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PREFACE.

IN re-casting my ‘ Nores For STupENTS IN CHEMISTRY,’
the sixrH edition of which was published by Messrs.
Churchill in 1878, T found myself so cramped for
space that I omitted the SKELETON-NOTES ON ANALYSIS,
Although, at the time, I had the full intention of
reproducing them, business has prevented me to such
an extent, that I had almost resolved to allow them to
drop. But, partly pressed by my own pupils, partly
and chiefly on the solicitation of my Colleague in
Examinations, Dr. George Harley, F.R.S., I have re-
considered the matter. The result is the separate
edition.

In passing the sheets through the press, I have
to express my sincere thanks to my able Assistant
Mr. C. G. Stewart.

If I do not entertain the same opinion as to the
employment of Analytical Tables, as do some of my
brethren, it is because of the ludicrous mistakes occa-
sioned by their improper employment. It is true that
our students in medicine have not much time to devote
to the study of practical Chemistry, and that the
requirements of the College of Surgeons are nearly
nil : but, at the School of St. Thomas’s Hospital, we
take our stand upon the Examinations of the University

TR




Vi PREFACE.

of London, and endeavor to satisfy the requirements
of the Preliminary Scientific. When, then, an ordi-
nary student is expected to be able to pass in Inorganic
Qualitative Analysis, it is easy for him to extend his
information by taking in the subjects of the First M.B.
The skeleton-notes are suited for students at both
these examinations.

ALBERT J. DERNATYS.

Chemical Laboratory,
St. Thomas's Hospital Medical and
Surgical College, S.E.
May, 1879.
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BERNAYS NOTES

ON

ANALYTICAL CHEMISTRY.
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Preliminary.

D1sTiLLED WATER has no effect upon the color of test-papers.
It leaves no residue on evaporation, is inodorous and unintlain-
mable. Unaftected by argentum nitrate and by sodium car-
bonate. Acidulated with hydrochloric acid, nochangeof color by
hydrogen sulphide. 1f quite pure, no coloration with Nessler's
test (aubsence of ammonia), and no turbidity with lime-water
(absence of earbon dioxide).

Nearly all the salts of potassinum, sodium, caesium, rubidium,
lithium and ammonium are soluble in water.

The CARBONATES, SULPHITES, PHOSPHATES, ARSENATES, ARSE-
NITES, BORATES, TARTRATES, OXALATES, CITRATES, URATES, CHRO-
MATES, SILICATES, of metals other than the alkaline metals are
more or less insoluble in water.

Most metals form hydroxides: those of KaLtuM KOH, NATRIUM
NaOH, caesiom CsOH, rupipivm RbOH, virHrom LOH and
axyoNium NH,0H,—of sarium Ba(0H),, srroxTIium Sr(0H), and
carcium Ca(Q0H),, are alone soluble in water. Their solutions
turn red litmus paper blue. ARGENTUM NITRATE AgNO, occa-
sions in them a grey-brown precipitate, consisting of ARGENTUM
OXIDE Ag,0, soluble in nitrie aecid, and in ammonia,

E.g. :KOH 4 2AgNO,; = Ag,0 4+ H,O 4+ 2KENO,.
Ba(0H), 4+ 2AgNO, = Ag,0 4+ H,0 4 Ba:NO,.

Therefore a solution of an hydroxide in water blues red litmus,
and is precipitated grey-brown by argentum nitrate: but,
CARBON DIOXIDE only precipitates BARIUM, STRONTIUM and CAL-
cium as carbonates, inasmuch as the carbonates of potassinm,
sodium and ammonium are soluble in water.

E.g. Ca(0H), + €0, = (aC0, + H,0.
I
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2 USES OF CARBONATES AKD OF HYDRO-CARBONATES.

€0, occasions milkiness in solutions of Ba(0H),, Sr(0H), and

Ca(0H),.
A solution of Ba(0H),, Sr(0H), and Ca(0OH)., ig of course
* precipitated by a solution of SODIUM CARBONATE, and thus «

separation can be made by precipitation of BaC0,, 8rC0,, and
€aC0,, from the hydroxides of potassium, godium and ammonium
(lithinm, eaesium and rubidium also).

N B. As then the carbonates of the basylous metals, except
i those of the alkalies, are insoluble in water, a solution of an
alkaline carbonate,— say of sodium carbonate Na,C0,, occasions
a white precipitate of an insoluble carbonate in solutions of
mefallic salts.

E.g. BaCl, + Na,C0; = BaC0, + 2NaCl.
' FeSO, + Na,C0, = FeC0; + Na, 80,

I . A solution of a salt may be neutral in the chemiecul accepta-
0 tion of the word, and may yet redden blue litmus or turn red
i litmus paper blue, Thus, both CUPRIC SULFHATE CuS0, and
M SODIUM CARBONATE Na,C0, are neutral salts, because the hydrogen
I in both acids H,80, and H,CO,, is replaced by its equivalent of
| Na, and Cu. But Na,CO, blues red litmus, and CuSO, reddens

= blue litmus. Sodium carbonate however gives a white precipi-
tate with AgNO, and therefore they cannot be confounded with
an hydroxide (see above).

Thus :—Na,€0, 4 2AgNO, = Ag,C0, + 2NaNO;.

QoDIUM HYDRO-CARBONATE NaHCO, does not precipitate mag-
| i nesium salts or solution of tartar emetic (2[KSbOC,H,0,1,H,0)
L until heated. In presence of ammoniacal salts, together witn
1 certain metallic salts, such as zine, magnesium, &e, heat may

be necessary, even in using sodium carbonate as a precipitant;
| but little skill is however required in detecting ammonia .
| by its smell, b. by fumes with hydrochlorie acid, and e. by blue
0 color to red litmus.

The presence of metallic salts other than of the alkaline
; metals is then detected by Na,C0;, which occasions & precipitate.

If solution reddens test-paper strongly, there will be effer-
vescence on addition of Na,UO;: a. If effervescence without
any precipitate even on boiling, then we have only to deal with
a free acid, or an acid salt of alkaline metals, b. If efferves-
cence first, with precipitate only becoming permanent on addition
1 of excess of Na,CO,, we have a metallic salt together with free
acid. ¢, If no effervescence, or effervescence with permanent
precipitate, then the reaction on the test-paper is due to the
nature of the salt, and there is no free acid.




PRECAUTIONS TO BE TAKEN IN TESTING. 3

When a solution is heated in a test-tube, the latter should be
kept in continuous agitation, to prevent ejection of the contents.
Baware of alding concentrated acids to hot solutions. The
tests should be employed gradually, as otherwise many indiea-
tions are lost. Whilst moderation is sucgested in the use of
tests, care should be taken to add sufficient quantities, as
otherwise serious mistales may arise: thns exeess must be em-
ployed in order to separate members of particular groups. 1If a
liquid is strongly acid, dilute before adding most tests. When
filtration is required, do not allow the washings to pass into the
original liquid. Whenever it is possible to decant or pour off
the clear liquid from the precipitate, it is easy to wash this
way.

TasLE oF THE ELEMENTS, WITH THEIR SYMBOLS AND ATOMIC
WEIGHTS, SPECIFIC GRAVITIES AND MELTING-POINTS.

Element. Symbol.  At. Weights, Sp. Gravity. Melting-Puint.
Aluminum . . Al - Lo L T 2.6% & goof
Argentum - . . Ag rod . I0.468 ., rooo®
Arsenicum . . As

75 . 5-7

Aurum . . . . Awn = 196.6 . 19.265 ; I102°
Bariom . . . Ba = 137 . 4

Bismuth . . , Bi = 210 .83 : 270°
BoroR v . 2 o B = 11 2.68

Bromine . . . Br = 8o 2.966

Cadmium . . . Cd = 113 B.fge & 318"
Cugglum . , . 08 = 133

Caleium . . . Ca = 4o : I.578

Carbon . .. . ,-0O = 12

Cerium . . . Co = 14r.2 6.728

Chlorine ... «+ . O = 335

Chromium . . . 0r = 2.2 6.81

Cobalt . . . Co = 8.8 8.95

Fupmm. oo . = 634 8.952 . 1090°
Bidymium. . . D = 147 6.544

Firbum. ~ . . B = 1IHg

WOrrnm G, .o . Bee = 5b 7.79

Fluorine . . . F — S :

Gallium . . . Ga = 69.8 5.9 3017
Glucinum . . , G = 9.3 3T
Hydrargyrum . Hg = 200 13.596 - 40°
Hydrogenium , H = I

loding™ ;; 5. . . I — 4.95 107°
Indium . . . In = 113.4 7.42 176°
Iridium ., , . Ir = 194 22.40

Kaliom . . . E = 39.T . 0.865 62.5°
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4 TADLE OF ELEMENTS.

TABLE OF THE FELEMENTS, ETC.—contfinued.

Element.
Lanthanum .
Lithium
Magnesinm
Manganesinm
Molybdenum .
Natriun
Nickel
Nitrogen
Osminm
Oxygen
Palladinm
Phosphorus
Platinum
Plumbum .
Rhodium
Rubidium .
Ruthenium
Selenium
Silicium
Stannum
Stihilll‘ﬂ ¥
Strontium .
Sulphur
Tantalum .
Tellurium .
Thallinum
Thorium
Titanium .
Tungsten .
Uranium .
Vanadium .
Yttrium
Zincum
Zirconium

480 grains Troy

4375
7000

La
L
Mg
Mn
Mo
Na
Ni
N
Os
0O
rd
1')
Pt
Pb
R
Rb
Eu

i)
L&

=i
b
Sb
Sr
=
Ta
Te
Tl
Th
Ti
W
U
W‘r
17
Zn
VA

Symbol.

WEIGHITS AND

At. Weights.

T U L T [ [ 1T T 1 1 1 |

139
-
24
55
gb
23
58.8
I4
1gy.2 =
16
106.5
31
197.4
207
104.3
85.4
I04.4
79+5
28 .
rié
I22
87.6
32
192
129
203.6
231-5
50
184
120
5I.2
92.5
55.2 .
9.5

Sp. Gravity.
6.163
0.594
I.743
6.013
8.62

0.974
8.82

23.477

i Y
1.83
21.50
11.367
12.1
1.516

4.5
2.49
7-294
6,713
2.540
2.07

WEIGHTS AND MEASURES.

n

7%

m

(1| )

1 1b.

1 oz. Troy. ;
1 oz. Avoirdupois.

MEASURES.

Melting-Point.

18c°

423
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APPEARANCES OF COMMON THINGS.

Gralns.
The imperial gallon contains of water at 16.33°C, 70,000
The pint (§ gallon) .. .. .« .« o oo . 8750
The fluid ounce (5) pint .. .. .. .. .« . 43475

MEeasures oF WEIGHT AND CAPACITY.

In English grains. 1n cubic inches,
Milligram .. .. o.o15432 Millilitre .. .. o.061027
Centigram .. .. 0.154323 Centilitre .. .. o.610271
Decigram .. .. 1.543235 Decilitre v« O Fadq0E

Gramme .. .. I5.432349 Litre .. .. .. 6I.027052

APPEARANCES OF THE MORE COMMONLY OCCURRING BobDIEs :—

Metallic lustre more or less marked. The metals, graphite,
iodine, 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 ferric chloride,

Black. Most of the above in a finely divided state; the
precipitated sulphides of lead, iron, bismuth (brownish),
mereury, gold, platinum, silver, cobalt and nickel; manganese,
nickel, and cobalt peroxides; reduced iron, lead, and platinum:
ferrous, ferroso-ferrie, stannous, mercurous, and cuprie oxides ;
lead suboxide, cupric and other phosphides, ferric tannate and
ferrous gallate (ink).

White or colorless. Salts of the following, unless the acid
radicle be eolored :—alkalies and alkaline earths, zine, tin, alu-
minum, bismuth, antimony, eadmium, silver, mercury (neutral
salts), lead, and copper in the cuprous form. Alkaloids, sugurs,
starches, glycerine, aleohol, urea; if pure. Distilled water. Free
acid radicles or hydrogen salts, exeept chlorine, bromine, iodine,
and sulphur, chromie, bismuthie, hypochlorous and nitrous
acids. Oxides and hydroxides of alkalies, alkaline earths, zine
and aluminum; plumbic and cadmic hydroxides ; ferrous and
manganous hydroxides (rapidly changing); ferric phosphate ;
most ferrous salts 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; mercuric oxide (precipituted), cuprous hydrate, zine
oxide when heated; potassio-cobaltous nitrite (*‘aureolin’);




6 COLORS AND APPEARANCES OF BUBSTANCES.

bromide of starch; cadmium, nickel, mercuric and bismuth
ferricyanides; aurie oxide and chloride, ammonio- and potassio-
platinie chlorides.

Pale or Light yellow. Hypochlorous acid, chlmine water
and gas, silver iodide, precipitated sulphur, lead antimoniate
(“ Naples yellow ), ferrous oxalate, antimonic anhydride, tannic
acid, potassium ferrocyanide (** honey yellow ), mereurie chloro-
sulphide (changing from white to yellow, orange, red, brown,
black).

Green, Cupric chloride, hydrocarbonate (malachite), basic
acetate (also blue-* verdigriz "), ferricyanide, arsenite (Scheele’s
green), aceto-arsenite (emcrald 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 (intcnse bluish green, blowpipe test),
nitrous acid (varies), potassium ferrocyanide solution (yellowish).

Blue. Cupric hydrate, hydrocarbonate (Chessylite), nitrate,
sulphate, acctate, arsenate, &e.; basic and anliydrous cobalt
salts, cobalt glass (“smalt”), cubalt aluminate (“Thenard’s
blue,” blowpipe test), ultramarine, solution of nickelous hy-
droxide in ammonia.

Dark blue. Cupric salts with execss of ammonia, Fehling’s
test, Prussian blue, iodide of starch.

Violet or Purple. Chromic salts (also green), some cobalt
compounds, purple of Cassius (auric stannate); ferrates and
perchromic acid (unstable) ; murexide (uric acid test), solution
of I in C8, or CHCI,, iodine vapor.

Crimson. Pormanganates, argentic chromate.

Pink or flesh-colored. Manganous sulphide, chloride, sulphate,
&e.; cobaltous hydroxide and many salts in solution; mag-
nesium cobaltate (blowpipe test).

Orange. Nitric acid containing nitrous, bromine water, anti-
monous sulphide, some chromates and ferric salts, zine and
argentic ferricyanide, aurie chloride (dry), nitrogen peroxide,
bromine vapor.

Brick-red. Plumbic oxide (litharge) and chlorosulphide,
arsenic and phosphorus iodides, realgar (As,S,), mercurous
chromate. -

Orange-red. Acid chromates,some ferric compounds, mercuric
chromate (yellow at first). 5

Red. Basic lead chromate, red lead, cinnabar and vermilion
(mercuric sulphide), cuprous oxide, chromie anhydride, mercuric
oxide (“red precipitate ), and iodide.

Rose-red. Cobalt salts.

Brown-red. Ferric oxide, mercuric oxychloride (NaHCO;+




COLORS AND APPEARAXCES OF BODIES, T

HgCl,), amorphous phosphorus, solid potassium ferricyanide,
sodium nitroprusside, manganic salts (unstable), reduced copper,
ferric acetate, formate, meconate, and sulphocyanide, bromine,
chlorochromie acid CrO,Cl,, cuprie ferrocyanide (maroon).

Brown. Reduced wold, terrie hydroxide (varies), plumbic
peroxide, ferrie snecinate and urate (reddish), fer_riu IJEHZGH:IG
(pale), blende (ZnS), cadmium oxide, bismuth iodide and bis-
muthie acil, stannous sulphide, silver arscnate, iodine water
(light), iodine tineture and alkaline triiodides (ileep), platinie
chloide and other compounds, neutral ferric solutions, some
oxides of chromium, uranium ferroeyanide (dark), manganous
ferricyani le, cobalt ferricyanide (purple-brown), mercurammo-
ninm indide (Nessler precipitate), cupric chromate (orange-
brown), solution of cobalt hydroxide in ammonia (becomes red),
sulphur vapor, plastic sulphur.

Grey. Precipitated antimony, arsenie, mercury and silver,
silver oxide (brown-grey), cobaltous oxide, silver antimonide,
anhydrous cupric sulphate.

[Many organie substances may be brown, yellowish or grey
from impurity.]

UsUAL APPEARANCES OF CRYSTALS :—

Transparent needles. Osalic acid (also thicker and more
opaque), magnesium, zine, sodium, ammonium and quina
sulphates, caleium chloride (deliguescent) urea, caleium sulphate
(rather rare), ammonium nitrate, chloride and oxalate, eallic
acid (minute), sodinum acetate, cupric chloride, hydrated ferric
chloride (brown, deliquescent), soluble succinates, potassium
picrate (vellow), urea oxalate, [thein, and many alkaloids],

Opaque needles. Hippuric acid, morphia, stryebnia, magne-
sium phosphate (minute), stannous chloride, lead acetate, mer-
curie and lead chlorides, potassium permanganate (dark purple),
calcium benzoate, prismatie sulphur, potassium nitrate.

Pearly or resinous lustre : («) needles; silver acetate, alumi-
nium sulphate, potassinm ferricyanide.

(b) plates or scales; bhenzoie acid and soluble benzoates,
barium chloride, boracie acid, urea nitrate, potassium ferro-
eyanide (also massive square tables), barium hydrate, cadmium
and lead iodides, chromic chloride (anhydrous, violet), potas-
sium chlorate (?), [eroton chloral, santoniue, leucine, picric acid
(also octahedra), sume falty acids, cholesterine, sebucic acid.]
mercurous acetate,

Short, thick crystals: (a) efflorescent; most sodium salts,
alums (octuhedra), tartar emetie, cupric and ferrous sulphates,
lead acetate, mercurous nifrate.

(b) deliqueseent; malic, phosphorous and phosphoric acids,
zine acetate, cadmium nitrate, hydropotassic sulphate.




o) USUAL APPEARANCE OF SUBSTAXNCES,

(¢) permanent; potassium chromate, dichromate, hydro-car-
bonate, sulphate, binoxalate, &c., tartaric and citric acids (if
pure), strontium nitrate, cale-spar (CaCO,), Rochelle galt (sodio-
potassic tartrate), sucrose, gypsum, &e.

(d) opaque; plumbic nitrate (very marked), suceinic acid,
lactose, potassium hydrogen tartrate, mercwic cyanide, cincho-
nine salts,

Cubes. Chlorides, bromides and iodides of alkaline metals
(cyanides usually in mass), iron pyrites FeS,, galena PbS, fluor-
spar CaF,. Potassium bromide is usually more transparent
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 hy-
droxides, potassium and sodium acetutes. Fibrous ; ammonium
ehloride. Granular erystalline: aluminum sulphate, mercuric
chloride, potassium disulphate, fused caleium chloride, glucose,
camphor, silver nitrate (sticks), potassium nitrate (**sal prunella,”
sticks or balls, * glob. prunel.”), roll sulphur, These may also
appear:

Amorphous: (a) opaque; arsenious anhydride (porcellanous,
stratified), common caustic potash and soda (sticks or cakes),
fused antimonious sulphide (dark brown), potassium eyanide and
nitrite, manganates (dark green), silicates, zine chloride (deli-
quescent 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 (Collvids). Hydrie and many
other silicates, most precipitates from solutions of aluminum,
iron, chromium, manganese, nickel, and cobalt salts, potassium
and barium silicofluorides, ealcium fluoride, gelatine, albumen,
starch when builed, &. Many precipitates at first flocculent
become granular or even crystalline by heat or standing.

Crystalline precipitates, Potassium and ammonium hydro-
tartrates, benzoic, hippuric, boracie, arsenious, chromie, uric,
gallic, salicylic and picric acids, ammonio- and potassio-platinie
chlorides, magnesium and ammonio-magnesium phosphates
(minute), plumbie chloride, bromide, iodide, and sulphocyanide,
cuprous chloride, barium chloride and nitrate (by strong acids),
silver acetate, potassic perchlorate, urea nitrate and oxalate.

Syrupy Lquids. Concentrated solutions of very soluble
bodies, such as potassium and sodium hydroxides, potassium
carbonate, zine aud ferric chlorides, tartaric, malic and citric
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acids, sucrose, &e.; glyeerine; 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 heavy metal is generally present.  “ Scale preparations,” such
as citrales and tartrates of iron, simulate crystals, but are
irregular in form. Substances may be colored yellowish,
brownish, &e., by impurity; this is frequently the case with
glucose, tannin, alkaloids, malie, uric and meconie acilds, Pul-
verization generally diminishes color in proportion to the
fineness of the division: sometimes the tint is removed or
entirely changed. As a rule, colored Dbodies, if soluble in
water, give solutions of the same or similar hue, ferro- and
ferricyanides being notable exceptions. Lead and mercuric
iodides give eolorless solutions, so also do many other bodies
in dissolving in acids. The deep blue tint of ammonio-cuprie
solutions is removed by potassium eyanide. The color of
precipitaies often waries with different circumstances of pre-
cipitation.

Fluorescent bodies, Quina salts in solution [ehlorophyll,
@sculin, eosin, * paraffin oil,” uranium compounds].

Substances more or less dichroic. Some salts of chromic
oxide, potassium ferricyanide, platino-eyanides, nickel hydroxide
in ammonia, [most aniline dyes, indigo,] Prussian blue, potas-
sium permanganate crystals,

Characteristic odors. Cl, Br, I, SO,, H,S, [H,Se, H,Te], HCI,
HBr, HI, HCN, (CN),, HF, NO,, NH,; PH, (stinking fish),
As and AsH, (garlic); CLO (from hypochlorites) ; acetie,
formie, and benzoic acids; burnt sugar (sugars and tartarie acid
on heating); burnt feathers (protein compounds by heat);
pleasant ethereal (acetic and formic ethers, from acetates and
tformates, by heating with aleohol and H,S80,); aldehyd (from
alecohol by K,Ur,0, and H,S0,); aleoliol (nearly inoderous
when pure), [ether, chloroform, CS, and a large number of
organic eompounds]; acrolein (intensely pungent, from glycerin
by KHSO, and heat); pungent odor from oxalie, benzoie, citrie
and sueccinie acids by heat.

PREPARATORY LEXPERIMENTS,

Carefully note appearances : if a solid, is it metallie, colored,
white or colorless (p. 5); erystalline (p. 7) or aworplous?
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HEAT IN SMALL GLASS-TUBE. «. volatilize readily: salts of
NH, with volatile radicles,—of Hg or Hg,,—As,0, or As,0,—
certain chlorides as of Sn, 8b, &ec.,—certain organie bodies,—
water of crystallization, &e. [, fuse without blackening:
hiydroxides of K, Na, Ba,—salts of alkalies and alkaline earths,
—boracie, plhospliorous and plosphoric acids, &c. e evolve
nitrous fumes, nitrates and nitrites. d. evolves Cyanogen,
kindling with peachblossom-colored flame,— cynnides of Ag, Hg,
e. give off brown vapors, burning with odor of sulphur dicxide,
—sulphur and certain sulphides. f. blacken or char,—certain
organic bodies,—various salts with metallic bases. Those of
the alkaline metals K and Na leave a residue of a carbonate,
alkaline to test-paper, and soluble with effervescence in HCI.
¢g. undergo no change,—silica, barinm, strontium, and caleium
sulphates.

ASCERTAIN IF SUBSTANCE I8 SOLUBLE IN WATER.

