. with Platinic chloride. Calcium sulphate, white ppt. in-
soluble in Acetic acid, Tt is an acid oxalate of Potassium, probably
the Binoxalate, p. 48. A portion of the dry salt heated with }IESG;*
gives gas which burns with blue flame : confirmation of an Oxalate,

a 2
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8. Solution colorless, inodorous, strungly acid. Carbonate of sodium
gives effervescence without any precipitate even on boiling. On evapora-
tion, a white fusible residue, with white suffocating vapors and emission of
coruscations on all sides. No residue. Probably Oxalie acid. Lime-
water, even drop-wise, an immediate white ppt. insuluhle in Acetic acid.
Confirm Oxalic acid in the free state : p. 48.

9. Solution colorless, inodorous, neutral. Carbonate of Sodium gives no
reaction, even on boiling. Violet color to flame: volatile. Platinic
chloride, rich red-brown coloration with deposit slowly of yellow ppt.
Potassium iodide. The iodide further proved by Chlorine water
(Sherry color and the free Iodine dissolved by Chloroform with amethystine
color), and by Mercuric chloride which gives a scarlet ppt.  Silver nitrate a
vellowish curd-like ppt., insoluble in HNO, and in NH,. P. 49.

10. Solution eolorless, inodorous, neutral. Carbonate of sodium, no re-
action, even on boiling. Violet color to flame: volatile. Platinic chloride
gives a yellﬂw ppt. : Potassium. HCI no reaction. HCl + H,S no re-
action. BaCl, no reaction: absence of Carbonates, Sulphites, Chlorates,
Sulphates, thsphn,tcs Borates, Arsenites, Arsenates, and Oxalates, AgNO,,
a yellowish-white curd-like ppt ., insoluble in HNO,, soluble in much NH,.
Chlorine water a rich Iellmv color, owing to liberation of Bromine, giving
an orange color to Chloroform when shaken with a few drops. A
Bromide, p. 4. Bromide of potassium.

11. Solution colorless, inodorous ; acid reaction. Na,CO,, white, gelatin-

uuh pt. HCl + H,S no reaction : absence of Pb, Ag, Hg,, Sn, Hg, Sh,

E NH,C1 + NH, no reaction : absence of Cr,, Fe,, Al,, NH,Cl +

( WH,,)ES Whl‘tE gelutmﬂus ppt. Probably Zine, p. 28. Confirmed by

KOH, white, gﬁlntmuus ppt., soluble in excess. X .FeC,N, dirty orange

pt. It is Zine Hulpha-t.e as BaCl, gives a white ]:-pt insoluble m
IGI E. a3

12. Solution colorless, inodorous, neutral. Na,CO, white ppt. There-
fore a salt in Groups L., IL., ITI., IV.or V. HCI no reaction : absence of Pb,
Ag and Hg,, HCl + H,S no reaction : absence of (Hg), Pb, (Cu), Bi, Cd,
Sn. NH,Cl + NH, no ppt. : absence of (Cr,, Fe,) Al,, NH,CI + (NH,),S,
no reaction : u,bsem;e of (Fe, Co and Ni), Mn and Zn. NH, Gl + (NH,),CO0,,
white ppt. It contains either Ba, Sr or Ca. CaSO,, an immediate W hlte
ppt., therefore Barium. Besides yellowish green color to flame, see
As it is a salt of Barium, and Barium chloride is a Group-test for Sulp uteh,
Carbonates, Sulphites, Phosphates, Borates, Oxalates, Tartrates, Arsenates
and ﬂrseuites, these need not be looked for. Nitrate of Silver gives no re-
action, therefore it is not a Chloride, Bromide, Iodide, Cyanide or Sulphide.
Ferrous sulphate first added, and then H,50, gives an olive-brown colora-
tion, with orange fumes. It is a Nitrate of Barium.

[N.B. The basyls in brackets cannot be present, as the ppt. with Na,CO,
“was white, and the solution was colorless. ]

13. Solution colorless, inodorous, strongly acid. Na,CO,, effervescence,
but no reaction even on boiling. No basyl possible except Potassium or
Sodium. On evaporation, liquid becomes syrupy, changes to yellow color,
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intumesces, inflames, gives off smell of burning sugar, leaves a carbon
residue which qmetl_fr burns away. Examine for Tartarie acid, p. 53.
KOH white ppt., if acid in excess. NH,OH. also a white ppt. The solu-
tion contains free Tartaric acid. {luuhrm by Lime-water in excess: a
white ppt. soluble in Acetic acid.

14. Solution colorless, inodorous, alkaline. Na,CO, no reaction, even on
boiling. AgNO; a white ppt. soluble in both HNO, and in NH, As the
salt must be of Potassinm or Sodium, evaporate. Residue becomes yellow,
gives off burnt sugar smell, l}ﬂ.Ib{]ﬂiZES, inflames in part tinging the flame
violet, fuses, the %arbm burns away, and a fused mass remains. Place
Platinum foil in test tube, add several :lrugia of water and boil : the clear
solution blues litmus, effervesces with HCl (as the salt has become a
carbonate) and is precipitated yellow by PtCl,. It is neutral Tartrate of
Potassium. Confirm the Tartrate, p. 52. "HC a white crystalline ppt.
of Cream of tartar, soluble in excess. BaCl,, white ppt. CaCl,, white ppt.,
soluble in Acetic acid.

15. Solution colorless, inodorous, strongly acid. Na,CO, effervescence,
but no ppt. even on boiling. It is either a free acid, or an acid salt of
Potassium or Sodium. On evaporation, a white residue, fusing, turning
yellow, and burning with a pale flame, leaving very little Carbon which
burns away. A free acid, probably Citric acid. The vapors, inhaled
before they kindle, are suffocating. Lime-water no visible reaction, showing
absence of Oxalic and Tartaric acids. With slight excess of lee-n ater, so
that solution alkaline, on boiling a short time gives a white ppt. Confirma-
tion of Citric acid, p. 53. CaCl, no reaction, but on neutralizing with NH,,
and boiling, a white ppt. of Calcium citrate.

16. Solution colorless, inodorous, neutral. Na,CO,, a white ppt. HCl a
white, curd-like ppt. insoluble in boiling water, soluble in NH,. It is pro-
bably Silver, p. 17. Confirm by KOH, a grey-brown ppt. soluble in NH,
and in HNO,. K,Cr,0., a crimson ppt. FProbably a nitrate. Confirm
by Ba2ZNO,, and hy AgNO,;: no reactions. FeSO, 4+ H,SO, proves the
nitrate, p. 57. It is Nitrate of Silver.

17. Solution colorless, inodorous, strongly acid. Na,CO, with stmng
effervescence, a white ppt. HCI, no reaction : absence of Pb, .e’s.g and H
HCl + H,S, a rich brown ppt. insoluble in NH, and in (NH) g Dﬁ
white ppt insoluble. Probably Bismuth, p. 93. Confirm by K.Cr,0.,
orange ppt., insoluble in KHO. Water occasions a ppt., increased l}y
Turtaric acid. BaCl, no reaction. AgNO,, no reaction. Look for a
nitrate. FeSO,, a white ppt. of Sulphate of Bismuth ; with added H,S0,,
olive-brown coloration with {I)urat of m'ungﬂ nitrous fumes. It is Bismuth
nitrate in free nitric acid.

18. Solution pale-blue, inodorous, acid. Na,CO,, blue ppt. at once, with
only slight effervescence. *Probably Cuprie. HCI changes blue to green,
but no ppt. HCI 4 H,S, a brown black ppt. insoluble in (NH,),S. KHO,
blue p}}i insoluble. NH,, bluish- -green ppt., soluble with bright blue color,
K, FeC, Ny, maroon-colored ppt. It is Cuprie. P. 22, BaCl,, white ppt.,
insoluble in HCL. It is Cuprie sulphate.,
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19. Solution colorless, inodorous, faintly alkaline. Na,CO,, no reaction
even on boiling. AgNO,, “hlte scum-like, greasy ppt. Probably an
acetate. P.J5l1. Evaporated, gives yellow color to flame, burns, darkens
much, and after some time, Carbon burns away and colorless, crystalline
fused mass remains. Place Platinum foil in test tube, add a few drops of
water, boil: solution is alkaline, effervesces with H(Jl and gives no ppt.
with PtCl,. It is a Salt of Sodium. BaCl,, no reaction. Fe,Cl,, rich
port wine color, turned to yellow Fe,Cl; by HCI. It is Sodium acetate.
P. 35.

20. Solution colorless, odorous of Prussic acid, alkaline. Na,CO, no re-
action even on boiling : must be a salt of Potassium or Sodium. AgNO,
carefully added, a white, curd-like, ppt. first re-dissolved and then permanent,
soluble in NH; and in strong, boiling HNO,. Probably a Cyanide,
p. 41, confirmed. A strip of paper moistened with KHO is held in the
vapor of a portion in test tube acidulated with HCl and boiled ; paper
transferred to clean test tube, moistened with FeSO, solution, warmed and
HCl in excess: Prussian Blue. Platinic chloride confirms Potassinm. It
is Cyanide of Potassium.

21. Solution colorless, odorless, neutral. Na,CO,, white ppt.: therefore
some Metal of Groups I, IL, ITL., IV. or V. HCI no ppt., but on warming
color changes to yvellow g[‘LE"[l and greenish-yellow gas given off. It is a
Chlorate, p. 41. HCI+H,S slight reaction. NH,Cl4NH;, no reaction.
NH,Cl 4+ (NH,),S, no reaction. NH,Cl + (NHJECDE, white ppt. It is
either Barium, Strontium or Caleium. CaSO,, immediate white ppt. It is
Chlorate of Barium. Confirmed by yellow-green color to flame and
deflagration on Charcoal.

22. Solution yellow-red, inodorous, acid to test paper. Na,CO,, changes
the color to lemon-yellow, with effervescence, and with no ppt. and no
evolution of Ammonia. It is an acid chromate probably of Potassium.
PtCl, gives a yellow ppt. It is Dichromate of Potassium. HCI 4
H,S, changes solution to dingy-green with ppt. of Sulphur, p. 47.

23. Solution more or less reddish-yellow, according to its concentration,
inodorous, acid. Na,CO,; with effervescence, gives a red-brown gelatinous
ppt. : probably Ferrie. HCl no reaction, except a deepening of color.
HCI + H.S, a white ppt. of Sulphur. Divide into two parts : to one, NH,
gives black ppt., to the other add K,FeC;N;, a bright blue. Ferrie, p. 25.
BaCl, no reaction. AgNO,, whlte. curd-like ppt. ; on washing several
times with distilled water, insoluble in HNO,, soluble in NH,. [N.B. If
the ppted Chloride of Silver is not well washed with water, NH 4OH would
precipitate gelatinous Ferric hydroxide from the solution, After w ashing,
it is best to add HNO, first, to boil, rinse the ppt., and then add Ammonia.]
It is Ferric chloride.

24. Solution is colorless, inodorous, strongly acid. Na,CO,, effervescence
but no ppt. even on hmllng It is either a free acid, or an acid salt of
Potassium or Sodium. Heated on Platinum, vapors sllghtlv irritating, and
leaves no residue. It is a free inorganic acid, either dilute HCl or HNO,.
Silver nitrate, a white curd-like ppt. soluble in NH, and re-precipitated h:r
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HNO,. Confirm by MnO,: Chlorine is evolved which bleaches litmus
paper. It is a solution of Hydrochlorie acid, p. 49.

25. Solution colorless, inodorous, strongly acid. Na,CO,, effervescence but
no ppt. even on boiling. It is either a free acid or an acid salt of K or Na.
Heated on Platmum foil, concentrates to an oily residue, which volatilizes
in white suffocating vapor. No base present. BaCl,, white ppt. insoluble
m HCL Itis free Sulphuric acid, p. 44¢. A drop of the liquid, carefully
dried over flame on blotting-paper, chars the latter.

26. Solution colorless, inodorous, strongly acid. Na,CO, effervescence,
but no ppt. Heated on Platinum, evaporates without residue with
caustic vapor. It is a free, volatile mineral acid. BaCl, no reaction.
AgNO,, no reaction. Boiled with Copper turnings to a blue liquid with
nitrous fumes. It is free Nitric acid, p. 57. FeS0, dark coloration,
unless very weak : then, aided by H,50,.

27. Solution colorless, with smell of Ammonia: blues litmus. Alkaline.
Sodium carbonate by heat increases the smell of the gas, which blues red
litmus when suspended in the vapor and fumes with HCl. AgNO,, in
excess, a grey-brown ppt. at first re-dissolved, and soluble in HNO,. HCI
occasions white fumes and PtCl, a vellow ppt. The basyl is Ammonium,
p- 3. No residue on Platinum when carefully evaporated. Solution of
Ammonic hydrate, confirmed by CuSO, and by MgSO,.

PREPARATION OF THE COMMONER SALTS
' OF THE METALS, OF OXIDES, HYDROX-
IDES, &c.

The student is supposed to be thoroughly acquainted with the
previous analytical portion, and will have learnt what salts are
insoluble or soluble. He is therefore supposed to have studied the
action of Hydrochlorie, Nitrie and Sulphuric acids upon the respec-
tive metals.

The following notes are simply suggestive.

L Soluble Salts. Dissolve the Oxide or Hydroxide of the Metal
or the Carbonate (with effervescence), in the diluted acid (or salt of
Hydrogen) whose salt is required, until the acid is saturated. In
the case of Copper, Mercury, Lead, Iron, &e., excess of the Oxide
must be avoided, or basie salts will be formed. It is therefore more
scientific to calculate and roughly weigh ount the quantities. Then
filter and evaporate the filtrate until a erystalline pellicle forms on
the surface, or until a glass rod, dipped and withdrawn, shows ready
erystallization. Allow the solution to ecool slowly and quietly.
Pour off the “mother-liquor” from the crystals, drain and press
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these upon blotting-paper till dry. Compounds like Chromie
anhydride CrO,, and Permanganate of Potassium K,Mn,0, must
not be filtered or dried on paper, but on a porous tile. It is often
necessary to dry in a Desiccator, in vacuo over Sulphuric acid.

II. Insoluble Salts. To a solution of a soluble salt of the Metal
add a solution of a salt of the radicle, till precipitation ceases. If
the ppt. is heavy and subsides quickly, wash by decantation, i.e.
allow settlement, pour off the supernatant liquor, add more water,
stir, again settle, and repeat, until the liquid, on being tested, is
free from impurities.

If the ppt. is light and will not readily settle, it must be collected
on a paper filter moistened and pressed close to a glass funnel and
not coming up beyond } inch from the brim. Wash with successive
small quantities of hot water, stirring up the ppt. with the jet of the
wash-bottle, until a few drops of the runnings, tested, are free from
impurities.

Decantation is often used first, and filtration for completion. Dry
the filter and detach the ppt. carefully.

Potassinm, Sodium, Ammonium, Silver, Barium, Strontium,
Caleium, Magnesium, Zine, Lead and Cadmium, have each only one
Basic oxide or Base, the Monoxide: Mercury, Copper, Iron, Tin,
Chromium and Manganesium have each two basic Oxides.

The Hydroxides of K, Na, NH,, Bu, Sr and Ca are the only ones
soluble in water: their Oxides easily combine with water to form
Hydroxides. Inasmuch as they also greedily absorb Carbon dioxide,
that gas must be excluded in their preparation.

General method for Oxides. 1. Ignite the nifrafe of the metal :
the oxides of Nitrogen and Oxygen are given off, and the Oxide
remains. Ba2N0O,=DBa0+2N0,+0. The Oxides of Silver, Mercury
and Gold are reduced to the metallic state. 2. All metals except
Silver, Platinum and Gold give their Owides when heated in air.
5. The Hydrozides may be precipitated from solutions of their salts
by KHO or by CaH,0,: wash the hydroxide, and expel the water
by heat. FE.g. Fe,Cl;+6KHO=Fe,H,0,+6KCl. Then by heat:
Fe._;lHEOﬁ =Fe,0,+3H,0. Note. KHO and NaHO do not lose water
by heat.

General method for Hydroxides. The most useful are those of
the Alkalies and Alkaline earths. Their Oxides become Hydroxides
by exposure to the moist air. The Hydroxides of Potassium and
Sodiwm are best prepared from solutions of their Carbonates by
means of Caleium hydroxide : K,CO;+CaH,0,=2KHO04CaCO,;. A
salt may be precipitated by a soluble Hydroxide, the precipitate
collected, washed and dried on the water-bath, Pb2NO,+CaH,0,=
PbH,0,+Ca2N0,. Calcium and Magnesium carbonates become
Oxides at a bright red-heat: CaCO, = Ca0 + CO,. MgCO, = MgO
+ CO,. Then, with water, they become Hydroxides: CaO+H,0
=(al,0, Note. The lower Oxides and Hydroxides of Copper, Tin,
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Iron, Chrominm and Manganesium absorb Oxygen from the air:
hence they must be prepared out of contact with it, or in a current
of Hydrogen., Cupric hydroxide CuH,0,is obtained by precipitating
a solution of Cupric sulphate with Potassium hydroxide: CuSO,+
JKHO =CuH,0,+K,80,. The solution must not be boiled, or the
Hydroxide becomes black Oxide. Cuprous hydrowide may be ob-
tained by boiling a solution of a Cupric salt with Glucose: first
Cu,H,0,, then Cu,0.

General method for peroxides. [Peroxide of Barium Ba0,, by
passing O over heated Oxide BaO. Or by heating Barium oxide
with Potassium chlorate, dissolving out Potassium chloride and
washing the insoluble Hydrate of the Peroxide. Lead peroxide
PbO,, by precipitating a warm solution of a Lead salt with Caleinm
hypochlorite Ca2Cl0. Ca2Cl042Ph0=2Pb0,+CaCl,. Or from
red lead Ph,O, by warming with Nitric acid, and removing the
insoluble Peroxide by filtration and washing : Pb,0,+4HNO,=
2(Pb2NO,) +Pb0,. Manganese peroxide Mn0,. Warm a Manganous
salt with Chloride of Lime or Caleium hypochlorite. Also by pre-
cipitation of Manganous chloride by Calcium hydroxide, and free
exposure to the air.

General method for salts. E.g. Zinc sulphate ZnS0,,7TH,0 may
be prepared by dissolving Zine, its Oxide or Carbonate, in dilute
five per cent. Sulphuric acid: evaporate and crystallize as above.
Phosphate of Caleium Ca,2P0O, may be obtained by precipitating
Caleium chloride by Sodium orthophosphate: collect on a filter,
wash with water until AgNO, shows absence of Chloride in the
filtrate, then dry.

Sometimes sublimation is employed to obtain certain salts: this
1s a kind of distillation in which the volatile body collects as a solid.
Mercurie sulphate HgSO, pounded with an equivalent weight of dry
Sodium chloride, and sublimed, yields Mercuric chloride HgCl,, which
sublimes as Corrosive sublimate, leaving the non-volatile Sodium
sulphate. Again: Mercuric chloride HgCl, rubbed nup with Mercury,
and sublimed, yields Mercurous chloride or Calomel Hg,Cl,.

EXAMINATION OF AIR.

If pure, should be clear, inodorons, and neutral to test-paper.
When a quantitative analysis has to be made, a large volume of air
must be taken and an aspirator employed, so that impurities which
are soluble may be passed through various solutions which will
absorb them and in which they can be recognized.

For ordinary examinations quart bottles with wide mouths, are
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often of sufficient ecapacity, and they can be filled by suitable bellows
with the air required for testing.

To determine the presence of Carbon dioxide, Lime-water or
Baryta-water is employed. Aeccording to Angus Smith, if a bottle
of 104 ozs. capacity is employed, and it is shaken with half-an-ounce
of Lime-water, there will be no precipitate if the air is normal or
contains even 0'06 per cent. of CO,. For the estimation of the
Carbon dioxide we require :

a. Freshly-prepared Lime-water.

b. Oxalic acid solution consisting of 2:25 grammes of erystallized
Oxalie acid per Litre of Distilled water (hemi-deciequivalent p. 125).

¢. Cochineal or turmerie paper.

Pour into the bottle of known capacity 60 c.c. of Lime-water,
shake vigorously, allow the ppt. of Caleinm carbonate to settle,
pour off 30 c.c. of the clear liquid and determine the remaining
alkalinity by the standard Oxalic solution, nusing turmeric paper as
an indicator. (Also determine the alkalinity of the Lime-water, if
necessary.) The loss of alkalinity multiplied by two (as only one-
half was taken) equals the amount of CO, in the volume of air.
1 e.c. Oxalic acid =00011 gramme of CO,=056 c.c. of CO, (See
Alkalimetry, p. 123.)

If the air is alkaline, Ammonia must be present. By shaking
with a little water, it will be dissolved and can be determined by
Nessler’s Test (p. 136).

The presence of Hydrogen sulphide can be recognized by the
odor, and by moistened Lead-paper. The paper will be faintly
tinted, browned or blackened.

Sulphur dioxide, in air purposely contaminated, will redden
moistened litmus paper and probably have the well-known odor of
burning brimstone. It is incompatible with H.S, if in excess.
Shaken up with a little water, Sulphur dioxide dissolves as Sul-
phurous acid H,80,. Litmus paper will be slowly bleached after
strong reddening. Lead-paper will not be discolored. Starch-
paper moistened with solution of iodide of potassium will be blued.
Shaken up with Chlorine water, Sulphurous becomes Sulphurie
acid (H,S0,+Cl,+ H,0 = H,S0,) and preeipitates Chloride of Barium
as Sulphate, insoluble in Hydric ehloride (233 BaSO, =064 80,). A
solution of Potassium permanganate will be decolorized, oxydizing
Sulphurous to Sulphuric acid (K,;Mn,04+580,+2H,0=K,50,+
OMnS0,+2H,80,). To determine quantitatively, weigh out 0-316
oramme of Potassium permanganate, transfer to a stoppered Litre
flask, dissolve in water by shaking, and fill up to the 1000 ¢.c. mark.
[his is a so-called centinormal solution, 1 ¢.c.=0°00052 gramme of
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S0,. Add this drop-wise to the air in the bottle, or to the solution
obtained by shaKing with distilled water, and shake after each
addition until the Permanganate is no lungm decolorized. Each
¢.c. added = 0-00032 grm, of SO, present in the air. Of course
BaCl, will give a white ppt. in the decolorized solution, insoluble in
HCl. Equally, of course, Lime-water will give no reaction.

If Chlorine has been added to the air contained in a sample
bottle, the smell will announce it, litmus will be reddened and
immediately bleached. Silver nitrate will give a white curd-like
ppt., insoluble in HNQO, and soluble in NH,. Ozone paper will be
immediately blued, if moistened. Permanganate will not be bleached.
Lime-water, no visible reaction.

1f Hydrochlorie acid gas has been added, there will be an irritant
odor. Litmus strongly reddened but not bleached. Permanganate
will not be bleached. Silver nitrate when shaken up with the
solution of the gas in water will give a white ppt. as above with
Chlorine: the amount of acidity can be determined by standard
alkali, p. 124, and by Silver nitrate, p. 129. Ozone paper will not
be blued. Lime-water, no visible reaction.

If Nitrous fumes in the sample of air, there may be red color and
peculiar odor. Aecid to test-paper. Ozone paper will be bLlued.
Permanganate, bleached. AgNO, no reaction. BaCl, no reaction.
Solution of Ferrous sulphate, when shaken up with the air, becomes
olive-brown. Lime-water, no visible reaction.

