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PREFACE.

Among the many recent and valuable works on Chemis

try, I am not aware of one having for its special object to

explain and render simple to the beginner, the various pro
cesses employed in analysis, or which have been devised

for the illustration of the principles of the Science. Most

of them contain much that is superfluous for the general
student, who has but a limited time to devote to the sub

ject ; while they are wanting in those explanatory details,

without which he must often fail to understand the rationale

of the operations through which he is conducted.

It is with a wish to supply this deficiency, and at the

same time to furnish a text-book for my own classes, that

the present little work has been written ; and as it is in

tended for the use of those who have made but little pro

gress in the Science, my endeavor has been throughout, to

make everything as simple and intelligible as possible.
The employment of complicated or expensive apparatus

has been almost wholly avoided.

The outline of most of the First Part was arranged some

years ago by my friend Professor Miller (at that time De

monstrator of Chemistry in King's College), for the use

and direction of the class of Chemical Manipulation, then

first established to supply a growing demand, and to meet

the requirements of the University of London, and some of

the other examining Boards of the Metropolis. In the

compilation of the Second and Third Parts, I have been
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much indebted to the excellent works of Rose, Fresenius,

Parnell, and others ; I must also here thank my colleague,
whose name I have already mentioned, for many valuable

suggestions, and for his kindness in revising the proof

sheets, without which assistance many errors would have

crept in, and rendered the book less worthy of the student's

confidence.

JOHN E. BOWMAN.

King's College, London,

September, 1848.
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INTRODUCTION.

1. So essentially is chemistry an experimental science,

and so almost exclusively is it built up of facts which have

been elucidated by experiment, that without experimental

illustrations it would be quite impossible to teach or to

study it with any great amount of success. It is not

enough, however, for the student to see experiments per

formed by others; he must, if he would master even the

general principles of chemistry, learn to make experiments

himself; and he will, probably, be surprised how much

more easily he will retain in his recollection those pheno

mena (as well as the principles they illustrate) which his

own hands have been the means of producing. This is

especially the case when he is enabled, while operating in

the laboratory, to learn and study the theory of the changes

which take place under his direction.

2. With the view of enabling the beginner to do this as

much as possible, I have in the following pages explained,

by means of chemical symbols and equations, nearly the

whole of the changes and decompositions which take place

in the experiments described. The symbols which I have

made use of are those now almost universally adopted by

chemists ; and it will be seen by the following Table, that

they consist, for the most part, of the first letter or two

letters of the Latin names of the elements which they ex

press.

2



XIV INTRODUCTION.

Table of Elementary Substances (arranged alphabetically), showing their sym

bols, atomic weights, and the composition of some of their compounds.

Name. Symbol.
Atomic

Weight.
Compounds.

C A1203 Alumina.

? AI2Cl3 Chloride of aluminum.

1 A1203,3S03 Sulphate of alumina.
Aluminum . . Al 14

( Sb03 Oxide of antimony.

Antimony . . Sb 129 ? Sb04 Antimonious acid.

1 Sb05 Antimonic acid.

C As03 Arsenious acid.

( As05 Arsenic acid.Arsenic . . . As 75

Barium . . . Ba 69
CBaO Baryta.

1 BaCl Chloride of barium.

C Bi203 Oxide of bismuth.

Bismuth . . . Bi 107 1 Bi303,3N05 Nitrate of bismuth.

( Bi2Cl3 Chloride of bismuth.

Boron .... B 11 BO„ Boracic acid.

( Br(J5 Bromic acid.
Bromine . . . Br 78

\ HBt Hydrobromic acid.
C CdO Oxide of cadmium.

( CdS Sulphide of cadmium.
Cadmium Cd 56

( CaO Lime.
Calcium . . . Ca 20

( CaCl Chloride of calcium.

? CO Carbonic oxide.

Carbon . .
C 6 ) COa Carbonic acid.

( CSa Sulphide of carbon.

Ce 46
( CeO Oxide of cerium.

Cerium . .

{ Cea03 Sesquioxide of cerium.
( C105 Chloric acid.

Chlorine . . .
CI 36 ^ C107 Perchloric acid.

1 HCl Hydrochloric acid.
( Cr03 Chromic acid.

Chromium . . Cr 28 / Cr203 Oxide of chromium.

( Cr203,3S03 Sulphate of chromium.
( CoO Oxide of cobalt.

Cobalt .... Co 30
( Co203 Sesquioxide of cobalt.

} Cu20 Suboxide of copper.
Copper . . .

(Cuprum).

Cu 32
) CuO Black oxide of copper.

( CuO,S03 Sulphate of copper.

Didymium . .
D i

C HF Hydrofluoric acid.

1 BF3 Fluoboric acid.
Fluorine . . .

F 18

C G06 Glucina.

{ GCl6 Chloride of glucinum.
Glucinum . . G 7(?)

( AuO Oxide of gold.
Gold .... Au 200 ) Au03 Teroxide of gold.
(Aurum). ( AuCl3 Terchloride of gold.

( HO (or jiq) Water.

( HOv Binoxide of hydrogen.Hydrogen . .
H 1
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Iodine . .

Iridium

Iron . .

(Ferrum).
Lanthanum

Lead . .

(Plumbum).

Lithium .

Magnesium

Manganese

Mercury . .

Molybdenum

Nickel . .

Nitrogen .

Osmium .

Oxygen

Palladium

Phosphorus

Platinum .

Potassium

(Kalium).

Rhodium .

Ruthenium

Selenium .

Silicon . .

Silver .

(Argentum).
Sodium

(Natronium).

Ir

Fe

Ln

Pb

Li

Mg

Mn

Hg

Pt

K

R

Ru

Se

Si

Ag

Na

126

99

28

48

104

7

12

28

202

Mo 48

Ni 30

N 14

Os 99

0 8

Pd 54

32

99

40

52

52

40

22

108

24

< I05 Iodic acid.

I HI Hydriodic acid.

( IrO Protoxide of iridium.

( lr203 Sesquioxide of iridium.
C FeO Protoxide of iron.

( Fe203 Sesquioxide of iron.
LnO Oxide of lanthanum.

C PbO Protoxide of lead.

< Pb304 Red oxide of lead.

( PbCl Chloride of lead.

i LiO Lithia.

( LiCl Chloride of lithium.

C MgO Magnesia.

I MgCl Chloride of magnesium.

fMnO Protoxide of manganese.

Mn02 Binoxide or black oxide.

Mn03 Manganic acid.

Mn207 Permanganic acid.

f HgO Protoxide of mercury.

j Hg02 Red oxide of mercury.

j HgCl Protochloride of mercury.

^HgCl2 Perchloride of mercury.

Mo03 Molybdic acid.

< NiO Oxide of nickel.

( Ni203 Sesquioxide of nickel.
C NOg Nitric acid.

< N02 Binoxide of nitrogen.

I NH3 Ammonia.

C Os04 Osmic acid.

( Os02 Binoxide of osmium.

( PdO Protoxide of palladium.

( Pd02 Peroxide of palladium.

( P05 Phosphoric acid.

< P03 Phosphorous acid.

t T'H3 Phosphuretted hydrogen.
( PtO Protoxide of platinum.

( Pt02 Binoxide of platinum
C KO Potash.

I KC1 Chloride of potassium.
C RO Protoxide of rhodium.

( R203 Sesquioxide of rhodium.

Ru203 Sesquioxide of ruthenium.

C Se03 Selenic acid.

( HSe Hydroselenic acid.

Si03 Silicic acid.

C AgO Oxide of silver.

( AgCl Chloride of silver.
C NaO Soda.

( NaCl Chloride of sodium.
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Symbol,
Atomic

Weight. Compounds.

Strontium . .

Sulphur . .

Tantalium

(or Columbium)

Tellurium

Thorium

Tin. .

(Stannum).

Titanium

Tungsten

(Wolfram).

Uranium

Vanadium

Yttrium

Zinc

Zirconium

Sr

S

Ta

Te

Th

Sn

Ti

W

U

V

Y

Zn

Zr

44

16

185

64

60

59

24

96

60

69

32

32

34

i SrO Strontia.

( SrCl Chloride of strontium.

C S03 Sulphuric acid.

I HS Hydrosulphuric acid.

C Ta02 Oxide of tantalium.

( Ta06 Tantalic acid.

( Te03 Telluric acid.

( HTe Hydrotelluric acid.

( ThO Oxide of thorium.

I ThCl Chloride of thorium.

( SnO Protoxide of tin.

( Sn02 Peroxide of tin.

C TiO Titanic acid.

( TiC!2 Bichloride of titanium.

W03 Tungstic acid.

( UO Protoxide of uranium.

( U203 Sesquioxide of uranium.

V03 Vanadic acid.

( YO Yttria.

I YC1 Chloride of Yttrium.

C ZnO Oxide of zinc.

I ZnCl Chloride of zinc.

{ Zr203 Zirconia.

\ ZrCl3 Chloride of zirconium.

3. Each of these symbols expresses one equivalent or

atom of the substance which it represents. Thus H stands

for one atom or equivalent of hydrogen ; Cu for an equiva
lent of copper; Hg for one of mercury.

When a small figure is placed to the right of a symbol,
rather below the line, it means that there is that number

of equivalents of the substance present. Thus Pb2 means
two equivalents of lead ; 06, five equivalents of oxygen ;

H10, ten equivalents of hydrogen.
Two or more symbols placed together, signify that the

elements which they represent are chemically united in the

closest manner. Thus HO stands for water, which is a

compound of one equivalent of hydrogen and one of oxy

gen; S03 represents anhydrous sulphuric acid, composed ot

one equivalent of sulphur and three of oxygen ; C12H O12-1-110^10
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represents starch, which consists of 12 equivalents of car

bon, 10 of hydrogen, and 10 of oxygen, chemically com

bined together.
When symbols are separated by a comma, they represent

compounds which are held together by a force less strong

than that which unites elements that have no such mark

interposed. Thus KO,S03 means sulphate of potash, com

posed of potash and sulphuric acid. The constituents of

sulphate of potash, therefore, are both compounds, and the

affinity which unites the potassium with the oxygen, and

the sulphur with the three equivalents of the same element,

is supposed to be stronger than that which unites the acid

with the base, since it is easier to break it up into potash

and sulphuric acid, than into potassium, oxygen, and sul

phur.
When the sign + is interposed, it indicates that the

substances between which it is placed are united in a man

ner still less intimate. Thus in crystallized carbonate of

soda (NaO,CO2+10Aq), we have sodium and oxygen in

the soda, and carbon and oxygen in the carbonic acid,

combined in the closest and strongest manner; the soda

and carbonic acid thus formed are separated by a comma,

showing that they are held together by what we may here

call the second degree of affinity; while the 10 equivalents

of water of crystallization, separated by the sign +, are

held by a much weaker force, so feeble indeed that a very

moderate heat is sufficient to expel them.

The sign + is used also to separate the symbols of sub

stances which are entirely disunited, as when we wish to

express a mixture of carbonate of lime and hydrochloric

acid, we put it thus, CaO,C02+#C7.
A large figure placed immediately before a symbol, mul

tiplies all the symbols as far as the next comma or + sign.

Thus, in the common phosphate of soda (2NaO,HO,P05)

2*
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there are two equivalents of soda, one of water, and one of

phosphoric acid, combined together. If a large figure were

placed before the whole formula enclosed in brackets, thus,

5(2NaO,HO,P05), it would represent 5 equivalents of the

entire salt.

4. It is really wonderful how much these little symbols
are capable of expressing, and how often and completely

they assist in simplifying and rendering intelligible even

the most complicated chemical changes; for besides the

information they convey relative to the composition of the

substances which they express, they can be so combined in

the form of equations, as to show in the most perfect man

ner, the various compounds which result during chemical

decompositions. For this purpose, the symbols of the sub

stances employed are placed together so as to form one

side of the equation ; on the other side are placed those of

the substances which are produced during the decomposi
tion ; and as no atom of matter is lost during these trans

formations, it necessarily follows that the value of both

sides of the equation must be equal. For example, the

decomposition of carbonate of lime by hydrochloric acid,

may be thus represented :—

CaO,C02+HCl= CaCl+HO+COa.
Here we place the symbols of carbonate of lime and

hydrochloric acid on one side, and on the other those of

chloride of calcium, water, and carbonic acid, which are

produced during the decomposition ; and it will be observed

that on each side there are exactly the same number of

equivalents, viz. 1 of calcium, 3 of oxygen, 1 of carbon,
1 of hydrogen, and 1 of chlorine.

5. I have ventured to introduce a slight modification of

the usual mode of printing the symbols, which will enable

the student to see at a glance whether the substances ex

pressed, are in the solid, liquid, or gaseous form.
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Those in the solid state are printed in strong Roman

type, as Pb, lead. Liquids, as substances in solution, are

printed in strong italics, as HO, water; and gases or va

pors are represented by thin letters, as H, hydrogen. HO,
steam.

Thus in the above equation, liquid hydrochloric acid

(HCl) is poured on solid carbonate of lime (CaO,C02);
chloride of calcium (CaCl) is formed, which remains in

solution, together with carbonic acid (co2), which passes

off in the gaseous form.

6. It is very important that the student should at once

begin to make careful notes of all the experiments he en

gages in. He should endeavor to do this in as concise and

methodical a manner as possible, and he will find it very

advantageous to make use of symbols in describing the

substances he employs, and the changes which they under

go : he will thus be able to record much in a small space,

and at the same time he will be making himself familiar

with the composition of the substances with which he is

experimenting.
7. When, as is often the case, especially in analytical

experiments, there are several solutions and precipitates
either filtering, digesting, or waiting till the operator has

leisure to attend to them, it is necessary to mark them in

some way, to prevent confusion. This is easily done with

small pieces of gummed paper, on which a letter or num

ber may be written, corresponding with a similar reference

mark in the note book.

8. The student will soon learn by experience that he

cannot be too methodical in his operations, or too careful

in Cultivating habits of neatness and cleanliness. The pre

sence of a little saline or other impurity in a glass, owing
to careless washing, or a little extraneous matter having
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been allowed to find its way into a bottle or test-tube, may

retard or spoil the result of whole days of labor.

"Much as the chemist may soil his fingers during his

experimental occupations, he will soon learn the great im

portance of cleanliness to the success of his experiments.

The regular course of his operations causes many
kinds of

matter to pass in succession through his hands; and many

of the substances, which by mixture have exhibited the

phenomena they were competent to occasion, and so far

answered the purpose of the experiment, then become mere

useless dirt. Their dismissal and entire removal when

thus circumstanced become necessary, that they may not

contaminate other bodies ; and are as imperatively required,

as was the care previously bestowed to prevent their con

tamination from extraneous matter.

"It is this rapid change in the character and relation of

the substances with which the chemist works, that makes

a constant attention to cleanliness essentially necessary.

The very bodies which at one moment are carefully retain

ed in vessels that have previously been cleansed with the

most scrupulous attention, become the next in the situation

of so much dirt, from which the vessels must be cleansed

as perfectly and carefully, before they can be fit for another

experiment, as they were for the reception of the now re

jected matter. The results of numerous experiments rela

tive to testing bodies in solution by reagents, are in many

cases dependent on the employing of clean vessels. For

instance, a portion of water examined in glasses which

have been carelessly washed, may occasion a slight preci

pitate with nitrate of silver or chloride of barium and thus

seem to contain a chloride or a sulphate (403, 429), w4ien

the cause of the precipitate maybe nothing more than por

tions of salts adhering to the vessel.

" In the same manner the purity of an acid or a test, is
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not unfrequently affected by the state of the bottle contain

ing it, or by the dirty condition of glass rods dipped into it,
or of. the funnels through which it has been poured, or fil

tered, or of the vessels used in its transference ; and some

times it is contaminated by laying the stopper of the bottle

containing it in a dirty place. Nor is it only that kind of

dirt or impurity which gives an evident tinge to what it

adheres to, that is to be avoided, but also numerous color

less substances, as salts, solutions, &c. ; and in a word,

anything which differs from the principal substance itself,

and is at the same time liable to be dissolved or mixed

with it.

" In consequence of these liabilities, and their interference

with experiments, it should be established as a general rule

in the laboratory, that no apparatus, nor any vessel, (ex

cept such as may be destined to a particular use, and is as

convenient when with a little previously adhering matter

as if it were clean,) be put away in a dirty state. All

vessels or instruments when resorted to, should be found

fit for the nicest experiment to which they are applicable.
Glass rods or stirrers should be preserved in a clean place ;

glasses, on a clean shelf; and stoppers, when taken out of

bottles, should be laid upon clean surfaces. These atten

tions and regulations will be found always useful, at times

essential ; and they are generally more requisite and in

fluential in minute chemistry, than in large experiments."*

9. It is easy to clean even the dirtiest vessel, provided it

has not been allowed to remain long with the impurities

adhering to it; this, indeed, should never be permitted,

and is readily avoided by making it a rule never to leave

work for the day until the whole of the soiled apparatus

has been thoroughly washed, and left to drain during the

*

Faraday's Chemical Manipulation, p. 523.
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night, ready for wiping the next morning. For most pur

poses of cleaning, water will be found sufficient, especially
when the dirt is still moist ; and when mere rinsing does

not remove it, gentle friction with moist tow and coal ashes,

will, in most cases, prove effectual. When the form of the

vessel to be cleaned is such as will not allow the introduc

tion of the hand (as flasks, test-tubes, &c), a piece of stick

or wire, having a little tow wrapped round the end, will be

found very convenient. Glasses or basins that have been

set aside to drain, should, before using, be wiped with a dry
clean cloth, to remove any adhering particles of dust or

moisture. Bottles or flasks, when required to be perfectly

dry inside, may, after most of the water has been removed,

be easily dried by warming them gently, and blowing air

into them through a glass tube, either with the bellows or

from the lungs ; in this way the water is converted into

vapor, which is quickly removed by the current of com

paratively dry air.

When a glass or dish is greasy, it should be first wiped
as clean as possible with tow or a dry cloth, then moistened

with a little strong potash, and, lastly, well washed and

rinsed with water. WThen the dirt to be removed is resin

ous also, or tarry, the application of strong potash or sul

phuric acid will generally act upon it in such a way, that

subsequent washing with water, together with gentle fric

tion with coal ashes, will render it quite clean. It often

happens, especially when a glass has been allowed to dry
in a dirty state, that an insoluble crust is formed on the

surface, which is very difficult of removal by mechanical

means, but readily yields on the application of a few drops
of hydrochloric or some other acid. An instance of this is

afforded by solutions of lime, which, on exposure to the air

frequently deposit a crystalline sediment of carbonate of
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lime, which adheres strongly to the glass, but instantly
dissolves on the addition of the acid.

10. When thrown upon his own resources, the student

will often find it of the utmost value to be able to substi

tute, in default of more perfect apparatus, the common

things used in domestic life, which are to be found in every

house, such as glasses, plates, cups, saucepans, &c. When

in addition to these he has at his command a blowpipe, a

small piece of platinum foil and wire, a flask or two, a fun

nel, and a little glass tubing of different sizes, he will, with

the exercise of a little ingenuity and contrivance, be able

to go through a very considerable course of experimental

chemistry. He may rest assured that it is no disadvantage,
but rather the contrary, to be thus compelled to devise and

construct for himself rude and extemporaneous forms of

apparatus; and if he should requke encouragement to per

severe in spite of the scantiness of his resources, he need

only be reminded that the majority of those whose names

shine brightest in the annals of science, have laid the

groundwork of their future eminence while placed under

the most unfavorable circumstances. So it was with the

great Davy ;* so with Dalton,with Scheele, Faraday, Dumas,

Liebig, and many others almost equally illustrious.

"Habits of correct and delicate manipulation very much

facilitate experimental inquiries at all times. It is not in

difficult researches only that it is desirable, but even in

such common operations as testing for lime, or iron, or sul-

* " His means, of course, were very limited ; not more extensive than

those with which Priestley and Scheele began their labors in the same

fruitful field. His apparatus, I believe, consisted chiefly of phials, wine

glasses, and tea-cups, tobacco-pipes, and earthen crucibles ; and his mate"

rials were chiefly the mineral acids and the alkalies, and some other articles

which are in common use in medicine."—Life of Sir H. Davy, by John

Davy, M.D., vol. i. p. 43.
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phuric acid, its advantages become manifest; for either

time is shortened, or the apparatus considered as necessary

is diminished, or effectual substitution is made for those

that may be wanting, and thus the experiment becomes

easy, where otherwise it would be considered impossible.

Besides facilitating such inquiries, it also diminishes the

expense both in materials and apparatus, and it produces

beneficial habits in the mind, by exercising it both in in

vention and perception even in this subordinate part of its

operations. 'Nothing,' as Dr. Johnson observes,
' is to be

considered as a trifle, by which the mind is inured to cau

tion, foresight, and circumspection. The same skill, and

often the same degree of skill, is exerted in great and little

things.'
"*

*

Faraday, op. cit. p. vi.



PRACTICAL CHEMISTRY.

PART I.

CHAPTER I.

PNEUMATIC CHEMISTRY.

11. The gas-holder used in the following experiments,
which bears the name of its inventor, Mr. Pepys, consists
of an upright hollow box a, usually made of zinc or copper,

connected by means of two tubes b and c with a shallow

pan d placed above it. The tubes are open at both ends,
the longer one c reaching to within about half an inch of

the bottom. The external glass tube / shows the height
at which the liquid stands in the vessel. The lateral open-

3
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ing e is closed by a screw-cap before filling the vessel with

water; the stopcocks b and c are then opened, and water

poured into the upper pan, when
it passes down the tube

c, the air escaping up the other tube, until it is full, when

no more bubbles of air will rise from the tube b.

When the gas-holder is filled with water, the stopcocks

b and c are to be closed, and the screw-cap may
be removed

from e without danger of the water rushing out, since it is

kept in by the pressure of the external atmosphere ; but

care must be taken not to remove the screw-cap while

either of the stopcocks is open, as the water would rush

out with great force. The beak of the retort may then be

introduced, as shown in the figure, when the gas will rise
in

bubbles through the water, which is gradually displaced,
and flows out through the aperture e*

SECTION I.

Preparation ofHydrogen (H).f

12. Weigh 300 grains of granulated zinc, and introduce

the fragments carefully through
Fig. 2. the tubulure of the retort, slid

ing them, not dropping them

in, to avoid the risk of breaking
the bottom of the retort, which

is usually of thin glass, and

consequently seldom strong

enough to bear a blow without

injury.
Pour upon the metal four

fluid ounces of dilute sulphuric acid, consisting of one part

by measure of oil of vitriol (HO,S03), and five parts of

water.

* In the absence of a gasholder, the gases may be collected in jars over

the pneumatic trough (see par. 18).
f The specific gravity of hydrogen is lower than that of any other form

of ponderable matter, being only 0.069, that of common air being con-

sidered 1.000. 100 cubic inches weigh, at the ordinary temperature and

pressure of the air, 2.138 grains, while the same quantity of common air

weighs 31.00 grains. The atomic weight of hydrogen is 1, and its com

bining volume 1.
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Effervescence immediately commences, owing to the

rapid evolution of the gas, the first portions of which, being
mixed with the common air previously in the retort, may
be collected separately in a small jar over the pneumatic
trough, and afterwards rejected.
The decomposition that takes place may be seen in the

following equation :

Zn+HO,S03= Zn0,S03+H.

The beak of the retort may now be inserted into the

lateral aperture of the gas-holder, which should have been

previously placed over the pneumatic trough so as to catch

the water as it is displaced by the gas.
When the effervescence subsides, and sufficient gas is

collected, remove the gas-holder from the trough, and pro

ceed with the following experiments.

Fig. 3.

13. Fill a small jar from the

gas-holder,* and having closed

the bottom of the jar with a

plate of glass, remove it to the

pneumatic trough. Decant a

portion of this gas to a smaller

jar, and test its inflammability
with a taper. Observe the de

posit of dew in the inside of the

* This is done by placing an inverted jar filled withwater over the tube

b, and opening both the stop-cocks, when the gas will be forced upwards
into the jar by the pressure of the water in the pan and the tube c.
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jar after the combustion, which is the water formed by the

combination of the hydrogen with oxygen. K-}-0=HO.

14. Fill a small jar with the gas, and having removed

it from the gas-holder, let it stand for a few seconds with

its open end upwards. If a lighted taper be now applied,
no combustion will ensue, as the hydrogen will have es

caped upwards, on account of its very low specific gravity.
15. Repeat the last experiment, holding the jar withthe

open end downwards. On applying a lighted taper, a slight

explosion will take place, showing that the hydrogen had

not escaped as before.

16. Transfer some of the

Fig. 5. gas from a large jar to a

^ small one, and from this

H again to tubes, until it can

g be done without allowing
1 ---^s^^aJ:ln---=^fc^==r- __— anv bubbles to escape.

^^^S^LjLgsggg^^^^^ When the gas is to be de-
1 -

-y canted into a jar or tube

~~^0^ISfc% _-^^^^-^=f which is much narrower, it

tejll|j|) = W=E~= may ^e firs* transferred into

~^SZL~r-=^=^^^"" a lipped glass, or an in

verted funnel may be used.

17. Transfer a little of the hydrogen in this way into a

graduated tube, and mix it with varying but definite por

tions of common air ; then ascertain by experiment what

proportions detonate most loudly when a lighted taper is

applied. The jars used for these experiments should be

small and strong, to avoid risk of fracture by the force of

the explosion.

SECTION II.

Preparation of Carbonic Acid (COJ.*

18. As this gas is to a considerable extent soluble in

water, it is better in its preparation not to use the gas-

* The specific gravity of carbonic acid is 1.524 (air being 1.0), 100 cubic
inches weighing 47.26 grains. Its atomic weight is 22 ; and its combining

ume 1. At a temperature of 60° water dissolves about its own bulk of

carbonic acid
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holder, on account of the large quantity of water it would
then have to pass through, but to collect it at once in jars
over the pneumatic trough.

19. Put 300 grains of marble (CaO,C02) broken into

fragments about the size of a pea, into a retort, observing
the same precautions as were recommended in the prepara
tion of hydrogen (12). Measure out an ounce and a half of

hydrochloric acid (HCl), dilute it with an equal quantity
of water, and pour the mixture upon the marble. The gas
is immediately given off, causing brisk effervescence, and
it may be collected in jars placed on the shelf of the pneu
matic trough, the first jar full being rejected as impure.

CaO,C02+HCl= CaCl+H0+C02.
20. Introduce a lighted taper into a small jar of the gas

held with its open end up
wards. It is instantly extin- Fig. 7.

guished ; and as the carbonic

acid remains some time in

the jar, on account of its

high specific gravity, the

taper may be extinguished
repeatedly in the same jar
full of gas.
21. Pour a little lime-

water (CaO) into a test-

glass and thence into a jar
filled with the gas, closing
the mouth of the jar with a glass plate, and agitating the

3*
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gas and liquid together. The lime-water almost imme

diately becomes milky, owing to the formation of carbonate

of lime (CaO,C02) which is insoluble in water.

If a few drops of hydrochloric acid (HCl) be added, the

carbonate of lime is decomposed, and the milkiness disap

pears, chloride of calcium being formed, which is soluble

in water.

(Ca.O,C02+HCl=CaCl+HO-hCOr)
22. Having filled a jarwith

Fig. 8. the gas, pour
it like water, into

another jar somewhat smaller ;

this is easily effected, owing
to the high specific gravity of

carbonic acid. Test its pre

sence in both jars with lime-

water, and by its power of

extinguishing a taper.
23. The high specific gra

vity of carbonic acid, and its

power of extinguishing flame,

may be strikingly shown by

pouring it from a jar upon a lighted candle, which is in

stantly put out.

24. By means of a narrow tube open at both ends, fill a

jar over the pneumatic trough, with air from the lungs.

Test it with a lighted taper, and observe that it causes an

abundant precipitate in lime-water, owing to the presence
of carbonic acid.
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25. Invert a jar filled with common

air over a lighted taper floating on the

water of the pneumatic trough, and

observe that it soon burns dim, and is

shortly extinguished, the water at the

same time slowly rising in the jar.*
When the combustion is over, invert

the jar, and test the air contained in

it with lime-water for carbonic acid.

SECTION III.

Preparation of Binoxide ofNitrogen (NOJ.f

26. Put 300 grains of copper turnings into a retort, and

pour upon it an ounce and a half of strong nitric acid

(NOs) previously diluted with an equal quantity of water.

Decomposition immediately commences, and the binoxide

is formed by the action of the copper on a portion of the

nitric acid, thus :—

3Cu + 4JY05= 3 (Cu 0,JY05) -fN02.
The gas which is first formed becomes orange, owing to

its conversion into nitrous acid (N04) by combining with

the atmospheric oxygen contained in the retort (N02+§
0=NO )

4/'

27. Transfer a little to a jar, and test it with a taper;
observe the orange fumes of nitrous acid which are in

stantly produced wherever the gas mixes with the air.

28. Measure a definite quantity of the gas in a graduated
receiver, and transfer it to another jar over the pneumatic
trough : then measure off an equal volume of atmospheric
air, and add it by decantation, to the binoxide. When the

orange fumes have disappeared, owing to the absorption of

the nitrous acid by the water, transfer it again to the gra-

* The absorption of air and consequent rising of the water in the jar, is
here owing to the disappearance of the oxygen, which combines with the

hydrogen and carbon of the burning wax. Nearly one-fifth of the air is

thus condensed, that being the proportion of oxygen contained in the atmo

sphere ; the remaining four fifths are nitrogen.

f The specific gravity of binoxide of nitrogen is 1.039, 100 cubic inches

weighing 32.22 grains. Its atomic weight is 30.00 and its combining vo

lume 2.

Fig. 10.
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duated jar, and observe the volume of the mixture, noticing

accurately the difference between this and the sum of the

original volumes employed before mixing. This experi

ment should be repeated three or four times, and if the

results in each case agree pretty closely, take the average

of the experiments, and the amount of condensation,
divided

by three, will give very nearly the quantity of oxygen
con

tained in the atmospheric air employed. One equivalent
of binoxide of nitrogen occupying two volumes, when

combined with two equivalents of oxygen occupying one

volume, forms one equivalent of nitrous acid (NOJ which

is absorbed by the water; consequently one-third
of the gas

absorbed consists of atmospheric oxygen.

Though the results obtained in this way are not very ac

curate, owing to the formation of other oxides of nitrogen,

they are sufficiently so to allow of its occasional employ
ment in determining the quantity of free oxygen in a gase

ous mixture ; and also when the whole of the uncombined

oxygen has to be removed from a mixture containing it.

SECTION IV.

Preparation of Olefiant Gas (C4H4).*

29. Pour into a retort six fluidrachms of alcohol

(C4H50,HO) and add to it in small portions an ounce and

a half of strong sulphuric acid (HO,S03) gently agitating
the mixture after each addition. Apply a moderate heat,
and take care that the black froth which is formed towards

the close of the operation, does not boil over. Collect the

gas in jars over the pneumatic trough, or in the gas-holder.
30. Examine a small jar full with a taper, and observe

that, though the taper is extinguished, the gas burns with
a bright white flame.

31. When mixed with an equal volume of chlorine (CI)
the two gases combine, forming a heavy oily compound
called chloride of olefiant gas (C4H4Cl2).

(C4H)+ 2C1=C4H4C72.

* The specific gravity of olefiant gas is 0.981, 100 cubic inches weighim>
30.57 grains. Its atomic weight is 14, and its atomic volume 2.
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The oil collects in drops on the sides of the jar and on

the surface of the water, while the gases are gradually
absorbed.

Olefiant gas derives its name from the circumstance of

its forming this oily compound.
32. Mix together one volume of olefiant gas and two

volumes of chlorine ; close the jar with a glass valve, and

quickly remove it from the pneumatic trough. Apply a

light to the mixed gases, and observe the dense cloud of

carbonaceous matter that is formed as the combustion

gradually passes down the jar, hydrochloric acid being at

the same time produced.
C H +4C1=4HC1+ 4C.
441

•

SECTION V.

Preparation of Carbonic Oxide (CO).*

33. Carbonic oxide is prepared by the action of strong

sulphuric acid {HO,S03) on oxalic acid (HO,C203+ 2Aq).

When a mixture of the two acids is warmed, the oxalic is

resolved into carbonic acid, carbonic oxide, and water,

which latter unites with the sulphuric acid.

HO,C203+2Aq=C02+CO +3im

The carbonic oxide is purified from the carbonic acid by

passing it through a solution of potash or milk of lime.

co2+co+KO=KO,C02+co.
34. Adapt a cork to a wide-mouthed bottle capable of

holding half a pint of water, and fit to it two tubes (152),

one oAvhich a, should be about half an inch in diameter,

straight, and sufficiently long to reach nearly to the bot

tom; the other b, should only just pierce through the cork,

and should be bent so as to deliver the gas, as shown
in

the figure ; the diameter of this tube need
not be more than

about ^ of an inch.

The beak of the retort may now be fitted with a cork,

which should be bored to allow the bent tube c to pass

through it ; and care must be taken that this tube is suffi-

* The specific gravity of carbonic oxide
is 0.973, 100 cubic inches weigh

ing 30.21 grains. Its atomic weight is 14.0, and its atomic volume 1.
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ciently small to slide easily down the tube a, and long

enough to reach the bottom of the bottle.

Fig. n.

Four ounces of a tolerably strong solution of potash

(KO) may now be introduced into the bottle.

35. Charge the retort with 180 grains of crystallized
oxalic acid (HO,C203+ 2Aq) and two fluid ounces of strong

sulphuric acid (HO,S03). On applying a gentle heat, the

gas is given off, the first portions of which must be re

jected as impure, and then two or three jars full may be

collected over the pneumatic trough before the bottle con

taining the potash is connected with the retort. The gas

thus obtained is a mixture of carbonic acid and carbonic

oxide (33).
36. Having collected two or three jars full of the mixed

gases for comparison, adapt the bent tube c to the mouth

of the retort, and proceed to purify the gas from carbonic

acid by passing it through the alkaline solution in the bot

tle. Pure carbonic oxide may then be collected.

37. Agitate a little lime-water with ajar full of the un-

purified gas ; the presence of carbonic acid is shown by the
formation of carbonate of lime (21).
38. Repeat the experiment with ajar full of the purified

gas. No precipitate ought now to appear.

39. Apply a lighted taper to a jar full of the impure gas,
and observe the characteristic pale blue flame with which

the carbonic oxide burns.

40. Do the same with a jar of the pure gas : the flame is

brighter than when carbonic acid was present.
41. Pour a little lime-water into the jar used in the last
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experiment immediately after the combustion of the gas.
The white precipitate which now appears, and which was

not formed when the same gas was tested previous to the

combustion, shows the result of that process to have been
the formation of carbonic acid.

CO-fO= CO
.1 2'

SECTION VI.

Preparation of Oxygen (0).*

42. Adapt a bent tube of the form shown in the figure,
to a small hard glass flask, by means of a perforated cork.

Then weigh 100 grains of dried chlorate of potash
(KO,C10$), mix it with 20 grains of black oxide of manga
nese (Mn02), and place the mixture in the flask; adjust
the tube so as to deliver the gas into the gas-holder, or

Fig. 12.

under the shelf of the pneumatic trough, and apply the

heat of a lamp.
The chlorate of potash is thus decomposed, and gradu

ally gives off the whole of its oxygen, which passes out

through the tube, and may be collected either in the gas
holder or in jars, while chloride of potassium (KCl) remains

*
The specific gravity of oxygen is 1.1057, 100 cubic inches weighing

34.29 grains. Its atomic weight is 8, and its combining volume £.
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in the flask, together with the oxide of manganese, which

is not decomposed during the process.*
KO,C105=KCl+ 60.

The first portions of the gas should be rejected as im

pure, being mixed with the common air contained in the

flask and tube.

43. The jars used for the following experiments should

be open both at the top and bottom, the

Fig. 13. edges of both being ground smooth, so

as to be closed air-tight with a glass
valve b.

44. Fill a jar with the gas, and intro

duce a glowing taper ; it will instantly
burst into flame, and burn with great

brilliancy, until most of the oxygen is

exhausted, by combining with the car

bon and hydrogen of the wax.

45. Introduce into another jar of the

gas a small piece of ignited charcoal,
attached to the end of a wire. It bursts into vivid com

bustion, combining with the oxygen, and forming carbonic

acid (c02), the presence of which may be proved by agi
tating a little lime-water in the jar (21).

46. Repeat the experiment with a

small coil of thin iron wire, to which

a little charcoal or amadou should be

attached and ignited, for the purpose
of heating the iron sufficiently to cause
it to burn. The iron combines with

the oxygen, forming the black oxide

(Fe304), fused globules of which drop
to the bottom, and should be received

in water, as they are so intensely hot

as to fuse into the glaze of a plate if
allowed to fall upon it.

47. Place a fragment of sulphur
about the size of a pea in the defla

grating spoon, set it on fire by holding
* The oxide of manganese is here used, because it is found that when

thus mixed, chlorate of potash gives off its oxygen with much greater faci

lity and at a lower temperature than when heated alone.
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it over a lamp, and introduce it into a jar of the gas ; the

sulphur burns with a brilliant blue flame, combining with
the oxygen, and forming sulphurous acid (so2).
48. Mix together two volumes of hydrogen and one of

oxygen, and fill a small jar or tube, which for this experi
ment should be made of thick glass. On applying a light
the gases combine with a loud explosion, forming water.

H+o=m

SECTION VII.

Preparation of Gases which are soluble in Water.

49. Although in the preparation of many of the common

gases, it is most convenient to collect them over water,

either in the gas-holder, or in jars placed in the pneumatic

trough, still there are many cases in which this method is

inapplicable, as when the gas is to any considerable extent

soluble in water. It is usual in such cases, especially when

great purity is necessary, to collect them in tubes or jars
over mercury, which is not acted upon by the majority of

the gases. For common purposes, however, some of
them

may be collected by the displacement of common air from

dry bottles, and the more the gas differs in density from

atmospheric air, the more is this method applicable.

Hydrochloric acid gas and ammonia, may be taken as

examples of the process.

Preparation of Hydrochloric Acid Gas (HOI).*

50. This gas is easily obtained by the action of sulphuric
acid on common salt.

To the beak of a retort, a bent tube of the form repre

sented in the figure, is adapted by means of a perforated

cork, a loose roll of filtering paper is introduced into the

neck, to retain any moisture that may distil over; and

the retort is charged by introducing 300 grains of dry

chloride of sodium (NaCl), and adding to it six flui-

*
The specific gravity of hydrochloric acid gas

is 1.269, 100 cubic inches

weighing 39.37 grains. Its atomic weight is 37, and its atomic volume 1.

4
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drachms of strong sulphuric acid (HO,SOs). Immediate

effervescence takes place, and the bent tube is passed into

Fig. 15.

a dry bottle of about a pint capacity, which should be

furnished with a greased stopper; while the bottle is fill

ing, the mouth may be loosely closed with a piece of card

or paper.
Observe the dense fumes which are formed wherever the

gas mixes with the air, especially if the atmosphere is

damp, owing to the combination of the gas with the aqueous

vapor. The bottle may be considerad full when the gas
has been flowing over from the mouth of the bottle for two

or three minutes; the tube should then be cautiously with

drawn, and the bottle tightly closed with the stopper.
Three or four bottles may be similarly filled with the gas,
a gentle heat being applied if necessary.
The decomposition may be thus represented :—

NaCl+ JH"0,1S'03=NaO,S034-HG;.
the sulphate of soda of course remains in the retort.

51. Ascertain the action of the gas on a lighted taper.
52. Remove the stopper from one of the bottles, in

stantly close it again with a dry glass plate, and plunge it
with the mouth downwards into the water of the pneumatic
trough. If the bottle has been well filled, the water will,
when the glass plate is removed, quickly rise and nearly
fill it, while the unabsorbed residue shows the quantity of
common air left in the bottle.*

* Water at common temperatures is capable of dissolving no less than
480 times its own volume of hydrochloric acid. The liquid hydrochloric
or muriatic acid of commerce, is a solution of the gas in water.
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This experiment must not be made without first re

moving the stopper, and substituting the glass plate ; if it

is attempted to take out the stopper while the bottle is

under water, there is great danger of its becoming so

firmly fixed, as to be almost incapable of removal, owing to

the absorption of the gas by the water, and the formation

of a partial vacuum.
53. Test a little of the acid solution obtained in the last

experiment, in a tube with litmus paper, and afterwards

with a few drops of solution of nitrate of silver (AgO,N05).
The white precipitate, which is chloride of silver (AgCl),
will be found to be insoluble in nitric acid, but readily
soluble in ammonia (429).
54. Reserve a bottle of the gas for an experiment (60)

with ammonia.

SECTION VIII.

Preparation ofAmmoniacal Gas (NH3).*

55. This gas may be prepared in a similar manner to the

last, but as it is specifically lighter than common air, the

Fig. 10.

bottles in which it is collected must be kept while filling,
with the mouth downwards, the delivering tube passing

* The specific gravity of ammoniacal gas is 0.589, 100 cubic inches

weighing 18.288 grains. Its atomic weight is 17, and its atomic vo

lume 2.
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upwards to the top ; the neck of the retort should be fur

nished as before with a roll of filtering paper.
56. Reduce 300 grains of quicklime (CaO) to powder

in a mortar, and slake it in a small basin with a drachm

and a half of water ; then pound 400 grains of muriate of

ammonia (NH4C1) ; mix the powders as quickly as possible,

and without loss of time transfer the mixture to the retort.

If the gas does not come over rapidly, a gentle heat may

be applied. When three or four bottles have been filled,

proceed with the following experiments :—

57. Observe the effect of the gas on a lighted taper : it

extinguishes the flame, and at the same time shows a slight

tendency to burn with a pale green flame.

58. Remove the stopper from one of the bottles and

close the mouth with a dry glass plate ; then invert it, and

having placed it under water, remove the glass plate and

observe the rapid absorption. That which remains unab

sorbed is atmospheric air.*

59. Test the liquid obtained in the last

experiment (which is a weak solution of am

monia), with turmeric and reddened litmus

paper ; the first is turned brown, the latter

has the blue color restored.

60. Remove the stopper from a bottle

of the gas, and also from the reserved bot

tle of hydrochloric acid (54), replacing
them with dry glass plates. Then invert

the latter over the bottle of ammonia, and

cautiously remove the glass plates so as

to allow the gases to mix. Dense white

fumes, consisting of muriate of ammonia

(NH4C1), are immediately produced, which
in a short time collect in flakes, and fall

like snow on the sides and bottom of the

vessels. In this combination of the hy
drochloric acid with the ammonia, considerable heat is

evolved.

* Water at common temperatures is capable of absorbing nearly 700

times its volume of ammoniacal gas.
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CHAPTER II.

DISTILLATION.

SECTION I.

Distillation of Water.

61. Adapt a cork to the neck of a quilled receiver, and

bore a hole through it to fit the neck of the retort, which

should pass through it for about two inches. When this

Fig. 18.

is done, the apparatus may be fitted up as sh

figure. The funnel which supplies water

for cooling the neck of the retort, has its

throat partially obstructed by a plug of tow,

to regulate the flow of liquid ; the neck of the

retort is covered by a slip of bibulous paper

of the form of the annexed sketch, cut of such

a width as almost completely to encircle the

neck ; and between the lower
end of the paper

and the quill receiver, a thin fillet of tow is

twisted tightly round the glass, to carry off

the superfluous water, which drops into a

basin placed underneath for its reception.

The quill of the receiver passes into a small
^

4*
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flask or bottle, which is kept immersed in water during the

process, in order to keep it cool.

62. WThen the apparatus is thus arranged, the retort

must be cautiously charged with common water till nearly
half full, care being taken that none of it gets into the

neck, as it would run down into the receiver, and con

taminate the distilled water, which should otherwise be

pure. The upper part of the body of the retort being then

covered with a conical cap of paper to prevent loss of

heat by currents of air and radiation, the lamp may be

applied, care being taken that the ebullition does not go on

too violently, lest any of the impure water should splash
or boil over into the neck of the retort. If, instead of

boiling quietly and uniformly, the water in the retort

"bumps," owing to the sudden disengagement of large
bubbles of steam, a few fragments of broken glass or

platinum wire may be placed in the retort, to assist the

formation of small bubbles from their surface. The first

ounce of water that comes over, should be rejected as

impure, after which two or three ounces may be distilled

for examination.

63. While the distillation is going on, another portion of

the water operated on may be tested, with the view of dis

covering some of the impurities present in it. Fill four

test-tubes about one-third full of the undistilled water, and

add to them respectively a few drops of the following re

agents.
(a.) To the first add a solution

Fig- 20. of chloride of barium (BaCI) ; a

white precipitate, insoluble in

^ nitric acid,* indicates the pre-
^

sence of sulphates (403), most

commonly sulphate of lime ( CaO,

S03).
(b.) To another portion add a

solution of nitrate of silver (AgO,
JV05). If any chloride is pre
sent (usually chloride of sodium

* In testing the solubility of a precipitate in any liquid, pour off a small

portion into a separate tube for the experiment, reserving the rest for com

parison.
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(JYaCl) ), a white curdy precipitate of chloride of silver

(AgCl) will be produced, insoluble in nitric acid, but

readily soluble in ammonia (429). By exposure to the

light this precipitate gradually becomes purple, especially
when the water contains organic matter.

(c.) To the third tube add a little lime-water (CaO in

water) : a white precipitate, soluble in nitric acid, shows

that carbonic acid (C02) is present (420).

(d.) To the remaining tube oxalate of ammonia (NH40,

C203) maybe added, which will give a white precipitate if

any lime is present (218).
64. Test the distilled water in the same way ; if pure

it will of course furnish no precipitate with any of the re

agents.
65. Evaporate a few drops both of the distilled and un

distilled water on platinum foil or a clean slip of glass : a

considerable residue will probably be left by the latter, but

no trace of solid matter ought to be observable where the

other lay.
66. During ebullition, the water in the retort usually

becomes turbid, owing to the formation of a white insoluble

powder, which may be separated by filtration when the

distillation is over.

To prepare a filter, take a small piece of white filtering

Fig. 21. Fig. 22.

or blotting paper, and fold it twice from side to side ; then

round off with scissors the projecting corners, so that the

paper may fall wholly within the funnel. Moisten the

paper placed in a funnel with distilled water, and then

carefully pour in the liquid to be filtered, using a glass rod

to conduct it (636).
When most of the liquid has passed through, the white

powder may be detached with a knife from the paper, and
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introduced into a test tube ; the clear solution being re

served for examination (68).

67. (a.) Add a few drops of dilute nitric acid to the

powder in the tube, and observe that it dissolves with

effervescence, indicating that it is a carbonate (419).

(b.) Supersaturate the solution thus obtained, with am

monia, and add a little oxalate of ammonia (JVH40,C203):
a white precipitate shows the presence of lime (218).
The powder is thus proved to be carbonate of lime (CaO,

C02).*
68. Test the solution filtered from the carbonate of lime

in (66) with chloride of barium, nitrate of silver, lime-water,
and oxalate of ammonia; and compare the results with

those obtained in (63), when the water was examined in

its natural state. As most of the lime has been separated
as carbonate, we may expect to find less of it in solu

tion than before, but more of the sulphates and chlorides,
since they still remain dissolved in a more concentrated

form.

* This carbonate of lime had been held in solution by the excess of

carbonic acid contained in the water ; when the latter is expelled during
ebullition, the carbonate is precipitated.
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SECTION II.

Distillation of Liquid Hydrochloric Acid (HC1 in water).

69. Fit up the apparatus as in the ordinary process of

distilling water (61), taking care that all the joints are per

fectly tight ; then remove the retort, and introduce through
the tubulure 1000 grains* of dry chloride of sodium (NaCl)
in coarse powder, taking care that none of the particles
fall into the neck of the retort : then adjust the apparatus
as before. Measure into the small flask or bottle which is

to receive the distilled acid, 12 fluidrachms of water, and

mark with a file or a strip of waxed paper, the height at

which it stands ; and having emptied it, measure into it

seven drachms of distilled water. During the distillation

care must be taken that the quill of the receiver dips
under the surface of this water, which will assist in con

densing the acid fumes, some of which might otherwise

escape.
Into a small evaporating basin, pour seven drachms of

water, and add gradually to it six drachms of strong sul

phuric acid (HO,S03), stirring the mixture with a glass
rod. When nearly cool, this dilute acid may be poured
carefully into the retort through a small funnel, avoiding
any splashing or soiling of the neck. A gentle heat may
then be applied, which must be regulated according to the

rapidity with which the acid distils over, great care being
taken that the mixture does not boil over into the neck of

the retort (50).
The distillation may be continued until twelve drachms

of acid have come over, which may be known by the mark

previously made in the receiving flask.

70. The acid in the receiver may now be examined as

to its purity. Pour a little into a test-tube, dilute it with

about three times its bulk of water, and add a few drops of
a solution of chloride of barium; if a white precipitate ap-

* In this and many of the other experiments, small quantities are men
tioned to suit the convenience of my class of Chemical Manipulation, the
lessons being only two hours long. When the products of the experi
ments are wanted for use, much larger quantities must frequently be em

ployed.
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pears which is insoluble in the acid, it shows the presence
of sulphuric acid as an impurity (403).
71. Evaporate a few drops of the acid on platinum foil

or a clean slip of glass : no trace of the spot where it lay

ought to remain. Any solid residue shows the presence of

some saline impurity, caused probably by a little of the salt

employed having got into the neck of the retort, and been

washed down into the receiver.

SECTION III.

Distillation of Liquid Ammonia (NH3 in water).

72. Prepare the apparatus as in the distillation of hydro
chloric acid (69).
Pound 450 grains of quicklime (CaO), introduce it into

the retort through the tubulure, and pour gradually upon it

two ounces of distilled water. Measure into the receiving
flask or bottle fifteen drachms of water, and mark with a

file or waxed paper the height at which it stands ; empty
it and pour in two drachms of distilled wTater for the quill
of the receiver to dip into during the distillation.

Weigh out 530 grains of muriate of ammonia (NH4C1),
dissolve it in three ounces of water in a small evaporating
basin, and pour the solution into the retort.

The distillation may now be commenced, carefully regu
lating the heat, and continuing it until the distilled liquid
reaches up to the file mark in the receiver, when 15 drachms
will have been collected.

CaO+ JVH4Cl=NH3HO+ CaCI.

73. Pour a little of the ammoniacal solution thus pre

pared into a test-tube, and add to it a few drops of chloride

of barium: if a precipitate appears, it is owing to the pre
sence either of carbonic or sulphuric acid. To distinguish
between them add nitric acid in slight excess ; if the pre

cipitate thereupon dissolves, it is carbonic acid (421); if

not, it is sulphuric (403).
74. Test another portion of the ammoniacal solution

with a little oxalate of ammonia ; if a white precipitate is

formed, it is owing to the presence of lime as an impurity
(218).

J
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75. Supersaturate a little of the distilled liquid with

nitric acid in a test-tube, and add a few drops of a solution

of nitrate of silver (AgO,NOs) ; a white precipitate indi

cates the presence of hydrochloric acid or a chloride. If a

further portion of the ammoniacal solution be added, so as

to render the liquid alkaline, the precipitate redissolves

(429).
76. If no precipitate occur with any of these tests, eva

porate a few drops of the ammoniacal solution on a slip of

glass or platinum foil, and observe whether any trace of

saline impurity is left.

SECTION IV.

Distillation of Liquid Mtric Acid (N05 in water).