Place a few grains in a test-tube, and add a little distilled
water; shake and heat carefully. If soluble, note whether
solution colorless or colored,

I. THE SUBSTANCE IS SOLUBLE IN WATER.

1. USE RED LITMUS PAPER: it is turned blue. « Add sovrtm
CARBONATE: mo reaction even affer stirring and heating (if
required) ; it is either potassium or sodium hydroxide or a salt
of K or Na with alkaline reaction. To a fresh portion add
SILVER NITRATE: the precipitate is greyish-brown, soluble in
NH, and in HNO,; it is KOH or NaOH. The precipitate is
liver-brown, soluble in NH, aud in HNO,, it is an alkaline
arsenate. 'The precipitate is yellow, soluble in NH; and in
HNOQ,, it is an alkaline arsenite or phosphate. Yellow, and
insoluble, an iodide. The precipitate is white, and easily
soluble in HNO, and in NH,—an alkaline borate, sulphite,
carbonate, tartrate, oxalate, acetate, benzoate, citrate, hippurate
or succinate. Tle precipitate is white and curd-like, with diffi-
culty soluble in NH; and only soluble in boiling HNO;,—an
alkaline cyanide. The precipitate is white, yellow, orange and,
by heat, black,—an alkaline hyposulphite. The precipitate is
black,—an alkaline sulphide.

N.B. Many other salts of K, Na, and NH, are precipitated
by AgNO,, but they are either neutral, or acid, to test-paper.
Salts of ammonium would be recognized by Na,CO;, as ammo-
nium carbonates are volatile, odorous of NH,, which turns red
litmus blue, and fumes with glass-rod dipped in HCL

1. Examine the solution with test-papers. LiTMUS PATER
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pLuep. B, add sodium ecarbonate: an immediate white pre-
cipitate. To a fresh portion add silver nitrate,—a grey-brown
precipitate, soluble in HNO,, and in HNO;, it is o hydroxide
of barium, strontium or caleium,

. Examine the solution with test-paper, DLUE LITMUS IS
REDDENED. 7. Add solution of sodium carbonate Na,CO,.
EFrFERVESCENCE without any preeipitation or turbidity,—either a
free acid is present, or an acid salt of K, Na or NH,. E;FFER-
VESCENCE, with permanent turbidity or precipitate, and with re-
solution until free acid is neutralized,—free acid together with
goluble salt of alkaline earth, earthy or any heavy metal. No
EFFERVESCENCE, but precipitate at once: then the reddening of
the litmus is due only to the nature of the metallic salt, as
many salts have an acid reaction. No EFFERVESCENCE, and only
a precipitate after long stirring,—probably a salt of quina,
cinchona, morphia or strychnia. No EFFERVESCENCE, and a
precipitate on heating,—tartar emetic. No EFFERVESCENCE, and
no preeipitate,— possibly mercurie eyanide.

3. Examine with test-papers, red and blue: NO CHANGE OF
coLog. &. Add solution of sodium carbonate., NO PRECIPITATE,
even on boiling : absence of all salts, except of K, Na and NH,.
A PRECIPITATE: presence of any neutral metallic salts, as of
Ba, Sr, Ca, &c. -

It should be noticed that sodium hydro-carbonate NaHCO,
only precipitates salts of magnesium and tartar emetic when
heated, or on long standing, and does not precipitate mercuric
cyanide.

In further testing for the metals, the latter are divided into
6 groups, according to preecipitation, or otherwise.

Grour I. By HCI precipitated as cHLOrIDES: lead, silver and
mercurous. PbCL, AgCl and Hg,CL,.

Grour II. By HCl1 + H.8, precipitated as sulphides. «. svL-
PRIDES soluble in (NH,),S, ; *arsenicum, antimony, stannous and
stannic (zold and platinum), As,8,, 8b,§8,, 8n8,, Au,8; and PtS,.
b. suLrHIDES, insoluble in (NH,),S, : lead, mercurie, bismuth,
copper and cadmiwm, PbS, Hg8, Bi,8,, Cu8, CdS. [A ferric salt
is reduced in aeid solutions, by H,8, iuto a ferrous salt, and
a salt of chromie acid into a salt of chromic oxide, with deposit
of yellow sulphur. A similar deposit occurs in solutions of
chlorine, bromine, iodine and HNU,. Arsenates only preci-
pitated, after long boiling, and by large excess.]

Grovr III. By NH,0H, after addition of NH,Cl to original
solution, the hydroxides of ferrie, chromic and aluminie
Fe,(OH);, Cr,(OH), and Al,(OH); are precipitated.
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~Grovr IV, By (NH,).8, in presence of NH,C], as sulphides,
zine, manganous, ferrous, cobalt and nickel, Zu8, MnS, FeS, CoS,
NiS.

Grove V. By (NH,),CO,, in presence of NH,Cl, as carbonates,
barium, strontinm and ealeium, BaCO,, 8rC0O,, CaCO,.

As already stated, Na,CO, precipitates all these metals, with
the exception of those which have aecid characters, such as
A0, As0, and Cr0y.  So then magnesinm would be preei-
pitated, and if no other reaction answers, it is a salt of Mg,

Grore VI. No reaction. K, Na,(Cs, Rb, L), or NH,. This
group is determined by the Na,CO, test, which also discovers
the presence or otherwise of NH,. If not a salt of NH,, add
HCl 4 Ptll, : a yellow precipitate, 2KC1,PtCl, ; if none, Na,

The colors communicated to flame are very helpful, but as a
rule it is better not to heat upon platinum-foil until we have
ascertained something of the character of the unknown com-
pound by means of test-papers, Na,CO; and AgNO, Salts
of K, violet. Na, yellow. If K and Na together, look through
blue glass, which absorbs the yellow mays. L, purple-erimson.
Sr, erimson, Ca, yellow-red. Cu, green or blue. TI, green.
Ba, yellowish-green. B.0,, green.- P, green. As, bluish. Sb,
greenish-white,

II. THE SUBSTANCE I8 INSOLUBLE IN WATER (see p. 41).

ANALYSIS OF AQUEOUS SOLUTIONS, CONTAINING ONE HYDROXIDE,
OR ONE ACID, OR ONE RADICLE OR A SIMPLE SALT.

Tests for bases in soluble salts.

a. Look to color. b, Whether neutral, alkaline or acid to
litmus paper. c¢. Add Na,CO,; a white precipitate, therefore &
heavy metal is present. [A salt of quina, cinchona, morphia or
strvehnia would also be precipitated. First M.B. examination
at University of London, see pp. 43-51.]

Group I. Hydrochloric acid* precipitates the chlorides of lead

* JE] will also precipitate basic antimonous chloride, soluble in excess,
from solutions of tartar emetic; cream of tariar from  potazsium tartrate§
arsenious acid from soluble arsenites, and the respective acids from alkaline
borates, silicates, tivanates, antimonates, stannutes, molybdates, tungstates §
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PbCl,, (thallium TICI), mereurous Hg,Cl, and silver AgCL
Their sulphides are black or brown-black and insoluble in
NH,).S..

1. Lead oxide PbO, yellow. Hydroxide I’'b(OII),, white and
soluble in WOH. [Chief soluble salts: acetate, nitrate and
chloride. Neutral or feebly acid to test-paper. Goulard’s
extract, alkaline | HCI as white PbCl,, soluble in HCL in execess,
and in much water : not in NH, and unchanged white. H.8
black sulphide, PbS. In solutions of PbCL, in HCI, H,8 gives
red precipitate of lead chloro-sulphide 2PbCL,, 3PDS, turning to
black Pbs when H,S in excess. Na,C0,, already used: pre-
cipitate of white lead Pb(OH),,2PbCO,. KOH, white hydroxide
soluble in excess. NH,0H white hydroxide, either at once or
on heating. H,80, white lead sulphate PbS0O,, soluble in
ammonium acetate. K,Cr,0., yellow lead chromate PbCrQ,,
soluble in KOH. KI yellow PbI,, soluble in mueh boiling
water. Porassiusm FERROCYANIDE K, FeCy,, white lead ferroey-
anide Pb,FeCy,. Lead easily precipitated by Zine, Defore
blowpipe on ehareoal, bluish lustrous bead, malleable : inerusta-
tion of yellow oxide. Pb is estimated as PbSO, with 64,32 per
cent. of metal. Lead must be songht for in Group IL., as lead
chloride is soluble in much water.

[2. Thallium oxide T1,0, in hydrated pale-yellow prisms, very
solnble in water, and with alkaline reaction TIOH, HCI
vellowish-white TICI, little soluble in HCL  H,S searcely a
reaction, but NH HS brown-black sulphide TIS. Na.,CO,, white
precipitate in concentrated solutions. H,80, mo reaction.
K.Cr0, pale-yellow precipitate T1,Cr0,. XKI reddish-yellow TII,
PtCl, little soluble 2TICI, PtCl,. Metallie zine precipitates T
Salts give green color to flame. Reduced upon charcoal,

3. Mercurons oxide Hg,0, black. (Clief salt NITRATE:
strongly acid. Mercrrovs CHLORIDE or calomel is insoluble in
water, sublimes when heated, blackened by NH, forming
NH,Hg,Cl, and soluble as mereuric chloride in aqua regia.)
HCl whitish Hg,Cl,, insoluble in water, and into black NH. Hg,Cl
by NH,; easily oxydized by HNO, into HgCl, and Hg:NO,,
with evolution of nitrous fumes. H,8 black Hg.8, soluble in
aqua regia as mercuric chloride, (and then precipitated yellow,
orange, black, by H,S.) Na,C0, black precipitate of Hg,O.
KOH black Hg.,0. NH, black Hg,0. K,Cr,0. brick-dust colored

aluminum and zine hydroxides from solutions in alkalies ; sulphur from the
higher sulphides of alkalies and alkaline earths; sulphur with evolution of
sulphur dioxide from hyposulphites; uric acid, hippuric acid, benzoic acid, and
gallic acids from alkaline salts. HCL will immediately remove CO5 from car-
bonates ; HINOy from vitrites; HCN from cyanides, &e., &ec.

—_— T
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Hg.Cr0,. KI yellow-green Hg,I, K, FeCy, white mercurous
ferrocyanide. 8nCl, first a precipitate of mercurous ehloride
and then of grey 'erLm} Thus: Hg,Cl,+8nCl,=Hg,+SnCl,.
Copper, zine and iron, precipitate Hg. Mercury is usunally
estimated as Hg. Salts reduced in tube with Na,CO,. Heated
on platinum, Hg,2 NO, first white, yellow, red, hlack and then
volatilized.

4. Argentum oxide Ag,0 grey-brown, soluble in NH,. (Chief
salts: mnitrate and sulphate. Neutral to test-paper.) HCI
white, curd-like AgCl, insoluble in water, (soluble in concen-
trated HCl, in solution of NaCl, &e., but re-precipitated on
addition of water,) soluble in NH,, and changing in color from
white to violet on exposure to light. H,S brown-black Ag.S,
soluble in boiling HNO,. Na, {]U white Ag,CO,, soluble in
NH,; and salts. KOH greF-hrnwn Ag 0, soluble iu NH, and in
}IN03. NH., like KOH, but precipitate so so ]uhlL that,
in presence of free acid, there is no precipitate. K Cr,0;
crimson Ag,Cr0,. KI yellow Agl, insoluble in NH, and in
HNO, : iodide thus distinguished from a chloride. TPorassiom
cyaNipe KON white, curd-like AgCN, soluble in excess of
precipitant. Cu, Fe, Hg, Zn, precipitate Ag. On charcoal,
with Na,CO,, or alone, reduced to white, lustrous bead, without
incrustation: malleable. Silver is weighed as chloride, con-
taining 75.26 per cent. of silver, or as silver.

Grour II. HCl 4+ H,8 precipitates: A. as sulphides soluble
in (NH,).8,, vellow As,8, and pale-yellow 8n8,; orange 8b,8,;;
brown SnB "Dlack Au,S, and PtS,: B. as Eulplndes, “insoluble
in (NH,), E yellow CdS; deep-brown Bi,S,; blue-black PbS;
brown- blaeL CuS; black Hg& and PdsS.

N.B—A FERRIC SALT is reduced to a FERROUS, and a salt of
CHROMIC ACID to one of cHROMIC OXIDE by H,S.

A. Sulphides soluble in (NH,),S..

Arsenicum as arsenious anhydride As,0,, or as a soluble
arsenite (DI-POTASSIUM HYDROGEN ARSENITE K,HA=O,, the
common salt: strongly alkaline, colorless. no reaction with
Na,CO,, and yellow precipitate with AgNOQO,, soluble in
HNO, and in NH;). I~ argavLiNe agseNiTes. HCI, in con-
centr ated solu tions, a white precipitate of As,0,, soluble in
excess. HCl + H.8, bright-yellow As,S,, soluble in NH,
in (NH,),C0, and in (NH,),8,. CuS0,, green GuH.ﬁ.sOE,
soluble in NH,. AgNO,, *_'.rellnw Ag, 5303, soluble in NH,
and in HN(}E. BaCl,, white BaHAsO,, soluble in HC]
I¥ SOLUTIONS OF ARSENIOUS ACID. Litmus is reddened, yet
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no visible reaction with Na,CO,. Cu80, no reaction until
NH, carefully added, so as to form an arsenite: then
“Seheele's Green” CuHAsO,. AgNO,, no reaction until
NH, carefully added. Reinsch's test: Cu and HCI added to
solution :—a steel-grey deposit of copper arsenide : the metal
withdrawn, washed, dried in water-bath, heated in glass-
tube : As,0, sublimes in octohedra. Marsh's test: Mg or
Zn in presence of H,S0,, yields AsH;, burning with bluish-
white flame to H,O and As,0, : if incompletely burnt, As
is deposited. soluble in CaOCl,. Also filter-paper moistened
with AgNO,; may be suspended in tube where AsH, is
evolved ; Ag is deposited. Avoid HNO,, as solid hydride
may be formed. On charcoal, mixed with Na,CO,, garlic
odor, and bluish-white flame. Heated in tube with black
flux As volatilizes: 2As,8; 4+ 60K,C0O, 4 60 = 61,8 +
6CO + 6C0, + As,.

Arsenieum, as arsenic acid H;As0,. In solutions of arse-
nates (the alkaline are alone soluble and colorless: chief
soluble salt Na,HAsO,12H,0), HCl 4+ H,8 oceasions no
immediate precipitate : but if excess of H,S be added, and
about 20 drops reduced, by builing, to three, the further

addition of H,S gives an immediate yellow precipitate of

As.S, +8,. AgNO, liver-brown precipitate, both in H;AsO,
and in arsenates, soluble in NH; and in HNQ, : CuS0,, no
precipitate in H;AsO,, but a pale greenish-blue pr. of
CuHAsO, in alkaline arsenates. Mg80, in presence of
NH; and a salt of NH,, a white crystalline precipitate
of MgNH,As0,,6H,0, isomorphous with MgNH,PO,,tH,0.
BaCl, in arsenates, a white precipitate of BaHAsO,, soluble
in HCL.  For other tests, sce As,0,.

5. Stannic oxide Sn0,, brown. Hyproxipe SuO(OH),. Chief
salts : sTANNIC CHLORIDE 8nCl, and sopium sranyare Na,Sn0,,
3H,0. Solution of SnCly, colorless, strongly acid: effervesces
first with Na,CO,, and then permanent gelatinous hydroxide.
HCl 4 H.8 dirty yellow Sn8,H,0, soluble in (NH,).,S, and in
KOH. KOH white hydroxide, soluble. NH,0H, white. 2Zn
precipitates Sn, On chareoal with Na,CO,, a globule of lustrous
tin, malleable, and with white incrustation, Tin is weighed as
Sn0, containing 78.66 per cent. of metal,

f, Antimonous oxide 8b,0,, white. Hybproxipe, white.
Chief salts: AntmioNovs cwLORIDE SbCl, strongly acid, and
TARTAR EMETIC 2(KSLOC, H,0,)H,0 faintly acid. On addition
of Na,CO; to 8bCl,;, a white precipitate of hydroxide, with
effervescence: with tartar emetic searcely any till warmed.
Water alone precipitates SbCl;, as 8bOCl + zHCI, soluble in
TARTARIC aciD C,H,(OH),(COOH),, and precipitated as orange
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sulphide by H,8. HC in sols. of tartar emetic a white pree.
soluble in excess. HCl + H,8 orange 8b,8,, soluble in.
(NH,),S,, in KOH and in HCl, KOH white Sbh,0,, soluble.
NH,0H, white Sb,0,: only by heat in tartar emetic. Reinsca’s
TEST : Cu covered with violet-grey deposit of Sb: by strong
lieat in tube, 8b,0, volatilized in needles. Or, the deposit heated
with KOH, exposing the metal freely to the air, gradually
oxydized and dissolved : then diluting, passing H,S, filtering
from CuS and adding H,S, wheu orange Sb,S, thrown down.
Marsa’s TesT: Sb soluble in (NH,),S,, and separating, on
evaporation, as Sh,S;. Or, SbH, from Marsh’s test, against
paper soaked in AgNO,, yields black SbAg,. Zn in presence of
HC1 precipitates Sb in platinum-dish as black powder on the
Pt. B8n precipitates 8b, Sh,S; is separated from As,S, by
(NH,),C0O;,  Antimony is weighed as 8b,0,, containing -g.22
per cent. of metal. Separated from Pb, Cu, Bi, Ag and Fe
by K,8,, in which 8b,8, is soluble.

7. Stannous oxide 8n0 black; nyproxipE 28n0,I1,0 white.
Chief salt staxNous caLoriDE SnCl,,2H,0, colorless, strongly
acid, effervesces with Na,CO, which throws down the hydroxide.
Solution, when not too mueh free acid, decomposed by water into
white oxyveHLorRIDE 8n0,8nCl,,2H,0. HCl+4H,S, light brown
hydrated sulphide 8n8,H,0, soluble by heat as sTAxNIC SULPHIDE
Sns, in (NH,).S, and re-precipitated as yellow SnS, on addition
of HCL. Stannous sulphide i1s soluble in boiling HCl. KO0H
white hydroxide, soluble in excess. DBoiled with insufficient
potassium hydroxide to dissolve 28n0,H,0, black ecrystalline
needles of Sn0 obtained. NH,0H, white hydroxide. HgCL,
first precipitates white Hg,Cl,, and, in excess, grey metallic mer-
eury: SnCl,+:2HgCl,=8nCl,+Hg,Cl,, Then SnCL,+Hg.Cl, =
SnCl,+Hg,. Avric cHLORIDE AuCl, in presence of a little SnCl,
as well as SnCl,, produces Purple of Cassius. On cuArCOAL,
with Na,CO,, a white lustrous bead of tin, with incrustation
of 8Sn0,. Tin is weighed as 8n0,, containing 78.66 per cent.
of metal. When tin and antimony together, their chlorides
decomposed by Zine, the two metals washed, dried and weighed,
re-dissolved in weak aqua regia, and the antimony removed by
metallic tin.

[8. Auric oxide Au,0;, brown; HyDprROXIDE Au,H 0, is yellow.
Chief salt Avric cHLORIDE AuCl,, dark-red, deliquescent, or
yellow-red. Strongly acid to test-paper: colored. HCI + H,S,
black Au,S,Au,8, soluble in (NH,),S,., KOH yellow-brown
AURATE KAuO,,3;H,O, soluble. NH,0H, olive-brown, fulmi-
nating nitride. 8nCl,, containing a little SnCl,, yields Purple
of Cassins SnAu,Sn,0,4H,0. Metallic tin gives similar pre-
cipitate. Oxalie acid reduces Au,Cl; to metallic gold : 2AuCl, +
3H,C,0,=6HCl 4+ 6CO, 4 2Au, as a brown powder, malleable,
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lustrous, golden when flattened in mortar, FeSO,, also reduces
Auric chloride : 6FeSO,+ 2AuCl, = Fe,Cl; 4 2(Fe,350,) 4 24n.
Hg,2NO, also precipitates gold. Gold is weighed as gold.]

9. Platinic oxide Pt0., blackish-brown; nyproxipe reddish-
brown. Chief salt: PLAaTiNic curoripe PtCl,, reddish-brown or
reddish-yellow, acid to test-paper. HCI 4 H,S, brown PtS,, 1mn-
mediately on heating, only soluble in aqua regia, and in large
excess of (N11,),8,. NH,Cl and KC1 (CsCl and RbCI) produce
respeetively yellow precipitates of 2NH,C],PtCl, and 2KCI,PtCl,
(:CsCLPtCl, and 2RbCLPtC1,). DBy these reactions, Pt casily
recognized. When heated, Pt remains as an infusible grey
powder, tlattened under pestle in mortar into lustrous metal.
8nCl, reduces PtCl, to dark-brown I'tCl,. On charcoal, reduced
to grey powder, soluble with reddish-brown ecolor in aqua regia.
Platinum is weighed cither as metal; as 2KCl,PtCl,, containing
40,30 per cent., or as 2NH,Cl,PtCl, containing 44.18 per cent.
of Pt.]

Group II. B. econtinued. HCl4H.S precipitates Cadminm sul-
phide CdS, yellow; Bismuth sulphide Bi,S,;, deep-brown; Lead
sulphide PbS, blue-black; Cupric sulphide Cul, Mercurie sul-
phide Hg®, and Palladium sulplide PdS, black. Also a deposit
of SBulphur (yellow or white) from ferrie salts which are yellow,
yellow-red or red-brown, and from salis of ehromie aeid which
are yellow or yellow-red.—The sulphid:zs are insoluble in am-
monium disulphide or sulphide. Cd. Bi. Pb. Cu. Hg. Pd.

ro. Cadmium oxide €d0, brown. Hyproxmve Cd (OH), white,
suluble in NH,OH. Soluble salts colorless, fuintly or distinetly
acid to test-paper. Chief salts: Cd2NO,. CdSO,, 4H,0. CdCl,,
:H,0. CGdl,. CdBr,. Na;C0,, white CAdCO,. HCl14+H,S light
yellow CdS, soluble in HNO, and hot dilute H,S0,.2H,0.
KOH, white Cd(UH),. NH,0H white Cd(OH),, so soluble in
excess, that no pree. if free acid present. (NH,),CO, white
CdCO,, soluble in KCN, K FeCy,, yellowish-white Cd,FeCy,.
K, Fedy yellow-brown. On charcoal, in reducing flame, brown-
izl incrustation of Cd0. Cadmium is weighed as €dO contain-
ing 87.¢ per cent. of metal.

(1. Bismuth oxide Bi,0,, yellow, fusible at red-heat. Hyprox-
1DE, white. Chief soluble salts : Bi;NO,,5H,0; BiCl,; colorless,
strongly acid. Water alone decomposes them, respectively, into
Bi,04Bi3NO,,;H,O0 and BiOCl, and the precipitate is in-
creased by tartaric acid. Na,CO; with effervescence, white basie
carbonate. HCl + H,8 dark brown Bi,8,, soluble in HNO, K0OH
and NH,0H white hydroxide. K,Cr,0,, an orange precipitute of
Bi,;Cr0, soluble in HNO,. K,Sn0; a black precipitate. On
charcoal with Na, 0O, in reducing flume, gives beads of
brittle reddisli-white bismuth, with slight yellow incrustation.
Bismuth is weighed as Bi,O,, containing ty.74 per eent. of

0
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metal. N.B. To metals precipitated by chlorides should be
added Bi, in solutions of nitrate.

Lead oxide Ph(). Lead sulphide PhS, blue-black, soluble in
hot HNO3. Already given at p. r, under heading of precipi-
tates by HC1. Bat, in dilute solutions HCl oceasions no preci-
pitate, as PbCl, is soluble in much water. Indecd the solubility
of PbCl, in water, renders it separable from insoluble He, Cl,
and AgCl. Both PbCl, and A¢Cl are soluble in HCL but
water precipitates AgCl again, soluble in° NH,. If lead should
be found in Group IL. B, excess of dilute sulphuric acid will at
once distinguish it from all the other metals of Groups I. and
I1. Further tests: KI and K,Cr,0,; lead chromate soluble in
KOH. Lead is weighed as lead sulphate PbSO,, containing
68.32 per cent. of metal.