If Coal gas has been added, the smell most characteristic. TLime-
water will give no reaction. Neutral to test-paper. Platinum-
sponge or foil, heated to redness, determines oxydation, and Carbon
dioxide can be detected by Lime-wwter

Firsr M.B. ExaMIiNATION, UNIVERSITY OF LONDON.

One of the following substances may be given :

A. Neutral bodies : Aleohol, Urea, Sucrose, Glucose, Starch or
(:lycerol.

B. Alkaloids, or their salts: Morphia, Strychnia, Quina or
Cinchona.

(. Acids, or their salts: Oxalic, Tartaric, Citrie, Malic or Uric
acid; Suceinie, Benzoie or Hippurie acid ; ﬂcLhc "vlm::muc Tannie,
(iallie, hulphmyurmtm Ferrocyanides, 1‘(&111(‘5}’{111](1&5 or Lynmd{,s
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Notice color and smell. Ascertain, by use of Ammonium sulphide,
whether Salt of any heavy metal present, the Sulphide of which is
discoverable by color. Look also for effervescence from escape of
H,S, if any strong acid present such as evolves CO, from a car-
bonate. Mereuric cyanide, HgCy,, which might be overlooked, as
Sodium carbonate occasions no precipitate, will be changed into
black HgS.

If a solid, at once try effects of careful heating, after employment
of ammonium sulphide.

Thus the alkaloids fuse, redden, and burn with a sooty flame, leaving but
little carbon, which burns away. Benzoic acid melts to a clear liquid, and
burns with sooty flame, only sooting the platinum, and then burning away.
The vaﬁnrs, before burning, most irritating.  Hippuric acid melts to a clear
liquid, becomes blood-red, gives off irritating vapors before kindling, burns
with sooty flame, leaving a mass of carbon readily combusted. HCN per-
ceptible. Succinic acid melts and burns with bluish flame, leaving no
residue; only the unburnt vapors irritating to a degree. Meconic acid
gives off irritating vapors, burns with sooty flame, leaving carbon, which burns
away. Oxalic acid fuses: its vapors are very irritating, it inflames, but
leaves no residue. Tartaric acid fuses, turns yellow, smells of burnt sugar,
inflames, carbonizes and burns away. Sucrose and glucose are very similar,
but these latter are neutral to test paper. Citric acid melts, its vapors are
very irritating, but when burning no such perceptible ; carbonizes and burns
away. Malic acid fuses, and, with frothy effervescence, burns away ; unburnt
fumes pungent. Starch, without fusing, burns with yellow flame, and
leaves carbon, which can be burnt away. Uric acid simply carbonizes with
smell as of burnt feathers, and slowly combusts.” Gallic acid fuses, becomes
yellow-red, combusts, and leaves much carbon easily oxydized. Tannic is
much like gallic acid. Nitrate of urea melts, gives off pungent fumes,
deflagrates with yellow flame, without blackening or residue. :

Salts of the alkaline metals K, and Na, leave fused carbonates, the metals
of which are recognised by the violet, or the yellow flame. The ash dissolves
without residue in water, alkaline, is converted into a chloride with effer-
vescence by HCI, and the K, determined by the yellow ppt. of 2KCLPtCl,
(none with Na,). Salts of Ba, Sr and Ca, will leave carbonates and oxides,
giving turbid solutions with water, as these carbonates are not dissolved.
Other metallic salts may leave a residue of oxide, or of metal. Anyhow, the
acids, or salts of ammonium, the alkaloids or mercury will leave no residue.
Cyanide of mercury gives off cyanogen, burning with peach-blossom colored
flame. Oxalate of urea fuses, does not blacken, gives off ammonia, and
leaves no residue.

Dissolve carefully. in water, notice whether sparingly or easily
soluble, and the character of the solution.

Test the solution with litmus paper. Practically, as we have
made the solution, the alkaloids and urie aecid cannot be present,
except as salts. Starch is at once recognised, or proved to be
absent (see below).

Now add Na,CO, very carefully to a small portion; a precipitate -
either at once, or on stirring, indicates a heavy Metal or an Alkaloid
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in Group B. But, in presence of Tartarie, Citrie, and Malic acids,
of Sucrose and Glucose, many heavy Metals, such as Fe, Cu, &e.,
may give no precipitate. Metals of this kind should have been
already indicated by the Sulphide of Ammonium test. If any of
these organic substances are present, they will earbonize on plati-
num, and the metal may be obtained from the ash, dissolved in
nitric acid, and examined in the usual way.

If Na,CO, gives effervescence, but no precipitate, it indicates a
free acid, or an acid salt of Potassinm, Sodium or Ammonium, or
else Nitrate or Oxalate of wrea. Test at once for these, if heating on
platinum has not already drawn attention to them by their unique
behaviour. Add Caleinm hypochlorite (Chloride of lime in solu-
tion), or better, Potassium hypobromite : if no effervescence, urea
18 absent,

If Na,CO, has given no effervescence, and no precipitate, and the
golution is neutral, heat a portion upon platinum.

1. 8tareh, C,.H,,0,;, is a white powder, with micaceous feel,
crunching between the fingers when in mass. Insoluble in cold
water. Neutral to test paper. Forms a jelly when boiled. Car-
bonizes with flame, and carbon burns away. Solutions gelatinous
or opalescent. A drop of aqueous iodine gives a blue compound in
the cold, removed by heat, and reappearing on cooling. DBoiled for
a minute with dilute sulphuric acid, it is changed into Glucose:
then a few drops of Cupric sulphate, and excess of Potash, on
boiling, give red precipitate of Cuprous oxide,

a. It fuses, gives off Ammonia, re-solidifies, and then volatilizes
without residue. It is probably Urea.

2. Urea, CO(NH,),. Transparent, colorless, four-sided prisms,
very soluble in water and in alcohol. Neutral to test paper. Does
not blacken when heated.

On evaporation of solution to dryness, it first melts and gives off
NH;, diseoverable by red litmus; suddenly re-solidifies, and then
volatilizes, without residue, as Cyanie acid.

Concentrated Nitric aecid, free from Nitrous acid, precipitates
U I'i‘iﬂ. I_}li(!:)l’&tﬂ on stirring and cooling. By Nitrous acid into CO,, N,
and H,0.

If Hypobromite of Potassium is added to the neutral solution of
Urea, there is brisk effervescence from escape of Nitrogen : 3KBrO +
KHO + CON,H, = KHCO, + 3KBr + 2H,0 + N,.

If there is effervescence with Sodium carbonate, examine further,

Urea nitrate, CO(NH,),HNO,. White, crystalline plates, readily
soluble in water, strongly acid, effervescence without a precipitate
on addition of Na,CO,, and without odor of NH,. On platinum it
melts, gives pungent fumes, deflagrates with yellow flame, without
blackening or residue. On addition of concentrated HNO, to a
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fairly concentrated solution, white erystalline plates of Urea nitrate
are precipitated. Mercurie nitrate gives white ppt. Ca2CIO, or
Nitrie acid containing N,0,, decomposes it into N,, H,0, and CO..
(See tests for Urea.) Evolves NH, when boiled down with KOH.
'EI.‘hc_Tn)itrate will be discovered by Ferrous sulphate and heat
p. o7.

Urea ovalate, 2/CO(NH,),],H,C,0,. White, granular crystals, with
acid reaction. Does not deflagrate when heated on platinum, nor
blacken.

With Lime-water, immediate white ppt. insoluble in Acetic acid.

Caleinm hypochlorite as with urea nitrate, but with considerable
white ppt.

b. It has a spirituous odor, burns with bluish flame, and leaves
no residue upon platinum. Probably Aleohol.

3. Aleohol, O, H,0H. Colorless, inflammable liquid, neutral if
pure, volatilee. Even a ten per cent. solution of Aleohol gives
a streaky distillate, and a blue flame, when boiled in a test-tube,
and lighted,

K,Cr,0., with H,S0,, is reduced to blue-green Chrome alum, with
odor of Aldehyde, C,H,0.

Na(,H,0,, with added H,S0,, on heating with a portion of the
m]'iigin:]ﬂ solution, gives Acetic ether, C,H,C,H,0,, of pleasant apple-
like odor,

¢. The substance gives solid residue, fusing to clear glass, color-
ing yellow, gives off odor of burnt sugar as it blackens and burns
with flame, leaving a voluminous charcoal, which burns away.
May be SBucrose or Glucose.

4. Sucrose, C,,H,,0,,. Colorless, transparent, four-sided oblique
rhombie prisms, very soluble in water.

Solution neutral to test-paper.

Heated to 160°, into Glucose, C,H,,0;, and Laevulosan, C,H,,0,.

A drop of CuS0O, to a small portion, then excess of KOH, gives a
blue solution, not changed if just boiled; but, if a fresh portion
boiled for a minute with three or four drops of dilute sulphurie
acid, and then similarly treated with CuSO, and excess of KOH,
Suerose is changed into Glucose, and behaves as such.

KOH, no reaction.

H,S0,, in excess, decomposes a solution, with separation of a mass
of carbon. (Take care of fingers.)

In taste sucrose is very sweet : do not taste until you have tested.

5. Glucose, C,H,,0,,H,0. In white masses, easily crushed
between the fingers. Less soluble and less sweet than Sucrose.
Solution colorless, or yellow tinted.

CuSO, and KOH in excess, a deep blue solution, from which
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either yellow cuprous hydroxide is precipitated on warming, or red
euprous oxide before the liquid boils.

KOH, deep brown coloration. \

H,S0,, converts glucose, without much darkening, into sulpho-
saccharie acid, C,H,,0,,HS0,.

At 170° into Glueosan, C,H,,0;.

d. A colorless solution, becoming syrupy on concentration,
neutral to test-paper, burning with steady white flame, without
blackening and without residue, remaining liquid until the end.
Probably Glycerol.

6..Glycerol, C,;H,(OH),. When pure: colorless, viseid liquid,
of sp. gr. 1-27, boiling at 290° C. Readily soluble in water and in
aleohol. By loss of water into Acrolein, C,H,CHO.

Does not reduce CuSO, + KOH.

Evaporated nearly to a syrup, and then re-heated with solid
KHSO0,, gives the intensely pungent vapors of Acrolein, C,H,CHO.

Penetrating, sweet taste.

Group B. Alkaloids.

On Platinum they fuse, redden and burn with a bright, sooty
flame, leaving a sooty incrustation which burns away easily.

The free Alkaloids are so little soluble in water, that a solution
is practically out of the question : nevertheless they are sufficiently
soluble to turn red litmus blue.

Solutions of their salts are generally of neutral or acid reaction.

Na,CO, (with brisk stirring in case of Morphia) a white ppt. of
the respective alkaloid.

KI,, gives with all alkaloids and their salts, a brown resinous
precipitate. (The test extemporised, by adding to KI a little con-
centrated HNO,; then warm till I, liberated, and add more KI till
the I, dissolved to a brown solution.)

HI + I, gives also an immediate brown ppt. with the alkaloids
and their salts.

Phospho-molybdie acid gives a yellow precipitate.

Phospho-tungstic acid, a white precipitate.

7. Morphia, C,.H,,NO, H,0, in short, rectangular prisms, or
as a white power, soluble in 1000 parts of cold, and 400 parts of
boiling water. Soluble in aleohol. Not soluble in ether or chloro-
form. KOH in excess, dissolves morphia.

HNO,, deep orange coloration.

Balts very soluble in water; neutral or acid reaction.

HNO,, orange coloration,

Fe,Cly, dark blue color,
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Mixed with Todic acid HIO,, iodine is set free, which (a) blues
starch-paste, (b) dissolves with amethystine color in chloroform.
(Avoid excess of test.)

H,S0, and ammonium molybdate give blue-purple color.

8. Strychnia, C, H,,N,0,, in brilliant rhombie prisms, soluble
in 7000 parts of water. Insoluble in absolute Alcohol, in Ether and
in Potash. Very soluble in Chloroform.

K,Cr,0-, gives, with solid Strychnia and H,S0,, an intense blue-
violet cu!m changing to red and orange.

Snlutmns of its salts colorless, and may be neutral or acid.

KOH, or NH,0H, or Na,CO,, white ppt. of strychnia ; precipitate
shaken with chloroform is dissolved. The echloroform solution
evaporated in small porcelain capsule, mixed with a little pounded
Manganese dioxide, Lead peroxide or Potassium dichromate, and
stirred with a rod dipped into H,S0,, gives blue purple streaks.

Chlorine water gives a white precipitate.

Very dilute solutions intensely bitter. Taste cautiously, and not
until the substance is ascertained.

9. Quina. C,,H,,N,0,, white powder, soluble in 350 parts of
water. Soluble in Alecohol and Ether.

Moistened with Chlorine water, and a drop of NH,, beautiful
green color,

Salts in acid solution, fluorescent, reflect bluish tint.

NH,0H, or Na,CO,, white precipitate of Quina, very solnble in
Ether; ethereal solution decanted into watch glass, evaporated
spontaneously, leaves a white film; which, with Chlorine water and
Ammonia, gives an emerald-green coloration.

Cl,+ K, FeCy,+NH,0H, deep red tint, changing to dirty brown.

Solutions bitter.

10. Cinchonia, C,,H,,N,0. Large, quadrilateral prisms. Less
soluble in Aleohol than ana Insolable in Ether.

Moistened with Chlorine water, and a drop of Ammonia, white.

Turns plane of polarization to the right.

Salts of Cinchonia more soluble than those of Quina.

Not fluorescent.

KOH or NH,0H, or Na,C0,, white precipitate of Cinchonia, in-
soluble in Ether.

K,FeCy,, white, flocculent Ferrocyanide, soluble in excess and
after gentle heat, on cooling separates in golden secales (requires
skill

Cl?lurme water and then NH,, a yellowish-white preecipitate.

Solutions bitter.

Group C. Acids and their salts.

a. Ferric chloride does not precipitate either free Oxalic, Tar-

P
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tarie, Citrie, or Malie acids, or their S8alts. Lime water imme-
diately precipitates Oxalic acid; Tartarie acid when the test is
in excess; Citrie acid when the lime is in excess, and the liquid
boiled ; Malie acid under no conditions. Caleium c¢hloride imme-
diately precipitates even free oxalie acid; Tartrates at onee, Citrates
on boiling, and Malates only after addition of Aleohol.- Heated
with Sulphuric acid, Oxalie acid dissolves and gives off CO and CO,
without change of color; Citrie acid dissolves with yellow color,
and evolves CO; Tartaric and Malic acids dissolve and blacken,
with evolution of CO,CO, and SO,. The CO is combustible with

blue flame.

B. Ferrvic chloride does not precipitate Suceinie, Benzoic or
Hippurie acids, but Sueccinates, cinnamon-colored, Benzoates,
salmon-colored, and Hippurates flesh-colored, respectively as
Ferric Succinate, Benzoate or Hippurate. On addition of HCI to
the Succinate, the Sucecinic acid remains in solution; but on its
addition to the Benzoate or Hippurate, Benzoic acid separates in
scales, and Hippuric acid in needles.

. Ferric chloride strikes a deep red color with Acetates, easily
removed by HCl; a blood-red color with Sulphocyanates, not
altered by HCI, but bleached by Mercurie chloride, or by Zine with
separation of H,S; a rich cherry-red color with Meconates, or
with Meconic acid, only removed by mueh HCI ; a blue-black color
with Tannic or Gallie acid, or their soluble salts, bleached by
HCI without or with a precipitate: further, Tannic acid is precipi-
tated by Gelatin, and Gallie acid is readily soluble in Ether; a
precipitate of Prussian blue with soluble Ferrocyanides, insoluble
in HCl; an olive-brown coloration with Ferricyanides, further
distingnished by Ferrouns sulphate, which produces Turnbull's blue
in a pertion of the original solution.

With Cyanides, Ferric chloride produeces no reaction. They are
generally recognizable by the fact that HCl immediately decomposes
them, and CNH should -be recognizable by its odor, &e.

For particulars of each substance see Index, and apply all the
tests given under each substance.

11
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THE CHEMICAL PORTION OF THE PRACTICAL
EXAMINATION IN FORENSIC MEDICINE
AT THE UNIVERSITY OF LONDON.

Class A comprises simple solutions of Phenol or Carbolie acid,
Chloroform, Chloral, Nitro-Benzene, Anilin, Aleohol, Morphia and
Meconic acid, Strychnia and Brueia,

Class B comprises in admixture with foreign substances:
Caustic alkalies, Mineral acids. Oxalic acid. Phenol. Prussic
acid and other Cyanides. Phosphorus. Compounds of Arsenie,
Antimony, Mercury, Lead, Copper, Silver, Zinc and Barium.

CLASS A. SIMPLE SOLUTIONS.

Phenol or Carbolic acid, C;H,0OH, is recognised by its peculiar
odor. Aqueous Bromine should give a white ppt. of Tri-brom-
phenol, C,H,Br,0OH. Dilute Ferric chloride is colored violet. It
precipitates Albumen.

When in admixture as in Class B, the smell is sufficient to
suggest its prerence; the liquid should be distilled and the
Distillate tested as above.

Long, colorless needles, when pure Melts at 41° C. Boils at
181:5° C. Requires about 15 parts of water for solution. It hasa
strong burning taste. With very dilute solution of Bromine, it
gives a white ppt. With H,80,, forms Phenol-sulphonic acid.
On adding Phenol to a mixture of KNO, and H,SO,, a brown color
is produced, changing to green and blue.

Chloroform, CHCI,, has a sweetish, ethereal odor, immediately
distinguishable. By distillation, it may be had in a concentrated
form., Boiled with pure Potash, the Chlorine may be detected
by Silver nitrate, after acidulation with Nitrie acid. To a further
sinall portion add a few drops of aqueous Anilin, and a little.
aleoholic Potash (solid KHO pounded and shaken with rectified
spirit) to prevent the separation of free hydrochloric acid ; on heating,
Phenyl isocyanide, C,H,NC, will be formed, the intolerable smell of
which will at onece prove the presence of Chloroform.

Chloroform is a thin, colorless liquid, of sp. gr. 1:525. Boils at
61°. As it is nearly insoluble in water, look for milkiness or drops
at the bottom of the containing vessel.

Chloroform reduces Fehling’s solution : CHCI; + 5EHO + 2Cu0=
Cu,0 + K,CO, + BKCIl + 3H,0.

Chloral, CCl;,CHO = C,ClyHO, is a colorless liquid, of sp. gr.1'5,
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boiling at 94° C. Its odor is pungent and peculiar, exciting to tears.
With water it forms a white, crystalline hydrate, easily soluble in
water and in alecohol. It is a true aldehyde, reduces Silver oxide to
the metallic state, and gives a bright mirror when heated in a test
tube with Nitrate of Silver to which a drop of Ammonia has been
added: CCl;,COH + Ag,0 = CClL.COOH + Ag,. With aqueous
Potash, Chloral gives a ppt. of Chloroform, and formate of Potassium
in solution: CCl,,CHO + KHO = H,COOK + CHCIl,. The Chloro-
form in the reaction is discovered by aqueous Anilin and alcoholic
Potash. Chloral, like Chloroform, reduces Fehling’s solution.

Anilin or phenylamin, C,H,NH,, has a faint odor reminding
of tobacro. © As it rapidly browns on exposure to air, its solution is
more or less tinted from yellowish to brown. Chloride of lime
produces a purple color. Mixed with oil of vitriol, on addition of a
few drops of di-chromate of potassium, the solution becomes first
red and then blue. A deal shaving is colored yellow, on drying.
Heated with the merest drop of Chloroform and with aleoholie
Potash, Phenyl isocyanide, C,H,NC, is produced, the odor of which
is most offensive.

Anilin is a colorless, oily liquid, of sp. gr. 1'036. Boils at
184-5°, Requires 31 times its weight of water for solution. DBrowns
on exposure to air.

Nitro-benzene, C,H,NO,, resembles oil of bitter almonds as to
smell. Boiled with pure potash, the absence of chlorine can be
ascertained by the usual test (see Chloroform). With zine and
dilute sulphuric acid, it is slowly changed into Anilin: C,H,NO,
+ 3H, = C,H;NH, + 2H,0. Neutralized with sodinin carbonate,
zilnc :Elu,rbﬂnate removed by filtration, tests for anilin may be em-
ployed.

Nitro-benzene is a light yellow liquid, of sp. gr. 1'2. Boils at
200°  Almost insoluble in water : soluble in Aleohol.

Alcohol, CH,CH,0OH, is recognised by its spirituous odor. The
vapor inflammable. If very dilute, distil and examine the first
15 or 20 drops which come over. Reduces Di-chromate of potas-
sium strongly acidulated with sulphurie acid; solution green or
blue-green Chrome-alum, and with pleasant odor of free Aldehyde,
CH,CHO.

Aleohol is a colorless, limpid liquid, of sp. gr. 0°-793. Boils at
784°  Miscible with water in all proportions. With sulphurie
acid and an acetate, when heated, a pleasant odor as of apples, from
Ethyl acetate, CH,COOC,H,. Dissolve a little Iodine in it, then
add KHO solution till colorless: on standing, light yellow scales of
Todoform CHI,, separate,

Morphia, Strychnia, and Brueia can only be in solution as
salts, as they approach insolubility in water. The solutions would
be either neutral or more generally acid.,

H 2



100  TESTS FOR MORFHIA, MECONATE OF MORPIIA AND STEYCHNIA.

Potassinm ter-iodide would give a brown resinous precipitate,
conelusive of their presence.

Sodium carbonate, either at once, or on stirring, will give a
precipitate of the alkaloid.

Morphia, C,;H,;,NO,, in solutions of its salts, is also precipi-
tated by Ammonia; the precipitated Alkaloid is scarcely at all
soluble in Chloroform, or in Ether, but easily in hot aleohol. Nitric
acid gives a rich orange color, with nitrous fumes, Iodic acid is
decomposed and Todine set free with brown tint and distinetive
odor ; to one part add Chloroform and shake, the Chloroform will be
tinted rose or amethyst; to the other part, add starch paste, which
will be blued. Ferrie chloride strikes a blue color turning to green.
If the Morphia is present as a Meconate, the Morphia will behave in
the same manner to the various tests, except that with Ferrie chloride
it will give a cherry-red color, with difficulty removed by Hydro-
- chlorie acid, and also will give a white ppt. with Acetate of Lead
and with Chloride of caleium. The Ferrie chloride test is decisive
(p. 52). Sulphuric acid gives secarcely any change of appearance
with a Morphia-salt in solution; but on addition of solution of
Di-chromate of potassium the mixture passes from brown to green,
owing to formation of a salt of Chromic oxide.

Morphia erystallizes in six-sided prisms, of bitter taste, soluble
in 500 parts of water, with alkaline reaction. Insoluble in Chloro-
form and in Benzene. Soluble in exeess of Potash. On platinum
it melts, burns like a resin with scoty flame, leaving very little
carbon in the form of a soot easily combusted. Its Hydirochlorate,
C,.H,,NO, HC],3H,0, in tufts of needles, very soluble in water.
Acetate, in needles. Ferric chloride, a port-wine colour in an
Acetate of morphia, the eolor removed by a few drops of Hydro-
chloric acid. In an Acetate, Lead acectate gives no precipitate as it
does in a meconate,

Strychnia, C, H,,N,0,, in solutions of its salts is at once pre-
cipitated by potash, ammonia or carbonate of sodium ; it is almost
insoluble in absolute alcobol, but very soluble in ¢hloroform. Ir
therefore the white ppt. be shaken with chloroform, the liguid
becomes clear, and the chloroform on evaporation leaves the
strychnia. No change of celor with H,SO,, but on stirring a mere
speck of Manganese di-oxide or Lead peroxide with this acid
mixture, a decp rich blue color is produced, changing to purple,
erimson, and red-brown. The same colors with K,Cr,0. and
IK,FeCy,. Curarine gives similar reactions, but is insoluble in
Chloroform.