77. Fit up the apparatus as in the distillation of hydro
chloric acid (69). Introduce into the retort 1000 grains of

nitrate of potash (KO,N05) ; pour upon it ten drachms of

strong sulphuric acid (HO,S03), and apply a gentle heat,

observing the same precautions as were recommended in

the former cases (61, 69).

KO,N05+2iJO,S03=KO,S03,HO,S03+HO,NOs.
78. While the distillation is going on, dissolve a few

crystals of the nitrate of potash in distilled water, for the

purpose of ascertaining its purity.

(a.) Test a little of the solution with nitrate of silver

(AgO,JVOB) ; if any chloride is present, a white curdy pre

cipitate appears, which is insoluble in nitric acid, but

readily soluble in ammonia (429).
If the nitrate employed is contaminated with any chlo

ride, the acid that distils over is sure to contain a little

hydrochloric acid (HCl).

(6.) To another portion, add a solution of chloride of ba

rium (BaCl) ; if any sulphates are present, a white preci

pitate is produced, which is insoluble in nitric acid (403).
79. Dissolve a small quantity of the nitrate of potash in

hot water, in an evaporating basin, adding the salt as -long
as it is taken up by the water on stirring ; pour the hot

solution into another basin, and observe the gradual forma

tion of crystals as it cools. Remove some of these from
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Fig. 24. the liquid, and dry them on

filtering paper; then redis-

solve them in distilled water,

and test the solution as be

fore with nitrate of silver

and chloride ofbarium. The

precipitates, if any, will be

less dense than in the pre

vious examination, showing
that a partial purification has
been effected.

80. The distilled nitric

acid may now be tested for

impurities, but before the test liquids are applied, a por
tion should be diluted with four or five times its bulk of

distilled water, since the chloride of barium is itself insoluble

in strong nitric acid, and would consequently cause a pre

cipitate even though no sulphuric acid were present. A

portion may then be tested for sulphates and chlorides with

chloride of barium and nitrate of silver (403, 429).
81. If the distilled acid is found to contain sulphuric or

hydrochloric acids, it may be purified from them by add

ing a solution of nitrate of silver as long as any precipitate
is produced, and redistilling, when those acids will remain

behind in combination with the oxide of silver.

HCI+HO,S03+2(AgO,JV05)=:AgC\+AgO,S03+2
(HO,N05).

CHAPTER III.

GLASS-WORKING.

82. The most convenient form of apparatus for working
glass on the small scale, is the water blowpipe, which
consists of an upright box, about fifteen inches high, of
the form represented in the figure. It is usually made
of zinc or copper, and is divided into two compartments
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Fig. 25.

by the plate a, which passes down to within about half an

inch of the bottom, thus leav

ing a communication open
between the two. The lower

end of the tube b is closed by
a valve opening outwards, to

prevent the escape of air in

that direction : the box should

be filled about half full of

water, and when used, air is

blown through the tube b.

The pressure thus occasioned

in the compartment c, forces

a portion of the water into the

next division d, where it rises

to a higher level than in c, and by its superior pressure

forces a stream of air through the fine aperture at the ex

tremity of the tube e as long as it continues to stand at a

higher level than in c. In this way a continuous jet is

readily obtained, with much less fatigue to the operator
than with the mouth blow-pipe.
83. If the blowpipe flame be examined, it will be

found to consist of two distinct parts, which may be called

for the sake of distinction, the

inner and the outer flame. The

blue point of the inner flame is

evidently surrounded on all sides

by the burning gas, no atmo

spheric oxygen being near it, so

that any substance containing oxy

gen loosely combined, placed in

it, will be decomposed by the

powerful deoxidizing affinities of

the carbon and hydrogen of the combustible gases : on this

account the inner flame is usually called the deoxidizing or

reducing flame. The outer flame, on the contrary, is sur

rounded on all sides by the external air, so that here there

is no excess of combustible or deoxidizing matter, but

rather an excess of atmospheric oxygen ; so that an oxidized

substance may be placed at its extremity without danger
of deoxidation, unless such decomposition is effected by the

5

Fig. 26.
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mere heat of the flame, independent of its chemical action ;

on the other hand, most substances, having an affinity for

oxygen, placed without its influence, become oxidized at

high temperatures, and hence it is usually called the oxid

izing flame.

84. The English flint glass, of which the tubes and rods

commonly in use are made, contains in its composition a

quantity of oxide of lead (PbO), which, when heated in

contact with deoxidizing matter, is very easily decomposed.
On this account it is necessary, in heating glass with the

blowpipe, to take care that it does not approach the de

oxidizing flame, but is kept at the extremity of the oxid

izing flame, otherwise a black stain of metallic lead will

be deposited on the surface of the glass. Slight stains

of this description may generally be removed by holding
the glass for a few seconds in the oxidizing flame ; this

converts the lead again into oxide, which dissolves in the

glass.
85. Make a few glass stirring rods, of lengths varying

from five to eight inches. To do this, a piece of solid rod,

long enough to make two

stirrers, should be held at a

short distance from the extre

mity of the flame, and gra

dually brought towards it, a

rotating motion being com

municated to it by means of
the finger and thumb, so that
the part where the heat is

applied may be uniformly
heated all round. W7hen the

glass begins to soften, it

should be gently pulled with
both hands, until it assumes
the form represented in the

figure, when it may be re

moved from the flame, and

having been scratched with a file across its narrowest

part is gently broken asunder. The sharp edges are then

held in the flame until they are round and uniform ; after

Fig. 27.
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Fig. 28.

Fig. 29. Fig. 30.

n

which the other end may be worked in the same way, only
making it rather more tapering and pointed.
86. Join together two rods of equal diameter. For this

purpose, take two short pieces of rod, the extremities of

which are smooth and flat, and hold the ends which are to

be united in the blowpipe flame until partial fusion takes

place. Then with a steady hand bring them together, ob

serving that the edges of both coincide, and press them

gently, so as to cause them to cohere perfectly together.
Keep the newly-formed joint in the flame for some minutes,

turning it constantly round, and alternately pulling and

pushing, in order to wTeld the two pieces firmly
together. When this is properly done, the rod is

as strong at the junction as in any other part, but a

slight inequality will always be visible, however

neatly the operation may have been performed.
87. Make a specific gravity glass of the form and

size shown in the figure (149).
88. Make a small syphon tube. Take a piece of

tubing ten or twelve inches long, and a fourth or a

third of an inch in diameter, and hold it diagonally
in the flame of a gas or spirit-lamp, turning it con

stantly round, and by gently moving it up and

down in the flame, heating two or three inches

of the central part of the tube. When the glass

begins to soften, apply a gentle pressure with

both hands, so as to bend it slowly, and continue to do

so until it has assumed the form shown in the figure. If

the tube is too strongly heated, or if the pressure be too

strongly and suddenly applied, the bend, instead of being
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Fig. 32. round and uniform, will be abrupt and

wrinkled, in which case it is very liable
to

crack, either spontaneously, or when ex

posed to slight variations of temperature.

The extremities of the tube must now be

rounded off by being heated to redness for

a moment in the flame of the blowpipe.
When the glass operated on is at all. thick,

or of an unequal form, some care is neces

sary in annealing, or gradually cooling it :

this may be effected by removing it slowly
from the flame, and then laying it across a

piece of tube, so that the hot part does not

touch any cold substance, and covering it

loosely with paper, to prevent too rapid cooling by
radiation.

89. Make afew test-tubes. A piece of tube may be taken

about half or five-eighths of an inch in diameter, and eight
or ten inches long, which will serve for two test-tubes.

Fig. 33.

. The central portion must be heated in the manner de

scribed for heating glass rod (85), and gradually drawn

out, the tube being constantly turned round, when it will

assume the form shown in the figure. The heat should

now be applied to the part of the tube marked a, and the

other piece gradually drawn out, care being taken not to

fuse the thin thread of glass that is formed, and which

connects the two parts of the tube, until the base of the

tube has become round and uniform ; when this is the

case, and the connecting thread has become very thin,
the heat may be applied to the point where it joins the

tube, when it will instantly fuse and separate, leaving the

tube in an almost finished state. There will generally be

found at the bottom of the tube, however, a small lump,
more or less distinct, formed by a portion of the thread

having fused into it; to remove this, again heat the round

end red hot for a short time until the lump disappears.
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On removing the tube from the flame, blow air Fig. 34.

gently into it, for the purpose of swelling out the

bottom to its previous round form, as it usually
collapse and flattens while in a state of fusion.

90. The other portion of the tube may now be

finished in a similar way, by applying heat to the

point b and drawing off the irregular termination until the

thread of glass is sufficiently attenuated to be removed.

When it is required to make a test-tube of a piece of

tubing only long enough for one, all that is necessary is to

melt on to one end another piece of waste tubing or rod,
to serve as a handle, after which the end may be drawn

off as in the former case.

91. To complete the tube, the open end must be spread
out a little, as shown

in the figure, so as to

form a kind of border.

This is done by soft

ening the end in the

blowpipe flame, and

then by means of a

thick iron wire, or the

smooth end of a file

(which should be pre

viously heated by be

ing held in the flame)
introduced and carried round the opening, the edge is uni

formly pressed outwards.

92. Cement together two tubes of equal diameter. This

is done in a similar manner to that already described in the

case of rods (86). It requires, however, more care and

dexterity to maintain the tube of nearly uniform thickness

at the point of junction, as it is liable to collapse and be

come irregular in form. When it does so, one end of the

tube should be stopped up with a bit of cork or by hermeti

cally sealing, and while the junction is in a state of semi-

fusion, air should be gently blown

into the tube : in this way it may

be brought again into a proper

form. When the glass is thin,
5*

Fig. 36.
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the edges which are to be united may be spread out a little,

as shown in figure, by means of a heated wire or file (91),

when the joint will be stronger than it would otherwise be.

93. Cement together two tubes of unequal diameter.

When it is required to join a narrow tube to a wider one,

it is necessary to draw out the latter in the blowpipe flame

until a portion of it is contracted to the diameter of the

former (85) ; then with a file it is divided at that point of

equal diameter, and cemented to the smaller tube in the

Fig. 37.
Fig. 38.

same way as in the previous case. Sometimes,
when the glass is thin, it is advisable to widen the

extremity of the smaller tube, so as to overlap the

other, which is readily done by means of an iron

wire (91).
In this operation, it is always advisable to main

tain the junction in the flame for some little time,
to allow of the complete amalgamation of the two

portions of glass ; and as the tendency to collapse is greater
the longer it is fused, it will generally be found necessary

to blow it out slightly as recommended in (92).
In this way, some small funnels may be made.

94. Prepare tubes for a washing bot

tle. The tubes required for this pur

pose are of the form shown in the figure,
the upper end of the longer one being
drawn out so as to leave only a small

aperture.
When the bottle is prepared and filled

with water, a small stream of water may
be forced through this tube by blowing
air down the shorter one ; it is of great
service in washing precipitates on a

filter, and for many other purposes (169).
95. Prepare tubesfor a sulphurettedhy

drogen (hydrosulphuric acid) apparatus.
The form of apparatus used for generating hydrosulphuric

Fig. 39.
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Fig. 41.

acid, and passing it into water or saline solutions, is repre
sented in the figure (728).
The finer tubes, d and /, Fis- 40-

may usually be bent in the

naked flame (88), the ex

tremities being afterwards

slightly fused with the

blowpipe in order to round

off the sharp edges ; and

care must be taken that

the wider tube e is of suf-

cient calibre to admit of the

tube d passing freely down it.

96. Attach a narrow tube at right angles to a wider one.

Heat the wider tube to red

ness at the point where the

junction is to be made ; and

by means of a bit of waste

rod or tubing c, draw it out,
when it will assume the form

represented in the figure ; then

with a sharp file remove the

portion c at the point b, and

fuse to the projecting piece thus left, the smaller tube, in

the manner described in (93).
97. Blow some small bulbs. When it is required to blow

a bulb at the end of a tube, the

extremity should be closed as in

making a test tube, (89); if the

glass is tolerably thick, and the

bulb to be blown not large, all that

is necessary is to heat the end for

about half an inch as strongly as

possible ; and then, having removed
it from the flame, and holding it

horizontally in the hands, to blow

air into it until the pressure forces

the softened glass to expand, which
it will do in the form of a round

bulb if the heat has been properly applied, and the tube be

kept constantly turned round while in the hands. This

Fig. 42.
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latter precaution is absolutely necessary, as the softened

glass would otherwise bend with its own weight in one

direction, thus destroying the proper form of the tube.

98. Seal a few tubes hermetically at both ends. This is

an operation of very frequent use in the laboratory, as it

furnishes the most convenient and efficient means of pre

serving small specimens of many rare substances, espe

cially such as are volatile.

The tube is first sealed at one end, precisely as

Fig. 43. if it were intended for a test tube (89) : the liquid
f=a or other substance for which it is designed, is then

y introduced as soon as the tube is quite cold, care

being taken that the upper part of the tube is not

wetted or soiled. The flame of the blowpipe is

now directed to the portion of the tube a little above

that intended for the sealed end, and when suffi

ciently soft, it is drawn out to a capillary tube, and
allowed to cool: it may afterwards be sealed by

fusing the lower part of the capillary tube a, by
momentary contact with the flame.

In this way seal a little sulphur in a tube without melt

ing or volatilizing any of it, the sulphur being within an

inch and a half of the upper end.

99. Seal somewater hermetically in a tube. Having sealed
the tube at one end, while it is cooling, take another piece
of tubing, which may be eight or nine inches long, and a

quarter of an inch in diameter, and draw it out in the blow

pipe flame; then divide it in the thin part by means of a

Fig. 44.

file, when it will have the form shown in the figure ; and
when the sharp edges have been rounded off in the blow

pipe flame, may be used as a pipette for introducing a little
water into the sealed tube without wetting its sides.

Then draw out the capillary neck (98), and when cold
seal it as before, leaving not more than the space of an
inch between the upper end and the surface of the water.
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CHAPTER IV.

EXPERIMENTS WITH THE MOUTH BLOWPIPE.

100. Before proceeding to any blowpipe experiments, it
is necessary to acquire the knack of keeping up a constant

and unintermitting blast of air from the mouth, as without
this, it is impossible to raise the heat to a sufficient degree
of intensity. The habit is readily acquired, and when

once attained, the mouth and lungs do their work almost

mechanically, without any sustained effort on the part of
the operator.
101. The learner may first observe that on closing the

lips, he can still, without any difficulty, breathe through the
nostrils : let him now distend the cheeks with air from the

lungs, and he will find that on closing the communication

between the mouth and throat he can breathe through the

nostrils for a length of time, still keeping the cheeks dis

tended. He may next introduce the mouth-piece of the

blowpipe between his lips, and having puffed out his

cheeks with air from the lungs, and again closed the com

munication between the mouth and throat, let him breathe

freely through the nostrils, at the same time allowing the

distended cheeks to force a current of air through the

blowpipe. When the stock of air in the mouth is nearly
exhausted, a fresh supply is sent up from the lungs, when
the cheeks, again distended, will by their elasticity keep up
a current of air through the blowpipe, while the operator
breathes through the nostrils as before.

The cheeks thus play the part of an elastic bag, with a

valve opening inwards, which, if connected with the blow

pipe, and distended with air, would force air through it as

long as the tension of its stretched sides exerted sufficient

pressure.

102. Seal a few tubes for the following experiments.
The tubing employed for this purpose should be about a

quarter of an inch in diameter, and it may be cut into

pieces about five inches long, each of which will serve for

two tubes. The sealing should be effected in the manner
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already described (89), and the same care relative to the

deoxidizing flame is necessary, as
when the water blow

pipe is used (84). .

103. Heat a small fragment of wood
or paper in a tube,

and observe that it blackens

Fig. 45. like all organic substances.*

This blackening or charring
is owing to the decomposition
of the lignine, which consists

of C12H10O10; when exposed
to a high temperature the

hydrogen and oxygen, with
a

portion of the carbon, pass off

in the form of acetic or pyro-

ligneous acid(H0,04H303) and

tarry matter, with other vola

tile compounds, leaving be

hind a carbonaceous residue.

The acid character of the va

por may be seen by introduc

ing a strip of moistened litmus paper into the upper part

of the tube while the decomposition is going on, when it

will be speedily reddened.

104. Treat a fragment of horn (C48H39N7017) or isinglass

(C96H82N15036) similarly in another tube :f observe the

character of the carbonaceous residue, and introduce a bit

of yellow turmeric paper, which will be turned brown,

showing that the vapor is alkaline ; this is owing to the

presence of ammonia (NH3), which is almost invariably

produced when an organic compound containing nitrogen
is decomposed by heat. The odor of the fumes should

also be noticed, and contrasted with those formed in the

last experiment.
105. Heat a little gypsum or sulphate of lime (CaO,S03

+ 2Aq) in a tube, and note whether it undergoes any

change. It parts with the two equivalents of water of crys

tallization, which condense in the upper part of the tube.

* In this and most of the following experiments, especially when the

substance operated on is of a deleterious or poisonous nature, the quantity
used should not exceed a pin's head in size.

-j- When a tube is at all soiled in an experiment, it is unfit for further use.
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106. Treat a crystal of sulphate of iron (FeO,S03+ 6Aq)
in a similar manner, observing the successive changes
which are produced, and examine the liquid which con

denses in the upper part of the tube, with litmus paper.
When first heated, five equivalents of water are expelled,

leaving a whitish powder, which consists of the sulphate
with one equivalent of water (FeO,S03,HO). On continu

ing the heat, the sulphuric acid is volatilized, a portion of

it being decomposed by the protoxide of iron, which is con

verted into peroxide by the oxygen derived from the acid.

2(FeO,S03)=S03+S02+Fe203.
107. Repeat the experiment, using sulphate of potash

(KO,S03) instead of sulphate of iron: the decrepitation is

owing to the escape of a little water, which is mechanically

lodged between the plates of the crystals. The salt under

goes no further change.
108. Sublime a little calomel (HgCl), and corrosive sub

limate (Hgd2), in two separate tubes, and note the different

appearances which are presented in both cases.

109. Heat a little red oxide of mercury (Hg02) in a

tube ; observe the rapid change which it undergoes, and the
minute globules of metallic mercury which condense in the

upper part of the tube. If a glowing match be introduced

while the decomposition is going on,* it will indicate by its

vivid combustion, the presence of free oxygen.
Hg02=%+§0.

110. Repeat the experiment with some red oxide of lead

(Pb304), and observe in what respects the results differ from

the last. The yellowish residue which is left is protoxide
of lead or litharge (PbO), one-fourth of the oxygen being
expelled.

Pb304=3PbO+0.
111. Heat a little arsenious acid (As03) in a tube, and

observe closely the characters of the crystalline sublimate

(302).
112. Mix together equal portions of nitre (KO,N05) and

bisulphate of potash (KO,HO,2S03), and heat the mixture

in a tube ; test the nitrous vapor which is given off, with

litmus paper, and endeavor to account for its formation.

* The open end of the tube may be loosely closed by the finger, to retaid

the escape of the disengaged oxygen.
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113. Heat a mixture of pounded fluor spar (CaF) and

bisulphate of potash (KO,HO,2S03) in a glass tube. The

corrosive action on the glass is owing to the formation of

hydrofluoric acid (HF).
KO,HO,2S03+CaF=HF+CaO,S03+KO,S03.

114. Mix a little iodide of lead (Pbl) with bisulphate of

potash, and heat the mixture in a tube: the beautiful violet

colored vapor which rises and condenses in the upper part
of the tube is iodine.

PbI+KO,HO,2S03=PbO,S03-r-KO,S03+H+I.
115. Fuse a little phosphate of lead (3PbO,POs) on char

coal, and observe the semi-transparent crystalline appear
ance of the bead on cooling (412).*
116. Heat a little oxide of zinc (ZnO) on charcoal ; ob

serve that it assumes a yellow color when heated, but
becomes white again on cooling.
117. Notice the change of color that ensues when chro-

mate Qf lead (PbO,Cr03) is gently heated, and observe

whether the yellow color returns on cooling.
118. Repeat the experiment with red oxide of mercury

(Hg02), taking care that the heat is not raised so high as

to cause decomposition (109).
119. Mix together a little chalk (CaO,C02) and charcoal,

and ignite the mixture in a tube: carbonic oxide gas is

given off, which will burn with a blue flame.

CaO,C02+C=CaO+ 2CO.

120. Heat a small crystal of carbonate or any other salt

of soda on platinum wire (which should be fused into a

Fig. 46.

6"

glass handle, and bent at the end as shown

in the figure), and observe the intense yellow
color it communicates to the blowpipe flame.

* When charcoal is used as a support in blowpipe
experiments, it should be cut into slices about the third
of an inch in thickness, having a small cavity scooped out
with the point of a knife, in which to lodge the substance
to be heated. The charcoal may be conveniently held

during the experiment in a loop of tin plate, in the man
ner shown in the figure.
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Then wash the wire, and compare its action on the flame

with that caused by the soda.

121. Repeat the experiment, using nitrate of strontia

(SrO,N05) instead of the soda : the color of the flame will

become crimson.

122. Heat a little chalk or marble (CaO,C02) on char

coal, and note the dazzling white light which is produced,
showing that the illuminating power of flame is not de

pendent only on the degree of heat, but on the presence of

some solid matter in the flame ;* since the blowpipe flame,
which heats it, and which is of course at least as hot as the

lime, emits scarcely any perceptible light.
During the ignition, the carbonate of lime is decomposed,

and caustic lime (CaO) is left, the alkaline nature of which

may be shown by placing a fragment of it, after ignition,
on moistened turmeric paper, which will become brown at

the point of contact.
123. A piece of alumina (A1203) or alum (A1203,3S03+

KO,S03-l-24Aq) ignited in the flame, radiates a faint bluish

light.
124. Dip a glass rod in a solution of nitrate of cobalt

(CoO,N05), and moisten a small crystal of alum with it ;

then ignite it on charcoal for a few minutes, and observe

the beautiful blue color which it assumes. This is a

highly characteristic test for alumina.

125. Repeat the experiment, with sulphate of magnesia
(Mg0,S03+ 7Aq), which, when ignited with nitrate of co

balt, gradually assumes a pale rose color.

126. A salt of zinc, as the sulphate (ZnO,S03+7Aq),
when similarly treated, becomes green.
It is easy, therefore, to distinguish between alumina,

magnesia, and zinc, in this simple manner.
127. Heat a fragment of tin in the deoxidizing flame

until it fuses into a bright metallic globule : when white

hot, throw it on the table, when it will divide into numerous

small globules, which run rapidly about, burning with a

white light, and leaving behind them white trains of oxide

(Sn02).
128. Heat another fragment of tin, and keep it fused and

* See Daniell's Chemical Philosophy, p. 361.

6
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bright in the deoxidizing flame for two or three minutes ;

then oxidize it in the outer flame, and again reduce it to

the metallic state.

129. Heat a little acetate of lead (PbO,C4H303+ 3Aq)

on charcoal : observe first the liberation of acetic acid

(H0,C4H303) and the deposition of a portion of the carbon;

and on a further application of heat, the oxide of lead first

deposited is reduced to the metallic state, especially when

it is kept in the deoxidizing flame. The yellow ring which

surrounds the metallic bead is protoxide of lead (PbO).
130. Reduce oxide of bismuth (Bi203) in the same way:

compare the beads
of the different metals thus obtained, as

to outward appearance, crystalline structure, malleability,
&c.

131. Heat a small crystal of sulphate of copper (CuO,

SO +5Aq)in the reducing (lame on charcoal, and observe

the successive changes which it undergoes ; first into black

oxide (CuO), and ultimately into a bead of metallic copper.

Hammer out the globule, so as to render visible its peculiar
color.

132. Mix together a little sulphate of baryta (BaO,S03)
and charcoal in a mortar, and fold a

Fig. 48. small quantity of the mixture under

-j
one corner of a slip of platinum foil.

Heat it strongly in the blowpipe flame,
and when the ignited mixture is cool

again, put it into a small tube, and

treat it with a drop or two of dilute

hydrochloric acid (HCl). Observe the effervescence caused

by the escape of hydrosulphuric acid gas (HS), which may

be recognized by its peculiar odor, and by a piece of paper
moistened with a solution of acetate of lead, which is in

stantly blackened by it (438). In this experiment the

sulphate of baryta is deoxidized by the charcoal, becoming
sulphide of barium (BaS), which, when acted on by hydro
chloric acid, is decomposed, and hydrosulphuric acid libe

rated.

Decomposition during ignition.

BaO,S03+2C=BaS+ 2C02.
Decomposition caused by the hydrochloric acid.

BaS +HCl=Ba CI+HS.
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133. Sublime a little sulphur in a small tube open at

both ends: while in the state of vapor in contact with the

atmospheric oxygen, it becomes converted into sulphurous
acid (so2), the presence of which may be shown by its

property of reddening litmus-paper when moistened, and

bleaching it when dry : its smell also is well known and

characteristic.

134. Heat a small quantity
(SbS3) in an open tube : ob

serve the formation of oxide

of antimony (Sb03) which ap

pears as white fumes, and test

for the presence of sulphurous
acid,(S02) as in the last expe
riment. Here the oxygen of

the air has oxidized both the

sulphur and the metal.

135. Scoop out a cavity in

a piece of charcoal a, and

nearly fill it with a paste made

of phosphate of lime (8CaO,3P05) and Fig. 50.

water, b: dry it on the sand-bath, and z

when quite dry, place a fragment of r~xf^=*^^'~|
lead upon it. Expose it to the oxidizing I |
flame, and observe that the oxide of lead

(PbO) as it is formed, is absorbed by the porous phosphate
of lime, while any silver which may be present is left

unoxidized, as a small metallic bead. This process is

called cupellation.
136. Fuse a little carbonate of soda(NaO,C02) on char

coal, and observe that it is absorbed, owing to

the capillary attraction of the porous charcoal. Fig. 51.

137. Make a bead of glass, by fusing a mix

ture of carbonate of soda and silica (Si03) (427).
138. Add a little sulphate of lime to the

bead formed in the last experiment : heat it

strongly in the deoxidizing flame, and remark

the yellow color which it assumes, owing to

the formation of sulphide of sodium (NaS).

NaO,Si03+CaO,S03=CaO,Si03+40 +NaS.

139. Mix a little black oxide of manganese

of sulphide of antimony

Fig. 49.
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(Mn02) with carbonate of soda (NaO,C02), and fuse it on

platinum wire : remark the characteristic green color which

is produced (267).
140. Mix together a little arsenious acid (As03) and

black flux (which is a mixture of carbonate of potash, and

finely divided charcoal (780)): ignite the mixture in a

tube closed at one end, and observe the crust of metallic

arsenic which is deposited in the upper part of the tube

(303).
141. Remove with a file the closed end of the tube used

in the last experiment, and hold

ing it diagonally, direct the flame

of the blowpipe on the arsenical

crust ; notice the white crystalline
deposit of arsenious acid (As03)
which condenses in the cool part
of the tube, and examine with a

lens the beautiful octohedral crys
tals of which it is composed.
142. Place a little calomel

(HgCl) or corrosive sublimate

(HgCl2) at the bottom of a tube,
and cover it for about half an

inch with dry carbonate of soda (NaO,C02) : make the upper

portion of the salt quite hot, and carrying the heat down

wards, sublime the calomel through it. Metallic mercury

is deposited in the form of minute globules in the upper

part of the tube (336).
HgCl+NaO,C02=NaCl+Hg+ 0+ C02.

143. Fuse a little borax (NaO,2BO3+10Aq) on a plati
num wire, and observe the color given to the bead by salts

of silver, iron, cobalt, copper, lead, manganese, &c, both
in the oxidizing and reducing flame.

144. Repeat the same series of experiments, using car

bonate of soda (NaO,C02), and afterwards microcosmic salt

(NaO,NH40,HO,POs+8Aq), instead of borax, and observe

in what respects the results differ from each other.
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CHAPTER V.

SPECIFIC GRAVITY.*

SECTION I.

Specific gravity of solids heavier than water.

145. When the substance is solid and insoluble in water,

its specific gravity may be ascertained in

the following manner. Weigh it first in

air, taking care to remove any dust or

loosely adhering particles. Then suspend
it by means of a horsehair, from a hook

attached to the scale-pan, making a small

loop at one end of the hair, passing the

other end through it, and enclosing the sub

stance in the noose. Thus suspended, it

is immersed in water, and care should be

taken that it is covered on all sides by at

least half an inch of water. Small bubbles

of air frequently adhere to the surface, and

these must be brushed off with a feather or

camel-hair pencil, as they would tend to

buoy it up, and cause the specific gravity
to appear too low.

The results may be noted down as follows:—

Weight of the substance in air =

l: " in water =

Loss =

which number represents the weight of an equal bulk of

*

By specific gravity is meant the comparative weights of equal bulks of

various kinds of matter. It has been found convenient to compare the

specific gravities of all solids and liquids with that of water, which is

reckoned as 1.000 or 1000. The specific gravity of substances heavier

than water, is consequently represented by a higher number, and of those

which are lighter, by a lower number than 1.000 : that of lead, for instance,

which is more than eleven times heavier than water, is represented by

the number 11.350; while that of ether,
which is considerably lighter than

water, is represented by the number 0.724.—See Danieli s Chemical Phi

losophy, p. 26.
6*
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water. Then by dividing the weight in air by the loss, or

the weight of an equal bulk of water, the specific gravity
is ascertained.

Weight in air
= Specific gravity.

Loss

In this way determine the specific gravity of some of the

following substances :—marble, amber, iron-pyrites, sul

phate of baryta, jet, lead, zinc, glass, and agate.*

SECTION II.

Specific gravity of solids lighter than water.

146. If the solid be lighter than water, as cork, a slight
modification of the above process is necessary.

Weigh the substance first in air : then select a piece of

lead of sufficient size to sink the light body in

water when attached to it, and weigh it (the

lead) in water, suspending it by means of a

hair loop, as before. If now the light sub

stance be enclosed in the same loop with the

lead, and immersed in water, it will be found

that they will together weigh less than the

lead did alone, owing to the buoyancy of the

lighter body; and this difference, when add

ed to the weight of the body in air, is equal
to the weight of a corresponding bulk of

water.

The results may be thus recorded:—

Weight of body in air .... =

Weight of lead alone in water . . . =

Weight of lead with body attached, in water =

Difference . . =

Add weight of body in air . . . =

Weight of an equal bulk of water . . =

Having thus obtained the weight of the body in air, and

* The following are the specific gravities of these substances, some of

which, however, vary considerably. Marble 2.70; amber 1.08; iron py

rites 4.90; sulphate of baryta 4,47; jet 1.30; lead 11.35; zinc 7.00; flint

glass 3.30 ; and agate 2.60.
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the weight of an equal bulk of water, the specific gravity
is calculated as before.

Weight in air c .„

. = Specific gravity.
Weight of equal bulk of water

In this way ascertain the specific gravity of wood, cork,
and charcoal.*

SECTION III.

Specific gravity of insoluble powders.

147. When the substance, whose specific gravity we wish
to determine, is in the form of powder, or even small lumps,
it is clear that some other method must be adopted than

those just described. The following is the most simple,
and, for common purposes, sufficiently accurate. Coun

terpoise! a small bottle furnished with a stopper ; then fill

it completely with distilled water, close it with the stopper,

taking care that no bubbles of air are left in, and weigh to

determine the quantity of water it contains.^ Having done

this, empty the bottle, and dry the inside either with a cloth,
or with fragments of filtering paper.
It must now be filled about two-thirds full of the powder

to be examined, again weighed, and the bottle then filled

cautiously with water, care being taken that all air bubbles

are expelled, and that none of the powder is washed out.

Again weigh.
From the data thus obtained, the specific gravity may be

calculated as follows :—

Weight of the powder and water . .
=

Weight of the powder alone . . =

Difference= weight of water left in the bottle

Weight of bottle full of water . .
=

Water left in the bottle after )

the powder was added $
'

* The specific gravity of these substances varies considerably, according
to the degree of porosity: the following may be considered as the usual

average : wood (beach) 0.85 ; cork 0.24 ; and charcoal 0.2 to 0.5.

| This is done by putting shot or strips of lead in a pill box, which, when

placed in the opposite scale, are adjusted until their weight is equal to that

of the bottle.

X Bottles may be purchased which are made to contain exactly 1000

grains of distilled water.
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Weight of water displaced by, and )

equal in bulk to, the powder £

Then as before :—

Weight of the powder
= gpecific gmvity

Weight of water displaced

In this way ascertain the specific gravity of sand, pounded
glass, and shot.*

SECTION IV.

Specific gravity of liquids.

148. With a bottle similar to that used in the last ex

periment, the specific gravity of liquids may be readily
determined.!

Counterpoise the bottle, and weigh it full of distilled

water: then, by filling it successively with other liquids,

weighing, and comparing the different weights with that of

water, the volume of liquid being always the same, the

specific gravity is obtained by proportion, thus :—

Weight of bottle full ofwater : 1.000 : : Weight of liquid : Specific gravity.

Care must be taken to clean the bottle thoroughly after

each experiment, by washing it first with distilled water,

and then with a little of the liquid whose density is to be

ascertained.

Some of the following may be taken for practice:—Alco

hol, solutions of chloride of sodium, sulphate of magnesia,
alum, carbonate of soda, sulphate of lime, sulphate of soda,
bicarbonate of soda, sulphate of copper, nitrate of potash,
sulphate of zinc, and cream of tartar.

149. The specific gravity of liquids may also be deter

mined by another process, which though not capable of

* The specific gravity of sand is about 2.G0 ; flint glass 3.30 ; and shot

11.35.

t As the space occupied by a given weight of liquid varies with the tem

perature, or, in other words, as the weight of a given volume of any liquid
is greater or less as the temperature is lower or higher, it is necessary to

observe that the temperature of the liquid during the experiment does not

vary much from 02°, which is usually taken as the standard. For the

same reason the bottle should not be touched by the warm hand during the

experiment, as otherwise the heat would cause the liquid to expand, and
become specifically lighter: this maybe avoided by interposing a linen

cloth between the hand and the glass.
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so much accuracy as the last, is frequently Fig. 55. Fig. 56.

useful when a specific gravity bottle is not
at hand.

Take a piece of solid glass rod, about

the size of the figure, with one end drawn

out and turned in the blowpipe flame.

Weigh it first in air and then in water,

suspending it with a hair-loop. Then,

having wiped it dry between each expe

riment, weigh it successively in the liquids,
the specific gravities of which are to be

determined. The difference between the

weight of the glass in air and in the liquid,

representing in each case the weight of a

volume of the liquid equal to that of the glass, and know

ing the weight of a similar volume of water, the specific

gravity may be known by simple calculation.

Thus :—

Weight of glass in air .

Weight of glass in liquid . .

Loss ....

which is the weight of an equal volume of the liquid.
Then by proportion,

Weight of equal ) . , QQQ . .

( Weight of equal ) ,

< Specific gravity 5

volume of water J
' '

c volume of liquid J
'

( of the liquid $

Determine in this way the specific gravities of some of

the solutions already mentioned, and compare the results

with those obtained with the specific gravity bottle.

CHAPTER VI.

HEATING SUBSTANCES IN GASES.

SECTION I.

Reduction of metallic oxides by hydrogen.

150. A large number of the metallic oxides are decom

posed and reduced to the metallic state when heated in an
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atmosphere of dry hydrogen gas; and from the facility with
which the operation may be performed, and the accurate

results it gives when carefully conducted, it is frequently
employed in estimating the quantity of oxygen in oxidized

compounds.
151. The apparatus which is required for the purpose

is shown in the figure. The bottle a is charged with zinc

Fig. 57.

and dilute sulphuric acid to generate the hydrogen, which
is dried while passing over fragments of chloride of cal

cium in the tube e; the gas then passes into the bulb tube

h, which contains the oxide to be reduced, the bulb being
heated by the lamp placed beneath.

152. Take a piece of tubing e about twelve or fifteen

inches long, and half an inch internal diameter, and hav

ing slightly fused the cut edges in the blowpipe flame (85),
adapt a cork to each end: then, with a cork-borer or round

file, perforate the corks so as to receive the small tubes

d and m* Remove one of the corks from the large tube,
and push down to the other end a small loose bit of tow

or cotton wool, and nearly fill it with fragments of chloride
of calcium (763) ; put in another bit of tow (the use of

which is to prevent any of the smaller fragments falling
out), and again fix the cork and small tube.

Next adapt a cork to the bottle, which should have a

tolerably wide neck, and bore in it two holes to fit the

tubes b and c, which pass through it, the former reaching
* When the tube is of such a diameter as cannot be exactly matched by

any of the cork borers in the set, the holes should be bored by a smaller

one, and afterwards enlarged by means of a round file, until it is of suffi

cient calibre to admit the tube, which must always fit perfectly tight.
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nearly to the bottom of the bottle, the latter passing only
just through the cork. Put 150 grains of granulated zinc

into the bottle, fill it about one-third full of water, and fix

the cork containing the tubes b and c.

153. In order to connect the different parts of the appa
ratus together, make two caoutchouc connectors f and g.
This is done by loosely folding
a piece of sheet caoutchouc Fig. 58.

about an inch and a half square,
round a piece of rod or tubing
of the same diameter as the

tubes which it is intended to

join together, and cutting off

with one stroke of a pair of

sharp scissors the superfluous
ends ; when this is properly
done, the cut edges cohere, and when slightly pressed toge
ther by the thumb-nails, the junction becomes almost as

strong as any other part of the tube. Care must be taken

to avoid touching the newly cut edges, as the least dirt or

moisture upon them would prevent them cohering properly
together. It is then carefully removed from the rod, and
is ready for use.

154. Having made two of these connectors, weigh the

bulb tube accurately, and place in the bulb a small quan

tity of oxide of copper (CuO) ; again weigh, to ascertain

the weight of oxide operated on, and connect the appa

ratus as shown in the figure. The caoutchouc tubes should

be firmly tied round with strong twine or silk, which

should be passed under and over, and tied at each half

revolution to ensure perfect tightness of the joint. The

apparatus being thus arranged, pour a little dilute sul

phuric acid down the funnel tube b (12), and when the

gas has been coming over about five minutes, apply a gen

tle heat to the bulb, and gradually increase it as long as

any water is formed.

CuO+H=Cu +H°.

It is necessary to observe the precaution of not applying
the heat immediately, since the apparatus at first contains

an explosive mixture of hydrogen and common air, which

would, if heat were applied, be in great danger of explpdr
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ing (17) and seriously injuring the operator ; by allowing
five minutes to elapse, however, the whole of the common

air is expelled, and the bulb may be heated without danger.
155. When the decomposition appears to be complete,

no fresh water being produced,* expel by heat any moist

ure that may have condensed in the cool end of the tube,
remove the lamp, and allow the bulb-tube to cool ; then

disconnect the apparatus, and weigh the bulb containing
the reduced metallic copper, the loss of weight indicating
the quantity of oxygen that has been removed. Ascer

tain by calculation the per centage of oxygen in 100 parts
of the oxide, and compare the experimental result with
what is theoretically correct, the atomic weight of copper
being thirty-two, that of oxygen eight, and that of the oxide

forty.

SECTION II.

Heating substances in an atmosphere of carbonic acid.

156. It is sometimes required in analysis to separate two

substances, one of which is volatile at a high temperature,
and the other fixed, so that by merely heating the mixture,
and weighing before and afterwards, the weight of each

ingredient is determined. In some cases, however, it hap
pens that the non-volatile body when heated in atmospheric
air, combines with oxygen, forming a volatile compound,
so that here it is necessary to conduct the operation in an

atmosphere of some gas incapable of combining with it, as

hydrogen or carbonic acid. For instance, in the analysis
of gunpowder, which consists of a mixture of nitrate of

potash (KO,N05), sulphur, and charcoal, the nitrate of

potash is first dissolved out with water, and the insoluble

residue, consisting of sulphur and charcoal, is heated in a

current of hydrogen or carbonic acid, when the sulphur,
being volatile, is expelled ; whereas, if the mixture were to

be heated in common atmospheric air, the carbon as well

as the sulphur would disappear, since it would combine

* This is known by holding a piece of cold glass close to the opening at

the end of the tube, and observingwhether any moisture is condensed upon
its surface ; if not, it may be inferred that no water is coming off.
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with oxygen, and become converted into carbonic acid

(G02), which is a gas.
157. The apparatus required for this purpose is the

same as that used for the reduction of metallic oxides by
hydrogen (151). Fill the generating bottle a about one-

third full of water, and put in some fragments of marble

(Ca0,C02): when the apparatus is arranged, pour in from

time to time a little hydrochloric acid through the tube

b, so as to maintain a moderate effervescence (19). Weigh
the bulb tube, and put into it a little of the mixture of

sulphur and charcoal; weigh a second time, to ascertain

how much is used in the experiment, and connect the

apparatus together. Allow the gas to come over for about

five minutes, in order to displace the common air, (which
might otherwise cause the volatilization of some of the

charcoal, by conversion into carbonic acid,) and then heat

the mixture as long as any sulphur is volatilized. As soon

as the apparatus is cold, weigh the bulb-tube again, when
the loss of weight will represent the quantity of sulphur
contained in the mixture. The per centage of sulphur is

then ascertained by calculation.

Weight of mixture : loss of weight : : 100 : per centage of sulphur.

SECTION III.

Preparation of Perchloride of Iron (Fe2Cl3).

158. When metallic iron is heated in a current of chlo

rine gas, the two substances combine, forming perchloride
of iron. The chlorine is generated in a retort a, to the

beak of which a tube, bent at right angles b, should be

adapted by means of a perforated cork. The retort is then

charged with 700 grains of a mixture of black oxide of

manganese (Mn02) and common salt (NaCl), (in the pro

portion of three parts of the former to four of the latter,)
on which should be poured two ounces of water. Remove

the tube funnel b from the bottle used in the two last

experiments (151), and substitute a piece of tubing e,

sufficiently wide to admit the bent tube b, and reaching

nearly to the bottom of the bottle, which should be filled

7
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about a fourth part full of water. The rest of the appa

ratus is the same as that used in the reduction by hydrogen
(151), only substituting the straight tube d, which may be

six or eight inches long, for the bulb-tube before employed ;

and put into it thirty grains of clean iron wire.

Fig. 59.

159. When the apparatus is connected together, slowly
pour into the retort through a funnel one ounce of strong

sulphuric acid (HO,S03), to disengage the chlorine from

the mixture of manganese and salt; and if the gas does not

come over properly, apply a very gentle heat.

Mn02+N<iC\+ 2(HO,S03)=MnO,S03+ J\aO,S03
+ 2HO+C1.

The gas, when generated, passes through the water in

the bottle f, which retains any hydrochloric acid with which
it may be impregnated ; and having passed over chloride

of calcium in the tube c, arrives in the tube containing the

iron, in a pure and dry state.

When the apparatus is filled with the chlorine, apply a

gentle heat to the iron wire, and observe the beautiful scaly
crystals of sesquichloride of iron (Fe2Cl3), which sublime

and condense in the cool end of the tube. Remove a few

of the crystals from the tube, and remark with what avidity
they absorb moisture from the air when exposed to it for a

few minutes.

Dissolve a little of the chloride in distilled water, and
add ammonia (NH3) in slight excess: the brown precipitate
which is produced, is hydrated peroxide of iron (280).
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CHAPTER VII.

ALKALIMETRY AND ACIDIMETRY.

SECTION I.

Alkalimetry.

160. The process of alkalimetry has for its object the
determination of the quantity of real alkali or alkaline car

bonate in any given sample, and is founded on the prin
ciple that the quantity of alkali which is neutralized by a

known quantity of acid, is always constant and uniform,
in obedience to the well known laws of combination in

definite proportions.
For example, forty-nine parts by weight of oil of vitriol

(HO,S03) combine with thirty-two parts of soda (NaO),
and when the two substances are brought together
in these proportions, the resulting compound (sul- Fig. 60.

phate of soda NaO,S03), is a perfectly neutral salt ; ^
but if the relative quantity of acid or alkali be

greater or less than those specified, then there will

be an excess of one of them present, and the solu

tion containing them will be no longer neutral to
test paper. Hence it appears that if we have an

unknown quantity of pure alkali in a solution, we

can, by treating it with an acid of known strength,
and observing how much of the acid is required
to neutralize it, readily determine the per centage
of potash or of soda in any specimen.
161. The apparatus employed for this purpose

is a tube, capable of holding 1000 grains of dis

tilled water, graduated into 100 parts, the divisions

being numbered from the open end downwards,

as in the figure. At 65 degrees there is a line

scratched, marked carbonate of potash; at 54.6,
another line marked carbonate of soda; at 49,

potash; and at 23.5, soda; numbers, it will be observed,
which bear similar relations to each other as the atomic

weights of the compounds, whose names they are associated
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with. Now if sulphuric acid of the specific gravity 1.1268

be poured into the tube up to the point marked by either

of these names, the quantity of acid thus measured off will

be exactly sufficient to neutralize 100 grains of the alkali

specified; and when the tube is filled up to zero with water,

it is evident that each division of the tube contains the

quantity of acid requisite to neutralize one grain of alkali,

being y^h Part °f tne whole. By ascertaining experi

mentally, therefore, how many of the divisions full are re

quired to neutralize the alkali present in 100 grains of an

impure specimen, that number will represent the per cent-

age of real alkali which it contains.

162. Ascertain the quantity of dry carbonate of soda

(NaO,C02) in a sample of the crystallized salt (NaO,C02+
lOAq). For this purpose weigh out 100 grains of the salt,
and dissolve it with the aid of a gentle heat, in about four

ounces of water in an evaporating basin. Pour a little

of the standard sulphuric acid

Fig. 61. (specific gravity 1.1268) (which
should have been previously
prepared and allowed to cool),*
into a lipped glass, and thence

into the alkalimeter tube until

it reaches the line marked car

bonate of soda, and fill it with

distilled water up to zero. Put

two or three small pieces of lit
mus and turmeric paper into the

alkaline solution, which should

be kept gently heated over a

lamp, and have at hand a glass
rod to stir it with during the

process of neutralization.

163. Having made these pre
parations, take the tube in the

left hand, close the opening
*

Sulphuric acid of the specific gravity 1.1268,may be prepared by mix

ing together one part by measure of strong oil of vitriol (HO,SO^) specific
gravity 1.84, and four parts of distilled water. Before taking it into use, it

must be tested both as to its specific gravity, and also as to its neutralizing
power, which must be ascertained by experiment with a pure specimen of
alkali.
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tightly with the thumb, and invert the instrument five or

six times successively, in order to mix the acid and water

thoroughly and uniformly together: then by cautiously re

laxing the thumb, allow the acid to fall drop by drop into
the alkaline solution, stirring the latter constantly with the

glass rod until the litmus begins to turn feebly red. When
the change of color begins to appear, wash the sides of the
basin by gently agitating the liquid in it, in order to dissolve

any of the splashings that may have dried during the process,
and escaped the action of the acid. When the point of

neutralization is nearly attained, bring one of the pieces of
litmus-paper from time to time out of the solution against
the heated side of the basin; if the redness disappears,
more acid must be added, the reddening being thus proved
to have been caused by the carbonic acid dissolved in the

water; and the cautious addition of acid must be continued

until a permanent feeble red color is obtained.

164. When the neutralization is complete, restore the

tube to its vertical position, and remove the thumb (which
until now should not have been for a moment removed),
scraping it gently, so as to separate most of the adhering
acid. Allow the tube to remain upright for a minute or

two, in order that the sides may drain, and then observe

the degree at which the acid stands, that number repre

senting the per centage of dry carbonate in the sample.*
The decomposition may be thus expressed:—

jraO,C02+HO,S03=JVaO,S03+HO+COr
165. Determine the quantity of soda (NaO) in the same

sample. This is done in the way described in the last

experiment, but instead of filling the tube up to the mark

carbonate of soda with acid, it is filled up to the mark soda,
and then up to zero with water. f

* The atomic weight of crystallized carbonate of soda (NaO,CO2-j-10Aq)
being 144, and that of the dry salt (NaO,C02) 54, the per centage of the

latter, supposing the crystallized salt to be pure, may be calculated as fol

lows :—

144 : 54 : : 100 : x = per centage of dry carbonate of soda.

j- If the crystallized salt is pure, the per centage of soda may be calcu

lated as follows:—

Ate. wt. of crystd. carbonate of soda. Ate. wt. of soda, per cent, of soda.
»

y
/ v

y
< »

v
>

144 : 32 : : 100 : x

7*
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166. Ascertain experimentally the per centage of potash

(KO), and of dry carbonate of potash (KO,C02), in. the crys

tallized carbonate (KO,C02+2Aq).*

SECTION II.

Acidimetry.

167. The process of alkalimetry being well understood,
that of acidimetry will require but little explanation, as

its principle is precisely analogous to that which has been

described (160). In the former process the object was to

determine the quantity of alkali by the quantity of acid

which it was capable of neutralizing; in acidimetry, we

have to ascertain the amount of real acid in any solution

containing it in an uncombined form. When the acid

under examination forms with lime, a salt that is soluble in

water, its strength may be ascertained by determining the

quantity of marble or carbonate (CaO,C02) which a given

weight of it decomposes and dissolves. This process will

serve for nitric, hydrochloric, and acetic acids.

168. Determine the per centage of nitric acid (N05) in

a specimen of the liquid acid.

Weigh out 150 grains of pounded marble, put it into an

evaporating basin, and cover it with about two ounces of

distilled water. Pour a little of the acid into a glass, and

thence, by means of a dropping-tube (99), transfer exactly
100 grains of it into a previously counterpoised capsule.
Add this in successive portions to the marble, avoiding
too large an addition at once, lest the effervescence should

be so violent as to cause some of the liquid to be projected
over the sides of the basin, and lost.

When the whole of the acid has been added, wash out

the dish which contained it, two or three times with dis

tilled water, and add the washings to the marble : stir the

mixture repeatedly with a glass rod, and when the effer

vescence appears to have nearly ceased, heat it gently over

a lamp.
CaO,C02+JV05= CaO,JV05+COr

* The atomic weight of KO is 48 ; that of KO,C02 70 ; and that of KO,CO ,

-f2Aq 88.
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Fig. 62.

169. While this is going on, fit up a washing bottle, the

tubes for which have been already pre

pared (94). Two holes must be bored in

the cork to fit the tubes, which must be

fixed in the manner shown in the figure.
Then prepare a filter according to the

directions already given (66); and hav

ing moistened it with distilled water,

support it over a beaker glass by means

of a retort stand or perforated block of

wood. Pour the solution from the eva

porating basin down a glass rod into the

filter, directing the stream, so that it

may fall upon the sloping side and not

into the apex, lest its force should injure
or break through the paper: wash the last portions of mar

ble out of the basin by means of the washing bottle, hold-

Fig. 63. Fig. 64.

ing the basin in a nearly vertical position. When the

liquid has for the most part passed through the filter, wash

the latter with water from the washing bottle, directing the

stream just below the upper edge of the filter, and con

tinuing to wash until a drop of the filtered liquid, when
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evaporated on a strip of glass or platinum foil, leaves no

trace of solid matter. When this is the case, we may be

sure that the whole of the soluble nitrate of lime (CaO,

NOs) has been washed out, and that nothing remains but

the portion of marble which was not decomposed. This

residue must now be thoroughly dried, weighed, and its

weight deducted from that of the whole of the marble em

ployed ; the difference being of course the weight of that
which has been dissolved by the acid. Now since every

equivalent of carbonate of lime which has been dissolved,
indicates the presence of an equivalent of nitric acid, the

quantity of nitric acid in the 100 grains employed, may be

ascertained by the following proportion :—

Ate. wt. of carb. lime. Ate. wt. of nit. acid.
v

v
1 v

v

,

j-q . 54 • • 5 Quantity of mar- ) ( per cent. ?
' '

( ble dissolved y
~~

( of nit. acid. >

170. Ascertain the per centage of hydrochloric acid

(HCl) in a specimen of the liquid acid. Proceed exactly
as in the previous experiment with nitric acid (168), only
in the calculation, substitute the atomic weight of hydro
chloric acid 37, for that of nitric, thus :—

50 : 37 : : Quantity of marble dissolved : x

171. In the determination of the strength of acids which
do not form with lime, salts that are soluble in water, the

method just described will not of course give accurate

results, and the following may be adopted, which we will

consider as used in the case of sulphuric acid, sulphate of

lime being too sparingly soluble to admit of this acid being
estimated by the process with marble.