12, Cupric oxide Cu0, black; nyproxipe Cu(OH),, light-blue.
Salts are colored, green or blue. Chief soluble salts: CuSO0,,
¢H,0: CuCl,,H,0; Cu:NO,(H0. Acid reaction, Na,CO0,,
blue Cu(0H),,CuCO, sol. with deep blue color in NH,, and to
colorless solution in potassium cyanide. HCl changes blue sol.
of CuS0O, to green. HCl + H,8 brown-black prec. slightly soluble
both in (NH,),S,, and even in H,S. When large excess of
mineral acid present. no prec. by H,S until water added. KOH
blue precipitate Cu(0H), ; into black CuO when boiled. Glucose
first added, and then KOH in excess, reduces Cu on heating to
red cuprous oxide Cu,0. NH,OH, first a greenish-blue precipi-
tate of basic salt; on excess, deep blue solution of CuSO,,4NH,,
H,0. KCNS, together with K,80, precipitates white cuprie
sulphocyanide. K ,Cfy, red-brown Cu,Cfy, or coloration.
K,HAsO,, green CuHAsO,. Iron deposits Cu, especially in pre-
sence of free acid. On charcoal, with Na,CO;, in inner flame,
a bead of copper is obtained. Salts of copper, in inner flame,
give emerald-green color: the chloride, azure-blue. Borax-bead,
green whilst hot, blue when cold. Copper is estimated as cuprie
oxide, which contains 79.85 per cent. of metal. By means of
(NH,),CO, in excess, it is separated from Bi and Cd.

t3. Mercuric oxide HgO; red or yellow-red,—black when
heated, and volatilizing as Hg 4 O. Soluble salis colorless.
Hg:N0,, very acid. HgCL, the chloride, or *‘ corrosive sublim-
ate,” fuintly acid. Na,CO;, heavy red-brown 2HgO0 HgC0;: no
precipitate in mercuric cyanide. HC1 separates HCN. HCl +
H.S, the latter slowly added, detects Hg by formation of first
white chloro-sulphide, :HgS,HgCl,, then orange, black Hgs,
soluble in aqua regia. KOH, yellow Hg0. NH, in Hg:?\?(}s,
yellow HgO; but in HgCl,, or in presence of NH,Cl, white
mercuric chloro-amide NH,HgCl. KI scarlet HgL, soluble in
excess. SnCl, first Hg,Cl, and then Hg, in grey globules.
With metullic copper, Hg separated as silvery mirror, volatilized
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by heat. Heated with Na,CO, in glass tube, Hg volatilizes.
Mercury may be weighed as mercury, as mercurous chloride,
Hg,Cl,. containing 84.92 per cent. of Hg, and as sulphide HgS
containing 86, 21 per cent. of metal.

14. Palladious oxide Pd0, black. Hyproxipe Pd(OH),, dark-
brown, by Na,CO, from its salts. Salts mostly soluble. PdCL,
brown or reddish-brown: decomposed by heat. HCl+4H,S, black
PdS, soluble in hot HCl. KOH, brown basic salt, soluble. NH,
flesh-colored precipitate, soluble. KI black PdI, soluble.
MEercuric cyaNipe HgCy,, yellowish-white PdCy, soluble in
NH,OH : thus may Pd be separated from all the metals except
lead and cuprum. On chareoal, with Na,CO, the salts yield
spongy Pd. Palladium is estimated as metal.

15. Ferric oxide Fe,O, red-brown. Hyproxipe Fe,(OH),
bulky reddish-brown. Salts acid, yellow or yellow-red or red-
brown. Na,C0, with effervescence, hydroxide with carbonate.
HCl deepens the color. HCl+4H,S reduces ferric to ferrous salts,
but sulphur of white or yellow color is alone precipitated. Thus:
Fe,Cl; + nHCI + H,8=2FeCl, + 2HCI| 4 nHCl + 8. Ifthen
a whitish or yellowish precipitate, add NH,0H to one portion,
and this with the H,S present will form NH,HS and throw
down black FeS,H,0; to the other portion, add potassium
ferrideyanide : Turnbull’s blue will result. Look for Ferric in
Group III.

N.B. If HCI + H,S gives no reaction, add NH,0H: there is
no precipitate,—pass on to Grouvr V.

Chromie acid CrO,, crimson, or red yellow, or yellow, when
dilute. Deliquescent.§ Reddens litmus. Effervescence without
precipitation, on addition of Na,C0,, and color bright yellow.
Chromates of alkalies soluble: acid salts turned to bright
yellow chromates by Na,CO,. HCl + H,S precipitates Sulphur
from chromic acid, and changes the acid into a salt of ehromic
oxide with bluish-green color. (See chromic acid.) Solutions
of Ferric chloride or acidulated potassium dichromate are exeel-
lent tests of the quality of solutions of hydrogen sulphide,

Group III. Metals (not precipitated by Hydrogen chiloride, nor
by hydrogen sulphide in acid solutions) precipitated in neutral
solutions containing much ammonium chloride by ammonic
hydrate in excess, as hydroxides. r15. Ferric oxide Fe,0

z*

16. Manganic oxide Mn,0,. 17. Aluminum oxide Al,O,.
18. Chromic oxide Cr,0,. [Glucinum oxide GO.] g
15 bis. Ferric oxide Fe,0,; red-brown. Hyuvroxipe Fe.(0H),,
red-brown. Salts red-brown or yellow, very intense. Chief
salts : Ferric chloride Fe,Cl,. Ferric sulphate Fe,380,,9H,0.
Ferric nitrate Fe,6NO,,12H,0. Acid reaction. Colored solu-
c 2

] |
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tions. Na,00,, red ferric hydroxide and basic carbonate ;
soluble in NaHCO, to red solution. HCI increases the reddish-
yellow tinge. HCl + H,8 reduces to Ferrous salt and precipitates
yellow sulphur. Thus: Fe,Cl, + «HUL - H,S = 2FeCl, in
solution4+2HC1 4+ «HC1 4-8. NH,G]—{-NH,OH,red-hrawn ferric
hydroxide Fe, (OH),. (NH,).8, black Fe,S,.3H,0. KOH, red-
brown hydroxide. NH,0H, precipitates also hydroxide. KFey,
precipitates prussian blue Fe,I'e,Cy, ! 6H,0. KCNS, Zives
blood-red solution. Tinecture of galls produces blue-black ink.
On charcoal, a dull-black powder attracted by magnet. Borax
gives a bead varying in color from yellow 1o dark-red. Tron is
weighed as Fe,0, containing 7o per cent. of metal.

| 16. Manganic oxide Mn,0,, blackish-brown. Salts deep-red
and decomposed by heat into salts of MnO.]

r7. Aluminum oxide Al,0,, white; HYDROXIDE Al(OH),
white, gelatinous, soluble in KOH (in which ferrie oxide is in-
soluble). Soluble salts colorless, and acid to test-paper (except
in aluminates which are strongly alkaline, and precipitated at
first by HC1). Cuier savrs: Potassium, Sodivm and Ammo-
nium apvms. K. K,AlL480,24H,0. ALUMINUM SULPHATE
Al,380,,18H,0 : from its solution, K.80, precipitates alum,
Na,C0,, white gelatinous precipitate of Al(0H),, HCl+ HS
no reaction. NH,Cl 4+ NH, white gelatinous Liydroxide. EKOH
white Al (0H) soluble in excess. Na,HPO, white aluminum
pliosphate, not soluble in acetic acid even when heated.
(NH,).8,, white Al,(0OH), soluble in KOH. On charcoal heated
strongly, and moistened with Co:NO, and re-heated, yields
Thénard’s blue. Aluminum is weighed as alumina Al,O;, con-
taining §3.39 per cent. of metal.

(#. Chromic oxide Cr,0,, green, HYDROXIDE Cr.(0OH),, blue-
green, soluble in KO to green solution, Salls have a violet
or green color. Soluble saits redden litmus. Chief =alt:
crroME ALum K,Cr,480,24H,0. Na,C0,, bluish grey-green basic
earbonate, somewhat soluble.  HCL + H,§no reaction. NH,Cl +
NH, bluish-green Cr,(0H), soluble with peach-blossom tint in
very large excess. (NH,).8, bluish-green Cr,(OH),, soluble
with green color in KOH, EKOH blue-green Cr,(OII), soluble
with emerald-green color, and again separable on boiling. 1f
Pb0, boiled with solution of Cr,(OH), in KOH, yellow PLCr0,
is obtained, which can be precipitated by nentralizing with acetic
wid. Fused with Na,C0; and KN, yellow chromate is obtained.
The borax-bead is colored green; so is also mierocosmie salt.
Chrowium is weighed as Cr,0; containing 68.03 per cent. of
metal.

| rg. Glucinum or Beryllium oxide GO, white: HYDROXIDE
G:(OH), flocculent, soluble in KXOH, and re-precipitated on
boiling. Displaces NH, slowly from its salts, and dissolves 1n
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NH,C1 as ehloride. 8alts alkaline to test-paper. Na,CO, W]_!itlu
GCO,, considerably soluble., NH,C1 + (N H,).CO, no precipi-
tate. KOH white hydroxide; soluble, but re-preeipitated by
NH,(l. (NH,).8, white flocculent hydroxide. Oxalie acid and
oxalates no precipitate. (NH,),00,, white, soluble in excess, )

Group IV. Metals (not precipitated by HClas are Pb,Hg, and
Ag in Group L, nor by HCI 4 LS as are As, 8b, 8n, $n,, Au, Pt,
Cd, Bi, Hg, Cu, Pd in Group IL, nor by (NH,),S,. not as sulphides,
but as hydroxides, as are Mn,, Fe,, Cr,, Al,, G) precipitated by
(NH,),S, in presence of ammonium chloride, as sulphides. In-
cludes zine, manganons, ferrous, cobaltous, nickel [uranous and
uranic]. Zine sulphide Zn$,H,0 white. Manganous sulphide
MnS,H,0, flesh-colored. Ferrous sulphide FeS,H,0, black.
Cobaltous sulphide CoS,H.O, black. Nickel sulphide NiS, H,0O
black. [Uranous sulphide US, black, and Uranic sulphide U.S,
yellowish-brown. ]

»~. Zinec oxide Zn0, white. Hyproxipe Zn(OH),. white and
soluble in KOH. Soluble salts colorless. Chief salts; Zn80,,
-H,0: ZnCl,; acid to test-paper. Na,CO, immediate white
ZnC0,. HCI 4+ H,S no reaction. NH,Cl 4+ NH; no reaction,
unless NH,Cl in too small quantity, then white gelatinous
hydroxide soluble in excess. NH,Cl 4+ (NH,),S,, white Zn8S,
H,O soluble in HCl. KOH, white hydroxide, soluble. NH,0H,
white hydroxide, soluble; no preeipitate in presence of free
acids or ammoniacal salts. (NH,),C0,. white carbonate, soluble.
K Fey, white, gelatinous, “n,Cfy. K Fedy brownish-yellow.
With Na,C0, in reducing flume, the charcoal incrusted with
yellow Zn0 whilst hot, white on cooling. ZnO or salts strongly
heated, and then moistened with Co:NO,, on reheating green
(Rinman’s green). 2ine is weighed as Zn0, containing do. 24
per cent. ol zine.

21. Manganous oxide, MnO, light-green; mvprOXIDE White,
browning on exposure to air. Soluble salts colorless, or pale
pink. Neutral or faintly acid. Chief soluble salts; MnS0,,
-H,0 and MnCl,,.H,0. Na,CO0,, white precipitate of MnCO,,
H,0. HCI + H,8 no renction. NH,Cl 4+ NH,OH no pre-
cipitate, but the solution browns on exposure to air from forma-
tion of MnO,Mn,0,. NH,Cl + (NH,),S., flesh-colored precipi-
tate of MnS,H,0 browning on exposure, and soluble in HCI or
HNO,. XOH, white MnO,H,0 browning. NH,0H, hydroxide,
soluble in large excess, but enasily in presence of ammoniacal
salts, (NH,),C0,, white MnCO,H,0 soluble in ammoniacal
salts. K, Fey, reddish white Mn,Fey, K Fedy, brown Mn;Fedy,
(n charcoal, or platinum with Na,C0,, in the outer flame, green
manganate. Borax-bead becomes amethystine on cooling, when
heated in outer flame with manganese compounds. Miero-

o s —
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22 GROUP 1V. FERROUS, COBALTOUS, NICKEL.

:_msmin salt, similar result. Mn is weighed as Mn,0,, contain-
Ing 72 per cent. of manganesium,

22. Ferrous oxide FeO, black. Hyproxine Fe(OH), white,
changing when moist into blue-green, and finally red. Salts
more or less sea-green. Faintly acid. Clicf :alt: Ferrous
sulphate eSO, 7H,0. Na,C0,, whitish precipitate of FeCO,,
when free from ferrie salt: then more or less tinted. HC]
changes color to yellow. HCI 4 H.S no reaction, except a
ferric salt present. NH,Cl 4+ NH,0H no precipitate, but on
exposure Ferrous-ferric hydrate of more or less red color begins
to separate. NH,Cl 4+ (NH,),S, black Fe8,H,0, soluble in HCI
or HNO,. EKOH whitish hydroxide, immediately changing to
blue or bluish-green, and slowly, on the surface tored. NH,0H,
whitish hydroxide, rapidly becoming bluish-green from absorp-
tion of oxygen, largely soluble in excess and not precipitate in
presence of ammoniacal salts, K,Cfy bluish-white KK, Fe,Cfy,,
rapidly blucing. If ferric salt present, more or less blue,
K Fedy, Turnbull's blue, KCNS no chunge, except ferric salt
prescnt. Charcoal test &ec.,sce 15. Ferric oxide. Irom is weighed
as Fe,0,, containing 7o per cent. of ferrum, N.B. A ferrous
salt is changed by HNO, or by aqua regia into a ferric salt,
atter which it is discovered and removed under Group l1L by
NH,Cl 4+ NH,OH.

23. Cobaltous oxide CoO, grey. Hyproxme Co(0H),, dirty-
red. Salts blue or red. Chief salts: CoSO,,7H,0; CorNO,,
6H,0; CoCl,.6H,0. Acid to test-paper. Na,CO0;, lilac pre-
cipitate 3C00,2C0C0,,4H,0. HCl may turn red salt blue.
HCl 4+ H,S no reaction. NH,Cl 4+ NH,, no precipitate, but
reddish - brown on exposure. NH,Cl 4+ (NH,).S,, as black
CuS,H,0, soluble in aqua regia. KOH blue basic salts, turuing
green on exposure, owing to absorption of oxygen : into pale-red
hydroxide on boiling. NH,0H, blue basic salt, readily soluble
in excess, with greenish color, browning on exposure: ulti-
mately red. (NH,),CO, peach-colored busic carbonate, readily
soluble with magenta color. K,Cfy, greenish precipitate of
Co,Cfy. K Fedy brownish-red precipitate. Addition of tartarie
acid, then of NH,OH, and K Fedy, yields a deep yellowish-red
color. Thus may Co be detected in presence of Ni. KNO,,
together with acetic acid, yields after a fime a bright-yellow pre-
cipitate of cobalt sesquioxide and potassium nitrite. KCN
brownish-white CoCy,, easily soluble, and precipitated by HCI:
not precipitated if cobalticyanide produced. On charcoal, similar
to iron, but more metallic, Borax bead coloured blue both in
inner and outer flame. Microcosmic salt, similar reaction.
Cobalt is either weighed as metal, or as Co 0, containing 73.44

per cent. of metal.

24. Nickel oxide NiO, green. Hyproxipe Ni(OH), unripe
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apple-green. Soluble salts redden litmus. Chiof soluble salts :
NiCl,gH,0. NiSO,,7H,0. Ni:NO,6H,0. Green in color.
Na.CO,, green basic carbonate. HCI+ H,5 mo reaction.
N1I,Cl + NI, plum-colored liquid. NH,CI -+ (NH,),S, black
sulphide NiS,H,0, giving brown coloration to liquid. Readily
soluble in aqua regin. KOH preecipitates apple-green hydroxide |
Ni(OH), NH,0H, grecnish turbidity, soluble to a plum-colored
fluid. No precipitate in free acids, or in presence of salts of
ammonium : WOH re-precipitates Ni(OH), (NH,),C0,. green
carbonate, readily soluble to greenish-blue fluid. K,Cfy,
greenish-white Ni,Cly. K Fedy, yellowish-brown Ni;ledy.
KCN, yellowish-green CoCy,, soluble with brownish-yellow color,
and re-precipitated on addition of acids.  On charcoal, reduced, ;
as is the case with iron and nickel. Borax bead in outer flame
reddish-yellow while hot, paler on cooling. Nickel is weighed
as Ni0, containing 74.67 per cent. of metal.

25. [Uranous oxide U O. Hyproxipe U(OH),, reddish-brown.
Sults green. (NH,)S, black US. KOH, blackish-brown
hydroxide, changing to yellow from formation of uranic salt.
NH,0H acts similarly. Uranous salts absorb O, and are in-
stantly ehanged into uranie by HNO,. ]

26, [Uranie oxide U,O, brick-red. HYDROXIDE U,05,2H,0,
greenish-yellow,  Salts yellow, Na,C0,, yellow granular,
<oluble. double earbonates. (NH, .8, yellowish-brown sulphide.
NH,0H yellow ammoniwm uranate. K Fey, brown.]

—_—

Group V. Metals (not precipitated by HCI as arc Ag, Pb and i
Hg,—nor by HCl + H,S as are As, Sn, n,, Sb, Au, Pt, Hg, Bi, |
Pb, Cd, Cu, Pd,—nor by NH,OII in presence of NH,Cl as are Al,,
Mn,, Fe,, Cr, and Be,—nor by IS even in presence of NH,C]
as ae Fe, Co, Ni, Mn, Zn) which are precipitated by Na,CO, as
carbonates, soluble in free acids as respective salts, Barium, as
carbonate BaC0,, and Strontium as carbonate 8rC0;, Calcium
as carbonate €aCo,, and Magnesium as carbonate MgCO,,

2. Barium oxide BaQ, white. Hyproxipe Ba(OH), white,
and soluble in water. Its solution strongly alkaline, is pre-
cipitated white by the CO, of the breath as well as by Na,CO,, |
and yields Ag,0 of grey-brown color, soluble both in HNO,
and in NH,OH. Further Ba(OH), is precipitated immediately :
by CuSO,.—Soluble salts colorless.  Neutral. Chiet salts: '-
Ba:NO,. BaCl,,2H,0. HCl no reaction unless concentrated,
and then of the salt, soluble in more water. HCI 4+ H,S no
reaction. NH,Cl + NH,OH no reaction unless ATMonia con-
tains carbonate. NH,Cl + (NH,),8,, no reaction, unless am-
monium sulphate present in the latter, (NH,),C0, white
BaC0.. EKOH, white hvdroxide, in coneentrated solutions,

~ NH,0H no reaction. CaS0, immediate while precipitate of

T
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Ba50,: all soluble sulphates precipitate BaSO,. (NH,).C.0,,
white BaC,0,, soluble in HCl, Na,HPO, white BaHPO,, very
elightly increased by NH,OH. K,Cr,0, yellow BaCr0O,, soluble
in HCL, unless the test contains sulphate. 2HF,8iF, almost
colorless BaF,,Sil,. Soluble salts impart greenish-yellow color
to flame. Insoluble must be moistened with HCl, and then
heated. Barium is estimated as Ba80, containing 65.66 BaO,
insoluble in dilute aeids and alkalies, BaCl, is insoluble in
absolute aleoliol : 8rCl, is soluble,

28. Strontium oxide Sr0, white. Hvyproxipe Sr(OH),, white,
soluble and alkaline. Na,CO,; white SrCO;: also precipitated
white by the breath. AgNO,, grey-brown Ag,0, soluble in
NH, and in HNO,. Precipitated by Ca80, on heating. Soluble
salts (except SrCrO, which is yellow) neutral or faintly
acid. Chiel salts: 8r:NO,;H,0., B8rCl,6H,0, deliquescent,
(NH,),C0,, white BaCO, EOH white Sr(OH), soluble in
boiling water. NH,0H of course no reaction. Ca80,, white
8r80, on long standing, or immediate when heated. Soluble
sulphates precipitate Sr80,. Both Ba and Sr thus removed
from solutions containing Ba, Sr, and Ca. (NH,),C,0, white
Sr(C,0,. Carmine color to flame, Strontium weighed as 8r80,
containing 6.5 2 per cent. of 8r0.

29, Calcium oxide Ca0, white. Hyproxme Ca(OH),, white
and soluble in 700 parts of cold and 1280 parts of boiling
water. “ Lime-water.” Alkaline, Precipitated by the breath
(CO,), as well as by Na,CO, AgNO,, grey-brown Ag,0,
soluble in HNO, and in NH,OH. Chief salts: CaCl,,6H,0,
deliquescent.  Ca80,,2H,0 soluble in 400 water. Ca2NO,,
aH,0. (€a20l0,. (Chloride of lime 20a0Cl, dissolves as
Ca(l, 4 Caz2010,—therefore two salts, and not given at the
examinations.) (NH,),C0,, white CaCO,. The test should be
added very sparingly on account of the solubility of calcium
bi-carbonate, which would be precipitatcd on boiling. CaS0, of
course no reaction, even on boiling : absence of barium and
strontinm salts. H,80, in concentrated sols, white erystalline
Ca80,,2I1,0; precipitate hastened by aleohol. (NH,),C,0,
white CaC,0,, quite insoluble in acetic acid. This test is
decisive, if absence of Ba and Sr proved by CaSO,. Soluble
salts, yellowish-red color to flame. Calcium is weighed as
0aC0,, containing 56 per cent. of Ca0, or as CaS0, confaining
41.18 of Ca0.

10. Magnesium oxide Mg0, whife. Hyproxme Mg(OH),.
alkaline, requiring 5142 parts of ice-cold, and 36,000 parts of
boiling water, Chief salts: MgRO,,7H,0. MgCL.0H,0.
Mgzﬂ(}a,ﬁ}I.ﬂ.{}. (NH,),C0,, after a few moments, a constantly
increasing white precipitate of basic magnesium earbonate. No
precipitate in presence of free acids, or of salts of ammonium.
NaHCO,, & precipitate on heating: a Mg salt thercfore a test
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for a bi-carbonate. NH,0HJwhite hydroxide, slowly and in-
completely : in presence of ammoniacal salts or of free acids,
wo precipitate.  NaHPO, added to a solution containing
NH.Cl 4+ NH,0H, an immediate white erystalline MgNH,PO,,
(H O KOH. NaOH, LOH, Ba(OH),, Sr(OH), and Ca(OH),,
precipitate Mg(OH),. (NH,).C.0, no precipitute at all (except
1 verv concentrated solutions after a time). No color to flame:
MO, rose-colored when ignited on platinum with Co2NO,
Magnesia is weiched as Mg0, containing 60 per cent. of Mg,
and as Mg,P,0. containing 36.21 per cent. of MgO.

Group VI. Metals not precipitated by Na,C0,, nor by any of
the preceding tests. [nclude kalium, natrium, lithium, caesium,
rubidium, and ammonium.