Strychnia requires 7000 parts of water for solution; blues red
litmus. Crystallizes in octahedra, or in short six-sided prisms.
Intensely bitter. Soluble in Chloroform, Amylie alcohol and hot
Benzene. 1t is as insoluble in ether as in absolute alecohol, Salts
quite neutral, or acid. Heated on Platinum, it melts into a dark

]
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brown liquid, combusts with resinous flame, gives out an agreeable
odor, and leaves Carbon, which burns away. % s

Brucia, C..H,;N,0,, in solution of its salts is precipitated by
Potash, Ammonia or Carbonate of sodinm: very soluble in Ethyl
or Amylic aleohol. Strong Nitric acid imparts a rich scarlet
color; if warmed, orange and then yellow. Stannous chloride
changes the red to purple, bleached by excess. Sulphurie acid no
change of color, but with H,S0, and Potassium di-chromate a red-
brown color, changing through green to yellow.

Brucia erystallizes in needles, or four-sided prisms. Insoluble
in ether ; easily soluble in chloroform. On platinum, when heated,
it melts into a pale liquid, darkens, vaporizes in part, and leaves
abundant carbon, which burns away without residue.

CLASS B. IN ADMIXTURE WITH FOREIGN
SUBSTANCES.

It is better to save time by at once distilling a portion of all
solutions, whether simple or mixed, for which purpose a retort and
flask are supplied. Cool the condensing flask in a basin of cold
water, covering the flask with wet blotting-paper, or a wet cloth.
If the mixture is very thick, it must be diluted with water and the
distillation watched in case of frothing. In cases of spurting, re-
distillation must take place.

Carbolie acid or Phenol, C,H,0H, has been already described.
Should be recognized by the odor. If necessary, distil and examine
the colorless distillate in small part with Ferric chloride ; a violet
color. Confirm.

Hydrocyaniec acid. HNC. Odor of itself. Constriction of
throat. Solution faintly acid, or if present as cyanide of potassiun,
strongly alkaline, yet odorous of peach-blossoms. Place a small
portion in a beaker, if solution alkaline add Tartaric acid, and place
a watch-glass, dotted over with Nitrate of Silver on the underside,
on the beaker. In a few minutes opalescent drops from covering
of Silver cyanide, suluble in strong Nitric acid and in Ammonia,
will have indicated either the acid or the soluble eyanide. Distil a
small quantity, acidulating if necessary. - Tests. () Silver nitrate.
(b) Ferrous sulphate, Putash, warm, and Hydrochlorie acid in
excess; Prussian blue,

If a Cyanide, evaporate with a few drops of Hydrochlorie acid,
and test the ash for Potassium by re-solution and Platinie chloride.

If Cyanide of mereury, solution is neutral, and Hydrochloric acic
will set free Hydrocyanic acid (p. 42). On addition of H,S, white
Mercuriec Chloro-sulphide, changing through ycllow, orange, and
black to Mercuric sulphide, insoluble in Nitrie acid, soluble in
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Aqua regia as Mercuric chloride. Evaporate to dryness, and use
tests for Mercuric (p. 23).

Phosphorus, P,, should be recognized by the odor when solu-
tion stirred or shaken up. Distil, and look for signs of Phos-
phorus vapor, white fumes and odor of Ozone, and, in the dark, for
Iuminosity. Silver nitrateshonld give a brownish ppt. in distillate,
or silver nitrate paper held in the vapors should be darkened. A
little of the distillate added to a Marsh’s apparatus in full activity,
should tinge the Hydrogen flame green in the centre. A further
portion of the Distillate should be boiled for some time with strong
HNO,, till the Phosphorus is oxydized to Phosphoric acid ; then
warm with acid Molybdate solution : yellow ppt.

Caustic alkalies. Solution strongly alkaline. If Ammonie
hydrate present, the odor will be more pronounced on heating,
and the usual tests will probably be sufficient: if not, distil a
portion and examine for Ammonia (p.31). No reaction with
Sodinm ecarbonate. Sulphate of Copper a precipitate which may
or not, be recognizable by color. Evaporate to dryness, incinerate,
dissolve in water, acidulate with Hydrochloric acid and test by
Flame, and by Piatinic chloride, for Potassium or Sodium (p. 35).

Mineral acids. Solution odorless. Strongly acid. Efferves-
cence with Carbonate of Sodium. On distillation of a portion,
Hydrochlorie acid or Nitrie acid wonld be found in the
receiver. The tests will be found at pp. 49, 57. Either of these
acids will probably be discoverable in the mixture. Sulphurie
acid will precipitate Barium ehloride, and the ppt. will be insoluble
in acids. A drop of the liquid upon filtering paper will char the
spot when carefully heated.

Oxaliec acid, C,0,(0H),,2H,0, even in admixture, odorless,
strongly acid, effervescence with Sodium carbonate. Caleium
chloride will give a ppt. even in very dilute solutions, insoluble in
Acetic acid : collect on a filter, wash, and prove Oxalate of calcium
(p. 111). Silver nitrate a ppt. soluble in dilute nitriec acid: if a
chloride also present, the precipitated Silver chloride is insoluble
and separable by filtration from the Oxalate of Silver. For further
tests, p. 48.

In testing for the Metals, it should be remembered that several of
the Metals, especially Lead and Silver, may be precipitated by the
foreign substances contained in the Admixture.

It is well to shake up the Admixture, to acidulate a portion with
dilute Sulphuric acid, and boil in a wide test-tube with a piece of a
knitting-needle, or some other form of steel. Copper will be
deposited with or without metallic lustre, but with characteristic
color (p. 23).

A further portion should be warmed with dilute Sulphurie acid,
and seraps of pure Zine. If any Arsenical or Antimonial com-
pound is present, Arsine AsH; or Stibine SbHj will be evolved and
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detected by the deposit of black Silver in the case of Arsine, or of
black Antimonide of Silver Ag,Sb in the case of Stibine, on a filter
paper dotted with Nitrate of Silver solution held in the tube in
which the experiment is performed. If Mercury is present, the
Zine will be beautifully lustrous. Lead and Silver will also be
precipitated as grey coatings, or as metallic crystals, if in large
quantity. If desired, the excess of Zine may be dissolved and leave
the other metal, Cu, Pb, Hg, Sn or Sb. (See respective metals.)

A further portion, similarly shaken up and made acid by Hydro-
chloric acid, may be boiled with strips of Copper. Thus may
Reinsch’s test be used in the case of Silver and Mercury, as well as
of Arsenicum and Antimony. In the case of Silver, the deposit is
lustrous, silver-white, and not removed by heat.

Mercury is also silver-white and lustrous, but on removing the
copper, drying on blotting-paper, and heating in an arsenical tube,
the Mercury volatilizes as a mirror, which, on stirring with a match
or wire, gives round globules of Mercury.

Another method may be employed. Evaporate a large portion of
the shaken-up Admixture in a porcelain dish, caleine as completely
as possible, dissolve the Ash in a few drops of Nitric acid, evapo-
rate to dryness, re-dissolve in water, filter if necessary and test
the filtrate with Hydric Sulphide for Lead, Copper and Silver.
The black or brown precipitate collect, decant or filter, wash, dis-
solve by heat in dilute Nitric acid, evaporate to remove excess of
acid, and test for Lead, Copper and Silver in the ordinary way.

Potassium iodide gives with Liead, bright yellow Lead iodide PbI,, with
Copper, grey Cuprous iodide Cu,l, and free Iodine, with Silver, light
yellow Silver iodide Agl, insoluble in HNO, and in NH,,

Potassinm dichromate gives with Lead, yellow PLCr0O,, with Silver,
erimson-red Ag,CrO,, with Copper, orange-brown CuCrO,.

If the ppt. considerable, a portion of the sulphide may be ignited on
charcoal with Na,CO; in the reducing flame of the blowpipe, the mass cut
out, pounded, washed to remove charcoal ; Liead in flattened spangles so
soft as to mark paper, Copper in red globules, and Silver in brilliant
white rather hard beads.

Arsenic and Mercury will not be found in the ash.

If the ash has been yellow while hot, and white on cooling,
moisten a portion on platinum-foil with dilute Cobalt nitrate:
ignite strongly in the onter blowpipe-flame: Zine will give a green
mass. Other tests for Zine at p. 28.

Barium may be present as: 1. Soluble salt. Dilute Sulphurie
acid will give a white ppt. of BaSO,, insoluble in HCl. 2. As in-
soluble Carbonate and Phosphate of Barium, precipitated by the
foreign substances in the Admixture: these dissolved in Hydro-
chlorie acid will give the Barium-flame and the ppt. of BaSO, with
H,50; insoluble in HCL. 3. As insoluble Barium sulphate, a white
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or discolored sediment, insoluble in HCIl. Collect on a filter, or
caleine, fuse with pure Na,CO,: Sodium sulphate and Barinm car-
bonate will be formed. Dissolve in water, filter and test the
filtrate for Sulphate (p. 44): the Barium carbonate on the filter
shonld be well washed with distilled water, dissolved in Acetie
acid and tested for Barium. On clean Platinum wire, a yellowish-
green color to flame. Calcium sulphate an immediate white ppt. of
BaS0,, insoluble in HCI.

FURTHER DIRECTIONS FOR THE DETECTION
OF THE COMMON INSOLUBLE BODIES.

Notice color and appearance.

I. ITF BLACK. Possibly cupric oxide, antimonous sulphide,
manganese peroxide, ferrous sulphide, nickel, or cobalt sulphide,
mereuric sulphide, bismuth sulphide, lead sulphide, cupric sul-
phide, silver sulphide, carbon as graphite, carbon as charcoal. Boil
at once the finely-pounded substance with HCI.

Cupric oxide, CuO dissolves as green Cupric chloride CuCl, +
H,0 in HCl; precipitated black by H,S, and the Sulphide insoluble
in NH,OH and in (NH,),S, (p. 22). Heated with HCI, a green and
blue ﬂamc. Unchanged on heating,

Antimonous sulphide, Sh,S, dissolves as SbCl;, with evolution
of H,S. Thus: Sbh,S; + 6 HCI = 2 SbCl; + 3 H,S., Orange-red =sul-
phide precipitated by H,S, soluble, when neutralized, in (NH,).,S
(p. 18). Confirm H,S by lead-paper, which is blackened.

Manganese peroxide, MnO, dissolves in HCl as manganous
chloride, with evolution of chlorine. MnO, + 4 HCI = MnCl, +
2 H,O + Cl,. Ignited on platinum changes to red-brown. Man-
ganous manganic oxide MnyO,. Thus: 3 MnO, = Mn,0, + O,
Further heated with Na,CO, gives a fused blue- -green mass of man-
ganate of sodium Na,MnO,. 3 MnO,+2 NaHO =Na,MnO,+ Mn,0; +
H,0.

Ferrauﬂ sulphide, FeS soluble as Ferrous chloride with evolu-
tion of H,S. FeS + 2 HCl = FeCl, 4+ H,S. No ppt. with H,S,
nor with NH,OH after addition of NH,,GI. Black ppt. with
Ammonium sulphide. Confirm Ferrous by K FeCy;, and H,S by
Lead-paper (p. 39).

Nickel and cobalt sulphides. Soluble in strong HCI, or in
HNO,. Color of respective solutions green or pink (pp. 30 and 31).

Mercuric sulphide, HgS. Insoluble in HCl and in dilute HNO,.
Boiled with Aqua regia, gives Mereuric sulphate and ehloride, with
Sulphur. Then HCI 4 H.S, characteristic ppt. of Mercurie (p. 23).
Volatile on Platinum. Heated in dry glass tube, sublimes,
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Bismuth sulphide, Bi,S, almost insoluble in HCI: readily in
HNO,  Solation gives a brown ppt. with H,S, insoluble in
NH,HO and in (NH,),S. K,Cr,0,, orange ppt. insoluble in KOH

. 24).

(PLea%d sulphide, PbS. Native galena has lustre and appearance
of lead : but is brittle. Slowly soluble in HCI, with evolution of
H,S; filtered, H,S, gives a slate-colored ppt. insoluble in NH,OH
and (NH,),S. :

Boil a further portion with HNO,, yellow sulphur is separated
together with lead sulphate, and lead nitrate in solution. K,Cr,0,,
yellow ppt., soluble in KOH (p. 16). )

Cuprie sulphide, CuS almost insoluble in HC1. Dissolves read_lly
in HNO, to blue solution, with deposit of sulphur. H,S to solution
gives black ppt. Steel deposits red copper (p. 22). Sy N

Silver sulphide, Ag,S but little affected by HCl. Boiling nitric
acid would dissolve it as nitrate, with some sulphate, and sulphur
wnu{gﬂscpamte. HCl, a white curd-like ppt. soluble in NH,OH
(p- )

Carbon as Graphite, a soft powder, of semi-metallic lustre:
Marks paper : ““ black lead.” Insolublein acids. Combustible with
difficulty, usunally leaving reddish-colored residue of ferric oxide.
Deflagrates with nitrate of potassiun.

Carbon as Charcoal is insoluble in HCI or in HNO,. Burns
away on Platinum, leaving a little white ash,alkaline from Carbonate
of Potassium. Heated with H,80,, gives off SO, and CO,. De-
flagrates when fused with KNO,,

II. IF RED. Possibly, mercuric oxide, mercuric sulphide as
vermilion, red lead, or basie chromate of lead.

. Heat in a porecelain capsule, and boil a further sample with HCI.

Mercurie oxide turns black when heated, and wvolatilizes as
2Hg and O,. Soluble in HCI as Mercuric chloride HgO + 2HCI =
HgCl, + H,O (p. 23).

Vermilion, HgS8. Volatile when heated. Dissolves in Aqua
regia. Its volatility and color refer to Mercuric (p. 104).

Red lead. Pb,0,. Strongly heated evolves 0. Heated on pla-
tinum, fuses to yellow oxide of lead, Dissolves in HCI, evolving Cl,,
to colorless Lead chloride, giving erystals on cooling. The solution
with H,S gives slate-colored ppt. insoluble, when neutralized, in
NH,OH and (NH,),8. Red Lead warmed with dilute Nitrie acid,
is decomposed into Oxide of Lead which dissolves as Lead nitrate
and insoluble puce-colored Peroxide Pb0O, PbO, 4+ 4 HNO,=
2(Pb2N0O,) + PbO,. For lead, p. 15.

Basic chromate of lead. Heated on platinum, darkens.

Boiled with IICl, Chlorine is evolved, white Chloride of Lead is
precipitated, and green Chromic chloride is found in solution. For
Chromic oxide see p, 107,
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III. TF SOME SHADE OF PURPLE-BROWN, OR RED-
BROWN. Possibly, amorphous phosphorus, lead peroxide, or
cupric ferrocyanide, ferrie hydroxide or ferrie oxide.

Heat in a porcelain capsule, and boil a further portion with HCL

Amorphous phosphorus. When heated to 260°, it burns like
ordinary Phosphorus with white suffocating vapors of Phosphorus
pentoxide. Forms a fusible alloy with Platinum. Untouched by
HCL. Slowly dissolved as Ortho-phosphoric acid in boiling nitric
acid (p. 44).

Lead peroxide, Pb(),. Heated on porcelain fuses as yellow
Oxide of lead. See Red lead (p. 105).

Cupric ferrocyanide, Cu,FeC;N,. Heated, it burns and blackens,
Dissolves in dilute HCI, and then gwes Prussian Blue with Fe sOls

Boiled with HCI, evolves Hydrocyanic acid (p. 42), and gives green
solution of Guprlc chloride (p. 22).

Ferric oxide, Fe,0,, various tints of red-brown. Heated on
platinum, a deeper brown. With difficulty soluble in HCI as ferrie
chloride, with yellow or yellow-red colour. Easily soluble in
HNO,+HCL. H,S reduces the solution to Ferrous salt, with deposit
of yellow sulphur. K,FeCy,, added to the solution gives Prussian
blue (p. 26).

Ferric hydroxide, Fe,0,,Fe,(OH),, dissolves easily in boiling
HCI to yellow or yellow-red Ferrie chloride Fe,Cl; (p. 26). Heated
in a tube, it gives off water, proving a Hydroxide, and turns to red-
brown Ferric oxide.

IV. IF A SHADE OF ORANGE, OR YELLOW, Possibly
Antimonous sulphide, Arsenious sulphide, Mercuric oxide, a basic
Mercuric salt, Stannic sulphide, Cadmium sulphide, Lead chromate,
Sulphur, or Lead oxide.

Heat in a porcelain eapsule; test with Ammonium sulphide, and
a further portion with HCL

Antimonous sulphide Sb,S;, precipitated orange colored, fuses
to black glass, evolves 80, gives flame of Antimony, and ulln:,swnh
platinum. Soluble in Ammonium sulphide, and separates as
orange-red Sulphide on evaporation of the solution. Dissolves as
Antimonous chloride in HCI, with evolution of H,S (p. 39).

Arsenious sulphide As,S,, darkens in color, and fuses to a black
mass when heated : sulphur burns with arsenical flame, and the
Arsenicum forms a fusible alloy with platinum. Soluble to colorless
solution in ammonium sulphide, separating on evaporation as
yellow sulphide. Insoluble in HCL. Gives a mirror of arsenicum,
when heated in a narrow tube closed at one end, with Na,CO, and
charcoal.

Mercuric oxide HgO, precipitated, is yellow. Black when heated,
and volatilized as 2Hg +0,. Dissolves in 2HCI, as mercuric chlo-
ride. Blackened by ammonium sulphide (p. 23).




DETECTION OF INSOLUBLE SUBSTANCES. 107

Basic Mercuric salts are yellow. Dissolve in dilute HCI, and
examine for Mercurie, for Nitric and Sulphuric acids.

Cadmium sulphide CdS, yellow. Heated in porecelain capsule,
brown oxide remains, and sulphur dioxide is evolved with smell as
of burning brimstone. Insoluble in sulphide of ammonium. Soluble
in hot HCl, as chloride, with evolution of H,S. HCIl+ H,S, yellow
ppt. (p. 20).  On charcoal with Na,COy a brown incrustation.

Lead chromate, yellow. When heated, it melts, and becomes
dark brown. Evolves oxygen and becomes partly Chromic oxide,
and basic Chromate of lead. Blackened by Ammonium sulphide.
Boiled with HCI, it evolves Chlorine, and we obtain a green solu-
tion of Chromic chloride, together with white crystals of Lead
chloride. I.ead chromate is soluble in KOH (p. 16). Fused with
Na,CO,, on charcoal, globules of Lead with yellow incrustation, and
yellow Chromate. :

Sulphur, pale yellow. Fusible to red-brown liquid, burning
with violet flame to sulphur dioxide: mno residue. Soluble in
Ammonium sulphide. Insoluble in HCL Boiled with H,S0,, SO,
is evolved. Boiled with concentrated nitrie acid, orange fumes are
evolved owing to the oxydation of Sulphur to sulphuric acid (p. 44),
and the consequent reduction of nitric acid.

Lead oxide Pb0O, or Litharge, is deep yellow. Fuses to deep
orange liquid. Blackened by Ammonium sulphide. Slowly dis-
golved in boiling HCI, with separationof lead chlovide. More readily
dissolved in boiling HNOj,, to lead nitrate. Solution with H,S, slate
colored PbS; with K,Cr,0., yellow Lead chromate, soluble in
KOH (p. 16).

V. IF GREEN. Probably chromic hydroxide, chromic oxide,
emerald-green, or cupric salts.

Chromie hydroxide, bluish-green, soluble in HCl to green
chromic chloride. Heated on platinum with Na,CO,, a yellow,
fused mass of chromate. Heated in a tube, much water evolved
(p. 106), and darker Cr,0, formed. :

Chromic oxide, green. With diffienlty soluble in HCI. No
water evolved on heating, but merely moisture. Ignited, it is almost
insoluble in acids; must be fused with Na,CO,+KNO,; yellow
mass dissolve in Acetic acid, and test for Chromate (p. 47).

Emerald Green. Cupric aceto-arsenite. Blackened by Am-
monium sulphide. Dissolves in Ammonic hydrate with blue eolor,
in which Copper detectible by a knife-blade. Distilled with HCI,
Arsenious chloride is found in the distillate, and detectible by H,S.
On addition of Sulphuric acid and ethyl alcohol to a portion, Ethyl
acetate evolved. Cupric, p. 22; Arsenicum, p. 45; Acetates, p. 5.
If a little of the solution of the ealt he spread on a white plate, and
a fragment of solid Silver nitrate placed in the middle, a ring of
yellow Silver arsenite will form round the silver nitrate. Distilla-
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tion with HCI, and Silver nitrate, as given above, are the two best
tests for Scheele’s green, Cupric arsenite, in wall papers.

Malachite would dissolve with effervescence as cupric chloride
in HCI, as it is a Basie carbonate.

VI. IF BLUE. Probably indigo, Prussian blue, ultramarine,
cobalt-blue and many insoluble cupric salts.

Indigo has a dark Dblue tint with coppery lustre. It is un-
changed by H,80,, or by cold potassium hydroxide, On platinum,
when heated, purple vapors of the pure substance are evolved, and
it burns leaving but little ash.

Prussian blue is turned white by H,SO,, evolving Prussic acid
CNH, (p.42). Heated with Potassium h} droxide into brown Ferric
l]}dlﬂll{it.. (p. 106), and solution of Potassium ferrocyanide (p. 51):
On platinum, heated, a copious ash of Ferric oxide.

Ultramarine hlight blue ; unchanged by alkalies ; turned white
by HCI, emhmg EoS:

Cobalt (Thénard’s blue) is unchanged by dilute acids and alkalies.
Borax bead, blue. Smalt similar, but no Alumina.

Insoluble Cuprie salts [liEEDl“'r‘B easily in HCI, with blue or green
eolor. Azurite 2CuH,0,, CuCO,, dissolves in HCIl with efferves-
cence. '

VIIL. IF¥ WHITE, OR NEARLY WEHITE. I\'unes are
legion.

EBECTIQN.&J Blackened by ammonium sulplide. Compounds
of Mercury, Lead, Silver, Bismuth, Cuprous and Stannous. CUrange
or yellow, soluble in excess, Antimonous and Stanmnie.

Calomel, Hg,Cl,, completely volatile. Blackened hy Ammonic
hydrate; the solution decanted, gives, with Nitric acid and Silver
nitrate, the characteristic reaction of a Chloride (p. 49). DBoiled
with copper and dilute Nitric acid, silvery coating of mercury.
Aqua regia dissolves Mercurous as Mercurie chloride. (Absence of
Mercuric chloride in Mercurous: boil with water, decant and add
Lime-water : if a yellow ppt. mercuric present.)

Lead hydroxide, PhH .05, unchanged by Ammonia. Dissolves
as Lead chloride in HCl to PbCl,, which may crystallize out in
shining needles. On Platinum fuses to yellow oxide. Gives beads
of Lead, with yellow inerustation, heated on charcoal (p. 15).

Lead hydrocarbonate, PbC(O,, PbH,0,; “ White lead.” Dis-
solves with effervesecence in HCI, or better in HNO,, as a salt of lead.
Other tests at p. 15.