172. Determine the per centage of sulphuric acid (HO,
S03) in a specimen of the dilute acid. Take 100 grains
of the acid (weighed in the manner already described (168) )
and place it in a tolerably large evaporating basin ; dilute

it with three or four ounces of water, and wash out with

water the dish in which the acid was weighed, so as to

avoid the loss of any of the acid : put into the dilute acid

two or three pieces of litmus-paper, and heat it gently over
a lamp. Dissolve 100 grains of pure crystallized carbonate
of soda (NaO,C02-f lOAq) in two ounces of water, applying
if necessary a gentle heat, and pour it when cold into the
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alkalimeter tube (161), washing with water the dish in

which the solution was made: then fill the tube up to zero

with distilled water. Now take the tube in the left hand,
and having closed it securely with the thumb, invert it

repeatedly, in order to secure the perfect and uniform

mixture of the saline solution and the water. When this

has been done, it is evident that each division of the alka

limeter tube must contain in solution one grain of the crys
tallized carbonate.

The alkaline liquid must now be added gradually to the

dilute acid, with the same precautions as in the process of

alkalimetry (163) until the red color of the litmus is

changed to purplish blue ; when this is the case, remove

the thumb, and after allowing the tube to stand upright
for a minute or two, read off the degree at which the liquid
stands, that number representing the number of grains of

the carbonate which have been required to neutralize the

100 grains of dilute acid. As each equivalent of the car

bonate which is neutralized represents an equivalent of the

acid, the following calculation will furnish the per centage
of the latter :—

eq.of cryst. carb. soda, eq.of sulph. acid. grs. of carb. used, per ct. of acid.

144 : 49 :: : x

173. Determine the strength of nitric (JV*05) and hydro
chloric (HCl) acids by this method, and compare the re

sults with those obtained by the decomposition of marble

(168, 170).

SECTION III.

Estimation of Carbonic Acid in Carbonates.

174. The quantity of carbonic acid (COJ
contained in any carbonate which

is readily

decomposable by hydrochloric acid, may be

determined in the following manner. Take

a piece of tube b, five or six inches long,
with one end drawn out so as to leave only
a small opening, and fill it with fragments
of chloride of calcium (763), putting in a

Fig. 65.
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loose plug of tow or cotton wool at each end, in the man

ner already described (152). Bend a piece of quill tubing
in the form shown at d (88), and by means of perforated
corks, connect the two tubes with a flat-bottomed flask,

capable of holding ten or twelve ounces of water. Select

a tolerably wide test tube, of such a size as will stand in

the flask in an inclined position as shown in the figure, and

nearly fill it with strong hydrochloric acid (HCl).
175. Put into the flask twenty grains ofmarble (CaO,C02)

in small fragments, and pour upon it about an ounce of

water: then cautiously introduce the tube c containing the

acid, taking care that none of the acid is allowed to come

in contact with the marble ; connect the chloride of cal

cium tube with the flask, and accurately weigh the whole

apparatus. Now gradually incline the flask, so as to allow

the acid to flow slowly upon the marble ; the carbonic

acid is disengaged with effervescence, is deprived while

passing over the chloride of calcium, of the moisture with

which it is impregnated, and passes off through the small

aperture in the tube b, leaving the apparatus of course

lighter than before.

CaO,C02+#C/=CaC7+#0+C02.
176. WThen the effervescence has ceased, the flask should

be gently warmed, and when cool again, the cork may be

removed, and air drawn through the flask by means of a

small piece of tube, to abstract the whole of the carbonic

acid with which it is filled, and wThich, being heavier than

common air (22), would add to its apparent weight. The

chloride of calcium tube is then replaced, and the whole

apparatus again weighed ; the loss of weight being of

course that of the carbonic acid expelled. By multiplying
this loss by 5 (20x5=100), the per centage of carbonic

acid in the marble is obtained.

177. Ascertain in the same way the per centage of car

bonic acid in the carbonate (NaO,C02-flOAq) and bicar

bonate of soda (NaO,HO,2C02).



PART II.

ACTION OF REAGENTS ON BASES AND ACIDS.

CHAPTER I.

SECTION I.

Introductory.

178. Qualitative analysis has for its object the determi

nation of the elements or compounds which are contained

in any given substance; and those elements and com

pounds are recognized by certain characteristic appear

ances which they present, when exposed to the action of

tests or reagents, or when otherwise treated, as when sub

mitted to heat, &c.

Before proceeding, therefore, to the more complicated

processes of analysis, it is advisable that the student
should

make himself familiar with the action of reagents on the

compounds most commonly met with in such investiga

tions, in order to enable him properly to interpret the

language in which Nature, through his experiments, replies
to his inquiries.

WTith this purpose in view, he should not merely apply
his tests, and superficially note whether a precipitate is or

is not formed, but he should endeavor to impress on his

recollection the exact appearance which
it presents, both

as to color and also as to physical structure ; whether it is

crystalline, curdy, or gelatinous; whether it separates im

mediately from the solution, or requires time for its de

velopment; as well as the action of solvents (as acids and

alkalies) upon it. Besides the increased facility which he
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will thus gain in making subsequent experiments, he will

be acquiring habits of close and accurate observation,
which will be of infinite value to him, not only in pursuing
the study of chemistry, but in almost every occupation of

' life.

SECTION II.

Classification of Bases and Acids.

179. In describing the action of reagents, and the rudi

ments of chemical analysis, all the rarer bases and acids

will be omitted, as they would only tend to confuse the

student.* The following are those which will be treated

of, as being most commonly met with in analysis. The

bases are classified according to their behavior with hy

drosulphuric acid (HS), hydrosulphate of ammonia (NH4
S,HS), and carbonate of soda (NaO, CO2). Those in Class

IV. are precipitated as sulphides from acidified solutions

by hydrosulphuric acid ; those in Class III. are not affected

by hydrosulphuric acid when an excess of hydrochloric
acid is present, but are thrown down either as sulphides or
oxides when their neutral solutions are treated with hydro
sulphate of ammonia: those in Class II. are not precipi
tated by either hydrosulphuric acid or hydrosulphate of

ammonia, but are thrown down as carbonates, by carbon

ate of ammonia or of soda: and those in Class I. are unaf

fected by any of those reagents.

Bases.

Class I.

Potash (KO)
Soda (NaO)
Ammonia (NH3)

Class II.

Magnesia (MgO)
Lime (CaO)

* In the Appendix will be found a table showing the behavior of most
of the rarer substances with reagents.
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Baryta
Strontia ....

Class III.

Alumina

Oxide of Chromium .

Oxide of Zinc

Protoxide of Manganese
Protoxide of Iron .

Peroxide of Iron

Oxide of Nickel

Oxide of Cobalt

Class IV.

Oxide of arsenic (arsenious acid)
Arsenic Acid .

Oxide of Antimony
Protoxide of Mercury
Peroxide of Mercury
-Oxide of Lead .

Oxide of Copper .

Oxide of Silver

Protoxide of Tin .

Peroxide of Tin

Oxide of Bismuth .

Acids.

The acids are divided into two groups, the Inorganic
the Organic.

Inorganic Acids

Sulphuric
Phosphoric
Boracic

Carbonic .

Silicic .

Hydrochloric
Hydriodic
Hydrosulphuric
Nitric .

Chloric

8
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Organic Acids.

Oxalic . . . (HO,C203)
Tartaric . . . (2 HO,C8H4O10)
Citric . (3 HO,C12H5On)
Malic . (2HO,C8H408)
Succinic . . (HO,C4H203)
Benzoic , . . (HO,C14H503)
Acetic .

. . (HO,C4H303)
Formic . . . (HO,C2H303)

180. Should the student find that the action of any test

does not agree with that described, it may be owing to

some impurity contained in the test liquid, in which case

he may examine it in the manner described in the section

on reagents (718).

CHAPTER II.

METALS BELONGING TO CLASS I.

Potash, Soda, Ammonia.

181. The three bases belonging to this class are chiefly
characterized by the solubilityln water of most of their com

pounds, and the consequent difficulty of obtaining them in

an insoluble form, and of separating them from one another

in the shape of precipitates. They are distinguished from

all other bases by producing no precipitate when tested wTith

either of the three classifying tests, viz., hydrosulphuric
acid, hydrosulphate of ammonia, and carbonate of soda,
their sulphides and carbonates being all soluble in water.

Solutions of the uncombined or carbonated alkalies are

alkaline to test paper, turning reddened litmus blue, and

turmeric brown.
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SECTION I.

Potash (KO).*

A solution of chloride of potassium (KCl) may be used.

182. When a drop of the solution of a potash salt is

evaporated on platinum foil and ignited, it leaves a fixed

residue, in which respect it differs from ammonia (192).
183. Observe the action of caustic potash and carbonate

of potash in solution, on litmus and turmeric paper.
Test the solution in separate test-tubes with hydrosul

phuric acid, hydrosulphate of ammonia, and carbonate of
soda. No precipitate is produced in either case.

184. It must be remembered that in many cases, pre

cipitates do not separate at once from the solutions, but

require time for their development. This is especially to

be regarded in the precipitation of those salts which are to

some extent soluble, as the double chloride of platinum
and potassium, bitartrate of potash, ammonio-phosphate of

magnesia, and many others. In all such cases, and when

ever there is any doubt as to the appearance of a precipi
tate, it is better to leave it for a time, and not to decide

that no precipitation will take place until the mixture has

stood twenty-four hours. If after that period no precipitate
appears, it may be safely inferred that none will afterwards

be formed. It is necessary also in these cases, that the

solutions should be tolerably concentrated.

185. (C) An alcoholic solution of bichloride of platinum
(PtCl2) when added to neutral or slightly acid potash solu

tions (especially of chloride of potassium), throws down a

fine yellow crystalline precipitate, consisting of the double

chloride of platinum and potassium (KCl,PtCl2). If the

potash solution is dilute, the precipitate does not form at

once ; so that it is necessary, in employing this test, when

we do not obtain a precipitate immediately, to allow the

mixture to stand some time (184) before we decide that

no potash is present. In such cases the best way is to

evaporate a mixture of the solution of chloride of potassium
and chloride of platinum nearly to dryness on a water bath

* Those tests which are most characteristic are distinguished by (C).
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(645), and treat the residue with alcohol, which leaves the

whole of the double chloride undissolved.

As ammonia produces with chloride of platinum a similar

precipitate, it is necessary before deciding that the indica
tion is due to potash, to prove the absence of ammonia (194).
186. (C) Add a solution of tartaric acid (2HO,C8H4O10)

in excess to that of the potash salt, which should be either

neutral or with a slight excess of alkali. A colorless

crystalline precipitate is produced of bitartrate of potash

(KO,HO,C8H4O10). As in the last test, the precipitate does
not appear immediately unless the solution be concen

trated; so that it must be allowed to stand a short time

before we satisfy ourselves that no potash is present.
The separation of the precipitate, in this and other similar

cases, is much assisted by agitating the mixture with a glass
rod ; wherever the rod has rubbed against the sides of the

tube containing it, delicate lines of microscopic crystals are

deposited before any precipitate appears in the body of the

liquid.
187. (C) Ignite a small fragment of a salt of potash on

platinum wire in the deoxidizing flame of the blowpipe (83),
and observe the violet color which it communicates to it.

A small quantity of the potash (KO) is here deoxidized, and
the volatile potassium (K) thus formed, is again oxidized

while passing through the outer flame, which combustion

is accompanied by the violet flame.

The same color may be observed in the flame of alcohol

which contains a little potash in solution.

It is to be observed that in these experiments, the pre
sence of any soda prevents the appearance of the violet

tint, on account of the intense yellow color which the latter

base gives to the flame.

SECTION II.

Soda (Na 0).

A solution of sulphate of soda (NaO,S03+ lOAq)
may be used.

188. (C) An alcoholic solution of bichloride of platinum
(PtCl2) gives no precipitate in solutions of soda salts, even
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when they are concentrated. If the mixture, however, be
allowed to evaporate spontaneously, delicate yellow needle-

shaped crystals of the double chloride of sodium and plati
num (NaCl,PtCl2) will gradually form, which are so totally
different in appearance from the corresponding potash
compound (185), besides being readily soluble in water and

alcohol, that the two cannot be mistaken for each other.

189. (C) Antimoniate of potash (KO,SbO.) when added

to soda salts, either neutral or containing a slight excess of

alkali, produces a white crystalline precipitate of antimo

niate of soda (NaO,Sb05) (184). If the soda salt under

examination contains an excess of acid, it should be neu

tralized with potash before the addition of the antimoniate,
as otherwise a precipitate of antimonic acid (HO,Sb05) or
biantimoniate of potash (KO,2Sb05) might be produced,
owing to the decomposition of the antimoniate by the free

acid.

It is necessary in employing this test, that both it and

the soda solution should be tolerably concentrated, as other
wise no precipitate will be produced (184).
190. (C) When a fragment of a salt of soda is heated

before the blowpipe, it communicates an intense yellow
color to the flame; the same color is produced also when

alcohol is mixed with a solution of soda, and burnt.

191. Neither hydrosulphuric acid, hydrosulphate of am

monia, nor an alkaline carbonate, produce any precipitate
in solutions of soda, neither does tartaric acid (186).

SECTION III.

Ammonia (NH3) or with one equivalent of water, which all
its salts with oxygen acids contain (JVH40).

A solution of muriate of ammonia (NH4Cl) may be used.

192. (C) When heated on platinum foil, the salts of am

monia are all decomposed; and (unless the acid, like the

phosphoric or boracic, is fixed at a red heat,) volatilize

completely, leaving, if pure, no fixed residue. They may

be in this way readily distinguished from the salts of pot
ash and soda.

8*
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193. Like potash and soda, ammonia gives no precipitate
with hydrosulphuric acid, hydrosulphate of ammonia, or an

alkaline carbonate.

194. (C) Bichloride ofplatinum (PtCl2) throws down in

ammoniacal solutions, which are not very dilute, a yellow

crystalline precipitate of the double chloride of platinum and

ammonium (NH4Cl,PtCl2), which is very similar in appear

ance to that produced in solutions of potash (184, 185).
If we are doubtful whether the precipitate obtained by

this test is due exclusively to ammonia, or whether it con

tains any potash, the precipitated double chloride maybe

ignited, and the residue digested in water ; if the solution

thus obtained give any precipitate with nitrate of silver,

potash is present. The reason is this; the ammoniacal

compound (NH4Cl,PtCl2) leaves, after ignition, nothing but

metallic platinum; while the potash compound (KCl,PtCl2)
leaves a mixture of metallic platinum and chloride of potas

sium, the latter of which, when dissolved in water, and

tested with nitrate of silver, gives a precipitate of chloride

of silver (AgCl) (429).
195. (C) The salts of ammonia are all decomposed when

gently heated in a test-tube* with a solution of caustic pot
ash or soda, or with hydrate of lime (CaO,HO). The fixed

alkali here combines with the acid of the ammoniacal salt,
on account of its superior affinity, and sets free the ammonia.

NH40*,S03+KO=KO,S03+NH3+HO.
The presence of the free ammonia

in the upper part of the tube may be

proved,
(a) By its well known odor;

(/>) By its alkaline reaction on tur

meric and reddened litmus paper,

which should be previously moist

ened, and then held within the tube,
care being taken that it does not

touch any part of it; and

(c) By the production of dense

white fumes of muriate of ammonia

sslaSSr3 jgu (NH4C1), when a rod moistened with

* When a liquid is to be boiled in a test-tube, the latter may be con

veniently held in a loop of paper or cloth, as shown in the figure.
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dilute hydrochloric acid (HCl) is held near the mouth of

the tube.

196. Tartaric acid (2HO,C8H4O10) behaves with ammo

nia in the same wray as with potash, throwing down a

colorless crystalline precipitate of bitartrate of ammonia

(NH4O,HO,C8H4O10), which is, however, rather more solu

ble than the bitartrate of potash (186).

Summary of Class I.

197. From the experiments now described, it appears

that the three alkalies may be distinguished from other

metallic oxides by their producing no precipitate with either

hydrosulphuric acid, hydrosulphate of ammonia, or an

alkaline carbonate, one or more of which causes, as we

shall presently see, a precipitate with all the other bases.

Hence, if we have a solution which we know to contain

some inorganic saline matter, and we find no precipitate

produced in it on the application of those tests, we con

clude that the base of the salt is either potash, soda, or am

monia.

For the purpose of distinguishing between the three

alkalies themselves, we may first test for ammonia, by heat

ing with potash (195). If this is absent, add to a tolerably
concentrated solution some bichloride of platinum or tar

taric acid (185, 186), which will enable us to distinguish
between potash and soda. If these tests give no precipi

tate, it is probable that the base is soda, which may be

confirmed by the behavior of the solution with antimoniate

of potash (189), and by allowing the mixture with bichlo

ride of platinum to evaporate spontaneously, when, if yel
low needle-like crystals appear, the presence of soda may

be considered certain (188).
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CHAPTER III.

METALS BELONGING TO CLASS II.

Magnesia, Lime, Baryta, and Strontia.

198. These bases are distinguished from the alkalies

by the insolubility of many of their salts, especially their

carbonates and phosphates; so that when treated with

carbonate or phosphate of soda, they furnish copious pre

cipitates.

SECTION I.

Magnesia (MgO).

A solution of the sulphate (MgO,S03+lAq) is the most

convenient for the following experiments.

199. Neither hydrosulphuric acid nor hydrosulphate of
ammonia give any precipitate in solutions of magnesia.*
200. (C) Ammonia (NH3) when added to a neutral solu

tion of magnesia, separates a portion of it in the form of

hydrate (MgO, HO), which appears as a bulky white pre

cipitate.
Mg 0,S03+ JYH3+ 2HO=MgO,HO+ JYH40,S03.

The rest of the magnesia remains in solution, in com

bination with the ammonia and acid, forming a soluble

double salt of ammonia and magnesia (JYH40,MgO,2S03).
Most of these double salts of ammonia and magnesia being
soluble in water, and being usually formed when ammo

niacal salts are present in excess, the latter have a strong

tendency to interfere with the action of the reagents, which
in the absence of ammonia produce a precipitate. For

example, if the solution of magnesia be mixed with muriate

*

When, as is sometimes the case, the hydrosulphate contains free am

monia, it may cause a slight precipitate (200).
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of ammonia (NH4Cl), and then tested with ammonia as

above, no precipitate is produced.
201. Collect on a filter, and wash with distilled water,

a little of the precipitated magnesia obtained in the last

experiments, and place it while moist, on yellow turmeric

paper; the magnesia being very slightly soluble in water,
has an alkaline reaction, and turns it brown.

202. Solution of caustic potash (KO) precipitates hydrate
of magnesia (MgO,HO), especially if the mixture is heated.

Mg0,S03+K0+HO=MgO,HO+KO,S03.
Ammoniacal salts (as muriate of ammonia), if present in

the solution, prevent the formation of this precipitate, or, if
added subsequently, redissolve it.
203. Carbonate of potash (KO,C02) gives a white pre

cipitate consisting of basic carbonate of magnesia (4MgO,
3C02+4Aq). A portion of the magnesia remains in solu

tion as bicarbonate, which when boiled is decomposed, and
the neutral carbonate (MgO,C02) being insoluble, is preci
pitated. Ammoniacal salts, if present, prevent the formation
of these precipitates, and redissolve them if subsequently
added.

204. Carbonate ofammonia (2JYH40,3C02) gives no pre
cipitate unless the solution is boiled, and not even then

unless it be added sparingly.
205. Sulphuric acid (HO,S03), or sulphate of soda

(NaO,S03), produces no precipitate in solutions of magne-
sian salts, since the sulphate ofmagnesia is soluble in water.
206. (C) Phosphate of soda (2JVa0,H0,P05) gives a

wThite precipitate of phosphate ofmagnesia (2MgO,HO,P05)
provided the solution is not very dilute, and especially on

boiling.
The addition of ammonia or its carbonate to the mag-

nesian solution, renders the phosphate of soda a far more

delicate test than when used alone, because under those

circumstances the double phosphate of ammonia and mag
nesia (2MgO,NH40,P05+12Aq) is produced, which is less

soluble than the phosphate of magnesia, and is conse

quently thrown down from a more dilute solution than

would furnish a precipitate with phosphate of soda alone.

If the solution is very dilute, the precipitate does not

appear at once, but if allowed to stand some little time,
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a crystalline deposit of the double phosphate gradually
separates (184). Agitation of the liquid with a glass rod

hastens the formation of this precipitate ; and it is re

markable that if the tube be rubbed at all with the rod

during agitation, lines of minute crystals are there first

deposited. The same phenomenon occurs in the case of

the bitartrate of potash and others, in which the precipi
tate is slowly deposited from a dilute solution.

As the double phosphate is readily soluble in an excess

of acid, and slightly so in water, it is necessary that the

solution should be pretty strongly ammoniacal.

It will be observed that in this test, the effect of ammo

niacal salts in the solution is the reverse of that before de

scribed (200). When mixed with ammoniacal salts indeed,

magnesia can be precipitated only by a soluble phosphate.
207. Oxalate of ammonia (JYH40,C203) gives, in tolera

bly strong solutions, a white precipitate of oxalate of mag
nesia (MgO,C203), provided no other ammoniacal salts are

present.
208. (C) Baryta water (BaO in water) gradually throws

down a white precipitate of hydrate of magnesia (MgO,HO)
(184). If the sulphate of magnesia be used, the insoluble

sulphate of baryta (BaO,S03) will be thrown down at the

same time.

Mg0,S03+Ba 0,HO=MgO,HO,+BaO,S03.
209. (C) When magnesia or one of its salts is moistened

with a solution of nitrate of cobalt (CoO,N05), and strongly
heated before the blowpipe, the mixture assumes a pale
flesh or rose-color.

SECTION II.

Lime (CaO).

A solution of chloride of calcium (CaCl) or nitrate of lime

(CaO,JYO.+ 3Aq) may be used with the liquid tests.

210. Place a small fragment of caustic lime on moistened
turmeric paper; the brown color which is produced shows
the alkaline nature of lime.
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211. Hydrosulphuric acid and hydrosulphate of ammonia

give no precipitate in solutions of salts of lime.

212. Ammonia produces no precipitate.
213. Potash (KO) throws down a white precipitate of

hydrate of lime from concentrated solutions, which redis

solves when treated with a large quantitv of water.

CaCI,+KO,HO=CaO,HO+KCl.

If any of the precipitate is insoluble when treated with

water, it is probably owing to the potash containing a little

carbonate, which would cause the formation of the insoluble

carbonate of lime. If the solution of hydrate of lime be

exposed to the air, it gradually absorbs carbonic acid, and

a deposit of carbonate of lime takes place, which dissolves

with effervescence in dilute hydrochloric acid.

214. (C) Carbonate of potash (KO,C02) throws down a

copious precipitate of carbonate of lime (CaO,C02), which

is readily soluble with effervescence in dilute hydrochloric
or nitric acid.

CaCl+XO,C02=CaO,C02+KCl.

The quantity of the precipitate increases on boiling the

mixture ; and its formation is unaffected by the presence of

ammoniacal salts.

215. Sulphuric acid (HO,S03) or sulphate of soda (Na 0,

S03), when added to concentrated solutions of lime, give
an immediate white precipitate of sulphate of lime (CaO,

S03+ 2Aq).
CaCl+JYaO,S03=CaO,S03+NaCl.

^

If the solution is not concentrated, the precipitate may

not appear at once, but will gradually separate in the form

of minute crystals (184); and if the solution is very dilute,

no precipitation will take place, because the sulphate of

lime, being soluble in about 500 times its weight of water,
remains dissolved if sufficient water is present.

216. (C) After having thrown down the sulphate
of lime,

pour the mixture on a filter, and test the filtered solution

with oxalate of ammonia (218) ; sufficient of the sulphate
will have been retained in solution to give a very percep

tible precipitate with the oxalate.

217. Phosphate ofsoda (2JYaO,HO,P05) gives, in neutral

or alkaline solutions of lime, a white precipitate of phos

phate of lime (8CaO,3P05) which is readily soluble in di

lute hydrochloric acid, and reprecipitated from the acid
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solution when neutralized with ammonia.* The presence

of ammonia does not, as in the case of magnesia, facilitate
the formation of this precipitate.
•218. (C) Oxalate of ammonia (JYH40,C203) is an ex

tremely delicate test for lime. When added to a solution

containing it even in a highly diluted state, a copious white

precipitate of oxalate of lime (CaO,C203+ 2Aq)is produced,
which is one of the most insoluble salts with w7hich we are

acquainted.
CaCl+JYH40,C203=CaO,C203+ JVH4Cl.

It is necessary that the solution should contain no excess

of acid, as the oxalate of lime is soluble in acid solutions;
acetic and oxalic acids, however, do not dissolve it.

219. If alcohol, containing a salt of lime in solution, is

burnt, the flame has a reddish tinge, less crimson, how

ever, than that caused by strontia under the same cir

cumstances (236). The salts of lime also communicate a

similar color to the blowpipe flame.

SECTION III.

Baryta (BaO).

A solution of chloride of barium (BaCl+2Aq) may
be used with the liquid tests.

220. Hydrosulphuric acid and hydrosulphate of ammonia

produce no precipitate with salts of baryta.
221. Ammonia, when free from carbonate, gives no pre

cipitate.
222. Potash (KO) in dilute solutions, gives no precipi

tate ; but if the baryta solution be concentrated, it throws
down a bulky crystalline precipitate of hydrate of baryta
(BaO,HO, + 9Aq), which redissolves if water be added.
223. Carbonate of Potash (KO,C02), or carbonate of

ammonia (2JYH40,3C02), throw down a white precipitate
of carbonate of baryta (BaO,C02).

BaCl+K0,C02=Ba0,C02+KCl.

* If the phosphate of soda be added drop by drop to an excess of chloride
of calcium, the precipitate consists of (2CaO,HO,P05).
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When sesquicarbonate of ammonia is used, the solution

should be mixed with a little free ammonia, and boiled, to

decompose any bicarbonate of baryta, which, if present,
would remain dissolved. The precipitated carbonate is

readily soluble with effervescence in dilute hydrochloric or

nitric acid.

224. (C) Sulphuric acid (HO,S03) and sulphate of soda

(JYaO,S03) produce in solutions of baryta a copious white

precipitate of sulphate of baryta (BaO,S03) even in very

dilute solutions.

BaCl+JYaO,S03=BzO,S03-\-JYaCl.
This precipitate is quite insoluble in hydrochloric and

nitric acids, and thus differs from the carbonate formed in

the last experiment.
225. (C) Solution of sulphate of lime (CaO,S03) throws

down an immediate precipitate of sulphate of baryta (BaO,

S03). This is the most convenient form of applying a very

dilute solution of a sulphate (sulphate of lime requiring
about 500 times its weight of water to dissolve it), and

serves to distinguish baryta from strontia (233).
226. Phosphate of soda (2JVaO,HO,P05) causes a white

precipitate of phosphate of baryta (2BaO,HO,P05), which

is soluble in free acids, but is reprecipitated when the acid

solution is neutralized with ammonia.

2BaCl+2NaO,HO,P05=2BaO,HO,V05+2JYaCl.
The presence of ammoniacal salts does not affect the

formation of this precipitate.
227. Oxalate of ammonia (JVH40,C203) throws

down a

white crystalline precipitate of oxalate of baryta (BaO,C203)
if the solution is not very dilute (184). It requires a much

stronger solution of baryta than of lime to cause a precipi

tate with oxalate of ammonia. The oxalate of baryta, like

that of lime, is readily soluble in free acids.

228. The flame of alcohol, containing a baryta salt, has

a yellowish color, in which respect it differs from
lime and

strontia (219, 236).

9
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SECTION IV.

Strontia (SrO).

A solution of nitrate of strontia (SrO,NOs) may be used.

229. Neither hydrosulphuric acid nor hydrosulphate of
ammonia produces any precipitate in solutions of strontia.

230. Ammonia and potash behave with solutions of

strontia as with those of baryta ; from concentrated solu

tions potash throws down the white hydrate of strontia

(SrO,HO).
231. Alkaline carbonates also act as with solutions of

baryta (223), carbonate of strontia (SrO,C02) being pro

duced.

232. (C) Sulphuric acid (HO,S03) and sulphate of soda

(JYaO,S03) throw down a white precipitate of sulphate of

strontia (SrO,S03) immediately, if the solution is not very

dilute, and after standing a short time if it is so ; in the

latter case the precipitated sulphate is in the form of minute

crystals.
Sr 0,JV05+ J\a 0,S03=SrO,S03+ JYa 0,JVOs.

233. (C) Solution of sulphate of lime (CaO,S03) gives
no immediate precipitate in solutions of strontia, but if

allowed to stand, sulphate of strontia gradually separates.
Strontia may thus be distinguished from baryta (225).
234. Phosphate of soda (2JYaO,HO,P05) behaves with

solutions of strontia as with those of baryta (226).
235. Oxalate of ammonia (JYH40,C203) gives a white

precipitate of oxalate of strontia, in strong solutions, but
not in dilute.

236. The flame of alcohol in which a salt of strontia is

dissolved, or which contains some of the aqueous solution,
assumes a beautiful carmine color, especially if the mixture

is stirred. The color of this flame should be compared
with that produced when the alcohol contains lime (219).
When a salt of strontia is heated before the blowpipe, the
same carmine color is communicated to the flame.
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Summary of Class II.

237. Supposing we have in solution a salt of one of the

metals belonging to this class, viz. : magnesia, lime, baryta,
or strontia, we should be able without any difficulty, by
applying a few of the most characteristic tests, to ascertain

which individual of the class it is. Thus we should find

that a solution of hydrosulphate of ammonia gave no pre

cipitate, and that an alkaline carbonate gave a white one;
from which we should infer that the metal belongs to Class

II. We might then test it with a solution of sulphate of

lime, which would tell us whether baryta or strontia were

present (225); if not, add to a very dilute solution a little

oxalate of ammonia, which, if the base were lime, would
throw it down as oxalate (218). If neither of these tests

gives any indication, add phosphate of soda and ammonia,
when, if the base is magnesia, the double phosphate of am

monia and magnesia is precipitated (206).
Before finally deciding, however, that the base is- either

of these, it is always necessary to apply other confirmatory
tests in addition to those just mentioned.

CHAPTER IV.

METALS BELONGING TO CLASS III.

Alumina, Oxide of Chromium, Oxide of Zinc, Protoxide of
Manganese, Protoxide of Iron, Peroxide of Iron, Oxide

ofNickel, and Oxide of Cobalt.

238. The metals of the third class are distinguished from

those of the first and second, in being precipitated from

their neutral solutions by hydrosulphate of ammonia ; and

from those of the fourth class in being unaffected (with
the partial exception of peroxide of iron (278)) when their

solutions, containing a slight excess of acid, are treated

with hydrosulphuric acid.
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SECTION I.

Alumina (A1203).

A solution of sulphate of alumina (Al203,3S03-{- 18Aq)
may be used.

239. Hydrosulphuric Acid gives no precipitate either in

a neutral or acid solution of alumina.*

240. (C) Hydrosulphate of Ammonia (NH4S,HS) when

added to a neutral solution, gives a white precipitate of

hydrate of alumina (Al203,3HO), and hydrosulphuric acid

is liberated.

Al2 0„3S03+ 3(NH4S,HS)+ 6HO=Al203,3HO+ 3NH40,
S03)+ 6HS.

241. (C) Ammonia (NH3) throws down a bulky white

gelatinous precipitate, which consists chiefly of hydrate of

alumina (Al203,3HO) with a small admixture of ammonia,
and a basic salt of alumina, which may be said to be inso

luble in an excess of ammonia, although with a very large
excess, and under peculiar circumstances, a portion of the

precipitate occasionally redissolves.

Al203,3S03+3NH3+6HO=A}203,3HO+ 3(NH40,S03).
242. (C) Potash (KO) also gives a precipitate of hydrate

of alumina, which, like that caused by ammonia, usually
contains a little basic salt : it differs from it, however, in

being entirely soluble in an excess of the precipitant. If

the solution in potash is mixed with muriate of ammonia

(NH4Cl) the alumina is again precipitated.
Al203,3SO+3(KO,HO)=A]203,3UO, + 3KO,S03.

243. Carbonate of potash (KO,CO2) and carbonate of

ammonia (2NH40,3C02) give a precipitate of hydrate of

alumina, which is insoluble in excess.

Al203,3S03+3(KO,C02)+ 3HO=A]203,3RO+ 3(KO,
S03)+%cor

244. Sulphuric acid and sulphate of soda give no preci
pitate in solutions of alumina.

* In most cases of qualitative analysis, hydrosulphuric acid "may be ap

plied in the state of solution in water (729).
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245. (C) If a salt containing alumina be moistened with
a solution of nitrate of cobalt (CoO,NOs) and heated on

charcoal before the blowpipe, it assumes a beautiful sky
blue color, which is very characteristic, as no other sub
stance gives so decided a color, though silica acquires
under the same circumstances a tint somewhat similar, but
much less intense. The blue color is best seen by day
light, after the mass has cooled, as by candle light it ap
pears violet.

SECTION II.

Oxide of Chromium (Cr203).*

A solution of sulphate of chrome ( Cr203,3S03) may be used.

246. Hydrosulphuric acid produces no precipitate either

in neutral or acid solutions.

247. (C) Hydrosulphate of ammonia (NH4S,HS) when
added to neutral solutions of oxide of chromium, throws
down a dark green precipitate of hydrated oxide of chro

mium (Cr203,3HO), which is insoluble in excess.

248. (C) Ammonia (NH3) also produces the same preci
pitate (Cr203,3HO), a small portion of which redissolves in

an excess of ammonia, forming a pale pinkish solution, but
is again precipitated when the mixture is boiled.

249. (C) Potash (KO) also throws down the hydrated
oxide, which is soluble in excess, forming a green solution;
if the alkaline solution be boiled for a length of time, the

hydrated oxide is again precipitated, leaving the liquid
colorless.

250. Carbonate of potash (KO,C02) gives a dull green

precipitate of subcarbonate of chromium, which redissolves

in a large excess of the precipitant.

* It is remarkable that several of the compounds, both soluble and inso

luble, of oxide of chromium, which are green by daylight, appear of a red

dish purple colorwhen seen by candlelight. This peculiar form of dichroism

is seen to great advantage in a solution of the oxalate of chrome, which is

green by daylight, but if held between a candle and the eye, appears pur

plish crimson. What is still more remarkable is, that if a green object,
such as a tree or field, be viewed by daylight through the green solution,
it appears of a bright reddish purple color.

9*
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251. (C) Oxide of chromium, when heated before the

blowpipe with borax or microcosmic salt, either in the inner

or outer flame, fuses into an emerald-green bead.

252. (C) If it is heated with a mixture of nitrate of pot
ash (KO,N05) and carbonate of soda (NaO,C02), a yellow
bead of alkaline chromate is formed. Here a portion of

the oxygen of the nitric acid combines with the oxide of

chromium (Cr203), converting it into chromic acid (Cr206),
or rather (Cr03), which combines with the potash or soda,

forming an alkaline chromate (KO,Cr03). If the bead be

dissolved in water acidulated with a little nitric acid, the

solution will give with salts of lead a bright yellow preci
pitate of chromate of lead (PbO,Cr03) (363).

SECTION III.

Oxide of Zinc (ZnO).

A solution of sulphate of zinc (ZnO,S03-\-lAq) maybe used.

253. Hydrosulphuric acid (HS), when added to a neutral

solution of zinc, causes the precipitation of a portion of it

as sulphide (ZnS). This test, however, for reasons which

will afterwards appear (541), is usually applied to solutions

containing a slight excess of hydrochloric or some other

acid. For this purpose, acidify a little of the solution in a

test-tube w7ith a drop or two of hydrochloric acid (HCl)
and then test it with hydrosulphuric acid ; it will in this

case produce no precipitate.
254. (C) Hydrosulphate of ammonia (NH4S,HS) when

added to a neutral or alkaline solution of zinc, gives a

copious curdy precipitate of sulphide (ZnS), which if the

zinc salt be pure, is white ; but if, as is frequently the case,

p.ny iron is present, the precipitate will be more or less

colored, owing to the admixture of a little of the black sul

phide of iron (FeS).
ZnO,S03+ NH4S,HS,=ZnS +NH4 0,S03+HS.

255. (C) Ammonia (NH3) throws down a white gelatin
ous precipitate of hydrated oxide of zinc (ZnO,HO), which
is readily soluble in excess.

Zn0,S03+NH3+ 2HO=ZnO,HO+NH4 0,S03.
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If the ammoniacal solution of the oxide be treated with hy
drosulphuric acid, the white sulphide (ZnS) is thrown down.
256. (C) Potash (KO) behaves in the same manner as

ammonia, giving a precipitate (ZnO,HO), soluble in excess.

Hydrosulphuric acid throws down the white sulphide from

the potash solution.

257. Carbonate of Potash (KO,C02) gives a white preci
pitate of basic carbonate of zinc [3(ZnO,HO)+ 2(ZnO,C02)]
which is insoluble in an excess of the carbonate. Ammo

niacal salts in solution prevent the formation of this preci
pitate, since they combine with the oxide of zinc, forming
double salts, which are soluble in water.

258. Carbonate of ammonia (2NH40,3C02) in small

quantity throws down the basic carbonate of zinc [3(ZnO,
HO)+ 2(ZnO,C02)] which readily redissolves in an excess

of the ammoniacal salt.

259. Sulphuric acid, and sulphate of soda, give no preci
pitate in salts of zinc, because the sulphate of zinc is solu

ble in water.

260. (C) WThen oxide of zinc or any of its salts are mixed

with carbonate of soda, and heated on charcoal in the

inner flame of the blowpipe, the zinc is reduced to the

metallic state, in which condition it is volatilized by the

heat, and reoxidized while passing through the outer flame;
the oxide thus produced is in part deposited on the charcoal

in the form of a pale yellow incrustation, which on cooling
becomes white (116).
261. (C) If oxide of zinc or its salts be moistened with a

solution of nitrate of cobalt (CoO,N05), and heated in the

outer blowpipe flame, the mixture assumes a pale green

color, which is very characteristic. Zinc can in this way

be readily distinguished from other substances, especially
from alumina and magnesia (245, 209).

SECTION IV.

Protoxide of Manganese (MnO).

A solution of sulphate of manganese (MnO,S03+ lAq)
may be used.

262. Hydrosulphuric acid (HS), when added to an acidi-
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fied solution (formed by adding a few drops of hydrochloric
acid to a little of the solution in a test-tube), gives no pre

cipitate. If the solution is neutral, a partial precipitation
of sulphide (MnS) takes place.
263. (C) Hydrosulphate of ammonia (NH4S,HS) gives

in neutral solutions a flesh-colored gelatinous precipitate of

sulphide of manganese (MnS), which is insoluble in excess.

If this precipitate be exposed to the air, it is gradually de

composed, and is converted into the dark brown hydrated

sesquioxide (Mn203,2HO) in consequence of the strong affi

nity of manganese for oxygen, which it absorbs from the air.

264. (C) Ammonia (NH3) throws down a white or pale
flesh colored precipitate of hydrated protoxide of manga

nese (MnO,HO), which if exposed to the air becomes brown,

owing to the formation of the sesquioxide (Mn203,2HO) as

in the last experiment. 2(MnO,HO)-f-0=Mn?03,2HO.
If muriate of ammonia (NH4Cl) is present in the solu

tion, it prevents the precipitation of the hydrated pro

toxide; or, if added subsequently, redissolves it, owing to

the formation of double salts of ammonia and manganese

which are soluble in water. If the ammoniacal solution

be exposed to the air, the brown sesquioxide is gradually

precipitated.
265. Potash (KO) behaves as ammonia in solutions of

manganese: the presence of muriate
of ammonia, however,

does not altogether prevent the precipitation of the pro

toxide.

266. Carbonate of potash (KO,C02) or of ammonia

(2NH40,3C02) throws down a white precipitate of car

bonate of manganese (MnO,C02) which is less prone to

blacken on exposure than the hydrated oxide.

MnO,S03+KO,C02=MnO,C02+KO,S03.
267. (C) When compounds of manganese are mixed with

carbonate of soda (NaO,C02) and heated on platinum wire

in the outer flame of the blowpipe, the manganese becomes

more highly oxidized, and is changed into manganic acid

(Mn03); this combines with the soda to form manganate
of soda (NaO,Mn03) which has a characteristic green color.

The change is produced still more rapidly if a little nitrate

of potash (KO,N05) be added to the mixture.

268. (C) When mixed with borax (NaO,2B03+ lOAq) or
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microcosmic salt (NaO,NH40,HO,P05+8Aq) and heated
in the outer flame of the blowpipe, the salts of manganese
form beads of an amethyst purple color, which is due to

the formation of the red oxide (Mn304). If the mixture be

heated in the inner flame, the color disappears, owing to

the reconversion of the red oxide into protoxide (MnO):
this loss of color takes place most readily with microcosmic

salt.

SECTION V.

Protoxide of Iron (FeO).

A solution of protosulphate of iron (.FeO,#03+7./%)
may be used.

269. On account of the strong tendency of the protoxide
of iron to absorb oxygen on exposure to the air, and be

come sesquioxide, especially in aqueous solutions of its salts,
it is difficult to retain the protosalts in solution without some

admixture of sesquioxide; so that in testing them, the in

dications of some of the reagents are frequently more or

less different from those caused by a pure protosalt. If

the solution of a protosalt be boiled with nitric acid, the

protoxide is wholly converted into peroxide. 6FeO-\-N05
= 3Fe203+N02.
270. Hydrosulphuric acid (HS) produces no precipitate

in acidified solutions of protoxide of iron: a slight precipi
tation of sulphide (FeS) takes place, however, in neutral

solutions of some of its salts, especially when the acid with

which it is in combination is a feeble one.

271. Hydrosulphate ofammonia (NH4S,HS) when added

to neutral solutions of protoxide of iron, throws down a

black precipitate of sulphide (FeS), which is insoluble in

excess.'

Fe 6,S03+NH4S,IIS+HO= FeS+NH4 0,SO?+ HS.

272. (C) Ammonia (NH3) gives a precipitate of hydrated
protoxide of iron (FeO,HO) which is at first nearly white,
but almost immediately becomes greenish. If this precipi
tate be exposed to the air, it absorbs oxygen, and is changed
into hydrated sesquioxide or peroxide (Fe203,3HO) which
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has a reddish brown or rust color. Muriate and some other

salts of ammonia, prevent the precipitation of the pro

toxide by ammonia, forming a solution of a double salt of

ammonia and iron, from which the hydrated peroxide is

gradually precipitated if exposed to the air.

273. Potash (KO) behaves as ammonia.
274. Carbonate of potash (KO, CO2) produces a preci

pitate of carbonate of iron (FeO,C02) which is similar in

appearance to the hydrated protoxide (272).
275. (C) Ferrocyanide of potassium (K2FeCy3-\-3Aq)*

throws down in solutions of protoxide of iron, a precipitate
(KFe32FeCy3) which is at first almost white, but rapidly
changes to pale blue ; the color becomes darker on expo

sure to the air, owing to the absorption of oxygen, which

combines with the potassium and a portion of the iron,

forming at the same time Prussian blue (Fe43FeCy3) (282).
This change takes almost immediately if a little nitric acid

or chloride of lime be added to the mixture.

276. (C) Ferridcyanide of potassium (K3,Fe2Cy6)j pro
duces in solutions of the protosalts of iron, a beautiful dark
blue precipitate, similar in appearance to Prussian blue,

consisting of ferridcyanide of iron (Fe3,Fe2Cy6).
K3,Fe2Cy6+3(FeO,S03)=Fe3,Fe2Cy6+3(KO,S03).
277. When heated with borax before the blowpipe, salts

of iron form beads which in the oxidizing flame become

orange, and in the reducing flame green; the color being
due to the iron in a higher or lower state of oxidation.

SECTION VI.

Peroxide or Sesquioxide of Iron (Fe203).

A solution of the perchloride of iron (Fe2Cl3) may be used.

278. Hydrosulphuric acid (HS) causes in neutral or

acidified solutions of the persalts of iron, a slight precipi
tation of sulphur, which gives the solution a milky ap-

*

Ferrocyanogen (FeCy3) which is here combined with potassium, is a

hypothetical radical composed of iron in a peculiar state of combination

with cyanogen (CaN). Sec Daxiell's Chemical Philosophy, p. 657.

f Ibid. p. 65S.
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pearance. This is owing to the decomposition of the

hydrosulphuric acid by the peroxide of iron, the hydrogen
combining with a portion of its oxygen, reducing it to the

state of protoxide, while the liberated sulphur is precipitated
in a finely divided state.

Fe203,3SOs+ 'H3=2(FeO,S03)+HOtS03+S.
279. Hydrosulphate of ammonia (NH4S,HS ) separates

the whole of the iron from solutions of its persalts, as the

black sulphide (FeS), the same compound as that produced
in the protosalts. The peroxide (Fe203) is in fact first

converted into the protoxide (FeO) by the deoxidizing
affinity of the hydrogen and sulphur in the hydrosulphate,
so that the subsequent change is the same as that produced
in the protosulphate (271). If the solution of iron is very

dilute, no precipitate appears at first, but the solution be

comes green, and if allowed to stand a considerable time,
the sulphide gradually separates.
280. (C) Ammonia (NH3) throws down the hydrated

peroxide of iron (Fe203,3HO), in the form of a bulky red

dish brown precipitate, which is insoluble in an excess of

ammonia, and is unaffected by the presence of ammoniacal

salts.

281. Potash (KO) produces the same precipitate (Fe203,
3HO), which is insoluble in excess.

282. (C) Ferrocyanide of potassium (K2FeCy3Jr3AqY
produces in solutions of the persalts of iron a beautiful

precipitate of sesquiferrocyanide of iron, or Prussian blue

(Fe43FeCy3).
3{K2,FeCy3)+ 2Fe2Cl3=:Fe43FeCy3+6KCL

This is an extremely delicate and characteristic test for

the persalts of iron, as the precipitate is produced even in

very dilute solutions.

283. Ferridcyanide ofpotassium, (K3,Fe2Cy6) produces no

precipitate with persalts of iron ; it gives, however, a deep

green color to the solution.

284. When heated before the blowpipe, the persalts of

*
In testing for iron with ferrocyanide of potassium, it must be borne in

mind that when added to a solution containing much free acid, it is par

tially decomposed, and a little Prussian blue is formed, even when no iron

is present. As the presence of free alkalies also interferes with the forma

tion of the blue precipitate, solutions to be tested with it should be as

nearly neutral as possible.
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iron exhibit the same appearances
as those of the pro

toxide (277), on account of the facility with which the two

oxides become converted into one another, according as

they are placed in the oxidizing or reducing flame.

SECTION VII.

Oxide of Nickel (NiO).

A solution of the sulphate of nickel (NiO,S03+lAq) may

be used.

285. Hydrosulphuric acid (HS) causes no precipitate in

acidified solutions of nickel; but if the solution is neutral,

especially if the acid of the salt be a feeble one, a partial

precipitation of sulphide of nickel (NiS) takes place.
286. Hydrosulphate of ammonia (NH4S,HS) throws

down, from neutral solutions, a black precipitate of sul

phide (NiS) which is very slightly soluble in excess, giving
a brownish tint to the solution.

287. (C) Ammonia (NH3) causes a pale green precipi
tate of hydrated protoxide of nickel (NiO,HO) which re

dissolves when the ammonia is added in excess, owing to

the formation of a double salt of ammonia and nickel

(NH40,Ni0,2S03) which is soluble in waten If potash

(KO) be added to the ammoniacal solution, it reprecipi-

tates the hydrated protoxide of nickel. The presence of

ammoniacal salts in the nickel solution prevents the preci

pitation by ammonia.

288. Potash (KO) also throws down the hydrated oxide

of nickel (NiO,HO), which is insoluble in an excess of

potash. . .

-

289. Carbonate of potash (KO,C02) gives
a precipitate

of carbonate of nickel (NiO,C02), together with a little

hydrated oxide, insoluble in excess.

290. Carbonate of ammonia (2NH40,3C02) produces

the same precipitate, which redissolves in excess.

291. (C) Cyanide of potassium (KCy)* throws down a

precipitate of cyanide of nickel (NiCy), which has a yel-

*
Cyanogen (Cy) which is here combined with potassium, is a compound

of carbon and nitrogen (C2N). See Daniells Chemical Philosophy, p. 365.
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lowish green color: it redissolves in an excess of the

alkaline cyanide, forming a dull yellow solution of the

double cyanide of nickel and potassium (NiCy,KCy), from
which the cyanide of nickel is again precipitated on the

addition of dilute sulphuric or hydrochloric acid. If the

acid mixture be boiled, the precipitate again dissolves,

forming a solution of sulphate or chloride of nickel.

292. (C) When heated with carbonate of soda (NaO,C02)
or borax (NaO,2B03+ lOAq) in the inner flame of the blow

pipe, the compounds of nickel are reduced to the metallic

state, forming gray-colored beads, owing to the minutely-
divided metal being held in suspension by the melted flux;

if the latter be dissolved out with water, the precipitated
metal will be found to be magnetic. In the outer flame

with borax, the color of the bead is usually violet while

hot, becoming brown or yellow on cooling. WTith micro

cosmic salt, the bead is reddish while hot, but loses the

color more or less entirely when cold.

SECTION VIII.

Oxide of Cobalt (CoO).

A solution of the nitrate (CoO,N05+6Aq) or chloride

(CoCl) may be used.

293. Hydrosulphuric acid (HS) gives in acidified solutions

no precipitate. If the solution is neutral, a slight precipi
tation of the black sulphide of cobalt (CoS) takes place.
294. Hydrosulphate ofammonia (NH4S,HS) throws down

from neutral solutions, a copious black precipitate of the

sulphide (CoS), which is insoluble in excess, and also in

hydrochloric acid.

2CoCl+NH4S,HS=2CoS +NH4Cl+IlCl.
295. (C) Potash (KO) throws down a precipitate of a

blue color, consisting of basic salts of cobalt, which soon

becomes greenish if exposed to the air, owing to the ab

sorption of oxygen; and lastly, especially if the solution be

boiled, dirty red, owing to the formation of hydrated oxide

of cobalt (CoO,HO). The precipitate is insoluble in excess

of potash.
10
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296. (C) Ammonia (NH3) behaves as potash, but the

precipitate readily redissolves in an excess, forming double

salts of cobalt and ammonia, which are soluble in water.