;1. Ammonium hydroxide NH,0H only known in solution.
Evolves NH, as a gas of ammoniacal (!) odor, blueing red
litmus, and forming white fumes of NH,Cl with a glass rod
steeped in HCL.  No residue on platinum. AgNO, grey-brown
Ag,0, easily soluble. No efferveseence, when diluted, on addi-
tion of HCI. Nessler's test, yellow or brown NHg,LH,O. With
2HCL + PtCl,, yellow 2 NH,CLPtCl,. Salts: all soluble, except
2NH,CILPtCl, and with difficulty ammonium hydrogen tar-
trate. Chief salts. NH,Cl. (NH,),80,. NH,NO;. NH,NO,.
2[(NH,),C0,] CO,. Solutions neutral, nlkaline or acid. Na,C0,
boiled with any salt of ammonium, even when quite neutral or
acid, evolves ammonium earbonate, smells of NH,, fumes with
HCI and blues red litmus. KOH, Ca(0H), and all intermediate
hydroxides displace NH; which is recognized as above. PtCl,,
yellow :NH,C1,PtCl,. Salts volatilized by heat, with or with-
out decomposition. Fixed acids remain,

32. Potass-oxide K,0, grey. Hyproxipe KOH, white, fusible,
partially volatile, with violet color to flame. Strongly alkaline.
Na,C0, no reaction, even on boiling (absence of NH, salts).
AgNO, grey-brown Agz,0, insoluble in excess. Nearly all salts
soluble, except 2KCLPtCl, and 2KF,S{F,, Chief salts: K,CO,,
:H,0. KHCO,. K,50,. KCl. KClO;. KI. KBr. Solu-
tions colorless, except in the case of chromates (yellow), dichro-
mates (yellow-red), ferrocyanide (yellow), &e. &e. Na,C0; mno
reaction, even on boiling.  After proving absence of NH, salts :
HCl + PtCl, yellow 2KCLPtCl,, nearly insoluble in aleohol-
ether. Stirring promotes the precipitation. Coneentration in
dilute solutions necessary. Tartaric acid H,C,H,0,, in excess,
white erystalline KHC,H,0,, soluble in alkalies, and in aeids.
:HF,S8iF, ncarly white 2KF,SiF,. The violet tint of flame
best observed through blue glass,

33. Lithium oxide L.0, white. Hyproxipe LOH, white,
least soluble of alkalies. Alkaline, Chief salt : LCL, deliques-
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cent. 2HCLPtCl, no precipitate, H,C,H,0, no precipitate. In
concentrated solutions Na,CO, white L,C0,: in dilute, none,
Na,HPO,, white L,PO,, soluble in dilufe acids. In blowpipe
flume, a purplish red color.]

[34. Rubidium oxide Rb,0, white. Hyproxme RbOH, white,
very soluble, alkaline. Resembles KOH, but more electro-
positive. RbCl, very deliquescent. Na,CO, no reaction. 2HCI 4
PtCl,, very sparingly soluble 2RbC1,PtCl,. Flame violet.]

[_35. Caesium oxide. Cs,0 white. Hvyproxme Cs0H wlite,
deliquescent, strongly alkaline. Na,C0, no reaction. 2HCI 4
PtCl, yellow 2CsCLPtCl,. Flame violet.]

36. Sodium oxide Na,0: grey. HyproximE NaOH white,
very deliquescent, alkaline, partially volatile. Yellow color to
flame, Na,CO,, of course no reaction. AgNO,, grey-brown Ag,0,
soluble in NH,OH and in HNO,. Salts all soluble, except
Na,H,8b,0, which is precipitated by K,H,Sb,0..

Recapitulation.

Group I. HCI gives a precipitate. PbCl,. Hg,Cl,. AgCl
(TICl). 1., PbCl, soluble in boiling water. KOH white
Pb(OH),, soluble. 2. Hg,Cl,, insoluble, black by NH, as
NH,Hg,Cl. KOH black Hg,0. 3. AgCl insoluble, dissolved
in excess of NHj, and re-precipitated by HNO,. KOH, grey-
brown Ag,0,

Group II. HCl 4 H,S a precipitate. Includes As, Sn,, Sn,
Sb, Pt, Au, Cd, Bi, Pb, Cu, Hg and Pd,

A. Sulphides soluble in ammonium sulphide.
As,8,. BnS,. SnS as 8n8, 8b,5,. [PtS,. AuS,]

As8, is immediately precipitated as bright yellow As,S,,
soluble in (NH,),CO,; as arsenite, gives yellow Ag;As0; and
green CuHAsO,. An arsenate, with difficulty as As,S; + 8,
soluble in (NH,),C0,. Ag,AsO, liver-brown. NH,MgAsO,,
6H,0 white, crystalline. 5. 8n8,,H,0 is yellow, insoluble in
(NH)),CO,;. In salts, Na,CO, white pr. 7. Sn8, H,0 is coffee-
brown, soluble by heat in (NH,),S,, and re-precipitated by HCI
as yellow SunS,.H,0. 6, 8b,S, orange-colored, soluble in strong
HCI, insol. in (NH,),CO,.

B. Insoluble in (NH,),S,.
CdS. Bi,S, PbS. CuS. HgS. [PdS.]

10. GdS bright light yellow. Hydroxide soluble in NH,OH.
7. BiS,, dark-brown. BiO,H, white, insol. in KOH and in
NH,0OH. Chromate, orange. insol. in KOH. PbS, blue-black.
PL(OH), sol, in KOH. FPbCrO, yellow, sol. in KOH. Dilute
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sulphuric acid, white PbSO,. 12. CuS brown-black. Salts blue
or green. NH,OH deep-blue in excess. K,Cfy red-brown
Cu,Cfy, 13, HgS black insol. in HNO,: carefully pree. by
H.S, ‘white, yeliow, orange, black. KI scarlet. SnCUl; gives
Hg,Cl, and 2Hg.

|

Grove III. In presence of NH,Cl, by NH,0H as hydroxides. 3
Fo,(OH),; [Mn,(OH)]: AL(OH),; Cr(OH), [BeO or GO]. ]
15. Fe,(0H),, red-brown, bulky, insol. in KOH. K, Cly, Prus- i

sian-blue. (NH,),S, Fe,8;,;H,0 black. fr7. Al(0H), white,
soluble in KOH. Salts colorless. 18, Cr,(0H); bluish-green, !
goluble with emerald-green color in KOH. iE
Grovp 1V, Even in presence of NH,Cl, (NH,),8, precipitates
as sulphides ZnS, MnS, FeS, CoS, Nis, [US. U,8;]. 20. ZnS, I
H,0, white, insoluble in KOH. (NH,),C0O,, white. KOH, (i
white. NH,OH white, soluble without color. 2r. MnE,H_.ED, |8
flesh-color, browning, sol. in acetic acid even. KOH white, |
insoluble, browning. NH,OH, white, sol. browning. 22. FeS,
H,0, black, very soluble in HClL. KFedy, Turnbull’s blue.

K,Cfy bluish-white. 23. CoS8,H,0, black, insoluble in weak ;
HCL~ Solutions pink, red or blue,—on dilution pink. NH,0H ! j
in excess to relddish-brown liquid. Na,COj, lilac precipitute. |

K, Fedy brownish-red. K,Cfy greenish. 24. Ni§,H,0, black,
with difficulty soluble in HCIl. Solutions green, NH,OH in
excess, plum-colored solution, K Fedy yellowish-brown, K,Cfy
greenisi-white,

Grour V. Metals precipitated as carbonates by Na,CO;. |
BaC0, SrC0,. CaC0, Mg(0H),MgCO,. |

A. (NH,),C0, precipitates Ba, 8r and Ca.

27. BaC0,, white. CaSO,, immediate pr. of BaSO,. Yellow-
green color to flame. 2HF,SiF, white precipitate. 28, 8rCO0,,
white. (CaS0O, a precipitate after standing or on heating. I
Crimson color to flame. 29. CaC0, white. CaS0O, no reaction. I
(NH,),C,0, white, insoluble in acetic acid. '

B. (NH,),C0, no precipitate, Mg.

30. MgC0,, white, NH,OH white Mg(OH): no prec. in |
acid solutions. NH,CI4+NH,OH no prec. but on addition of |
Na,HPO,, white, crystalline NH,MgPO,, 6H,0.,.

Grove VI, Potassium group, including NH,, K, L, Rb, Cs,
and Na.

31. NH,0H, alkaline, odorous of hartshorn, blues red litmus
and fumes with HCl. Sults decomposed by Na,CO,. Volatile.
PtCl,, yellow :2NH,CLPtCl,. 32. K looked for when absence
of NH, salt proved. Violet color to flame. PtCl, yellow 2KCI,

PtCl,. 36. Na. Salts: yellow color to flame, Only precipitated
by K,H,Sb,0.,

| R R
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Examination for acids.

Organie acids and salts, except oxalates, aectates and for-
mates, blicken on heating. Nearly all salts of Group VI. are
soluble in water. "T'he nitrates, chlorates, sulphates, elilorides,
bromides, iodides, cyanides and acctutes are mostly soluble in
water. It is advisable to moisten a solid with (NH,).S. to
ascertain at onece the * suspicion ” of metals belonging to Groups
I,I1,IIL, and IV. The eondition as to * neutral,” * alkaline,”
or * acid” is of first importance, and so is also the effect of
heating on platinum. As with the bases, so with the acids:
there are certain Group-tests, but they are not so definite.
Students shoulil earefully notice the amount of a precipitate,
whether copious, scanty, or a mere turbidity, so as not to mis-
take mere traces for a substance present in quantity. When a
solution is very dilute, it is advantageous to concentrate by
evaporation. If Na,C0, has produced a precipitate, continue
the addition till a slight excess is present (alkaline and no
further precipitate), warm, filter, nentralize the filtrate carefully
with HCl or HNO; (not forgelting the addition of these acids);
examine the filtrate for the acids. The precipitate of carbonate
or hydroxide may be washed with distilled water, dissolved in
HCl1 or HNO,, and tested for the metal. Further, in testing for
organic acids the solution, if not neutral, should be made so by
carveful addition of dilute ammonia, or of dilute HCI, HN0, or
acetic acid : excess of NH; is removed by boiling. Many of the
heavy metals are best removed by H,S in excess, and filtration.

In the analyvsis of simple solutions, whieh is alone required in
the Examinations of the University of London, of the Royal
College of Physicians, and of Apothecaries Hall, these diffi-
culties do not oceur. The acids and salts in brackets and
unnumbered are not there required.

A. Salts visibly or detectably decomposed by HCl. Includes
carbonates, sulphides, sulphites, thiosulphates, [hydrosulphites,
dithionates, trithionates, tetrathionates, pentathionates, sulplo-
carbonates] nitrites, chlorates, hypochlorites, [iodates, bhromates,
hypobromites] cyanides, ferrocyanides, ferricyanides, sulpho-
cyanides, acetates, oxalates, silicates, [titanates, tungstates,
molybdates] borates, chromates, arsenites, [sulpharsenites],
arsenates, [sulpharsenates, antimonites, antimonates], urates,
hippurates, gallates, tannates, benzoates [salicylates].

I. Carbonates: those of the allkaline metals alone soluble,
Solutions eolorless : alkaline to test-paper. Hydrogen-carbon-
ates slightly alkaline. All bi-carbonates somewhat soluble,
lose CO, when heated, and in the case of earthy carbonates
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deposit insoluble carbonates. HCl, effervescence from inodorous
(0,, which can be d canted into o test-glass containing lime-
waterand viclds precipitate of Call),. BaCl, white BaCt ), soluble,
with eflervescence, in HCl or HNO,. AgNO,, white Ag,COy,
sol.. with eftervescence, in HNO;, and soluble in NH,. CaCl,
white CaCO,. Pb2C,H,0, precipitates, ™ white-lead” Pb(OH),,
2PLUO,.  Bi-carbonates, like NaHCO,, only precipitate Mgs0,
on heating, and give a dull-red prec. with HgCl,; carbonaies
an immediate prec. with Mgs0,, and a yellow one with HgCl,.
On heating NaHCO;, CO, is given off, and therefore a solution
for testing can only be made in cold water. CaCO,CO,, precipi-
tated on boiling. Solution of H,UQy, turns litmus, ** port-wine-
red,” evolves pearly bubbles on warming, pree. lime-water and
lecaves no residue,

. LI. Sulphides. Odorous of H,S. Alkaline to test-paper: no
| sulphide can be present that does not turn red litmus blue.
Those] of Groups V. and VL alone soluble in water. HCI
evolves H,8, which blackens lead-paper: in poly-sulphides 8 is
precipitated af same time as H,S evolved, the latter vven with
offcrvescence, odorous of putrid eggs. (In testing for AsH,
or SbH,, in putrid solutions, by paper soaked in AgNO,, lend
paper must first be used to prove absence of H,S.) AgNO,
black Ag,S. FeS0,, black IeS. 8nCl,, yellow SnS,,2H,0,
soluble in excess of the sulphide. Iree H,S, recognized by
odor. acid to test-paper, no reaction with HCI, no residue on
heating. C1 prec. S; Brand I water are decolorized, with deposit
of S and formation of HCL, HBr and HL HNO;, decumposes
| H,S, and sulphides, with deposit of 8. As the quality of H,5
| solution is of great importance in testing, it should be added mm
excess to solution of K,Cr0; into which H,80, hias been in-
troduced : it should become milky blue-green. 218,Cr,0;
+ ¢H.S0, + 6H,8 = 21K, Cryq80, + 14H,0 + 38,.

[11. Sulphites. Sulphites of alkalies alone soluble: the
neutral are alkaline to test-paper, the acid sults are all somewhat
soluble, redden litmus, and then bleach it. HCl evolves odor
of burning brimstone, but 80, =0 soluble, that effervescence
rare. (N.B. The pungent odor of HCl might be mistaken for
SO, : in case of doubt, use H,80,.) Add Zn to HCI solution,
H,S evolved. BaCl, white BaS0,, sol. in HC1 in absence of
sulpl.ates,—a very rare case. AgNOQ, white Ag,80;; by heat
into grey metallic silver, often with silver lustre. Ag,N0, +
H,0 = H,80, + Ag,. Ferric sults reduced to Ferrous: Fe,Cl; +
80, + 2H,0 = FeSO, + FeCl, + 4HCL Arsenic acid reduced
to Arsenious acid : H;AsO,+H, S0, = H,As0,+H,80,. Solu-
tion of suLPHUROUS ACID, H,S0, is odorous of burning brimstone,
reddens and bleaches litmus, bleaches indigo and other colors;
decomposes H,S, with deposit of 8, On platinum no residue.

L‘—_
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IV. Thiosulphates. Salts of alkalies, of Ca and Sr soluble
alkaline to test-paper.  Na,8,0,,5H,0, the common salt. HCI
evolves 80,, and in a few moments a yellow prec.of B. Thus:—
Na,8,0, + 2HCI = 2NaCl + H,0 + S0, + S. AgNO,, white
Ag,S,0,, rapidly orange and black : Ag,8,0, + H,0 = H,80,+
Ag.,8. Hg,:NO, black Hg,S. AgCl readily soluble as
NaAgS,0,. BaCl, white BaS,0,. Na,8,0,,5H,0 fuses on
Platinum, evolves SO,, burning with yellow flame, with blue
and red tints on platinum: at last into Na,80,. THiosUL-
PHURIC ACID non-existent in separate state.

[ Hyposulphites, the real hydrosulphites. The free acid is a
vellow liquid, HYPOSULPHUROUS ACID H,S0,, easily decom-
posing with liberation of Sulphur. RSalts white or ecolorless,
give immediately black Ag,S, with AgNO,. HCI gives vellow
color, and after a time S 4 80,. They bleach vegetable
colors more rapidly than other sulphur-acids.]

[Dithionates. DrruioNic acio H,S,0,, colorless liquid, by
concentration into H,80, 4+ 80,. HCl into H,SO, + 80,. All
salts soluble.]

[Trithionates. TriTuroNic acip H,8.0, Salts mostly
soluble. HCI into H,80, 4+ 80, + S. AgNO, yellow. Hg,2NO,
black. Hg2NO, white.]

[Tetrathionates. TrrraTHIONIC ACD H,S,0,: very unstable,
HCl into H,80, 4+ 80, + 8,. Hg,:N0,, yellow.]

[Pentathionates. PextaTHIONIC ACID H,8,0,, acid liquid, by
HCl into H,S0, + H,S + 28,4 480,. Todine water not de-
colorized,

[Sulphocarbonates, analogous to earbonates. SULPHOCARBONIC
acip H,CS,. HCl, deep-brown oil H,CS, separates. Builed
with water, the sulphocarbonates become earbonates.]

V. Nitrites. Mostly soluble. Nitrites of K, Na and NH,,
alkaline, colorless. HCI evolves nitrous fumes (really NO + O =
NO,) of orange color, HNO, being found in solution. AgNO,
white AgNQ,, black on heating. Fe80,, olive-brown eolor, and
NO, gas ; to rich yellow color on heating. CuS0,, emerald-green
solutim of Cu:NO,. BStarch-paste and KI, with acctic acid
even, blue iodide of starch.

For action of HCl upon nitrates and nitric acid, see XXX VII.

VI. Chlorates, All soluble: no precipitute with reagents,
except of the distinctive basyl. HCl evolves euchlorine as
green-yellow gas, coloring tlie solution yellow-green. On pla-
tinum, into chlorides; then, dissolved in water, acidulated with
HNO, and AgNO, added, white, curd-like AgCl, soluble in
NH, and ingoluble in HNO;. Deflagrate on charcoal.

VII. Hypochlorites. ** Bleaching-powder” 2Ca0Cl,, the chief
salt: dissolves as mixture of CaCl, + Caz2ClO. Alkaline also
very soluble. Odor of Cl,; bleach vegetal colors. HCI gives
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either HOCI or Cl, + H,O. DBoiled, into chloride and ehlorate,
Pb:C,H,0,, white. and on warming red and brown Pbii)s
MnCl, black MnO(OIL),.

[Todates. Acid: HIO,. Alkaline salts soluble, colorless.
Deflagrate on charcoal. Un platinum into iodides (soluble in
water, and scarlet Hgl, with HgCly). HCL brown I,: soluble
in chloroform with amethystine color, and giving with
starch, blue iodide. BaCl, white Ba2IO;, soluble in HNO,.
AgNO,, white AglO;, soluble in NH,. H,80; reduces to
iodide,

[Eragnates, Acid: HBr0,. Colorless: alkaline salts readily
soluble. Deflagrate on charcoal. On Platinum into bromides
(p. 39). HCl and heat, orange vapors or blood-red drops in
test-tube, soluble with orange eolor in CHCl,;, and forming
orange bromide of starch. AgBr0, white. Hg,2Br0,, white.]

[Hypobromites. Acid: HOBr. Reactions like bromates, but
they bleach, and the soluble salts have always alkaline re-
actions. ]

VIII. Cyanides. Soluble salts colorless. Alkaline to test-
paper. Odorous of hydrocyanic acid CNH. HCI liberates
CNH freely, volatile, precipitating AgNO;. Chief salt: CNK,
often containing K,CO,, when solution effervesces with HCIL.
BaCl, no reaction (in absence of K,CO; and KCNO). AgNO,
white, curd-like AgCN, soluble in boiling HNO,, and in much
NH, AgCN fuses: by leat gives (CN),, burning with peach-
blossom ocolored flame. FeS0, red precipitate KCy,2FeCy,:
add KOIL. boil and then HCl in execss * Prussian blue”
Fe,Fe,Cy,,18H,0 is formed. If only a trace. solution green,
(NH,).8, udded and evaporated to dryness, leaves a suipho-
eyanide which gives blood-red coloration with Fe,Cl;. Free
CNH completely volatile; acid; odor as of peach-kernels
bruised. No residue on platinum. AgNO, white AgCN, sol.
in boiling HNO,. A stip of filtering paper, moistened with
KOH, and suspended in tube where CNH escapes, gives
o Prussian blue” reaction when placed in solution of FeSO,, and
H(Cl added. N.B. In HgC,N,, Hg not precipitated by Na,CO,;
but HCL sets CNH free.  Heated in tube, HgC,N, gives Hg and
C,N,, which burns with peach-blossom colored flame.

IX. Ferrocyanides. Chief salt K,FeCy;3H,0. Slightly
alkaline. Yellow. HCl, precipitates white or bluish-white
H,FeCy, : in weak solutions no visible reaction, but probably
blue tint. AgNO, white. Cu80,, red-brown Cu,Cfy. Fe,Clg
Prussian blue Fe, Fe,Cy,,, 1#H,0. FeS0, bluish-white K,Fe,Cy,.
Heated on platinum, cyanide formed. Test as under VIII,
Distilled with dilute sulphuric acid, they yield CNH in the
distillate.

X. Ferricyanides. Chief salt K,Fe,Cy,, : neutral, brownish-
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green in color. HCl no visible reaction. AgNO, orange, in-
soluble in HNO,, but readily in KCN and in NH,. Fe,Cl,,
only deepens the brown tinge. FeSO0,, “ Turnbull’s blue.”
Distilled with H,S0,, they yield CNH. Both the insoluble
ferrocyanides and llllIE\.H]lldf..L- are decomposed by boiling with
NaOH, into the respective oxides, and soluble ‘\.‘141 fy or
NaglFedy. By fusion with KNO,, CO, and N are evolved, and
the respective metals obtained as oxides.

XI. Sulphocyanides. Chief salts: EKCNS and NH CNS,
Slightly alkaline, Colorless. HCI no visible reaction, AgNoO,
white, soluble in NH,, not in dilate HNO;. Pb2C,H,0,, white,
very soluble in acetic acid, Cu80,, black CuCsy,: in ]mn{ncz,
of FeS0, or H,80,, white Cu,Csy,. Fe,Cl, blood-red Ie,Csy, :
colur de atmved hﬂr Hg(l, ; not ln HCl. Zn + H.S0,, evolves
H.,S and decolorizes. -

J'L[}I Acetates. With HCL by heat evolve acetie acid (see D.
P37

X1II. Oxalates (see C. p. 35).

XIV. Silicates. Salts of alkaline metals alone soluble,
colorless, alkaline. HCl gelatinous H,Si0O, deposited. In
dilute solutions no visible reaction, as ortho-silicic aecid re-
mains dissolved ; on evaporation to dryness, lLeating, and
boiling with dilute HCI, 8i0, is left as a white, amorphous,
insoluble substance. NH,Cl, white H,Si0,, with odor of NH,.
BaCl,, white. AgNO0,, white. (A dialysed solution is gelati-
nized by HCI, and is only faintly acid to test-paper.)

| Titanic aecid, which resembles Si0,, is separated from SiO,
by fusion with IXHSO,, and subsequent treatment with water,
810, remains undissolved.]

| Tungstates of alkalies and magnesia alone soluble. Sols,
colorless, alkaline. HCl white u&lntmmh H,WO0,, turning
yellow on boiling, and in-oluble in excess of HCI, of H‘_\flf}g and
of H,80, ; soluble in ammonic hydrate. (NH,),S, + HCI brown
WS;. 8nCl, yellow; HCI and heat blue coloration. BaCl,
white, .&gND white. HCI 4 Zn, blue coloration from reduc-
tion. H,WO0, is lemon-colored, insoluble in water.