Lead sulphate, PbSO,, also unchanged by Ammonia. Strong
HCl dissolves sufficient to give white ppt. with Barium nitrate,
proving Sulphate (p. 44). Fused on Charcoal with Na,CO,, beads of
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Lead, with yellow inerustation ; the beads, washed and dissolved in
HNO,, give the reactions of Lead nitrate; the mass moistened on a
Silver coin, gives the browning or blackening of a Sulphide (p. 89),
and the odor of H,S.

Silver chloride, AgCl. Dissolved by Ammonia, and re-precipi-
tated by Nitric acid. Insoluble in acids. Fuses on charcoal ;
“ Horn-silver.,” Fused on charcoal with Na,COy: beads of Silver
and a mnass containing Sodium chloride. Dissolve the washed beads
in Nitrie acid, and confirm Silver (p. 16), and test for Chloride in
the dissolved Sodinm carbonate and Chloride (p. 49).

Silver cyanide, AgCN. |Dissolved by Ammonia. With
concentrated HCI, yields Hydroeyanic acid (p. 42). Heated on
Charcoal, Cyanogen burns with peach-blossom colored flame, and
metallic Silver remains : the metal tested as at p. 17, dissolved as
a Nitrate in nitric acid.

Bismuth sub-nitrate, BINO,,H,0. Unchanged by Ammonia.
Soluble in HNO,,solution precipitated by water, and ppt.increased by
tartaric acid ; solution gives reactions for Bismuth (p. 23). Heated
on charcoal, metallic beads, brittle, with scanty yellow inerustation.
The powder in a test-tube with Ferrous sulphate, gives with
H,SO, the reaction of a Nitrate (p. 57).

Bismuth oxy-chloride, BiOCl; similar to the above, but the
solution in Nitric acid gives the reaction of a Chloride (p. 49).

Ferric phosphate, blackened by Ammonium sulphide. Un-
changed by Ammonia. In HCI soluble with yellow color, re-preci-
pitated by NH,OH, not re-dissolved by Acetic acid. The solution
i HCI gives, when warmed with Nitric acid solution of molybdate,
a y;éluw ppt. (p. 44), and with K,FeCy,, Prussian blue. For Ferrie,

p

Antimonous oxide. Orange-red by Ammonium -sulphide,
soluble in exeess, and depositing Sb,S, on evaporation. No change
with Ammonia. Dissolves in HCl as Antimonous chloride, SbCl,
precipitated by water as white Oxy-chloride, dissolved by Tartaric
El.cid]:ﬂ:;ud precipitated by H,S as orange-red Antimonous sulphide
p. 19).

Antimonous oxy-chloride, SbOCI, like the former, but when
fused with Na,CO,; on charcoal and treated with water, Chloride of
Sodium dissolves and may be tested by AgNO, (p. 49). The
remaining globules of Metalliec Antimony are brittle, soluble in
HCI, and detected as at p. 19.

Stannic oxide, Sn0,, yellow with Ammonium sulphide and dis-
solved slowly, then re-precipitated by HCl as yellow hydrated
sulphide. On charcoal, with Na,C0,, gives beads of lustrous,
malleable tin, with white incrustation; the metal dissolved in hot
HCl gives the reactions of stannous (p. 20). When ignited, stannie
oxide is insoluble in HCl; may be fused with Na,CO,, and then
dissolved in HCI as SnCl,,
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SECTION B. Not discolored by Ammonium sulphide beyond
the yellow color of the test.

Boil a portion of the unknown substance with Hydrochloric acid,

a. It dissolves. Compounds of Aluminum, Zine, Magnesium,
Barium, Strontium or Caleium.

Heat on Platinum, moistening with HCl; Zine gives a bluish
flame, and the mass is yellow only whilst lmt Barium gives a
yellowish-green, Strontium a crimson, Galcmm a yellowish-red
color to the flame.

Among the radicles, Nitrates, Chlorates, Acetates, and Chlorides
need not be looked for in this Section, as the only insoluble Sub-
nitrate is that of Bismuth, and the only insoluble Chlorides arc of
Silver and mercurous, all decomposed and turned into black Sul-
phides by Sulphide of ammonium.

On heating with HCI, effervescence, without odor, denotes Car-
bonates (p. 39); a smell as of a burning brimstone match,
SBulphites (p. 3Y).

Test the solution for an Arsenite, or Arsenate, by addition of
H,S, and look for both of these acids as directed at pp. 45,46, and
for a Phosphate, after proving the absence of an -Arsenate, by
means of acid Molybdate and heat (p. 44).

A portion must be heated on Platinum with H,SO,, when a green
mantle to the flame will indicate a Borate.

Some Silicates gelatinize with HCl; after evaporation, ignition,
and re-solution in HCI, Bilicon dioxide, Si0O,, will be left as an
insoluble white powder (p.42), and Chlorides of the basyls will be
found in solution.

After ignition, if with only slight darkening, it is turned into a
Carbonate, then effervescence with Hl, and solution of Chlorides of
basyls, Oxalates will be indicated.

Charring, with odor of burnt sugar, leaving a Carbonate or Oxide,
a Tartrate. Dissolve in HCI, and test for basyl in the Chloride.

Charring, with pungent odor, leaving a Carbonate or an Oxide,
probably a Citrate. Dissolve in HCI, and test for basyl in the
chloride.

If no radicle has been found, an Oxide or Hydroxide is pro-
bably present: the latter gives off water when heated in a test-
tube.

A few examples may suffice :

Zine oxide, Zn0, white when cold, yellow when hot. Moistened
with Nitrate Dfﬂolmlt and re-heated stmug!y Rinman’s green (p. 28).
Dissolved in HC], no other acid but the solvent HCI discoverable.

Magnesia, I‘»IgO white very light powder. Unchanged by heat,
Ignited with Cobalt nitrate, pink. Solution in HL] oives the
reactions of magnesium (p. .43} When moistened, mugnusin, blues
red litmus paper.

Calcium Oxide, Ca0, white, unchanged by heat. Sufficiently
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coluble in water to be detectible as Lime-water, or Caleium hy-
droxide in water. The powder boiled with water, and filtered, is
alkaline to test-paper, and gives a white ppt. with Na,CO,.  Silver
nitrate will indicate a Hydroxide, and further tests will prove Lime

. 33).

(pThe} Student can always ascertain for himself as to solubility or
otherwite, by placing a drop on the inside of a dry test-tube near to
the open end, and evaporating over the gas. A stain more or less
distinet will prove one way or the other.

Aluminum Oxide, Al(,;, is white, unchangeable by heat.
Moistened with nitrate of cobalt, and re-ignited, Thénard’s blue.
When fully ignited it is not soluble in HCI, and must be fused with
Na,CO4 (p. 27).

Aluminum phosphate, AIP0O,, is white, unchangeable. The
solution in HCl gives Phosphate reaction with acid molybdate
(p. 44), and on Platinum, when ignited with Cobalt nitrate, Thénard’s
blue (p. 27). Insoluble in Acetic acid.

Barium, Strontium, Calcium and Magnesium phosphates
dissolve in HCl with ease; also in Acetic acid. Unchanged by
heat. Moistened with HCI and heated, Ba gives yellowish-green
color to flame, Sr crimson, Ca yellowish-red, Mg no reaction. To
remove the Phosphate, g0 as to obtain only Chlorides of the re-
spective metals in solution, add to the HUl solution Acetate of
Sodinm, then Ferrie chloride till a distinet red color appears in the
supernatant fluid: Ferrie phosphate, FePO,, is thrown down.
Boil, filter, precipitate by Ammonia any Ferric in solution, filter,
and examine the filtrate for Ba, Sr, Ca, and Mg. The phosphate
will be discovered by the acid molybdate i the HCI solution (p. 44).

Calcium oxalate, CaC,0,, white. Heated on platinum, be-
eomes grey in color, and is converted into Carbonuste, insoluble in
water, alkaline from presence of some Calcium oxide, soluble, with
effervescence, in HCI, and only gives reactions of Calcium (p. 33).
The powder, boiled with Sodinm carbonate, gives Sodium oxalate in
solution (p. 48), and insoluble Caleinum carbonate.

Carbonates of Barium, Strontium, Calcium, and Mag-
nesium are white and infusible. Moistened with HCI, efferves-
cence, and on re-heating the characteristic colors of Ba, Sr and Ca
to flame, as just given.

[Cream of Tartar, or Hydro-tartrate of potassium,
KHC,H,0,. is often passed over as insoluble. Acid reaction. Effer-
vescence from H,S when sulphide of ammonium added. FEasily
soluble in KHO, and gives ppt. of KHC,H,0, on careful addition of
HCL On Platinum violet color to flame, smell of burnt sugar as
the Tartaric acid is decomposed, and Carbon which burns away,
leaving fused Carbonate of potassium. The latter dissolves in little

water, is alkaline, effervesces with HCI, and gives yellow ppt. with
2HCLPtCl,.] gives yellow ppt. wi
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b. The white substance does not dissolve.

When hydrochlorie acid or nitric acid have failed in effecting

solution, it is as well to look at once for several common white
powders. :

Barium sulphate, BaS0O, white, insoluble. Moistened with
HCI on platinum, it gives yellowish green flame of Barium, On
Charcoal, heated with Na,C0;, the mass boiled with water and
filtered, the insoluble part can be tested after solution in HCI for
Ba (p. 32), and the soluble, containing Sulphide and Sulphate, indi-

cates the former by blackening silver-coin on which it is laid, by the

smell of H,S, &e. :
Strontium sulphate, SrS0,, requires same treatment as BaSO,,

but is sufficiently soluble in HCI to give a reaction with CaSO, (p. 32).
and the crimson color to flame,

Calcium sulphate, CaS(),, 1s sufficiently soluble in water to
be a test for Ba and Sr (pp. 31, and 32), although it is often passed
over by the student as insoluble, Test for Ca (p. 33), and for
sulphate (p. 44).

Calcium fluoride, CaF,, is at once decomposed by H,SO,.

Hydrofinoric acid, which etches, or corrodes glass, is then easily
detected, and the Caleium in the Caleium sulphate.

Silica, Si0,, white, insoluble, infusible. Easily dissolved by
HF, as Silicon fluoride, SiF,. Fused on Platinum with Na,CO,,
effervescence from escape of CO,, and dissolves to a clear glass,
soluble on boiling with water, and the Silica discoverable as at
p- 42. Many Silicates are insoluble in all acids, except Hydrofluorie

acid.

As a rule, if a substance is insoluble in acids. and is not
acted upon by Ammonic sulphide, fuse with Na,CO, in a
Platinum erucible. Silicates are thus unlocked, and such basyls
as Ba, Sr, Ca, Mg, Al,, Fe,, &c., will be found in solution as chlorides,
if the fused mass be boiled with water and HCI, evaporated to dry-
ness, ignited and re-dissolved in HCL All the 8iliea will remain
undissolved. If no Silica is present, there will be no residue, and
such Oxides as Alumina and others which are, when strongly
ignited, scarcely attacked by acids, will be fonnd in solution as
Chlorides of the respective metals. Of course, if Sulphates are
present, these will be eagily detected.

When the metals Potassium and Sodium are to be looked for in
insoluble Silicates, the very finely-pounded mineral must be un-
locked with Barium hydrate instead of Sodium carbonate.

i
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ANALYSIS OF MIXTURES.

The foregoing methods, slightly modified, enable us to separate
the metals.

Preliminary tests as before (pp. 1-4), but the Na,CO, test is not
so decisive as in a simple salt.

Alkaline solutions may contain bases such as Lead hydroxide,
Stannic or Stannous hydroxide dissolved in Alkalies. Add
HNO,, or HCI, till moderately acid, and warm till clear.

Aeid solutions may contain salts, such as Phosphate of Caleium,
dissolved in an acid. These will mostly be precipitated by Ammonia,
in the Aluminum group.

A solid must be boiled first with water, filtered, and a portion of
the filtrate evaporated on platinum to see if anything has dissolved.
Place a drop in the upper part of a elean test-tube held horizontally,
and evaporate gentlv. Thus the residue is more easily seen. If
anyv, test the solution separately.

The portion insoluble in water should be boiled with HCI.
Notice evolution of gas or odor, and, if anything has dissolved,
proceed to test.

When insoluble in HCI, boil a fresh portion with HNO,; if it
dissolves, boil off most of the acid, dilute, and apply the following
process. :

The portion insoluble in acids should be treated as at p. 65.

N.B. In separations, the reagent must always be added till all
the substance has been precipitated. It is necessary to pass H,S
in the form of gas.

Grour 1., Ag, Pb, Hg, (ous).

Add to the solution Hydrochlorie acid : if no ppt. Group 1. is
absent; if a ppt., continue the addition till all is thrown down,
Collect on a filter, wash with water, collecting the first washings
in the filtrate and preserve the Filtrate for the other Groups.

Treat the ppt. with boiling water, Lead chloride will dissolve,
and the filtrate will give with dilute H,S0, a white ppt. of PhS0O,,
with KI yellow Pbl,, with K,Cr,0, yellow PbCrO,, soluble in KHO.
Lead.

Remove PhCl, by washing with hot water, and add NH,OH.
8ilver chloride will digsolve, and will be reprecipitated on adding
HNO, in excess to the filtrate. Collect AgCl, and confirm by fusing
with Na,CO, on charcoal; beads of Silver (p. 17). 8ilver.

1
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Mercurous chloride will not dissolve, but will turn black.
Confirm Mercurous by p. 17. Merecurous,

If Lead is present, as PbCl, is somewhat soluble in water, it will
always be found also in Group II.

Grourp IT,

Sub-group A. Bulphides soluble in (INH,),S. As, 8h, 8n,

Sub-group B. Sulphides insoluble in (NH,),8. Hg(ic), Pb,
Bi, Cu, Cd.

Through the Filtrate from Group I., diluted with water if very
acid, pass H,S in excess, and boil for some time.

[N.B. Arsenic acid is very slowly precipitated by H,S, requiring
excess and mueh boiling, 1t may be reduced to Arsenious acid by
Sulphurous acid and heat, boiling till SO, is expelled.]

No precipitate, or only a whitish ppt. of Sulphur, shows absence
of Group II.; a yellow ppt. proves absence of Hg, Pb, Bi, Cu, and
presence of Stannie, As or Cd, or it may be only Sulphur.

The ppt. is.black : all the members may be present.

Filter. Keep the filtrate for remaining groups. Wash the ppt.
digest it with (NH,),S (or better, with hot dilute KOH), and filter.

Sub-group A., soluble. To the filtrate add HCI: if a white
ppt. is produced, it is Sulphur, and As, Sb, Sn, need not be looked
for. Otherwise, wash the ppt., treat with (NH,),CO, solution, and
filter. Avrsenic will dissolve, re-precipitated yellow by HCl; collect
As,S,, and contirm by dryiog and heating with black flux, p. 44.
Arsenie.

The portion insoluble in (NH,),CO; should be fused with
Ammonium or Potassium nitrate, whereby the Sulphides of
Antimony and Tin are converted into Oxides: boil with Tartaric
acid solution, and filter. Sb will dissolve: on adding to the
filtrate HCl and H,S, orange Sb,S, will precipitate. Antimony

5 BB
(i Sn )will not dissolve in Tartaric acid: wash, dry, and fuse on
charcoal with Na,CO,; beads of Sn, soluble in hot HCI to SnCl,,
and then giving a white to grey ppt. with HgCl,, of metallic
Mercury and a dark brown ppt. with H,S. Tin (p. 20).

Sub-group B., insoluble. Wash well, and boil with dilute
HNO, HgS alone is insoluble, any black remainder must be
examined for Mereurie (p. 22).

Evaporate the solution nearly to dryness, dilute moderately, and
add dilute H,30,: Lead sulphate, white, will be precipitated.
Collect and confirm Lead (p. 15).

To the filtrate add NH,0H; white ppt. denotes Bismuth
(p. 23).
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" If the ammoniacal solution is blue ; Cupric (p. 21).

1. If copper is absent, add (NH,),S: a yellow ppt. proves
Cadmium (p. 24).

2. If Copper is present, re-precipitate the ammonia solution by
HCl and H,S, digest the sulphides with potassium cyanide solu-
tion: CuS will dissolve, and yellow CdS will be left behind.

Boil off H,S, then add Nitric acid to change any Ferrous into
Ferrie salts: evaporate down to a few drops to get rid of excess of
acid. Dilute with water, add NH,CI together with NH, in slight
excess, collect on a filter and wash rapidly. [If NH,CIl were not
previously added, Ammonic hydrate would precipitate Magnesium
hydrate, but, being soluble in NH,Cl, it is prevented from separa-
tion in this its wrong Group. It is only precipitated here if
Phosphoric acid is present, inasmuch as Ammonium Magnesinm
phosphate is insoluble in NH,CI.

Grovr II1.

Ammonium chloride and Ammonia precipitate:

Ferric hydroxide. Ferric phosphate.,
Aluminic hydroxide. Aluminie phosphate.
Chromie hydroxide. Chromic phosphate.
Barium oxalate. Barium phosphate.
Strontium oxalate. Strontium phosphate.
Caleium oxalate. Caleium phosphate.

Magnesium phosphate,
and some Manganese,

N.B. Magnesium oxalate is not precipitated in presence of
sufficient NH,Cl. Chromic salts may re-dissolve with pink eolor
in NH,Cl and NH,, but are precipitated dull green on hoiling :
therefore boil a short time. If Manganese is present, the solution
may turn brown from oxydizing : all may precipitate, or some may
be found in Group IV.

Wash the ppt. Heat a portion on Platinum: oxalates are
changed into carbonates. Try the ash with HCI: if effervescence,
Oxalates are present.

Dissolve another small portion in HCI, add acid Ammonic molyb-
dat2 and warm: a yellow ppt. indicates Phosphates.

Proceed to ascertain the base.

1. Dissolve a portion of ppt. in HCI, dilute, add Potassic ferro-
cyanide : immediate dark-blue ppt. indicates Iron. Test original
solution with both Potassic ferroeyanide and Potassic ferricyanide,
to see whether Ferrous or Ferrie (p. 25) present.

4. Fuse a larger portion of the group-precipitate on Platinum

I 2
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with Na,CO,, and a little KNO,. Chromium gives yellow Chrom- '

ate: Manganese gives blue-green manganate: Ferric oxide
remains undissolved as a red-brown powder. Aluminum dissolves
without eolor. Dissolve in water, filter, add a drop of aleohol to
the filtrate and boil : manganese will be reduced to brown Oxide and
precipitated. Filter and again test residue on filter for Manganese.
Filtrate is yellow if Chromium present: confirm by acidulating
with Acetic acid and adding Lead acetate: yellow ppt. of Lead
chromate. Also by reducing with aleohol and H,SO, (p. 48).

To another portion of Filtrate add HCI till aeid, then NH,OH
till alkaline and boil; a gelatinous ppt. indicates Aluminum :
colleet on Filter, wash and confirm by blow-pipe test, p. 27.

3. If an oxalate present, treat the ash, now converted into Car-
bonate, with Acetic acid aud filter. Add to a portion of the filtrate
Potassic chromate. Barium will yield a yellow ppt.: confirm by
adding to another portion dilute Sulphnurie acid. 1f an immediate
ppt. Barium oxalate was in the original substance: filter and
boil, and Strontium will be separated as snlphate. Again filter :
Caleium remains and can be proved by neutralizing with NH;, and
addition of Ammonic oxalate, which precipitates CaC,0,.

4. If a phosphate is present. Dissolve the group-precipitate in
HCI, add NH, in slight excess, and then excess of Acefic acid.
Aluminie, Ferriec and Chromie phosphates will remain undissolved.
Filter: add Ferric chloride till on standing the supernatant liguid
shows a red color from excess of Ferriec acetate, -boil till eolor
removed from the solution properly diluted. Ferric phosphate, and
basic Ferrie, Aluminic and Chromic acetates will be precipitated,
while Ba, 8r, Ca and Mg will remain in solution. Filter, and test
filtrate for these latter by the Group V. method (p. 31).

N.B. The precipitated Sulphates of Barium and Strontium do
not give the Flame-tests easily. Fuse each separately with Na,CO,
on Platinum : dissolve in little water, filter, wash well with water
the residue of carbonate on the filter, dissolve in HCI, and apply the
flame-tests (Ba, yellow-green, Sr, Crimson). Again: SrCl,, soluble
in absolute aleohol, BaCl,, is insoluble.

Note. Borates and Fluorides of Ba, Sr, Ca, are also precipitated
by ammonia, but not in NH,CI solution, unless much of them be
present. They are best looked for in the original by H,SO,. Borate
green flame. Fluoride corrodes glass.

Grouve IV., Zn, Mn, Ni, Co.

To the filtrate from the last group add (NH,),S. Wash the ppt.;
if it is white, only Zn is present, it black, Ni or Co must be present.
Add cold dilute HCI, sulphides of Zn and Mn will dissolve, those
of Ni and Co will remain insoluble. Filter rapidly.

w. Solution. Add KOH in excess; Manganous will belprecipi-
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tated ; Zine will remain in solution. Filter and confirm each by
blowpipe tests, reprecipitating the Zn by (NH,),S.

b. Insoluble part. Test a portion with borax bead ; Cobalt, dark
blue ; Nickel, brown-purple. If cobalt be present, nickel must be
sought for as follows.

Dissolve the ppt. in aqua regia, evaporate nearly to dryness, add
KCN solution in excess, boil, filter and add HCI in slight excess;
Nickel will fall as cyanide, Cobalt will remain in solution as
cobalticyanide,

Grour V., Ba, Sr, Ca, Mg.

To the Filirate from the preceding groups add (NH,),CO,, and
warm. Ba, Sr and Ca will precipitate as carbonates. Wash the
ppt., dissolve it in Acetic acid, and add K,CrO, (neutral or yellow
chromate), till Barium is precipitated. Filter; add K,S0, and
warm; Strontium sulphate will fall. Filter; add ammonia in
excess and ammoninm oxalate ; Caleium will be thrown down as
oxalate. Confirm each ppt. by flame test (p. 33).

To a portion of the filtrate from (NH,),C0O,, add Na,HPO, solu-
tion, stir and allow to stand. Magnesium will go down as
phosphate. Confirm as at p. 34.

Grour VI., K,, Na,, (NH,)..

The remaining portion of the Filtrate must be ignited to drive off
Ammonium salts, dissolved, and HCIl aund PtCl, added in the cold.
A yellow erystalline ppt. indicates Potassium.

A strong yellow flame in the original will prove Sodium.

To test for Ammonia, the original must be warmed with KOH.
The vapor blues litmus, and gives white fumes with HCI.

Ifg{l; separation of Ca, Mg, Na, and K,, sece WATER-ANALYSIS,
p. Lo,

DETECTION OF ACIDS IN MIXTURES.

The student should be previously quite familiar with the
reactions for acids and bases in simple salts, otherwise he cannot
attempt mixtures. The following remarks only indicate the
modifications involved when the radicles occur together. The
same Grouping is employed as in the tables for simple salts (p. 14).
The bagyls and some of the acids will have been already discovered.
In mixtures, the Na,CO,, test is not so definite, as many compounds
msoluble in water may be present in solution in excess of acids or
alkalies, For the detection of many acids it is necessary to have
them in a neutral solution containing no base but the alkalies.
There are two methods of doing this.
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1. For Basyls of Groups I. and II. Dissolve in HCI, pass H.S
gas, boil, filter, evaporate off the H,S, neutralize carefully with
KOH. :

2. For other Groups. Dissolve in HCI, boil the solution with
Na,CO, in very slight excess, filter, neutralize the filtrate with HCI
or HNO,. (Do not test afterwards for the acid employed.)

These, in the subsequent paragraphs, are called the prepared
solutions.