If the ammoniacal solution is exposed to the air, it gra

dually becomes darker, owing to the absorption of oxygen,

and formation of peroxide of cobalt (Co203).
297. Carbonate ofpotash (KO,C02) produces a pale pink

precipitate, which is a mixture of carbonate of cobalt (CoO,

C02) and hydrated oxide (CoO,HO).
298. (C) Cyanide of potassium (KCy) when added to a

solution of cobalt, especially when a slight excess of hydro
chloric acid is present, gives a pale brown precipitate of

cyanide of cobalt (CoCy), which when heated with an ex

cess of cyanide of potassium readily redissolves, forming a

soluble double cyanide of cobalt and potassium (K3Co2Cy6).
The addition of sulphuric acid causes no precipitate in this

solution (291).
299. (C) The compounds of cobalt, when fused with

borax (NaO,2B03+ 10Aq), either in the inner or outer flame

of the blowpipe, form beads of an intense blue color, or if

there is much cobalt present, nearly black; this appearance
is very characteristic. Microcosmic salt acts with cobalt

in a similar manner, but in a less marked degree. WThen

mixed with carbonate of soda, and heated on charcoal in

the deoxidizing flame, oxide of cobalt is reduced to the

metallic state, forming a magnetic powder.

CHAPTER V.

METALS BELONGING TO CLASS IV.

Arsenic, (of which there are two oxides, both having acid

properties; namely, arsenious acid
and arsenic acid,) oxide

of antimony, protoxide of mercury, peroxide of mercury,
oxide of lead, oxide of copper, oxide of silver, protoxide

of tin, peroxide of tin, and oxide of bismuth.

300. These metals are distinguished from those of the

three preceding classes, by being precipitated from their
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acidified solutions when treated with hydrosulphuric acid.

It is remarkable that nearly all the metals whose com

pounds are most eminently poisonous, belong to this class;

and as these are the most important, especially to the

medical student, they are placed first, and described in the

order of their importance. The oxides of arsenic, though

possessing acid properties, and consequently belonging

strictly to the chapter on acids, have so many peculiarities
in common with this class of oxides that I have included

them in it.

SECTION I.

Arsenious Acid or Oxide of Arsenic (As03).

301. .(C) If a small fragment of arsenious acid*
be heated

on charcoal before the blowpipe, it is wholly volatilized,

and a smell of garlic will generally be perceptible, espe

cially when it is subjected to the reducing flame. Both

metallic arsenic and its oxide are volatile when heated, but

the fumes of the latter have no smell. The odor of arsenic

vapor appears to be due to the metal while undergoing

oxidation, and may be caused

perhaps by the formation of a

lower oxide than the arsenious

acid ; it is always observable

when metallic arsenic is volatil

ized in contact with the air.

302. (C) Place a fragment of

arsenious acid in a narrow tube

(102), and apply a gentle heat

wTith the blowpipe. It sublimes

without decomposition, and con

denses in the cool part of the tube,

* On account of the highly poisonous nature of arsenic, great care should

be taken in these experiments not to use more than is absolutely necessary

to exhibit its peculiarities. In all these experiments (except those of solu

tion) a fragment the size of a small pin's head is quite sufficient. There

is also another advantage in using such small quantities; namely, that in

most medico-legal investigations, the quantity to be looked for is equally or

even more minute, and it is consequently very important that the student

should make himself familiar with the appearances which would under

these circumstances present themselves.
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in the form of minute sparkling octahedral crystals, which

should be examined with a lens, as they are highly cha

racteristic.

303. (C.) Mix a little oxide of arsenic (As03) with black

flux (780), which if at all damp should be pre-

Fig. 68. viously dried on the sandbath, and heat a little

\of
the mixture in a clean tube before the blow

pipe. The arsenious acid is deoxidized by the

carbon of the flux, and the metallic arsenic thus

reduced sublimes, and condenses in the upper

part of the tube, forming a more or less bril

liant metallic crust. As03+ 3C=As+ 3CO.^
If heat be now applied to the sublimate, it

will again volatilize, and if any of the vapor

«
escapes from the tube, it may be recognized

by its characteristic odor of garlic.
304. (C) Cut off by means of a file, the portion of the

tube containing the crust, break it into fragments, and

place some of them in another tube. Sublime the arsenic

backwards and forwards two or three times in the tube,

and observe the gradual conversion of the metal into

crystalline arsenious acid, which is formed by the action of

the atmospheric oxygen contained in the tube.

305. Boil a few grains of arsenious acid with water, (in
which it is sparingly soluble,) in a flask: filter the solution

from the undissolved portion, and retain it for testing.
306. Repeat the last experiment, with the addition of a

few drops of solution of potash [KO) to the water, and ob

serve the increased solubility of the arsenic, owing to the

formation of arsenite of potash (KO,As03). Retain the

solution for testing.
307. (C) Hydrosulphuric acid (HS) when passed through

a solution of arsenious acid or of a neutral arsenite, causes

a slow and gradual precipitation of tersulphide of arsenic,

or sulpharsenious acid (AsS3), which it will be observed is

analogous in composition to the oxide (As03), three equiva
lents of sulphur being substituted for three equivalents of

oxygen. As03+ 3HS=AsS3+ 3 JJO.

If the solution be acidified, however, with a few drops of

hydrochloric acid, a much more rapid and complete de

composition takes place; and if the gas be passed through
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the solution for some time, a complete separation of the

arsenic may in this way be effected. The sulphide of ar

senic thus formed has a bright light yellow color ; it is in

soluble or nearly so in dilute hydrochloric acid, but readily
soluble in solutions of the alkalies or their carbonates.

Boiling nitric acid (N05) also dissolves it with decomposi
tion, forming sulphuric and arsenic acids.

AsS3+ bN05=As05+3S03+5^02.
308. (C) Filter the yellow sulphide formed in the last

experiment, and dry a portion of it at a gentle heat on the

sandbath : mix a little of it with black flux (303), heat it
in a tube, and observe the' formation of a metallic crust of

arsenic. AsS3+ 3(KO,C02)+ 2C=As+ 3KS+ 4002-fCO.
309. Hydrosulphate of ammonia (NH4S,HS), when

added to a neutral solution of an arsenite, also causes the

formation of the yellow sulphide (AsS3) which, however,
does not precipitate, but remains dissolved as the double

sulphide of arsenic and ammonium (NH4S,AsS3). If an acid
be added in excess to the mixture, the sulphide of arsenic

is immediately precipitated, of a somewhat lighter color

than that thrown down by hydrosulphuric acid, owing to

the admixture of a little sulphur derived from the hydro
sulphate of ammonia (440).
310. (C) Nitrate (AgO,NOs) or ammonia-nitrate (AgO,

2NH3,N05) of silver, throws down in neutral solutions of

arsenic, a canary colored precipitate of arsenite of silver

(2AgO,As03), which is soluble both in ammonia and nitric

acid. It must be remembered that phosphate of soda also

produces, with nitrate of silver, a similar precipitate, w7hich
is equally soluble in nitric acid and ammonia (378).
311. (C) Sulphate ( CuO,S03), or ammonio-sulphate ( CuO,

2NH3,HO,S03) of copper, produces in neutral arsenical

solutions, a delicate green precipitate of arsenite of copper

(2CuO,As03), which is readily soluble both in ammonia and

nitric acid. It must be borne in mind in employing this

test, that a similar precipitate is produced when the solu

tion of copper is added to a liquid containing decoction of

onions and some other vegetable substances, though no

arsenic may be present.
10*
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Marsh's Test.

312. (C) It is well known that when zinc is treated with

dilute sulphuric acid, it is oxidized at the expense of the

oxygen of the water, and hydrogen gas is given off (12).
If in addition to the zinc and dilute sulphuric acid, either

of the oxides of arsenic is present, the zinc abstracts

oxygen from them as well as from the water, and the me

tallic arsenic thus formed, combines, at the moment of its

liberation, with some of the hydrogen simultaneously pro

duced, and forms a gaseous compound called arseniuretted

hydrogen (AsH3), which passes off mixed with excess of

hydrogen.*
As03=6Zn+ 6(HO,S03)=6(ZnO,S03)+Asn3+3HO.
Now if this arseniuretted hydrogen is heated strongly,

either by burning in the air, or by passing through a red-

hot tube, it is decomposed, and metallic arsenic or its oxide

is deposited in the solid state, while the liberated hydrogen
passes off.

313. Several forms of apparatus have been contrived for

making use of this property in the detection of arsenic: of

these the following is in practice the most convenient.

The bottle a 'should be

Fis G9- • capable of containing six or

eight ounces of water, and
is connected by means of a

'

perforated cork with the

tubes b and c, which should

be about half an inch in

diameter: to the latter is

attached by means of a

cork, the tube d, which

should be made of hard

German glass, bent at a

right angle, having the end

e drawn off so as to diminish the aperture. A few frag
ments of zinc are placed in the bottle, and when the cork

* It must be borne in mind that this gas, like most of the .other com

pounds of arsenic, is highly poisonous, so that the experiment should never

be performed in a close room, but in the open air or in a well ventilated

apartment.
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with its tubes is attached, pour a little dilute sulphuric acid
down the tube b, which should reach nearly to the bottom

of the bottle, and allow the gas (hydrogen) to be given off
for five minutes.* Then heat the narrow tube with a spirit
lamp at the point d, and observe carefully whether there is

any deposit produced inside the tube: this precaution is

necessary, since some kinds of sulphuric acid, and also of

zinc, contain traces of arsenic. If no stain is produced, it

may be assumed that the materials are pure.
314. The solution containing (or suspected to contain)

arsenic, is now introduced through the tube b, the heat

being still applied to the narrow tube at d, as before. If

arsenic is present in the liquid, it will cause the formation

of arseniuretted hydrogen, which, on passing through the

heated tube is decomposed, and the arsenic deposited, not

exactly at the heated point, but a quarter or half an inch

beyond, in consequence of its volatility. The metallic crust

thus formed may be volatilized backwards and forwards in

the tube by heating it with the flame of a spirit lamp.
315. (C) The arsenical crust may also be obtained in

another way: namely, by lighting the jet of gas as it issues

from the aperture e, and holding in the flame a small

porcelain plate, (for which purpose the lid of a porcelain
crucible answers extremely well,) when the metallic arsenic
will be deposited in the form of a dark shining spot, if the

porcelain plate be raised a little, so as to be out of the

flame, the arsenic in the state of vapor becomes oxidized

while passing through the air, and a white deposit of arse
nious acid is formed on the plate. By applying heat to

the dark spots, they are readily volatilized, and the fumes <*

will be found to have the characteristic odor of garlic.
A few of these spots should be retained for further exami

nation, and for comparison with those of antimony (320).
316. Hold a short test-tube with the mouth downwards,

just above the apex of the flame for a few moments, so

as to collect some of the arsenious acid formed by the oxi-

* The reason why it is not safe to apply the heat at once, is that a mix

ture of hydrogen and common air is highly explosive (17), so that it is

necessary" to allow time for the whole of the common air to be expelled by
the hydrogen, as otherwise serious injury might be caused by an explosion
of the mixed gases.
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Fig. 70. dation of the arsenic vapor,

and reserve the tube for com

parison with antimony (323).
317. Marsh's test as just

described is so extremely de

licate, that it is capable of de

tecting arsenic in a solution

containing the millionth of its

weight of the acid, and may

be considered the most con

clusive test whichwe possess.

It is, however, liable to this objection, which is, in practice,

easily overcome. It is found that antimony, when present

in a mixture of zinc and dilute sulphuric acid, combines

with the liberated hydrogen, precisely in the same way as

arsenic, forming an analogous compound called antimo-

niuretted hydrogen (SbH3), which, when heated, is decom

posed, and the metallic antimony is at the same time

deposited. Hence it is extremely important that we should

be able to distinguish accurately between them, as other

wise we should not be sure whether the crust produced by
Marsh's test were due to arsenic or antimony. One or two

experiments are generally sufficient to enable us to do this.

318. For the purpose of comparison, empty the zinc and

sulphuric acid from the bottle used for the arsenic experi
ments (313), and substitute fresh zinc and acid. WThen

the gas has been coming off about five minutes (Note to

313), pour in a few drops of a solution of the double tar

trate of antimony and potash (KO,SbO3,C8H4O10+2Aq)
and apply heat as before at the point d. A crust of anti

mony will be deposited at the heated point, and not, as in

the case of arsenic, at a little distance from it ; this is

owing to the antimony being less volatile than arsenic, and

it will be found impossible to volatilize it by the heat of a

common spirit lamp. In this respect, therefore, we are

enabled in some measure to judge whether the stain is due

to antimony or arsenic.

319. Light the jet of gas that issues from the aperture e

as in (315), and hold over the flame a porcelain plate as

before : a deposit of metallic antimony will be formed similar
to that of arsenic, but blacker and less shining.
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Prepare a few of these spots for comparison with those

of arsenic formed in (315).
320. (C) Apply the heat of a spirit lamp to one of each

kind of spot, and observe the superior volatility of the

arsenic, and the garlic odor of its vapor.
321. (C) Moisten one of each kind of spot with hydro

sulphate of ammonia (NH4S,HS), which for this purpose
should contain an excess of sulphur (739), and observe

that the antimony is immediately dissolved, while the

arsenic remains nearly unaffected for a considerable length
of time. This is a most valuable means of distinguishing
between them, and was first observed by Dr. Guy.
322. (C) If the spots be moistened with a solution of

chloride of lime (CaOCl), the arsenic will dissolve, while
the antimony will remain unaffected.

323. (C) The following may also be taken as a distin

guishing test between arsenic and antimony when Marsh's

process is followed. Light the jet of gas issuing from the

apparatus, and hold over it a short tube as in (316), so as

to collect a little of the oxide of antimony (Sb03) formed

by the oxidation of the antimonial vapor. Compare the

sublimate thus formed, with that of arsenious acid, and

observe the more crystalline appearance of the latter.

When the tube is cold, pour in a little water, and treat

the arsenious acid in the same wTay : observe that the latter

dissolves in the water, while the oxide of antimony remains
insoluble. The solution of arsenious acid may then be

divided into three portions and tested ; the first with hydro

sulphuric acid (307); the second with ammonio-nitrate of
silver (310); and the third with ammonio-sulphate of copper
(311)'
These experiments, in conjunction with the other liquid

tests, will be found sufficient to prevent the possibility of

error in the use of Marsh's test.

Reinscli's Test.

324. (C) This test is founded on the circumstance that

when a metal, such as copper, is heated in a solution of

another metal more electro-negative than itself, the latter

is separated in the metallic state, and deposited on the

surface of the former, which is at the same time dissolved
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in atomic proportion. A little of the solution containing
arsenic is acidified with a few drops of hydrochloric acid,

and boiled in a test-tube with a strip or two of clean copper

foil : the arsenic, being more electro-negative than the cop

per, is deposited on the surface of the foil, and the whole

is in this way separated from the solution.

^s 03+ 3Cu=As+ 3 CwO.

325. The appearance of a metallic deposit on the copper
is not, however, necessarily a proofof the presence of arsenic,

since other metals (as bismuth, silver, mercury, or antimony)
would produce a similar incrustation, being all more elec

tro-positive than copper. Arsenic, however, is readily dis

tinguished from any of these in the following manner.

Take the copper strips out of the solution, and dry them

cautiously between folds of filtering paper, or with a very

gentle heat: place them in a clean dry test-tube, and apply

heat, when the arsenic will be volatilized, and, becoming
oxidized by the air contained in the tube, will form a crys

talline sublimate in the upper part (302).
Had the deposit on the copper been either of the other

metals (with the possible exception of antimony and mer

cury), it would not have been volatilized when heated : if

it were mercury, minute globules of the metal would have

condensed in the cool part of the tube: and had it been

antimony a higher degree of heat would have been neces

sary to sublime it;—the sublimate would have been white

and amorphous instead of crystalline;
—and when treated

with water, would prove insoluble, while the arsenious acid

would dissolve, and the solution on being tested, would

show the presence of arsenic*

This excellent test may be considered almost equal to

Marsh's, both in point of delicacy and freedom from sources

of error.

Arsenic Acid.

326. Mix a little arsenious acid with nitre (KO,N05) and

* As the hydrochloric acid of commerce frequently contains traces of

arsenic, it is always absolutely necessary in medico-legal investigations, to

ascertain whether the acid employed is perfectly free from it ; this is easily
done by boiling a little of the acid diluted with distilled water, in a test

tube with copper foil, which should then be dried and heated in a clean

tube, when if arsenic is present it will sublime.
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heat it in a tube. The nitric acid of the nitre gives up a

portion of its oxygen to the arsenic, forming arsenic acid

(AsO,).
2As03+ 2N05= 2As05+N02+N04.

Dissolve the fused mass in water, neutralize the solu

tion with dilute nitric acid, and test it with nitrate of silver

(AgO,N05): a reddish brown precipitate of arseniate of

silver (3AgO,As05) is thrown down, which is soluble in

nitric acid, and also in ammonia.

Detection of Arsenic in Organic Mixtures.

327. In most cases of medico-legal investigation as to

the presence of arsenic, we have to deal with mixtures

containing a considerable quantity of organic matter both

liquid and solid, which seriously interferes with the action

of the tests. Several methods have been employed to get
rid of these matters, but the following is perhaps the sim

plest, and at the same time the most effectual : it is a

modification of Reinsch's test.

If the organic mixture suspected to contain arsenic is

fluid, it is, previous to filtration, boiled for half an hour

with about one-tenth of its bulk of strong hydrochloric acid,
the purity of which should of course be ascertained (see
note to 325), and if necessary, filtered from any solid mat

ter. It is then boiled with copper foil, when the arsenic,
if present, is deposited on the copper, which must be sub

sequently heated in a tube according to the directions

already given (325).
If the matter to be examined is solid, it is treated with

dilute hydrochloric acid containing about one-tenth of the

strong acid, boiled for half an hour or an hour, filtered if

necessary, and then boiled with copper as before.

If the arsenic is present only in very small quantity, a

quarter of an hour may elapse before the deposition takes

place ; and if it does not then appear, the boiling should

be continued half an hour or even longer, before we finally
conclude that no arsenic is present.
For further particulars on this subject, the student may

refer to Dr. Christison's Treatise on Poisons, or to Dr. Guy's
excellent work on Forensic Medicine.
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SECTION II.

Oxide of Antimony (Sb03).

For the liquid tests, a solution of the double tartrate of

antimony and potash (KO,SbO3,C8H4O10+2Aq), or of

chloride of antimony (SbCl3) in hydrochloric acid, may
be used.

328. (C) Heat a small crystal of the double tartrate in a

tube, and observe that it decrepitates and blackens, owing
to the decomposition of the vegetable acid (C8H4010) and

deposition of charcoal. Ignite the residue, which consists

of charcoal, carbonate of potash, and oxide of antimony, on

charcoal in the deoxidizing flame of the blowpipe, when

the oxide of antimony will be reduced, and small globules
of the metal will appear: a portion of the reduced metal

volatilizes with the heat, becomes reoxidized while passing

through the outer flame, and the oxide thus produced is

deposited on the charcoal, either in the form of a white

powder or in crystalline needles.

329. (C) When a stream of hydrosulphuric acid (HS) is

passed through a solution of antimony acidified with a

little hydrochloric acid, an orange red precipitate of sul

phide of antimony (SbS3) is produced, which is soluble in

alkaline solutions, and difficultly so in hot hydrochloric
acid. If the solution is neutral, the precipitation takes

place but imperfectly, and in alkaline solutions not at all.

330. Hydrosulphate of ammonia (NH4S,HS) when added
in small quantity, gives an orange precipitate of sulphide
(SbS3), which redissolves in an excess of the hydrosulphate.
If the alkaline solution thus formed be neutralized with

an acid, the sulphide is reprecipitated, mixed with a little

sulphur (309).
331. Ammonia (NH3) Potash (KO) or their carbonates,

throw down from solutions of chloride of antimony (SbCl3),
but not in solutions of the double tartrate, a white precipi
tate of oxide of antimony (Sb03) which is soluble in excess

of potash, but insoluble or nearly so in the other solutions.

332. (C) If a solution of chloride of antimony in hydro-
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chloric acid be diluted with a good deal of water, a white

precipitate of basic oxichloride of antimony (SbCl3,5Sb03)
is produced, which if allowed to stand for some time, be

comes crystalline.
A similar precipitate is formed under the same circum

stances in solutions of bismuth (394) : the bismuth pre

cipitate may be distinguished by its insolubility in tartaric

acid (2HO,C8H4O10), in which the oxichloride of antimony
is soluble.

333. A piece of clean zinc or copper causes a precipita
tion of antimony in the metallic state (324).
334. (C) When oxide of antimony is present in a mix

ture of zinc and dilute sulphuric acid, the antimony is re

duced and combines with the hydrogen, as already described

in the case of arsenic (312), forming antimoniuretted hy

drogen (SbHJ, which is decomposed when burnt, or when

passed through a heated tube, with the formation of a de

posit of metallic antimony. This experiment has already
been described (318).
For the methods of distinguishing between antimony and

arsenic, see (317) to (323).

SECTION III.

Protoxide of Mercury (HgO).

For the first five experiments, calomel (HgCl) may be used ;

for the rest, a solution of the protonitrate (HgO,N05)

may be taken.

335. (C) Heat a small fragment of calomel (not Fig- 71.

larger than a small pin's head) in a clean tube. It
^-^

becomes pale yellow, and, being volatile, it sub

limes and condenses in the upper part of the tube ;

on cooling, the color disappears.
336. (C) Dry a small piece of carbonate of soda

(NaO,C02) either in a tube or on a piece of char

coal; mixwith it a little calomel, and put themixture ||
into a tube a; then cover it with a layer of car

bonate of soda in powder, about a quarter of an

inch deep, b, and apply heat. The calomel is decomposed,
11
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and minute globules of metallic mercury condense in the

cool part of the tube at c.

HgCl +NaO,C02=NaCl+ /%+0+ G02.
337. Boil a little calomel with distilled water in a test-

tube; pour off the water into another tube, and test it with

hydrosulphate of ammonia (340); no effect is produced,

proving that the calomel is insoluble in water.

338. (C) Potash (KO) or ammonia (NH3) poured on the

calomel, decomposes it, turning it black, owing to the

formation of the protoxide (HgO). Chloride of potassium
(KCl) is at the same time formed.

HgCl +J5CO=HgO+ JK"C/.

339. (C) Boil a little calomel in fine powder with a solu

tion of protochloride of tin (SnCl): after some little time

the mercury is reduced to the metallic state, owing to the

strong affinity which the protochloride of tin has for an

additional equivalent of chlorine, which converts it into the

bichloride (SnCl2).
HgCl+ SnCl=Hg+ Sn Cl2.

340. (C) when a solution, either neutral or acid, con

taining protoxide of mercury, is treated with hydrosulphuric
acid (HS) or hydrosulphate of ammonia (NH4S,HS), a black

precipitate of protosulphide of mercury (HgS) is thrown

down, which is insoluble in dilute acids and also in excess

of the hydrosulphate: it is soluble, however, in aqua regia.
Hg 0,N05+HS= HgS+HO,N05.

If the precipitate, after being dried, be heated alone in

a tube, it is decomposed into metallic mercury and the per-

sulphide (HgS2).
2HgS=HgS2-f-i%-.

341. Ammonia (NH3) gives a black precipitate, consist

ing of a basic double salt of mercury and ammonia (NH3,
3HgO,N05), which is insoluble in excess.

342. Potash (KO) produces a black precipitate of pro
toxide of mercury (HgO), which is insoluble in excess.

Hg 0,NO,+KO=HtfO+KO,NOs.
343. (C) Hydrochloric acid (HCl), or a solution of chlo

ride of sodium (NaCl), throws down a white precipitate of

protochloride (calomel, HgCl) which is insoluble in excess.

Hg0,N05+NaCl=HgCl+Na 0,N05.
344. (C) Place a strip of clean copper in the mercurial
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solution, and observe the deposition of metallic mercury

(324).
HgO,N05+Cu=Hg+ CuO,NO5.

If the stain be rubbed, it will become bright and silvery.

Dry the stained copper, place it in a dry tube, and apply
heat: the mercury stiblimes, and condenses in minute

globules in the upper part of the tube.

SECTION IV.

Peroxide ofMercury (Hg02).

The perchloride of mercury or corrosive sublimate (HgCl2),
either solid or in solution, may be used.

345. (C) Heat a small fragment of the perchloride in a

tube : it fuses, boils, and sublimes into the upper part of the

tube. If the experiment be made on charcoal, the whole

is volatilized.

346. (C) Repeat the experiment described in (336),

using the perchloride instead of calomel ; metallic mercury

sublimes in both cases.

347. Boil a little with water, in which it readily dis

solves, thus differing from the protochloride.

348%. (C) Test a solution of the perchloride with a small

quantity of hydrosulphuric acid (HS). A white precipitate
is first 'formed, which on the addition of more of the pre

cipitant, gradually becomes darker, and ultimately black.

This change of color is owing to the formation first of a

double compound of sulphide and chloride of mercury

(2HgS2,HgCl2), which is white, and when the hydrosul-

phuri^acid is added in excess, the whole of the mercury

is converted into the black persulphide (HgS2).
_

The pre

cipitate is insoluble in hydrochloric and nitric acids, but is

readily decomposed by aqua regia, and again converted

into the perchloride.
If the persulphide be dried and cautiously sublimed in a

tube, it is deposited, without decomposition, in the form of

dark red crystals of cinnabar.

349. (C) Hydrosulphate of ammonia (NH4S,HS) be

haves in the same way as hydrosulphuric acid.
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350. Ammonia (NH3) throws down a white precipitate,
which consists of a double compound of perchloride and

amidide of mercury (HgCl2,Hg2NH2).*
351. (C) Potash (KO) gives a yellow precipitate of hy

drated peroxide of mercury (Hg02,3HO) which is insoluble

in excess. If ammoniacal salts are present, the precipitate
formed by potash is white, and consists of the same com

pound as that thrown down by ammonia (350).
352. (C) When protochloride of tin (SnCl) is added in

small quantity, the perchloride is reduced to the state of pro

tochloride (HgCl), which separates as a white precipitate.
If the salt of tin be added in excess, and the mixture

boiled, the mercury is reduced to the metallic state (339).
Hg Cl2+ 2SnCl=Hg-\- 2SnCl2.

353. (C) Iodide of potassium (KI) causes a most beau

tiful red precipitate of periodide of mercury (Hgl2) which

surpasses even vermilion in brilliancy of color. It is

readily soluble in an excess of either of the solutions.

HgCl2+ 2KI=Hgl2+ 2KCI.

354. (C) A strip of clean metallic copper precipitates
mercury in the metallic state (344).
355. Heat a small fragment of the red peroxide of mer

cury (Hg02) gently in a small tube, and observe that it

becomes much darker in color when hot, and reassumes

its former tint on cooling. If the heat be increased to a

little below redness, the oxide is decomposed into metallic

mercury and oxygen, when the metal condenses in minute

globules in the cool part of the tube, and the oxygen may
be detected by introducing a glowing match (109).

SECTION V.

Oxide ofLead (PbO).

A solution of the acetate (PbO,C4H303+ 3Aq) or the
nitrate (PbO,N05) may be used.

356. (C) When a fragment of any of the salts of lead

* The amidides are compounds of a metal with amidogen, which is a

hypothetical salt radical, supposed to consist of NH2 ; it has, however, never
been obtained in an insulated form. See DanielPs Chem. Philos., p. 071.
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(except the phosphate (412)) is heated on charcoal in the

inner flame of the blowpipe, a globule of metallic lead is

formed, which is usually surrounded by a little deposit of
the yellow oxide (PbO). The metallic globule will be found
to be soft and malleable. In the oxidizing flame, oxide of

lead forms with borax and microcosmic salt, yellowish
beads, which become nearly colorless on cooling.
357. Hydrosulphuric acid (HS) throws down in solutions

containing lead, either neutral or slightly acidified, a dense

black precipitate of sulphide of lead (PbS).*
Pb 0,NOs+HS= PbS+ HO,N05.

358. Hydrosulphate of ammonia (NH4S,HS) produces
the same effect.

359. Ammonia (NH3) and Potash (KO) throw down

white precipitates, consisting of oxide of lead in combina

tion with a small qaantity of acid (basic salts).
Ammonia produces scarcely any precipitate in a solution

of acetate of lead, owing to the formation of the subacetate

(3PbO,C4H303), which is soluble.

360. Carbonate of potash (KO,C02) gives a white pre

cipitate of carbonate of lead (PbO,C02), which is insoluble

in excess.

361. (C) Sulphuric acid (HO,S03), or a solution of sul

phate of soda (NaO,S03), produces a white precipitate of

sulphate of lead (PbO,S03) which is insoluble or nearly so

in acids, but soluble in potash, and also in acetate of am-

mom*(NH40,C4H03).
Pb 0,N05+Na 0,S03=PbO,S03+Na 0,N05.

If the precipitate be moistened with solution of hydro

sulphuric acid or hydrosulphate of ammonia, it is instantly

blackened, owing to the formation of sulphide of lead

(PbS) : it is distinguished in this way from the insoluble

sulphates of baryta and strontia.

362. (C) Hydrochloric acid (HCl), or a solution of chlo

ride of sodium (NaCl), throws down a white and often

crystalline precipitate of chloride of lead (PbCl). If the

solution with the precipitate be boiled, a portion of the

chloride dissolves, and is deposited again on cooling, in the

* Under some peculiar circumstances, this reagent throws down a red

precipitate in solutions of lead (see 305).

11*
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form of needle-shaped crystals. If the solution of lead is

dilute, the chloride does not precipitate, as it is somewhat

soluble in water.

PbO,N05+HCl=VbC\+HO,NOs.
The chloride of lead is unaffected by an excess of ammonia.

363. (C) Chromate ofpotash (K0,Cr03) gives a fine yel
low precipitate of chromate of lead (PbO,Cr03), which is

insoluble in dilute acids, but soluble in potash. This sub

stance is the base of the pigment known in commerce as

chrome yellow.
364. (C) Iodide ofpotassium (KI) also gives a beautiful

yellow precipitate of iodide of lead (Pbl), which is rather

lighter in tint than the chromate. If the iodide thus formed

be boiled with water, it dissolves, and again separates on

cooling in the form of brilliant crystalline scales, which are

extremely beautiful.

365. If a solution of nitrate of lead be precipitated with

hydrochloric acid, and the filtered solution treated with

hydrosulphuric acid gas (HS), instead of the black sul

phide usually formed by that reagent in solutions of lead

(357), there is produced a red precipitate, which is a chlo-

rosulphide (3PbS,2PbCl). If the gas be passed through
the solution for a length of time, however, the red com

pound gradually disappears, and the black sulphide (PbS)
is formed.

366. (C) All the precipitates formed in the foregoing
experiments, when dried, and heated on charcoal in the

inner flame of the blowpipe, are decomposed, and give
beads of metallic lead (356).

SECTION VI.

Oxide of Copper (CuO).

A solution of sulphate of copper (Cu 0,S03 -\-5Aq) may be

used.

367. (C) Heated on charcoal in the deoxidizing flame of
the blowpipe, especially if mixed with carbonate of soda,
the salts of copper are reduced, and a malleable bead of
the metal is obtained, the peculiar color of which may be
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seen on scraping off the thin coating of oxide (CuO), with
which it is surrounded. In the oxidizing flame with borax

or microcosmic salt, oxide of copper forms beads which are

green while hot, becoming blue on cooling.
368. Hydrosulphuric acid (HS) and hydrosulphate of

ammonia (NH4S,HS) throw down a black precipitate of

sulphide of copper (CuS) from solutions of copper salts,
whether neutral, acid, or alkaline.

CuO,S03+HS=CuS+HO,S03.
369. (C) Ammonia (NH3) when added in small quantity,

throws down a pale blue precipitate, consisting of a basic

salt of copper, which immediately redissolves when the

ammonia is added in excess; the solution thus formed has

a beautiful deep blue color, owing to the formation of the

ammonio-sulphate of copper (2NH3,HO,CuO,S03).
370. (C) Potash (KO) produces in cold solutions of cop

per, a pale blue precipitate of hydrated oxide (CuO,HO).
If the mixture be boiled, or if the potash be added to a

hot solution, the precipitate becomes black, owing to the

decomposition of the hydrated oxide at a temperature of

212°, and formation of the anhydrous black oxide (CuO).
The potash must for this purpose be added slightly in ex

cess, as otherwise the precipitate would consist of basic salt.

371. (C) Ferrocyanide of potassium (K2,FeCy3+ 3Aq)

gives, even in very dilute solutions, a mahogany-colored

precipitate of ferrocyanide of copper (Cu2,FeCy3) which is

insoluble in dilute acids.

372. (C) A piece of clean iron, when placed in a solu

tion containing copper, causes a precipitation of metallic

copper on its surface (324).

CuO,S03+Fe=Cu+ FeO,S03.
This is an extremely delicate test, and by this means the

whole of the copper may be removed from a liquid, espe

cially if a slight excess of acid is present.

SECTION VII.

Oxide of Silver (AgO).

A solution of nitrate of silver (AgO,N05) may be used.

373. (C) Most of the salts of silver when exposed to light,
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especially when in contact with organic matter, gradually
become more or less purple, and eventually nearly black,

owing to partial decomposition.
374. (C) When heated on charcoal before the blowpipe,

all the salts of silver are easily reduced, and a brilliant

white bead of metallic silver is formed. In the oxidizing

flame, oxide of silver gives with borax an opaque white

bead ; with microcosmic salt, the bead is yellowish by day

light, and red by candlelight.
375. Hydrosulphuric acid (HS) and hydrosulphate of

ammonia (NH4S,HS) throw down a black precipitate of

sulphide of silver (AgS) which is insoluble in dilute acids,
but soluble in boiling nitric, acid.

376. (C) Ammonia (NH3) gives a brown precipitate of

oxide of silver (AgO) which is readily soluble in excess of

ammonia.

Potash (KO) also produces the same precipitate, which

is insoluble in excess.

377. (C) Hydrochloric acid (HCl) or a solution of chlo

ride of sodium (NaCl) produce in solutions of silver a white

curdy precipitate of chloride of silver (AgCl), which is in

soluble in water and in nitric acid, but readily soluble in

ammonia and very sparingly so in an excess either of hy
drochloric acid or chloride of sodium.

Ag 0,N05+J\TaCl=AgCl+NaO,N05.
If the ammoniacal solution be neutralized with nitric

acid, the chloride is repreeipitated.
378. (C) Phosphate of Soda (2NaO,HO,P05+24Aq)

throws down a pale yellow precipitate of tribasic phosphate
of silver (3AgO,P05), which is soluble both in nitric acid

and in ammonia.

SECTION VIII.

Protoxide of Tin (SnO).

A solution of protochloride of tin (SnCl) may be used.

379. (C) Salts of tin, mixed with carbonate of soda

(NaO,C02), and heated in the inner flame of the blowpipe,
are reduced to the metallic state, and malleable globules of
metallic tin are formed.
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In the oxidizing flame, with borax or microcosmic salt,
oxide of tin forms clear, colorless beads, unless a large
quantity of the oxide is present, when the bead is some

times opaque.

380. (C) WThen the neutral protosalts of tin (as the pro

tochloride) are treated with a large quantity of water, they
are decomposed into an acid salt (SnCl,HCl) which is

soluble, and a basic salt (SnCl,SnO,2HO), which is insolu

ble: the precipitation of the latter causes the liquid to be

come milky.
3S7iCl+3HO=SnCl,HCl-\-SnC],SnO,2UO.

381. (C) Hydrosulphuric acid (HS) gives in solutions of

the protosalts of tin, either neutral or with excess of acid, a

dark brown precipitate of protosulphide of tin (SnS), which
is soluble in potash and in hydrosulphate of ammonia,

especially if it contains an excess of sulphur.
382. (C) Hydrosulphate of ammonia (NH4S,HS) also

throws down the brown protosulphide, which is soluble in

excess, provided a little free sulphur is present in it, which

is always the case when the hydrosulphate has a yellow
color (739). If the solution thus formed be neutralized

with hydrochloric acid, a yellow precipitate of the persul

phide (SnS2) is produced, which was formed by the action

of the excess of sulphur in the hydrosulphate upon the pro

tosulphide.
SnS+ S=SnS2.

383. Ammonia (NH3) gives a bulky white precipitate of

hydrated oxide of tin (SnO,HO), which is insoluble in ex-

C6SS

SnCl+NH3+2HO=SnO,UO+NH4Cl.
384. Potash (KO) also produces a white precipitate of

hydrated oxide (SnO,HO) which redissolves in an excess of

the alkaline solution.

If a concentrated solution of the oxide in potash be boiled,
the protoxide is converted into a mixture of peroxide (Sn02)
and metallic tin; the first remains in solution, and the latter

precipitates.
2SnO=Sn02+Sn.

385. Carbonate of potash (KO,C02) also throws down

the hydrated oxide, which is insoluble in excess.

386. (C) Terchloride ofgold (AuCl3) causes in solutions

of the protosalts of tin, a dark purple precipitate, which has
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long been known as purple of Cassius ; its composition

appears to be [2(SnO,Sn02)+Au02,Sn02+6H0]. For the

success of this experiment, it is necessary that both solu

tions be exceedingly dilute.

SECTION IX.

Peroxide of Tin (Sn02).

A solution of the perchloride (SnCl2) may be used.

387. (C) Salts of the peroxide of tin behave in the same

manner before the blowpipe as those of the protoxide (379).
388. (C) Hydrosulphuric acid (HS) gives a yellow preci

pitate of persulphide of tin (SnS2) which is soluble in solu

tion of potash.
389. (C) Hydrosulphate of ammonia (NH4S,HS) also

throws down the yellow persulphide, which is readily solu

ble in excess.

390. Ammonia (NH3) and potash (KO) throws down a

bulky white precipitate of hydrated peroxide of tin (Sn02,
HO), which is soluble in an excess of the precipitant,
especially when potash is used, forming a compound called

stannate of potash (KO,Sn02), in which the peroxide of tin

appears to play the part of an acid.

The hydrated peroxide, when thus formed by precipita
tion with potash, is readily soluble both in potash and nitric

acid, in which respect it differs from that formed by the

action of nitric acid on metallic tin, though both yield the

same results when analyzed (392).
391. (C) Pour a few drops of nitric acid upon a small

fragment of metallic tin in a test-tube, and observe the

intense action which immediately takes place. The nitric

acid (NOs) is decomposed by the affinity of the tin for a

portion of its oxygen; the white hydrated peroxitre of tin

(Sn02,HO) is formed ; and nitric oxide (-•: J2), and some of

the other oxides of nitrogen, are given off.*

3Sn+ 2JV05+ 3#0=3(Sn02,HO)+ SNOa.

A little ammonia is at the same time formed by the decomposition of
water.

SSn-fNO.-]- 1 1 If0=S(SnO,HO)+A7/3.
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392. Heat the hydrated oxide formed in the last experi
ment, first with nitric acid and afterwards in a solution of

potash, and observe that it is quite insoluble in both, thus

differing from that formed by potash (390).
393. (C) If a piece of clean zinc be

placed in a solution of perchloride of Fis- 72-

tin, the tin is separated in the metallic

state, in the form of beautiful feathery

crystals, some of which are so minute

as to look like an amorphous spongy

mass, but when examined with the

microscope, appear as multitudes of

brilliant and beautifully formed crys

talline tufts.

Sn Cl2+ 2Zn= S n + 2Zn CI.

SECTION X.

Oxide of Bismuth (Bi203).

A solution of the chloride (Bi2Cl3) may be used.

394. (C) Mix a concentrated solution of the chloride with

a considerable quantity of water, which causes a white pre

cipitate of oxichloride of bismuth (Bi2Cl3',2Bi203).
A similar decomposition takes place when solutions of

many of the soluble salts of bismuth are diluted with much

water. The precipitates thus formed, are readily distin

guishable from those produced under the same circumstances

in solutions of antimony, by being insoluble in tartaric acid

(332). They dissolve easily, however, in acetic acid.

395. (C) When the salts of bismuth are mixed with

carbonate of soda, and heated in the reducing flame of the

blowpipe, small globules of the metal are formed, which

break with a crystalline fracture when struck with a ham

mer. In the oxidizing flame, with borax or microcosmic

salt, oxide of bismuth forms a yellowish bead, which be

come nearly colorless on cooling.
396. Hydrosulphuric acid (HS), and hydrosulphate of

ammonia (NH4S,HS), throw down from solutions of bis-
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muth, which do not contain a large excess of free acid, a

black precipitate of sulphide of bismuth (Bi2S3), which is

insoluble in dilute acids and potash, but soluble in
hot nitric

acid.

397. Ammonia (NH3) and potash (KO) give
a white pre

cipitate of hydrated oxide (Bi203,3HO) which is insoluble

in an excess of the precipitant.
398. Carbonate ofpotash (KO,C02) gives a bulky white

precipitate of subcarbonate of bismuth (Bi203,C02) which is

insoluble in excess.

399. (C) When oxide of bismuth is heated, it turns yel

low, and becomes colorless again on cooling.

CHAPTER VI.

ACTION OF REAGENTS WITH THE INORGANIC ACIDS.

400. The inorganic acids, which are enumerated in

paragraph (179), may be conveniently divided into three

classes, according to their behavior with chloride of barium,
and nitrate of silver, thus:—

Class I.—Acids which are precipitated by a solution of

chloride of barium.

Sulphuric (HO,S03). Carbonic (C02).
Phosphoric (P05). Silicic (SiOs).
Boracic (BO?).

Class II.—Acids which are unaffected by chloride of

barium, but which are precipitated by a solution of nitrate

of silver.

Hydrochloric (HCl), Hydriodic (HI), ami Hydrosulphuric

.
(HS).

Class III.—Those which are not precipitated either by
chloride of barium or nitrate of silver.

Nitric (NOs) and Chloric (C105).



SULPHURIC ACID. 133

SECTION I.

Sulphuric Acid (HO,S03).
401. Mix a few drops of strong sulphuric acid or oil of

vitriol, with about an equal quantity of water in a test-tube,
and observe the heat evolved.

402. (C) Place a small bit of wood or paper in a test-

tube, and pour upon it a few drops of oil of vitriol : the

organic matter is decomposed, and a black carbonaceous
matter is formed.

403. (C) Add a few drops of a solution of chloride of
barium (BaCl) or nitrate of Baryta (BaO,NOs) to one of

sulphate of soda (NaO,S03) : a heavy white precipitate of

sulphate of baryta (BaO,S03) is thrown down, which is

insoluble in hydrochloric acid.

BaCl+NaO,S03=BaO,S03+NaCl.
404. (C) Acetate of lead (PbO,C4H303+ 3Aq) throws

down in solutions containing sulphuric acid, a dense white

precipitate of sulphate of lead (PbO,S03), which is insolu

ble in dilute acids, but sparingly soluble in strong sul

phuric and hydrochloric acids (720). It is soluble also in

potash and acetate of ammonia (NH40,C4H303).
Pb 0, C4H3 03+Na 0,S03= PbO,S03+Na 0, C4H3 03.
405. (C) Mix a little dry sulphate of soda (NaO,S03) or

some other sulphate, with black flux, and heat it on pla
tinum wire in the reducing flame of the blowpipe : the

oxygen both of the soda and acid is removed, and sulphide
of sodium (NaS) remains.

NaO,S034-2C=NaS + 2G02.
406. (C) Place the bead formed in the last experiment,

in a test-tube, and moisten it with a little dilute sulphuric
acid : hydrosulphuric acid (HS) is given off, which may
be recognized by its odor, or by putting into the tube a

strip of paper moistened with a solution of acetate of lead,
which will be blackened, owing to the formation of sulphide
of lead (PbS) (438).

NaS+HO,S03=NaO, S03+HS.

12
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SECTION II.

Phosphoric Acid (tribasic) (3HO,P05).

A solution of common tribasic phosphate of soda (2NaO,
HO,P05+ 24,Aq) may be used.*

407. Chloride of barium (BaCl) throws down a white

precipitate of phosphate of baryta (2BaO,HO,P05) which is

soluble in hydrochloric acid.

2BaCl+2NaO,HO,P05=2NaCl+2BaO,HO,V05.^
408. Chloride of calcium (CaCl) gives a white precipi

tate of phosphate of lime (8CaO,3P05), which readily dis

solves in a slight excess of hydrochloric acid.f
409. (C) Sulphate ofmagnesia (MgO,S03+ lAq) causes a

white precipitate of phosphate ofmagnesia (2MgO,HO,POs),
if the solution is tolerably strong. If a little ammonia or

carbonate of ammonia, however, be present in the solution,
the double phosphate of ammonia and magnesia (^MgO,
NH40,P05-f-12Aq) is formed, which being much more in

soluble than the phosphate of magnesia, is precipitated in

more dilute solutions, and is consequently a more delicate

test. It separates as a granular crystalline precipitate, and
is readily soluble in excess of acid (206).
410. (C) Nitrate of silver (AgO,N05) throws down a pale

yellow precipitate of tribasic phosphate of silver (3AgO,P05)
which is soluble both in ammonia and nitric acid (310).
3(AgO,N05) -f 2Na 0,HO,P 05= 3AgO,POs+ 2(Na O,

N05)+ HO,N05.
411. (C) Heat a small fragment of common tribasic

phosphate of soda before the blowpipe ; when cool, dis

solve it in water, and add to the solution a few drops of

nitrate of silver. Instead of the yellow tribasic phosphate
of silver (3AgO,P05) being thrown down as before, a white

granular precipitate of the bibasic phosphate (2AgO,P05) is
produced. This is owing to the tribasic phosphate of soda

* The monobasic (HO,P06) and bibasic phosphoric acids (2HO,P05),
being rarely met with in analysis, are omitted.

f See note to (217).
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having been converted into the bibasic phosphate (2NaO,
POs) by the expulsion of the equivalent of basic water,
when heated.

412. (C) Acetate of lead (PbO,C4H303+ 3Aq) gives a

white precipitate of phosphate of lead (3PbO,POs) which is

soluble in nitric acid. If this precipitate be collected on a

filter, dried, and heated before the blowpipe, it fuses into a

semitransparent bead, which on cooling becomes very dis

tinctly crystalline. This test is decidedly characteristic,
not only on account of the crystalline structure of the bead,
but from the circumstance that the phosphate, unlike the

other salts of lead, is not reduced to the metallic state

when heated in the inner flame.

413. If perchloride of iron (Fe2Cl3) be added to a solu

tion of a phosphate.acidified with a little hydrochloric acid,
and subsequently mixed with solution of acetate of potash
(KO,C4H303), the phosphoric acid is thrown down in com

bination with peroxide of iron (2Fe203,3HO,3P05). If this

phosphate of iron be digested with hydrosulphate of am

monia, it is decomposed, sulphide of iron (FeS) is formed,
and the phosphoric acid remains in solution in combination

with ammonia. The phosphate of iron may be still more

completely decomposed by first dissolving it in a slight
excess of hydrochloric acid, and nearly neutralizing with

ammonia before the addition of the hydrosulphate.

SECTION III.

Boracic Acid (B03).

A solution of borax (.7^0,2.603+10.%) may be used.

414. (C) A solution of borax turns turmeric paper brown,
thus resembling an alkali or alkaline carbonate.

Boracic acid in solution produces the same effect, though
in a less degree.
415. Chloride of barium (BaCl) throws down a white

precipitate of borate of baryta (BaO,2B03) which is readily
soluble in hydrochloric acid.

BaCl+NaO,2B03=BaO,2B03+NaCl.
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416. Nitrate of silver (AgO,N05) gives a white preci

pitate of borate of silver (AgO,B03), which is soluble both

in ammonia and nitric acid.

417. (C) If strong sulphuric acid (HO,S03) be added to

a concentrated solution of a borate, the boracic acid which

is displaced, separates in combination with water in the

form of crystalline scales.

Na 0,2B 03+H0,S03=NaO,S03+ 2B03+HO.

418. (C) If borax or any other borate, be moistened with

a little sulphuric acid, and the mixture treated wTith alcohol,

the boracic acid is dissolved, and communicates a green

color to the flame when it is burnt. This is probably

owing to a little of the boron (B) being deoxidized by the

burning spirit, and recombining with oxygen as it comes

in contact with the air at the edge of the flame.

SECTION IV.

Carbonic Acid (G02).

The physical and some of the chemical properties of car
bonic acid, have been already noticed (18, &c).

419. (C) The carbonates when treated with a free acid,
as hydrochloric, are decomposed, and the carbonic acid,

being gaseous when uncombined, escapes with efferves

cence.

CaO,C02+i/C7= CaCI+HO+ CO
2.

It may be distinguished from other gaseous acids by
being inodorous. When a substance such as marble is

tested in this way for carbonic acid, it is generally ad-

visible to drench it with water; if this is not done, small

bubbles of common air, which at first adhere to the solid

substance, gradually escape, and may lead an inexperienced
person to suppose that effervescence is taking place.
420. (C) When carbonic acid is passed into lime water

(CaO), it causes a white precipitate of carbonate of lime

(CaO,C02), most of which redissolves if the gas is passed
through for a length of time, owing to the formation of

the bicarbonate of lime (CaO,2C02), which is soluble in

water.
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This experiment is best made in a test- Fig- 73-

tube a, to which is connected, by means of

fn?
a perforated cork, a bent tube, c. A small g^

lump of marble is put into a, and the tube b

half filled with lime water: dilute hydro
chloric acid is then poured upon the marble,
and the bent tube attached, which conducts

the liberated carbonic acid into the lime

water, which it immediately renders turbid.

421. Chloride of barium (BaCl) and chlo

ride of calcium (CaCl) throw down a white

precipitate of carbonate of baryta (BaO,C02) or of lime

(CaO,C02), which readily dissolves with effervescence in

dilute hydrochloric acid.

422. (C) Subacetate of lead (3PbO,C4H303) is an ex

tremely delicate test for carbonic acid, with which it forms

a white precipitate of carbonate of lead (PbO,C02).
423. Most of the carbonates, except those of the alkalies,

are decomposed when strongly heated, in which case the

oxide or the reduced metal is left (122).

SECTION V.

Silicic Acid (Si03

There are two modifications of silicic acid, one of which is

soluble, and the other insoluble.

424. (C) Add a little strong hydrochloric acid (HCl) to

a concentrated solution of silicate of potash (KO,Si03), and

warm the mixture: a bulky precipitate separates, which is

soluble in potash, while a portion remains dissolved in the

acid solution ; this is the soluble modification (probably a

definite hydrate) of silicic acid.

KO,Si03+HCl=KCl+HO+SlQ3.
425. (C) Evaporate to dryness the solution with the pre

cipitate, formed in the last experiment, and observe, that

on again treating the residue with hydrochloric acid, the

silicic acid remains undissolved; in this state it is almost

insoluble also in cold alkaline solutions. Thus we find that

12*
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when the soluble modification of silicic acid is evaporated
to dryness, it is converted into the insoluble modification.

426. (C) Mix a little dry silicic acid, or an insoluble

silicate, in fine powder with dry carbonate of soda (NaO,

C02) and fuse it, for about ten minutes, on a platinum
wire before the blowpipe; treat the bead with dilute hy
drochloric acid, and observe that the insoluble silicic acid

has been changed, by the fusion with the alkali, into the

soluble modification. If the solution thus obtained be

evaporated to dryness, the silicic acid again becomes in

soluble.

427. (C) When pure silicic acid is fused with carbonate

of soda before the blowpipe, a transparent colorless bead

of silicate of soda is formed, while carbonic acid is ex

pelled.
NaO,C02+Si03=NaO,Si03+C02.