[Il[ﬂlyhdates of alkalies soluble. Colorless. - HCl white
MoQ,, soluble in excess of HCI, of HNO, and of H,S0,. Alka-
line salts, yellow color by H,S, and pree. brown-bluck ].1 ucids,
MoS,, soluble in (NH,),S,. In HCl solution with Zn or Sn,
blue, green, black. Solut ion of molybdate of ammonium dis-
solved in HNO,, gives yellow precipitate in neutral or acid
phosphates : a test for phosphates. ]

XYV. Borates. Boracic acid B(OH),, and “ borax” Na,B,0.,
1oH.O, the commonest, Salts of alkalies, soluble, colorless,
alkaline, fusible. All borates somewhat soluble; eusily in
acids, and ammonium salts. HCl in concentrated sols. white,
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erystalline B(OH),, red adilv soluble in e¢xeess or in wuler.
BH,UI._ white, soluble In ae ids. CI'I.G]. while, sol. in acetie acid
or NH,Cl. Moistened with Ill'] or 1,80, on platinum, creen
color to lame. B(OH),, [uses, gives green color to flame. Tur-

meric browned, In the ease of & borate, add HCI, then turmeric |
puper; on drying, the latter red-brown, and the red st iin blued
iJ"I, \.IH.]L

X V1. Chromates of alkalies soluble; yellow or yeliow-red.
K.Cr,0. reddens litmus, Na,C0, with ctferveseence, acid to
yellow ncutial chromate, mthnnt 1+lxtlpllll;1t::1 HCl, deepens
the color to red. H,50, ncedles of l]“’. erimson, in con-
centrated solutions. HCL, heated, evolves Cl, tlml reduces.
HCl + H,S, to biue-green Cr,Cl; with de 1+nu:t of 8 (See H,S.)
AgNO,, crimson Ag,CrO,, coluble in ammonia and in nitrie
m:iul. Pb:C.H,0,, vellow PbCrO,, soluble in KOH. BaCl,
yellow BaCrO,. CaCl, no reaction. Bi3NOQ, orange- -yellow
Bi,;Cr0,.

N VII. Arsenites (p. 14 ). Alkaline alone soluble; turn red
litmus blue. HCl in cone. sols. white As,O;, sol. in excess,
| and precipitated by H,S as yellow As,S,. CuS0, green
| CuHAsO,, sol. with blue color in NH, AgNO, yellow
| Ag;As0,, very soluble in NH; and in H\HE and in ammo-
nincal salts. (Dr. Averep 8. Tavior's mcthod of distilling
insoluble arsenical mn.]:mmda with strong HCI is turncd to
good account with Scheele’s Green : tlm distiliate contuins
As =Cl,, precipitable as yellow As,S; by H,5.)

| Sulpharsenites. lxi.{ﬁh d,“hl.]lll*_:, yellow. With HCL gives
H,S and yellow As,S;.]

X VIIL Arsenates (p. 13). Na,HAsO,,12H,0, chief soluble
salt. Soluble alkaline or acid: colorless,. HCl no visible
reaction. HCl 4+-H.8 no reaction till ev: uporate d nearly to dry-
| ness : then H,S yellow As,S; + 8, soluble in NH,OH. AgNO,
aver - browu Agsas0,, CuS0, in arsenates, greenish -blue
CuHA no pr. in free weid. BaCl, white DBaHAsO,.
Lguﬂ mth NH,OH in presence of ammoniacal salts, n]ntv-
crystallinve N "'r{f"]’{} LOHL0.  (Some arsenates, such as hllu
wrsenate, give no distinet mirror with Na, ,CO, and charcoal.)
Keinsch's test and Marsh's test apply to Ah L5 ‘and As, O

[Sulpharsenates. K,AsS,, colorless, Llllmhm,. HCl rives
H,S und yellow As,S,.]

unmutﬂs‘ ns hﬁullﬂ “‘i".-‘l;' white pr. with HCl soluble in
cxcess. HCl + H,8, orange i"‘*]u'm soluble in HCI as SbCl,.
Thus : 8b,S + 6HCL = 28bCl, + 3H,S.]

Lﬁntlm-:-na.tes 1L, H.5b,0, “1[11 HCI, n]nt{* H,8b,0,.. With
sodium salts K,H, Sb,0, gives white Na, IL,HF;,.U the only
insoluble sodium salt. HCI + H,5 ma.ni e 8,8

XIX. Urates. Ounly alkaline urates E.ulubh, Colorless.

D
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Blue restored to red litmus, HCL, white crystalline urie acid
C.H N,0,, insoluble in water, sol. in boiling H,80,. HNO, in
drops, evaporatwl to dryness in poreelain basin, gives yellow-
red residue, turned purple by NH, (murexid). On platinum,
carbonizes without flame, and leaves no residue: CNH among
the products. Urates leave carbonates when ignited. Ammo-
ninm urate evolves NH, when heated with Na,CO,  Lithium
urate, the most soluble.  Acid urates, least.

XX. Hippurates. Colorless, Alkaline. HCI, white needles
of hippuric acid, requiring Goo parts of cold water for solu-
tion, but easily soluble in boiling water. CaCl, in hippurates
no precipitate, as caleium salt is soluble. AgNO, white,
soluble in NH, Fe,.l, cream-colored pr. HirruRIC ACID
CH,.NH.C,H,0.COOLI, leaves a coaly residue, completely eon-
sumed in oxydizing flame; evolves CNH among other produets,
Boiled with acids, assimilates H,0, and changed into GLYCOCINE
CH,NH,COOH, and BENZOIC ACID C,H,COOH. Heated with
KOH gives off benzene C H; and NH,.

N XI. Gallates. Colorless; alkaline to test-paper. HCl
minute white crystals, readily soluble in excess of acid. Fe,Cl,
black, disappearing by heat. AgNO, white ; blackens by heat.
Does not precipitate gelatin. GALLIC ACID C,H,(OH),COOH
soluble in 100 of cold, and 3 of boiling water. Acid reaction:
decomposes Na,CO, with effervescence. Magenta color with
H,S0,. Very soluble in ether. On platinum blackens instantly.

X XII. Tannates, alkaline soluble. Ba, Sr, and Ca tannates,
sparingly soluble. HCI no visible reaction, as TANNIN Gy He Dy
very soluble in water. Fe,Cl,, blue-black precipitate. Pb2C,H,0,
white. Gelatin, white tannate. Turns dark brown with H.£0,,
On platinum fuses and blackens.

X XTII. Benzoates, all more or less soluble. HCl precipitates
Benzoic acid in scales, requiring 200 of cold and 25 of boiling
water. Fe,Cl, bulky, flesh-colored, ferric benzoate, decomposed
by HCl leaving scaies of benzoie acid in the yellow Fe,Cl,.
AgNO,, white, sparingly soluble. BEXNZOIC ACID C,H,COOH
melts at 120°; its vapors are very acrid and irritating, and burn
away with sooty flame. Is easily sublimed.

X'XIV. Salicylates, more or less soluble. HC1 precipitates
salicylic acid in tiny white needles, soluble in excess. Fe,Cl,
imparts a deep-violet to acid and salts, disappearing with HCL.
Sanioyric acip CH,(OH)COOH requires 18co parts of cold
water for solution; is readily soluble in aleohol and in oil of
vitriol. Melts at 155 : into CO, and raENOL CH,OH.

X X V. Tartrates. Insols.of K,CH, 0, and of (NH,),C,H,O,,
HCI precipitates white crystalline KHC,H,0,and NH,HCH,O,
soluble in excess. See Group C.




SULPHATES. SELENATES. OXALATES. TARTRATES. 30 I

B. Acids, the radicles of which are precipitated by barium
chloride or barium nitrate, insoluble inZhydrochlorie or nitrie
acids, Includes sulphates, selenates and-sﬂmuﬂ.mﬂdes ,

XXVI. Sulphates: ull soluble except BaSO,, SrS8O, and I
PbSO,: Ca80,:H.0 with difficulty. Neutral or acid to tst- i
paper.  BaCl, white BaS0,, insoluble in HCl and in HNO.,
CaCl, white CaS0,,2H.O, except in CaS0, or very wenk solu-
tions of other -ulllfiil.,lh-s Pb:C.H,0., white PbSO,. Any in-
soluble mlphlw on  charcoal u|1.|| Na,CO,, hmnl gives a !,4
sulphide causing a brown-black stain of Ar.S, when moiste md -
on a clean silver coin. Free sulphurm “acid SO,(OH),
H,SO,. oily liguid, volatile with white pungent fumes : hies lt'ﬁ
with water. IDftervesees with carbonates. DBehaves like any
other sulphats towards tests. On evaporation, even quite
dilute, chars filter-paper when heated. !

[Selenates, resemble sulphates,  BaCl,, white BaSeO, in- f
soluble in HCL: boiled, evolves Cl,, and then H, S0, scparates
red Seleninm. The original solution, in blowpipe-tlume, gives
odor of horse-radish. ]

XXVII. Silico-fluorides. SiLico-rLvoric acip 2HF,SiF,,
acid. 2KF,8iF, and BaF,SiF,, with difliculty in water, in- !
soluble in alecohol. The rest soluble. BaCl,. trunslucent Bal?,,
SiF,. KCl pr. :KF.8iF,, NH,0H separates H,Si0,. On
Platinum, volatilizes: into 2HF + SiF,, therefore etches a glass
vessel, Salts heated with H,S0,, corrode glass. i

(. Acids, the salts of which are precipitated by calcium
chloride, soluble in nitric or hydrochlorie acids. In addition
to I. carpoNatTEs, III. svLpmiTes, IX. FERROCYANIDEs, XV, l
BORATEs, N VIII. ArseNaTeEs, XXVI. SULPHURIC AcID and
SULPHATES, are the following :

XIIL Oxalates. Many mmhﬂr.v but soluble in HCI or in
HNO,. HCl separates {}(H[{} in solution : no wvisible re-
action. BaCl, white BaC,0,, sol. in HCl. CaCl,, white CaC,0,,
sol. in HCI, insoluble in aceti.c acid. AgNO, white Ag,C, U
sol, in HNO, and in NH;. Ewven CaS80, precipitates oxalic acid
and u\tlli(‘-:, insoluble 111 CH,.COOH. On platinum, into car- ,
bonates, oxides or metal, w lthrmL blackening. OxavLic acip .
H,C,0,,2H,0, very soluble in waler, very ac i, Na,C0, effer-
vescence, Lime-water (and the other tests) an immedis 1tL white i
pr. of CaC,0,, by heat into CaCO, without blackening. H,80, 5
and heat into H,0, CO, and CO, I-.lmllmfr with blue ﬂmm, and _
without darkening. On Platinum, fuses mu.l decomposes with- .
out blackening ; vapors white, coruseating, suffocating,

XXV, Tartrates. Neutral tartrates of alk: alies readily
soluble. KHC H,0, and NH,HC,H,O; with difficulty soluble,
HCl from 11.{._.- U.,D and \.Hijzb H .0, white crystalline '
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acid salts readily soluble. HCl white pr.in sols. of tartar
emetic, sol. in execss and not precipitated by water : H,S dis-
tinguishes Sb. BaCl, white. CaCl, white CaCH,", soluble,
when washed, in KOH and in NH,Cl; and soluble in CH,,COOH.
AgNO, white, sol. in HNO, and in NH,, reduced to silver by
heat. Heated on platinum, they earbonize, with smell as of burnt
sugar : leave carbonates, oxides or metal. Tuartar em: tic makes
holes in Pt through alloy-formation, Tarraric acip H,C,H,0O,,
very acid. Na,C0, cffervescence. Lime-water precipitates it
when added in quantity, sol. in acefic acid. H,80, heatcd with
it, browns at once, with little evolution of CO. Pb2C,H,0,,
white. On Platinum fuses, colors, carbonizes with flame and
burnt-suear smell, leaving no residue.

XXVIIIL. Citrates. Not precipitated by CH,.COOK. CaCl,
an immediate pree. on heating, insoluble in KOH when washad,
but sol. in NH,Cl. Lime-water, in excess, on boiling, a slight
white pr. disappearing on cooling. AgNO, whitefAg C,H.O.,
sol, in NH, and HNO,, not blackening on heating. Citric acid
H,C,H.O, very soluble, and acid. Na,C0,, effervescence.
CaCl, no pree. even after addition of NH,, until heated. H,80,,
and heat, evolves at first €O in quantity, burning with biue
flame, and only darkening utlast. Pb2C,H,0,, white Pb;2C;H,0,,
sol. after washing, in NH,OH. On Platinum, fusecs, carbouizes,
with evolution of pungent acid vapors, and burns away.

XXIX,. Malates: not precipitated by CH,.COOK. CaCl, on
heating a white pr. in cone. solutions, Lime-water no reaction.
AgNO, white Ag,C,H,0,, unly gray on boiling. Malie acid
H,C,H,0,, very acid, indistinctly erystalline, resemibling glucose
in appearance. Na,CO, effervescence. Pb2C,H,0,. white, cryst.
CaCl, no reaction.  H,£0,, heated gives CO and CO,, browning
and blackening like Tartaric acid. On Flatinum, fuses, pun-
gent acid vapors with frothing effervescence ; burns away.

XXX. Meconates. Culorless. CaCl, white. Fe,Cl,, blood-
red coloration, see Group D.

X XXI. Orthophosphates: of alkalies soluble. Chief salts :—
Na,HPO,,12H,0, and NaNH,HPO,,4H,0. HCl no visible re-
action, HCl -+ H,8, none (not an arsenit+). BaCl, white, sol.
in HCl or HNO,.” CaCl, white Ca,2PO, scluble in CH,COOH.
Fe,Cl,, wlite FePO, Pb:0,H,0, white. NH,Cl+ NH,0H +
Mg80,, white, cryst. NH,MgPO,,6H,0. Ammonium molybdate
in nitric acid yellow pr. containing 3 per cent. P,O,. AgNO,,
yellow Ag.PO,, sol. in NH,OH and in HNO;. On Platinum,
fuse : into metaphosphates or pyrophosphates which give
white AgPO, and Ag,P,0,., ORTHOFHOSPHORIC ACID H,PO,,
sour. syrupy liquid, into clear tlass HPO; on lLeating. '

[ Metaphosphates, by boiling with acids into orthophospherie
acid. In presence of acetic acid, HPO, precipitates albumen.
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AgNO, white gelatinous AgP0O,;. Not precipitated by magne-
sium-test.]

[Pyro-phosphates, by boiling with mineral acids into ortho-
phosphorie acid. AgNO,, white Ag,P,0,, soluble in NH,OH
and in HNO,.] :

[Phosphites of alkaline motals soluble; others with diffieulty.
BalCl, white. CaCl, white, soluble in CH,COOH. AgNO,,
metallic silver. Hg,2NO0y, metallie Hg., H,80, changes
P(OH , into Hy;FO, S being separated. PHOSPHOROUS ACID
P(OH), by heat into PH; + ”31'[_}1,]

N X XII. Fluorides. Alkaline soluble. BaCl,, white. CaCl,
eelatinous, white CaF,, nearly insoluble in HCI and in acetic
arid. AgF is soluble. With H,80, and heat, pungent HY¥
evolved which corrodes glass.

D. Acids, the presence of which is demonstrable by the Group-
test Ferric chloride.

a. In presence of free HCL FERROCYANIDES : blue preeipi-
tate.

b, In neutral solutions, or if acid on addition of sodium
acetate, as the precipitate is oceasioned even in presence of free
acetic acid. J[neludes : ARSENATES, GALLATES and PHOSPHATES.

¢. Only in neutral solutions. Includes ;: BORATES, BENZOATES,
and SUCCINATES.

X V. Borates, see above.

X XIII. Benzoates, for the most part goluble. HCl white
erystalline scales of BENZOIC ACID. Fe,Cl, bulky, flesh-colored
ferric benzoate, decomposed by HCIL with geparation of benzoic
acid (p. 34).

XX X1IL. Succinates. Mostly soluble. HC]l no visible re-
action, as succinic acid 1s readily soluble in water, alcohol and
ether. Fe,Cl, pale cinnamon-colored ferrie succinate, readily
soluble in HCl. Pb2C,H,0, whife PbC,H,0,, realdily sol. in
excess of test. BaCl, and NH,0H no precipitate until aleohol
added. AgNO,, white, SUCCINIC ACID (,H,(COOH), in color-
less, inodorous prisms, readily soluble Volatile: can be sub-
limed. On Platinum burns with suotless flame. Sucecinates
by heat into carbonates (blackening) or oxides or metul.

d. Only coloration in presence of HCl. Includes: X. FERRI-
oy axiDEs and X1 SULPHOCYANIDES (see above).

e. The rved or black coloration disappears on addition of HCI,
Includes: XII. ACETATES, FORMATES, XXII. TANNATES,
X X XTII. mEcONATES, and I1I. SULPHITES.

N1II. Acetates, all more or less soluble. Caleium and ferrie
acetates very soluble: not precipitated by CaCl, or Fe,Cl,.
HCl separates CH,.COOH in_solution. Fe,Cl, dark-red colora-
tion, yellow on addition of HCL AgNO, crystalline, greasy-
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looking precipitate, soluble in hot water Hg.2NO,, similar
pr., readily soluble in the test., H,80, evolves ACETIC ACID
"l][ .COOH, known by its pungent odor: mixed with aleohol
and he |1u], agreeable-smelling ErTaYL AcETATE CH,.COOC,H,
is formed.  On Platinum, into ecarbonates, somewhat ecar-
bonaceous, oxides or metal. Aceric acip is pungent, acid,
very volatile, liquid, leaving no residue. NH,OH must be
added to obtain proper reaction with Fe,Cl,.

[Formates are all soluble. Fe,Cl,, similar to acctates.
H.C00Ag and (H.COO),Hg,, readily reduced to metallic state

]n heat.

XXII. Tannates, see above. Gelatin precipitates tannin,

NXXXIII. Meconates: already mentioned. Alkaline me-
conates readily soluble.  CaCl, white meconate: by HCI
crystalline seales of MEcoNic Acip H, ,C.HO,,3H,0. Fe,Cl; blood-
red coloration, not bleached by Hg{]l nor by AuCl, but by
HCl. Pb2C,H.0, white (none with an acetate). AgKO, , white,
sol. in NH, and in HNO,. On Platinum, meconic ac |1! loses
water, llu.lta inflames, le MII];{ coaly residue which burns away,

Ii. Acids, salts of which, or the radicles of which, are pre-
cipitated by silver nitrate.

a. In meutral solutions only, and the precipitale is readily
soluble in dilute nitric acid. Includes: PYRO- and MrTA-IHOS-
PHATES, BORATES, OXALATES, &c., white ; ARSENITES, yellow and
ORTHOPHOSPHATES, yellow ; ARSENATES, liver-brown ; CHROMATES,
crimson, &c.

b. Tie precipitate iz insoluble in dilufe nitric acid. Besides
SULPHIDES, black; FERRICYANIDES, red-brown, sULPHOCYANIDES,
CYANIDES, FERROCYANIDES, 10DATES, white, we include chlorides,
bromides, 1odides.

XXXIV. Chlorides: all soluble except AgCl and Hg,Cl,;
with difficulty PbCl, and TICl. Generally colorless. Neutral
or acid to test- paper. Many volatile. ﬂgNDE. white, curd-like,
fusible AgCl: soluble in NH,0H, and to some extent in strong
mineral acids, from which it is re-precipitated by water.
Hg,:N0,, white Hg,Cl,, by NH, into black Hg,H,NCI.
Pb2C,H,0,, white PLCL,, except in ‘dilute solutions. Heated
with K, Ul 0. and H, ,50,, blood-red drops of Cr0,Cl, condense
from brown-red vi ||-m HyproGEN cHLORIDE HCl is acid,
volatile, suffocating : with HNO, it deepens to yellow-red in
color, : m:l evolves Cl, + NOCI,. Leaves no re sidue on Platinum.
FFumes with “‘]:h'w-l{lil dipped into NH,. If a trace of a chloride
be added to a bead of Nul’O, :uniﬂ.lumﬂ' a little CuQ, and the
bead heated in the reducing flame, blue flame will be observed.
MnO, + H.80, added to a chloride yields Chlorine gas which
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bleaches, and separates Dr and I respectively from alkaline
bromides and iodides.

XX V. Bromides: very closely resemble ehlorides, AgNO,,
yellowish-white AgBr, sparingly soluble in NH,, and insoluble
in dilute HNU,. Pb:C.H,0,, white PbBr,, less soluble than
PLCL,. Hg,:NO, 3_:1_-1im-;ish—wnitu He,Br,. Cl, water colors o
soluble bromide yellow or yellow-red from Br,. which is soluble
with urange-mh]r in CHCI,: starch is color.d orange. HNO,
separates Bry, with red-brown wvapor condensing fo blood-red
drops. HYDROGEN BROMIDE HBr is acid, colorless, completely
volatile without residue. Cl, sets Br, tree. AgNO, yellowish-
white AgBr, insoluble in dilute HNuL,. HNO, separates Br,,
AeCl decomposed by K Br into AgBr + KCL

N XXVI. Iodides: many iodides insoluble. AgNO,, whitish-
vellow Agl insoluble in NH,OH and in HNO, Pb2C,H,0,
yellow b, sol in mueh water, HgCl, scarlet Hgl,. Hg,:NO,,
finch-green Hg,l,. Mised CuS0, + FeS0,, white Cu,l.. Cl,
water separates brown I,, soluble in CHCI, to amethystine
color. HNO, containing IINO, precipitates blue-black iodine,
the vapor of which s violet, and forms blue iodide with starch.
MnO, + H,80, liberates [,, DBead of NaPu), saturated with
(Cu0, heated on Platinum-wire with an jodide, imparts green
color to reducing flame. HYDROGEN I0DIDE HI, browns rapidly
from separation of I, acid. volatile without residue. Cl,
sepurates I,. Free I, discoverable by shaking up with CHCI,.

Any insoluble chloride, bromide, or iodide fused with Na,C0,,
will contain respectively NaCl, NaDr, Nal in o soluble form,
AgCl is decomposed by KI into AgI + KCL

F. Acids, the salts of which are all soluble in water, and are
therefore mot precipitated by reagents. Includes : chlorates
ani nitrates, and [PERCHLORATES].

Chlorates (VI.) have been desoribed at p. 30. HCl produces
ereen-yellow enchlorine (1.0, 4 301, especially when heated.
H,80, evolves Cl,0, as ereenish-yellow gas: sulphindigotic
aoul then decolorized. If a chloiide present, Ag, 50, can be
added to remove Chlorine.

K XXVIIL. Nitrates: all soluble, except Bi,0,,2HNO,. HCl
concentrated, evolves NOCL, and Cl, which dissolves gold-leaf.
Dilute: no reaction, BaCl, no reaction. AgNO, no reaction.
Add FeS0, in solution, and then H,80, more or less freely. A
dark-brown eoloration (2FeS0,NO). at the point of junction,
increasing by shaking and then disappearing, solution colored
from ferric salt. Sulphindigotic acid turned yellow by the acid
set free from a nitrate, Copper-turnings, together with H,30,,
yield orange vapors of NO,. On Platinum, an alkaline nitrate
first into & nitrite, and this, dissolved, gives with acetic acid,
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}iI and starch, blue indide of starch. FrEE NITRIC ACID HNO,,
15 colorless and caustic in odor; when fuming, yellow from
HNO,. Strongly acid, volatile; leaves no residue, HCI pro-
duces more or less of a yellow or orange color, with fumes of
chloro-nitrie gas NOCL, and of Cl,, dissolving Au as AuCly, bleach-
ing litmus and indigo-solution. Na,C0, effervescence, Stains
wool yellow. FeS0, browns: on heating, if dilute. Cu when
heated gives 2NO + 0,=2NO, as orange-red vapors. If dilute,
neutralize with CaCO,, filter, evaporate to dryness and decom-
pose with H,80, containing solution of ferrous sulphate.

[Perchlorates. HCl added, indigo-solution mot bleached.
Evolve O on lheating, and changed into chlorides: K€l in
concentrated sols. pr. KC10,.]

RECAPITULATION.