N.B. Volatile acids (Group A) will be evolved on first treating
‘with HCl. To test for Chloride in the original, a separate portion
must be dissolved in HNO,, AgNO, added, and the silver ppt.
washed and tested as usual.

Group-test A. HCI, added to the original and warmed, will
liberate the volatile acids. Test the evolved vapors as follows:

1. Effervescence with no marked odor; Carbonate. Close the
tube with the thumb to collect the gas, and decant it into lime-
water in another test-tube. A white ppt. is CaCO,, possibly with
some CaS0,. Add HNO; in excess, boil, add Ba(NO,), ; if sulphite,
a white ppt. of BaSO,.

2. Odor of burning brimstone, besides the above test ; SBulphite.

3. Odor of rotten eggs, blackening lead paper; the gas decanted
into lime-water gives no ppt., but the solution, boiled with HNO,,
on addition of BaCl, yields by oxydation a white ppt. of BaSO,’
With HCI there may be a deposit of whitish Sulphur. Sulphide.

4. Red fumes in the cold, bluing paper dipped in KI and starch
paste. Nitrite. ;

5. A glass rod dipped in AgNO, is clonded white, and a smell of
HCN may be noticed. Cyanide (also many ferro- ferri- and sulpho-
cyanides). If sulphide be also present, apply the sulpho-cyanate
test (p. 1). '

6. Smell of SO,, and deposit of S. Thiosulphate.

The other tests (p. 40) give indications also 1n mixtures.

[These acids may be isolated if necessary by distilling with dilute sulphuric
acid, collecting the vapor in water, and neutralizing with KOH. In this case
HF will also pass over, and will corrode the glass; acetic acid will be de-
tected by odor and by Fe,Cl; in the neutralized distillate; ferro- and ferri-
evanides will give HON. Many organic compounds will decompose the
H,80,, and give SO, if the distillation be carried too far.]

7. Chloric and hypochlorous acids will give off chlorinous vapors
as in a simple salt.

8. Urates, and some others, will give with HCl a ppt. of the
acid, which can be filtered off and specially tested. Uric acid chars
on platinum with odor of burnt feathers; gives the Murexide test,
). o4,

] See also page T3.
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For Arsenious, Arsenic and Chromic acids, see pages 46 and 47.
Silicic acid, p. 42.

Group-test B. BaCl, or Ba(NO,),. Yellow ppt. indicates
Chromate; a white one, soluble in HNOQO,, points to Phosphate,
Arsenite, Arsenate, Oxalate, Borate, Silicate, Fluoride, Tartrate,
Citrate : a white ppt. insoluble in HNO; proves Bulphate. Sul-
phites and Thiosulphates will partially dissolve in HNO;, but will
be oxydized to BaSO,, with red fumes, on warming.

[Group B can be removed if necessary by boiling the prepared solution with
Ba(NO,),, filtering, precipitating the excess of Ba by Na,CO,, filtering again,
and neutralizing the filtrate with HNO,. The Ba(NO;), ppt., treated
cautiously with dilute Sulphuric acid, gives the acids of this group in
solution. N.B. Fluorides and Silicofluorides are with difficulty dissolved
HNO,. Therefore look for Fluoride in original by H,SO, and etching
glass, p. 495.]

Group-test C. AgNO, Notice the characters of the pre-
cipitate as given in the preliminary tests, p. 2.

Digest the ppt. with dilute HNO,, everything will dissolve except
Sulphide (black), Chloride (white curdy), Bromide (yellowish white),
Todide (pale yellow), Cyanide (white), Ferroeyanide (white), Sulpho-
cyanate (white), Ferricyanide g:mnge). Wash the insoluble por-
tion, treat with Ammonia, and filter: only Iodide and Sulphide
will remain undissolved. Filter again and wash.

1. The portion insoluble in NH,OH is treated cautiously with
Chlorine water; from Agl, Iodine is liberated with violet vapor,
bluing starch; Ag,S is oxydized, yielding AgCl, and H,SO, in
solution ; test for Sulphate.

2. The ammoniacal solution is re-precipitated by HNO,; AgCl,
AgBr, and AgCy are thrown down. Ignite the ppt. gently in
porcelain, AgCy is decomposed to Ag and Cy,, the latter giving the
odor of Cyanogen and peach-blossom flame. Digest in HNO,; Ag
from the cyanide dissolves, AgCl and AgBr are left. Divide into
two portions ; test one for Bromide by adding Cl, water cautiously ;
red vapors of Bromine will be liberated (p. 50); in the other look
for Chloride by digesting with a drop of KBr solution, the AgCl
will be turned into AgBr, KCI will go into the solution and will
give a white, curdy ppt. with AgNO,.

Ferro- Ferri- and Sulphceyanides must be looked for in the
Fe,Cl; group.

Group-test D. CaCl,, Applied to the prepared and neu-
tralized solution. White ppt. indicates Carbonate, Sulphite, Thio-
sulphate, Arsenite, Arsenate, Chromate, Phosphate, Borate, Oxa-

lute,d'l‘urtmte, Fluoride, Silicate. Most of these have been already
found.
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‘Wash the ppt. Ignite a portion on Platinum. If it chars, a
vegetable acid is present  Tartrafe, burnt-sugar odor, etc. Burn
white, dissolve in HCI, and test for inorganic acids.

If it does not char ; Tartrate, ete., are absent.

Digest the ppt. in acetic acid ; all the Caleium salts will dissolve
except Oxalate and Fluoride. Heat the original with H,SO, ; glass
etched ; Fluoride.

Igmt{s the ppt. on platinum; a carbonate formed, effervescing
with HNO,, 111(]1@&’(:33 Oxalate. The ash can be dissolved in HC1
and tested for inorganic acids of this group.

Ignite some of the prepared solution on platinum with H,SO,.
Gr;gn mantle flame indicates Borate. Confirm by turmeric test,
i

Warm a few drops of the original solution, acidified with HNO,,
with Ammoninm molybdate ; yellow ppt. indicates Phosphate, or
Arsenate. Test for Arsenicum by Marsh’s and Reinsch’s test,
p. 47. If not present, it must be Phosphate.

When Arsenate is present, boil down nearly to dryness with
H,S0,, dilute, add HCI and precipitate Arsenicum by H,S; the
filtrate will contain the Phosphate; boil off H,S and try molybdate
again,

[To separate tartaric and citric acids, saturate with milk of lime;
calcium tartrate precipitates. The filtrate, on boiling, throws down
calcium citrate.]

Group-test E. Fe,Cl; (free from Ferrous).

Use the “ prepared solution.”

1. A precipitate. Test it with Acetic acid and with HCL

(@) Soluble in Acetic acid and in HC]; Borate, yellowish ppt.;
Benzoate, buff colored, with HCI gives scales of Benzoie acid;
Euccma.te red-brown, mth HCI no crystals Hippurate, ﬂesh-
colored, with HCI gives needles of hippurie acid; Urate, red-brown,
with HCI a white minutely crystalline ppt. of Urie acid (Group A).

(b) Soluble in HOI, but not in Acetic acid ; Phosphate, Arsenate,
already found; Tannate, blue-black very finely divided ppt.;
Gallate, black ppt.; with HCI yellow color, with ppt. of Gallie
acid ; Pyrogallate, brown-red ppt. Salts uncommon. HCI, yellow
color. With KOH, dark brown.

(¢) Insoluble in H(Cl; Ferroeyanide, dark blue.

[To separate Hippurate, Benzoate and Succinate, add to the Fe,Cl; ppt.
Hydrochloric acid and ether ; Benzoic acid is very soluble in ether and must
be removed in the ethereal Iuver to the filtrate add Ammonia, alechol and
BaCl, ; Barium succinate pre«cipltutﬂs the filtrate treated with Na,CO,, to
remove the Barium, and filtered, on evaporation and addition of HCI gives
needles of Hippuric acid. When Tannic and Gallie acids occur together, the
cautious addition of gelatin solution will precipitate Tannic and leave Gallie
acid. The separation of acids in this group is very difficult, but they are
rarely given together.]
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2. A coloration.

(a) Not removed by HCI; Ferricyanides, brown color un-
bleached by HgCl,; Sulphocyanates, blood-red, bleached by addi-
tion of Hg(Cl,. The former give with Ferrous sulphate a dark blue
ppt.; the latter yield no reaction, if free from Ferric.

(b) Removed by HCI. Tt can readily be seen in mixtures whether
a reduction of color is effected. '

Boil the solution of the salt with Ferric chloride. Acetate and
Formate are thrown down as basic Ferrie salts ; heat with Ammonia,
filter, add AgNO, and boil, Formate reduces the AgNO, to grey
metallic Silver and is thereby broken up; filter, neutralize, and
add again Fe,Cl;, a second red coloration shows Acetate not de-
composed.

Meconice acid is not precipitated on boiling with Fe,Cl,, the
filtrate still remains red; a portion with HCI is bleached with
difficulty. The prepared solution gives with Lead acetate a white
ppt. from which Meconic acid can be recovered by passing H,S.

Salicylic acid furnishes a purple color, from the original solution
the acid is thrown down by HCI in minute needles.

Phenol, a blue-purple color. It will be found in the distillate,
and will give a precipitate with bromine water of Tribromophenol
bH,Br,0OH, nearly insoluble.

Sulphites give red-brown with Fe,Cl;; Thiosulphates a purple,
but the colors are fugitive.

[For the acids of this section it may be often necessary to isolate
by precipitation with Lead acetate, filtering, washing the ppt. and
decomposing it by H,S, when the acids are found in solution.]

Group F, not precipitated by reagents, includes Nitrates,
Chlorates and Perchlorates. The detection of these in presence of
other salts is generally easy, by the FeSO, +H,S0, test, deflagration
on charcoal, ete. (p. 57).

A further test for Nitrate would be: boil with KOH till all
ammonia originally present is expelled, then add a little Zn and boil
-again; nitrate is reduced to NH,, which is evolved.

After removal of Chloride by just enough AgNO, and filtration,
if the filtrate, evaporated and ignited, is again turned into a
Chloride, Chlorate (or Perchlorate) has been present (p. 41).

Quanfitative determination is often the only possible means of
making certain of difficult mixtures of organic acids. When a solid
mixture is dissolved, the substances frequently react on one another
to give fresh compounds and unexpected reactions.
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VOLUMETRIC ANALYSIS.

In all chemical reactions, substances combine or replace one
another in fixed numerical proportions.

The Unit taken is the atom of Hydrogen, = 1, and the Equivalent
of any substance is the amount of it that corresponds with one atom
of hydrogen, or the amount that contains one atom of replaceable
hydrogen. Kwxample. Sulphurie acid, H,SO,, when completely
saturated by Sodium, forms the normal Salt Na,S0,. Therefore
H,S0, contains two atoms of replaceable hydrogen. Hence half of
it is equivalent to one of hydrogen.

Adding up the Atomic weights, H,=2, S=32, 0,=64: total =98.

The Lguivalent of Sulphuric acid is 98 divided by 2, = 49.

Orthophosphorie acid, H,PO,, has three atoms of replaceable
hydrogen; its equivalent therefore is (3 + 31 + 64) — 3 = 32-T.

Nitric and Hydrochloric acids have each one atom of replaceable
hydrogen, hence their Equivalents are the same as their molecular
weights, i.e, 63 and 865 respectively.

(A Salt in which all the replaceable hydrogen of the acid is
replaced by a Metal or basylous radicle is called a Normal salt, e.g.
KNO,, Na,80,, CaCO,, Ag,PO,.)

It follows that if solutions are prepared, each containing, in the
same volume, equivalent weights of aifferent substances, they will
accurately correspond to one another in combining power. For
instance, if one solution contain an Equivalent, 49 grammes, of
H,S0, in a Litre, and another solution contain also an equivalent,
40 grammes, of Sodium Hydrate, NaOH, then the two solutions will
correspond measure for measure in combining power, 10 cubic
centimetres of one will saturate 10 cubic centimetres of the other,
and so on.

The Weights and Measures preferably used are those of the
decimal system.

1 eubic Centimetre of water at 4° C. weighs 1 Gramme. 1000 cubie
Centimetres = 1 litre = 1000 grammes = 1 kilogramme. The cubic
Centimetre is written abbreviated as 1 e.c. The Gramme is written
Grn.

The apparatus required is as follows :—

1. A. Burette. A glass tube graduated in c.c. and tenths of c.c.
having at the bottom a pinchecock, or stopeock, so as to let out the
standard solution in small measured quantities.

2. Several Pipettes, marked to deliver 1 c.c., b e.c., 10 c.c., 20 c.c.
and 25 c.c. respectively.

4. Several measuring flasks, marked on the neck to hold, respec-
tively, 50, 100, 250, 500 and 1000 c.c.

=
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5. White porcelain dishes, beakers, glass rods, funnels, &e.

6. Balance and set of Gramme weights.

7. Standard solutions. The most usually useful are “deci-
equivalent,” or contain one-tenth of an Equvalent of the reagent
dissolved in a litre of water.

8. Solutions of indicators, such as Potassium chromate, Tincture
of litmus, Tincture of cochineal, &e.

ACIDIMETRY AND ALEKEALIMETRY.

The measure of the amount of free acid or alkali in a solution, is
founded on the changes, which certain vegetal coloring matters
undergo, under the action of Acids, or Alkalies.

Litmus, the pigment usually chosen, is an extract from certain
Lichens (Rocella, Lecanora, &e.) growing on rocks, When neutral
it is lilac, when acid red, when alkaline blue. '

The soluble Bases, therefore, turn litmus blue; the soluble Acids
turn it red. When equivalent quantities of an acid and base
combine, the result is a Normal salt. But this normal salt is fre-
(uently not neutral to test paper. If the base is stronger than
the acid, the normal salt will have an alk«live reaction, e.g. Sodinm
carbonate : if the acid is stronger, the reaction will be acid, e.g.
Sulphate of copper. Only when a strong acid meets an equally
strong base is the resulting: Normal salt neutral to litmus, e.g.
Sodium sulphate, or Calcium cloride. Acidimetry and alkalimetry,
therefore, are used mainly for such Acids and Bases as produce
salts mainly neutral to litmus.

In the case of a free acid we place a small known quantity in a

white porcelain dish, and add from a burette a “ standard solu-
tion "—oue of known strength—of an alkali such as Potash, Soda,
or Ammonia, until the liguid shows a neutral reaction to litmus.
1f the liquid be colorless, we can add at the beginning a few drops
of Tincture of Litmus ; if it be colored, we must test it with Litmus
paper.
- The number of measures of standard solution required,
indicates the deidity of the substance. Simlarly for Alkalinity,
using a standard solution of Sulphurie, Hydrochlorie, or Oxalic
acid. The last is convenient because it can be easily weighed, but
the solution does not keep.

Since Oxalic acid is dibasie, one equivalent, = one of displaceable
hydrogen, will be half the molecular weight.

Crystallized Oxalic Acid, H,C,0,2H,0 = 126: one half is
63 ; therefore to make an equivalent solution we must take 63
grammes of Oxalic acid per Litre of distilled water. It is generally
more convenient to use one-tenth of this strength—a Deci-equivalent
solution, made by dissolving 6:3 grammes of pure crystallized
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Oxalic acid in a Litre of distilled water. Then one Litre of this
solution (representing one tenth of an equivalent of Oxalic acid),
represents also one tenth of an equivalent of other substances.

Therefore 1 cubic centimetre = 5 of this quantity. The
equivalent of Sodium hydroxide, NaOH, being 40, 1 c.c. of the Oxalic
solution = 145 = "004 gramme of NaOH. (See Table, p. 125.)

Potassium {i]ydmxjdc KOH, having an Equivalent = 56, 1 c.c. of
the Oxalic solution = (056 gramme of KOH.

In the same way 1 ce. = 0017 gramme of Ammonia NH,, or
0035 grm. of Ammonic hydrate NH,0H.

These numbers, “004, *0056, &e., are called the co-efficients of
the Alkali, or Acid.

To determine the amount of free Alkali in a substance. Takea
small weighed quantity, dissolve it in water in a white poreelain
dish, add sufficient tineture of Litmus to color it light blue, then
drop in the standard Oxalic acid solution from the burette, until the
litmus just becomes neutral or rose-violet in tint. Then the number
of c.c. of acid required, multiplied by the co-efficient of the alkali,
gives the amount of Alkali present. From this, the percentage is
readily ecalculated. :

For example, if 01 gramme of an impure Soda has been weighed
out, and we find that it requires 20 c.c. of the standard Acid for
neutralization, then as 1 c.c. of the standard is equal to *(04 grm.
NaOH, 2V c.c. will equal 20 ¥ 004 = 0:08 grm. NaOH. Therefore
0-1 grm. of the substance contains (-08 grm. NaOH, corresponding
to 80 per cent. of Sodium hydrate.

To measure Acidity, we require & standard solution of Alkali
of the same strength as the Oxalic acid solution, ie. “ Deci-equi- °
valent,” or containing 4 grammes of NaOH per litre. The nearest
approach to this is the Liguer soda of the British Pharmacopeeia,
1567, diluted to ten times its volume. It way be purchased, or
prepared as follows:

Take 27 grammes of pure erystallized (not effloresced) Sodium
carbonate, Na,CO,,10H,0, dissolve in a Litre of water, add 12
grammes of slaked Lime, boil for some time, with constant stirring,
in a clean iron vessel, cover close, allow to stand, and decant the
clear liquid. This will be a little too strong, so must be “ titrated,”
or its strength determined, by means of the Oxalic solution above.
Pour the Soda solution into a burette. In a white porcelain dish,
place 100 cubic centimetres of the Deci-equivalent Oxalie solution,
color it with tincture of Litmus, then run in the Soda solution till
just faintly alkaline. The number of c.c. used will be the amount
equal to 100 c.c. of Oxalic solution. Now take fen times this
quantity of Soda solution and dilute with water till it measures
exactly one Litre. The Acid and Alkali solutions should now be
precisely equal in strength, that is, 10 c.c. of Oxalic solution should
exactly neutralize 10 c.c. of the Soda, and vice versa. Hence 1if a
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free Acidity has to be determined, take a convenient quantity of
the substance, or liquid, color with a few drops of Litmus, and run
in the Soda from a burette till neutrality is attained. Each c.c. of
the Soda solution is equal to 004 gramme of NaOH, to 00365
grm. HC!, to ~0049 of H,S0,, to *006 grm. acetic acid, or - 0063 grm.
of Oxalic acid. Calculate the percentage.

TABLE OF EQUIVALENTS.

1 ¢.0. OF STANDARD ALKALI
(deci-equivalent) requires
for neutralization.

1 C.C. OF STANDARD AciD
(deci-equivalent) requires for neutralization.

Name, Grammes. | Name of Acld. | Grammes,
Potassium hydroxide, KOH . . . | 0056 | Hydrochloric. | -00365
5 oxide; B . o es w0 | 0047 i :
n l:arbﬂnﬂtn H.CO0: . | *0069 gﬂ{n;: = A *[]{]453
3 hvdrucurbonate I{HGG .| 0100 RDAIDG s, o S0tY
Sodium hydroxide, NaOH . . . .| -0020 || Acetic . . | -0060
o ﬂ‘udc Na,0O {_‘: S bl |G 1 3 Tartaric . . | 0075
carhﬂnnte, Na . | <0053 -y s L
:: hydrocarbﬁuatze, N;uHGG, . | 0084 glmF s ﬂﬂh}
Ammonia, NH, . . . .| o017 | Oxalie . .| -0063
Ammomumhvdmxlde, NH, DH o e 120085 Malic . . | -0087
2 carbonate, (\TH ).CO;, . | <0048 . )
2 hydrocarbonate, NH, HCD <0079 e Ay 2050
Calcium oxide, CaO . . <0028 Hydrobromie. | 0081
" h}rdmxlde Gﬂl:DH}g s e 0037 H}'dl'lﬂdl{: 2 0128
i carbonate, CaC0Q,., . . . | 0050 Plieche ;
Barium oxide, BaD P e T ¢ T, R ACRLE 00327
sy  hydroxide, Hur:(:'.']:.[}2 « « .| 0085 || Carbomic . | -0022

If we are titrating (estimating the strength of) an alkaline
carbonate, it is better to use a few drops of Tinctrre of Cuchineal
as an indicator. This is yellowish-red when acid, purple when
alkaline: the fransition is very sharp and hardly affected by the
presence of Carbonie acid.

ESTIMATION OF HYDROCYANIC ACID.

When silver nitrate is added to an alkaline cyanide, at first a
soluble double cyanide of silver and the alkali is formed. With
potassium this is KAg(CN),. As long as the eyanide is not more
than half saturated with silver, this soluble compound is obtained;
after we pass this point, the excess of silver cyanide begins to
precipitate.
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Place the hydroeyanic aeid in a beaker, add soda solution till
alkaline, run in from a burette the deci-equivalent silver nitrate
solution (the same as used for chlorine), until a slight permanent
turbidity is noticed. Then the amount of silver solution added is
equivalent to half the hydroeyanic acid present, or

1 c.c. of silver nitrate = *0054 grm. HCN.
= 0130 grm. KCN.

TITRATION OF ARSENIOUS OXIDE, As,O..

When Todine is added to a solution of an alkaline arsenite, the
latter is oxidized to Arsenate, with production of Hydriodic acid.
Leaving the Alkali out of consideration :

As, 0,421, +5H,0 =2H;As0,+4HI.

Free Todine blues starch, Hydriodic acid does not. Hence the
appearance of the blue iodide of starch shows when we have added
just more than enough Iodine to oxidize the Arsenious oxide.

Standard solution of lodine. 12'7 grammes (one tenth of an
equivalent) of reerystallized Iodine, and 18 grammes of pure
Potassium iodide, are dissolved in water, and the volume made up
with distilled water to 1 Litre. The Potassium iodide takes no part
in the reaction, and is only added to dissolve the Iodine.

1 c.c. of this solution = ‘0127 grm. of Iodine = 00495 grm, of
As,0,.

'I'I!Thsé solution under examination is mixed with a slight excess of
Sodium hydrocarbonate, NaHCO,, a few drops of starch paste
added, and the standard Iodine svlution run in from a burette till
the blue color is just permanent. Then the number of c.c. used
multiplied by ‘00495 gives the amount of Arsenious oxide As,0,
resent.

] Of course the solution must not contain other substances capable
of acting upon Iodine.

ESTIMATION OF ALCOHOL IN WINE.

The specific gravity of Absolute alecohol is *794 at 155° C.

Mixtures of alecohol and Water have higher gravities, which have
been determined by experiment, whereby tables have been made
stating the percentage of Alecohol corresponding to a certain
gravity.

Hence to determine the amount of Aleohol present in a certain
liquid, if nothing but Aleohol and Water are present, we simply
ascertain the specific gravity, and look in the table for the amount
of Alcohol corresponding to that gravity. But if, as in the case of
Wines and Beers, we have Sugar and other solid matters present
which increase the gravity, and would interfere with the result,
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we must get rid of them by distillation, thereby obtaining a liquid,
the distillate, which contains Aleohol and Water only.

Making up this to the same volume as the eriginal liquid, we
obtuin a fluid of exaectly the same strength in Aleohol as the
original, but separated from the Sugar and other matters.

By taking the gravity of this, and referring to the tables, we
obtain the aleoholic strength of the original liguid.

If the original liquid contain a volatile acid such as Acetie, to
prevent it coming over, we add a slight excess of Potash or Soda
solution before distilling. If Volatile Oils be present, they would
usually lower the gravity, and must be removed by diluting with
water and separating, or by agitation with fresh Charcoal and
filtering.