In this experiment a small quantity only of the soda

should be used, as it forms an opaque bead when added in

excess.

SECTION VI.

Hydrochloric Acid (HCl).

(Chlorine, in combination with hydrogen or a metal.)
A solution of chloride of sodium (NaCl), or the dilute acid,

may be used.

428. Chloride of barium gives no precipitate. If, how

ever, it be added to strong hydrochloric acid, the chloride

of barium will be precipitated unchanged, as it is insoluble
in the strong acid.*

429. (C) Nitrate of silver (AgO,N05) throws down a

white curdy precipitate of chloride of silver (AgCl) which
is insoluble in nitric acid, but readily soluble in ammonia.

Ag 0,N05+NaCl=AgCl+Na 0,N05.

* This circumstance must be remembered when testing hydrochloric
acid with chloride of barium, with a view to ascertaining whether it con
tains traces of sulphuric acid; in which case it is necessary to dilute the acid

before testing.
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If the ammoniacal solution be neutralized with nitric

acid, the chloride is again precipitated.
This precipitate, like most of the salts of silver, becomes

purple on exposure to light.
430. (C) Acetate of lead (PbO,C4H303+ 3Aq) gives a

white precipitate of chloride of lead (PbCl) in tolerably

strong solutions of chlorides ; if the precipitate be boiled

with a little water, it dissolves, and separates again on cool

ing, in the form of needle shaped crystals.

PbO,C,H303+NaCl=PbCl+ NaO,C4H303.
431. (C) When mixed with nitric acid, and warmed,

hydrochloric acid dissolves gold leaf, forming terchloride of

gold (AuCl3).
3HCl+N05+Au=AuCl3+K02-\-3HO.

SECTION VII.

Hydriodic Acid (HI).

(Iodine in combination with hydrogen, or a metal.)
A solution of iodide of potassium (AT) may be used.

432. Chloride of barium gives no precipitate with hy
driodic acid.

433. (C) Nitrate of silver (AgO,N05) gives a pale straw-

colored precipitate of iodide of silver (Agl), which gradu

ally becomes purple when exposed to the light. It is nearly
insoluble in nitric acid, and considerably less soluble in

ammonia than the chloride (429).
434. (C) Perchloride ofmercury (HgCl2) gives a brilliant

red precipitate of periodide of mercury (Hgl2), which dis

solves in an excess either of the perchloride or of the iodide

of potassium.

IIgCl2+2KI=Egl2+2KCl.
435. (C) Starch (C12H10O10) forms with iodine, eyenin

highly dilute solutions, a dark purple precipitate of iodide

of starch. If the iodine is in a state of combination, as in

iodide of potassium or hydriodic acid, it is necessary to

liberate it before applying the starch; which is readily done

by adding a drop or two of nitric acid (N05) or a solution

of chlorine: if nitric acid is employed, a portion of its oxy-
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gen combines with the hydrogen or metal with which the

iodine was in combination, forming water, or a metallic

oxide.

3HI+N05= 3iIO+N02+ J.

If chlorine be used, it forms with the hydrogen or metal,

hydrochloric acid, or a metallic chloride, iodine being libe

rated in either case.

KI+Cl^KCl+I.
The starch may be applied either in solution or as a

paste; or, what is often more convenient, strips of paper

or cotton maybe impregnated with the solution, dried, and

kept for use.
436. (C) If iodide of potassium, or any other metallic

iodide, in the solid state, be heated with a little strong sul

phuric acid (HO,S03), both compounds are decomposed ;

sulphurous acid (SOj and potash (KO) are formed, and the

iodine is set free.

KI+ 2(HO,S03)=KO,S03+ S02+2HO+ l.
A portion of the latter sublimes in the form of a beau

tiful violet colored vapor, which condenses in the upper

part of the tube, and is highly characteristic.

If the quantity of iodine liberated is so small that the

color of the vapor is not perceptible, it may readily be

detected by suspending a bit of paper or cotton moistened

with a solution of starch, which will instantly be turned

purple (435).
437. Dilute sulphuric acid, when added to the solution

of an iodide, also causes its decomposition, especially if
the mixture be boiled, setting free a little iodine, which

gives a pale yellowish color to the solution, and causes a

purple precipitate with solution of starch.

SECTION VIII.

Hydrosulphuric Acid (HS).*

(Sulphur in combination with hydrogen or a metal.)

438. (C) Most of the metallic sulphides are decomposed
when treated with hydrochloric acid, in which case hydro-

* Called also sulphuretted hydrogen.
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sulphuric acid (HS) is given off, and may be recognized
by its disagreeable odor, resembling that of rotten eggs.
Add a little dilute hydrochloric or sulphuric acid to a

small fragment of sulphide of iron (FeS) in a test-tube ;

hydrosulphuric acid is immediately evolved ; and if a strip
of paper, moistened with a solution of acetate of lead, be
held over the open end, it will be blackened, owing to the

formation of the black sulphide of lead (PbS). The gas

may also be passed into a solution of the acetate, in the

manner shown in (420), when it will throw down the black

sulphide (357).
FeS+HCl=FeCI+HS.

439. (C) When heated with nitric acid (NOs), the me

tallic sulphides are decomposed: the metal is oxidized at

the expense of a portion of the nitric acid, orange fumes

of nitrous acid and nitric oxide being given off, while the

sulphur separates as a whitish powder, which gradually
collects into yellowish lumps, and is eventually dissolved,

owing to its conversion into sulphuric acid, also at the

expense of the nitric acid.

CuS+ 2JV05= CmO,5'03+N02+N04.
440. (C) The soluble sulphides, or hydrosulphates, are

also decomposed by acids, with evolution of hydrosulphuric
acid. Add a little dilute hydrochloric acid to a drop or two

of hydrosulphate of ammonia (NH4S,HS); hydrosulphuric
acid is given off, while muriate of ammonia (NH4Cl) re

mains in solution, and a little free sulphur is at the same

time deposited, which had before been dissolved in the

hydrosulphate,* causing a white precipitate.

NH4S,HS+HCl=NH4Cl-\- SH.3.

441. Chloride of barium gives no precipitate with hy

drosulphuric acid or the hydrosulphates.
442. Nitrate of silver (AgO,N05) gives a black precipi

tate of sulphide of silver (AgS), which is soluble in hot

nitric acid.

* When hydrosulphate of ammonia is first prepared, it is colorless, but

a portion of the hydrosulphuric acid is gradually decomposed by the affinity

of the atmospheric oxygen for its hydrogen, with which it combines to form

water, while at the same time the equivalent of sulphur is set free, (HS-{-

O—HO+S) ; the latter dissolves in the hydrosulphate, giving it a yellow

color. It is this sulphur which is precipitated on the addition of an excess

of acid to the hydrosulphate.
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443. (C) Acetate of lead (PbO,C4H303+ 3Aq) throws

down in solutions of hydrosulphuric acid or the hydrosul

phates, a black precipitate of sulphide of lead (PbS), which

is converted into sulphate of lead (PbO,S03) by boiling
with nitric acid, which furnishes oxygen to both elements.

Pb 0, C4H3 03+HS=PbS+HO, C4H3 03.
PbS+ 40=PbO,S03.

444. (C) Before the blowpipe, the sulphides are readily

decomposed ; the sulphur is driven off and burns with a

blue flame, forming sulphurous acid (S02), which may be

recognized by its odor, which is well known as that of

burning sulphur.

SECTION IX.

Nitric Acid (HO,N05).

Nitrate of potash (KO,N05), both solid and in solution,

may be used.

445. Chloride of barium (BaCl) gives no precipitate in

solutions of the nitrates. If it be added, however, to strong
nitric acid, a white precipitate will be produced, consisting
merely of the undecomposed chloride, which, though solu

ble in water, is insoluble in the strong acid.*

446. Nitrate of silver causes no precipitate in solutions

of the nitrates.

447. (C) If a small fragment of nitrate of potash be

placed on ignited charcoal, vivid deflagration takes place,
owing to the rapid combination of the carbon with oxygen,
which it abstracts from the nitre; carbonic acid (COJ is

thus formed, which combines with the potash previously in

combination with the nitric acid.

KO,N05+C=KO,C02+N03.
448. (C) When a nitrate is heated with a little strong

sulphuric acid (HO,S03), it is decomposed ; and if copper

filings are added to the mixture, the copper becomes ox

idized at the expense of the liberated nitric acid; nitric

* This must be borne in mind when testing the purity of nitric acid.
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oxide and nitrous acid are given off, forming orange-colored
fumes, which are very characteristic.

KO,N05+ 3Cu+ 4(HO,S03)=3(CuO,S03) +KO,S03+
4#0+H02.

449. (C) Add a few drops of strong sulphuric acid to a

solution of a nitrate in a test-tube, and when the mixture

is cold, drop in a small crystal of protosulphate of iron

(FeO,S03+ 7Aq). When nitric acid is present, a brown

compound is formed round the crystal, consisting of prot
oxide of iron (FeO) in combination with nitric oxide

(NOJ, while the other three equivalents of oxygen com

bine with another portion of the protoxide, forming sesqui
oxide of iron (Fe203), which is dissolved by the sulphuric
acid as sesquisulphate (Fe203,3S03).
10(FeO,SO3)+ 4(HO,SO3)+KO,NO5=3(Fe2O3,3SO3)+

KO,S03+ 4:(FeO,S03),N02+4:HO.
If the mixture is heated, the brown compound is decom

posed, and the color disappears.
450. (C) If a little hydrochloric acid be added to a solu

tion containing nitric acid or a nitrate, the mixture has the

property of dissolving gold leaf, owing probably to the

liberation of free chlorine, which acts on the metal. The

terchloride of gold (AuCl3) thus formed, gives the solution

a yellowish color."

KO,N05+ 2HCl=KCl+2HO-\-N04+Cl.
451. Strong nitric acid has the property of turning many

nitrogenous organic compounds yellow ; a fact of which

most chemists have unintentionally convinced themselves

while experimenting with nitric acid, by the troublesome

yellow stains it leaves on the fingers; the cuticle being
converted into a compound called xanthoproteic acid.

(2HO,C34N4H24012).
452. (C) If a nitrate be mixed with a little sulphuric

acid, and warmed with a drop or two of sulphate of indigo,
the blue color of the latter disappears, owing to the con

version of the indigo into colorless oxidized compounds.
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SECTION X.

Chloric Acid (CIO5).

Chlorate of potash (KO,C105), both solid and in solution,

may be used.

453. Neither chloride of barium nor nitrate of silver pro
duce any precipitate in solutions of the chlorates.

454. (C) Heat a small fragment of the chlorate in a test-

tube with the flame of a spirit lamp ; it is decomposed,
and if the heat is continued long enough, the whole of the

oxygen is given off. Chloride of potassium (KCl) remains
behind.

KO,C105=KCl+ 60.

The presence of oxygen may be proved by introducing
an ignited match into the tube.

455. (C) Dissolve the residue of chloride of potassium
formed in the last experiment, in water, and, test the solu

tion with nitrate of silver (429). The formation of a chlo

ride after the application of heat is the best proof that the
acid is chloric and not nitric.

456. (C) When placed on ignited charcoal, or when

heated with organic substances, the chlorates deflagrate
even more violently than the nitrates. On this account

very small fragments only of the chlorate should be used.

457. (C) Place a small fragment of chlorate of potash
(KO,C105) in a test tube, and pour upon it a few drops of

strong sulphuric acid (HO,S03), taking especial care not to
warm the mixture, as it is liable to explode with violence

when heated. The chlorate is decomposed, sulphate of

potash (KO,S03) and perchlorate of potash (K0,C107) are
formed, together with peroxide of chlorine (a04), which

gives the mixture a yellowish color, and escapes in the

form of a greenish gas.

3(KO,C\05)+ 2(HO,S03) = 2(KO,S03)+KO,C107+ 2C\0

-\-2HO.
4

458. Repeat experiments 448, 449, and 452, using chlo

rate of potash instead of the nitrate, and compare the results
with those obtained with the latter.
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CHAPTER VII.

ORGANIC ACIDS.

459. The organic acids which are enumerated in para

graph 179, may be divided into three classes, according to

their behavior with chloride of calcium and perchloride of
iron; thus:

Class I.—Organic acids which are, under certain circum

stances, precipitated by a solution of chloride of calcium.

Oxalic (HO,C203
Tartaric (2HO,C8H4O10).

Citric (3HO,C12H60]2).
Malic (2HO,C8H408

Class II.—Those which are unaffected by chloride of

calcium, but are thrown down by a solution of perchloride
of iron.

Succinic (HO,C4H203). Benzoic (HO,C14H503).
Class III.—Those which are not precipitated either by

chloride of calcium or by perchloride of iron.

Acetic (HO,C4H303). Formic (HO,C2H03).

SECTION I.

Oxalic Acid (HO,C203).

460. Oxalic acid is readily soluble in water and in al

cohol.

461. When crystallized oxalic acid is heated in a tube, a

portion volatilizes unchanged, while a part is decomposed.
462. (C) All the salts of the organic acids are decom

posed at a red heat, and when the base is an alkali, or

alkaline earth, a carbonate of the base is formed. This

decomposition is almost always attended with a deposition
of charcoal, and consequent blackening, but in the case of

the oxalates scarcely any blackening takes place, the oxalic

acid being almost wholly resolved into carbonic acid (co2)
and carbonic oxide (c0), the latter of which escapes, while

the carbonic acid combines with the base.

KO,C203=KO,CO„+CO.
13
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463. (C) Heat a little oxalate of lime (CaO,C203) to red

ness for a few moments on platinum foil, and observe that

the decomposition takes place almost without blackening.
Place the fragment in a test-tube, and moisten it with

dilute hydrochloric acid, when the effervescence will show

the presence of carbonic acid.

464. (C) Chloride of calcium (CaCl), when added to

solutions containing oxalic acid, either free or in combina

tion with a base, causes, even in highly dilute solutions, a

copious white precipitate of oxalate of lime (CaO,C203+

2Aq), which is readily soluble in hydrochloric acid, and

slightly so in an excess of oxalic acid, so that the addition

of ammonia favors the precipitation in an acid solution.

CaCl+NH40,C203=CzO,C203+NH4Cl.
The presence of ammoniacal salts does not interfere

with

the formation of this precipitate.
465. (C) A solution of sulphate (CaO,S03) or any other

salt of lime, causes the same precipitate (CaO,C203+ 2Aq),
even in very dilute solutions. Lime-water also does the

same.

466. Perchloride of iron (Fe2Cl3) gives no precipitate in

solutions of oxalic acid or the oxalates, unless they are con

centrated.

467. Nitrate of silver (AgO,N05) throws down a white

precipitate of oxalate of silver (AgO,C203), which is soluble

both in nitric acid and ammonia. If the precipitate be

dried, and heated on platinum foil, it is dispersed with a

slight puff, leaving a residue of metallic silver.

468. (C) When oxalic acid or an alkaline oxalate is

warmed with strong sulphuric acid (HO,S03) it is decom

posed into carbonic acid (C°2) and carbonic oxide (CO),
while the basic water or the alkali combines with the sul

phuric acid.

KO,C203+HO,S03=KO,S03+HO+C02+CO.
The two gases escape with effervescence, and if a taper

be applied as they issue from the tube, the carbonic oxide

burns with a pale blue flame, combining with an additional

equivalent of oxygen from the air, and becoming carbonic

acid (41).
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SECTION II.

Tartaric Acid (2HO,CgH4O10).

469. Tartaric acid is soluble both in water and in al

cohol.

470. (C) Heat a small crystal of the acid in a tube ; it

at first fuses, and is afterwards decomposed with deposition
of carbon, and consequent blackening. A peculiar and

characteristic odor is at the same time emitted.

471. Fold a small fragment of bitartrate of potash (KO,
HO,C8H4O10) in platinum foil, and heat it to redness before

the blowpipe or over a spirit lamp. The tartaric acid is

thus decomposed, and carbonate of potash (KO,C02) is at
the same time formed. Place the fragment in a test-tube,
and add a few drops of dilute hydrochloric acid, when it

will effervesce, showing the presence of carbonic acid (419).
472. (C) Chloride of calcium (CaCl) throws down in

neutral solutions containing tartaric acid, a white precipitate
of tartrate of lime (2CaO,C8H4O10), which is soluble in a

cold solution of potash ; if the potash solution be heated,

however, the tartrate of lime separates as a bulky precipi
tate, but redissolves as the solution cools.

473. Lime-water (CaO) causes in neutral solutions a

white precipitate of tartrate of lime (2CaO,C8H4O10), which
is soluble in an excess of acid. The presence of ammo

niacal salts prevents the formation of this precipitate,
though if the mixture be allowed to stand a few hours, the

tartrate of lime gradually crystallizes out.
474. Sulphate of lime (CaO,S03) gives no precipitate at

first, even in neutral solutions of tartrates, but, if allowed

to stand, tartrate of lime gradually crystallizes.
475. Salts of potash cause the formation of bitartrate of

potash (KO,HO,C8H4O10), which separates from the solu

tion in the form of a granular precipitate, soluble in an

excess of alkali, and most of the inorganic acids. If the

tartaric acid is present as a neutral tartrate, the bisulphate
of potash (KO,IIO,2S03) should be employed for testing it.

In dilute solutions the separation of the precipitate is

hastened by agitating the liquid with a glass rod, when
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lines of minute crystals will be deposited on the sides of the

glass wherever the rod has rubbed against it (184, 186).
476. Perchloride of iron (Fe2Cl3) gives no precipitate

with tartaric acid or the tartrates.

477. (C) Acetate of lead (PbO,C4H303-\-3Aq) throws

down a white precipitate of tartrate of lead (2PbO,C8H4O]0)
which when washed clean, is readily soluble in ammonia.

478. Tartaric acid and the tartrates, when presents
solutions of the persalts of iron, prevent the precipitation
of the hydrated peroxide (Fe203,3HO) when ammonia or

potash are added (280). This is owing to the formation of

double tartrates of iron and the alkali, which are soluble

in water, and are not decomposed by an excess of the latter.

Tartaric acid also prevents the precipitation of alumina,

protoxide of manganese, and some other oxides, under

similar circumstances.

SECTION in.

Citric Acid (3H0,C12H6OJ3).

479. Citric acid is soluble in water and in alcohol*.

480. (C) When heated in a tube, citric acid at first

melts,, and is subsequently decomposed, emitting pungent

fumes, which may be distinguished by their smell from

those formed by tartaric acid under similar circumstances,

A carbonaceous residue remains in the tube.

481. (C) Chloride of calcium (CaCl), when added to

solutions of neutral citrates, gives a white precipitate of

citrate of lime (30^0,0^^0^), which is insoluble in potash,
but soluble in muriate of ammonia. If the ammoniacal

solution be boiled, the citrate of lime reprecipitates. Free

citric acid gives no precipitate with this test.

482. (C) Lime-water (CaO) fails to produce a precipitate
in a cold solution, but if the mixture be boiled, citrate of

lime is thrown down, being less soluble in hot water than

in cold.

483. Perchloride of iron (Fe2Cl3) gives no precipitate.
484. Acetate of lead (Pb O, C4H3 03+ 3Aq) throws down a

white precipitate of citrate of lead (3PbO,C12H6012), which
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when washed, is only very slightly soluble in ammonia,
thus differing from tartaric acid (477).
485. Citric acid and the soluble citrates, when present

in solutions containing peroxide of iron, alumina, and some

other metallic oxides, prevent their precipitation by am

monia, owing to the formation of soluble double salts.

486. Citric acid when heated with strong sulphuric acid,
is decomposed ; carbonic acid and carbonic oxide are given
off with effervescence, and after some time, sulphurous acid

(SOJ is formed, and the mixture becomes dark colored.

SECTION IV.

Malic Acid (2HO,C8H408).

487. Malic acid dissolves freely both in water and al

cohol.

488. (C) When malic acid is cautiously heated in a

tube, it is decomposed into two new acids, maleic acid

(2HO,C8H206), which being volatile, sublimes and con

denses in the upper part of the tube ; and fumaric acid

(H0,C4H03) which remains at the bottom. If the heat is

allowed to rise higher than 400° or 500°, further decom

position takes place, and the mass is carbonized.

489. Chloride of calcium (CaCI) gives no precipitate,
since the malate of lime (2CaO,C8H408) is soluble in water:

the addition of alcohol, however, immediately causes it to

precipitate.
490. Lime water (CaO) gives no precipitate with malic

acid or the malates.

491. Perchloride of iron (Fe2Cl3) causes no precipitate,
as the malate of iron is soluble in water.

492. (C) Acetate of lead (PbO,C4H303+ 3Aq) throws

down a white precipitate of malate of lead (PbO,HO,

C H 08). If acetate of lead in solution be allowed to stand

for a4 day or two on the precipitate, it is gradually converted

into beautiful tufts of silky crystals. If the precipitate be

well washed, and, while suspenued in water, heated over a

lamp, it will be found to melt into a resin-like mass at the

temperature of boiling water.

493 Like tartaric and citric acids, malic acid and the

13*



150 ORGANIC ACIDS.

soluble malates prevent the precipitation of peroxide of iron
and some other metallic oxides by the alkalies (478, 485).
494. When heated with oil of vitriol (HO,S03), malic

acid is decomposed and carbonized, sulphurous acid (SOJ
being at the same time given off.

SECTION V.

Succinic Acid (HO,C4H203).

495. Succinic acid is soluble both in water and alcohol.

496. (C) When the pure acid is heated in a tube, it

volatilizes entirely, leaving no carbonaceous residue, and

crystallizes in the upper part of the tube. The common

acid met with in commerce is seldom pure, and usually
leaves a slight residue.
497. Chloride of calcium (CaCl) gives no precipitate

with succinic acid or the succinates.

498. (C) Perchloride of iron (Fe2Cl3) throws down a

bulky light brown precipitate of persuccinate of iron (Fe203,
2C4H203) from perfectly neutral solutions containing suc

cinic acid. This precipitate is soluble in acids, and is de

composed by ammonia, which removes the greater part of
the acid.

499. Acetate of lead (PbO,C4H303+ 3Aq) gives a white

precipitate of succinate of lead (PbO,C4H203), which is

soluble in acid solutions, and is decomposed into a basic

salt by ammonia.

500. (C) When treated with a mixture of chloride of
barium, ammonia, and alcohol, solutions containing suc

cinic acid, give a white precipitate of succinate of baryta

(BaO,C4H203).

SECTION VI.

Benzoic Acid (HO,C14H503).

501. Benzoic acid is scarcely soluble in cold water but
rather more so in hot: it is readily soluble in alcohol.
502. (C) When heated in a tube, it sublimes and con

denses in the form of beautiful needle-shaped crystals: the
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vapor has a peculiar aromatic odor, and causes an un

pleasant sensation in the throat, inducing coughing.
503. Chloride of calcium (CaCl) gives no precipitate in

solutions of benzoic acid, the benzoate of lime being solu

ble in water.

504. Perchloride of iron (Fe2Cl3) gives in neutral solu

tions, a light yellowish brown precipitate of perbenzoate of

iron (Fe203,3C14H503) which is soluble in acids, and like

the succinate, is decomposed by ammonia.

505. Acetate of lead (PbO,C4H303+ 3Aq) throws down

a white precipitate of benzoate of lead (PbO,C]4H503) in

solutions of benzoate of potash or of soda, but not in a

solution of the free acid, or of benzoate of ammonia.

506. (C) A mixture of chloride of barium, ammonia, and

alcohol, gives no precipitate with benzoic acid and the

benzoates, thus differing from succinic acid (500).
507. (C) When the solution of an alkaline benzoate,

as benzoate of ammonia (HN40,C14H.03), is treated with

strong sulphuric or hydrochloric acid, it is decomposed, and
the liberated benzoic acid, being almost insoluble in water,

is precipitated in the form of a white crystalline precipi
tate; while the sulphate or muriate of ammonia remains in

solution.

NH4 O, C14H5 03+HO,S03=NH4 0,S03+ HO,C14H503.

SECTION VII.

Acetic Acid (HO,C4H303).

508. Acetic acid is soluble in all proportions in water:

it dissolves also in alcohol.

509. (C) When heated, it volatilizes readily, leaving, if

pure, no residue ; the fumes have an exceedingly pungent

odor, "resembling that of vinegar, which owes its active

properties to the acetic acid which it contains.

510. Chloride of calcium, and the other salts of lime,

give no precipitate with acetic acid or the acetates.

Perchloride of iron also gives no precipitate, but changes
the color of the solution to a deep reddish brown.

511. (C) Nitrate of silver (AgO,N05) causes in neutral

solutions, a white precipitate of acetate of silver (AgO,
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C4H303), which if the mixture is heated, partially dissolves,
and recrystallizes on cooling; it is soluble in ammonia.

511a. (C) Protonitrate of mercury (HgO,N05) gives on

agitation, a precipitate of acetate of mercury (HgO,C4H303),
which separates in the form of white silky crystalline scales.

Hg0,N05+KO, C4H3 03=HgO,C4H303+KO,N05.
512. (C) When an acetate is mixed with dilute sulphuric

acid, and gently warmed, it is decomposed, a sulphate of

the base being formed, while the acetic acid is set free, and

may be recognized by its odor.

KO,C4H303-r-HO,S03=KO,S03+HO,C4H303.
513. (C) If a mixture of an acetate with dilute sulphuric

acid be distilled (536), and the distilled liquid boiled with

an excess of oxide of lead (PbO), the liberated acetic acid

combines with a portion of the oxide, forming subacetate

of lead (3PbO,C4H303), which, having an alkaline reaction

with test paper, may be recognized by its turning the yel
low color of turmeric paper brown.

514. (C) When acetic acid or an acetate is warmed

with strong sulphuric acid (HO,S03), acetic ether (G4HsO,
C4H303) is formed, which volatilizes, and may be known

by its peculiar and refreshing odor.

SECTION VIII.

Formic Acid (HO,C2H03).

515. Formic acid is readily soluble both in water and

alcohol.

516. (C) When heated, it volatilizes entirely, giving off

fumes of a penetrating disagreeable odor.

517. Chloride of calcium gives no precipitate with formic
acid or the formiates.

518. Perchloride of iron also gives no precipitate.
519. Nitrate of silver gives in strong and neutral solu

tions of the formiates, a white precipitate of formiate of

silver (AgO,C2H03), which shortly becomes of a darker

color, owing to decomposition and the liberation of metallic

silver. If the mixture be boiled, this reduction takes place
immediately.
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A similar decomposition takes place with protonitrate of

mercury.
520. (C) When warmed with dilute sulphuric acid the

formiates are decomposed: the formic acid volatilizes, and

may be known by its odor.

521. (C) If formic acid or a formiate be heated with

strong sulphuric acid, it is resolved into water and carbonic

oxide (CO).
C2H03=%CO+HO.

The carbonic oxide gas escapes with effervescence, and

burns with a pale blue flame if a light be applied to the

mouth of the tube.



PART III.

QUALITATIVE ANALYSIS OF SUBSTANCES, THE

COMPOSITION OF WHICH IS UNKNOWN.

CHAPTER I.

PRELIMINARY EXAMINATION, ETC.

522. When a substance is presented for examination,

with a view to ascertaining its chemical composition, it is

obvious that it would be extremely tedious if we were to

begin by applying indiscriminately, the tests for the various

metals and acids, until we happened to meet with one

which gave a characteristic reaction ; and although such*a

method might occasionally succeed in the examination of

substances consisting merely of one base and acid, it would

certainly be found wholly inefficient under less favorable

circumstances, as when two or more bases and acids are

mixed together, which would mask or neutralize each other's

behavior with the different reagents employed. Hence the

necessity of a well-devised plan of proceeding, in which,

by means of a few simple experiments, we are enabled to

obtain some considerable insight into the nature of the

substance under examination.

523. Before beginning what maybe called the real ana

lysis of a substance, it is generally advisable to make a few

preliminary experiments upon it, in order to ascertain the

class of compounds to which it belongs, and whether the

usual mode of analysis will be likely to succeed with it :

this may be called the preliminary examination.

We will first suppose that a solid substance has been
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given to the student for examination. If it is a liquid, he

may pass on to (533).

SECTION I.

Preliminary examination of solids*

524. Observe whether the substance is crystalline or

amorphous: whether it is homogeneous throughout, or

composed of different ingredients, such as can be distin

guished either with the naked eye, or with the assistance of

a lens.

Note any peculiarity of form or color ; and observe

whether or not it possesses metallic lustre.

525. Take its specific gravity (145). A knowledge of

this is frequently of great service, especially in the case of

minerals, when by reference to a table of specific gravities,!
we are able at once to guess what it is, and to strike out

of the list of possibilities a large number of substances which
it might more or less resemble in external appearance.
526. Place a fragment of the substance in a small tube of

hard German glass, closed at one end : heat it first over a

lamp, and afterwards in the flame of the blowpipe. Observe,

(a) whether it appears to undergo any change : if it

does not, we infer that the substance contains no water or

organic matter; that it is not readily fusible; and that no

volatile substances are present.

(b) Does it fuse ? and if so, does it continue fluid as

long as the heat is applied, or does it, after a short time,

solidify while still in a heated state? If it solidifies while

hot, it had probably undergone what is called the watery

fusion, or melted in its water of crystallization, which is

gradually expelled, condensing in the upper part of the

tube. If the substance fuses without any other apparent

* I cannot too strongly insist once more on the importance of making

careful and accurate notes of all the experiments and observations which

are made; they are not only often absolutely necessary for reference in the

subsequent stages of the analysis, but the practice is also of the greatest

value to the student, in cultivating habits of correct observation and facility
of expression; besides at the same time impressing the facts more strongly
on his recollection (6).
f Such a table may be found in Dr. Thomson's Mineralogy, vol. i. p. 710.
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change, it probably contains either an alkali or an alkaline

earth.

(c) Does it wholly volatilize? If it does, of course

no fixed matter is present, and we are thus enabled to

lessen the circle of our inquiry very considerably.

(d) Perhaps a portion volatilizes, leaving a fixed

residue : hence we infer that the substance under exami

nation is probably a mixture of two or more substances.

(e) When the substance is volatile (either wholly or in

part), observe whether the vapor condenses in the cool

part of the tube ; and if so, whether the matter deposited
is solid (crystalline or amorphous) or liquid: if the latter, is

it neutral or otherwise to test paper? Is the vapor com

bustible? Has it any characteristic smell, as of am

monia, or of burning sulphur, or of arsenic (301)?
(f) Does the substance under examination blacken

when heated ? If it does, we may infer that some organic
matter is present : and if, by continuing the heat with access

of air on a piece of platinum foil, the blackness disappears,
we may pronounce with certainty that such is the case. If

the burnt mass, when cold, effervesces on being moistened
with dilute hydrochloric acid (HCl), while the substance in

its original state does not, we may infer that an organic
acid wras present, which, when heated, is converted into

carbonic acid, forming a carbonate (462, 471). In this case,

too, it is highly probable that the base with which the

organic acid was in combination, is either an alkali (potash
or soda), or an alkaline earth, (lime, magnesia, baryta, or

strontia,) as otherwise the newly formed carbonate would

probably have been decomposed, leaving either a metallic

oxide or reduced metal (423).
(g) In case of carbonization, observe whether any cha

racteristic smell is given off during the decomposition
(470, 480), and also whether the vapor which is formed is

neutral, acid, or alkaline to test paper: if alkaline, it is

probable either that ammonia was present, or that nitrogen
was contained in the organic matter.*

It is not to be considered certain that, because a sub

stance does not char when heated, no organic matter is

* When an organic substance containing nitrogen is heated, ammonia

(NBj) is almost invariably formed during the destructive decomposition.
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present, since many organic substances volatilize without

decomposition.
527. Heat a fragment of the substance on charcoal in the

inner flame of the blowpipe. In this experiment, some of
the appearances already obtained by heating in a tube, will

probably be repeated, such as charring, volatilization, &c.
Observe,

(a) Whether the substance fuses, either easily or only
after prolonged application of the flame. If fusion takes

place speedily, and especially if the fused mass is absorbed

by the charcoal, it is probable that potash or soda is pre
sent : if the former, the flame may be tinged with a violet

color (187).
(b) If the substance fuses and boils, and after a short

time solidifies while still under the influence of the heat,
the fusion was probably owing to the presence of water of

crystallization (526 b).
(c) If the substance is infusible (either without, or

subsequent to, the watery fusion), and remains on the char

coal in the form of a colorless infusible mass, the sub

stance is probably an alkaline earth, silica, oxide of zinc,
or alumina. If an alkaline earth, it will probably radiate

an intense white light while ignited. The white infusible

mass may then be moistened with a solution of nitrate of

cobalt, and again heated, when if it becomes blue, alumina

may be suspected (245) ; if green, oxide of zinc (261) ; and

if pale pink, magnesia (209). If it is silica, it will fuse

into a clear colorless bead with carbonate of soda, effervesc

ing at the same time (427).
(d) In case a bead of reduced metal, or a colored

infusible residue, is formed on the charcoal, it should be

mixed with carbonate of soda (NaO,C02), and again heated

as before on charcoal in the deoxidizing flame. If tin,

copper, silver, or gold is present, a bead of the metal will

be formed without any incrustation on the charcoal.* If

iron, cobalt, or nickel is present, they will be reduced to

the metallic state, but instead of fusing into a bead, will be

* The white or brownish ash which is always formed when charcoal is

burnt (which consists of the incombustible matter of the charcoal) must

not be mistaken for an incrustation derived from the substance under exa

mination.

14
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mixed up with the carbonate of soda (being infusible except
at a higher temperature), giving the bead a gray opaque

appearance.

(e) If a white deposit is formed on the charcoal
round

the bead of metal (or indeed without any metallic bead),
it is probably owing to the presence of zinc or antimony.*
If zinc, the oxide while hot is yellowish, becoming white

on cooling (260).
(/) If a yellow or brown deposit is formed, either

lead, bismuth, or cadmium may be supposed to be present.

528. Warm a fragment of the substance in a tube with

strong sulphuric acid (HO,S03).

(a) If effervescence occurs,! it is probably owing to

the escape of some volatile acid, which is displaced by the

sulphuric acid. If the gas thus liberated
has no smell, car

bonic acid may be suspected (419). If it smells of hydro

sulphuric acid, the substance was probably a sulphide (438),
in which case sulphurous acid (s02) would at the same

time be formed. If the smell resembles that of nitric or

nitrous acids, the presence of a nitrate may be inferred,

especially if orange colored fumes are evolved on the ad

dition of clean copper filings (448). If the disengaged gas

is greenish yellow, with a smell somewhat resembling
chlorine, it is probably owing to the presence of a chlorate

(457)-
(b) If organic matter is present (which will have been

already ascertained (526/) ), the escape of gas may be due

to the carbonic acid or other gas formed by the action of

the sulphuric acid upon it ; and consequently the presence

of a volatile acid is not proved by this experiment when

organic matter is present.
(c) If the substance undergoes no apparent change by

the action of sulphuric acid, the absence of all these com

pounds may be inferred.

529. The next point to be ascertained in the preliminary
examination, is as to the solubility of the substance in

water and other solvents. Place five or ten grains of

* See note in preceding page.

t Care must be take'n not to mistake the bubbles of common air, which

often escape from the surface of a solid substance when it is treated with

a liquid, for true effervescence.
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the pounded substance in a test-tube, and treat it with a

little distilled water (at first cold, and afterwards boiled

if the substance does not dissolve), and observe whether

it is wholly or partially soluble, or whether it is absolutely
insoluble. This is known by evaporating a drop of the

clear liquid (filtered if necessary) on platinum foil, when if

anything is dissolved, it will be left as a residue;- which, if

abundant, indicates that the substance is copiously soluble ;

and if slight, that it is only sparingly so.*

(a) If nothing is dissolved by the water, we thus prove
the absence of all soluble compounds.

(b) If it wholly dissolves, we prove the absence of all

insoluble compounds.
(c) If it partially dissolves, it is either a sparingly

soluble substance, or a mixture of soluble and insoluble

matters : the addition of more water will show which of

these is the case. If it is a mixture, the insoluble portion
may be separated by filtration from the solution, for further

examination (530).
530. If the substance, or any portion of it, is found to

be insoluble, or but very sparingly soluble in water, it must

be treated with dilute hydrochloric acid (HCl) (except it be a

metal, see 531), and if necessary boiled. Whether or not

anything dissolves, may be ascertained by evaporating a

drop of the clear liquid on platinum foil (529). If effer

vescence occurs, it is probably owing to the escape of a

gaseous acid, which may sometimes be identified by the

smell or color (528 a). If the smell of chlorine be given
off, it may be owing to the presence of a peroxide, as of

manganese (Mn02).
Mn02+2#C/=MnCl+2H0+ CI.

In case the whole, or any portion of the substance prove

insoluble in hydrochloric acid, it must be separated by fil

tration, and retained for further examination (532).
531. If the substance is a metal (known by its metallic

lustre, fyc), it must be treated with strong nitric acid, and if
necessary boiled.

* It is always necessary to test by experiment whether the distilled water

used in these experiments is itself perfectly pure and free from dissolved

matter: if such were not the case a residue would of course be left, even

though the substance under examination were insoluble (7S2).
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(a) If no apparent action takes place, the metal is

probably gold or platinum : and if it be found that nothing
has dissolved, the absence of all the common, easily oxi-

dizable metals may be inferred.

(b) If the METAL IS ACTED UPON, AND A WHITE PRECIPI

TATE IS AT THE SAME TIME FORMED, which is found to be

insoluble • in water, it is probable that antimony or tin

is present (391); and if, besides the formation of the

white precipitate, some of the metal is dissolved (known

by evaporating a drop of the clear liquid on platinum foil),
the presence of some other metal, soluble in nitric acid,

may be relied on.

(c) If the metal dissolves entirely, the absence of

gold, antimony, and tin may be inferred.

532. The matter (if any) which proved insoluble in hydro
chloric acid (530) is now treated, first with strong nitric

acid, and then, if it resists solution, with nitrohydrochloric
acid (727), and if necessary boiled. If insoluble in this, it

is probably one of the insoluble silicates, sulphates, or

chlorides, and will have to be afterwards examined (578,
623).

SECTION II.

Preliminary examination of liquids.

533. When the substance given for examination is

liquid, a drop or two should be evaporated on platinum
foil, to ascertain whether or not it contains any fixed

matter in solution. If such is the case, a small quantity
of the liquid is to be evaporated to dryness in a basin, and
the residue examined according to the directions given
above for solid substances (524, 526 et seq.). Towards

the end of the evaporation, when the residue is nearly dry,
and a pellicle of solid matter is formed on the surface,
it is very liable to spurt, and project small portions of the

substance out of the basin (644); this is best avoided by
moderating the heat, and by constantly stirring with a glass
rod, so as to prevent the formation of the pellicle.
While the evaporation is going on, the following experi

ments may be commenced with the solution.
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534. Take its specific gravity (148).
535. Test the solution with litmus and turmeric paper, to

ascertain whether it is neutral or otherwise.

(a) If neutral, the absence of free acids and alkalies,
and of acid salts may of course be considered certain.

It is probable, also, that the only salts present are those

of the alkalies or alkaline earths, as the solutions of most

other salts have a feebly acid reaction.

(b) If it has an acid reaction (known by its reddening
blue litmus paper) it is owing to the presence of either an

uncombined acid, an acid salt, or a soluble salt of one of

the heavy metals, many of which have a feebly acid re

action. To ascertain which of these is present, pour a

little of the solution into a test-tube, and stir it with a

glass rod, the end of which is moistened with a solution of

carbonate of potash (KO,C02+2Aq); if this causes a pre

cipitate, the acid reaction is probably owing to the presence
of a metallic salt ; while, if the solution remains clear, a
free acid or an acid salt is probably the cause.

(c) If the solution has an alkaline reaction (known
by its turning turmeric paper brown), it is probably owing
to the presence of a free alkali or alkaline earth, one of

the alkaline carbonates, or an alkaline sulphide. In this

case we are enabled to exclude at once all oxides which are

insoluble in alkaline solutions ;£and if alkaline carbonates

are present, none of the alkaline earths can exist in solu

tion, since they would be thrown down as insoluble car

bonates.

536. If the solvent liquid is supposed from its taste or

smell, to be other than water, it may be necessary to in

sulate it from the solid matter it contains, for examina

tion. This is best done, if the liquid is volatile, by distil

lation in a small retort (61), or if the quantity of liquid
is minute, the distillation may be effected in two small

tubes as shown in the figure, a being the retort, and b

the receiver ; the latter may, if necessary, be kept cool by
immersion in cold water. The liquid should be poured
down a long tube funnel, to avoid soiling the long limb of

a. The distilled liquid may then be examined as to its

taste, smell, specific gravity, boiling point, &c.
14*
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537. When the substance to be examined is liquid, con

taining solid matter in suspension, the latter is to be sepa

rated by filtration, and the solid and liquid portions
examined

separately, according to the directions given (524
et seq. and

533 et seq.).

SECTION III.

Actual Analysis.

Introductory remarks.

538. Having learnt from the preliminary experiments

just described, the general nature of the substance under

examination, together with its degree of solubility, &c,

we proceed to the actual analysis by means of liquid tests,

with a view to ascertaining the exact constituents of which

it is composed.
We will first, for the sake of simplicity,. and leaving en

tirely out of sight all the rarer substances (179), describe

the processes to be followed in the analysis of simple salts,
which are known to contain only one metallic oxide or base,

combined with one acid ; as for example, sulphate of pot

ash (KO,S03) ; or a binary compound of a metal with a

non-metallic body (or haloid salt), such as chloride of cal

cium (CaCl) ; and first those which are readily soluble in

water. It is usual to determine the base first, and when
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that is done, the student may pass on to (556), and com

mence testing for the acid.

539. When the presence of any metal or acid is indi

cated by the action of a reagent employed in qualitative
analysis, it is always necessary to confirm our supposition
by applying other tests, as it is rarely the case that a single
test is sufficiently decided in its results to render the pre
sence of a metal absolutely certain. The student, there

fore, when he is led to infer from the result of an experi
ment, that a certain substance is present, should refer to

the action of other reagents on the particular metal or acid
in question ; when he will have no difficulty, by applying
two or three of the most characteristic tests to some of the

original solution, in proving his supposition to be correct or

otherwise.

CHAPTER II.*

qualitative ANALYSIS OF A simple salt, containing one

BASE AND ONE ACID, WHICH IS READILY SOLUBLE IN WATER

(529).

SECTION I.

Examinationfor the base of the salt.

540. Having made a tolerably strong solution of the

salt, a little of the solution is treated with a drop or two of

dilute hydrochloric acid (HCl). If this causes a white

precipitate, it is probably owing to the presence of either

lead, silver, or protoxide of mercury, the chlorides of whiclf,

being more or less insoluble, are precipitated as soon as

formed. In order to distinguish between them, a portion
of the liquid with the precipitate, is supersaturated with

ammonia (NH3).

* The student will find in the Appendix a list of salts, &c, which may

be taken for practice in qualitative analysis. He may examine a few of

each kind with the assistance of the book, until he finds himself tolerably

familiar with the processes ; after which he may try them without refer

ence to the printed directions
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(a) If this dissolves the precipitate, the base is pro

bably oxide of silver (377).
(b) If the precipitate becomes dark colored, the base

is probably protoxide of mercury (338).

(c) If the precipitate remains unaltered by the am

monia, the base is probably oxide of lead (362).
In either case, a portion of the original solution should

be tried with some of the most characteristic tests for the

suspected metal (539).

Hydrosulphuric acid test.

541. If no precipitate is caused by the hydrochloric acid,

the acidified portion of the solution is mixed with one of

hydrosulphuric acid (HS), or the gas may be passed through
it (730) until it smells perceptibly. If this causes no

change, the student may pass on to (547), but if a preci

pitate is produced, the base is thus shown to be one of

those in the fourth class (179), since none of the others are

precipitated from an acidified solution by hydrosulphuric
acid.

542. If the precipitate is black, the base is either

oxide of lead, oxide of copper, oxide of bismuth,* or per

oxide of mercury. To prove which of these it is, add to

separate portions of the original solution in a test tube, the

following tests, until one of them is found to indicate the

metal present.

(a) Add a little dilute sulphuric acid (HO,S03). If this

causes a wthite precipitate, the base is probably oxide of

lead, the white precipitate being in that case sulphate of

lead (PbO,S03) (361). To confirm this, add some of the

other tests for lead (356, 363, 364).
• (b) If the sulphuric acid gives no precipitate, add to

another portion a solution of ammonia (NH3) ; if this causes

at first a light blue precipitate, which on the addition

of ammonia in excess, redissolves, forming a deep rich

blue solution, the base is oxide of copper (369). (Con
firm 371, 372.)
(c) To another portion of the original solution, add a

* Bismuth is seldom met with in soluble compounds, since most of its
salts are insoluble, or only very sparingly soluble, in water.
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few drops of a solution of potash (KO) : if this causes a

yellow precipitate, the base is peroxide of mercury (351).
(Confirm 346, 353, 354.)
(d) If none of these tests succeed, a little of the solu

tion should be evaporated nearly to dryness with hydrochloric
acid, and then added to a considerable quantity of water in
a test tube; if a white precipitate is produced, the base
is probably oxide of bismuth (394). (Confirm 395, 397.)
543. If the precipitate caused by hydrosulphuric

acid is brown, the base is probably protoxide of tin (381).
(Confirm 379, 382, 386.)
544. If THE PRECIPITATE CAUSED BY HYDROSULPHURIC

acid is yellow, either the base is peroxide of tin (388),
or one of the exides of arsenic is present (307).* To de

termine which of these it is, add to a portion of the ori

ginal solution, a few drops of dilute ammonia; if this causes
a white precipitate, the base is probably peroxide of tin

(390) ; (Confirm 387, 393 ;) while if the solution remains

clear, the yellow sulphide is probably that of arsenic. f

(Confirm 303, 312.)
545. If THE color of the precipitate thrown down

by hydrosulphuric acid is orange, the base is probably
oxide of antimony (329). (Confirm 332, 334.)
546. If the precipitate with hydrosulphuric acid is

white, the base is probably peroxide of iron, sulphur being
in that case precipitated (278). (Confirm 280, 282.)

Hydrosulphate of ammonia test.

547. When hydrosulphuric acid causes no precipitate,
it may be inferred that no metal of the fourth class (179)
is present, and that the metal contained in the salt be

longs consequently to one of the three other classes. Add

* Although both the oxides of arsenic (As03 and AsO.) have acid pro

perties, they are best included here among the bases, on account of their

behavior with hydrosulphuric acid.

-f- When in the examination of a salt, the precipitate with hydrosulphuric
acid is found to be owing to the presence of arsenic, we must still seek for

the base by further experiments, since both the oxides of arsenic are acids.

When the substance is soluble in water, the base in combination with the

arsenious or arsenic acid will probably be found to be one of the alkalies,

since the arsenites and arseniates of all the other metallic oxides are inso

luble in water.
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a little muriate of ammonia (NH4Cl)* to a portion of the

original solution, and then a few drops of dilute ammonia,

unless the solution was quite neutral ; in which case the

addition of ammonia is unnecessary, its use being to pre

vent the presence of any excess of acid, which might in

terfere with the action of the hydrosulphate of ammonia

(440).
548. Add now to the neutral or slightly ammoniacal solu

tion, hydrosulphate of ammonia. If this causes no pre

cipitate, none of the metals of the third class can be

present, and the student may pass on to (553). If a pre

cipitate appears, however, the base is thus shown to be

one of those included in the third class : viz. alumina,
oxide of chromium, oxide of zinc, protoxide of manganese,
protoxide of iron, peroxide of iron, oxide of nickel, or oxide
of cobalt.

549. If the precipitate is black, the base is either

protoxide or peroxide of iron, oxide of nickel, or oxide of

cobalt. To distinguish between them, add to a fresh por
tion of the solution a little caustic potash.
(a) If this causes a dull pale green precipitate, which

on exposure to the air becomes rust colored,! the base is

protoxide of iron (273). (Confirm 276.)
(b) If it throws down a rust colored precipitate, the

base is probably peroxide of iron (281). (Confirm 282.)
(c) If the precipitate caused by potash is pale green,

which does not become brown by exposure to the air, the

base is probably oxide of nickel (288). (Confirm 287, 291,

292.)
(d) If the precipitate is light blue, changing to dirty

pink when boiled, the base is probably oxide of cobalt (295).
(Confirm 296, 299.)
550. If THE precipitate caused by hydrosulphate of

ammonia is flesh-colored, becoming brown by exposure

* Muriate of ammonia is here added to prevent the precipitation of any

magnesia that may be present (200), which, as it does not belong to the
third class, might cause confusion.

f When it is expected that a change of color will be caused by exposing
a precipitate to the air, the best way is to pour a little of the precipitate
with the solution containing it, on a piece of filtering paper, when it will
come more completely in contact with the air than when allowed to remain
in the test tube.
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to the air, the base is probably protoxide of manganese

(263). (Confirm 264, 267.)
551. If THE PRECIPITATE THROWN DOWN BY THE HYDRO

SULPHATE is white, the base is either alumina or oxide of

zinc. To distinguish between them, add to a fresh portion
of the original solution a little dilute ammonia.

(a) If this causes a white precipitate which is readily

soluble in excess of ammonia, the base is oxide of zinc

(255). (Confirm 260, 261.)

(b) If, on the contrary, the white precipitate thrown down

by ammonia is insoluble in excess, the base is alumina

(241). (Confirm 245.)
552. If the precipitate caused by the hydrosulphate

is green, the base is probably oxide of chromium (247).
(Confirm 248, 251, 252.)

Carbonate of soda test.

553. In case neither hydrosulphuric acid nor hydrosul
phate of .ammonia produces any precipitate, we know that

no metal of the third or fourth class can be present, and

that the base we are in search of must consequently belong
either to the first or second class.

Add carbonate of soda (NaO,C02) to a portion of the

original solution: if this causes no precipitate, the base

does not belong to class II., and the student may pass on

to (555). If, on the contrary, a white precipitate is pro

duced, the base is one of those included in the second

class, viz., magnesia, lime, baryta, or strontia.
554. To determine which of these it is, add to a little of

the original solution in a concentrated state, a few drops
of sulphuric acid or sulphate of soda.

(a) If this causes no precipitate, even after standing a

few minutes, the base is probably magnesia (205). (Con
firm 206, 209.)
(b) If, on the contrary, a precipitate is produced, the

base is either lime, baryta, or strontia : to distinguish be

tween them, add to another portion of the original solution,
a solution of sulphate of lime.

(c) If this causes an immediate precipitate, the base is

probably baryta (225).

(d) If the precipitate does not appear at first, but
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gradually separates after some little time, the base is

probably strontia (233). (Confirm 236.)

(e) If no precipitate is caused by sulphate of lime, even

after standing, and if oxalate of ammonia gives a white

precipitate in the diluted solution, the base is lime (218).

(Confirm 216, 219.)
555. If neither hydrosulphuric acid, hydrosulphate. of

ammonia, nor carbonate of soda produces any precipitate,
the base is one of the first class, viz. potash, soda, or am

monia. To ascertain which of these it is,

(a) Add to a portion of the dry salt, or of the concen

trated solution, in a test-tube, a little caustic potash (KO),
and boil : if the smell of ammonia is perceptible, and if

the vapor produces dense white fumes, when a rod moist

ened with hydrochloric acid is held near the mouth of the

tube, the base is ammonia (195). (Confirm 192, 194.)