8alts of organic acids, except oxalates, acetates, and formates,
are charred when heated. In presence of HCI, soluble carbon-
ates, sulphides, hyposulphites, nitrites, ferroeyanides, benzoates,
hippurates and urates, chlorates, hypochlorites, and silicates
are at once recognizable. Even in admixture a carbonate is
decomposed before a sulphite is attacked. so that much is
learnt by a careful addition of the test. 1f HCl produces no
reaction, the addition of H,8 settles the presence or other-
wise of chromie aeid (p. 33) of As,O; (p. 14): boiling, con-
centrating and further addition of H.,S would indieate by
yellow As,S; 4 8,, presence of arsenic acid (p. 15). Barium
chloride BaCl, precipitates, in addition to the above-named,
iodates, bromates, borates, phosplhates, oxalates, fluorides, sul-
phates, silicofluorides, and ferrocyanides; preeipitated BaS0,
and Bal,SiF, are insoluble in HCL. Silver nitrate precipitates
chlorides, bromides, iodides, eyanides, and ferricyanides: chlo-
ride of barium does not precipitate them. Ferriechloride is also
an admirable test. The red-brown coloration disappears in the
case of acctates, meconates. formates, and the black coloration
in the case of the gallates, on addition of HCI, but the brown
coloration of ferrieyanide and the blood-red sulphocyanide are
not thus bleached. HCl, however, in no wise interferes with the
FERROCYANINE reaction. Only in neutral solutions a borate,
benzoate and succinate can produce a ferrie precipitate, and only
in presence of acetie acid, a phosphate, arsenate and tannate.

For further particulars, se: the respeective acids, the charac-
teristic features of which ean be easily mastered by the intelli-
gent student.  Kxeept for gronping, Tables are not to be recom-
mendel unless constructed by the student himself,
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II. THE SUBSTANCE IS INSOLUBLE IN WATER (see p. 12). If the
gubstance is insoluble in water, it is boiled with strong HCL
The following gases may be evolved @ €0, from a carbonate;
H.8 from «a sulphide ; 80,, from a sulphite or hyposulphite; HCN
from a eyanide; Cl, from a peroxide or chromate (turns green) ;
I, (violet vapor) from an iodate ; Br, (orunge) from a bromate.
Many silicates gelatinize ; in such case, evaporate to dryness,
ignite gently, and re-dissolve in HCIl; 8i0, remains behind as
a white, insoluble powdcr, while the bases pass into solution.

If the main part of the fsnbstance has dissolved, filter or
decant, boil off any large excess of HCL, dilute with a little
water, and proceed with the use of Group-tests as given at
pp. 11 and 12. N.B. If erystals form in the s Jlution on eooling,
e.g. arsenious, boracie, benzoie, hippurie, urie, and gallic acids,
lead ehloride, barium chloride, calcium, barium, strontinm and
magnesium phosphates and oxalates,—more water should be
added. A yellow residue may be sulphur or titanic acid: an
orange one, with odor of CNH, a sulphocyanide. A turbidity, on
dilution, indicates 8b or Bi. If the solution gives a precipitate
with NH,Cl + NH,0H, a phosphate or oxalate may be present,
as well as Fe,, Al,or Cr,. In this case, test the original substance
as follows : @, Heat on platinum foil, treat the ash with HCL;
effervescence indicates oxalate; test for the probable basyl Ca,
Bu, Sr. b. To a solution of ammonium molybdate in HNO,,
add a drop of the HCl solution, and warm,—=a yellow precipitite
indicates n phosphate. e. To a fresh portion of the HCI solu-
tion. add sodinm acetate in excess : CrP0,, is green, FePO0,, and
AIPO, are white and gelatinous. Test for Fe (p. 19); if absent,
nearly neutralize another portiom with Na,C0,, boil with pure
KOH and BaC0, and filter; to the filtrate add HCI in excess,
then NH,OH in excess, and warm,—white gelutinous aluminum
hydroxide will be precipitated. The barium preeipitate on the
filter is dissolved in hot dilute HCI, H,S0, addedl to remove Ba
as BuS0,, the solution boiled, filtered, and tested with NH,Cl,
NH,OH and MgS0, for the presence of a phosphate, which will
be indicated by a white, erystalline deposit of NH,MgzPO,,6 H,0.
d. If sodium acetate has produced a precipitate, filter and add
to the filtrate NH,OH : a precipitate indicates excess of Al,(0H),
Fe,(0H), or Cr,(0H),. e. If no reaction with sodinm acetate,
add Fe,Cl, till solution reddish,—a white precipitate indicates
calcium, barium, strontium or magnesinm phosphate; boil till
liquid colorless, filter, test the filtrate for these metals (pp. 24, 25)-
If necessary, the ferric precipitate can be tested for ortho-
phosphoric acid, by dissolving in warm HCIl, adding tartarie
acid to prevent the separation of ferrie, N H,OH and then
MgSO, to the elear solution: crystalline NH,MgPO,,tH,O
follows, if phosphate present. f. Fluorides and borates of Ba, 8r,
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Ca and Mg may also be precipitated by NH,OH ; therefore the
original substance must be tested on Platinum with H,80, —
A BORATE gives green color to flame. Fluorides evolve HF,
which eorrodes glass. If either present, add more NH,Cl 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 ditferent Groups.

_If insoluble in HNO,, boil with aqua regia. Remove free acids,
dilute and test. Be careful to remove both HNO, and Cl,, as
they decompose H,8, with deposition of Sulphur,

As regards the examination for the radicle in substances only
soluble in acids, indications have already been noted (p. 40).
All borates are soluble in HCl; on Platinum with H,SO,. all
borates give green color to flame. In the HCl solution, BaCl,
discovers a sulphate (p. 35); 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 : siliea Si0,,
remains undissolved. Phosphates are all decomposed by acids ;
their detection has been explained at pp. 36, 41. In the case of
an organic salt, blackening with a residue would oceur; dissolve
the residue in HNO,, evaporate, re-dissolve in water, precipitate
by H,S or by Na,CO,, and in the filtrate test for the base.

IF A SUBSTANCE IS INSOLUBLE IN WATER AS WELL AS IN ACIDS,
various methods must be employed. Carbon disappears when
strongly ignited, and deflagrates with KNO,. AgCl, AgBr and
AgImelt when heated, and give metallic Ag, heated with Na,CO0,.
Al,0,, is white, infusible, is turned blue, when ignited with
Co:NO,: unlocked by fusion with KHSO,. 8n0, and Sb,0;
give ductile or brittle metallic beads respectively of Sn or Sb
when heated on charcoal with Na,CO,. In a platinum capsule
they may be reduced by Zn 4+ HCl; 8b 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, umpurat_iou
to dryness, moistening with HCI, and addition of water which
leaves S8i0, undissolved. If K or Na to be sought for, then
Ba(OH), must be used. Fluorides are white : all evolve HF
when heated with H,80,, and corrode a watch-glass placed over
the platinum-capsule. Chromic oxide gives a green bead with
borax. [t is best unlocked with a mixture of Na,CO; and KNO,,
yielding soluble yellow chromate. Some alloys are best heated
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in an atmosphere of chlorine, after admixture with sodium
chloride.

LIST OF SUBSTANCES, ONE OR OTHER OF WHICH 18 GIVEN TOR
ANALYSIS AT THE FIRST M.DB. EXAMINATION OF THE Ux1VERSITY
oF LOoNLON.

A. Alcohol, urea, sucrose, dextrose, starch and glyeerin.
B. The alkaloids morphin, strychnin, quinin and cinchonin.
(. Oxalic. tartarie, citric, malic and urie acids. D). Succinic, ben-
zoie and hippuric acids. 15, Acetic acid. F. Meconic, tannie
and gallie acids. (. Sulphocyanides, ferrocyanides and ferricyan-
ides. H. Cyanides.

General remarks. Alcohol, urea, sucrose, dextrose, stareh and
glycerin ure neutral or only very faintly acid to test-paper.

All the free acids, viz. oxalic, tartaric, citrie, malie, succinie,
benzoie, hippurie, acetic, meconic, tannic and gallic acids, ocea-
sion effervescence with sodinm carbonate, which last is recom-
mended to be used after application of test-paper. It there is no
effervescence, the above-mentioned acids may be passed over.
If there is no precipitate, either immediate or after continuous
stirring, the absence of most bases (including the alkaloids mor-
phin, stryelinin, quinin and cinchonin) may be inferred, except-
ing ferrie, potassium, sodium and ammonium (L, Cs and Rb).
The only acids leaving no solid residue are acetic and hydro-
cyanic -acids, but the former oceasions  effervescence with
Na,CO, : both are surely recognizable by the smell, and, the
latter, by silver nitrate, which preeipitates silver cyanide. Urie
acid is so nearly insoluble in water, that, except solid, or in the
form of a strongly alkaline solution of urate of potassium, sodium
or ammonium, it need not be thought of.

An alkaline solution should be tested with Na,CO, : basic lead
acetate would be precipitated, and any other metallic salt, the
earbonate of which is insoluble in water. Heat should always
be applied to make sure of the absence of a salt of ammonium,
On application of gentle heat, a solution of tartar cmetic is
precipitated. A solution of a urate, or of potassium cyanide,
would be strongly alkaline and unaffected by Na,C0,; so inlso
would be an alkaline hippurate, gallate, tannate ‘and possibly
other organic salts. Hydrochloric acid, carefully added, is the
next most important test, as it not only precipitates PhCl, from
Pb:C,H,0,, and basic antimonous chloride from tartar emetic,
readily soluble in excess, but it precipitates vric Acip (as a
powder), HIPPURIC ACID (in needles), BENZOIC AcID (in scales),
GALLIC ACID (easily soluble), FERROCYANIC AcID (bluish white)
from a yellow solution, and potassium hydrogen tartrate from
neutral TARTRATE, as a white crystalline powder (readily soluble).
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Hydrogen sulphide may be added to any precipitate with HCI,
and any doubt as to tlie metallic character or otherwise con-
firmed, Ferric chloride gives most important reactions. With
GALLIC and TANNIC AciDs a blue-black coloration or precipitate,
bleached by HCl: gelatin precipitates tannin alone.  With
neutral salt of MorpHIN, a dark blue color: orange with HNO,,
With suLpHocYANIDES, infense blood-red color, not bleached by
HCl, but by HgCl,, With aceTaTEs, deep red-brown color,
bleached by HCI: the original salt with alcohol and sulphuric
acid yields ethyl acetate. With mEcoNATES, an intense port-
wine color, not bleached by HgCl, or by AuCl, but by HCL
With rerrocYANIDES, Prussian blue, not altered by HCl.  With
FERRICYANIDES, brown eolor, not bleached by HCI (with a fer-
rous salt, Turnbull’s blue). With benzoie, hippurie and suceinie
aclls no reaction, but with BExNZOATES, HIPPURATES and succIN-
ATES, respeciively, a flesh-colored, a brown, and a red-brown
precipitate : on addition of HCl, scales of benzoic acid, needles
of hippurie acid and no separation of suceinie acid. No preeipita-
tion with OXALATES, TARTRATES, CITRATES and MALATES, and no
change of eolor, beyond what springs from dilution of the ferrie
chloride. Caleium chloride is also a Group-test. Succinate, ben-
zoate, hippurate, and acetate of caleium, are sufliciently soluble
in water to allow of the detection of the radicles with ease: in
soluble salts of these radicles, of course CaCl, will produce no
visible results. Oxalate of caleium is so insoluble, that even
lime-water produces an immediate precipitate in soluble oxalates,
insoluble in acctic acid. Tartrate of ealeium is so liftle soluble
in water, that lime-water in excess precipitates tartarie acid,
but the precipitate is soluble in acetic acid. Of course CaCl,,
precipitates both an oxalate and a tartrate. Lime-water, in
excess, has no effeet upon crTric Acip, until boiled, when
calecium eitrate is precipifated. Under no eircumstances, how-
ever, could lime-water precipitate a soluble malate or malic acid.
For the distinetive tests see pp. 48, 49.

In addition to the tests here enumerated, the effects of heat
are to be particularly studied. Thus, the aALEALOID= fuse, and
burn like resins, with a beautiful, sooty flame. They are prie-
tically insoluble in water, although their solution blues red
litmus paper. As salts, morphin, stryehnin, quinin and cincho-
nin are precipitated by sodium carbonate. Nitric acid in excess
will distinguish morphin: sulphuric acid added to the solid
alkaloid or s:lt, tegether with MnO,, or PbO,, or K,Cr,0O.,
will, by the purple eolor, decide for strychnin: chlorine water
and ammonia, by the green color, settle the presence of quinin.
Solutions of salts of einchonin are not fluorescent, arc not turned
green by Cl, + NH,OH, and the precipitate effected by NH,OH
is not soluble in ether, as is quinin when similarly freated.




SUDSTANCES TOR FIRST M.B. EXAMINATION, 45

The use of argentum nitrate lLas been already commended at
pp: I, 10. Bilver oxalate is white and soluble in dilute mtrie
acid @ silver eyanide, ferrocyanide and sulphocyanide are also
white, but insoluble in dilute Litrie acid,  Silver ferrieyanide
is red-brown and iusoluble in dilute nitrie acid, The distinctive
tests for the various substances are as follows :—

Grovp A includes ALCOHOL, UREA, SUCROSE, GLUCOSE, STARCH,
and GLYCERIN.

Alcohol ethylie CH,; CH,OH. Colorless liquid of purely
spirituous odor, neutral to test-paper, leaving no residue on pla-
tinum. Unless very weak, it is inflammable, buining with pale-
bluish flame. K, Cr,0,,+H,50,, reduced to blue-green or green
calt of chromic oxide. Heated with H,80, and CH,COOH,
aleohol vields CH,.CO0C,H,,

Urea CO(NH,),, in solution, is colorless and inodorous. Neu-
tral to test-paper. Carcfully evaporated, a solid crystalline
residue is left, easily fusible, emitting ammuoniacal odors, dis-
coverable by red litmus paper: it solidifies soon after fusion, as
white eyanurie acid Cy,(OH);,, which entirely volatilizes with-
out blackening. Na,C0; no precipitation, as uren is so very
soluble, HNO, in large excess, white erystalline CO(NH,),,
HNO,, readily soluble in water. €,0,(0H),, behaves similarly.

Urea in colorless, four-sided prisms, very sol, in water and
in aleohol. Neutral. Fuses to clear liquid: evolves NH,
and ONONH,, solidifies and volatilizes as CNOH without
blackening. Na,C0; no reaction on its solution in water.
HNO, precipitates white CO(NH,),, HNO,. Instantly de-
composed by 2HNO, into: GO, + :N,+3H,0. Salts of urea
are acid : effervesce with Na,COj, but afford no precipitate,

Suorose C,,H,,0,, in solution, is colorless and inodorous.
Neutral to test-paper. On evaporation becoies syrupy, then
yellow, deepens in color, intumesces, inflames, evolves smell of
burnt sugar as it blackens, gives coaly residue which burns
away. Na,C0, no rcacton. Cus0, + KOH, the latter till deep-
blue solution, no preeipiiate if heated till near boiling, H,80,
in excess, gives mass of carbon. KOH no distinetive reaction.

guorose U,,H,.0,,, in colorless, transparent, four-sived,
oblique-rhombic prisms, very soluble in water, forming a
thick syrup. Melts to glassy miass. Heated to 160° into
gLucosE CyH,,0;, und LARVULOSAN C,H,,0,; at 21c° into
caramel C,H,,0,; then, with evolution of inflummable
wases into carbonaceous mass which burns away. H,80,
uto carbonaceous matter. Duoes not ut once reduce cuprie
hydrate, when blue solution of cuprie hydrate with sucrose
in KOH is boiled : but, when solution of sucrose is Lieated
with dilute acids, it is changed into dextrose, p. 40.
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Glucose C,I1,,0,, in solution, is colorless, or yellow-tinted :
neutral or faintly acid. Na,C0, no reaction. ‘On Platinum
behaves like sucrose, Cu80, and KOH in excess, a deep-blue
solution from which yellow cuprous hydroxide, and then red
cuprous oxide is precipitated, even before liquid boils., KOH
on heating, a rich mahogany color. H,80, converts elucose into
SULPHO-sAccHARIC Acip C,H,,0,80,. '

DEXTROSE or GLUCOSE CsH,,0,,H,0, dissolvesin 1,23 parts
of water, and is less sweet than sucrose. It is soluble in
alcohol. At 170° into glucosan C,H,,0,. It dissolves BaO,
CaO and PbO, and cowbines also with NaClL

Starch O, H,,0,, affords a more or less gelatinous liquid, neu-
tral or faintly acid. Or only opalescent. Evaporated on Pla-
tinum, a whitish or yellowish residue, burning with yellow
flame, leaving first a cuarbonaceons residue which completely
oxydizes. Na,C0,, no reaction. Iodine water, strikes a deep-
blue color, disappearing on heating : the chief test. Dilute
sulphurie changes it into glucose. H,80, into AMIDIN-SUL-
PHURIC ACID.

Starc C Hj,0,,, a soft, white, glistening powder, in-
soluble in cold water. Forms a thick, unmistakable paste
when boiled with water, and is at once recognized by
solution of iodine,

Glycerin C,H ,(OH),, in solution, is more or less viscid. Nen-
tral, or fuintly acid. Na,C0, no reaction. On evaporation,
more and more viscid, evolving in a test-tube white vapors
smelling of red-hot candle-wick., Heated then with KHSO,,
acrolein of pungent, irritating odor. On Platinum, it burns
with steady white flame without blackening and without resi-
due, remaining liquid until the end.

GLyceErIN C,H,(OH),, eolorless, viseid liquid, of sp. gr.
1.27, boiling at 200° C. Intensely sweet. Readily soluble
in water and in alcohol. By loss of 2H,0, into ACROLEIN
C;H,0, most pungent of vapors.

Grourp B. Iucludes MORPHIN, STRYCHNIN, QUININ and CIN-
CHONIN.

Heated on Platinum they fuse, redden, and burn with bright
sooty flame, leaving sooty incrustation which burns away. Very
little soluble in water : solutions blue red litmus. Na,CO,, with
brisk stirring separates the respective alkaloids, more or less
rapidly, from solutions of their salts.

Morphin C,.H,,NO,, only soluble in rooo of water. Solution
of salts neutral or acid. Na,CO0,, on stirring, white, erystalline
precipitate. Fe,Cl;, dark blue. HNO, gives deep-orange color,
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even in solutions of salts. Mixed with HIO,, iodine is liberated,
blues starch, and dissolves with amethystine color in CHCl,.
Mixed HNO, + H,80,, a green coloration,

Morpuiy  C,,H NOg,H,0, in short, reetangular prisms,
gol. in 400 boiling water. Soluble in aleohiol, but not in
ether and chloroform. Soluble in KOH. Turmeric
browned. HNO,, deep-orange. Salts very soluble in water
and aleohol : morphin precipitated by Na,CO0y, and by
NH,0H; stirring generally required.

Strychnin Cy, H.,N2O., almost insoluble in water (7000 parts).
Qolution of salts, neutral, soluble. Na,C0,, white, erystalline
precipitate. KOH, likewise; needles as seen under microscope.
NH,0H, white, soluble in excess. The dry salt, or alkaloid,
with H,80, in porcelain dish and K,Cr,0,, blue-violet color,
changing to red and reddish-red. With MnO, or with PbO,, a
similar reaction. Chlorine water a white precipitate.

SrrycaNiN  C,H,,N,0,, in brilliant rhombic prisms,
insoluble in absolute aleohol, ether, and KOH ; readily
soluble in CHCl,. Its salts, if acid, are not precipitated
by NaHCO,. KCNS in solutions, white erystalline tufts.

Quinin C, H,.,N,0,, soluble in 350 parts of water. Its salts
may be neutral or acid,and reflect a bluish tint. NaHCO, easily
precipitates quinin.  KOH and NH,0H, white, amorphous,
readily soluble in ether. Chlorine water and then NH,0H, an
emerald-green color. Cl + K, FeCy, + NH,OH, deep-red tint,
changing to dirty-brown.

“QuisiN C, H,oN,0,, in silky needles, soluble in aleohol
and ether. H,80, dissolves it with slight yellow color.
HNO,, colorless. Salts fluorescent. Turns plane of polu-
rization to the left.

Cinchonin C,,H,,N,O, is less soluble in water. Salts more
soluble in water, and in aleohol, than those of quinin. NaHCO,
white, amorphous. KOH and NH,0H, white, amorphous cin-
chonin, insoluble in ether. Chlorine water and then NH,0H, a
yellowish-white precipitate. K ,Cfy white flocculent ferrocyanide,
oluble in excess, und, after gentle heat, separating in golden
scales or needles.

Cixcnoxty O, H, N0, in large, quadrilateral prisms,
less soluble in aleohol than quinin and insoluble in ether.
Readily sublimed in hydrogen. Turns plane of polarization
to the right. CiNxcmoNIDIN is laevo-gyrate.

Grove C. Includes 0XALIC, TARTARIC, CITRIC and MALIC ACIDS.
Heated on Platinum they fuse. Osxalic acid decomposes,
without earbonizine, and the fumes are white and very irritating.
Tartaric acid carbonizes, and emits smell of burnt sugar.
Citric acid also carbonizes, but the fumes are pungent. Malic
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acid froths much, and also gives off pungent vapors. They are
very soluble in water ; neither the acids nor the salts are pre-
cipitated by ferric chloride. The calcium salts are either
insoluble or with diffienlty soluble in wuater.

Oxalic acid C,0,(0H),,2H,0. Page 35. Colorless rhombie
prisms, soluble in eight parts of water. Strongly reddens litmus,
L.ffervesces with Na,CO;. FERRIC CHLORIDE NO LEACTION,
Lime-water an immediate white precipitate of CaC,0,, insoluble
in ucetic acid. CaCl, and CaS0,, white CaC,0,, even in acetic
acid solution, H,$0,, on heating, decomposes it without darken-
ing into CO and CO,, rarbouic oxide burning with blue flune.
AgNO,, white, oxalate. Fb2C,H,0,, white, lead oxalute. On
Platinum, fuses, and decomposes without carbonizing: fumes
white, irritating and coughi-provoking. OXxALATES into carbon-
ates, or oxides, or metal. Calcium oxalate is * mulberry cal-
culus.” By heat into CaCO,, soluble with effervescence in HCI,
not precipitatcd by NH,OH, nor by CaBS0,, but by C,0,(ONH,),.
See p. 24.

Tal,rta,riﬂ acid C,H,(OH),(COOH), = C,H,0,. Page 3s.
Colorless oblique-rliombie prismns, very suluble. Acid reaetion,
Effervesces with Na,€0,. FERRIC CHLORIDE NO REAC110N, Lime-
water in exeess a white precipitate, soluble in acetic acid. CaB0,
no precipitate (distinetion between oxalic and tartarie acid).
CaCl, no precipitate: but, in tartrates, suluble in ammonium
chloride. KOH, white, crystalline, ercam of tartar, if solution
acid to test-paper. NH,OH, white crystalline ammonium hy-
drogen tartrate, in acid solution. Test-paper should be inserted
in the liquid, and the latter stirred or shaken. H,80,, browning
and blackening at once, with evolution of gas. Pb:C,H;0,, white
lead tartrate, very soluble in ammonia. AgNO,, no precipitate :
but onein tartrates. On Platinum, fuses, carbonizes, emits smell
of buint sugar, and residue burns away. Tartrates carbonize,
evolve smell of burnt sugar, K,C,H,O; very soluble in water,
allcaline. KHC,H, O, acid to {est-paper, requiring 160 parts of
cold water. By heat into K,CO;, with violet color to flame,
sol. in HCI with effervescence, not prec. by NH,OH, nor by
Na,00,: with PtCl, yellow 2KCLPtCl,, ~ TARTAR EMEZIC
2(KShOC,H,0,)H,0, is slightly ucid, soluble, precipitated by
HC!, and by Na,C0, when heated. HCl + H,8 orance Sb,S;,
col. in HCI and also in (NH,),S,. On Platinum, violet color to
flame, and the reduced antimony forms a iusible alloy with the
platinum,

Citriec acid C,H,(OH)COOH), = C,H 0,. Page 36. Color-
less, oblique-rliombic prisms, very soluble. Acid reaction.
Effervescence with Na,C0;. FERRIC CHLORIDE NO REACTION.
Lime-water, in excess, no precipitate; but after boiling some
{ime. C€aS0, mo precipitate, CaCl, no precipitate : but on
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neutralizing with KOH. Neutralized with NH,0H, no prec.
with CaCl, until heated. H,50, readily evolves CO, with but
slight chanee of color. This its behaviour, most like oxalic
acid : only on long boiling darkens. AgNO; no reaction exeepl
in citrates : then white pr.  Pb2C,H,0,, white, amorphous, freely
soluble in ammonia. On platinum fuses, carbonizes; fumes
pungent. CITRATES, with carbonization, into carbonafes, or
oxides. or metal.