The general process is as follows :—

Measure out 50 cubic centimetres of the liquid, distil with good
condensation until at least two thirds, or suy 35 c.c. has passed over.
Make up the Distillate to the original bulk, 50 eubie centimetres,
with Distilled Water, bring it by cooling or warming to a {empera-
ture of 155" C., transfer to a ‘“ specitic gravity bottle ” and weigh.
Caleulate the gravity, and refer to tables for the amount of aleohol
corresponding.

A specific gravity bottle is a small vessel provided with a
perforated stopper. We must first ascertain what weight of water
it will hold. Fill it with pure water at 15-5° C., insert the stopper,
sezing that no air-bubbles are enclosed, wipe the outside dry, and
weigh without delay. This gives the water confents, In the same
manner it is filled with the Distillate, or Liquid to be tested, and
this also weighed. Then the latter weight divided by the Water
contents gives the specific gravity, taking water at 155° C. as
unity.

In all cases, the Gravity is determined at the standard tempera-
ture of 15:5° C. If we were to determine it at a higher tempera-
ture, owing to the expansion by heat, the liquid would be lighter,
and there would appear by the tables to be more Aleohol. On the
contrary, at a lower temperature the Gravity would be greater,
and there would appear to be more Water and less Alecohol, To
avoid the error we must carefully bring the Liquid to the tempera-
ture of 15'5° C. before weighing.

Tl'mt gravity can also be taken by a Hydrometer, but this is less
correct.

By the same process the specific gravily of other liguids, either
heavier or Lighter than water, can be taken.

ESTIMATION OF THE HARDNESS OF WATER.

A water which does mot lather freely when shaken with a
solution of soap, or when soap is dissolved in it, is said to be
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“hard.” This hardness is due to the presence in the water of
certain salts, mainly those of Calcium and Magnesium. .
Two kinds of hardness are recognised, viz.: temporary hard-
ness, which 1s removable by simply boiling the water, and
permanent hardness, which cannot be thus got rid of.
Temporary hardness is caused by the presence of the Bi carbonates
of Calcium and Magnesium. The normal Carbonates are nearly
insoluble in pure water, but are far more soluble in water contain-
ing Carbonie acid gas in solution, in which they dissolve as the Bi-
carbonates. By boiling, these are decomposed into the Carbonates,
which are precipitated, and free Carbon dioxide which is ex-

pelled :—
CaH,2C0, = CaCO, + H,0 + CO,.

The ¢ boiler-crust,” which forms in boilers and kettles, is a mass
of the Carbonates of Calcium and Magnesium thus precipitated.

Another method of softening temporarily hard waters, is to add
Calcium Hydroxide, or Slaked Lime, in quantity just sufficient to
form, with the Bi-carbonates present, the insoluble normal Car-
bonates. Thus:—

CaH,2C0, + CaH,0, = 2CaCO, + 2H,0.

Permanent hardness is a consequence of the presence, in the
water, of soluble salts of Calecium and Magnesium, which are not
decomposed, or precipitated, on boiling, and which ecannot there-
fore be removed by this method. These salts are mainly the Sul-
phates, Chlorides, and Nitrates of Caleium and Magnesium.

Permanent hardness may be removed by precipitation with an
alkaline carbonate, which throws down the insoluble Carbonates,
leaving, in solution, a salt of the alkaline metal, which does not
render water hard. Thus:—

CaS0, 4+ Na,C0, = Na,S0, + CaC0,.

Hardness of both kinds is removed by Distillation.

Soap, which may be looked upon as consisting mainly of Sodium
stearate, has a softening action upon water similar to that of the
alkaline Carbonates, save that, in this ease insoluble Calcium and
Magnesium stearates are precipitated, while the Sodium goes into
solution combined with the acid previously in combination with the
Calcium and Magnesium. This reaction explains the phenomenon
of the hardness of water, since the water will not lather with soap,
until the whole of the Calcium and Magnesium are thrown out of
solution as insoluble Stearates.

Upon this fact the method for the determination of the amount
of hardness in a water is based.

To determine the hardness of a water, a standard soap solution
is required. For this dissolve & small quantity of a good curd Soap
in methylated spirit, and dilute somewhat, with a mixture of two
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parts of methylated spirit, to one of water., Now make a solution
of Caleinm chloride of known strength, so that the Caleium, caleu-
lated as CaCO,, shall be equal to (say) 7 grains per Gallon. Pour
the filtered solution of soap into a burette, and 100 c.c. of the
standard Caleium chloride solution into a bottle of about 250 ec.c.
capacity ; add the Soap Solution from the burette in small quantities
at a time, stopper and shake vigorously after each addition, until a
permanent lather is formed. The amount of Soap solution required
to effeet this is then read off from the burette, and the Soap solution
is diluted with the mixture of two parts methylated spirit, and one
of water, until 100 c.c. of the standard Calecium chloride solution
require exactly 152 ec.c. of the Soap solution. Now, since the
standard Caleium chloride solution is equivalent to 7 grains per
aallon of CaCOy, and 100 c.c. of Distilled Water require 1-2 c.c. of
Soap solution to form a permanent lather, the remaining 14 e.c. of
the Soap Solution are equivalent to 7 grains per gallon of CaCO, ;
that is, 1 c.c. of the Soap solution, in 100 c.c. of water, is equivalent
to half a grain per Gallon of hardness calculated as CaCO,. With
this standard soap solution, the hardness of any water may be
determined.

Waters, which require more than 25 e.c. of the Soap Solution per
100 c.e. of the water, should be diluted, and a correction made
accordingly.

The total hardness of a water is first determined by direct titra-
tion with the standard soap solution; then the permanent hard-
ness by boiling 100 e.e., for half an hour, to remove the temporary
hardness, filtering off the precipitated carbonates, making up the
filtrate to 100 e.c., and titrating by the above-mentioned method.

The difference between the Total and Permanent hardness gives
the Temporary.

For example :—

Yotal Hardness. 50 c.c. of a water made up to 100 ec.c., required
19'5 c.c. of standard soap solution, equal to (19-5—12) 182 grs.
per gallon.

Permanent Hardress. 100 c.c. of the water, boiled for half an
hour, filtered, and the filtrate made up to 100 c.c. required 12-3 c.c.
standard Soap Solution equal to 58 grs. per gallon.

Temporary Hardness is therefore 18 2 —5-8=12 4 grs. per gallon.

ESTIMATION OF CHLORINE IN NEUTRAL
SOLUTIONS.

Solution of Silver nitrate when added to a solution of a Chloride
gives a white precipitate of Silver chloride, AgCl. Silver nitrate
added to a solution of a Chromate gives a ecrimson ppt. of Silver
chromate, Ag,CrO,. DBut silver has a greater affinity for Chlorine
than it has for Chromic acid, therefore, if Silver nitrate be added

K
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to a mixture of Chloride and Chromate, it will not touch the chro-

mate until it has saturated all the G]]lDll{l{.‘t as soon as this happens,
the Chromate will immediately give its erimson ppt. Taking Sodinm
chloride as an example, the reaction is: NaCl+AgNO,=AgCl+
NaNO.,.

To prepare the standard deci-equivalent solulion of Silver, Dis=olve
17 grammes of pure Silver nitrate (crystals are preferable, as the
fused sticks are sometimes impure) in 1 Litre of pure Distilled
Water. Each cubie centimetre of this solution equals of :

NaCl. . . . -00585
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To perform the analysis. Take a weighed quantity of the solid,
about 0r1 gramme, or a measured volume of the liguid to be tested,
place in a white porcelain dish, add one or two drops of a solution
of normal Potassium chmmate, K.,CrO,, and run in the standard
Silver solution from a Burette until the Ted color produced by every
drop of the Silver solution does not disappear, but remains just
slightly marked on stirring. Then the Chloride is saturated by
Silver. Read off the number of c.c. required, multiply by the proper
coefficient, and the result is the amount of Chlorine or Chloride
present. Solutions which are alkaline or acid, must be first neutral-
ized by dilute Nitrie acid, or by Ammonia, before testing, as free
acid or alkali prevents the proper formation of the red Silver
chromate at the end of the reaction.

In testing Drinking Waters, a weaker Silver solution is used,
prepared by dissolving 2906 grammes of Silver nitrate in a litre of
pure water, 1 ¢ e. of this = 001 grm. of NaCl = 000607 grm. of
Cl. 100 c.c. of the Drinking Water are evaporated nearly to dry-
ness in a white poreelain dish, a drop of Potassium chromate added,
and the Silver solution dropped in till a permanent red tinge is
produced. Multiplying the number of c.c. by the proper cnefﬁcmnt
gives the amount of Chlorine or of Chloride of Sodium in 100 c.c.
this multiplied by 10 gives Grammes per Litre, the latter mulhphﬂd
by 70 gives Grains per Gallon. The same Solution and processes
are used for testing the amount of Chloride in the ash of milks, &e.
For the estimation of the Chlorides in Beers, &e., see p. 133.

MILEK.

Consists of an emulsion of fat (3:5%) in minute globules, sus-
pended in a slightly alkaline solution of Caqem (4”} and Albu-
men (0°7%), with Lactose (49) and Salts (0*79 The amounts
found in a very good Cow’s milk.
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In an analysis, the first thing to ascertain is the total Solid
matter present.

Weigh out about 5 grammes in a flat-bottomed platinum dish,
add a drop of Acetic acid, mix by movement till coagulated, then
dry for three hours on the water-bath. Thus we obtain the weight
of the total solids. Burn these at as low a temperature as
possible, and weigh the ash. DMoisten the ash with a drop of
Potassinm chromate, and titrate with Silver nitrate, p. 130.
Caleunlate as Sodinm chloride.

In the meantime weigh out, in a poreelain dish, about 7 Grammes
for determination of the Fat. Add about 1 Grm. of precipitated
Caleinm sulphate, then a drop of Acetie acid, stir and warm till
coagulated and mixed. By drying on the water-bath, and stirring
with a glass rod, reduce the residue to a granular powder. On
this pour enough pure Benzene to cover it, al'ow it to stand for
half-an-hour, pour off the clear Benzene carefully, without loss,
into a previously-weighed wide-mounthed flask, add to residue some
more Benzene, and, after standing as before, pour off into the flask
again. Repeat this operation six to eight times, taking care that
the benzene poured oft does not occupy more than half the capacity
of the flask (about 40 c.c. of benzene). Then distil off and retain
the solvent, dry the residue of fat carefully, by heating in a
current of air, and weigh the fat. Subtract the fat from the total
Solids, the result is “solids not fat,” consisting mainly of Casein,
Albumen, Lactose, and Ash, and averaging 9-3 per cent. If below
9, the milk has been watered. The standard often taken is 8'7
per cent. as that of solids not fat.

If it be necessary to determine the Lactose, measure out 10 c.c.
into a 100 c.c. flask, add a drop of Acetic acid, warm till coagu-
lated, add distilled water till the liquid measures 100 c.c., filter
from the Casein, transfer a portion to a burette, and titrate with
Fehling’s solution.

Measure 10 c.c. of Fehling into a flask, add 40 ec.c. of water, heat
to beoiling, and add the milk-filtrate from a burette, keeping the
flask boiling until the blue color of the Fehling’s solution is
discharged, and merely a red precipitate of Cuprous oxide in a
colorless liquid remaing. Then the quantity of milk-filtrate used =
10 e.e. of Fehling = 0°065 grm. Lactose. From this, caleulate the
percentage of Lactose.

E.g. 10 e.c. of milk taken, coagulated, filtered and made up to
100 c.e. Titrated with Fehling, 16 c.c. of the milk-filtrate de-
colorized 10 c.e. of Fehling’s solution = 0:065 grm. of Lactose.
Therefore 16 c.c. of the filtrate, = 16 c.c. of the original milk,
contained 0°065 grm. of Lactose.

To calculate the percentage :—

1°6: 100 : & 065 2« = 4°06.

Hence the original milk contained 406 per cent. of Lactose.
x 2
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To determine the Casein, the precipitate by Acetic acid, left on
the filter in the preparation for Lactose-determination, should be
washed off, partially dried till pasty, extracted with Water, Absolute
aleohol and Ether,—to remove Salts and Fat,—then dried and
weighed in a platinum dish, ignited, and the ash deducted.

BREAD.

1. Notice physical characters, odor, color, cleanness, whether well-
baked and of even porosity,

2, A portion about the size of a walnut should be covered with
distilled water, allowed to soak, the liquid poured off and filtered
if necessary. Test filtrate by HCl and BaCl, for Sulplate. Any
considerable ppt. may be due to Aluwm, or to impurity in the Salt
used in the making. The remaining moist bread should be mixed,
squeezed, and a drop of the liguid examined under the microscope
for extraneous starches, potato, rice, bean, &e., and for fungus.

3. Break off, not cut, a piece of the crumb that has not been
touched with a knife, place in a porcela n dish, and pour over it the
following solution: two small and fresh logwood chips are warmed
with about 10 ec.c. methylated spirit, diluted with water and
Ammonic carbonate added in excess. After soaking in this for a
ghort time, the solution is poured away, and the bread left covered
in a dark place till next day. A permanent purple color indicates
Alum, a dull blue tint may be due to Iron.

4, From a fresh surface a small thin slice is cut so as to include
an average of erust and erumb, from outside to centre. Weighed
at once in a platinum dish, dried at 110° C: weighed again, loss of
weight is Water. Burn and weigh the Ash. Determine the chloride
volumetrically, p. 180, and calculate as Sodium chloride. Average
water = 36 per cent.: Ash, 1-2 per cent.: Salt, 0*5 per cent.
Deducting Salt from Ash, since flour contains a mere trace of
Chlorides, we get the approximate “ dsh of Flour,” averaging 07
per cent. A slight excess usually means a coarse flour. The
utterly improbable adulterations, chalk, plaster, bone-earth, &e.,
would make a flagrant difference in the ash.

5. The Nitrogen may be determined by combustion with soda
lime. Multiplied by 6°33 this rounghly gives the Gluten.

6. Exhaust a weighed portion with cold water, filter, divide
filtrate into two portions. Titrate one with Fehling's solution for
Sugar, p. 131. Evaporate the other to dryness, weigh, burn and
deduect the ash. Then subtract the sugar, remainder = Dextrine
and Extractives. :

7. The residue, insoluble in cold water, may be boiled for some
hours with dilute (5 per cent.) H,SO, in a flask (avoiding concen-
tration) so as to turn the starch into sugar, neutralized with KOH,

g i
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made up to a convenient volume, say 200 c.c., and titrated with
Fehling, p. 131. 1 c.c. Fehling's solution= 045 grm. Starch.

8. If Alum is indicaled. 100 grammes of crumb are burnt to a
black ash in a platinum dish, moistened with H,SO, and burnt to &
white ash by adding small quantities of HNO,. Heated some time
with H,S0, and HCI, diluted, filtered, and the silica on the filter
ignited and weighed. Add a slight excess of Ammonia and stir,
then excess of Acetic acid, and allow to stand. Phosphates of
Caleium and Magnesium dissolve, those of Aluminum and Ferrie
do not dissolve. Filter, wash, ignite and weigh the Ferriec and
Aluminum phosphate. Dissolve in HCI, titrate the irom, p. 13Y,
caleulate as FePO,, subtract this from the mixed ppt., the remainder
is AIPO,. If 100 Grammesof Bread are taken, the weight in Grammes
of AIPO, found, multiplied by 1036, will equal the number of Grains
of crystallized Ammonia alum, (NH,),S0,,AL350,, 24H,0, in the
4lb. loaf. Deduct 8 grains for Alumina which may be derived
‘ from accidental traces of elay, or from rubbing down of the mill-
stone.” If the mixed AIPO,+FePO, do not exceed ‘013 gramme,
the bread is unalumed, and the iron need not be determined.
Always prove that the ppt. contains Aluminum, by igniting it on
platinum with Cobalt nitrate; it should show a decided blue color.

Copper and Zine have been occasionally found in bread, and
may be detected by the toxicological methods, p. 103.

For further details consult Wanklyn and Cooper’s ¢ Bread
Analysis.”

i

BEER AND PORTER.

1. Notice clearness, whether much gas, odor, taste.

2. 10 c.c. are evaporated, and weighed for tofal solids, then burnt
for Ash. Ash should be white, partially soluble in water, alkaline.

3. 50 c.c. are distilled for Aleohol according to p. 126.

4. 20 c.c. titrated with decinormal KOH solution, p. 124, using
Litmus paper as an indicator., The number of c.e. of KOH solu-
tion multiplied by -006, the coefficient of Acetic acid, and by 5
(h(?jﬂ.usﬁ 20 c.c. were taken) gives futal acidity calculated as Acetic
acid.

5. 25 c.c. treated with pure Baryta water in slight excess,
evaporated and carefully charred, then extracted with successive
quantities of hot water and filtered. The filtrate, concentrated by
evaporation, and tifrated with AgNO,, p. 129, gives the Chlorine.
The highest limit of salt allowed is 60 grains of NaCl per gallon,
supposing the source not to he the brewing water. Beer is fre-
quently brewed from impure sugar containing Potassium chloride,
hence a determination of K and Na, p. 139, is required before an
addition of common salt can be asserted.



134 ALCOHOLIC EXTRACT IN BEERB. ANALYEIS OF WATERS.

6. 25 c.c. evaporated to a syrup, stirred well with 10 ec.c.
rectified spirit, the latter filtered and gently evaporated gives
aleoholic extract, Notice its ecolor, whether soluble in water
(separation of resin), its taste—bitter, nauseous, salty, &e. The
taste of licorice comes out strongly. Hop gives a strong and
pleasant bitterness, with a good deal of resin.

7. Examine sediment under microscope.

[For further details, see Blyth’s “ Food Analysis.”]

DIALYRSIS.

Liquid diffusion is the property which many substances, when
cdissolved, possess of passing through membrane. The majority of
inorganic soluble substances, and a large number of the simpler
organic compounds, are crystallizable and diffusible, and are called
erystalloids. But viscous and albuminous bodies do not diffuse:
they are called colloid (or glue-like) substances. Silicie acid
gives a fair idea of a colloid.

A dialyser is a cylinder, open above, and closed below by a
diaphragm of vegetal parchment or bladder, suspended =o that the
diaphragm just dips into a large basin of distilled water. The
mixture to be examined is poured into the eylinder: on standing,
the erystalloids diffuse through into the water, while the colloids
remain above the membrane. In this way arsenie, strychnia, and
other erystalline poisons may be separated from an animal liguid
such as blood, or a stomach eontents. On evaporating the distilled
water, the erystalloid may be recovered almost pure. Arsenious
acid must be neutralized before evaporation, to avoid volatiliza-
tion with the steam,

ANALYSIS OF POTABLE WATERS.

A Winchester quart (half a gallon), in a perfectly clean bottle,
should be colleeted.

Color. Place in a tall eylinder of colorless glass, and look
down on to a sheet of white paper. Pure water has a bluish tint;
marsh watersare brown : contamination with sewage gives a yellow
coloration; alge give a greenish tinge. Chalk waters often have a
white turbidity, clay waters a brown, ferruginous waters a reddish
brown, or a brown, floceulent sediment.

Sediment. Allow to stand in a large conical glass, pour off
the water, and examine the deposit under the microscope.

Odor. Half fill a flask with the water, warm, shake vigorously
and smell. A marshy, or even a fetid or urinous, odor may be
detected. !
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Residue. 500 c.c. are evaporated in a weighed platinum dish,
the residue weighed and put down as total solids. It should be
white. Notice whether crystalline or granular. Ignite gently:
waters containing much nitrate will give acid fumes: if much
organic matter, the residue will blacken or brown : notice whether
the odor is like animal matter. Weigh the ash if necessary;
examine it for iron, On first warming up, record whether much
eas is evolved.

Chlorine. Evaporate 100 e.c., or less, in a white porcelain dish,
and titrate as directed page 130.

Hardness. See page 120,

Free and Albuminoid Ammonia. At the present time this
process, introduced by Wanklyn and Chapman, is the readiest
means of discovering contamination in waters.

500 e.c. (or a less quantity if the water is very bad) are distilled
in a retort until 50 c.c. have passed over. The distillate is trans-
ferred to a glass cylinder and 1} c.c. of Nessler test (see below)
added. The brown coloration produced is imitated in another
eylinder by mixing pure water with the requisite number of cubie
centimetres of a standard Ammonium chloride solution (-0315 grmn.
of NH,CI dissolved in one Litre of pure distilled water: 1 c.c. of
this = 01 milligrm. of NH,); and adding 1% c.c. of Nessler test;
trials are made till the same tint of color is obtained. Then the
number of c.e. of standard solution used indicates the amount of
free Ammonia in the first Distillate. The Distillation must be
continued until 50 c.c. of Distillate give no color with Nessler; the
amounts added up will give the free Ammonia present in 500 c.c.
of the water.

To the remainder in the retort, 50 ¢ e. of Alkaline Permanganate
solution (see below) are added, and the distillation continued.
The Permanganate oxidizes the organic nitrogenous matters, and
evolves the Nitrogen as Ammonia. This is collected in the Distillate
in successive quantities of 50 c.c., and titrated by Nessler test as
above. The result is put down as Albuminoid Ammonia.

Ferruginous waters often contain much free Ammonia, otherwise
an excess points to urinous contamination. Albuminoid Ammonia
5]1{;1]11(1 not exceed 0*08 milligramme per Litre, = 0056 grains per
(allon,

The Alkaline permanganate solution is made by dissolving 8
grammes of Potassium permanganate and 200 grammes of Potash
in about 800 c.c. of water, boiling for about two hours till all
iimmanin. is expelled, and then making up with pure water to one

sitre.

Pure water for the purpose may be obtained by distilling
ordinary good distilled water, rejecting the first distillate, and
collecting the middle third. It should give no coloration with
Nessler test (p. 1).
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Nessler test is made by dissolving together 35 grms. of KI and 13
Grms. of HgCl, in "800 c.c. of warm water, adding HgCl, solution
until the red ppt. of iodide just fails to red:ssnlve then addmg 160
Grms. of KOH dissolved in water, making up with Distilled water to
one Litre, and dropping in Hg{}i2 solution until 14 c.e. of the
supernatant liquid gives a proper brown coloration when added as
in testing a water distillate. Allow to eettle and decant for use.
This is a solution of Potassio-mercuric iodide in excess of potash :
with a small amount of Ammonia it gives a brown ppt. (NHg,10H,);
with minute traces, it gives a brown coloration.

Extraordinary care must be taken that all utensils used in this
process are chemically clean.

Examples:—

1 A bad water.—Half the quantity, 250 c.c., was taken, as the Nessler
tints with the whole quantity were too intense for easy comparison.

Free NH,. Albwminoid NH,.
Amount of Milligrammes Amonnt of Milligrammes
distillates. of NHg. distillates. of NHj.
T Ve T R ot A S e SO f (W ST | 110 Y| Ty, e L R e
Shiefe TN L ot e CDDBEHEE N alne SR R e e e (T
= 0eie 5 A N e e ot
035
4 054
- — 4
Per litre . . *+140 1 =
— Perlitre: . 4 =216
*000140 grammes per litre. -
.0098 grains per gallon. 000216 grammes per litre.
01512 grains per gallon.

[Highest passable amount of albuminoid NH; =008 milligram per litre=
*0056 grains per gallon.]

2. A passable water.—500 c.c. distilled.

Free NI, Albuminoid NH,.