(b) If it is not ammonia, add a little bichloride of pla
tinum to the concentrated solution ; if this causes a yel

low crystalline precipitate either immediately or after

standing a short time, the base is potash (185). (Confirm
186, 187.)

(c) If no precipitate appears, and if the solution from

the last experiment, on evaporating spontaneously, depo
sits yellow needle shaped crystals, which are readily
soluble in water, the base is soda (188). (Confirm 189,

190.)

SECTION II.

Examination for the acid.*

556. Having ascertained the base of the salt under

examination, we next proceed to discover the acid with

which it is combined; and here we will, as before, for the

sake of simplicity, leave out of sight all the rarer ones, and
confine ourselves to those inorganic acids which are most

commonly met with in analysis, viz.

* After determining the base of a salt which we know to be soluble in

water, it is of course unnecessary, in the subsequent examination, to look

for any acid that forms with the base an insoluble salt (See Table of Solu

bilities in the Appendix).



EXAMINATION FOR THE ACID. 169

Sulphuric (HO,S03).
Phosphoric (P05).
Boracic (B03).
Carbonic (C02).
Silicic (Si03).

Hydrochloric (HCl).
Hydriodic (HI).
Hydrosulphuric (HS).
Nitric (HO,N05).
Chloric (HO,CIOs).

557. A portion of the original solution, which for this

purpose should be tolerably concentrated, is first treated

with dilute sulphuric acid. If no apparent change takes

place, the student may pass on to (558); but if effer

vescence ensues, the acid is probably either carbonic or

hydrosulphuric.
(a) If the gas evolved is inodorous, the acid is proba

bly carbonic (419). (Confirm 420, 421.)
(b) If the gas has a smell resembling that of rotten

eggs, the acid is hydrosulphuric, or sulphur combined

with a metal (438). (Confirm 439, 443.)
(c) If the dilute sulphuric acid gives a pale yellow or

brown color to the solution, the acid is probably hydri
odic, in which case iodine is set free, and being slightly
soluble, colors the liquid (437). (Confirm 434, 435, 436.)
(See also 559 b.)
558. If no effect is produced by the dilute sulphuric

acid, a portion of the original neutral solution is tested

with chloride of barium (BaCl) ; if this produces no pre

cipitate, the student may pass on to (559); but if a pre

cipitate appears, the acid is probably either sulphuric,

phosphoric, boracic, or silicic,* since baryta forms with

each of them an insoluble salt.

(a) To distinguish between them, add a little strong

hydrochloric acid to the mixture with the precipitate; if

the latter does not dissolve, the acid is probably sul

phuric, because the sulphate of baryta is insoluble, while

the phosphate, borate, and recently precipitated silicate of

baryta, are soluble in hydrochloric acid (403). (Confirm
404, 405.)
If, on the contrary, the precipitate dissolves in the

* Arsenious or arsenic acid, if present, would also cause a precipitate
with chloride of barium ; but its presence will have been already ascer

tained during the examination for the base of the salt (544).

15
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hydrochloric acid, the acid is either phosphoric, boracic, or

silicic.

(b) Evaporate a little of the original solution to dryness
with hydrochloric acid; treat the residue again with more

of the acid; wash the insoluble matter (if any) with water,

and examine it before the blowpipe with carbonate of soda;
if a transparent colorless bead is obtained in this way,

the acid is silicic (427). (Confirm 424.)

(c) If it is not silicic, add a little nitrate of silver to a

portion of the original solution ; if this gives a pale yellow

precipitate, the acid is probably phosphoric (410). (Con
firm 409, 412.)
(d) If THE PRECIPITATE THUS PRODUCED IS WHITE, and

soluble in nitric acid and in ammonia, it is probably boracic

(416). (Confirm 417, 418.)
559. If chloride of barium causes no precipitate, a por

tion of the original solution must be treated with nitrate of
silver (AgO,NO5): if this causes no precipitate, pass on

to (560), but if a precipitate is produced the acid is pro

bably either hydrochloric or hydriodic.
(a) If the precipitate is white and curdy, insoluble in

nitric acid, but readily soluble in ammonia, the acid is

hydrochloric (429). (Confirm 431.)

(b) If the precipitate has a pale straw color, and is

almost insoluble in ammonia, the acid is probably hydri
odic (433). (Confirm 435, 436.)
560. If neither chloride of barium nor nitrate of silver

give any precipitate, the acid is probably nitric or chloric.

(a) Warm a little of the concentrated solution with strong
sulphuric acid and copper filings; if orange fumes are

given off, the acid is probably nitric (448). (Confirm 449,

450.)
(b) If the acid is not nitric, test a small quantity of the

solution for chloric acid, in the manner described in (454,
455), and confirm 457.
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CHAPTER III.

QUALITATIVE ANALYSIS OF A SIMPLE SALT, CONTAINING ONE

BASE AND ONE ACID (OR A SIMPLE METAL), WHICH IS

INSOLUBLE OR NEARLY SO IN WATER, BUT SOLUBLE EITHER

IN HYDROCHLORIC, NITRIC, OR NITROHYDROCHLORIC ACID

(530 ET SEQ.).

SECTION I.

Examinationfor base.

561. In dissolving a substance in acid for the purpose of

analysis, it is advisable to avoid using a large excess of

the solvent, since it might afterwards interfere with the

action of some of the reagents; when a large excess has

inadvertently been used, it is consequently necessary to get
rid of most of it by evaporation, taking care of course that

sufficient acid is left to retain the substance in solution.

Most of the substances which are insoluble in water and

soluble in acids, owe this solubility to their conversion into

compounds which are soluble in water; as when zinc or

marble is dissolved in dilute hydrochloric acid, the metallic

chloride which is formed (ZnCl, or CaCl), is soluble in

water, and consequently requires no excess of acid to

retain it in solution. In some cases, however, when the

acid acts merely as a solvent towards the substance, with

out causing decomposition, it is necessary to have an exces

of acid, to retain it in solution. This is the case with the

phosphates of the alkaline earths, and some other salts,
which would not dissolve again if the whole of the acid

used to dissolve them, were to be expelled.
562. When nitric acid has been employed, either alone

or in conjunction with hydrochloric acid, it is advisable to

expel it, and convert the nitrates into chlorides by adding
an excess of hydrochloric acid, filtering if necessary (as
when silver, lead, or mercury are present (540) ), evapo
rating the solution nearly to dryness, and adding water or

dilute hydrochloric acid. The reason why it is advisable
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to get rid of the nitric acid is, that it oxidizes and decom

poses hydrosulphuric acid, which has to be applied as a

test, and thus prevents that reagent playing its proper part

in the process.

Hydrosulphuric acid test.

563. Dilute the acid solution with three or four times

its bulk of water,* and test a portion of it with hydro

sulphuric acid; if this causes no precipitate, pass on to

(564); but if a precipitate is produced, refer back to

(540 to 546), as this part of the examination is conducted

in the same way as when the substance is soluble in

water.

Hydrosulphate of ammonia test.

564. If hydrosulphuric acid gives no precipitate, the

base cannot belong to the fourth class. A portion of the

solution should next be neutralized xoith ammonia if it con

tains an excess of acid, or if neutral, a little muriate of
ammonia should be added (547), and subsequently treated

with hydrosulphate of ammonia.
If this causes no precipitate, pass on to (570) ; but if

a precipitate is thrown down, the base is probably one

of those belonging to Class III; or else the precipitate may
consist of the phosphate of one of the alkaline earths,

which, in that case, would have been dissolved by the

acid, and reprecipitated unchanged, when the acid was

neutralized by the ammonia and hydrosulphate of ammonia.
565. If the precipitate caused by the hydrosulphate

is black, the base is probably protoxide or peroxide of iron,
oxide of nickel, or oxide of cobalt. To distinguish be

tween them apply the tests mentioned in (549).
566. If the precipitate thrown down by the hydro

sulphate is flesh-colored, becoming brown by exposure

to the air, the base is probably protoxide of manganese

(263). (Confirm 264, 267.)
567. If the precipitate is green, the base is probably

oxide of chromium (247). (Confirm 248, 251, 252.)

* If a white precipitate is formed on diluting the acid solution, it is pro
bable that either antimony, bismuth, or tin is present (332, 394, 380).
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568. If the precipitate is white, the base is either

alumina or oxide of zinc; or else the precipitate consists

of the phosphate (or ammoniophosphate) of magnesia, lime,

baryta, or strontia (564).*
To a portion of the original solution, add potash in ex

cess; if the precipitate at first formed redissolves,

the base is either alumina or oxide of zinc, which may be

distinguished from each other in the manner described in

(551).
569. If the precipitate thrown down by potash is

insoluble in excess, it consists probably of an earthy phos

phate, the base being consequently magnesia, lime, baryta,
or strontia. In such a case, it is advisable, before pro

ceeding to ascertain which of these is the base present, to

separate the phosphoric acid from it. This is done by

adding perchloride of iron (Fe2Cl3) to the acid solution,

and subsequently ammonia in slight excess; when the

whole of the phosphoric acid is precipitated as perphos-

phate of iron (2Fe203,3HO,3P05), and any excess of per

chloride of iron is at the same time precipitated by the

ammonia as hydrated peroxide; leaving in solution a chlo

ride of magnesium, calcium, barium, or strontium, together
with muriate of ammonia. The solution thus obtained,

and filtered from the precipitate of iron, may now be tested

with carbonate of soda, and further examined according to

the directions given in (554).

Carbonate of soda test.

570. If hydrosulphate of ammonia causes no precipitate,
a portion of the original solution is to be tested for the

alkaline earths with carbonate of soda (553, &c).
571. With regard to the alkalies, it is hardly necessary

to allude to them here, as the compounds which they form

with all the acids in our list (with the exception of silicic)

are soluble in water. In the case of an insoluble alkaline

silicate, it is only necessary to evaporate a little of the

acid solution of it to dryness, and treat the residue with

* Some other salts of the alkaline earths, as the oxalates and borates,

would, if present, be thrown down when the solution is neutralized, being

like the phosphates, soluble only in acid solutions. For the sake of sim

plicity however, the consideration of such compounds is here omitted.
1

15*
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water. The silicic acid will then be left insoluble (425),
and the aqueous solution of the alkaline chloride may be

tested for potash and soda in the manner described in

(555).

SECTION II.

Examinationfor the acid.

572. If the acid is arsenious or arsenic, it will have

been detected in the course of the examination for base

(563). It is unnecessary to look for chloric acid, since all

its salts are soluble in water, and consequently cannot be

met with here.

573. A small portion of the substance in the solid state

is first treated with hydrochloric acid; if this causes ef

fervescence, the acid is probably carbonic (419) ; (Con
firm 420); or if the gas which is given off has the smell

of hydrosulphuric acid, the substance under examina

tion is probably a metallic sulphide (438). (Confirm 439,

444.)
574. If the substance is not acted on by the hydrochloric

acid, treat a little of it with nitric acid, and if necessary,
boil it.

(a) If this causes effervescence, orange fumes of ni

trous acid being given off, and sulphur at the same time

deposited, the substance is probably a metallic sulphide
(439). (Confirm 444.)
(b) If the substance dissolves in nitric acid without

eefervescence, add nitrate of silver to the acid solution ;

a white curdy precipitate, soluble in ammonia, indicates

hydrochloric acid, the original substance being in that case

a chloride (429). (Confirm 431.)
575. Treat a little of the substance in the solid state with

strong sulphuric acid, and apply heat.

(a) If this causes the disengagement of violet vapour
of iodine, the substance under examination is an iodide

(436).
(b) Add a little alcohol to the acid mixture, wrhich for

this experiment should not contain more than a few drops
of sulphuric acid, and apply a light to it in a small eva-
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porating dish, placing it in a dark corner, so as to distin

guish the color of the flame more readily. If the flame

is green at the edges, the acid is probably boracic (418).
(Confirm 417.)

(c) Evaporate to dryness a little of the substance after

boiling with sulphuric acid, and digest the residue in hot

hydrochloric acid; if this leaves a white insoluble pow

der, which when washed, and heated before the blowpipe
with carbonate of soda, fuses into a colorless transparent

bead, the acid is silicic (425, 427).

(d) Dilute the hydrochloric acid solution formed in (c)
with water, and add a solution of chloride of barium; if

this causes a white precipitate, which is insoluble in

nitric acid, the acid is probably sulphuric (403). (Confirm
405, 406.)
576. In testing for phosphoric acid, one of the two fol

lowing methods may be adopted, according as the base of

the salt has been found to belong to the second, third, or

fourth class (179).
(a) If the base is one of those in Class IV., the diluted

acid solution of the substance, containing only a slight
excess of acid, is saturated with hydrosulphuric acid (730),
which precipitates the metal, and sets free the phosphoric
acid (if present), which remains dissolved in the solution.

3CttO,P05+3HS=3CuS+ 3tfO,P05.
The liquid should now be filtered from the precipitated

sulphide, concentrated by evaporation, supersaturated with

ammonia, and tested with sulphate of magnesia; if a white

crystalline precipitate is gradually produced, which is in

soluble in muriate of ammonia, the acid is probably phos

phoric (409). (Confirm 410, 412.)

(b) If the base has been found to belong to Class II. or

III., perchloride of iron (Fe2Cl3) is added to a portion of

the solution of the substance in hydrochloric acid, and

subsequently ammonia in slight excess; the phosphoric

acid, if present, is precipitated in combination with the

iron as perphosphate of iron, together with a little hydrated

peroxide of iron, if the perchloride has been added in ex

cess. The precipitate thus formed, containing the whole

of the phosphoric acid (if sufficient perchloride of iron has

been added), is now well washed with distilled water, and
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digested with the aid of heat in hydrosulphate of ammonia,

by which it is decomposed, sulphide of iron and phosphate
of ammonia being formed (413); the latter being soluble,

may be separated from the sulphide by filtration and tested

for phosphoric acid with sulphate ofmagnesia (409). Con

firm 410, 412.)
577. If the acid is found to be none of those now referred

to, it may be nitric, a few of the subnitrates being insoluble

in water and soluble in acids. To determine this, a little

of the substance in a tube is tested with sulphuric acid and

copperfilings, when the appearance of orange fumes will

indicate the presence of nitric acid (448). (Confirm 449,

450.)

CHAPTER IV.

qualitative analysis of a simple salt, containing one

base and one acid, which is insoluble or nearly so in

water, hydrochloric, nitric, and nitrohydrochloric

acids (532).

578. If the salt under examination has been found in

soluble in the above solvents, it is probably one of the

following substances, viz., a silicate of one of the metals

belonging to Class II., III., or IV.; sulphate of lime

(CaO,S03); sulphate of baryta (BaO,S03) ; sulphate of

strontia (SrO,S03) ; sulphate of lead (PbO,S03) ; chloride of

lead (PbCl), or chloride of silver (AgCl). Some of these

compounds are not altogether insoluble either in water or

acids, as the sulphate of lime and chloride of lead; but

since they are very sparingly so, it is possible they may be

placed under this head by the experimenter.
579. A small fragment of the substance is moistened

with hydrosulphate of ammonia: if it remains white, pass
on to (580): but if it blackens, it is probably either sul

phate of lead, chloride of lead, or chloride of silver. A
little of the substance in fine powder should in this case be

digested for a few hours in hydrosulphate of ammonia, which
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will gradually decompose it, the metal combining with the

sulphur to form an insoluble sulphide, while the acid unites

with the ammonia of the hydrosulphate, to form a soluble

salt of ammonia. Thus, in the case of sulphate of lead,
2(VbO,S03)+NH4S,HS=2VbS+NH40,S03+HO,S03.
(a) After filtration, the precipitated sulphide is dissolved

in nitric acid, and the solution thus obtained may be tested

for lead with sulphuric acid (361), and for silver with hydro
chloric acid (377).

(b) The solution filtered from the sulphide, is next ex

amined for sulphuric acid with chloride of barium (403),
and for hydrochloric acid (chlorine) with nitrate of silver

(429), confirmatory experiments being made in each case.

580. If the substance remains white when moistened

with hydrosulphate of ammonia, it is probably either a

silicate, or the sulphate of one of the alkaline earths, lime,

baryta, or strontia. A portion of the substance (about
twenty to thirty grains) is reduced to fine powder, and

intimately mixed with four or five times its weight of dry
carbonate of soda. The mixture is placed in a platinum
(or porcelain) crucible,* and heated to redness, either in a

furnace or over a lamp, for about an hour (648). The

fused mass, when cool, is digested in dilute hydrochloric
acid until it is for the most part dissolved, and a little of

the solution is tested for sulphuric acid with chloride of
barium (403).
(a) If THIS INDICATES THE PRESENCE OF SULPHURIC ACID

the substance is probably the sulphate of lime, baryta, or

strontia, and the acid solution may be neutralized with

ammonia, and examined for those bases according to the

directions given in (554).
(b) If no sulphuric acid is present, the substance is

* Great care is necessary in using a platinum crucible, that nothing is

heated in it which is likely to corrode it. Compounds of the easily re

duced and fusible metals, as tin, antimony, lead, bismuth, &c, substances

containing sulphur, as metallic sulphides, caustic alkalies, nitrohydrochloric

acid, besides many other substances, are all more or less injurious.
When a platinum crucible is heated in a furnace or open fire, it must

be placed in a covered earthen crucible to protect it from injury; a little

pounded magnesia should be interposed between them, to prevent their

sticking together, as at a high temperature the surface of the earthenware

is liable to fuse.
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probably a silicate. In this case, the hydrochloric acid

solution, together with any portion that may have resisted

solution, is evaporated to dryness, and the residue treated

with hydrochloric acid, and subsequently with water; if a

white insoluble powder remains, which fuses with car

bonate of soda before the blowpipe into a clear colorless

bead, silicic acid is present (425, 427).
The solution obtained in (b), by treating the dry residue

with hydrochloric acid and water, contains the base with

which the silicic acid was combined ; and may be examined

according to the directions given in (563 et seq.).

CHAPTER V.

QUALITATIVE ANALYSIS OF A MIXTURE OF TWO OR MORE SALTS,

WHICH MAY CONTAIN ALL THE BASES AND ACIDS IN THE LIST

(179).

Introductory remarks.

581. Unless we have reason to know that a substance

intended for analysis, contains only one base and one acid,
it is necessary to assume that it may contain any or all of

the more common saline compounds. Such an analysis is
of course considerably more complicated than that of a

single salt, and consequently the necessity of having a well

devised scheme of experiments is here even greater than
in the former case, when only one base and acid had to be

determined.

The method of dealing with such a mixture is, first to

separate the whole of the metals of the fourth class (if any
are present), by passing hydrosulphuric acid gas through a

solution of the substance acidified with hydrochloric acid,
and filtering the solution from the precipitate: the precipi
tate is then dissolved in acid, and tested successively for
each of the metals of the fourth class. The filtered solu

tion, containing all the bases but those of the fourth class,
is then neutralized, and treated with hydrosulphate of am

monia, which throws down all the metals of the third class



OF A MIXTURE OF SALTS. 179

(if any are present) ; and the precipitate filtered from the
solution is dissolved in acid, and tested successively for

each metal of the third class. The solution, filtered from

the sulphides can now only contain any metals of the first

and second class that may be present, which may readily
be distinguished by a few simple tests.
582. The student must be careful, when making these

experiments, that he adds sufficient of the various re

agents, to throw down the whole of the metals affected by
them, since any traces of the metals belonging to a class

supposed to have been entirely removed from the solution,
would materially interfere with the indications afforded by
the subsequent tests. For example, in the analysis of a

mixture of a salt of lead and a salt of lime, if sufficient

hydrosulphuric acid were not passed through the solution

to separate the whole of the lead, a black precipitate of

sulphide of lead would be formed on the addition of hydro
sulphate of ammonia to the filtered liquid, indicating the

presence of one or more metals of the third class, none of
which are really present. On the other hand, the addition

of a large excess of any of the reagents is also to be

avoided, as being not only useless and wasteful, but in

many cases mischievous.

Both these errors may be avoided by adding the re

agents in small successive portions; and when the experi
menter has reason to think that he has added sufficient, let

him filter a few drops of the mixture, and apply to the

solution a little more of the reagent : if this produces no
further precipitate, he may conclude that enough has been

added.

583. When a class of metals has been precipitated by
either of the general reagents mentioned in (581), it is

always advisable, before proceeding to apply any of the

subsequent tests to the filtered solution, to ascertain whe

ther it contains any other fixed bases, as if it does not, the

examination of it need not be proceeded with. This is

readily known by evaporating a drop or two of the solution

on platinum foil, and heating it to redness; when, if no

residue is left, it may safely be concluded that all the

bases (except ammonia, which must be looked for in a

separate portion (602) ) have been already separated. In
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the course of an analysis, especially of a complicated sub

stance, it is often necessary to have several solutions in

hand at the same time ; to avoid confusion, each of these

should be labelled with a bit of gummed paper, with a letter

or mark upon it, referring to a corresponding letter in the

note book (7).
584. As one portion of the substance to be analyzed has

to be carried through several operations, it
is advisable that

the quantity operated on should not be very small. When

the substance is a solid, twenty or thirty grains may be

used ; and when in solution, an ounce or two (according
to the degree of concentration) will be found a convenient

quantity.

CHAPTER VI.

QUALITATIVE ANALYSIS OF A MIXTURE OF SALTS, WrHICH MAY

CONTAIN ALL THE BASES AND INORGANIC ACIDS IN THE LIST

(179), AND WHICH IS READILY SOLUBLE IN WATER (529).*

SECTION I.

Examination for bases.

585. The solution is first rendered slightly acid by the

addition of a few drops of hydrochloric acid: if this causes
no precipitate, pass on to (586) ; but if a white precipi

tate is produced, it is owing to the presence of silver,

lead, or protoxide of mercury. In this case, add hydro
chloric acid as long as it causes any precipitate, filter the

liquid, and wash the insoluble chloride.

Place a small portion of the moist precipitate in a test-

tube, and treat it with ammonia.

* It is of course impossible that such a solution can exist, containing all

the bases and acids in the list, since several of them would form salts

which are insoluble in water, as baryta and sulphuric acid, oxide of silver
and hydrochloric acid, &c. It is consequently unnecessary, after having
determined the bases in a mixture of salts soluble in water, to look for any
acids which form with them salts that are insoluble (See Table of Solubili
ties in the Appendix).
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(a) If THE PRECIPITATE DISSOLVES COMPLETELY, it COn-

sists wholly of chloride of silver, proving of course the

presence of silver in the substance under examination

(377). (Confirm 374, 378.)
(b) If the precipitate is blackened, and not wholly

dissolved, by the ammonia, it probably contains proto
chloride of mercury (338). (Confirm 336, 344.)

(c) If it appears to be unaffected by the ammonia,

it is chloride of lead (362). (Confirm 361, 363, 366.)
(d) If it does not wholly dissolve (b and c), pass the

ammoniacal mixture through a filter, and neutralize the

solution with nitric acid: if silver, in addition to lead or

mercury, is present, it will be reprecipitated as chloride

(377). (Confirm 374, 378.)

Hydrosulphuric acid test.

586. The solution, acidified with hydrochloric acid, and

filtered if necessary from the precipitate, is now treated

with hydrosulphuric acid gas, which must be passed
through it until, after removing the delivering tube, and

blowing the air from the surface of the solution, the latter

smells distinctly of the gas. If no precipitate is pro

duced, even on boiling the mixture, pass on to (593); but

if, on the contrary, a precipitate falls, one or more of

the metals of the fourth class are present ; if this is the case,

the precipitate must be separated from the solution by fil

tration, and washed with distilled water, until a drop of

the washings leaves no fixed residue when evaporated on

platinum foil, the filtered solution being carefully reserved

for further examination (593).*
587. If the precipitate produced by hydrosulphuric

acid is yellow, it may be owing to the presence of arsenic

(307), or peroxide of tin (388). In this case it is advisable

first to dry a little of the precipitate, and test it for arse

nic with black flux (303). If arsenic is thus found to be

* In qualitative analysis the first portions only of the washings need

be retained (unless we possess only a small quantity of the substance), as

the rest would only uselessly dilute our solution ; but in quantitative an

alysis, it is necessary to retain the whole of them, as their rejection would

occasion a serious deficiency in the weight of the substance under examin

ation.

16
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present, we may at once conclude that no bases, with the

exception of the alkalies, can be present, because the com

pounds of arsenious and arsenic acid, with all the other

bases, are more or less insoluble in water, and consequently
cannot exist in an aqueous solution, like that now under

consideration. When therefore arsenic is found, the stu

dent may at once pass onto (601); and having concen

trated the solution, and divided it into three portions, pro
ceed to examine it for potash, soda, and ammonia.

588. When arsenic is not present, or when the precipi

tate caused by hydrosulphuric acid is any other color

than yellow, it must, after being well washed (586), be se

parated from the filter, and digested, with the aid of a gentle
heat for about a quarter of an hour, in a small basin with

hydrosulphate of ammonia. If the sulphides of antimony
or of tin are present, they will dissolve in the hydrosul
phate, forming soluble double sulphides, while the sulphides
of the other metals of the fourth class that may be present,
will remain undissolved.*

If the sulphides, or any portion of them remain undis

solved by the hydrosulphate, the mixture must be fil

tered, and the insoluble portion well washed; the solution

will then have to be examined for antimony and tin, and

the insoluble portion for lead, bismuth, copper, and mer

cury, thus:
—

589. Dilute the hydrosulphate of ammonia solution with

about an equal bulk of water, and supersaturate it with

acetic acid, which will cause a precipitation of sulphur

(440), and of the sulphides of tin and antimony if they are

present (330). This precipitate is washed with water, dried,
and a little of it gently ignited on platinum foil, to prove

whether it contains anything more than sulphur, in which

case a fixed residue is left ; while, if the whole volatil

izes, the examination of the matter precipitated by the

acetic acid need not be proceeded with, and the student

may pass on to (590), neither tin nor antimony being pre
sent.

* If copper is present, which may be readily ascertained by adding
ammonia in excess to the original solution (369), sulphide of potassium
must be substituted for the hydrosulphate of ammonia, because the latter

would dissolve some of the sulphide of copper.
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If, on the other hand, a residue is left on the plati

num foil after ignition, either tin or antimony (or both)
are present; in this case, the precipitate may be boiled for

about half an hour in a test-tube with strong hydrochloric
acid, and, after standing for a short time to allow the un

dissolved sulphur to subside, the clear solution, which may
contain the chloride of antimony and perchloride of tin,*
is poured off.

(a) Dilute a portion of the hydrochloric acid solution

with four or five times its bulk of water: if it becomes

milky, antimony is probably present (332). (Confirm 333,
334.)
(b) Evaporate another portion of the hydrochloric acid

solution to dryness, mix the residue with carbonate of soda,
and heat it in the inner flame of the blowpipe ; if mal

leable metallic globules are thus formed, tin is probably
present (379). (Confirm 384, 386.)
(c) To ascertain whether the tin existed as protoxide or

peroxide, a little of the original solution may be tested

with terchloride ofgold, which gives a purple precipitate

with protosalts of tin (386.)
590. The portion of the sulphides which did not dissolve

in the hydrosulphate of ammonia (588), must now be ex

amined for lead, bismuth, copper, and mercury.
The precipitate is removed from the filter, into a small

evaporating basin, and boiled with strong nitric acid for

about a quarter of an hour: the solution is then diluted

with water, and if anything remains undissolved, filtered.
591. The undissolved matter may contain sulphide of

mercury, sulphur, and sulphate of lead; the sulphuric acid

of which will have been formed by the action of the nitric

acid on the sulphur of the sulphides.
(a) Heat a little of it on platinum foil; if a white resi

due is left after ignition, which blackens when moistened

with hydrosulphate of ammonia, lead is probably present

(361). (Confirm 366.)
(b) Mix another portion of the dried residue with car-

* If the tin existed as protoxide, and consequently as protosulphide
(SnS) in the precipitate thrown down by hydrosulphuric acid, it will have
been converted into the persulphide (SnSa) by the action of the excess of

sulphur usually present in the hydrosulphate of ammonia (382).
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bonate of soda, and heat it in a hard glass tube; if mer

cury is present, metallic globules will condense in the

upper part of the tube (336).
592. The nitric acid solution (590) may contain lead,

copper, and bismuth.

(a) Evaporate the solution nearly to dryness, and dilute

it with water; if a white precipitate is produced, bis

muth is probably present (394). (Confirm 395, 397.)

(b) To the solution formed in (a), filtered, if necessary,
from the precipitate, add dilute sulphuric acid; if this

causes a white precipitate, lead is probaby present (361).

(Confirm 363, 366.)
(c) To another portion of the clear solution (a) add

ammonia in slight excess ; if this gives a pale blue pre

cipitate, which readily redissolves in excess of ammonia,

forming a blue solution, copper is present (369).

Hydrosulphate of ammonia test.

593. A few drops of the solution filtered from the preci
pitate thrown down by hydrosulphuric acid, or which

failed to produce a precipitate with it (586), are now eva

porated on platinum foil, to ascertain whether it contain

any other fixed base ; and if it is found to leave no resi

due, the examination need not be proceeded with ; but if

a residue is left, a small portion of the solution is neu

tralized with ammonia in a test-tube, and treated with

hydrosulphate of ammonia. If this gives no precipitate,

the solution does not contain any of the metals in the

third class, and the student may pass on to (596); but

if a precipitate appears, the whole of the liquid is simi

larly treated, first with ammonia and then with the hydro
sulphate, a little muriate of ammonia being also added,
unless the solution contained a decided excess of hydro
chloric acid, in which case, the muriate would be formed

on neutralizing the acid with ammonia.*

When the hydrosulphate has been added as long as it

causes any precipitate, the liquid is filtered, and the pre

cipitate well washed, until a drop of the washings, when

evaporated on platinum foil and ignited, leaves no fixed

* See note to 547.
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residue,* the clear solution being retained for further ex

amination (596).
594. The precipitate is dissolved in nitrohydrochloric

acid, heat being applied if necessary; and if any sulphur
remains undissolved, the mixture is filtered. The solution

thus obtained may contain peroxide of iron, alumina, and
the oxides of chromium, manganese, zinc, nickel, and

cobalt.

(a) Ammonia is now added in excess, which precipitates
the peroxide of iron, alumina, and oxide of chromium,
while the four remaining oxides, if present, are redis-

solved. If no precipitate remains, pass on to (595).

(b) If a precipitate is formed by the ammonia, the

mixture is filtered, and the precipitate, after being washed,
is redissolved in hydrochloric acid.

(c) Potash is added in excess to the hydrochloric acid

solution: if this causes a precipitate which is insoluble

in excess, peroxide of iron is probably present (281).

(Confirm 282.)
(d) The potash solution, filtered if necessary, from the

precipitate (c), may contain alumina and oxide of chro

mium. If oxide of chromium is present, the solution will

probably have a green color, and on boiling the potash

solution, the hydrated oxide of chromium gradually sepa
rates as a dark green precipitate, leaving the solution

colorless (249). (Confirm 251, 252.)

(e) If alumina is present, it will be precipitated from

the potash solution on the addition of muriate of ammo

nia (242). (Confirm 240, 245.) -

595. The ammoniacal solution (594 a) is now to be ex

amined. A drop or two are first evaporated on platinum,
when if no fixed residue remains, proving the absence

of fixed bases, the examination need not be proceeded
with ; but if any residue

is left, the ammoniacal solution

is treated with hydrosulphate of ammonia as long as it

produces any precipitate. This precipitate is redissolved

in nitrohydrochloric acid, and the solution supersaturated
with potash. If a precipitate is formed, the mixture is

filtered, and the precipitate washed.

* See note to 586.

16*
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(a) The filtered solution may contain oxide of zinc. If

this is the case, the addition of hydrosulphuric acid to the

potash solution throws down the white sulphide (256).
(Confirm 260, 261.)

(b) The precipitate (if any) thrown down by potash,
which may contain the oxides of manganese, cobalt, and
nickel, is warmed with a solution containing ammonia and

carbonate of ammonia: if any of the precipitate remains

undissolved, oxide of manganese is probably present.
(Confirm 267, 268.)
(c) If any fixed residue is left when a drop of the am

moniacal liquid formed in (b) is evaporated on platinum
foil, it may contain the oxides of cobalt and nickel. In

this case, evaporate the solution to dryness, and test a

little of the residue with borax before the blowpipe, for
cobalt (299). (Confirm 295, 296.)
(d) Add a little hydrochloric acid to the other portion

of the residue formed in (c), and expel the greater part
of it by evaporation, leaving only a slight excess of acid.
Dissolve it in water, and add a solution of cyanide of po
tassium until any precipitate that may be formed is entirely
redissolved; if the addition of dilute sulphuric acid to the

solution gradually causes a precipitate, nickel is probably
present (291). (Confirm 287, 288.)

Carbonate of ammonia test.

596. The solution filtered from the precipitate thrown

down by hydrosulphate of ammonia, or which failed to

produce a precipitate with that reagent, is now to be

tested. A few drops are first evaporated on platinum foil,
and if no fixed residue remains, it need not be examined

for any other fixed bases, and ammonia only will have to

be looked for in addition to the bases already discovered

(see 602 for the method of testing for ammonia).
If, on the contrary, a residue is left, the solution is

boiled for some time to expel the hydrosulphuric acid, a

little hydrochloric acid having previously been added if

hydrosulphate of ammonia had been used.

NH4S,HS+HCl=NH4Cl+ §HS.

If any sulphur is precipitated in this process, it must be

separated by filtration.
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The solution is now mixed with a little muriate of am

monia, unless already formed by neutralizing an excess of

ammonia or the hydrosulphate with hydrochloric acid ;

carbonate of ammonia, mixed with a little ammonia (741),
is added as* long as it causes any precipitate, and the solu

tion is boiled. If no precipitate is thrown down, the

student may pass on to (598), neither lime, baryta, nor

strontia being present ; but if a precipitate falls, it is

owing to the presence of one or more of those bases. In

this case the mixture is filtered, and the precipitate (which
may contain the carbonates of the alkaline earths just
mentioned) is well washed, the filtered solution being re

tained for subsequent examination (598).
597. The precipitate is dissolved in a small quantity of

hydrochloric acid ; the solution thus formed is neutralized

with ammonia, and divided into three portions.
(a) Add to the first, sulphate of soda as long as it causes

any precipitate, and filter. If oxalate of ammonia gives
with the filtered solution a white precipitate, lime is

present (216). (Confirm 219.)
(b) To the second portion add a solution of sulphate of

lime; if this causes an immediate white precipitate,

baryta is probably present (225). (Confirm 228.)
(c) The third portion is evaporated to dryness, and a

little of the residue heated before the blowpipe ; if the

flame is tinged with a carmine color, strontia is pro

bably present (236). (Confirm 232, 233.)
598. The liquid filtered from the precipitate caused by

the carbonate of ammonia, or which failed to give a pre

cipitate with that reagent (596), is now to be examined.

If it leaves any residue when evaporated on platinum
foil, it may contain magnesia, potash, and soda.

When lime, baryta, or strontia have been detected in the

mixture, it is always advisable to test a little of the solu

tion filtered from the carbonates, with oxalate of ammonia

and sulphate of soda, in order to see whether the whole of

the three earths had been separated by the carbonate of

ammonia: if either of the tests shows traces of them, the

solution is to be again boiled with a fresh addition of am

monia and carbonate of ammonia, until the whole of them

is removed.
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599. A little of the ammoniacal solution, moderately
concentrated, is now tested with phosphate of soda; if this
causes a white crystalline precipitate magnesia is pre
sent (206). (Confirm 208, 209.)
600. If magnesia is not present, the ammoniacal solu

tion is evaporated to dryness, and the residue ignited to

expel the ammoniacal salts; the residue is then dissolved

in as small a quantity as possible of water, and the solu

tion divided into three portions, to be tested according to

the directions given in (601).
When magnesia is present, it is necessary to separate

it from the solution, by some reagent which does not con

tain soda, since that alkali has still to be sought for in the

solution. In such a case, the following is the best method.

The remaining portion of the ammoniacal solution is eva

porated to dryness, and the residue ignited in a small

platinum crucible to expel the ammoniacal salts. The

fixed matter is dissolved in a little water, treated with a

saturated solution of caustic baryta, and allowed to stand

some little time, to cause the whole of the magnesia to

precipitate (208). The mixture is then filtered ; dilute

sulphuric acid is added in very slight excess to the clear

solution, to throw down the whole of the baryta; and the

liquid after boiling, is filtered. The filtered solution is

evaporated to dryness, to expel the excess of sulphuric
acid; and the residue is gently ignited; this is redissolved

in the smallest possible quantity of water, and the solution

divided into three portions. If no residue is left after

the ignition, neither of the fixed alkalies is present.
601. (a) The first portion is tested with bichloride of

platinum, for potash (185).
(b) The second portion is acidified with tartaric acid,

also for potash (186).
(c) The third portion is tested with antimoniate of pot

ash, for soda (189). (Confirm 188, 190.)
602. As the substance under examination has to be

ignited during the analysis, it is of course impossible that

ammonia can be detected with the other alkalies in the

process now described. A portion of the original solution

is therefore to be mixed with an excess of caustic potash,
and warmed; if ammonia is present, it maybe detected
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by the smell, or by holding a rod moistened with hydro
chloric acid, near the mouth of the test-tube (195).

SECTION II.

Examinationfor the acids.

603. The original solution of the substance is first ex

amined with litmus and turmeric paper; if it has an acid

reaction, a little of it is tested in the manner described

in (535 b), and if it is found to owe its acid reaction to

the presence of free acid, the solution must be carefully
neutralized with dilute potash; but if it is only a me

tallic salt which caused it, the solution may be considered

neutral. If, on the other hand, the liquid has an alkaline

reaction, which may be owing to the presence either of

a free alkali, or of alkaline carbonates or hydrosulphates,
it must be rendered perfectly neutral by hydrochloric acid,
and boiled, to expel carbonic or hydrosulphuric acids if

either are present.
604. To a small portion of the original solution add

hydrochloric acid in excess : if this causes effervescence,

carbonic and hydrosulphuric acids may be present. If no

effervescence takes place, pass on to (605).
(a) If the gas is inodorous, or when passed into lime

water causes a white precipitate, carbonic acid is present

(419, 420).
(b) If the gas has a disagreeable smell, and when

passed into a solution of acetate of lead causes a black or

brown precipitate, hydrosulphuric acid (sulphur) is probably
present (438). (Confirm 439, 444.)

Nitrate of baryta test.

605. Add to the original solution of the substance, neu

tralized if necessary (603), nitrate of baryta as long as it

causes any precipitate. If no precipitate is formed, pass
on to (607). The mixture is filtered, and the precipitate
washed, the clear solution being reserved for further ex

amination (607). The precipitate may contain sulphuric,
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arsenic, arsenious,* phosphoric, boracic, and silicic acids,
in combination with baryta.
(a) The precipitate is heated with strong hydrochloric

acid, and the mixture evaporated to dryness. The residue

is again warmed with hydrochloric acid, and the liquid,
after boiling, is diluted with a little water, and filtered if

anything remains undissolved, in which case sulphuric
and silicic acids may be present.
(b) Add an excess of hydrochloric or nitric acid to a

small portion of the original solution, and then a few drops
of nitrate of baryta; if this causes a white precipitate,

insoluble when the mixture is heated, sulphuric acid is

present (403). (Confirm 405, 406.)
(c) To another small portion of the original solution add

hydrochloric acid, and evaporate the solution to dryness:
if any of the dry residue is insoluble in hydrochloric

acid, silicic acid is probably present (425). {Confirm 427.)
606. The hydrochloric acid solution (605 a) may contain

phosphoric and boracic (as well as arsenious and arsenic)
acids, the compounds of those acids with baryta being
soluble in hydrochloric acid.

(a) Test a little of the original neutral solution with mu

riate of ammonia and sulphate ofmagnesia ;f if a crystal
line precipitate is formed, either immediately or after

standing a short time, phosphoric acid is probably present

(409). (Confirm 410, 412.)
(b) Add a little sulphuric acid to a small portion of the

original solution, or of the substance in the solid state,

and evaporate the mixture to dryness. Treat the residue

with alcohol, and after allowing it to digest a short time,
set fire to it in a dark place : if the flame of the alcohol

is colored green, boracic acid is probably present (418).

(Confirm 416, 417.)

Nitrate of silver test.

607. The solution filtered from the precipitate caused

* If arsenious or arsenic acids are present, they will have been already

detected in the course of the examination for bases (587).

f If the substance has been found to contain any base that causes a pre

cipitate with sulphuric acid (see Table of Solubilities in the Appendix),
chloride of magnesium must be used instead of the sulphate.
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by nitrate of baryta, or in which that reagent failed to

produce a precipitate (605), is now examined. It may
contain hydrochloric,* hydriodic, nitric, and chloric acids;
and in addition to these, in case the original solution was

dilute, or contained ammoniacal salts, traces of boracic,
arsenious, and arsenic acids. The solution is treated with

nitrate of silver: if any precipitate is produced, the mix

ture is filtered, and the clear solution reserved for subse

quent examination (608).
(a) Add an excess of ammonia to the precipitate ; if it

does not wholly dissolve, hydriodic acid (iodine) is pro
bably present (433). (Confirm 435, 436.)

(b) The ammoniacal solution formed in (a) is supersatu
rated with nitric acid: if a white curdy precipitate is

thrown down, hydrochloric acid (chlorine) is probably pre
sent (429). (Confirm 430, 431.)
(c) The acid solution formed in (b) may contain traces

of arsenious, arsenic, and boracic acids. The first two

will, if present, have been already found in the examination
for the bases; the latter may be detected in the manner

described in (606 b).
608. The solution filtered from the precipitate thrown

down by nitrate of silver, or in which that reagent failed

to produce a precipitate (607), may contain nitric and

chloric acids ; but as nitric acid has been added to it in the

nitrates of baryta and silver, some of the original solution
must be used in this part of the examination.

(b) To a small portion of the original solution, add sul

phuric acid and copper filings : if orange fumes are disen

gaged, nitric acid is probably present (448). (Confirm 449,

450.)
(b) Moisten a portion of the original substance in the

dry state, with strong sulphuric acid: if a greenish gas is

evolved, chloric acid is probably present (457). (Confirm
454, 455, 456.)

* If hydrochloric acid has been used to neutralize the solution (603), it
will of course be precipitated here, so that it will be necessary to test a

little of the original solution, neutralized with nitric acid, to ascertain

whether any hydrochloric acid or chlorine is present in it.
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CHAPTER VII.

qualitative analysis OF A MIXTURE OF TWO or more

SALTS, WHICH MAY CONTAIN ALL THE BASES AND INORGANIC

ACIDS IN THE LIST (179), AND WHICH IS INSOLUBLE, OR

NEARLY SO, IN WATER, BUT READILY SOLUBLE IN HYDRO

CHLORIC, NITRIC, OR NITROHYDROCHLORIC ACID (530).

SECTION I.

Examination for the bases.

609. When it has been found necessary to use a large
excess of acid to dissolve the substance, it is advisable,
before beginning the analysis, to expel the greater part of
it by evaporation (561).
610. When the substance has been dissolved in hydro

chloric acid or nitrohydrochloric acid, it is unnecessary to

examine it for silver or protoxide of mercury, because the

corresponding chlorides of those metals are insoluble in

hydrochloric acid. When the solution has been made in

nitric acid, a little hydrochloric acid is first added to the

solution : if this causes no precipitate, pass on to (611);
but if a white precipitate is produced, silver, protoxide
of mercury, and lead may be present. In this case add

hydrochloric acid as long as it causes any further precipi
tate, filter, and examine the precipitate with ammonia, as

already described (585), the solution being retained for

further examination (611).
611. When nitric acid has been used in dissolving the

substance, either alone or in conjunction with hydrochloric
acid, it is advisable to expel it before proceeding to test the
solution with hydrosulphuric acid; because when nitric

acid is present in a solution, the hydrosulphuric acid is

oxidized by it, and is thus prevented from acting in the

usual manner on the metallic oxides present. The solution

containing nitric acid should therefore be mixed with an

excess of hydrochloric acid, filtered if necessary, and

evaporated nearly to dryness. The concentrated solution
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is then diluted with water, and if any milkiness is pro

duced on dilution, owing to the presence of antimony,
bismuth, or tin, it may be disregarded, as it will not inter
fere with the action of the hydrosulphuric acid.

Hydrosulphuric acid test.

612. Hydrosulphuric acid gas is now passed through the

dilute acid solution, until it is saturated ; if this causes no

precipitate, even when the mixture is boiled, pass on to

(614); but if a precipitate is produced, it is owing to

the presence of one or more metals of the fourth class.

The precipitate is to be separated by filtration, and washed
as long as a drop of the washings leaves any fixed residue

when evaporated on platinum foil; the clear liquid being
retained for subsequent examination (614).
613. The precipitate, wThich may contain the sulphides

of all the metals in the fourth class, after being well washed,
is digested with hydrosulphate of ammonia, and the por

tions, both soluble and insoluble in the hydrosulphate, are
examined in the manner described in (588 to 592).
As, however, in this case, arsenic may coexist writh any

of the other bases of the fourth class (such compounds
being for the most part soluble in acids), it is necessary to

examine the precipitate thrown down by acetic acid from

the solution of the sulphides in hydrosulphate of ammonia,
for arsenic, as well as for antimony and tin. This may
be easily done by applying the reduction test (303).

Hydrosulphate of ammonia test.

614. The solution filtered from the precipitate thrown

down by hydrosulphuric acid, or which failed to produce a

precipitate with it (612), is now treated with ammonia and

hydrosulphate of ammonia, and examined according to the

directions given in (593 to 595). As, however, a mixture

such as we are now considering, which is insoluble in water,

may contain the earthy phosphates, those compounds, if

present, will be thrown down by the ammonia and hydro
sulphate (564), and it is necessary to examine the precipi
tate for lime, magnesia, baryta, and strontia, in addition to

the metals belonging to Class III. These earthy phosphates,
17
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if present, will be thrown down by potash, together with

any iron that may be present (594, c): that precipitate may
consequently contain peroxide of iron, together with the

phosphates of lime, magnesia, baryta, and strontia.

(a) The precipitate (594, c) is dissolved in hydrochloric
acid, and to a small portion of the solution thus formed,

ferrocyanide of potassium is added; if this causes a blue

precipitate, peroxide of iron is present (282).
(b) To the rest of the solution, perchloride of iron is

added, and afterwards an excess of ammonia ; this throws

down the whole of the iron as hydrated peroxide, which
carries with it in combination, any phosphoric acid that

may be present; while the solution contains, in the form of

chlorides, the alkaline earths which were previously com

bined with phosphoric acid (569).
(c) The liquid thus obtained is tested, after filtration, for

fixed bases, by evaporating a drop on platinum foil ; and if

A residue is left, the solution is examined for lime,

baryta, strontia, and magnesia, carbonate and muriate of
ammonia being added, and the precipitate and solution

treated in the manner described in (597 to 599).

Carbonate of ammonia test.

615. The solution filtered from the precipitate caused by
hydrosulphate of ammonia, or in which that reagent failed

to produce any precipitate, is now examined for the alkaline

earths and alkalies, in the manner already described in the

case of substances which are soluble in water (596 to 602).

SECTION II.

Examinationfor the acids.

616. A little of the substance under examination is mixed

with strong hydrochloric acid ; if effervescence takes

place, carbonic and hydrosulphuric acids may be present.

(a) If the gas which is evolved causes a white precipi

tate when passed into lime water, carbonic acid is present

(419, 420).
(b) If the gas causes a black or browtn precipitate

when passed into a solution of acetate of lead, hydrosul-
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phuric acid (sulphur in a sulphide) is present (438). (Con
firm 444.)
617. The solution of the substance in hydrochloric acid

is now examined for sulphuric, phosphoric, and silicic acids.

(a) A portion of the hydrochloric acid solution is tested

with chloride of barium; if this causes a white preci

pitate, which is insoluble when warmed with an excess of

hydrochloric acid, sulphuric acid is present (403). (Con
firm 405, 406.)

(b) A little of the hydrochloric acid solution is evapo

rated to dryness, and the residue treated with hydrochloric
acid ; if a white insoluble powder is left, which, when

washed, and heated before the blowpipe with carbonate of

soda, fuses into a transparent colorless bead, silicic acid is

present (425, 427).

(c) Phosphoric acid may be detected in the following
manner. To a portion of the hydrochloric solution, per

chloride of iron is added, and then ammonia in slight ex

cess; the precipitate thus produced is well washed on a

filter, digested, with the aid of a gentle heat, in hydro

sulphate of ammonia, and filtered. If the solution thus

obtained gradually throws down, when concentrated, a

white crystalline precipitate with sulphate of magnesia,

phosphoric acid is probably present (409, 413). (Confirm

410, 412.)
618. A portion of the substance is treated with strong

nitric acid, and, if necessary, warmed.

(a) If orange fumes are evolved, and a pale yellow

deposit of sulphur is produced, a metallic sulphide is pre

sent (439). (Confirm 444.)

(b) Add to the nitric acid solution a few drops of nitrate

of silver; if this causes a precipitate,
wash it on a filter,

and digest in ammonia. If a white curdy precipitate is

thrown down when the ammoniacal solution is neutralized

with nitric acid, hydrochloric acid (a metallic chloride) is

present (429). (Confirm 430, 431.)
619. Test a little of the substance for boracic acid in the

manner described in (606, b).
620. If the substance disengages violet colored fumes,

when warmed with strong sulphuric acid, iodine (a me

tallic iodide) is present (436).
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621. Place a fragment of the dry substance on ignited
charcoal: if this occasions deflagration, nitric acid is

probably present (447). (Confirm 448, 450.)
622. Chloric acid need not be looked for in compounds

which are insoluble in water, since all the chlorates are

readily soluble.

CHAPTER VIII.

qualitative analysis of a mixture of two or more

salts, which may contain all the bases and inor

ganic acids in the list (179), and which is insolu

ble, or nearly so, in water and acids.

623. The compounds most likely to be found in such a

mixture, are those enumerated in (578). The best method

of rendering such a substance soluble, is to fuse it with

carbonate of soda (580), either in a platinum or porcelain
crucible. If any metals of the fourth class are present,
which may generally be ascertained by moistening a small

fragment of the substance with hydrosulphate of ammonia

(579), it is safer to use a porcelain crucible.* When this

is done, a little silica and alumina will generally be dis

solved from the crucible by the action of the soda, and

will appear in the course of the analysis.
624. The fused mass is treated with water, filtered, and

the aqueous solution, which contains chiefly the excess of

the carbonate of soda used, and some of the acids of the

insoluble mixture, must be examined, according to the di

rections given for the analysis of a mixture soluble in water

(585, &c).
625. The portion of the fused matter which is insoluble

in water will generally be found to dissolve, when digested,
for a few hours, with the aid of a gentle heat, in dilute

hydrochloric or nitric acid; after which the acid solution

* See note to 580.
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must be examined, according to the directions given for the

analysis of a mixture which is insoluble in water, but

soluble in acids (609, &c).
626. When the insoluble substance has to be examined

for alkalies, as in the case of many siliceous minerals, it

must be rendered soluble by fusion with carbonate of baryta
or lime. As, however, the analysis of such substances is

attended with difficulty, the details of the process need not

here be considered.*

* See Rose,
"

Analyse Chimique," torn. i. p. 611 ; ii. 382; also Parnell'i
" Elements of Chemical Analysis," p. 403.

17*



PART IV.

QUANTITATIVE ANALYSIS.