Malic acid C,H (OH)(COOH), = C,H, 0, Page36. Deli-
quescent, indistinetly erystalline.  Very acid. Effervesces with
Na,(0,. IFErrRIC CHLORIDE XNO REACTION. Lime-water no
reaction. €a80, no reaction. CaCl, none, even after saturation
with IKXOH or NH,OH, but upon boiling. H,S0,, gascs CO and
CO, evolved, with almost immediate browning and blackening
(resembles tartaric acid). AgNOQ; no reaction exeept in malates.
Pb:C,H,0,, white malute, somew hat soluble in malie acid, spa-
ringly in ammonia. Heated carefully in a test-tube, by heat
into volatile maleic and fumaric acids. On platinum fuses, and
evolves pungent, acid vapors.

N.B.—In presence of only one of these four acids, liine-water
serves to distinguish.

Urie acid C,H,N,0,. Page 33. White powder, insoluble iu
water. Blackens immediately when heated, with odor of burnt
hair. Solution of potassium urate stronuly alkaline. HCI
white precipitate of uric acid. HNO; as a drop, added to o
mere trace of urie acid, and evaporated, a red-brown residue,
turned: purple by ammonia (purpurate of ammonium or
murexid). CaCl, white caleium urate.

Grovr D. Includes SUCCINIC, BENZOIC, and HIPPURIC ACIDS.
When heated they volatilize : hippurie acid with decomposition.
The fumes of benzoic acid are most irritating. The ecaleium
salts are soluble in water. Fevric chloride precipitates SUCCINATES,
BENZOATES and HIPPURATES, respectively brownish-red, flesh-
colored, and brown.

Suceinie acid C,H,(COOH), = C,H,0,. Page 37. Colorless,
rhombie prisms, very soluble in water and aleohol, volatile wheu
heated, leaving little carbon which burns away. Aecid to test-
paper. Effervesces with Na,CO,. Ferric chloride no reaction :
but in sUCCINATES a brownish-red pr. of ferric succinate, soluble
in HC1 with yellow color. €aCl, no reaction: in suceinates none
till aleohol is added. Pb2C,H,0,, white. BaCl, no reaction :
but on addition of ammonia and aleohol, a white pr., and none
with a benzoate. On platinum, burns with blue, sootless flame.
SvccrwaTes are decomposed by Leat into carbonates and carbon,
oxides and carbon, or metal.

E



a0 SUBSTANCES FOR FIRST M.B. EXAMINATION,

Benzoic acid C,H,COOH = C,H,0,. Pages 34 and 37.
Colorless seales, soluble in 200 of eold and 25 of boiling
water.  Acid to test-paper. Effervescence with Na,CO,.
Ferric chloride no reaction: but in benzoates a flesh-colored
prec. in which the ferric is dissolved by HCI, leaving white
scales of benzoie acid. HCl separates benzoic acid, in scales,
from soluble benzoates. CaCl, no reactin. FPb2C,H,0, no
reaction, but in benzoates. BaCl, no reaction. On platinum
burns with bright sooty flame, with scarcely a residue. Fuses
at 120° and sublimes at 145° Vapors acrid and irrifating.
Crystals often odorous of gum-benzoin.

Hippuric acid CH,NH(C,H,0)COOH = C,H,NO,. Page 3a4.
In rhombie prisms, soluble in 6oo parts of cold, and readily in
boiling water. Acid reaction. KEffervescence with Na,CO0,.
Salts alkaline. HCl, a precipitate of hippuric acid, increased
by excess. Fe,Cl,, brown precipitate; with HCl a yellow
chloride, leaving prismatie erystals of hippurie acid. Pb2C,H,0,,
eurdy pr.  AgNO, white pr. Hg,2NO, white. On platinum,
melts, burns, leaving coaly residue which burns away.

Grour E. Includes ACETIC, FORMIC, PROPIONIC, LACTIC, and
BUTYRIC Acins. Only Aceric acip required. Volatile, and
capable of distillation: ealeium salt very soluble in water. On
addition of ferrie chloride a pale red color, turning yellow when
HCI added.

Acetic acid CH,COOH = C,H,0,. Page 37. Iu scales, at
low temperatures. Pungent, penetrating liquid, odorous of
“vinegar.” Acid to test-paper. Volatile without residue. Efter-
vescence with Na,CO,;  Ferric chloride, pale-red color: in
ACETATES deep red, yellow by HCl (compare sulphocyanide).
AgNO,, in acetates, white, nacreous crystals. Hg,2NO; in
acetates, white, nacreous erystals. H,80, separates CH,.COOH
from acetates: with aleohol and H,SO,, acETIC ETHER formed.
On platinum, acetates into carbonates, oxides, or metal.

Group F. Includes MEcoNIc, TANNIC, and GALLIC AcIDS. Ferrie
chloride produces a blood-red, a blue-black or a black color as
well in the free acids as the salts, and the color disappears on
addition of HCl. They are easily distinguished by tests.

Meconic acid C,HO(COOH), = C.H,0,, page 3#. In scales,
sparingly soluble. Acid reaction. Effervescence with Na,CO,.
Fe,Cl, blood-red color, not bleached by HgCl, or by AuCl;, but
by HCL. No coloration in presence of free HCL CaCl, no
reaction, but, in soluble meconates, white pr. of calcium
meconate. Pb2C,H,0, white precipitate. )

Tannic acid C,,H,,0,. Page 34. Yellowish powder, very
soluble in water. Reddens litmus. Effervesces with Na,CO0,.
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Sparingly soluble in ether. Fe,Cl, blue-black precipitate,
bleached by HCL  Solution precipitates gelatin. Un platinum
fuses, blackens and burns away.

Gallic acid C,H,(OH),COOH = C.H O, TPage 34. Delicate,
silky needles requiring 100 parts of cold and 3 of boiling water,
<o that in solid state eannot be misiaken for tannic acid,
Reddens litmus,  Effervescence with Na,€0;.  In alkaline
gallates, HCl carefully added, will precipitate gallic acid.
Soluble in ether. Fe,CI, black color, bleached by HCl. Solution
does not precipitate gelatin, Pb:C,H,0,, white preeipitate.

Grovp G. Includes SULPHOCYANIDES, FERROCYANIDES, and
FERRICYANIDES. Only salts, probably of K, or NH,. Ferric
chloride a deep blood-red color in sulphoeyanides, a blue pre-
cipitate in ferrocyanides, and a brown colorationin ferricyanides,
and the colors not removed by HCL

Sulphocyanides. Page 32. KUSN and NH,CSN, the chieft
calts. Colorless solution, Na,C0; no reaction, except in
NH,C8N, when (NH,),00; evolved. Fe,Cl,, dcep blood-red
color, not bleached by HCI : but, on addition of a small piece of
zinc, bleached and H,8 evolved. Color also bleached by HgCl,.
Pb2C,H,0,, white, very soluble in acetic acid and in the salt.

Ferrocyanides. Page 371. K, FeCy,,;H,0 the chief salt.
Lemon-yellow in color. Na,CO; no reaction. Fe,Cl;, Prussian-
blue, even in presence of HCL.  HCI, bluish-white pr, of H Cly,
readily soluble in water. CuS0,, maroon Cu,Cfy.

Ferricyanides. Page 31. K Fe,Cy,,, the chief salt. Drownish-
green solution. Na,CO; no reaction. Fe,Cl, brown coloration
not removed by HCL. HCl no visible reaction. FeS0,, Turn-
bull's blue.

Grour H. Includes cyaxmes. Alkaline cyanides blue red
litmus. CaCl, no reaction. Fe,Cl; no reaction.  AgNO,, white
curd-like precipitate, soluble in strong HNO,; and strong
NH,OH.

Cyanides. Page 31. CNK smells of prussic acid. A watch-
rlass dotted with silver nitrate, receives opulescent spots of
CNAg., HCl move distinetly separates CNH. Na,C0, no re-
action. Fe80,, in cyanides, red precipitate. AgNO,, white
CNAg, soluble in boiling HNO,, and in strong NH,OIL.
FeS0, + KOH heated, and HC] added, Prussian-blue remains.
Boiled with a little (NH,),S.,, evaporated, re-dissolved in much
water and forric chloride added, blood-red ferric sulphocyanide
produced, Prussic acip, faintly acid, leaves no scidue on
Platinum ; is readily distilled.

TIHE END.
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comprising a copious Veterinary Formulary, numerous
Recipes in Patent and Proprietary Medicines, Druggists’
Nostrums, &c.; Perfumery and Cosmetics; DBeverages,
Dictetic Articles and Condiments; Trade Chemicals;
Rcientific Processes; and an Appendix of Useful Tables.
Eighth Edition. 18mo., 6s. 6d.
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The Book of Prescriptions. Contaming
3107 Prescriptions collected from the Practice of the most
eminent Physicians and Surgeons, English and Foreign.
With an Index of Diseases and Remedies. Fifth Edition.
18mo., 6Gs. 6d.

The Elements of Therapeutics. A Clinical
Guide to the Action of Drugs. By C. Binz, M.D., Pro-
fessor of Pharmacology in the University of Bonn. Trans-
lated and Edited, with Additions, in conformity with the
British and American Pharmacopeias, by EpwarDp I
Spargs, M.A., M.B. Oxon., formerly Radecliffe I'ravelling
Fellow., Crown 8vo., 8s. 6d.

A Dictionary of Materia Medica and
THERAPEUTICS. By AvoLrBE WAHLTUCH, M.D. Svo.,
108, 6d,

Pharmaceutical Guide to the First and
SECOND EXAMINATIONS. By JouN BARKER SMITH.
Second Edition. Crown 8vo., 6s. 6d.

A Handy-Book of Forensic Medicine
and TOXICOLOGY. By W. Baraurst Woopmax, M.D.,
F.R.C.P, and C. Mevmorr TipY, M.B., Professor of
Chemistry and of Medical Jurisprudence, &c., at the London
Hospital. With 8 Lithographic Plates and 116 Wood
Engravings. 8vo., 31s. 6d.
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An Atlas of Human Anatomy. llustrating

most of the ordinary Dissections, and many not usually
practised by the Student. To be completed in 12 or 13
Bi-monthly Parts, each containing 4 Coloured Plates, with
Explanatory Text. By RickyAN J. GODLEE, M.S., F.R.C.5,
Assistant Surgeon to University Collegis Hospital, and
Qepior Demonstrator of Anatomy in University College.
Imperial 4to., 7s. 6d. cach Part.

Atlas of Topographical Anatomy, after
Plane Sections of Frozen Bodies. By WriLneELM BrAUNE,
Professor of Anatomy in the University of Leipzig. Trans-
lated by Epwarp BeLuamy, F.R.C.S.,, Surgeon to, and
Lecturer on Anatomy at, Charing Cross Hospital. With
34 Photo-lithographic Plates and 46 Woodecuts. Large
Imperial Svo., 40s.

Pathological Anatomy. Lectures by SAMUEL
Wigs, M.D., F.R.S., Physician to, and Lecturer on
Materia Medica at, Guy’s Hospital, Second Edition. 8vo.,
with Plates, 18s.

By the same Author.

Lectures on Diseases of the Nervous
SYSTEM. 8vo., 15s.

A Course of Operative Surgery. DBy
Carstorner Heatn, F.R.C.8., Surgeon to University
College Hospital, and Holme Professor of Surgery in

- University College. With 20 Plates drawn from Nature
by M. LEVEILLE, and coloured by hand under his direction.
Large 8vo., 40s,

Aural Surgery. A Practical Treatise. DBy
H. MacxaveHTOoN Jowes, M.D., Surgeon to the Cork
Ophthalmic and: Aural Hospital. With 46 Engravings,
Crown 8vo., 3s.

The Ear: its Anatomy, Physiology. and Diseases.

A Practical Treatise. By CmarrLes H. Burxerr, A.M,,
M.D., Aural Surgeon to the Presbyterian Hospital, and
Surgeon in Chareze of the Intirmary for Diseases of the Ear,
Philadelphia. With 87 Engravings. 8vo., 18s,
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A Manual of Practical Hygiene. DBy
Epmunp A. Parkes, M.D., F.RR.8,, late Professor of Hygiene
to the Army Medieal School, Netley. Fifih Edition by F. De
Crauvmont, M.D., Professor of Military Hygiene in the Army
Medical School, With 9 Platesand 112 Engravings. 8vo., 18s.

The MiCPDSCOPiSt: a Mannual of Microscopy and
Compendium of the Microscopic Sciences, M icro-Mineralogy,
Micro-Chemistry, Biology, Histology, and Pathological Hist-
ology. By J. H. Wyrne, A M., M.D., Professor of Miero-
seopy and Biology in the San Francisco Medical College.
Third Edition. With 205 Illustrations. Royal gvo., 18

A Toxicological Chart, exhibiting at one view
the Symptoms, Treatment, and Mode of detecting the vari-
ous Poiscns, Mineral, Vegetable,and Auvimal. To which are
added concise Direetions for the Treatment of Suspended
Animation. By Wirniam Stowe, M.R.C.S.E. Thirteenth
Edition. Sheet, 2s.; Roller, Js.

The Poisonous Snakes of India. Compiled
by Josgpn Ewarr, M.D., M.R.C.P., Surgeon- Major in the
Bengal Army, President of the Snake Poison Commission.
With 21 Plates (19 being Coloured). Ciown 4to., Sls. Gil.

A Manual of Photography. By Groree Daw-
goN, ML.A.,Ph.D., Lecturer on Photographyin King’s College,
London. Eighth Edition. With Engravings. Fep.8vo., ds. bd.

Cooley’s Cyclop=dia of Practical Re-
CEIPTS, and Collateral Information in the Arts, Manu-
factures, Prolessions, and Tyrades : including Pharmucy and
Domestic Economy and Hygiene.  Sixth Edition, revised
and re-written by Professor RICHARD V. Treox. FLG,
F.C.8., assisted by several Scientific Contiibutors. In
about Fifteen Montlly Parts, at 2« 6d vach

Surgical Emergencies, together with the
Fmergencies attendant on Parturition and the Treatment
of Poisoning. A Manual for the Use of General Practi-
tioners. By WiLLiam P. SWalN, F.R.C.S., Surgeon to the
Royal Albert Hospital, Devonport. Second kdition.  Post
8vo., with 104 Engravings, 6s. 6d.
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J. & A. CHURCHILL"
MEDICAL CLASS BOOKS.

ANATOMY.
BRAUNE.—An Atlas of Topographical Ana-

tomy, after Plane Sections of Frozen Bodies. By WiLneLy BRAUNE,
Professor of Anatomy in the University of Leipzig. Translated by
Epwarp Beiuany, F.R.CE, and Member of the Board of Examiners ;
Surgeon to Charing Cross Hospital, and Lecturer on Anatomy in its
Sohool. With 84 Photo-lithographic Plates and 46 Woodcuts, Large
imp. 8vo, 40s.

FLOWER.—Diagrams of the Nerves of the
Human Body, exhibiting their Origin, Divisions, and Connexions, with
their Distribution to the various Regions of the Cutaneous Surface, and
to all the Muscles. By Wittiax H. FLOWER, F.R.C.8., F.R.B.
Hunterian Professor of Comparative Anatomy, and Conservator of the
Museum, Royal College of Burgeons. Third Edition, containing 6
Plates. Roval 4to, 12s.

GODLEE.—An Atlas of Human Anatomy:
illustrating most of the ordinary Dissections ; and many not usually
practised by the Student. By Rickmax J. QGODLEE, M.8., F.R.C.H,,
Assistant-Surgeon 10 University College Hospital, and BSenior
Demonstrator of Anatomy in University College. With 48 Imp. 4to
Coloured Plates, containing 112 Figures, and a Volume of Explanatory
Text, with many Engravings, 5vo, £4 14s, 6d.

HEATH.—Practical Anatomy: a Manual of
Dissections. By CuristorHER HEATH, F.R.C.8., Holme Professor of
Clinical Surgery in University College and Surgeon to the Hospital,
Fifth Edition. With 24 Coloured Plates and 269 Engravings. Crown
Bvn, 15&.
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HOLDEN.—A Manual of the Dissection of
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ot. Bartholomew’'s Hospital. TFourth Edition. Nevised by the Author
and Joux Laxarox, F.R.C.8, Assistant Surgeon and Lecturer on

Anatomy at St. Bartholomew’s Hospital. With Engravings. 8vo, 16s.

By the same Authaor

Human Osteology : comprising a Descrip-
tion of the Bones, with Delineations of the Attachments of the
Musecles, the General and Microscopical Structure of Bone
and its Development. Bixth Edition, reviced by the Author and
ALpax Donaw, F.R.C.8., late Anatomical, now Patholorical,
Aseistant {o the Museum of the Royal College of Surgeons.
With 61 Lithographic Plates and 89 Engravings, Roval Svo.

[ Nearly vead

ALSQ,

Landmarks, Medical and Surgical. Third

Edition. 8vo, 3s. €d.

LANCEREAUX.—Atlas of Pathological Ana-
tomy. By Dr. Lasxcercauvx. Translated by W. 8. GrReexrieLn, M. D.,
Professor of Tathology in the University of EdinlLurgh. With
70 Coloured Plates, Imperial Svo. £5 5s.

MORRIS.—The Anatomy of the Joints of Man.

By Hesry Morris, M.A., F.R.C.8., Surgeon to, and Lecturer on Ana-
tomy and Practical Burgery at, the Middlesex Hospital. With 44
Plates (19 Coloured) and Engravings. B8vo, 16s.

The Anatomical Remembrancer; or, Com-
plete Pocket Anatomist, Eighth Edition. 32mo, 3s. 6d.

WAGSTAFFE —The Student’s Guide to Human

Osteology. Dy Wiu. Warwick WaasTarFE, F.R.C.B., Assistant-

With 23 Plates and 65 Engravings. Feap. Svo, 10z, 6d.
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continnerd,

ANATOMY
WILSON — BUCHANAN — CLARK.— Wilson’'s

Anatomist’s Vade-Mecum: o S_‘.‘ETL'I:II. of Human Anatomy. Tenth
Edition, by Grorce Bucuavax, Professor of Clinieal Surgery in the
University of Glasgow, and Hexny E, Crark, M.IL.C.S, Lecturer on
Anatomy in the Glasgow Royal Infirmary School of Medicine. With
450 Engravingzs, including 26 Coloured Plates. Crown Svo, 18s.

BOTANY.
BENTLEY.—A Manual of Botany. By Robert

Bestrey, F.L.8., Professor of Botany in King's College and to the
Pharmaceutieal Society. With mnearly 1200 . Engravings. Fourth
Edition. Crown 8vo. [ Nearly veady.

BENTLEY AND TRIMEN.—Medicinal Plants:
being descriptions, with original Figures, of the Principal Flants
emploved in Medicine, and an account of their Properties and Uses.
Ev Roperr Bestiry, F.L.8, and Hexry Trimex, M.B, F.L.8.
Tn 4 Vols., larze Svo, with 306 Coloured Plates, bound in half

morocco, gl]t L'4'|;'L'!HJ £11 11s:

CHEMISTRY.
BERNAYS.—Notes for Students in Chemistry ;

being a Syllabus of Chemistry compiled mainly from the Manuals of
Fawnes-Watts, Miller, Wurz, and Schorlemmer. By Arperrd. Drexays,
Ph.D., Professor of Chemistry at St. Thomas's Hospitzl. &ixth
Edition. Fcap. Svo, 38, 6d.

By the same Author.

Skeleton Notes on Analytical Chemistry,
for Students in Medicine. Feap. Svo, 2s. 6d.

BOWMAN AND BLOXAM.—Practical Chemistry,
including Amnalysis. By Joux E. Dowsax, formerly Professor of
Practical Chemistry in King's College, and Coaries L. Broxaos,
Professor of Chemistry in King's College. With 93 Engraviugs.
Seventh Edition. Feap. 8vo, 6s. 6d.
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CHEMISTRY —confinued.

u BLOXAM.—Chemistry, Inorganic and Organic;
| with Experiments. By Caarnes L. Broxawm, Professor of Chemistry in
King's College. Fourth Edition. With nearly 300 Engravings. 8vo, 16s.

it By the same Author.
| Laboratory Teaching; or, Progressive

Exercises in Practical Chemistry. Fourth Edifion., With 83
Engravingzs. Crown Svo, 5s. 6d.

CLOWES.—Practical Chemistry and Qualita-
| tive Inorganic Analysis. An Elementary Treatise, specially adapted for
use in the Laboratories of Schools and Colleges, and by Beginners.
By Fravk Crowrs, D.8c., Senior Science Master at the High School,
Newcastle-under-Lyme. Third Edition. With 47 Engravings. Post
Bvo, Ts. 6d.

FOWNES AND WATTS.—Physical and Inorganic
I Chemistry. Twelfth Edition. By Geonce Fowxgs, F.R.B., and Hesry
| Warts, B.A., F.R.8. With 154 Engravings, and Coloured Plate of
! ' Spectra. Crown 8vo, 8s. 6d.

By the same Authors.

Chemistry of Carbon-Compounds, or
Organic Chemistry. ‘Twelfth Edition. With Engravings.
Crown 8vo, 10s.

LUFF. —An Introduction to the Study of Che-
mistry. Specially designed for Medical and Pharmaceutical Students.
By A. P. Lurr, F.1.C., F.C.8., Lecturer on Chemistry in the Central
8chool of Chemistry and Pharmacy. Crown 8vo, 2s. 6d.

TiDY.—A Handbook of Modern Chemistry,

Inorganic and Organic. By C. Mevsorr Tioy, M.B., Professor of
Chemistry and Medical Jurisprudence at the London Hospital. Svo, 16s.

' VACHER.—A Primer of Chemistry, including

Analysis. By ArTHUR VAcHER. 18mo, 1s,
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VALENTIN.—Introduction to Inorganic Chem-
istry, By WiLLiau G VaLesTiy, F.C.8, Third Edition. With B
BEmgravings, 8vo, €s. 8d.

By the same Author.

A Course of Qualitative‘Chemical Analysis.
Fifth Edition by W. R. HonGKINSOX, Ph.D. {Wiirzburg), Demon-
strator of Practical Chemistry in the Yeience Training Schools.
With Engravings, 8vo, 7s. Gd.

ALSO,

Chemical Tables for the Lecture-room and
Laboratory. In Five large Sheets, 5s. gd.

CHILDREN, DISEASES OF.
DAY.—A Treatise on the Diseases of Children.

Tor Practitioners and Students. By WisLiax H. Day, M.D., Physician
to the Samaritan Hospital for Women and Children. Crown &vo,
12s. 6d.

ELLIS.—A Practical Manual of the Diseases

of Children. By Epwarp Ervis, M.D., late Senior Physician to the
Victoria Hospital for Eick Children. With a Formulary. Fourlth
Edition. Crown 8vo. [ Nearly veady.

SMITIH. — Clinical Studies of Disease in

Children. By Euvstace Swmiti, M.D., F.R.C.P., Physician to H.}L. the
King of the Belgians, and to the East London Hospital for Children.
Post Svo, Ts. 6d.

By the same Author.