SOpese b e e a0 S ODIC.Ci G e 0
BOBIE 3, wa et o et (OB DB ieiee =0 i a5 e i Bt
— | 90ece.. .+ o v . o« 002
028 T
2 034
—_— 2
Perlitre . . *056 —_—
—— Per litre . .. +068

*000056 grammes per litre. e~
{ *00392 grains per gallon. A { 000068 grammes per litre.

1 °00476 grains per gallon.
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3. A good water.—500 c.c. distilled.

Free NH,. Albuwminoid NH,.
S0icie: s o R 1 T [ e e Tl i 1] 4§
2 IGDIeIEN & . i e e e e D02
Perlitre « ¢ 014 '{]lg
2 { 000014 grammes per litre, P
— |- 00098 grains per gallon. Per litre . . 024
| = { *000024 grammes per litre.

00168 grains per gallon.

Nitrates. The residue of 500 c.c. of the water is extracted
with successive small quantities of distilled water, filtered, and
evaporated to a few drops. * Frankland's tube ” is a glass eylinder
open at both ends, with a constriction near the top closed by a
glass stopcock. The upper part thus forms a small funnel, the
lower is graduated. The tube filled up to the stopper with
mercury is supported by a clamp in a deep mercury trough. The
extract of the water residue is poured into the funnel, the tube
raised and the stopcock opened, when the liguid is drawn into the
lower portion of the tube. Take care that air does not enter; if it
does, depress the tube in the mercury till the air is just expelled.
Then rinse the remainder of the soluble water-residue into the
funnel with a few drops of water; and repeat with three sueccessive
washings of concentrated H,SO,, transferring each washing by open-
ing the stopeock gently. Now grasp the tube in the hand, closing
the lower end with the moistened thumb, and shake sharply, but so
as to leave an unbroken column of mercury below. The sulphurie
acid will liberate Nitric acid, this with the mercury will give
Nitric oxide and mercurous sulphate. Nitric oxide contains
half its volume of nitrogen: therefore, if 500 c.c. of water (half a
litre) be taken, the amount of nitric oxide per half Litre = the
amount of Nifrogen per Litre; i.e. nitrogen existing as nitrates and
nitrites, or “ Oxidized nitrogen.”

Example. 500 c.c. of the water gave 30 c.c. of NO at 19° C. and 773
millimetres pressure;

Correcting for temperature and pressure :—

L S0ice ¥ THER T
760 % [1 + (19° x -003665)]
= 2-85 c.c. NO at O°C and 760 mm,

But NO contains half its volume of N, and we have taken half a litre of
water. Hence the number of c.c. of NO found corresponds with the number
of c.c. of N per litre. Now 1 litre of hydrogen at O°C and 760 mm weighs
0896 grm. Nitrogen is 14 times as heavy: 1 litre N=-0896x14=1"25
grm, Therefore 1 c.c. N weighs *00125 grm. In our example, 2:85 c.c.
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(the volume of N found) multiplied by *00125 grm. (weight of 1 ec.e. N)
gives 00356 grm. as the weight of oxidized nitrogen per litre. Mulliplied
by 70, =0-249 grns, per gallon. This is a moderate amount.

Note.—It is easy to remember that 1 ¢ ¢. of nitrogen weighs a milligramme
and a quarter.

Nitrates are generally produced by oxidation of nitrogenons
organic matters. chce they have been put down as “ previous
sewage contamination.” But they may be geological in origin, as
many deep well waters, conspicuously free from organic impurity,
contain mueh Nitrate, such as the Kent waters from Artesian
wells, and others. But a water containing much Nitrate requires
further examination to aseertain its souree.

Phosphates. For these a larger quantity of water is required.
Two Litres are acidified with Nitrie acid, evaporated to dryness,
and the residue ignited till white. Then it is dissolved in a little
HNO,, warmed, diluted slightly, filtered, and the filtrate treated
with a moderate amount of acid Ammonium-molybdate solution,
and again warmed for some hours on the water bath. Phosphate
will be indicated by a yellow color, if very little, or a yellow ppt. if
more. In case a precipitate appears, collect it on a small filter,
wash thoroughly with water and dissolve it in Ammonium hydrate.
To the Ammoniacal solution add a small quantity of a mixture
of Ammoninm chloride and Magnesium sulphate, and allow to
stand. Ammonio-magnesinm phosphate, NH,MgP’O,,6H,0, will
precipitate. Collect this on a filter, wash with dilute Ammonia,
dry, ignite and weigh as Pyrophosphate of Magnesium Mg,P,0..
Multiplied by 0'64 this gives the P,0; in 2 Litres. Inasmuch as
Phosphates are present in all sewage, the estimation is of great
importance, but it must not be forgotten that Phosphates oceur in
many rocks, and may come from geological sources. In a surface
water they certainly point to sewage contamination.

Lead is often present in drinking waters. The purer the
water, the more chance there is that lead pipes may introduce
this poison., To detect it, one Litre of the water should be
evaporated to 100 c.e., placed in a glass cylinder over white
paper, a little HCI and H}b added, and the brown coloration, if any,
imitated in another cylinder with a standard (very weak) solution
of Lead acetate + HCI + H,S. The number of c.c. used to produce
the same tint gives the amount of lead present. A water containing
Lead should be at once condemmned.

It should be remembered that the mere darkening by H,S added
to the acidulated water does not pr.ove the presence of Lead.

Copper may be present. Similar treatment with HCI + H.,S
will also produce a dark discoloration. The concentrated water
will give a more or less red-brown tint with a solution of Potassium

ferrocyanide.,
If Iron alone is present, H,8 gives no darkening in the acidulated
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water. Ammonic sulphide will indicate the presence of iron. On
reducing the bulk of the water to one-tenth, Potas ium ferrocyanide
will produce more or less of a coloration from Prussian blue which
can be imitated with a standard solution of a Ferric salt.

Silica, Lime, and Magnesia. 250 c.c. are acidulated with
HCI, evaporated to dryness and ignited, the ash dissolved in
dilute HCI and the insoluble Silica filtered off, washed, ignited, aid
weighed. Silica averages 1 grain per gallon. The filtrate is
diluted, pptd. with Ammonium chloride, Ammonia, and Ammonium
oxalate, boiled, and the precipitate of Calcium oxalate collected on
a filter, washed, ignite& (whereby it is turned into Calcinum car-
bonate) and weighed. The weight of CaCO, multiplied by 056
gives the amount of Ca0 in 230 c.e. To the filtrate add Sodium
phosphate and more Ammonia: on standing, Amuwonio-magnesium
phosphate precipitates: it is collected, washed with dilute Am-
monia, ignited, whereby it becomes Pyrophosphate, Me,P,0. : the
weight of this multiplied by 0-36 gives the MgO in 250 c.c.

Alkalies. One Litre of the water is precipitated with Baryta
water, boiled down to a low bulk and filtered ; from the Filtrate
the remaining Calcium and Barinum are removed by boiling with
Ammonium carbonate and Oxalate, and this Filtrate evaporated to
dryness and ignited till Ammonium salts are expelled. This renders
Magnesia insoluble. Extract the residue with small quantities of
water, filter, evaporate to dryness, and again ignite: redissolve in
water: it should be entirely soluble and should give no reaction
with a minute drop of Ammonium carbonate (absence of Lime and
Magnesia). The preeipitation with Ammonium earbonate may
have to be rcpeated, as sometimes Ca and Mg are not entirely
removed the first time. The Filtrate coutains the Alkalies, it is
acidulated with HCI, evaporated to dryness in a platinum vessel,
cauntiously ignited (it decrepitates) and weighed as NaCl + KCL.
Dissolve in a little water, add Platinie ehloride in excess, evaporate
again and extract with a mixture of ether and alcohol. Sodio-
platinic chloride dissolves, Potassio-platinie chloride, K,PtCl,,
remains as a yellow erystalline powder, and is weighed and
calculated into KCl: this subtracted from the mixed NaCl + KCI
gives the weight of the NaCl. Caleulate and record as K,0, and
Na,0 in grains per Gallon.

Waters near the sea contain much Sodium.

In sewage, Potassium predominates. Hence the presence of
Potassium-salts may be a bad sign.

Sulphates. 250 c.c. of the water are acidulated strongly by
HCI, heated to boiling, precipitated by Barinm Chloride, boiled till
the ppt. settles clear, and the BaSO, collected, washed, ignited,
weighed, and caleulated as SO, [BaS0, =233 : SO,=80].

Nitrites are an indication that a water is insufficiently aérated
or oxidized. Boil 100 c.c. rapidly down to 5 c.c.; make a mixture
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of KI solution, a little starch paste, and HCl; no reaction should
appear: on adding the concentrated water, if a Nitrite be present
blue iodide of starch will be produced.

The quantitative determination of the mineral constituents is
not often required for a drinking water. A complete analysis of
course requires a larger quantity of water, say two gallons.

Characteristics of SBewage. Absence of dissolved Oxygen,
high Chlorides, Phosphates, Potassium salts, free and albuminoid
Ammonia. Nitrates in recent sewage are almost absent, but after
dilution, and oxidation of nitrogenous compounds, the Nitrates
become high. . Microscopic examination, odor, color, and a careful
examination of the source are required before deciding. If the
water alters much in composition from time to time, surface con-
tamination may be expected.

BILE.

A syrupy liquid, faintly alkaline, olive- or golden-brown in
color ; specific gravity 1-009 to 1:020. Human bile contains:—

FPer cent.
Water. S 4 . ; a 3 . 86 to 90
Solids " : 5 - . . ; 14 to 10
Biliary acids and salts : ‘ . H'6to 10
Fats . . s : : : : : 0°3t0l-7
Cholesterin . 5 ; X ; A . 0'4t01-0
Mucus ; - . : ; . . 0-14 (varies)
Coloring matters . A : ; 2 e 2o
Ash 0:6tol-0

Pettenkofer’s test for bile acids (Glycocholic and Taurocholic
acids). Mix in a mortar about 1 part of clean Glucose with 3 parts
of concentrated Sulphurie acid : pour this carefully into the middle
of the bile spread on a white plate: a rich purple color will indicate
bile acids.

Gmelin’s test for coloring matters (Bilirubin, Biliverdin,
Bilifuscin). Some bile is poured on a white plate, fuming Nitric
acid is dropped gradually into the middle; at the point of contact
a play of colors, green, blue, violet, red, and finally yellow, indicates
bile pigment.

THE URINE,

A clear yellow, acid liquid, depositing more or less of a cloud of

mucus on standing.
Normal sp. gr. 1°016 to 1-024.
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Average quantity passed by an adult in 24 hours, say, 53 ozs.
General composition in 1000 parts:

Water i : . . 3 1 . 958 to 940
Solids . . . : : . : . 42to0 60
1000 1000
Urea . . : . i ; : « +15to Bl
Uric acid . ; : - . . 5 : 0-45
Kreatinin . : ; ; y ’ : o OETD
Hippuric acid . : : : = 0-25
Mucus and coloring matters . ; : . . 0-35
Kryptophanie acid . : : : . 0r4to 0-10
Ash . > ; 23 to 16-00

With traces of Xanthin, Phenol, Indican, an odorous essential
0il, and other matters.

In disease it may also contain Albumen, Fat, Bile, Blood, Dextrose,
Cystin, Renal casts, as well as increased quantities of Urates,
Phosphates, Oxalates, Coloring matters, and Urea. It often becomes
alkaline from the presence of Ammonia, and is then turbid with
earthy Phosphates.

In Typhus it contains Leucin and Tyrosin; Chlorides are almost
absent, Urea high, and coloring matter low.

In Fevers, Urea is usually higher.

The determination of Urea by Russell and West’s process depends
upon the fact that Urea, CO(NH,),, is decomposed by Potassium
hypobromite into CO,, N, and 2H,0. If Alkali in excess, CO,
absorbed, and only N, free.

CO(NH,), +3KBr0 +KOH = KHCO, +2H,0 + N, +3KBr.

If the urine is so concentrated that 5 c.c. gives more Nitrogen
than the graduated portion of the tube can hold, less must be
taken.

If Albumen be present, since it gives N, when treated with
hypobromite, it must first be removed by faintly acidulating the
Urine with acetie aeid, builing, filtering, and taking 5 c.c. of the
Filtrate.

10 c.c. are evaporated, dried, and the Total solids weighed.
Then they are burnt carefully, and the ash weighed.

Chlorides are best determined gravimetrically.

20 c.c. of the urine, dilnted with water, are acidified strongly
with nitrie acid, heated to boiling, precipitated with AgNO,, boiled,
the AgCl collected on a weighed filter, washed, dried, weighed and
calculated into NaCl or Cl.

AgCl=108+355=143-5.

1435 : 585 :: weight of AgCl : weight of NaCl.
1435 : 35°5 :: weight of AgCl : weight of CL
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The weight of NaCl or Cl multiplied by 5 gives {heir amount in
100 e.c. of Urine.

Uric acid. 200 c.c. of urine, sediment and all, are hoiled down
to one-tenth, acidulated with HCI, and allowed to stand 12 hours.
The Uric acid deposits in granules which may be collected, slightly
washed in cold water and weighed.

To test for Albumen, a little of the Urine is boiled ; a precipitate
of earthy Phosphates with albumen, if any, ocecurs. On addition of
a minute drop of Nitric acid, the Phosphates dissolve, and the
Albumen remains.

Or the Urine may be carefully poured so as to float on a layer of
concentrated Nitric acid ; at the junetion of tl.e two layers, a cloudy
zone will appear if Albumen is present. To determine it, 50 ec.c. of
Urine are faintly acidified by Acetic acid, boiled, and the coagu-
lated Albumen, collected on a weighed filter, washed, dried and
weighed.

Urine containing Dextrose is of higher sp. gr. On adding a
drop of CuS0O,, then KOH in excess, the CuH,0, dissolves to a
beautiful blue liquid, and on boiling, red Cuprous oxide Cu,0
deposits. To ascertain the amount, titrate with Fehling’s solution,

. 1381,

i Fermentation-test. 100 c.c. of Urine are measured into a hottle
of 200 c.e. capacity, about one gramme of German yeast is added,
stirred, loosely covered and set aside for 24 hours in a warm place
not above 30°C. Another bottle with 100 e.c. of Urine, without
yeast, is set aside. Dextrose is changed by the yeast into Aleohol and
Carbon dioxide, hence the quantity is diminished (C;H,,0,=2C0,
+92C H,0). At the end of the preseribed time, determine the
gravities of both by the Hydrometer, bronght, if necessary, to the
same volume by added water. Every degree per thousand of Sp.
gr. lost, equals 0-2196 grm. of Dextrose in 100 c.e. To calculate
the total amount per day, multiply by the number of c.c. passed
and divide by 1C0. Of course the whole day’s urine must be mixed
for the sample, as the quantity of dextrose finctuates.

For Bile, see p. 140.

Indican is characteristic of intestinal disturbances, but is some-
times met with under other circumstances. Add to the urine its
own bulk of Hydrochloric acid, then a drop of Caleium hypochlorite
(chloride of lime) ; Indigo will show itself by a blue coloration and
precipitate. If the whole be shaken up with Chloroform, Indigo-
blue will deposit, and indigo-red dissolve. (If KI has been
administered. the amethystine color of the Chloroform may be due
to liberated Iodine: bleached by a little KOH).

The other ingredients require larger quantities of Urine, and
longer processes.

Sediments are examined nnder the microscope.
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BLOOD.

Blood has an alkaline reaction ; its specific gravity varies from
1:050 to 1-060. I1ts average composition is as follows :—

Total solids . . i o ey
Water . 79 5
Hemoglobin . 12-0
Fibrin . . 02
Albumen 70
Fatty matters 0-2
Ash 08
Extractives 0-3

100-0

The Extractives consist of Sugar, Urea, Kreatin, Leucin, Tyrosin,
Xanthin, Hypoxanthin, Urie, Lactic and Hippuric acids; Alcohol,
Indican and a yellow Pigment have also been stated to be present.
Becquerel gives the Extractives as 084 per cent.: no doubt they
vary.

E}stimﬂ,tinn of total Solids, Ash and Iron. A weighed
quantity, about 20 grammes, of the Blood is evaporated in a
porcelain dish on the water-bath with frequent agitation, dried in
the air-bath at 105° C., and the total solids weighed. They are
burnt at as low a temperature as possible, the Ash weighed, then
dissolved in a little Hydrochlorie acid, and the Iron determined by
color titration with Potassium ferrocyanide.

Sodium chloride. One Grm. of Blood is mixed with about
2 c.c. of Baryta water, dried, burnt at a low temperature, the Ash
boiled with water, filtered, and the Filtrate titrated with standard
Silver nitrate (p. 150).

Fibrin., Place in an 8-o0z stoppered bottle about 1 oz. of clean
shot, weigh the whole, then add about 100 ec.c. of freshly drawn
blood and weigh again; the difference gives the weight of blood
taken. Shake for some time, then decant the liquid from the
coagulated Fibrin, wash with water, dry, and weigh again. Sub-
tracting the weight of bottle and shot, we obtain the amount of
Fibrin; calenlate the percentage.

Corpuscles. The liquid decanted from the Fibrin is mixed
with three times its volume of saturated solution of Sodium
sulphate, set aside till the Corpuscles deposit, these collected on a
weighed filter, washed first with boiling Sodium sulphate solution,
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then with distilled water, dried, weighed, and the weight of filter
deducted. The average quantity is 33 to 35 per cent.

Serum, Albumen, and Extractives. 20 Grms. of fresh
blood are allowed to coagulate, the Clot removed, pressed, and the
Serum weighed (average about 50 per cent.). The latter is then
slightly acidified with Acetic acid, evaporated, dried, and any fat
removed by Benzene; the residue is exhausted with hot proof
spirit, dried and weighed ; this gives the Albumins. The alcoholic
solution evaporated, dried and weighed, then burnt and the Ash
deducted give the Extractives,

Fat. 50 Grammes of Blood are acidulated with Acetie acid,
mixed with half the bulk of Sulphate of Calcium, evaporated,
granulated, exhausted with Benzene, the latter poured into a
weighed flask, distilled, and the Fat weighed.

Heemoglobin. This contains 0-42 per cent. of Iron, hence the
percentage of Iron found in the ash multiplied by 100 aud divided
by 042 gives approximately the amount of Heemoglobin. Another
method is to compare the eolor of the diluted defibrinated Blood
with a standard solution of Heemoglobin, or with a standard solution
of Picrocarmine (with Gelatin or Glyeerin), made to imitate it. A
third more exact method is to measure the absorption of the green
light by the Spectroscope. For details see Dr. Charles’ “ Physio-
logical Chemistry,” 1884, p. 245.

Sugar. Add to a weighed quantity of Serum an equal bulk of
powdered Sodium sulphate erystals, boil, filter and wash, titrate
the Filtrate with Fehling’s solution, as directed under Milk (p.131).
Average amount 005 per cent.

For determination of Urea (average (0-02 per cent.), and Uric acid,
see Dr. Charles’ “ Physiological Chemistry,” p. 267. The other
Extractives will be found in the aleoholie Filtrate from the Albumen
(sec above). Their separation is difficult.

Average composition of the ash of blood (Jarisch): —

Chlorine . - . : . 350-7¢4
Potash . 2 k - g 2655
Soda y : g - . 21-11
Phosphoric acid : - : 8-82
Sulphuric acid . - : . o f
Ferric oxide . - : : 8:16

Lime and magnesia . ; ; 133
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WEIGHTS AND MEASURES.
METRIC SYSTEM.

The unit of length is the metre, of volume the litre, of weight
the gramme.

Multiples of these are denoted by prefixing Greek numerals:
deca (10 times), hecto (100 times), kilo (1000 times), myria
(10,000 times).

Fractions arve indicated by the Latin prefixes deci (one-tenth),
centi (one-hundredth), milli (one-thousandth),

One cubie centimetre is the volume of a cube one centimetre—
one-hundredth of a metre—in side.

One cubic centimetre of water at the temperature of maximum
density, 4° C., weighs one gramme. For ordinary purposes, 1 c.c.
of water may be taken to weigh 1 grm. at ecommon temperatures,

One litre=1000 cubic centimetres. One litre of water at 4° C.
therefore weighs 1000 grammes or 1 kilogramme.

Abbreviations. Cubic centimetre =ce. or c.c.
Gramme = grm.
Milhgramme = mgrm.

EQUIVALENTS.
The following are approximate equivalents for ordinary use : —
1 grm. = 15-432 grains. | 1 grain = 0-0648 grm.
1 kilogrm. = 2-2 Ibs. 1 ounce = 28°3) grms.
1 metre = 39-37 inches. 1 pound = 4536 grms.
1 litre = 1°76 pint. 1 minim = 0059 c.c.

1 c.c. = 03527 fluid oz.
1 ounce (avoirdupois) = 4375 grains.
1 pound (ditto) = 16 oz. = 7000 grains.
1 pint = 20 fluid oz. = 14 1b. of water.
1 gallon of water = 10 Ibs. = 70,000 grains.
1 cubic foot of water weighs 625 1bs. = 6} gallons.
1 minim of water weighs 0*91 grain.

A drop varies with the temperature, nature, and volume of the
liquid. With water it is more than a minim, with alcohol it is less.
L
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THERMOMETERS.
Fahrenheit: freezing point 32° boiling point 212°. F.
Centigrade : - o RS n L00R Wl
Réaumur : al ] e 4 B80°% R
To convert Fahrenheit into Centigrade and vice versi :—
(F°-32°) x 5 G2
= (8, + 32°=TF",
9 5

MEASUREMENT OF GASES.

Boyle and Marriott’s law, ‘ the volumes of gases are inversely
proportional to the pressures.” The standard pressure at which
gases are measured is 760 millimetres of mercury=29-92 inches.
(The old standard, 30 inches,=761'986 millimetres.) If a gas is
measured at any other pressure, a correction must be made, by rule
of three, to find what its volume would be at 760 millimetres.

Similarly a correction must be made for temperature. The
standard is 0° C. Gases expand 3} XL of their volume for every 1°C.
increase of temperature: 3}y = °*003665. Hence, if a gas be
measured at a temperature ¢°, to ) find its volume at 0° C. ‘'we must

divide by
1 + (¢° x -003665).

Example.—100 c.c. of a gas at 770 m.m. and 10° C.: what is the
corrected volume at 0° C. and 760 m.m. ?

1. 7o correct, for pressure: multiply by the observed pressure in
millimetres, and divide by 760.

100 x 770=-T760=101"32 c.c.
2. To correct fur temperature : divide by 1+ 003665 ¢° = (in this
case 1+03665).
101-32—=1-03665=97-T74 c.c.
The corrected volume is 97°74 c.c. at (° and 760 m.m.
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on Aural Surgery at, St. George's Hospital. Third Edition. With
Engravings. Crown 8vo. 7s. Gd.
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EAR, DISEASES OF—continued,

JONES.—Practitioner’'s Handbook of Diseases

of the Ear and Naso-Pharynx. By H. MAONAUGHTON JONES, M.D.,
M.Ch. ; Examiner, and late Professor in the Queen’s University ; and
Surgeon to the Cork Ophthalmic and Aural Hospital. Third Edition
of * Aural Surgery.” With 128 Engravings, and 2 Coloured Plates
(16 Figures). Royal 8vo, 8s.

By the same Author.

Atlas of the Diseases of the Membrana

Tympani. In Coloured Plates, containing 50 Figures. With Ex-
planatory Text. Crown dto, 21s,

FORENSIC MEDICINE.
ABERCROMBIE. — The Student’s Guide to

Medical Jurisprudence. By JOHN ABERCROMEIE, M.D., F.R.C.P.,
Physician to Charing Cross Hospital. Feap. 8vo, 7s. Gd.