Introductory Remarks.

627. In the processes which I have now described, the

object of the experimenter has been to ascertain what sub

stances are present in a given salt or mixture of salts,
which branch of analysis is called qualitative. I will now

detail a few processes which have for their object the

determination of the quantity of the ingredients of saline

compounds: this branch of analysis is called quantitative.
It is not my intention to enumerate the methods which

have been devised for the separation and estimation of all,
even of the more common compounds, but merely to give
the student a general idea of the subject, by conducting
him through a few simple examples of quantitative ana

lysis, referring him, if he wishes for more extended in

formation, to the larger works of Rose, Fresenius, and

Parnell.*

628. I will first briefly describe some of the more im

portant operations which have to be performed in the course

of a quantitative analysis ; and the student must bear in

mind that the more care he bestows upon them, the more

correct will be his results; as the loss of a single drop of

liquid, or the presence of a very small quantity of soluble

matter left in precipitate, owing to carelessness in washing,
will often occasion serious errors.

* "Traite Pratique d'Analyse Chimique, par H. Rose," of which an

English translation by Dr. Normandy has recently appeared.
" Chemical Analysis, Qualitative and Quantitative," by C. R. Fresenius,

translated by Bullock.

"Elements of Chemical Analysis," by E. A. Tamel].
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CHAPTER I.

OPERATIONS IN ANALYSIS.

Pulverization.

629. Most substances may be reduced to sufficiently fine

powder for analysis, by pounding in a common Wedgwood
mortar : in some cases, however, it is first necessary to

break the substance into small fragments, in one of iron or

gum-metal; or in default of this, the substance may be

loosely wrapped in strong brown paper, and struck with a

hammer. When the substance is difficult of solution, as in
the case of some siliceous minerals, it is sometimes neces

sary to reduce it to an impalpable powder, in a small agate
mortar ; and on the fineness of this pulverization the success

of an analysis often depends.

Drying.

630. Many substances, especially when in the state of

powder, absorb moisture from
the atmosphere, which, of Fis- 75-

course, adds to their weight.
Before weighing out accurate

ly the quantity of the sub

stance for analysis, it is there
fore necessary to deprive it

of this hygroscopic moisture.

This is generally done by
heating it in a small basin on

the water-bath or sand-bath,
care being taken that the heat
does not rise so high as to

cause decomposition. The

hot water box shown in the

figure is very convenient for

drying substances at a low

temperature : all the sides are

made hollow and filled with wrater, so that the temperature



200 OPERATIONS IN ANALYSIS.

inside never rises higher than 212°. WThen a substance

thus exposed ceases to lose weight, on being weighed at

short intervals, it may be considered sufficiently dry. By

using saline solutions, which boil at a higher temperature
than water, a steady heat, considerably higher, may be

obtained (647).

Weighing.

631. Either 20, 25, or 33.3 grains, will generally be found
the most convenient quantity to take for quantitative ex

periments, regard being had to the number of constituents

to be estimated, and the quantity of the substance at our

disposal. The quantity may depend also on the method we

intend to pursue, whether we propose to estimate all the

ingredients from the same portion, or from two or more

separate portions of the substance. If 20 grains are used,
the results, multiplied by five, will give the percentage ; or

if 25 or 33.3, they must be multiplied by four or three.

For most purposes, the student will find a balance that is

capable of weighing within one-tenth of a grain, sufficiently
accurate; and it should be furnished with weights from

one-tenth of a grain to 1000 grains. A substance should

never be weighed while warm, as it causes an upward cur

rent of air in its vicinity, which tends to buoy it up, and

makes it appear to weigh lighter than it really is. In quan

titative analysis, it is, of course, necessary to avoid the

slightest loss in the weighed portion, as a deficiency in the

weight of the ingredients would be the consequence, and

the accuracy of the analysis seriously interfered with. Most

substances in the state of fine powder, especially after hav

ing been recently ignited, are very prone to absorb
moisture

from the air; to obviate this, which would add materially

to their weight, such substances should be weighed in a

covered crucible, as soon as possible after cooling.

Solution.

632. Before the ingredients of a substance
can be deter

mined, either qualitatively or quantitatively, it is necessary

to bring the substance 'into solution. For this purpose

water is to be preferred when the substance dissolves

readily in it ; and in the case of those compounds which
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76.

are insoluble in water, one of the acids (generally hydro
chloric) is employed, which has been found, in the course

of the preliminary examination, to be the best adapted for

the purpose.
The dissolution of a substance is almost invariably

assisted by heat, so that it is always advisable to use a

vessel for the purpose, which

can be heated over a lamp
without danger of fracture,
or a small Berlin porcelain
dish or glass flask. The

latter has the advantage of

preventing loss by ebullition

or spurting, as any particles
of liquid that may be pro

jected from the surface during
ebullition, fall against the in

ner surface, and run back

into the flask, especially if it

is placed in an inclined posi
tion over the lamp. Occasional stirring facilitates the

solution, and, as a general rule, the more finely the sub

stance has been pounded, the more readily it dissolves.

Fig. 77. Fig. 78.

When a substance has to be digested in acid for a length
of time, with the aid of heat, the evaporation of the acid

may be in a great measure prevented, by placing a small

glass funnel in the mouth of the flask; the acid condenses,
and runs back into the flask.
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Precipitation.
633. When a substance is obtained in solution, the va

rious compounds present are in most cases separated for

the purpose of estimation, by adding to it some solution,
which causes one or more of the ingredients to precipitate
in the solid state; as, when we wish to estimate the quan

tity of sulphuric acid in any solution, we add to it a

solution of chloride of barium, which, if added in sufficient

quantity, causes the whole of the acid to precipitate in the

form of sulphate of baryta (403), which, being insoluble

in water, may be washed without loss, and when dry is

weighed; the weight of the sulphuric acid which it con

tains may then be calculated from it (652).
Precipitation is usually effected in upright glasses of the

forms shown in the figure.
Fig. 79. When precipitating a sub

stance in quantitative ana

lysis, it is important that suf
ficient of the precipitant is

added to throw down the

whole of the substance af

fected by it, as otherwise a deficiency in weight would be

occasioned: this is easily ascertained by adding a drop of

the precipitant to the solution filtered from the precipitate,
which will cause a further precipitate if sufficient had not

before been added. When the precipitate is at all soluble,

as the bitartrate of potash or ammonio-phosphate of mag

nesia, it is always advisable to allow the mixture to stand

several hours before filtering, in order to ensure the sepa

ration of the whole of the required salt (184). When the

whole of the precipitate is thrown down, it is separated
from the solution either by filtration or decantation (634,

643).

Filtration.

634. The process of filtration is that most commonly

adopted for separating a precipitate from the solution in

which it was formed. The paper best adapted for the pur

pose is a thin white blotting paper, which should be free

from visible holes, and should leave, when burnt, only a
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minute trace of inorganic matter. Such a paper may be

purchased at any of the respectable dealers in chemical

apparatus. It is convenient to keep a stock of filters ready
cut, of a circular form, and of sizes varying from three to

ten inches diameter. These may be made by having cir

cular pieces of tin plate of the different sizes, and scoring
round them with a pencil upon the paper, when several

sheets may be cut through at once with scissors.

635. The filter, when required for use, is folded twice

at right angles (66),
Fig- 80. opened out into a

conical form, and

placed in a glass
funnel, the sloping
sides ofwhich should

open at an angle of

about 60°, when it

will be found to

match the form of the folded filter, and will support, it

uniformly throughout. W7hen placed in the funnel, the

paper is moistened with water, for the purpose of causing
the fibres to expand, and thus diminishing the size of the

pores, without, at the same time, choking them with solid

Fig. 81.

particles: if this is not done, and a solution mixed with a

precipitate is poured into the dry filter, some of the finely
divided particles of the precipitate are drawn into the pores
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Fig. 82.

by capillary attraction, and tend to prevent the passage of

the clear solution through them. The filter should never

be allowed to reach higher than the top of the funnel, as

otherwise the weight of the liquid might cause the paper to

give way; and there would also be danger of some of the

solution running down the

outside of the funnel, after

passing through the project
ing paper. When the filter is

thus prepared, it may be sup

ported either on the ring of a

retort stand (for which the

form shown at a is very con

venient), or on a perforated block of wood placed on the

glass intended to catch the filtered solution (169), the hole

being made to fit the funnel, as shown in the section.

636. The solution to be filtered, should be poured gently
down a glass rod, so as to fall

on one of the slanting sides

of the filter, and not into the

apex, as that would endanger
the bursting of the paper, and

cause splashing. When the

whole of the mixture has been

poured on the filter, fresh

water should not be added

for the purpose of washing,
until the whole of the solution

has passed through ; then, by
means of a washing-bottle
(94), the precipitate left on

the filter is well washed ; the

current of water being ap

plied first towards the upper

part of the filter, and di

rected gradually downwards.

WTien the filter has been thus

nearly filled up with water, allow the whole to run through

before adding any more, and then repeat the washing, until

a drop of the filtered liquid leaves no fixed residue when

evaporated and ignited on platinum foil. If the precipitate,
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while standing in the filter, cakes together into lumps,
these must be broken up, by directing upon them a strong
current of water from the washing-bottle, as otherwise the

water would not penetrate them, and some of the soluble

matter would escape removal.

637. It is sometimes necessary to keep the mixture hot

during filtration, to prevent
any of the soluble ingredients
solidifying: this may be done

very conveniently, by placing
the funnel in a zinc or copper
box of the form shown in the

figure, which may be kept full
of hot water, and boiling, if

necessary, over a lamp.
638. The liquid is general

ly filtered into a beaker glass,
and occasionally into flasks or

dishes: it is always advisable
to cause the stream to run gently down the side of the

vessel, and not to fall drop by drop into the centre of the

glass, as this would cause splashing and probably some

loss. It occasionally happens that some of the precipitate
passes through with the filtered solution, as may be seen

in the case of freshly precipitated oxalate of lime or sul

phate of baryta. When this takes place, it is sometimes

necessary to pass it through the filter twice or three times,
before it comes through quite clear. This may, however,
in most cases be obviated by boiling the mixture before fil

tering, which causes the finely divided particles of the pre

cipitate to aggregate together. The presence of some saline

matters in solution, also, sometimes prevents a precipitate
passing through ; muriate of ammonia, for example, exerts
this property with sulphate of baryta.
639. When the precipitate on the filter is completely

washed, the funnel, with its contents, is placed on a small

tripod, or retort stand, on the warm sand-bath, or near a

fire, when the precipitate will gradually dry; it may then

be separated from the filter, ignited in a small platinum or

porcelain crucible (648), (unless decomposable at a high
temperature,) and weighed.

18
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.640. In cases where the quantity of the precipitate is

very small, and where it will not bear a red heat without

decomposition, it is often convenient to use two filters for

the purpose: they should be folded up together into the

proper form, and a hole of about an inch in diameter is

then cut with scissors in the centre of the outer one ; the

inner one is then clipped round the edge, until it weighs
exactly the same as the other, when they will, of course,

accurately counterpoise each other. They are then again
placed one inside the other, the perforated one being out

side, after which, the mixture may be filtered through them,
washed, and dried. When dry, they are separated and

placed in the opposite scales of the balance, when the

difference in weight will give the weight of the precipitate,
that of the paper being the same in both.

641. The precipitate may also be weighed in a single
filter, which should be placed in a covered porcelain cru

cible of known weight, dried at 212°, and weighed before

the mixture is poured in. When the precipitate on the

filter has been thoroughly washed, the latter is placed in

the crucible, dried as before, and as soon as it is cold, again
weighed, when the increase in weight will, of course, be
that of the precipitate.
642. It is often necessary, before weighing a precipitate,

to burn the filter containing it. After the greater part of

the precipitate has been

Fig- 85- removed, the filter is held
with a pair of pliers,
and set fire to, over

the platinum crucible in

which the precipitate is

to be ignited, the cru

cible being placed in a

basin, in case any of the

ashes should fall over its

sides ; these are then col

lected and ignited in the crucible (648), together with the

portion of the precipitate previously removed from the filter,

until the whole of the charcoal derived from the paper is

burnt away. In cases of great accuracy, the weight of the

paper ashes, ascertained by weighing those derived from a
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similar filter, must be deducted from the gross weight;
when the paper is good, however, it does not contain more

than one to three-thousandths of its weight of inorganic
matter, so that this precaution is scarcely necessary in

ordinary cases of analysis.

Decantation.

643. When a precipitate is found to subside rapidly to

the bottom of the liquid, and when it is known to be very
insoluble in water, it may be washed by decantation, in

stead of on a filter, and, in many cases, this is the more

expeditious method. The mixture is placed in an upright

jar or beaker, which is then

filled up with water, and

allowed to stand until the

precipitate has subsided to

the bottom, leaving the su

perincumbent liquid clear.

The latter is then removed

with a syphon, or carefully
poured off, and the jar again
filled up with distilled wa

ter, the process being re

peated until all the soluble matter has been removed. The

wet precipitate is then placed upon a filter, or dried in a

dish, and weighed.

Evaporation.

644. The process of evaporation is generally most con

veniently effected in Berlin porcelain evaporating basins,

either on a sand-bath or over a lamp, a loose cover of filter

ing paper being placed over it, if necessary, to prevent

particles of dust falling into the liquid. Care must be

taken, in quantitative experiments, that no loss is occa

sioned by spurting, and, on this account, it is safer not to

allow the liquid absolutely to boil. When a saline solution

has to be evaporated to dryness, it often becomes covered,

when concentrated, with a pellicle of solid matter, which

prevents the escape of the steam, which, being thus con

fined, occasionally causes some of the mixture to be pro

jected violently from the basin. The best way of avoiding
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this, is to stir the mixture constantly with a glass rod, from
the time when the pellicle begins to form, until it is evapo
rated to dryness.
645. It is often advisable, and in the case of many

liquids, as those containing organic matter, necessary, to

evaporate over a

water-bath bywhich
means the heat is

never allowed to rise

higher than 212°.

For this purpose, a

common saucepan,
or almost any ves

sel used for boiling
wrater in, may be

employed, placing the dish containing the solution over

the top, as shown in the figure, so as to expose it to the

action of the steam. For the laboratory, a convenient

Fig. 88.

0800
oooo

form of water-bath is shown in the figure; it may be made
of copper or zinc plate, and the holes should be fitted with

lids, to cover them when not wanted.

646. A convenient method of drying certain substances

which are liable to decompo
sition at a slightly elevated

temperature, is to place them

under the receiver of the air-

puinp, a, over an open pan of

strong sulphuric acid, b; the

latter absorbs the moisture

which rises from the substance,
and a gradual and complete

desiccation may be effected at ordinary temperatures. The
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Fig. 90.

dishes or tubes containing the substance to be dried, may
be placed on a sheet of perforated
zinc, c, resting on the pan of acid.

If an air-pump is not at hand, the
same effect may be produced, though
more slowly, by placing the receiver

enclosing the substance and acid upon
a flat plate of glass; or the temporary

arrangement shown in the figure may
be adopted, a being a beaker contain

ing sulphuric acid, over which the

substance to be dried is suspended
in the dish e. Owing to the slowness of the evaporation,
this method is well adapted for obtaining large and well

defined crystals from saline solutions, &c.
647. When a uniform temperature is required, higher

than 212°, it may be obtained by immersing the dish or

flask containing the substance to be evaporated, in a bath

of oil or some saline solution, the boiling point of which is

near the desired temperature. Olive oil may be heated to

nearly 500° without suffering much decomposition, and

forms an extremely useful bath for many purposes, since,

by regulating the lamp, and placing a thermometer in the

oil, any lower temperature can readily be kept up. The

following list shows the boiling points of a few saturated

saline solutions, which will occasionally be found useful for

this purpose :—

A saturated solution (at 60°) of
Bitartrate of Potash

Sulphate of Copper .

Chlorate of Potash

Carbonate of Soda

Alum

Borax ....

Chloride of Sodium

Chloride of Calcium .

Tartrate of Potash

Muriate of Ammonia

Nitrate of Potash
'

Rochelle Salt (Tartrate of Potash and Soda)

18*

boils at 214°

216°

218°

220°

220°

222°

224°

230°

234°

236°

238°

240°
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A saturated solution (at 60°) of
Nitrate of Soda .... boils at 246°

Acetate of Soda . . . .

" 250°*

Ignition.
648. It is generally necessary, previous to weighing a

precipitate, in quantitative analysis, to heat it to redness,
in order to insure perfect dryness. This is usually done

in a weighed platinum or porcelain crucible, either in a

furnace or over a lamp. When the crucible is to be heated

in the furnace or open fire, it should be enclosed in one of

earthenware, to protect it from contact with the coals and

dirt, a little magnesia being interposed between the two

(note to 580). If the lid is made of the form shown in the

Fig. 91.

figure, it may also be used as a capsule, independently of

the crucible.

649. When gas is available, scarcely any other source

Fig. 92. Fig. 93. Fig. 94.

*

By addingVfurther quantity of most of these salts to the hot solutions,
and thus making them more concentrated, considerably higher temperatures
may be obtained.
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of heat is necessary for the purpose. A small platinum
crucible may be heated to low redness over the naked flame,

resting on a small wire triangle placed on the top of the

chimney.
A mixture of gas and air, however, gives a more in

tense heat, owing to the more perfect oxidation of the

combustible matter : such a mixture is easily obtained

by placing a small piece of wire gauze over the chimney,
and applying a light to the mixture as it rises through
the gauze. The crucible may be supported on a wire

triangle, or in a. jacket of thin iron plate, a.

650. Mr. Solly has recently contrived a very convenient

form of lamp, in which

he mixes air with the gas
Fig. 95.

by means of a pair of

double bellows, forming
a series of blowpipe jets,
the combined action of

which is very powerful,
and is capable of keeping
a large platinum crucible

almost white hot for any

length of time. The gas pipe a joins the tube b, bringing
air from the bellows placed underneath, forming in c an

inflammable mixture : this burns

as it issues from the apertures
in the burners, the number of

which may be multiplied to al

most any extent. The crucible

may stand on a wire triangle

resting on the circle, and the

whole may be surrounded by a

jacket of thin iron plate, to pre

vent loss of heat by radiation.

651. When gas cannot be

had, the best lamp for heating a

small platinum crucible to red

ness, is that known as Rose's, the form of which is shown

in the figure: either alcohol or pyroxylic spirit may be

burnt in it.

Fig. 96.
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Calculation of results.

652. When the weight of a precipitate has been ascer

tained, it is necessary to calculate that of the constituent

whose weight we wish to learn, and this is readily done

according to the well known laws of combination in defi

nite proportions.*
For example, let us suppose that we have to determine

the percentage of sulphuric acid (S03) in dry sulphate of

soda (NaO,S03): wre dissolve twenty grains of the salt in

water, precipitate the sulphuric acid by means of chloride

of barium (403), and weigh the sulphate of baryta thus

obtained : from this we have to deduce the weight of the

sulphuric acid which it contains ; and lastly, to, calculate
from this, the percentage equivalent to it. We find the

weight of the sulphate of baryta obtained to be 32.50.

Knowing the atomic weight of sulphate of baryta (BaO,
S03) to be 117, and that of sulphuric acid (S03) to be

40, it is easy to calculate how much of the acid is con

tained in 32.50 grains of the precipitate, thus:—

Ate. wt. of sulph. of Ate. wt. of sulph. Wt. of sulph. of Wt. of sulph. acid

baryta. acid. baryta obtained, in 32.50 grs.of
*

v
' *

v
' v

v
'

sulphate of baryta.
117 : 40 : : 32.50 : x = 11.11

Thus we find that twenty grains of the dry sulphate of soda
contain 11.11 of sulphuric acid; and we have now only to

reduce it to a percentage, to complete the calculation,
thus :—

20 : 11.11 : : 100 : x = 55.55 sulphuric acid in 100 parts of dry sulphate
of soda. Or, as 20 is the fifth part of 100, the same result may be obtained

by simply multiplying by 5. 11.11 X 5 = 55.55.

CHAPTER II.

EXAMPLES OF QUANTITATIVE ANALYSIS.

653. In the following examples it is assumed that the

nature of the substances has been already ascertained by a

* See Daniell's " Chemical Philosophy," p. 325.



QUANTITATIVE ANALYSIS OF SULPHATE OF COPPER. 213

qualitative examination, since it is always necessary, before

proceeding to estimate the constituents of a compound,
that we should know what those constituents are.

SECTION I.

Quantitative analysis of Sulphate of Copper.
(Cu0,S03+5Aq.)

Estimate the quantity of oxide of copper (CuO), sulphuric
acid (S03), and water (HO), in sulphate of copper.

(1.) Estimation of the Oxide of Copper.

654. Dissolve twenty grains of the salt in eight or ten

ounces of water, in an evaporating basin, and gently boil

the solution. Add to it while boiling, a solution of caustic

potash in slight excess, which will throw down the black

oxide of copper (370).
Cu 0,S03 4- KO=CuO+KO,S03.

The mixture is poured upon a filter (636), and care

fully wTashed with boiling water, until the whole of the

soluble matter is removed. The precipitate in the filter is

then dried, separated from the filter, ignited, and weighed.
When the precipitate consists, as in this case, of the

substance whose weight we wish to ascertain,- uncombined

with other matter, we have only to reduce the amount thus

obtained, to a percentage, thus:
—

20 : weight of the precipitate of oxide : : 100 : x = percentage of oxide

of copper. Or, in other words, multiply the weight by 5.

(2.) Estimation of the Sulphuric Acid.

655. The acid may be estimated either from the same

portion of the substance as was used in determining the

oxide (in which case the solution filtered from the preci

pitated oxide must be concentrated by evaporation (644) ),
or a fresh portion of the salt may be used. The latter

method is in this case the simpler.
656. Dissolve twenty grains of the sulphate in water as

before, acidify it with a few drops of nitric acid, and add a

solution of chloride of barium (BaCl) as long as it causes
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any precipitate. Sulphate of baryta (BaO,S03) is thus

thrown down (403), and the whole of the sulphuric acid is

in this way removed from the solution. As the mixture in

its present state would not filter well (638), it is advisable
to boil it before filtering, when it will be found that the

solution will pass through clear. The precipitate is well

washed with hot water on the filter, dried, ignited in a pla
tinum or porcelain crucible, and weighed. Then, knowing
the atomic weight of sulphate of baryta to be 117, and that

of sulphuric acid (S03) to be 40, or, in other words, that

every 117 parts of the former contain 40 of the latter, it is

easy to calculate the quantity of sulphuric acid contained

in the precipitate, thus :—

JThe
sulphuric acid in

20 grains of sulphate
of copper ;

which number, multiplied by five, will represent the per

centage of sulphuric acid in crystallized sulphate of copper.

(3.) Estimation of the Water.

657. The water is estimated by heating twenty grains on
the sand-bath in a counterpoised crucible, at a tempera
ture of about 400°, until it ceases to lose weight : in this

way the water is expelled, and its quantity is shown by the

loss of weight, which, when multiplied by five, will give
the percentage of water.*

SECTION II.

Quantitative analysis of Chloride of Potassium (KCl).

Estimate the quantity of potassium and chlorine in the

chloride.

(1.) Estimation of the Potassium.

658. Dissolve twenty grains of the salt in as small a

* When the quantity of water has to be estimated in salts which cannot

bear the necessary heat without the volatilization of a portion of their

acid, the salt should be intimately mixed with five or six times its weight
of protoxide of lead, or some other strong base, before exposure to heat:

this combines with, and fixes, any of the acid that may be disengaged from
the other base.
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quantity of water as possible, in an evaporating basin; add
bichloride of platinum to the solution, and evaporate the

mixture to dryness on a water-bath (645). Treat the residue

with alcohol, to dissolve out the excess of the bichloride,
and wash the insoluble double chloride of platinum and

potassium (185) with fresh alcohol, on a weighed filter

(641). The precipitate is then dried on the filter, at a

moderate heat, and weighed.
659. The atomic weight of the double chloride (KCl,

PtCl2) being 247, and that of potassium being 40, we deduce
the quantity of potassium contained in the twenty grains
of the chloride, thus :—

. m,
~ , ., ,, .,

-.. ( Wt of potassium con- )
247:40:: }

Wt. of double chloride of) ) tained in 20 grains of J
) platinum and potassium 5 J the chloride . J

and, lastly, it is reduced to a percentage, thus:
—

CWt. of potassium con- }

20 : < tained in 20 grains of > : : 100 : percentage of potassium :

(_ihe chloride )

or the same result maybe obtained by multiplying by five.

(2.) Estimation of the Chlorine.

660. Twenty grains of the chloride are dissolved in three

or four ounces of water, as before; the solution is then

heated, acidified with a few drops of nitric acid, and treated

with a solution of nitrate of silver, as long as it causes any

precipitate (429, 633).
KCl+AgO,N05=AgC\+KO,N05.

The mixture is then boiled for a few minutes (as otherwise

a portion of the precipitate woul4 pass through the pores of

the paper (638) ), and filtered. The precipitated chloride

of silver is thoroughly washed with distilled water on the

filter, and dried; it is then removed from the paper, and

gently ignited in a counterpoised porcelain crucible, until

it fuses into a waxy mass, and weighed.
661. The atomic weight of chloride of silver is 144, and

that of chlorine 36, so that we deduce the weight of the

chlorine from that of the chloride, thus :—

C Wt. of chlorine contained in 20 )

] 44 : 36 : : wt. of the chloride of silver :

J gmins of chloride 0fpotassium. $

Then, for the percentage, multiply by five.
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SECTION III.

Quantitative analysis of a mixture of sulphate of copper

(CuO,S03+5Aq) and chloride of sodium (NaCl).

Estimate the quantity of oxide of copper (CuO), sodium,

sulphuric acid (S03), chlorine, and water in the
mixture.

(1.) Estimation of the Water.

662. The water is estimated in the manner described in

(657).

(2.) Estimation of the Oxide of Copper.

663. Dissolve twenty-five grains of the mixture in water,

acidify the solution with a few drops of hydrochloric acid,

put it into a beaker, and pass through it a stream of hydro
sulphuric acid, until it is saturated (730) ; the whole of the

copper is in this way thrown down as sulphide (368).
Filter, and wash the precipitate with distilled water, which

should contain in solution a little hydrosulphuric acid, as,
otherwise a trace of copper is liable to become oxidized

and dissolved. The clear solution, together with all but

the last washings, is set aside for subsequent examination

(664). The washed precipitate of sulphide of copper is

now digested with the filter, while moist, in strong nitric

acid, until the whole of the precipitate is dissolved, or until

nothing remains undissolved but a little sulphur, of a pale
yellow color. The acid solution thus obtained, is diluted

with water, filtered, if necessary, from the undissolved

sulphur, and the fragments of the first filter. The whole

of the copper is now contained in the solution as nitrate.

This is first to be converted into sulphate, by evaporating
the solution to dryness with a slight excess of sulphuric
acid, in order to destroy a little organic matter, which is

usually derived from the filter, and which would interfere

with the action of the potash.
CuO,N05+ #0,S03=CuO,S03+HO,N05.

The copper is now to be thrown down as oxide by potash,
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dried, and weighed, in the manner already described (654).
The percentage is calculated as follows:—

25 : wt. of oxide obtained : : 100 : percentage of oxide of copper in the

mixture. Or, as 25 is the fourth part of 100, the same result is arrived at

by simply multiplying the weight of the oxide obtained, by 4.

(2.) Estimation of the Sodium.

664. The chloride of sodium contained in the solution

filtered from the sulphide of copper, is concentrated by

evaporation, and then converted into sulphate of soda

(NaO,S03), by evaporating to dryness with a slight excess
of strong sulphuric acid.

NaCI+ HO,S03=NaO ,S03+HCl.

The residue is gently ignited in a counterpoised covered

crucible, in which a fragment of carbonate of ammonia is

suspended by means of a stiip of platinum foil, and weighed;
the weight of the sodium is thus calculated:—

„ , , , P ,.
Wt.of sulph. of Sodium in 25 grs.

At. wt. of sulph. soda At. wt. of sodium
soda obtained 0f mixture

72 : 24 :: a : x

which, when multiplied by four, gives the percentage of

sodium.

(3.) Estimation of the Sulphuric Acid.

665. A second portion of twenty-five grains of the mix

ture is dissolved in water, for the purpose of estimating the

sulphuric acid and chlorine.

Add to it first, a solution of nitrate of baryta as long as

it causes any precipitate, and boil the mixture for a few

minutes, to prevent any of the finely divided sulphate of

baryta passing through the filter (638). The precipitate

is washed, dried, and weighed, the clear solution being

reserved for estimating the chlorine (666); the quantity

of sulphuric acid is then calculated in the manner already

described (656), twenty-five being substituted for twenty

in the calculation.

(4.) Estimation of the Chlorine.

666. The solution filtered from the sulphate of baryta
19
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(665), together with the first washings, is heated in an

evaporating basin over a lamp, and treated with nitrate of

silver as long as it causes any precipitate (429). The chlo

ride of silver thus formed is filtered, dried, and weighed;
and the weight of the chlorine deduced from it in the

manner described in (660), twenty-five being substituted

for twenty in the calculation.

Thus the percentage of oxide of copper, sodium^ sul

phuric acid, chlorine, and water, will have been
ascertained.

SECTION IV.

Quantitative analysis of a mixture of sulphate of zinc

(ZnO,S03+7Aq) and carbonate of baryta (BaO,C02).

Estimate the quantity of water, sulphuric acid, oxide of

zinc, carbonic acid, and baryta, in the mixture.

667. Twenty grains of the mixture are to be boiled with

three or four ounces of water, which will dissolve out the

sulphate of zinc from the carbonate of baryta. The mix

ture is filtered, and the insoluble portion washed until the

washings leave no residue when evaporated on platinum

foil. The solution contains the whole of the sulphate of

zinc, while the carbonate of baryta remains undissolved;

The latter is retained for subsequent examination (671).

(1.) Estimation of the Oxide of Zinc.

668. The solution is treated with carbonate of potash

as long as it causes any precipitate, and then boiled. The

zinc isthus thrown down as a basic carbonate (257); the

precipitate is washed on a filter, dried, and ignited, when

the water and carbonic acid of the compound are ex

pelled, and pure oxide of zinc (ZnO) remains, which is

weighed, and the weight thus obtained, multiplied by five,

gives the percentage of oxide of zinc.

(2.) Estimation of the Sulphuric Acid.

669. The solution filtered from the precipitated carbon-
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ate of zinc, is now supersaturated with nitric acid, and

boiled to expel the carbonic acid; chloride of barium is

added, and the mixture is boiled for a few minutes to

clarify it (638) ; the sulphate of baryta thus obtained is

washed, dried, ignited, and weighed as already described

(656), and the weight of the sulphuric acid which it con

tains, calculated as before.

(3.) Estimation of the Water.

670. The water may be determined by heating the mix

ture on the sandbath, as described in (657).

(4.) Estimation of the Baryta.

671. The residue which was insoluble in water (667), is

now removed from the filter into a small beaker, and dis

solved in dilute hydrochloric acid, a gentle heat being ap

plied, if necessary. In this way, the carbonate is decom

posed, carbonic acid is given off, and chloride of barium

remains in solution.

BaO,C02+HCl=BaCl+HO+COr
The solution thus obtained is treated with dilute sulphuric
acid, as long as any precipitate is produced, and then

boiled ; the precipitate is separated by filtration, washed,

dried, ignited, and weighed.
The atomic weight of sulphate of baryta being 117, and

that of baryta being 77, the quantity of the latter in the

precipitate, is calculated as follows:—

C Wt. of baryta contained

117 : 77 : : wt. of sulphate of baryta obtained : < in 20 grains of the mix-

( ture.

(5.) Estimation of the Carbonic Acid.

672. The carbonic acid is estimated by decomposing the

carbonate with hydrochloric acid in a flask, and deter

mining the amount of loss, as described in (174).
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SECTION V.

Quantitative analysis of magnesian limestone; consisting
of carbonate of lime (CaO,C02), carbonate of magnesia
(MgO,CO2), peroxide of iron (Fe203), a little silica (Si03),
and moisture.

Determine the quantity of lime, magnesia, peroxide of iron,
carbonic acid, silica, and moisture, in magnesian lime

stone. Reduce about 100 grains of the mineral to mode

rately fine powder.

(1.) Estimation of the Hygroscopic Moisture.

673. Weigh fifty grains of the pounded mineral in a

small counterpoised crucible or evaporating dish, and dry
it on a water-bath, or on the hot part of the sand-bath :

weigh it at intervals of a quarter or half an hour, until it
ceases to lose weight (630). The loss will be the quantity
of moisture in fifty grains, which, when multiplied by two,
will give the percentage.

(2.) Estimation of the Silica.

674. Weigh twenty-five grains of the pounded mineral

in a counterpoised flask, moisten it with a little water, and

add dilute hydrochloric acid in small quantities, to avoid

too violent effervescence (419). When the greater part is

dissolved, warm it with a little fresh acid, which will dis

solve everything but the small quantity of silica. The

mixture is now filtered, and the precipitate thoroughly
washed, the solution being retained for subsequent exami
nation (675) ; the filter containing the precipitate is then

ignited and weighed. The weight of the siliceous residue,

multiplied by four (25x4=100), gives the percentage of

silica in the stone.

(3.) Estimation of the Peroxide of Iron.

675. The acid solution filtered from the siliceous residue,
is now neutralized with ammonia, and a few drops of hydro
sulphate of ammonia are added, which will throw down the

iron as the black sulphide (279). This is to be filtered

and carefully washed, the solution being retained for further
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examination (676); when the whole of the soluble matter

is removed, the filter, with the moist precipitate, is di

gested in hydrochloric acid, until the black sulphide is

entirely decomposed, and nothing but sulphur remains

undissolved. The solution is now diluted, and separated
by filtration from the sulphur and fragments of the first

filter, which must be well washed to remove the whole of

the soluble matter. The solution is well boiled to expel
the hydrosulphuric acid, and then heated with a little nitric

acid for the purpose of peroxidizing the iron. Ammonia

is now added in slight excess, which precipitates the whole

of the iron as hydrated peroxide (280). The precipitate
is filtered, dried, ignited, and weighed. The weight, mul

tiplied by four, gives the percentage of peroxide of iron in

the mineral.

(4.) Estimation of the Lime.

676. The solution filtered from the sulphide of iron, is

now to be boiled with a slight excess of hydrochloric acid,

to decompose the excess of hydrosulphate of ammonia, and

expel the hydrosulphuric acid : when the smell of that gas

is no longer perceptible, filter the solution, if necessary,
from any sulphur that may have been precipitated, and

neutralize the clear solution with ammonia; after which

add oxalate of ammonia as long as it causes any precipi
tate. This throws down the lime as oxalate (218), while

the magnesia remains in solution, not being precipitated

by oxalate of ammonia in the presence of muriate of am

monia, which is contained in the solution. The mixture is

filtered, and the precipitate washed and dried; the solu

tion being retained for subsequent examination (677). The

oxalate of lime is now removed from the filter, and ignited,

by which means it is decomposed, and converted into car

bonate of lime : at a red heat, however, a portion of the

newly formed carbonate is decomposed, the carbonic acid

being expelled, and thus leaving a little caustic lime (CaO)
mixed with the carbonate. When cool, it is moistened

with a solution of carbonate of ammonia, and again gently

heated, to expel the excess of carbonate of ammonia : the

whole of the lime is thus converted into carbonate, in

which state it is weighed.
19*
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The atomic weight of carbonate of lime being 50, and

that of lime 28, the weight of the latter is thus calculated
:—

rn no
.

C wt. of lime contained in 25?
50 : 28 : : wt. of carbonate obtained :

j gmins of the mineTal. 5

which number, multiplied by four, gives the percentage of

lime.

(5.) Estimation of the Magnesia.

677. The solution filtered from the oxalate of lime is

now to be concentrated by evaporation, and treated with a

mixture of phosphate of soda and caustic ammonia, when

the mixture is set aside for a few hours, being stirred at

intervals with a glass rod. The magnesia is thus thrown

down as the double phosphate of ammonia and magnesia

(206). Before filtering, a little of the mixture should be

tested with a few drops more of phosphate of soda, and

allowed to stand a short time, when, if no fresh precipitate
is formed, it may be concluded that a sufficient quantity of

the precipitant has been added.

The mixture is now filtered, washing always with water

containing a little free ammonia, as the double phosphate
is slightly soluble in pure water, (any of the precipitate that

adheres to the sides of the glass being separated by means

of a feather, which must be well washed from all adhering

particles,) and the precipitate, after drying, is ignited in a

small counterpoised platinum or porcelain crucible, and

weighed. During ignition, the double phosphate is decom

posed into phosphate of magnesia (2MgO,POs), the water

and ammonia being driven off.

The atomic weight of the phosphate of magnesia thus

formed, being 112, and that of magnesia 20, the quantity of

magnesia contained in the precipitate is thus calculated:—

112 : 40* : : wt. of phosphate : wt. of magnesia in 25 grs. of the mineral;

which, when multiplied by four, gives the percentage of

magnesia in the mineral,

(6.) Estimation of the Carbonic Acid.

678. The carbonic acid is estimated in the manner

described in (174).

* 40 = 20 x 2, because each equivalent of the phosphate (2MgO,P05),
contains two equivalents of magnesia.
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679. Thus we shall have determined the percentage of
the—

Water
......

Silica
.....

Peroxide of iron ....

Lime .....

Magnesia .....
Carbonic acid ....

Loss ......

100.00

which, when added together, ought to amount to about 99

or 99.5 ; and the small deficiency, always inevitable in such

analyses, is put down as "loss," to make up the 100 parts.

SECTION VI.

Quantitative analysis of copper pyrites; consisting of cop

per, iron, sulphur, silica (quartz), and moisture.

Determine the quantity of copper, iron, sulphur, silica, and

moisture, in copper pyrites.

(1.) Estimation of the Moisture.

680. Dry 100 grains of the pounded pyrites on the sand-

bath, in a counterpoised crucible or dish : the loss is the

percentage of moisture.

681. Boil 33.33 grains of the pounded mineral in aqua

regia (727) until the sulphur which remains undissolved,
collects into a yellowish porous lump. Dilute the acid

mixture with two or three times its bulk of water; filter,
and wash the insoluble residue (consisting of sulphur and

silica) until the whole of the soluble matter is separated
from it (636); reserve the insoluble residue for further

examination (684).
682. As the nitric acid present in the aqua regia, would

interfere with the action of" the hydrosulphuric acid made

use of in a subsequent stage of the analysis, it should be

expelled, by evaporation with a slight excess of hydrochloric
acid (562).
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(2.) Estimation of the Sulphur.

683. A portion of the sulphur will have become
oxidized

by the action of the nitric acid in the aqua regia, and the

sulphuric acid thus formed, will be contained in the filtered

liquid, in combination with the oxides of copper and iron.

Add chloride of barium to the solution as long as it

causes a precipitate (403); boil the mixture; filter, wash,

and ignite the precipitate. From the weight of the sul

phate of baryta thus obtained, that of the sulphur from

which the sulphuric acid was derived, may be ascertained

by the following calculation :—

Ate. wt. of sulphate Ate. wt. of Wt. of sulphate of Wt. of sulphur
of baryta sulphur baryta obtained dissolved

S
y

> *

y
* v_,

y
'

v

117 : 16 : : a : x

684. The weight of the sulphur which resisted the action

of the aqua regia (681), must now be estimated. The un

dissolved residue is to be thoroughly dried at 212°, and

weighed : it is then gradually heated to redness in a coun

terpoised or weighed porcelain crucible, until the whole of

the sulphur is burnt off, when it must be again weighed,
the loss during ignition being of course the sulphur. This

weight must be added to that already deduced from the

sulphate of baryta (683), which, together, will give the

quantity of sulphur contained in 33.33 grains of the mine

ral, or one-third of the percentage.

(3.) Estimation of the Silica.

685. The siliceous matter is left after the expulsion of

the sulphur, by ignition, from the residue insoluble in aqua

regia.* The percentage is obtained by multiplying by
three.

* A trace of tin is occasionally found in the pyrites, and will be contained
in this residue as peroxide (SnO,). It may be detected by the blowpipe
(379), and if found to be present, the residue is boiled with hydrochloric
acid to dissolve out the minute globules of metallic tin: the chloride thus

formed (SnCl), is filtered, and converted into peroxide by boiling with nitric

acid; the excess of acid is then expelled by evaporation, when the peroxide
of tin, if present in sufficient quantity, may be weighed, and its weight de.
ducted from that of the siliceous, residue.
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(4.) Estimation of the Copper.

686. The solution filtered from the sulphate of baryta
(683), containing a slight excess of chloride of barium, is

now treated with a slight excess of sulphuric acid, to re

move the superfluous baryta, which is separated by filtra

tion. The clear liquid is then subjected to a current of

hydrosulphuric acid gas as long as any precipitate is pro

duced, and filtered. The sulphide of copper thus formed

is treated in the manner described in (663), and from the

weight of the oxide (CuO), that of the copper is calculated

thus:—

Ate. wt. of oxide of Ate. wt. of Wt. of oxide ob- Wt. of copper in 33.33

copper copper tained grs. of pyrites

40 : 32 : : a : x

which, when multiplied by three, represents the percentage
of copper in the mineral.

(5.) Estimation of the Iron.

687. The solution filtered from the sulphide of copper,

must now be boiled to expel the excess of hydrosulphuric
acid, filtered, if necessary, from sulphur, and afterwards

heated with a little nitric acid, for the purpose of peroxi-

dizing the iron (269). Ammonia is added in slight excess:

this throws down the iron as hydrated peroxide (280), which

is to be filtered, dried, ignited, and weighed. The weight
of the iron contained in the precipitate, is thus calculated :—

Ate. wt. of peroxide Ate. wt. Wt. of oxide Wt. of iron contained in

of iron of iron obtained 33.33 grs. of pyrites

688. The quantities thus obtained, should, when added

together, amount to a fraction less than 100, the deficiency

being, as before, set down as "loss":—

Copper....••

Iron ...••■

Sulphur
Silica .

Tin (?)
Moisture .

Loss ...•••

100.00



PART V.

CHAPTER I.

EXAMINATION OF CALCULI.*

SECTION I.

Uric (or lithic) acid (C:0N4H4O6).

689. Heat a small fragment with the blowpipe on plati
num foil ; it immediately blackens, owing to the charring
of the animal matter, emitting at the same time a disagree
able smell, resembling that of burnt feathers, mixed with

that of hydrocyanic acid (H,C2N) which together with car

bonate of ammonia and some other compounds, is formed

during the decomposition. If the heat is continued, the

charred residue is gradually consumed, leaving only a

slight trace of ash, which is usually alkaline to test paper,

consisting of phosphate or carbonate of soda.

690. Uric acid is insoluble in water, and nearly so in

dilute acids.

691. A little of the calculus in powder, is placed in a

drop or two of tolerably strong nitric acid, in a watch

glass or on a slip of glass ; it dissolves with effervescence,
carbonic acid and nitrogen being given off, and a mixture

of alloxan (C8N2H4O10), alloxantine (C4H3N203), and some

other compounds, remain. This is evaporated nearly to

dryness at a gentle heat, when a red residue is left, which
when cold, and treated with a drop of ammonia, or exposed

* A small fragment about the size of a pin's head, is sufficient for each

experiment, and will be found more convenient in practice than a larger
quantity.
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to ammoniacal fumes, becomes purple, owing to the forma
tion of murexide (C12N5H608).
692. Uric acid dissolves in a solution of potash, leaving

only a few shreds of animal matter, and when the mixture

is heated, no smell of ammonia is perceptible, thus differ

ing from the urate of ammonia (696). On neutralizing the

alkaline solution with any acid, as hydrochloric, a white

precipitate of pure uric acid is thrown down, which, when

separated by filtration, may be tested as directed in (689,
691).

KO,CJ0N4H4O6+HCl=KCl+HO+C10U4H4O6.

SECTION II.

Urate ofAmmonia (NH4O,C10N4H4O6).

693. When heated before the blowpipe, it usually decre

pitates, and in other respects behaves like uric acid (689).
694. It dissolves tolerably well in hot water, but being

insoluble or nearly so in cold, is deposited again when the

solution cools. If a dilute acid (as hydrochloric) be added

to a hot solution of urate of ammonia, the latter is decom

posed, and uric acid set free, which, being insoluble even

in hot water, is precipitated.
M4O,CloJV4i74O6+Ha=M4C/+i?O+C]0N4H4O,
695. With nitric acid, urate of ammonia produces the

same results as uric acid (691).
696. Urate of ammonia dissolves readily in a warm so

lution of potash, giving off at the same time ammoniacal

fumes (195), by which it may be distinguished from uric

acid. The addition of a dilute acid to the hot solution,
causes a precipitate of uric acid (692).

SECTION III.

Phosphate of lime (8CaO,3P05).

697. Before the blowpipe, it chars, owing to the presence

of a little animal matter, and gradually becomes white, as

the carbonaceous matter burns away. It is almost infu

sible, requiring for its fusion so intense and prolonged a

heat, that few can succeed in fusing it.
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698. The residue after ignition is neutral to test paper.
699. It is soluble, without effervescence, in dilute nitric

acid.

700. Divide the acid solution formed in the last ex

periment into three parts, and neutralize the first portion
with ammonia; the phosphate of lime is again thrown

down unchanged, in the form of a white gelatinous preci
pitate.
701. To the second portion of the acid solution, add a

drop or two of nitrate of silver, and cautiously neutralize

the mixture with dilute ammonia, which causes a pale
yellow precipitate of phosphate of silver, which is soluble

both in ammonia and nitric acid (410).
702. To the third portion of the nitric acid solution, add

dilute ammonia until it is nearly neutral, taking care that

it is not added in sufficient quantity to cause the precipi
tation of the phosphate of lime (700). Test the solution

with oxalate of ammonia, which throws down a copious
white precipitate of oxalate of lime (218).

• 703. If a little of the pounded phosphate of lime be

mixed with about twice its bulk of phosphate of ammonia

and magnesia (2MgO,NH40,P05+ 12Aq), and heated before

the blowpipe on platinum wire, it readily fuses. The

fusible calculus is composed of a similar mixture of the

two salts (708).

SECTION IV.

Phosphate of ammonia and magnesia, or Triple Phosphate.
(2MgO,NH40,P05+12Aq.)

704. The triple phosphate, when heated before the blow

pipe, chars, and gives off the smell of ammonia, swells up,
gradually becomes gray, and ultimately fuses.

705. It is almost insoluble in water, but if boiled, a small

quantity dissolves.

706. It dissolves readily in dilute hydrochloric, and most

other acids, and is "again thrown down in the form of a

crystalline precipitate, when the solution is neutralized with
ammonia.

707. When heated with a solution of potash, it is decom-
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posed, the potash combining with the phosphoric acid, and

setting free the ammonia and the magnesia. The former

volatilizes, and may be detected by its smell (195), while
the magnesia is precipitated.

2MgO,NH40,P05+2(XO,ffO)=2(MgO,HO)+NH +

2KO,HO,P05.

SECTION V.

Fusible calculus, which is a mixture of phosphate of lime

(8CaO,3POs) and the double phosphate of ammonia and

magnesia (2MgO,NH40,P05).
708. This calculus is chiefly characterized by the readi

ness with which it fuses before the blowpipe, without being
consumed, in which respect it differs from all other kinds

of calculus. During the ignition, the ammonia and water

are expelled, leaving a mixture of the phosphates of lime
and magnesia.
709. If a portion be dissolved in dilute hydrochloric acid,

nearly neutralized with ammonia, and treated with oxalate

of ammonia, the lime is separated as oxalate (218), while
the magnesia remains in solution.

SECTION VI.

Oxalate of lime calculus (CaO,C203).

710. Pounded oxalate of lime dissolves without efferves

cence* in dilute nitric and hydrochloric acids, and is again
thrown down unchanged in the form of a white precipitate,
when the acid solution is neutralized with ammonia.

711. When heated before the blowpipe, it blackens, and

gives off a disagreeable smell, resembling that of burnt

feathers. If the heat be continued a short time, the resi

due becomes white, and then consists of carbonate of lime,
into which the oxalate is converted.

CaO,C203+ P==CaO,C02+C02.
712. Treat the residue formed in the last experiment,

with dilute hydrochloric acid : it readily dissolves with

*

Occasionally a little carbonate of lime is found mixed with the oxalate,

in which case effervescence will of course take place.

20
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effervescence, showing that it has been changed into the

carbonate.

713. If the oxalate be kept intensely heated for some

time, the carbonate which is at first formed, is reduced to

the state of caustic lime (CaO), which may be proved by
placing the residue on a piece of moistened turmeric paper,
the color of which will be turned brown (122).

SECTION VII.

Biliary calculi, consisting of cholesterin (C36H320) and

biliary coloring matter.

714. Heat a small fragment on platinum foil : it will

burn with a bright but smoky flame, leaving little or no

fixed residue.

715. When coarsely pounded, it dissolves readily in

boiling alcohol, and, on cooling, the cholesterin crystallizes
out in the form of fine scaly crystals, while the coloring
matter remains in solution.

716. It is insoluble in dilute nitric and hydrochloric
acids.

717. It is insoluble also in a solution of potash, thus

differing from other fatty and oily substances, which cho

lesterin resembles in many respects.

CHAPTER II.

REAGENTS.

718. The following is a list of the reagents, &c, usually
employed in testing and analysis :—

Sulphuric acid, strong and dilute.

Hydrochloric acid.

Nitric acid.

Nitrohydrochloric acid (aqua regia).
Oxalic acid.

Acetic acid.

Tartaric acid.



REAGENTS. 231

Hydrosulphuric acid (sulphuretted hydrogen).
Ammonia.

Hydrosulphate of ammonia.
Carbonate of ammonia.

Oxalate of ammonia.

Phosphate of soda and ammonia (microcosmic salt).
Potash.

Carbonate of potash.
Nitrate of potash.
Iodide of potassium.
Chromate of potash.
Cyanide of potassium.
Ferrocyanide of potassium (yellow prussiate of potash).
Ferridcyanide of potassium (red prussiate of potash).
Antimoniate of potash.
Carbonate of soda.

Phosphate of soda.

Borax.

Lime wTater.

Sulphate of lime.

Chloride of calcium.

Chloride of barium.

Nitrate of baryta.
Perchloride of iron.

Nitrate of cobalt.

Sulphate of copper.

Ammonio-sulphate of copper.
Acetate of lead.

Subacetate of lead.

Nitrate of silver.

Ammonio-nitrate of silver.

Perchloride of mercury.

Protochloride of tin.

Perchloride of gold.
Bichloride of platinum.
Sulphate of indigo.
Solution of starch.

Black flux.

Distilled water.

Alcohol.

Litmus and turmeric paper.
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719. Most of these substances, as they are met with in

commerce, being always more or less impure, and, as those
even which are sold in the shops as pure reagents, are not

unfrequently found, on examination, to be otherwise ; it is

always necessary, before taking a reagent into use, to ascer

tain by experiment whether it is of sufficient purity for the

purposes for which it is intended. It may be stated as a

general rule, that, when a chemical substance is required
for use in analysis, it ought to be as nearly pure as pos

sible; while, for many of the other operations of chemistry,
the substances which are usually met with in commerce

are sufficiently pure. The following brief remarks relative

to the more common impurities of reagents, together with
their principal uses, will probably be found useful to the

student.

Sulphuric acid (HO,S03).