On the Wasting Diseases of Infants and
Children. Third Edition. Post 8vo, 8s. 6d.

STEINER.—Compendium of Children’s Dis-
eages ; a Handbook for Practitioners and Students. Dy Jouaxs
greiser, M.D. Translated by Lawsox Tarr, F.R.C.8., Surgeon to the
Birmingham Hospital for Women, &c., Svo, 125, .
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DENTISTRY.

Student’s Guide to Dental
Anatomy and Surgery. By Hexry E. BewiLy, MLR.C.8., L D.8,, late
Dental Surgeon to the West London Hospital, With 77 Engravings,
Feap. Bvo, 55, €d.

SEWILL—The

SMUITH —Handbook of Dental Anatomy and

Surgery. For the Use of Students and Practitioners.

By Joux Buith,
M.D., F.R.8.E., Dental Surgeon to the Royal Infirmary, Edinburgh,
Second Edition. Feap. 8vo, 4s, €d.

STOCKEN.—Elements of Dental Materia Medica

and Therapeutics, with Pharmacopeia. By J asrs Stock ex,L.D.8.R.C.B,
late Lecturer on Dental Materia Medica and Therapeutics and Dental
Surgeon to the National Dental Hospital, Third Edition. Feap. 8vo.

[ the press.
TAFT—A Practical

Treatise on Operative
Dentistry. By Joxaruax Tarr, D.D.8,, Professor of Operative Surgery
in the Ohio College of Dental Surgery. Third Edition. With 134
Engravings, 8vo, 18s.

I'OMES (C. S).—Manual of Dental Anatomy,
Human and Comparative. By CuarLes 8. Toues, M.A., M.R.C.8.,
Lecturer on Anatomy and Physiology at the Dental Hospital of London.

Second Edition. With Engravings. Crown Svo. [In preparation,

TOMES (J. and C. S).—A Manual of Dental

Burgery. By Jomy Tomes, M.R.C.8., F.R.8., and Crarres 8. TouEs,

M.A., M.R.C.S. Becond Edition. With 262 Engravings. Fecap.
Bvo, 14s.

EAR, DISEASES OF.

BURNETT.—The Ear: its Anatomy, Physio-

logy, and Diseases. A Practical Treatize for the Use of Mediecal
Students and Practitioners. By Cuaruvis H. Burxerr, M.D., Aural

Surgeon to the Presbylerian Hospital, Philadelphia. With 87 Engrav-
ings. 8vo, 18s.
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EAR, DISEASES OF — confinued,
DALBY.—On Diseases and Injuries of the Ear.

By WiLLtax B. Dauny, F.R.C.8., Aural Surgeon to, and Lecturer on
Aural Surgery at, St. George’s Hospital. Second Edition. With
Engravings. Feap. 8vo, 6s. Gd.

JONES.—A Practical Treatise on Aural Sur-

cery, By H. MACNAUGHTON Jones, M.D., Professor of the Queen’s
University in Ireland, S8urgeon to the Co k Ophthalmic and Aural Hos-
pital. 'With 46 Engravings. Crown 8vo, bs.

By the same Author.

Atlas of the Diseases of the Membrana
Tympani. In Coloured Plates, containing 59 Figures. With Ex-
planatory Text. Crown dto, 21=.

FORENSIC MEDICINE.
0GSTON.—Lectures on Medical Jurisprudence.

By Fraxcrs Ocstox, M.D., Professor of Medical Jurisprodence and
Medical Logic in the University of Aberdeen. Edited by FRANCIS
OgstoxN, Jun., M.D., Assistant to the Professor of Medical Jurispru-
dence and Lecturer on Practical Toxicology in the University of
Aberdeen. With 12 Plates. S5vo, 15=.

TAYLOR.—The Principles and Practice of

Medical Jurisprudence. By Avrrep 8, Tavior, M.D., I'.R.8., late
Professor of Medical Jurisprudence to Guy’s Hospital. Second Edition.
With 189 Engravings. 2 Vols. 8vo, 31s. 6d.

By the same Author.
A Manual of Medical Jurisprudence.
Tenth Edition. With 55 Engravings. Crown 8vo, 14s.

ALSO,

On Poisons, in relation to Medical Juris-

prudence and Medicine, Third Edition. With 104 Engravings.
Crown 8vo, 168.

WOODMAN AND TIDY.—A Handy-Book of

TForensic Medicine and Toxicology. By W. Baranurst Woobpnaxw, M.D.,
F.R.C.P.: and C. Mevmort Tipy, M.B. With 8 Lithographic Flates
and 118 Wood Engravings. Svo, 31s. 6d.
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HYGIENE.

PARKES—A Manual of Practical Hygiene.

By Epnuxsp A. Parkes, M.D., F.R.8. Fifth Edition by F. De CaavuxoxT,
M.D., F.R.8., Professor of Military Hygiene in the Army Medical
School. With 9 Plates and 112 Engravings. Svo, 18s.

WILSON.—A Handbook of Hygiene and Sani-

tary Science. By Grorce Wirgox, M.A., M.D., Medical Officer of
Health for Mid Warwickshire. Fourth Edition. With Engravings.
Crown 8vo, 10s, 6d,

MATERIA MEDICA AND THERAPEUTICS.
BINZ AND SPARKS.—The Elements of Thera-

peutics: a Clinical Guide to the Action of Medicines. By C.
Bixnz, M.D., Professor of Pharmacology in the University of Bonn.
Translated and Edited with Additions, in conformity with the British
and American Pharmacopceias, by Epwarp I, 8rarxs, M.A., M.B,
F.R.C.P. Lond. Crown Svo, Ss. €d.

OWEN.—Tables of Materia Medica; com-

prising the Contents, Doses, Proportional Composition, and Methods
of Manufaelure of Pharmacopoeial Preparations. By IsauMpasrp Owex,
M.B., M.R.C.P., Lecturer on Materia Medica at Bt. George's Hospital.
Fifth Edition. Crown 8vo, 2s. 6d.

ROYLE AND HARLEY.—A Manual of Materia

Medica and Therapeutics, By J. Forses Rovig, M.D., F.R.8,, and Jonx
Hagrrey, M.D., F.R.C.P., Phyzician to, and Jeint Lecturer on Clinieal
Medicine at, 8t. Thomas's Hospital. BSixth Edition. With 139 Engrav-
ings. Crown Evo, 15=.

THOROWGOOD, — The Student's Guide to

Materia Medica. By Jonx C. Teorowsoop, M.D., F.IL.C.P., Lecturer
on Materia Medica at the Middlesex Hospital. With Epgravings.
Feap. 8vo, €=. 6d.

WARING.—A Manual of Practical Therapeu-

tics. By Epwarp J. Wanixg, C.B., M.D,, F.R.C.P. Third Edition.
Feap. Svo, 123, 6d.
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MEDICINE.
BARCLAY.—A Manual of Medical Diagnosis.

By A. Wnvre BaroLay, M.D., F.R.C.P., Physician to, and Lecturer on
Medicine at, St. George's Hospital. Third Edition. Feap. Bvo, 10s. 6d.

CHARTERIS.—The Student’s Guide to the
Practice of Medicine. By Matruew Cmanrteris, M.D., Professor of
Materin Medica, University of Glasgow ; Physician to the Royal Infirm-
ary. With Engravings on Copper and Wood. Third Edition. Feap.
svo, 78,

FENWICK.—The Student’s Guide to Medical
Diagnosis. By Samven Feswick, M.D,, F.R.C.P,, FPhysician to the
London Hospital. Fifth Edition, With 111 Engravings. Feap. 8vo, 7=,

By the same Author.
The Student’s Outlines of Medical Treat-

ment. Second Edition. Feap. 8vo, 7a.

FLINT.—Clinical Medicine : a Systematic Trea-
tise on the Diagnosis and Treatment of Disease. By Austin Frinw,
M.D., Professor of the Principles and Practice of Medicine, &e., in
Bellevue Hospital Medical College. Svo, 20s.

By the same Author.
A Manual of Percussion and Auscultation ;

of the Physical Diagnosis of Diseases of the Lungs and Heart, and
of Thoracie Aneurism. Tost 8vo, 65, €d.

HALL.—Synopsis of the Diseases of the Larynx,
Lungs, and Heart : comprising Dr. Edwards’ Tables en the Examina-
tion of the Chest. With Alterations and Additions. By F. De
HavitLaxp Havn, M.D., F.R.C.P., Assistant-FPhysician to the West-
minster Hospital. Royal Svo, 2=, 6d.

SANSOM.—Manual of the Physical Diagnosis

of Diseases of the Heart, including the use of the Sphygmograph
and Cardiograph. By A. E. Saxsom, M.D., F.R.C.P., Assistant-
Physician to the London Hospital. Third Edition, with 47 Woodeuts.
Feap. 8vo, Ts, 6d. -
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MEDICINE— continued,
WARNER —Student’'s Guide to Medical Case-

Taking, By Fravcis Wanrser, M.D., Assistant-Physician to the
London Hospital. Feap. Svo, 5s.

WHITTAKER.—Students’ Primer on the Urine.
By J. Travis WmitTaxer, M.D., Clinical Demonstrator at the Royal
Infirmary, Glasgow. With Tllustrations, and 16 Plates etched on
Copper. Post Svo, 4s. (d.

MIDWIFERY.

BARNES.—Lectures on Obstetric Operations,
including the Treatment of Hemorrhage, and forming a Guide to the
Management of Difficult Labour. By Rosert Barxes, M.D., F. R.C.P.;
Obstetrie Physician to, and Leeturer on Diseases of Women, &e., at 8t.
George’s Hospital, Third Edition. With 124 Engravings. Bvo, 18s.

(LAY.—The Complete Handbook of Obstetric

Surgery ; or, Short Rules of Practice in every Emergency, from the
Simplest to the most formidable Operations connect ed with the Science
of Obstetricy. By Cuantes Cray, M.D., late Senior Surgeon to, and
TLecturer on Midwifery at, St. Mary's Hospital, Manchester. Third
Edition, With 91 Engravings. Feap. 8vo, 6s. 6d.

RAMSBOTHAM.—The Principles and Practice

of Obstetric Medicine and Surgery. By Fraxcis H. Ramsporiay, 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.
Revsorps, M.R.C.8. Feap. 8vo, 4s.

ROBERTS.—The Student’s Guide to the Practice

of Midwifery. By D. Lrovyp Roperts, M.D., F.R.C.F., I’hﬁician to
St. Mary’'s Hospital, Manchester. Second Edition. With 111 Engrav-
ings. Fcap. Bvo, Ts.
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MIDWIFERY —continucd,
SCHROKEDER.—A Manual of Midwifery ; includ-

ing the Pathology of Pregnancy and the Puerperal State. By Karwu
Scuroeper, M.D., Professor of Midwifery in the University of Erlangen.
Translated by Cravrnes H. Canrter, M.D. With Engravings. 8vo,
12a. B,

SWAYNE.—QObstetric Aphorisms for the Use of
Students commencing Midwifery Practice. By Josgen G. BWAYNE,

M.D., Lecturer on Midwifery at the Bristul School of Medicine. Seventh
Edition. With Engravings. Feap. Svo, 3s. 6d.,

MICROSCOPY.
JARPENTER.—The Microscope and its Revela-

tions. By Wirriax B, CarrextTER, C.B., M.D., F.R.8. Sixth Edition.
With 26 Plates, a Coloured Frontispiece, and more than 500 Engravings.
Crown 8vo, 16s.

MARSH.—Section-Cutting : a Practical Guide
to the Preparation and Mounting of Sections for the Microscope, special
prominence being given to the subject of Animal Sections. By Dr,
SYLVESTER Marsn, With Engravings. Feap. 8vo, 2s. 6d.

MARTIN.—A Manual of Microscopic Mounting,

By Joux H. Marrix, Member of the Society of Public Analysts, &c.
Second Edition. With several Plates and 144 Engraviugs. 8vo, 7s. 6d.

OPHTHALMOLOGY.

DAGUENET.—A Manual of Ophthalmoscopy

for the Use of Students. By Dr. Dacueser. Translated by C. 8,
JearFrESON, Surgeon to the Newecastle-on-Tyne Eye Infirmary. With
Engravings. Feap. 8vo, bs.

HIGGENS—Hints on Ophthalmic Qut-Patient
Practice. By Cnarres Hiceexs, F.R.C.8., Ophthalmic Assistant-Sur-
geon to, and Lecturer on Ophthalmology at, Guy’'s Hospital. Second
Edition. Feap. 8vo, 3s.
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OPHTHALMOLOGY—continucd.
JONES.—A Manual of the Principles and

Practice of Ophthalmic Medicine and Surgery. By T. WiantoN JONES,
F.R.C.8., F.R.8., late Ophthalmic Surgeon and Professor of Ophthalmo-
logy to University College Hospital. Third Edition. With 9 Coloured
Plates and 173 Engravings. Fcap. 8vo, 12s. 6d.

MACNAMARA —A Manual of the Diseases of

the Eye. By Cmarves Macvamars, F.R.C.H, Surgeon to Westminster
Hospital. Third Edition. With 7 Coloured Plates and 52 Engravings,
Feap. 8vo, 125, 6d.

NETTLESHIP.—The Student’sGuide to Diseases

of the Eye. By Eowanp NETTLESHIP, F.R.C.8., Ophthalmic Burgeon
to, and Lecturer on Ophthalmic Surgery at, St. Thomas's Hospital.
With 48 Engravings. Feap. 8vo, 7s. 6d.

PATHOLOGY.
JONES AND SIEVEKING.—A Manual of Patho-

logieal Anatomy. By C. HANDFIELD Joxks, M.B., F.R.8., and EpwARD
H. SigvexisG, M.D,, F.R.C.P. Second Edition. Edited, with consider-
able enlargement, by J. F. Pavx~E, M.B., Assistant-Physician and
TLecturer on General Pathology at Bt, Thomas's Hospital. With 195
Engravings. Crown Svo, 16s.

VIRCHOW. — Post-Mortem Examinations: a

Deseription and Explanation of the Method of Periorming them,
with especial reference to Medico-Legal Practice. By Professor
Ruporrr Vircnow, Berlin Charité Hospital. Translated by Dr. T. B.
@yrrir. Second Edition, with 4 Plates. Feap. 8vo, 3s. 6d.

WILKES AND MOXON.—Lectures on Pathologi-

eal Anatomy. By Sawven WILks, ALD., F.R.8., Physician to, and
Lecturer on Medicine at, Guy’s Hospital; and Warter Moxox, ML1.,
F.R.C.P., Physician to, and Lecturer on Clinical Medicine at, Guy’s
Hospital. Second Edition. With 7 Steel Plates. 8vo, 18s,

PSYCHOLOGY.
BUCKNILL AND TUKE.—A Manual of Psycho-

logical Medicine: containing the Lunacy Laws, Nosology. Etiology,
Statistics, Description, Diagnosis, Pathology, and Treatment of Insanity,
with an Appendix of Cases. By Joux C. Buckvin, M.D., F.R.B.,
and D. Hack Tuke, M.D., F.R.C.P. Fourth Edition, with 12 Plates
(80 Figures), Svo, 268. -

NEW BURLINGTON STREET.
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PHYSIOLOGY.

CARPENTER —Principles of Human Physio-
logy. By WiLLian B, Cawvrexter, C.B., M.D., F.IR.B. Ninth Edition.
Edited by Henry Power, M.B.,, F.R.C.S8. With 3 Steel Plates and
377 Wood Engravings. Svo, 31s, 6d.

DALTON.—A Treatise on Human Physiology :
designed for the use of Students and Practitioners of Medicine. By
Joux C. Davtox, M.D., Professor of Physiology and Hygiene in the
College of Physicians and Surgeons, New York. Sixth Edition. With
316 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 Hreisricu Frev, Professor of Medicine in Zurich.
Translated by ArtourR E. Barker, Assistant-Surgeon to the Uni-
versity College Hospital. With 608 Engavings, Svo, 21s.

FULTON.—A Text-Book of Physiology, includ-
ing Histology, By J. Furrox, M.D., Professor of Physiology and
Sanitary Science in Trinity Medical College, Toronto; Surgeon to the
Toronto General Hospital. Secon Edition, with 151 Engravings.
8vo, 13s.

RUTHERFORD.—Qutlines of Practical Histo-

logy. By Wittiax Rurnerrorp, M.D., F.R.5., Professor of the Insti-
tutes of Medicine in the TUniversity of Edinburgh ; Examiner in
Physiology in the University of London. Third Edition. With
Epgravings. Crown Svo (with additional leaves for Notes).

[ In preparation.

SANDERSON.—Handbook for the Physiological

Laboratory : containing an Exposition of the fundamental facts of the
Science, with explicit Directions for their demonstration. By J. Buroox
Saxpersox, M. D,, F.R.S,, Jodrell Professor of Physiology in University
College; E. Kueix, M.D., F.R.5., Assistant-Professor in the Brown
Institution ; Micnaen Foster, ML.D., F.R.5., Preelector of Physiology
at Trinity College, Cambridge ; and T. LAvpEr BruxTox, M.D., F.R.B.,
Lecturer on Materia Medica at St. Bartholomew’s Hospital Medical
College. 2 Vods., with 123 Plates. 8vo, 24s,
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SURGERY.
BRYANT. — A Manual for the Practice of

Surgery. By Tnomas Bryaxrt, F.R.C.8., Burgeon to, and Lecturer on

Surgery at, Guy's Hospital. Third Edition. With 672 Engravings
(nearly all original, many being coloured). 2 vols. Crown 8vo, 28s.

BELLAMY.—The Student’s Guide to Surgical

Anatomy ; a Descriplion of the more important Surgical Regions of
the Human Body, and an Introduction to Operative Surgery. By
Epwarp BeLuany, F.R.C.8,, and Member of the Board of Examiners ;
Surgeon to, and Lecturer on Anatomy at, Charing Cross Hospital
Second Edition. With 76 Engravings., TFeap. 8vo, 7s.

CLARK AND WAGSTAFFE. — QOutlines of
Surgery and Surgical Pathology. By F. Le Gros Crark, F.R.C.S,,
F.1R.8.,, Consulting BSurgeon to Bt. Thomas’s Hospital. Second
Edition. Revised and expanded by the Author, assisted by W. W.
WacsTarrg, F.R.C.8,, Assistant-Surgeon to Bt, Thomas's Hospital.
Svo, 10s. 6d.

DRUITT. — The Surgeon’s Vade-Mecum; a

Manual of Modern Surgery. By Ropert Drurrt, F.R.C.8. Eleventh
Edition. With 369 Engravings. Feap. 8vo, 14s.

FERGUSSON.—A System of Practical Surgery.

By Bir WiLrLiax Fercuseow, Bart., F.R.C.8,, F.R.8,, late Surgeon and
Professor of Cliniecal Surgery to King's College Hospital. With 463
Engravings. Fifth Edition. 8vo, 21s.

HEATH.—A Manual of Minor Surgery and

Bandaging, for the use of House-S8urgeons, Dressers, and Junior Practi-
tioners. By Curistorner Heatn, F.R.C.8., Holme Professor of Clinical
Surgery in University College and Burgeon to the Hospital. Sixth
Edition. With 115 Engravings, Fecap. 8vo. 5s. 6d.

By the same Author.
A Course of Operative Surgery: with

Twenty Plates drawn from Nature by M. LivsiLLg, and Coloured
by hand under his direction. Large 8vo, 40s.

ALS0,

The Student’s Guide to Surgical Diag-

nosis. Fecap. 8vo, Gs. 6d.
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SURGERY — conlevnued,
MAUNDER—QOperative Surgery., By Charles

F. Mavxper, F.R.C.8,, late Surgeon to, and Lecturer on Surgery at,
the London Hospital. Second Edition. With 164 Engravings, Post
Svo, 6s,

LPIRRIE. —The Principles and Practice of

Surgery. By Winvtian Pirrig, F.R.8.E., Professor of Surgery in the
University of Aberdeen. Third Edition, With 490 Engravings, Svo, 28s,

TERMINOLOGY.
IDUNGLISON.—Medical Lexicon: a Dictionary

of Medical Science, containing a concise Explanation of its various
Bubjects and Terms, with Accentuation, Etymology, Synonymes, &e,
By Roprer Duxerison, M.D. New Edition, thoroughly revised by
Ricnarp J. Duxcrisox, M.D. Royal 8vo, 28s,

MAYNE—A Medical Vocabulary: being an
Explanation of all Terms and Phrases used in the various Depart-
ments of Medical Science and Practice, giving their Derivation, Meaning.
Application, and Pronunciation, By Ronerr G. Maiywe, M.D., LL.D,,
and Jony Mavxe, M.D., L.R.C.8.E. Fifth Edition, Feap. 8vo, 10s. 64d.

WOMEN, DISEASES OF.

LARNES.—A Clinical History of the Medical

and Surgical Diseases of Women. By RonerT Barwes, M.D., F.R.C.P.,
Obstetric Physician to, and Lecturer on Diseases of Women, &e., at, St.
George’s Hospital. Second Edition, With 181 Engravings. Svo, 28s.

[DUNCAN.—Clinical Lectures on the Diseases
of Women. By J. Marruews Duxcaw, M.D., Obstetric Physician to
St. Bartholomew's Hospital, 8vo, 8s.

EMMET. — The Principles and Practice of

Gynscology. By TaoMAs ADDIS Eawer, M.D., Surgeon to the
Woman’s Hospital of the State of New York. With 130 Engravings,
Royal 8vo, 24s.

NEW BURLINGTON STREET.
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WOMEN, DISEASES OF—continued
GALABIN.—The Student’s Guide to the Dis-

eases of Women., By Acvreep L. GaLaBIN, M.D., F.R.C.F., Assistant
Obstetric Physician and Joint Lecturer on Obstetric Medicine at Guy's
Hospital. Second Edition. With 70 Engravings. Feap. 8vo, T8. 6d.

REYNOLDS.—Notes on Diseases of Women.

Specially designed for Students preparing for Examination. By J.d.
RevsoLps, M.R.C.8. Feap. 8vo, 2s. Gd. 3

SMITH.—Practical Gynecology: 2 Handbook
of the Diseases of Women, By Heywoop Ssrri, M.D., Physician to
the Hospital for Women and to the British Lying-in Hospital. With
Engravings. Crown 8vo, 5s. 6d.

WEST AND DUNCAN.—Lectures on the Dis-

eases of Women. By CHARLES Wesr, M.D.,, F.R.C.P. Fourth
Edition. Revised and in part re-written by the Author, with numerous
additions, by J. MaTTHEWS DUNCAX, M.D., Obstetric Physician to Bt.
Bartholomew’s Hospital. 8vo, 16s.

e

ZOOLOGY.

BRADLEY.—Manual of Comparative Anatomy

and Physiology. ByS. Messexoer Braprey, F.R.C.8., late Lecturer on
Practical Surgery in Owen's College, Manchester. Third Edition.
With 61 Engravings. Tost 8vo, 6s. 6d.

CHAUVEAU AND FLEMING.—The Compara-
tive Anatomy of the Domesticated Animals. By A. CHAUVEATU,
Professor at the Lyons Veterinary School; and GEORGE FLEMING,
Veterinary Surgeon, Royal Engineers. With 450 Engravings. Bvo,
31s. 6d.

HUXLEY.—Manual of the Anatomy of Inverte-
brated Animals. By THOMAS H. Huxvey, LL.D., F.R.B. With 158
Engravings. Feap. 8vo, 16s.

By the same Author.

Manual of the Anatomy of Vertebrated
Animals. With 110 Engravings. Post 8vo, 12s.

WILSON.—The Student’s Guide to Zoology:
a Manual of the Principles of Zoological Science. By ANDREW WILSON,
Tecturer on Natural History, Edinburgh. With Engravings. Fcap.
gvo, 6. 6d.
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