OGSTON.—Lectures on Medical Jurisprudence.
By ¥rawcrs OgsToN, AMLD., late Professor of Medical Jurisprudence
and Medical Logic in the University of Aberdeen. Edited by FRAKCIS
OGsTON, Jun., M.D., late Lecturer on Practical Toxicology in the
University of Aberdeen. With 12 Plates. Svo, 18s.

TAVYLOR.—The Principles and Practice of
Medical Jurisprudence. By ALFRED S. TAYLOR, M.D., F.R.S.
Third Edition, revised by THOMAS STEVENS0ON, M.D., F.R.C.P., Lec-
turer on Chemistry and Medical Jurisprudence at Guy's Hospital ;
Examiner in Chemistry at the Royal College of Physicians; Official
Analyst to the Home Office. With 188 Engravings. 2 Vols. 8vo, 31s. 6d.

By the same Author.

A Manual of Medical Jurisprudence.
Eleventh Edition, revised by THOMAS STEVENSON, M.D., F.R.C.P.
With 56 Engravings., Crown Svo, 14s.

ALS0,
On Poisons, in relation to Medical Juris-

prudence and Medicine. Third Edition. With 104 Engravings
Crown 8vo, 16s.

TIDY AND WOODMAN.—A Handy-Book of

Forensic Medicine and Toxicology. By C. MEYMOTT TIDY, M.B. ; and
W. BATHURST WOODMAN, M.D., F.R.C.P. With 8 Lithographic Plates
and 116 Wood Engravings. 8vo, 81s. 6d.
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HYGIENE.
PARKES.— A Manual of Practical Hygiene.

By EpMUND A. PARKES, M.D., F.R.5. Seventh Edition by F. pE
CHAUMONT, M.D., F.R.S., late Professor of Military Hygiene in the
Army Medical Sehool. With 9 Plates and 101 Engravings. Svo, 18s.

WILSON.—A Handbook of Hygiene and Sani-
tary Science. By GEORGE WILSON, M.A., M.D., F.R.5.E., Malical
Officer of Health for Mid Warwickshire. Sixth Edition. Witk En-
eravings. Crown Svo, 10s. 6d.

——— — —_—

MATERIA MEDICA AND THERAPEUTICS.
LESCHER.—Recent Materia Medica. Nctes

on their Origin and Therapeutics. By F. HARW00D LESCHER, EC.5.,
Pereira Medallist. Third Edition. 2vo, 2s. 6d.

OWEN.—A Manual of Materia Medica; in-
corporating the Author's * Tables of Materia Medica.,” By ISAYBARL
OWEN, M.D., F.R.C.P,, Lecturer on Materia Medica and Therapputics
to 8t. George's Hospital. Second Edition, Crown 8vo, 6s. 6d.

ROYLE AND HARLEY.—A Manual of Matzria

Medica and Therapeutics. By J. FORBES RoOYLE, M.D., F.R.8, and
JOHN HARLEY, M.D., F.R.C.P., Physician to, and Joint Lectuwer on
Clinieal Medicine at, St. Thomas's Hospital. Sixth Edition, inchding
addition and alterations in the B.P. 1885. With 139 Engrarings.
Crown 8vo, 16s.

SOUTHALL—The Organic Materia Medicz of

the British Pharmacopeia, Systematically Arranged. By W, S0UTEALL.
F.L.5. Fourth Edition. Crown Svo, 5a.

THOROWGOOD. — The Student’'s Guide to

Materian Medica and Therapeutics. By JoHN C. THOROWGOOD, N.D.
F.R.C.P. Second Edition. With Engravings. Fcap. 8vo, 7s.

WARING.—A Manual of Practical Therapeu-

tics. By EDWARD J. WARING, C.L.E., M.D., F.R.C.P. Fourth Editbn,
revised by the Author and DUDLEY W. BuxToN, M.D., M.R.(P.
Crown 8vo, 1ds,
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MEDICINE.
CHARTERIS.—The Student's Guide to the

Practice of Medicine. By M. CHARTERIS, M.D., Professor of Thera.-
peutics and Materia Medica, University of Glasgow. With En-
gravings on Copper and Wood. Fifth Edition. Feap. 8vo, 9s.

FAGGE.—The Principles and Practice of Medi-

cine. By the late C. HILTON FAGGE, M.D., F.R.C.P., Edited by
PHILIP H, PYE-SMITH, M.D,, }.R.8., F.R.C.P., Physician to, and
Lecturer on Medicine in, Guy's Hospital. Second Edition. 2 Vols.
Svo. Cloth, 38s., leather, 44s.

FENWICK.—The Student’'s Guide to Medical

Diagnosis. By SAMUEL FENWICK, M.D., F.R.C.P., Physician to the
London Hospital. Sixth Edition. With 114 Engravings. Fecap. 8vo, 7s.

By the same Author.
The Student’s QOutlines of Medical Treat-

ment. Second Edition. Feap. 8vo, Ts.

FOWLER.—A Dictionary of Practical Medicine.
By Varions Writers. Edited by JAMES KINGSTON FOWLER, M.A. M. D.,
F.R.C.P., Senior Assistant Physician to, and Lecturer on Pathological
Anatomy at, Middlesex Hospital. 8vo., cloth, 21s. ; half-calf, 25s.

HARRIS.—The Student’'s Guide to Diseases

of the Chest. By VINCENT D. HARRIS, M.D., F.R.C.P., Physician to
the Victorin Park Hospital for Diseases of the Chest. With 55
Engravings, plain and Coloured. Feap. 8vo, 7s. 6d.

NIXON.—Handbook of Hospital Practice and
Physical Diagnosis. By CHRISTOPHER J. NIXoXN, M.D., LL.D. Professor
of Medicine in the Catholic University, Dublin; Examiner in
Medicine, K.Q.C.P.I., and for the Conjoint Examinations of K.Q.C.P.
and 8. Irel. With Plates and Engravings. Svo, 9s.

TAYLOR—A Manual of the Practice of Medi-

cine. By FREDERICK TAYLOR, M.D., F.R.C.P., Physician to, and
Lecturer on Medicine at, Guy's Hospital. With 23 Illustrations.
Crown 8vo, 15a.

WARNER.—The Student’s Guide to Clinical

Medicine and Case-Taking. By FRANCIS WARNER, M.D., F.R.C.P.,
Physician to the London Hospital. Second Edition. Feap. Bvo, Bs.
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MIDWIFERY.
BARNES —Lectures on Obstetric Operations,

including the Treatment of Hemorrhage, and forming a Guide to the
Management of Difficult Labour. By ROBERT BARNES, M.D., F.R.C.P.,
Consulting Obstetric Physician to St. George’s Hospital. Fourth
Edition, With 121 Engravings. 8vo, 12s. 6d.

BURTON.—Handbook of Midwifery for Mid-

wives. By JoHN E. BURTON, M.R.C.8., L.R.C.P., Surgeon to the
Liverpool Hospital for Women. Second Edition. With Engrav-
ings. Feap 8vo, 0s.

GALABIN.—A Manual of Midwifery. By Alfred

LEWIS GALABIN, M.A,, M.D,, F.R.C.P,, Obstetric Physician and
Lecturer on Midwifery, &ec., to Guy's Hospital, Examiner in Mid-
wifery to the Conjoint Examining Board for England., With 227
Engravings, Crown 8vo, 158,

RAMSBOTHAM.—The Principles and Practice

of Obstetric Medicine and Surgery. By FRAKCIS H. RAMSBOTHAM, M.D.,
formerly Obstetric Physician to the London Hospital. Fifth Edition.
With 120 Plates, forming one thick handsome volume. 8vo, 22s,

REYNOLDS. — Notes on Midwifery: specially

designed to assist the Student in preparing for Examination. By J. J.
REYNOLDS, LLR.C.P., M.R.C.5. Second Edition. With 15 Engravings.
Feap. 8vo, 4s.

ROBERTS—The Student’s Guide to the Practice

of Midwifery. By DM Looyp RoBERTS, M.D,, F.E.C.P., Lecturer on
Clinical Midwifery and Diseases of Women at Owen's College, Phy-
gician to St. Mary's Hospital, Manchester. Third Edition. With 2
Coloured Plates and 127 Engravings. Fcap. 8vo, 7s. 6d.

SCHROEDER.—A Manual of Midwifery; includ-
ing the Pathology of Pregnancy and the Puerperal State. By KARL
SCHROEDER, M. D., Professor of Midwifery in the University of Exlangen.
Translated by C, H. CARTER, M.D. With Engravings. 8&vo, 12s. 6d.

SWAYNE.—QObstetric Aphorisms for the Use of
Students commencing Midwifery Practice. By JOSEPH G. SWAYNE,
M.D., Lecturer on Obstetric Medicine at the Bristol Medical School
Ninth Edition. With 17 Engravings. Feap. Svo, 3s. 6d.
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MICROSCOPY.
CARPENTER—The Microscope and its Revela-

tions, By WILLIAM B. CARPENTER, C.B,, M.D., F.R.85. Seventh
Edition. Edited by Rev. Dr. DALLINGER, F.R.8. With about @00
Engravings. Crown 8vo. (In the press.)
LEE. — The Microtomist’'s Vade-Mecum; a
Handbook of the Methods ot Alicroscopic Anatomy. By ARTHUOR
BOLLES LEE, Assistant in the Russian Laboratory of Zoology at
YVillefranche-sur-Mer (Nice). Second Edition. Svo, 12s, 6d.

OPHTHALMOLOGY.
GOWERS.—A Manual and Atlas of Medical

Ophthalmescopy. By W. R. GoweRs, M.D, F.RS.,, F.R.CP,
Physician to the National Hospital for the Paralysed and Epileptic.
Third Edition. Edited with the assistance of MARCUS GUNN, M.E.,
F.R.C.8., Surgeon to the Royal London Ophthalmic Hospital ;
Ophthalmic Sargeon to the National Hospital for the Paralysed and
Epileptic. With 12 Autotype Plates and 83 Engravings. Svo, 16s.

HARTRIDGE —The Refraction of the Eye. By
GUSTAVUDS HARTRIDGE, F.R.C.5., Burceon to the Royal Westminster
Ophthalmic Hospital. Fourth Edition. With 95 Illustrations, Test
Types, &e. Crown Svo, 0s.

HIGGENS.—Hints on Ophthalmic Out-Patient

Practice. By CHARLES HiGGENs, F.R.C.8., Ophthalmic Surgeon to,
and Lecturer on Ophthalmology at, Guy's Hospital. Third Edition.
Feap. 8vo, 3s.

MACNAMARA.—A Manual of the Diseases of
the Eye. By CHARLES MAONAMARA, F.R.C.8,, Surgeon to, and Lecturer
on Surgery at, the Westminster Hospital. Fourth Edition. With
4 Coloured Plates and 66 Engravings. Crown Svo, 10s. Gd.

NETTLESHIP.—The Student’'s Guideto Diseases
of the Eye. By EDWARD NETTLESHIP, F.R.C.S., Ophthalmic Surgeon
to 8t. Thomas's Hospital, Surgeon to the Royal London Ophthalmic
Hospital. Fifth Edition. With 164 Engravings, and a Coloured Plate
illustrating Colonr-blindness. Feap. 8vo, Ts. 6d.

POLLOCK.—The Normal and Pathological
Histology of the Human Eye and Eyelids. By C. FrRED. POLLOCK,
M.D., F.R.C.5.E., and F.R.8.E., Surgeon for Disenses of the Iye,
Anderson's College Dispensary, Glasgow. With 100 Plates, containing
230 Original Drawings by the Author, Lithographed in black and
ecolours. Crown 8vo, 158,
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OPHTHALMOLOGY—continued.
WOLFE.—On Diseases and Injuries of the Eye:

a Course of Systematic and Clinical Lectures to Students and Medical
Practitioners. By J. R. WOLFE, M.D., F.R.C.8.E., Senior Surgeon to
the Glasgow Ophthalmic Institution, Lecturer on Ophthalmic Medicine

and Surgery in Anderson's College. With 10 Coloured Plates, and 120
Wood Engravings, 8vo, 21s.

PATHOLOGY.
BOWLBY.—The Student’s Guide to Surgical

Pathology and Morbid Anatomy. By ANTHONY A. BowLBY, F.R.C.5.,
Surgical Registrar and Demonstrator of Practical Surgery and Sur.
gical Pathology at St. Bartholomew’s Hospital. Second Edition.
With 158 Engravings. Feap. 8vo, 9s.

JONES AND SIEVEKING.—A Manual of Patho-

logical Anatomy. By C. HANDFIELD JONES, M.B., F.R.8., and SIR
EpwARD H. BSIEVEKING, M.D., F.R.C.P. Second Edition. Edited, with
considerable enlargement, by J. F. PAYNE, M.B., Physician to, and
Lecturer on Pathological Anatomy at, 8t. Thomas's Hospital,. With
195 Engravings. Crown 8vo, 106s.

LANCEREAUX.—Atlas of Pathological Ana-

tomy. By Dr. LANCEREAUX. Translated by W, 8. GREENFIELD, M.D.,
Professor of Pathology in the TUniversity of Edinburgh. With
70 Coloured Plates. Imperial 8vo, £5 5s.

MOORE.—Pathological Anatomy of Diseases,

arranged according to the Nomenclature of Diseases of the R.C.P.
Lond. By NORMAN MOORE, M.D., Assistant Physician and Lecturer
on Pathological Anatomy to St. Bartholomew's Hospital. With
110 Illustrations. Feap. 8vo, 8s, 6d.

SUTTON. — An Introduction to General

Pathology. By JoHN BLAND SurroN, F.R.C.5., Sir E. WILsON
Lecturer on Pathology, R.C.8. ; Assistant Surgeon to, and Lecturer on
Anatomy at, Middlesex Hospital. With 149 Engravings. 8vo, 14s.

WYNTER AND WETHERKED —A Manual of

Clinical and Practical Pathology. By W. EsSSEX WYNTER, M.D.,
Medical Registrar and late Demonstrator of Anatomy and Chemistry
at the Middlesex Hospital; and FrANK J. WETHERED, ALD,,
Assistant Physician to the City of London Hospital for Diseases of
the Chest., With 4 Coloured Plates and 67 other Illustrations, Svo,
12s. 6d.
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PHYSIOLOGY.
CARPENTER.—Principles of Human Physio-

logy. By WILLIAM B. CARPENTER, C.B., M.D., F.R.8. Ninth Edition.
Edited by Henry Power, M.B., F.R.C.5. With 3 Steel Plates and
8377 Wood Engravings. 8vo, 31s. Gd.

DALTON.—A Treatise on Human Physiology :
designed for the use of Students and Practitioners of Medicine. By
JoHEN C. DALTON, MLD., Professor of Physiology and Hygiene in the
College of Physicians and Surgeoms, New York. Seventh Edition.
With 252 Engravings. Royal 8vo, 20s.

FREY.—The Histology and Histo-Chemistry of
Man. A Treatise on the Elements of Composition and Structure of the
Human Body. By HEINRICH FREY, Professor of Medicine in Zurich.
Translated by ARTHUR E. BARKER, Surgeon to the University College
Hospital. With 608 Engravings. BSvo, 21s,

SANDERSON.—Handbook for the Physiological
Laboratory : containing an Exposition of the fundamental facts of the
Science, with explicit Directions for their demonstration. By J.
BURDON SANDERSON, ALD., F.R.S.: E. KLEIN, M.D., F.R.S.; MICHAEL
FOSTER, M.D., F.R.8., and T. LAUDER BRUNTON, M.D., F.R.8. 2 Vols.,
with 123 Flates. 8vo, 24s.

SHORE.—Elementary Practical Biology. Vege-

table. By THoMAS W. SHORE, M.D., B.Se. Lond., Lecturer on
Comparative Anatomy at 5t. Bartholomew's Hospital. Svo, Gs.

YEO.—A Manual of Physiology for the Use of
Junior Students of Medicine. By GERALD F. YE0o, M.D., F.R.C.5.,
F.R.8., late Professor of Physiology in King's College, London. Second
Edition. With 318 Engravings (many figures). Crown 8vo, 14s.

PSYCHOLOGY.
BUCKNILL AND TUKE—A Manual of Psycho-

logical Medicine : containing the Lunacy Laws, Nosology, Atiology,
Statistics, Description, Diagnosis, Pathology, and Treatment of Insanity,
with an Appendix of Cases. By JoHN C. BUuckNILL, M.D. F.R.S.,
and D. Hacg TugE, M.D., F.R.C.P. Fourth Edition with 12 Plates
(30 Figures). B8vo, 25s.

CLOUSTON. — Clinical Lectures on Mental
Diseases, By THOMAS 8. CLovusToN, M.D., and F.R.C.P. Edin.; Lec-
turer on Mental Diseases in the University of Edinburgh. Second
Bdition. With 8 Plates (6 Coloured). Crown Svo, 128 6d.
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SURGERY.
BELLAMY —The Student’s Guide to Surgical

Anatomy ; an Introduction to Operative Surgery. By EDWARD
BELLAMY, F.R.C.8., Surgeon to, and Lecturer on Surgery at, Charing
CUross Hospital. Third Edition. With 80 Engravings. Feap. 8vo,
7s. 6d.

BRYANT—A Manual for the Practice of
Surgery. By THOMAS BRYANT, F.R.C.5., Consulting Surgeon to Guy's
Hospital. Fourth Edition. With 750 Illustrations (many heing
coloured), and including 6 Chromo-Lithographic FPlates. 2 Vols,
Crown Svo, 32s.

DRUITT AND BOYD,—Druitt’s Surgeon’s Vade-

Mecum : a Manual of Modern Surgery. Edited by STANLEY BOYD,
M.EB., B.5. Lond., F.R.C.5., Assistant Surgeon and Pathologist to the
Charing Cross Hospital. Twelfth Edition. With 873 Engravings.
Crown 2vo, 16s.

HEATH —A Manual of Minor Surgery and

Bandaging. By CHRISTOPHER HEATH, F.R.C.8., Holme Frofessor of
Clinical Surgery in University College and Surgeon to the Hospital.
Ninth Edition. With 146 Engravings. Fcap. 8vo, Gs.

By the same Author.
A Course of Operative Surgery: with

Twenty Plates (containing many fizures) drawn from Nature by
M. LEVEILLE, and Coloured. Second Edition. Large 8vo, 30s.

ALS0,

The Student’s Guide to Surgical Diag-

nosis. Second Edition. ¥eap. 8vo, Gs. Gd.

JACOBSON.—The Operations of Surgery: in-
tended especially for the use of those recently appointed on a Hospital
Staff, and for those preparing for the Higher Examinations. By
W. H. A. JacoBson, M.A., M.E., M.Ch. Oxon., F.R.C.8., Assistant
Surgeon to Guy's Hospital, and Lecturer on Anatomy in the Medical
School. With 199 Engravings. 8vo, 30s.
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SURGERY —continued.
SOUTHAM.—Regional Surgery: including Sur-

gical Diagnosis. A Manual for the use of Students. BY FREDERICK
A. SoUTHAM, M.A., M.B. Oxon., F.R.C.S., Assistant-Surgeon to the
Royal Infirmary, and Assistant-Lecturer on Surgery in the Owen's
College School of Medicine, Manchester. Vol. 2. The Upper Ex-
tremity and Thorax. Crown 8vo, 75. 6d. Vol. 3, The Abdomen and
Lower Extremity. Crown 8vo, Ts.

WALSHAM.—Surgery : its Theory and Practice

(Student's Guide Series). By WILLIAM J. WALSHAM, F.R.C.5.,
Assistant Surgeon to, and Lecturer on Anatomy at, St. Bartholomew's
Hospital. Third Edition. With 818 Engravings. Fcap. &vo, 10s. Gd.

TERMINOLOGY.
MAXWELL.—Terminologia Medica Polyglotta :

a Concise International Dictionary of Medical Terms (French,
Latin, English, German, Italian, Spanish, and Russian). By THEODORE
MAXWELL, M.D., B.Sc. Lond., F.R.C.8. Edin. Roy. 8vo, 18s.

MAYNE.—A Medical Vocabulary: being an

Explanation of all Terms and Phrases used in the various Departments
of Medical Science and Practice, giving their Derivation, Meaning,
Application, and Pronunciation. By R. G. MAYKE, M.D,, LL.D, Sixth
Edition, by W. W. WAGSTAFFE, B.A., F.R.C.5. Crown 8vo, 10s. Gd.

TREVES AND LANG.—A German-English Dic-
tionary of Medical Terms. By FREDERICK TkEVEsS, F.R.CS,, Sur-
geon to the London Hospital, and HuGo LANG, B.A. Half-bound in

. calf, 12s.

WOMEN, DISEASES OF.
BARNES—A Clinical History of the Medical

and Surgical Diseases of Women., By ROBERT BARNES, M.D., F.R.C.P.,
Obstetric Physician to, and Lecturer on Diseases of Women, &c., at, St.
George's Hospital, Second Edition. With 181 Engravings. S8vo, 28s.

DUNCAN.—Clinical Lectures on the Diseases
of Women. By J. MATTHEWS DUNCAN, A.M,, M.D., LL.D., F.R.C.P.
F.R.8., late Physician Acconcheur to, and Lecturer on Midwifery at,
8t. Bartholomew’'s Hospital. Fourth Edition. 8vo, 16s.
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WOMEN, DISEASES OF—continued.
GALABIN.—The Student’s Guide to the Dis-

eases of Women., By ALFRED L. GALABIN, M.D., F.R.C.P., Obstetric
Physician to Guy's Hospital, Examiner in Obstetric Medicine to the
University of Cambridge, and to the R. C. P. Lond. Fourth Edition.
With 94 Engravings. HFeap. 8vo, 7s. Gd.

REYNOLDS.—Notes on Diseases of Women.

Specially designed to assist the.Student in preparing for Examination.
By J. J. REYNOLDS, L.R.C.P.,, M.R.C.5. Third Edition. Fecap. 8vo,
28, Gd.

SAVAGE.—The Surgery of the Female Pelvic

Organs. By HENRY SAVAGE, M.D., Lond., F.R.C.8,, one of the Con-
sulting Medical Officers of the Samaritan Hospital for Women. Fifth
Edition, with 17 Lithographic Plates (15 Coloured), and 52 Woodcuts.
Raoyal 4to, 358.

WEST AND DUNCAN.—Lectures on the Dis-

eases of Women. By CHARLES WEsST, M.D., F.R.C.P. Fourth
Edition. Revised and in part re-written by the Author, with numerous
additions by J. MATTHEWS DuxcAN, M.D., F.R.C.P., F.R.S5.,
late Obstetric Physician to St. Bartholomew's Hospital. 8vo, 16s.

ZO00LOGY.
CHAUVEAU AND FLEMING.—The Compara-

tive Anatomy of the Domesticated Animals. By A. CHAUVEAD,
Professor at the Lyons Veterinary School; and GEORGE FLEMING,
Principal Veterinary Surgeon of the Army. With 450 Engravings.
81s. 6d.

HUXLEY.—Manual of the Anatomy of Inverte-

brated Animals. By THOMAS H. HUXLEY, LL.D., F.R.5. With 156
Engravings. FPost 8vo, 14s.

By the same Author.
Manual of the Anatomy of Vertebrated

Animals., With 110 Engravings. Fost 8vo, 12s.

WILSON.—The Student’s Guide to Zoology:

a Manual of the Principles of Zoological Science. By ANDREW WILSON
Lecturer on Natural History, Edinburgh. With Engravings. Fecap
8vo, Os. Gd. )
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