720. Sulphuric acid, as found in commerce, is never

pure. The most common impurities are sulphate of lead

(PbO,S03), nitric acid (N05), or binoxide of nitrogen (N02),
and occasionally arsenic, and other saline matters.

(a) If it contains the first, it will become turbid when

diluted with four or five times its bulk of water, owing to

the sulphate of lead, which is soluble in the strong acid,
being insoluble in the dilute.

(b) Nitric acid, or the binoxide of nitrogen, is detected

by warming a little of the acid in a test tube with a small

crystal of protosulphate of iron (449) ; or by boiling a

small portion tinged with a solution of sulphate of indigo,
when, if nitric acid is present, the blue color will disappear
(452).
(c) Arsenic may be detected by Marsh's test (313).
(d) Any fixed saline impurity remains as a residue when

a few drops of the acid are evaporated on platinum foil.

721. The uses of sulphuric acid are very numerous.

Besides being employed extensively in many branches of

manufacture, it is used in the laboratory as a powerful de

composing agent ; owing to its strong affinity for bases,

nearly all saline compounds are decomposed by it, and its

solvent powers are also very great. It is often employed for

the purpose of decomposing organic matter; also in the pre-
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paration of hydrogen, hydrosulphuric acid, and other gases;
as a test for certain metals, and for many other purposes.
722. When dilute sulphuric acid is required, it is pre

pared by mixing together one part of the strong acid with

four parts of distilled water, always adding the acid to the

water, which should be kept constantly stirred, and allow

ing the precipitated sulphate of lead (if any) to subside,
after which the clear liquid may be poured off.

Hydrochloric acid (HCl).

723. This acid, in the form met with in commerce, is

never pure, usually containing sulphuric acid and chloride

of iron, and occasionally free chlorine and traces of arsenic.

(a) Evaporate a drop or two on platinum foil: if pure,
no residue is left.

(b) Dilute a portion with four or five times its bulk of

distilled water, and add a drop of chloride of barium: if

sulphuric acid is present, a white precipitate is produced

(c) Add ammonia in excess : a brown precipitate indi

cates iron (280).
(d) Boil a little of the acid, tinged with sulphate of

indigo: if it contains free chlorine, the blue color is

bleached.

(e) Arsenic may be detected by Marsh's test (313).
724. The uses of hydrochloric acid are very numerous,

especially in analysis, in which it is of constant value as a

solvent for substances which are insoluble in water; most

of the metals dissolve readily in it, forming soluble chlo

rides, and it is occasionally used to precipitate silver and

mercury from their solutions.

When dilute hydrochloric acid is required, the strong
acid may be diluted with about twice its bulk of water.

Nitric acid (HO,NOs).

725. Nitric acid, as met with in commerce, usually con

tains sulphuric and hydrochloric acids, and occasionally a

little fixed saline matter.

(a) The latter may be detected by evaporating a few

drops on platinum foil, when any fixed impurities will be

left.

20*
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Dilute a little of the acid with water, and divide it into

two portions.
(b) To the first, add chloride of barium : if a white pre

cipitate is produced, sulphuric acid is present (403).
(c) To the other add nitrate of silver: a white preci

pitate, soluble in ammonia, indicates hydrochloric acid

(429).
726. Nitric acid is used chiefly as a solvent for sub

stances which are insoluble in water, especially some of

the metals, which it readily oxidizes, and converts into ni

trates, nearly all of which are soluble in water. It is, also,

frequently employed to raise compounds to a higher state
of oxidation, as in converting the protoxide of iron (FeO)
into the peroxide (Fe203).
When dilute nitric acid is required, it may be prepared

by mixing one part of the strong acid with two parts of

distilled water.

Nitrohydrochloric acid (aqua regia).
727. This is always prepared when required, by mixing

together strong nitric and hydrochloric acids, usually in

the proportion of one part of nitric to four of hydrochloric.
Its chief uses depend on its intense oxidizing or chlorinizing
properties, whereby the most refractory metals, some of

which resist the action of all other acids, are brought into
solution.

Hydrosulphuric acid (HS). (Sulphuretted hydrogen.)

728. This reagent, whether required in the gaseous form

or in solution, is always
prepared in the laboratory.
Fragments of sulphide (sul-
phuret) of iron (FeS) are

placed in a bottle, a, and

treated with dilute sulphu
ric acid (which for this pur

pose should consist of one

part of acid and eight parts
ofwater), which disengages
the gas.

FeS+HO,S03=FeO,S03+-H.S.
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The gas thus formed, is passed through water contained in

the second bottle, b, for the purpose of purifying it from

any sulphuric acid and iron that may have been carried

over mechanically, and is then conducted by the bent

tube, f, into a bottle of distilled water, when an aqueous
solution of the gas is required, or into ajar containing any
solution which it is intended to act upon (95).
729. In most cases of mere testing, the aqueous solution

is the most convenient form in which to apply it. The

water should be saturated with the gas, of which it is ca

pable of retaining in solution about its own volume ; this

may be judged of by its strong disagreeable smell, resem

bling that of rotten eggs, and by its giving a copious
white precipitate of sulphur when treated with perchloride
of iron (278). It should also be tested for iron, which it

sometimes contains when carelessly prepared : if such is

the case, it becomes dark colored on the addition of am

monia, owing to the formation of sulphide of iron (271).
The solution should not be kept long, as it is liable to de

compose, unless carefully kept from the air, the oxygen of

which combines with the hydrogen to form water (HO),
while sulphur is deposited.
730. When it is required to precipitate, by hydrosul

phuric acid, the whole of any metal in a solution, it is neces

sary to pass the gas at once into it ; and this should be

continued until the liquid is saturated, which is known by

removing the gas-delivering tube, and blowing away the

superincumbent air, when, if it smells distinctly of the gas,

the solution may be considered saturated, and the whole

of the metal must have been converted into sulphide.
731. The important uses to which hydrosulphuric acid

is applied, render it of great value in many processes of

analysis. It precipitates many of the metals from their

solutions as insoluble sulphides, and is one of the reagents

employed in determining the class to which an unknown

metal in solution belongs (179). It is also extensively
used in quantitative analysis, on account of the perfect
manner in which it separates the whole of many of the

metals from their solutions. Hydrosulphuric acid is also

sometimes useful as a deoxidizing agent, reducing metallic

oxides in solution to a lower degree of oxidation, as the
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peroxide of iron to the protoxide : this property is owing to

the facility with which it is decomposed, yielding up its

hydrogen to the oxygen of the oxide, while the sulphur is

usually set free (278).

Oxalic acid (HO,C203).

732. Oxalic acid occasionally contains traces of nitric

acid (which causes it to deliquesce in damp air, and to have

a slightly acid smell), and also fixed saline matter.

(a) The first may be detected by boiling the solution

with a drop or two of sulphate of indigo (452).
(b) The latter, if present, is left as a fixed residue after

ignition on platinum foil.

It is easily purified by recrystallization.
733. The chief use to which oxalic acid is applied in

analysis, is to precipitate lime from its solutions (218). (See
also oxalate of ammonia, 743.) For use as a test, one part
of the crystallized acid may be dissolved in ten parts of

water ; but, as the solution is liable to decompose, it is

better to keep it in the solid state, and to dissolve a little

when wanted.

Acetic acid (HO,C4H303).
734. This acid is often contaminated with one or more

of the following substances: sulphuric, sulphurous, hydro
chloric, and nitric acids, lead, and other saline matter.

(a) Any fixed impurity may be detected by heating a

little on platinum foil.

(b) Add to a portion of the diluted acid, a solution of

chloride of barium: if sulphuric acid is present, a white

precipitate, insoluble in nitric acid, is thrown down (403).
(c) Boil a little of the acid with a very small quantity of

peroxide of lead (Pb304) : if the latter becomes white (owing
to its conversion into sulphate of lead), sulphurous acid is

present. Pb304+S02=PbO,S03+ 2P60.

(d) Nitrate of silver, added to the diluted acid, gives a

white curdy precipitate, which is insoluble in nitric acid, if

any hydrochloric acid is present (4*29).
(e) Boil a little of the acid, tinged with sulphate of indigo :

if the color is bleached, it is probably owing to the pre
sence of nitric acid (452).
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(f) Neutralize a small portion with ammonia, and add

hydrosulphuric acid or hydrosulphate of ammonia: if lead

or any other metallic matter is present (except the alkalies

and alkaline earths) a precipitate is produced (548).
735. Acetic acid is chiefly employed in the laboratory as

a solvent, and for the purpose of acidifying solutions, in

cases where hydrochloric and nitric acids would act preju

dicially.

Tartaric acid (2HO,C8H4O10).
r 736. Tartaric acid sometimes contains a trace of lime

and sulphuric acid, but is usually sufficiently pure for ana

lytical purposes. The lime may be detected by neutral

izing a portion with ammonia, and adding oxalate of am

monia (218); and the sulphuric acid by chloride of barium

(403).
737. Tartaric acid is used as a test for potash, with which

it forms a sparingly soluble bitartrate (186). Its property

of preventing the precipitation of iron and some other

metals by the alkalies (478), is occasionally made available

in analysis. It should be kept in the solid state, and a

solution made when required, as when kept in solution it

soon becomes mouldy ; for this purpose, the crystallized
acid may be dissolved in about three times its weight of

water.

Ammonia (NHS).

738. The liquid ammonia of the shops is generally suffi

ciently pure for most purposes of analysis; it sometimes,

however, contains traces of carbonate, sulphate,
and muriate

of ammonia, and occasionally chloride of calcium. The

carbonate is detected by adding lime water (420) ; the sul

phate by supersaturating with dilute nitric or hydrochloric

acid, and testing with chloride of barium (403) ; the mu

riate of ammonia may be detected by supersaturating with

nitric acid, and adding nitrate of silver (429) ; and the

lime (chloride of calcium) with oxalate of ammonia (218).

Ammonia is used chiefly for the purpose of neutralizing

acid solutions, and for precipitating metallic oxides from

their solutions, most of which are decomposed by it.
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Hydrosulphate of ammonia (NH4S,HS).

739. Hydrosulphate of ammonia is prepared by passing
a stream of hydrosulphuric acid gas (728) through a solu

tion of ammonia until it is saturated. To ascertain whether

the saturation is complete, a few drops may be tested with

sulphate of magnesia; if the ammonia is saturated, this

gives no precipitate ; but if any free ammonia is left, it throws

down the hydrate of magnesia. When first prepared, the
solution is almost colorless, but it gradually becomes yel
low, owing to partial decomposition, the oxygen of the air

combining with the hydrogen, while sulphur is set free,
and remains dissolved ; when this decomposition has taken

place, the addition of an acid causes not only the evolution

of hydrosulphuric acid, but also precipitates the dissolved

sulphur.
740. Hydrosulphate of ammonia is much used, both in

qualitative and quantitative analysis, chiefly for the pur

pose of precipitating certain metals from their solutions,
and for separating the metals of the third class from the

alkalies and alkaline earths (593).

Carbonate of ammonia (2NH40,3C02).

741. The common carbonate of ammonia is a sesquicar-
bonate, or a compound of the neutral carbonate (NH40,
C02) and the bicarbonate (NH40,2C02). When the neutral

carbonate is required, and it is the best suited for most

purposes of analysis, it may be prepared in solution by dis

solving one part, by weight, of the crystallized sesquicar-
bonate in three or four parts of water, and adding one part
of liquid ammonia (sp. gr. 0.96). It is frequently employed
in analysis, to precipitate some of the metals as carbonates :

it is also used to neutralize acid solutions, and for other

purposes.
742. It is occasionally contaminated with traces of ani

mal oil, and sulphate and muriate of ammonia.

(a) Heat a small fragment on platinum foil : if any fixed
saline impurity is present, it will be left after ignition ; and
if any charring takes place, it indicates the presence of
animal matter.

(b) Supersaturate a little of the solution with nitric acid
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and add to one portion a few drops of chloride of barium :

a white precipitate insoluble in nitric acid, indicates sul

phuric acid (403).
(c) To the other portion of the acid solution, add nitrate

of silver : if any muriate of ammonia is present, it will

cause a white curdy precipitate (429).

Oxalate of ammonia (NH40,C2034-Aq).

743. This salt, as met with in the shops, is sufficiently

pure for all purposes of analysis. Like oxalic acid, it is

employed chiefly for the purpose of precipitating lime from

its solutions (218) ; for this purpose it may be dissolved in

about six times its weight of water.

Phosphate of soda and ammonia (microcosmic salt).

(NaO,NH40,HO,P05-r-8Aq).
744. This salt occasionally contains traces of chloride of

sodium, which may readily be detected by adding a few

drops of nitrate of silver to a solution of the salt, acidified

with nitric acid, when a curdy white precipitate indicates

the presence of the chloride (429).
Microcosmic salt is used almost exclusively in blowpipe

experiments : when heated, it is decomposed, the ammonia

and water are expelled, and soda, with excess of phosphoric

acid, is left.

Potash (KO).

745. On account of its strong affinity for many sub

stances, and its property of readily decomposing others,

caustic potash is rarely found free from impurities. Those

most commonly met with are organic matter, sulphate and

carbonate of potash, chloride of potassium, silicic acid,

and alumina.
.

(a) If organic matter
is present, the solution of potash is

more or less brown, and, on evaporation, leaves a brown

residue.
.

.

(b) Sulphuric acid is detected by diluting the potash with

water, supersaturating with nitric or hydrochloric acid, and

adding chloride of barium, when, if it is present, the white

insoluble sulphate is thrown down (403).

(c) If carbonic acid is present, lime water causes a white



240 REAGENTS.

precipitate, which is soluble with effervescence when the

solution is supersaturated with hydrochloric acid (420).
_

(d) A little of the diluted solution is supersaturated with

nitric acid, and tested with nitrate of silver : a white curdy

precipitate, soluble in ammonia, indicates chlorine or chlo

ride of potassium (429).
(e) Neutralize a small portion with hydrochloric acid,

and evaporate to dryness : if the residue is not wholly
soluble in hydrochloric acid, silica is probably present

(425).
(/) If alumina is present, it will be precipitated when

the potash solution is neutralized with hydrochloric acid,
and treated with a slight excess of ammonia (241).
746. Potash is used chiefly for the purpose of precipitat

ing some of the metallic oxides from their saline solutions,
which it does on account of its strong affinity for the acids

with which they were in combination.

CuO,S03+KO,HO=KO, S03+CuO,HO.
It is employed also for neutralizing acid solutions, decom

posing organic compounds, and many other purposes. A

solution of potash having a specific gravity of about 1060,
is a convenient strength for most analytical purposes.

Carbonate of potash (KO,C02-f-2Aq).

747. This salt generally contains traces of sulphate and

chloride, and occasionally silica and alumina.

(a) A solution, supersaturated with nitric acid, and tested
with chloride of barium, gives a white precipitate if any

sulphuric acid is present (403).
i (b) A solution similarly acidified, gives, with nitrate of

silver, a white curdy precipitate, if it contains chloride of

potassium (429).
(c) Neutralize a portion of the solution wTith hydrochloric

acid, and evaporate to dryness: if the residue does not

wholly dissolve when treated with hydrochloric acid, silica
is probably present (425).
(d) If carbonate of ammonia causes, in a neutralized

solution, a white gelatinous precipitate, alumina is probably
present (243).
Carbonate of potash is frequently employed to precipi-
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tate metallic oxides and carbonates from their soluble com

binations, and for the purpose of neutralizing acid solutions.

Nitrate of potash (KO,N05).

748. Nitrate of potash often contains traces of sulphate
and chloride, and occasionally nitrates of soda and lime.

(a and b) The sulphate and chloride may be detected with

chloride of barium and nitrates of silver (747, a and b).
(c) If lime is present, it causes a precipitate when the

solution is treated with oxalate of ammonia (218).
(d) The presence of nitrate of soda causes the salt to

deliquesce in a moist atmosphere.
749. It is used almost exclusively in the dry state, for

the purpose of oxidizing substances which resist other

methods of oxidation ; this property is owing to the oxygen

of the nitric acid being loosely combined, and at a high
temperature readily yielded up to any substance which

has a strong affinity for it, such as sulphides, organic mat

ters, &c.

Iodide of potassium (KI).

750. Iodide of potassium is often adulterated with car

bonate of potash; sulphate of potash and chloride of potas
sium are also often present. It should always be in the

form of well defined (cubical) crystals, as the adulterated

varieties are readily distinguishable by their imperfect crys
talline form.

(a) Add a little dilute hydrochloric acid : if effervescence

takes place, some carbonate is present (419).

(b) If sulphates are present, they may be detected by

adding chloride of barium, which will, in that case, cause

a white precipitate, insoluble in nitric acid (403).

(c) Add a little nitrate of silver; this will cause a pale

yellow precipitate of iodide of silver, together with chloride

of silver, in case any soluble chloride is present. To

separate them, filter the mixture, and after washing the

precipitate, treat it with a slight excess of ammonia, which

dissolves the chloride (if any), and leaves the iodide un

dissolved (433): on neutralizing the ammoniacal solution

with nitric acid, the appearance of a white curdy precipitate
indicates the presence of a chloride (429).

21
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Iodide of potassium is employed chiefly as a test for lead,

mercury, and occasionally some of the other metals. For

use as a reagent, one part of the salt may be dissolved in

ten parts of water.

Chromate of potash (KO,Cr03).

751. This salt occasionally contains traces of sulphate of

potash, which is readily detected by precipitating a little of

the solution with nitrate of baryta, and adding an excess

of nitric acid, which redissolves the chromate of baryta,
while any sulphate remains insoluble.
It is employed as a test for several of the metallic oxides,

with many of which it forms insolubTe salts (chromates) of
characteristic colors, as the chromate of lead (363), which
is bright yellow. For use as a reagent it may be dissolved

in ten times its wTeight of water.

Cyanide of potassium (KCy).
752. Cyanide of potassium is sometimes used in blow

pipe experiments, and also as a liquid test. It should be

colorless, and entirely soluble in water.

Ferrocyanide of potassium (K2,FeCy3+3Aq). (Yellow
prussiate of potash.)

753. This salt, as met with in commerce, is sufficiently
pure for the purposes of testing. It is employed as a test

for the persalts of iron, with which it forms a deep blue

precipitate of sesquiferrocyanide of iron, or prussian blue

(282). It gives characteristic precipitates, also, with some

other metals. For use as a reagent one part of the salt

may be dissolved in fifteen or twenty parts of water.

Ferridcyanide of potassium (K3,Fe2Cy6). (Red prussiate of
potash.)

754. It occasionally contains traces of the yellow prus

siate, which is easily detected by the solution giving a blue

precipitate with perchloride of iron (282). It is used as a

test for the protosalts of iron, with which it forms a blue

precipitate of ferridcyanide of iron (276), which is similar

in appearance to that formed by ferrocyanide of potassium
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with the persalts. It may be dissolved in ten or fifteen

parts of water.

Antimoniate of potash (KO,Sb05).
755. This substance seldom or never contains any im

purity that can interfere with its action as a test for soda,
which is the only use to which it is applied in the labora

tory. It must be kept in a well stoppered bottle, and care

fully excluded from the air, as the carbonic acid is liable to

decompose it, and cause a precipitation of antimonic acid.

Carbonate of soda (NaO,C02-f lOAq).
756. The best method of preparing pure carbonate of

soda, is to ignite the crystallized bicarbonate (NaO,HO,2
C02), when the second equivalent of carbonic acid and the

water are expelled, and pure anhydrous carbonate is left.

The salt of commerce frequently contains a little sulphate
and chloride, which may be detected in the manner already
detailed (747 a and b). The more impure varieties contain

also traces of sulphide of sodium, and sulphite and hypo
sulphite of soda. These may be detected by adding dilute

sulphuric acid and passing the evolved gas into a solution

of acetate of lead ; this should cause a white precipitate
of carbonate of lead (422), and not a brown one (438);
and no precipitation of sulphur should take place on the

addition of the acid.

757. It is employed for the same purposes as carbonate

of potash (747) ; also as a flux for the blowpipe, and for

fusing with insoluble silicates, Sec. For use as a liquid
reagent, one part of the salt may be dissolved in ten parts
of water.

Phosphate of soda (2NaO,HO,P05-f 24Aq).
758. This salt sometimes contains a little sulphate and

chloride. To detect these impurities add to one portion in

solution, chloride of barium, and to the other nitrate of sil

ver, and supersaturate both with nitric acid : if the preci
pitate does not entirely dissolve in either case, a sulphate
or chloride is present (403, 429).
It is employed chiefly as a test for magnesia, with which

it forms, in the presence of ammoniacal salts, the double
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phosphate of magnesia and ammonia (206). For the pur

poses of testing, it may be dissolved in ten parts of water,

Borax (biborate of soda), (NaO,2BO3+10Aq).
759. Borax occasionally contains traces of sulphate and

chloride, which may be detected in the same way as in

the phosphate of soda (758). It is employed almost exclu

sively as a flux in blowpipe experiments, for which purpose

it is admirably adapted : the second equivalent of boracic

acid which it contains, exerts a strong affinity for bases at

a high temperature, and is capable of displacing several

acids from their combinations ; it also forms many double

compounds and mixtures which are readily fusible.

Lime water (CaO in water).

760. This reagent is prepared by digesting hydrate of

lime (CaO,HO) in cold distilled water for an hour or two,

stirring the mixture occasionally, and, when the undissolved

portion of the lime has subsided, pouring off the clear solu

tion, and filtering if necessary. As it is liable to spoil
when exposed to the air, owing to the absorption of carbonic

acid, it should be kept in a well stoppered bottle.

761. Lime water should be sufficiently strong to turn the

yellow color of turmeric instantly and decidedly brown ;

and, when tested with carbonate of soda, should throw

down a copious white precipitate of carbonate of lime (214).
It is used as a test for carbonic acid and some of the organic
acids ; for expelling ammonia from its combinations, and
for many other purposes.

Sulphate of ftme(CaO,S03+ 2Aq).

762. Sulphate of lime being very sparingly soluble in

water, is always used in the form of a saturated solution,
which is prepared by digesting the sulphate in water, stir

ring it occasionally, and pouring off the clear solution from

the undissolved portion. It is used chiefly as a test for

some of the organic acids, and for distinguishing baryta
from strontia. The solution ought to give an immediate

precipitate of sulphate of baryta, when tested with chloride
of barium (225).



REAGENTS. 245

Chloride of calcium (CaCl).

763. This substance occasionally contains a little free

acid, and traces of iron. The first is detected by test paper,
and the latter, if present, causes hydrosulphate of ammonia
to throw down in the solution a black precipitate, or to

impart a greenish tint to the liquid (279). As a reagent,
chloride of calcium is employed chiefly in testing for some

of the organic acids. It is also of great use in the labora

tory as a drying agent, having so strong an affinity for

water, that a moist gas passed over it, is rapidly and com

pletely deprived of its water. For this purpose the chlo

ride need not be absolutely pure: it should not be fused,
but merely dried, as the unfused is more porous, and con

sequently offers a larger amount of surface to any gas passed
-

over it.

Chloride of barium (BaCl+ 2Aq).

764. Chloride of barium sometimes contains traces of

iron and lime. It should not be discolored by hydrosul
phate of ammonia (279), and, after being treated with a

slight excess of sulphuric acid, and filtered, the clear solu

tion should leave no fixed residue when evaporated on

platinum foil ; because the whole of the baryta is separated

by the sulphuric acid, and any other fixed matter must be

some impurity.
It is used chiefly for the purpose of testing for acids (558),

especially sulphuric, with which it forms the insoluble

sulphate of baryta (403). For use, one part of the salt

may be dissolved in ten parts of water.

Nitrate of baryta (BaO,N05).

765. Nitrate of baryta is liable to the same impurities as

chloride of barium (764), and they may be detected in the

same way. It should also be free from any chloride, which

may be known by adding nitrate of silver (429). Its uses

are the same as those of chloride of barium, for which it

is occasionally substituted in cases when the addition of the

chloride would interfere with the subsequent stages of an

analysis, as when we have to test for chlorides in the same

21*
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solution (605). For use, it may be dissolved in ten parts
of water.

Perchloride of iron (Fe2Cl3).

766. This salt is liable to contain a little free acid, and

traces of the protochloride (FeCl). The free acid is de

tected in the manner described in (535, b); and if any pro

tosalt of iron is present, the solution gives a blue color with

ferridcyanide of potassium (276). It is used as a test for

some of the organic acids, and is also sometimes useful in

the determination of phosphoric acid. It may be dissolved

in five parts of water.

Nitrate of cobalt (CoO,N05+6Aq).

767. This reagent is used chiefly for the detection of

alumina, zinc, magnesia, and some other substances, by
means of the blowpipe (124). The solution employed for

this purpose, may contain one part of the salt dissolved in

ten of water.

Sulphate of copper (CuO,S03+ 5Aq).

768. This salt is occasionally used as a test for arsenic

(311), and for other purposes: it may be dissolved in ten

parts of water. The ammonio- sulphate of copper (CuO,
2NH3,HO,S03), which is also used in testing for arsenic,
is prepared by adding ammonia to the solution of sulphate
of copper, until the precipitate at first formed is nearly all

redissolved, when the solution is filtered, and kept for use.

Acetate of lead (PbO,C4H303+3Aq).
769. Acetate of lead is used as a test for several acids,

which form with oxide of lead insoluble salts. For testing,
one part of the salt may be dissolved in ten parts of water.

Subacetate of lead (3PbO,C4H303).
770. The subaCetate is prepared by boiling together

equal weights of the neutral acetate (769) and protoxide
of lead (PbO) in water, and filtering the solution, which
must be kept in a well stoppered bottle, as it is easily de

composed when in contact with the air, owing to the strong
affinity of the oxide of lead for carbonic acid. Both this
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and the neutral acetate are used in testing for hydrosul
phuric acid, and for some of the other acids, especially
carbonic.

Nitrate of silver (AgO,NOs).

771. This reagent is sometimes adulterated with nitrate

of potash, and occasionally contains traces of copper and

lead. When precipitated by a slight excess of hydrochloric
acid, the filtered solution ought to leave no fixed residue

when evaporated on platinum foil, as the whole of the silver

would be thrown down (377), and any impurity would

remain in solution. Copper is detected by adding am

monia in excess to the solution, when it will give the liquid
a blue tinge (369). Nitrate of silver is used chiefly as a

test for chlorine (chlorides and hydrochloric acid), and

also for phosphoric, and some of the other acids. For use

as a reagent, one part of the salt may be dissolved in twenty

parts of water.

772. The ammonio-nitrate of silver (AgO,2NH3,N05),
used as a test for arsenic, is prepared by adding ammonia

to a solution of the nitrate, until the precipitate at first

thrown down is nearly all redissolved, and filtering from

the undissolved oxide.

Perchloride of mercury (HgCl2).

773. This is occasionally employed as a test for hydriodic
and some other acids, and also for some kinds of organic
matter: for this purpose it may be dissolved in twenty parts
of water.

Protochloride of tin (SnCl).

774. Protochloride of tin is prepared by boiling metallic

tin in strong hydrochloric acid, care being taken that a

portion of the metal remains undissolved, as otherwise a

little perchloride might be formed; the solution is then

filtered, acidified with a few drops of hydrochloric acid, and

diluted with about four times its bulk of water. A few

fragments of metallic tin should be kept in the solution, in

order to prevent the formation of any perchloride.
775. Protochloride of tin is employed chiefly as a test for

gold and mercury, and also as a deoxidizing agent, for
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which purpose it is well adapted on account of its strong

tendency to combine w7ith oxygen or chlorine.

It occasionally contains traces of lead and iron, which

may be detected by adding hydrosulphate of ammonia in

excess to the solution, when, if pure, the precipitate is

wholly redissolved, but, if either of those metals is present,
a black residue is left, since their sulphides are insoluble in

the hydrosulphate.

Perchloride of gold (AuCl3).

776. This reagent is used almost exclusively as a test

for the protosalts of tin (386), so that a very small quantity
will be found sufficient for the purposes of testing. One

part of the salt may be dissolved in thirty parts of water.

Bichloride of platinum (PtCl2).
777. Bichloride of platinum is employed only as a test

for potash, soda, and ammonia: it may be dissolved in

about ten parts of alcohol.

Sulphate of indigo.

778. This substance may be prepared in solution, by
dissolving a little indigo in strong sulphuric acid, and di

luting the acid solution with water, so as to form a pale
blue liquid. It is used chiefly as a test for nitric acid and

chlorine, by which it is decomposed, and its color dis

charged.

Solution of starch (C12H10O10).
779. This is made by gently boiling starch with water.

It is employed as a test for iodine, for which purpose small

pieces of thread or paper may be steeped in the solution,
dried, and kept for use.

Black flux.

780. Black flux is an intimate mixture of carbonate of

potash and finely divided charcoal, and is prepared by
deflagrating in an iron spoon or crucible, a mixture of two
parts of bitartrate of potash and one of nitre. It is used
as a reducing flux in blowpipe experiments.
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Distilled water (HO).

781. Pure distilled water is prepared by carefully distil

ling any of the common kinds of water either in a still or

retort, rejecting the first and last portions (62). For many

purposes, rain water, when collected at a distance from

towns or manufactories, and boiled and filtered, will be

found sufficiently pure; but, in analytical experiments,
distilled water ought always to be used.
782. Before taking it into use, it should be tested with

the following reagents :—

(a) Litmus and turmeric paper, for free acids and alka

lies.

(6) Chloride of barium for sulphates (403).
(c) Nitrate of silver for chlorides (429). The mixture

shortly becomes dark-colored, especially if organic matter

is present.

(d) Oxalate of ammonia for lime (218).
(e) Lime water for carbonic acid (420).

(f) Hydrosulphate of ammonia for any metals of the

third or fourth class.

(g) When heated on platinum foil, it should leave no

trace of solid residue.

Distilled water is used chiefly as a solvent, and for wash

ing precipitates, besides many other purposes to which it is

constantly applied.

Alcohol (C4H5,0,HO).

783. The alcohol commonly used in chemical experi
ments should have a specific gravity of about 0.83, except
in cases where absolute alcohol is required, when it should

be 0.796. When evaporated on platinum foil, it should

leave no residue, and should not change the color of litmus

paper. It is used chiefly as a solvent, and for the purpose

of facilitating the precipitation of substances which are less

soluble in it than in water.
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WEIGHTS AND MEASURES.

Troy or Apothecaries' Weight.

Pound. Ounces. Drachms. Scruples. Grains. French Grammes.

1 = 12 = 96 = 288 = 5760 = 372.96

1 = 8 = 24 = 480 = 31.08

1 = 3 = 60 = 3.885

1 = 20 = 1.295

1 = 0.0647

Avoirdupois Weight.

Pound. Ounces. Drachms. Grains. French Grammes.

1 = 16 = 256 = 7000 = 453.25

1 == 16 = 437.5 = 28.328

27.343 = 1.77

Gallon.

1

Imperial Measure.

Fluidounces. Fluidrachms. Minims.

- 160 = 1280 = 76800

20 = 160 = 9600

1
— 8 = 480

1 = 60

Weight of Water at 62°, contained in the Imperial Gallon, SfC.

Imperial Gallon
" Pint
" Fluidounce
" Fluidrachm
" Minim

Grains.

70,000
8750

437.5

54.7

0.91
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Cubic Inches contained in the Imperial Gallon, fyc.

Imperial Gallon
Pint

"

Fluidounce
"

Flui'drachm
"

Minim -

Cubic Inches.

277.273

34 659

1.732

0.2166

0.0036

FRENCH WEIGHTS AND MEASURES.

Measures of Length.

English Inches.

Millimetre = .03937

Centimetre = .39371

Decimetre = 3.93710

Metre = 39.37100 Mil. Fur. Yds. Feet. In.

Decametre = 393.71000 = 0 0 10 2 9.7

Hecatometre = 3937.10000 = 0 0 109 1 1
Kilometre = 39371.00000 = 0 4 213 1 10.2

Myriometre = 393710.00000 = 6 1 156 0 6

Measures of Capacity.

English Imperial Measure.
Cubic Inches. Gall. Pints. F. oz. F. drms. Min.

Millimetre = .06102 = 0 0 0 0 16.3
Centilitre = .61028 = 0 0 0 2 42
Decilitre = 6.10280 = 0 0 3 3 2
Litre = 61.02800 = 0 1 15 1 43
Decalitre = 610.28000 = 2 1 12 1 16
Hecatolitre = 6102.80000 = 22 0 1 4 48
Kilolitre = 61028.00000 = 220 0 12 6 24

Myriolitre = 610280.00000 = 2200 7 13 4 48

Measures of Weight.

Milligramme
Centigramme

Decigramme
Gramme

Decagramme
Hecatogramme
Kilogramme

Myriogramme

English Grains.

= .0154

.1544

= 1.5444

= 15.4440

= 154.4402

= 1544.4023

= 15444.0234

: 154440.2344

Poun.

0

0

2

22

Avoirdupois.
Oun.

0

3

3

1

Dram.

5.65

8.5

5

2
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TABLE I.

Showing the Quantity of Oil of Vitriol (HO,SO0of sp. gr. 1.8485, and of
Anhydrous Acid (S03), in 100 Parts of Dilute Sulphuric Acid, of differ
ent Specific Gravities (Ure).

Liquid
Acid. Sp. Gr. Dry Acid. Liquid

Acid. Sp. Gr. Dry Acid

100 1.8485 81.54 59 1.4760 48.11

99 1.8475 80.72 58 1.4660 47.29

98 1.8460 79.90 57 1.4560 46.48

97 1.8439 79.09 56 1.4460 45.66

96 1.8410 78.28 55 1.4360 44.85

95 1.8376 77.46 54 1.4265 44.03

94 1.8336 76.65 53 1.4170 43.22

93 1.8290 75.83 52 1.4073 42.40

92 1.8233 75.02 51 1.3977 41.58

91 1.8179 74.20 50 1.3884 40.77

90 1.8115 73.39 49 1.3788 39.95

89 1.8043 72.57 48 1.3697 39.14

88 1.7962 71.75 47 1.3612 38.32

87 1.7870 70.94 46 1.3530 37.51

86 1.7774 70.12 45 1.3440 36.69

85 1.7673 69.31 44 1.3345 35.88

84 1.7570 68.49 43 1.3255 35.06

83 1.7465 67.68 42 1.3165 34.25

82 1.7360 66.86 41 1.3080 33.43

81 1.7245 66.05 40 1.2999 32.61

80 1.7120 65.23 39 1.2913 31.80

79 1.6993 64.42 38 1.2826 30.98

78 1.6870 63.60 37 1.2740 30.17

77 1.6750 62.78 36 1.2654 29.35

76 1.6630 61.97 35 1.2572 28.54

75 1.6520 61.15 34 1.2490 27.72

74 1.6415 60 34 33 1.2409 26.91

73 1.6321 59.52 32 1.2334 26.09

72 1.6204 58.71 31 1.2260 25.28

71 1.6090 57.89 30 1.2184 24.46

70 1.5975 57.08 29 1.2108 23.65

69 1.5868 56.26 28 1.2032 22.83

68 1.5760 55.45 27 1.1956 22.01

67 1.5648 54.63 26 1.1876 21.20

66 1.5503 53.82 25 1.1792 20.38

65 1.5390 53.00 24 1.1706 19.57

64 1.5280 52.18 23 1.1626 18.75

63 1.5170 51.37 22 1.1549 17.94

02 1.5066 50.55 21 1.1480 17.12

61 1.4960 49.74 20 1.1410 16.31

GO 1.48G0 48.92 19 1.1330 15.49

22
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Liquid
Acid. Sp. Gr. Dry Acid.

Liquid
Acid.

Sp. Gr. Dry Acid.

18 1.1246 14.68 9 1.0614 7.34

17 1.1165
^

13.86
^

13.05

8 1.0544 6.52

16 1.1090 7 1.0477 5.71

15 1.1019 12.23 6 1.0405 4.89

14 1.0953 11.41 5 1.0336 4.08

13 1.0887 10.60 4 1.0268 3.26

12 1.0809 9.78 3 1.0206 2.446

11 1.0743 8.97 2 1.0140 1.63

10 1.0682 8.15 1 1.0074 0.8154

TABLE II.

Shoiving the Quantity of Real or Anhydrous Nitric Acid (N05) in 100 Parts

of Liquid Acid, of different Specific Gravities (Ure).

Real acid Real acid Real acid

Specific in 100 [ Specific in 100 Specific in 100

Gravity. parts of the Gravity. parts of the Gravity. parts of the

Liquid. 1 Liquid. Liquid.

1.5000 79.700 1.4107 58.181 1.2705 36.662

1.4980 78.903 1.4065 •

57.384 1.2644 35.865

1.4960 78.106 1.4023 56.587 1.2583 35.068

1.4940 77.309 1.3978 55.790 1.2523 34.271

1.4910 76.512 1.3945 54.993 1.2462 33.474

1.4880 75.715 1.3882 54.196 1.2402 32.677

1.4850 74.918 1.3833 53.399 1.2341 31.880

1.4820 74.121 1.3783 52.602 1.2277 31.083

1.4790 73.324 1.3732 51.805 1.2212 30.286

1.4760 72.527 1.3681 51.068 1.2148 29.489

1.4730 71.730 1.3630 50.211 1.2084 28.692

1.4700 70.933 1.3579 49.414 1.2019 27.895

1.4670 70.136 1.3529 48.617 1.1958 27.098

1.4640 69.339 1.3477 47.820 1.1895 26.301

1.4600 68.542 1.3427 47.023 1.1833 25.504

1.4570 67.745 1.3376 46.226 1.1770 24.707

1.4530 66.948 1.3323 45.429 1.1709 23.910

1.4500 66.155 1.3270 44.632 1.1648 23.113

1.4460 65.354 1.3216 43.835 1.1587 22.316

1.4424 64.557 1.3163 43.038 1.1526 21.519

1.4385 63.760 1.3110 42.241 1.1465 20.722

1.4346 62.963 1.3056 41.444 1.1403 19.925
1.4306 62.166 1.3001 40.647 1.1345 19.12S
1.4269 61.369 1.2947 39.850 1.1286 18.331
1.4228 60.572 1.2887 39.053 1.1227 17.534

1.4189 59.775 1.2826 38.256 1.1168 16.737

1.4147 58.978 1 1.2765 37.409 1.1109 15.940
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Specific
Gravity.

Real acid

in 100

parts of the

Liquid.

Specific
Gravity.

Real acid

in 100

parts of the

Liquid.

Specific
Gravity.

Real acid

in 100

parts of the

Liquid.

1.1051 15.143 1.0651 9.564 1.0320 4.782

1.0993 14.346 1.0595 8.767 1.0267 3.985

1.0935 13.549 1.0540 7.970 1.0212 3.188

1.0878 12.752 1.0485 7.173 1.0159 2.391

1.0821 11.955 1.0430 6.376 1.0106 1.594

1.0764 11.158 1.0375 5.579 1.0053 0.797

1.0708 10.361

TABLE III.

Showing the Quantity of Anhydrous Hydrochloric Acid (HCl) in the Liquid
Acid of different Specific Gravities ( Ure) .

Acid

of 120

in 100.

Specific
Gravity.

Chlorine.
Hydro
chloric

Gas.

Acid

of 120

in 100.

Specific
Gravity.

Chlorine.
Hydro
chloric

Gas.

100 1.2000 39.675 40.777 72 1.1452 28.567 29.359

99 1.1982 39.278 40.369 71 1.1431 28.171 28.951

98 1.1964 38.882 39.961 70 1.1410 27.772 28.544

97 1.1946 38.485 39.554 69 1.1389 27.376 28.136

96 1.1928 38.089 39.146 68 1.1369 26.979 27.728

95 1.1910 37.692 38.738 67 1.1349 26.583 27.321

94 1.1893 37.296 38.330 66 1.1328 26.186 26.913

93 1.1875 36.900 37.923 65 1.1308 25.789 26.505

92 1.1857 36.503 37.516 64 1.1287 25.392 26.098

91 1.1846 36.107 37.108 63 1.1267 24.996 25.690

90 1.1822 35.707 36.700 62 1.1247 24.599 25.282

89 1.1802 35.310 36.292 61 1.1226 24.202 24.874

88 1.1782 34.913 35.884 60 1.1206 23.805 24.466

87 1.1762 34.517 35.476 59 1.1185 23.408 24.058

86 1.1741 34.121 35.068 58 1.1164 23.012 23.650

85 1.1721 33.724 34.660 57 1.1143 22.615 23.242

84 1.1701 33.328 34.252 56 1.1123 22.218 22.834

83 1.1681 32.931 33.845 55 1.1102 21.822 22.426

82 1.1661 32.535 33.437 54 1.1082 21.425 22.019

81 1.1641 32.136 33.029 53 1.1061 21.028 21.611

80 1.1620 31.743 32.621 52 1.1041 20.632 21.203

79 1.1599 31.343 32.213 51 1.1020 20.235 20.796

78 1.1578 30.946 31.805 50 1.1000 19.837 20.388

77 1.1557 30.550 31.398 49 1.0980 19.440 19.980

76 1.1536 30.153 30.990 48 1.0960 19.044 19.572

75 1.1515 29.757 30.582 47 1.0939 18.647 19.165

74 1.1494 29.361 30.174 1 46 1.0919 18.250 18757

73 1.1473 28.964 | 29.767 45 1.0899 17.854 18.349
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Acid

of 120

in 100.

Specific
Gravity.

Chlorine.
Hydro
chloric

Gas.

Acid

of 120

in 100.

Specific
Gravity.

Chlorine.
Hydro
chloric

Gas.

44 1.0879 17.457 17.941 22 1.0437 8.729 8.971

43 1.0859 17.060 17.534 21 1.0417 8.332 8.563

42 1.0838 16.664 17.126 20 1.0397 7.935 8.155

41 1.0818 16.267 16.718 19 1.0377 7.538 7.747

40 1.0798 15.870 16.310 18 1.0357 7.141 7.340

39 1.0778 15.474 15.902 17 1.0337 6.745 6.932

38 1.0758 15.077 15.494 16 1.0318 6.348 6.524

37 1.0738 14.680 15.087 15 1.0298 5.951 6.116

36 1.0718 14.284 14.679 14 1.0279 5.554 5.709

35 1.0697 13.887 14.271 13 1.0259 5.158 5.301

34 1.0677 13.490 13.863 12 1.0239 4.762 4.893

33 1.0657 13.094 13.456 11 1.0220 4.365 4.486

32 1.0637 12.597 13.049 10 1.0200 3.998 4.078

31 1.0617 12.300 12.641 9 1.0180 3.571 3.670

30 1.0597 11.903 12.233 8 1.0160 3.174 3.262

29 1.0577 11.506 11.825 7 1.0140 2.778 2.854

28 1.0557 11.109 11.418 6 1.0120 2.381 2.447

27 1.0537 10.712 11.010 5 1.0110 1.984 2.039

26 1.0517 10.316 10.602 4 1.0080 1.588 1.631

25 1.0497 9.919 10.194 3 1.0060 1.191 1.224

24 1.0477 9.522 9.786 2 1.0040 0.795 0.816

23 1.0457 9.126 9.379 1 1.0020 0.397 0.408

TABLE IV.

Showing the Quantity of Anhydrous Potash (KO) in Solutions of different
Specific Gravities {Dalton).

Specific Potash Boiling Specific Potash Boiling
Gravity. per cent. Point. Gravity. per cent. Point.

1.63 51.2 329° 1.33 26.3 229°

1.60 46.7 290 1.28 23.4 224

1.52 42.9 276 1.23 19.5 220

1.47 39.6 265 1.19 16.2 218

1.44 36.8 255 1.15 13. 215

1.42 34.4 246 1.11 9.5 214

1.39 32.4 240 1.06 4.7 213

1.36 29.4 234
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TABLE V.

Showing the Quantity of Anhydrous Soda (NaO) in solutions of different
Specific Gravities (Dalton).

Specific Soda Boiling Specific Soda Boiling
Gravity. per cent. Point. Gravity. per cent. Point.

2.00 77.8 °i 1.40 29.0 242°

1.85 63.6 600 1.36 26.0 235

1.72 53.8 400 1.32 23.0 228

1.63 46.6 300 1.29 19.0 224

1.56 41.2 280 1.23 16.0 220

1.50 36.8 265 1.18 130 217

1.47 34.0 255 1.12 9.0 214

1.44 31.0 248 1.06 4.7 213

TABLE VI.

Showing the Quantity of Ammoniacal Gas (NH3) in Aqueous Solutions of
different Specific Gravities (Dalton).

Specific
Gravity.

Grains of Ammonia

in 100 grains of
the liquid.

Boiling
Points.

Volumes of Gas in

one volume of

the liquid.

.850 35.3 26° 494

.860 32.6 3S 456

.870 29.9 50 419

.880 27.3 62 382

.890 24.7 74 346

.900 22.2 86 311

.910 19.8 98 277

.920 17.4 110 244

.930 15.1 122 211

.940 12.8 134 180

.950 10.5 146 147

.960 8.3 158 116

.970 6.2 173 87

.980 4.1 187 58

.990 2.0 196 28

22*
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100 parts. Specific Gravity. 100 parts. Specific Gravity.

Ale. Wat. At 680. At 60°. Ale. Wat. At 680. At 60°.

18

17

16

15

14

13

12

11

10

9

82

83

84

85

86

87

88

89

90

91

0.976

0.977

0.978

0.980

0.981

0.983

0.985

0.986

0.987

0.988

0.977

0.978

0.979

0.981

0.982

0.984

0.9S6

0.987

0.988

0.989

8

7

6

5

4

3

2

1

0

92

93

94

95

96

97

98

99

100

0.989

0.991

0.992

0.994

0.995

0.997

0.998

0.999

1.000

0.990

0.991

0.992

TABLE VIII.

Showing tlie Specific Gravities of Mixtures of Ether and Alcohol in different
Proportions (Dalton).

Specific
Gravity.

Ether.
Alcohol

(sp. gr. 830).
Specific
Gravity.

Ether.
Alcohol

(sp. gr. 830).

724 100 0 792 40 60

732 90 10 804 30 70

744 80 20 816 20 80

756 70 30 828 10 90

768 60 40 830 0 100

780 50 50
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TABLE IX.

OF FREEZING MIXTURES.

Freezing Mixtures with Snow or Pounded Ice.

MIXTURES.

Parts by Weight.

Sea-salt 1

Snow ... 2

T

CO
JH

3

cS

co

s
1)

H
■<

c
C3

s
O
%.

Ph

lermometer sinks.

to— 5°

Degree of
cold

produced.

Sea-salt 2

Muriate of Ammonia - 1

Snow - - - 5

to — 12°

Sea-salt 10

Muriate of Ammonia - 5

Nitrate of Potash 5

Snow .... 24

to — 18°

Sea-salt ... 5

Nitrate of Ammonia - 5

Snow 12

to — 25°

Diluted Sulphuric Acid* 2

Snow 3
from + 32° to — 23° 55 degrees.

Concentrated Hydrochloric
Acid.... 5

Snow .... 8

from + 32° to — 27° 59

Concentrated Nitrous Acid 4

Snow - - - - 7
from + 32° to — 30° 62

Chloride of Calcium - 5

Snow .... 4
from + 32° to — 40° 72

Crystallized Chloride of Cal

cium - - - 3

Snow ... 2

from + 32° to — 50° 82

Fused Potash 4

Snow 2
from + 32° to — 51° 83

* Made of strong acid, diluted with half its weight of snow or distilled

water.
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Freezing Mixtures without Snow.

MIXTURES.

Parts by Weight.

Muriate of Ammonia - 5

Nitrate of Potash - - 5

Water .... 16

Temperature falls.

from + 50° to — 10°

Degree of
cold

produced.

40 degrees.

Muriate of Ammonia - 5

Nitrate of Potash - - 5

Sulphate of Soda 8

Water .... 16

from + 50° to — 4° 46

Nitrate of Ammonia - 1

Water 1
from + 50° to — 4° 46

Nitrate of Ammonia - 1

Carbonate of Soda - 1

Water ... - 1

from -f- 50° to — 7° 57

Sulphate of Soda 3

Diluted Nitrous Acid* - 2
from 4- 50° to — 3° 53

Sulphate of Soda - - 6

Muriate of Ammonia - 4

Nitrate of Potash - - 2

Diluted Nitrous Acid - 4

from 4- 50° to — 10° 60

Sulphate of Soda - - 6

Nitrate of Ammonia - 5

Diluted Nitrous Acid - 4

from 4- 50° to — 14° 64

Phosphate of Soda - 9

Diluted Nitrous Acid - 4
from 4- 50° to— 12° 62

Phosphate of Soda - 9

Nitrate of Ammonia - 6

Diluted Nitrous Acid - 4

from 4- 12° to — 21° 71

Sulphate of Soda - - 8

Hydrochloric Acid - 5
from 4- 50° to 0° 50

Sulphate of Soda
- - 5

Diluted Sulphuric Acidf 4
from 4- 50° to 4- 3° 47

*

Composed of two parts of fuming nitrous acid, and one of water;

the mixture being allowed to cool before being used.

f Composed of equal weights of strong acid and water, being allowed

to cool before use.
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TABLE XL

Showing the Solubility of Salts.*
*0

Bases.

Potash .

Soda .

Ammonia

Magnesia
Lime

Baryta .

Strontia

Alumina

Ox. Chromium

Ox. Zinc . .

Ox. Manganese
Protox. Iron .

Perox. Iron .

Ox. Nickel

Ox. Cobalt

Ox. Antimony
Protox. Mercury
Perox. Mercury
Ox. Lead .

Ox. Copper
Ox. Silver .

Protox. Tin

Perox. Tin

Ox. Bismuth 2 3

1 &2

1 . 2

2&3

2&3

2&3

2&3

2&3

2&3

2&3

2&3

2&3

3&3

2 &3

2&3

&2

&2

. 3

HI

&2

&2

&2

1 .2

1 .2

2 . .

2 . .

1 .2

2 . .

2. .

1&2

1 . .

1 &2

1 . 2

2. .

2. .

2 . .

1 . .

1 . .

2. .

1 . 2

1 . 2

1 ,

2 ,

1

1

1 . 2

2

2

1

2

1 . 2

o

1 . .

1 . .

1. .

1 . .

2. .

2 . .

1 . .

1&2

1 . .

2. .

1 . .

1 . .

1 . .

2. .

1 . .

1 . 2

1&2

1 . .

1 . .

1&2

2.

2. .

1 .2

1 .2

1 .2

1 . .

1 . .

1 . .

2. .

1 . .

1 . .

1 . .

2. .

2. .

1 . .

1 .2

1 . .

1 .2

.2

*
To ascertain the solubility of any salt, find the name of the base in the upright column, and that of the acid in the line at the top ; the

number placed at the point where the two rows meet, shows whether the salt formed by their combination is soluble or otherwise. The figure
1 means that it is soluble in water ; 2, that it is insoluble in water, but soluble in acids ; and 3, that it is insoluble in water and acids.



TABLE XII.

Showing the Action of Reagents on Oxides and Acidt . (Alphabetically arranged.)

1. Metallic Bases. (In Combination.)

Name of

Base. Symbol

Hydro
sulphuric
Acid (Sul
phuretted
Hydro-en)
(HS),in an

acidified

solution.

Hydro
sulphate

of

Ammonia

(NH&
HS.)

Carbonate

of

Soda

[NaO,
CO,).

Carbonate

of

Ammonia

(2NHtO,
3COa).

Potash

{KO).

Ammonia

(NHt).

Ferro

cyanide
of Potas

sium

(K^.Fe
Cy3).

Blowpipe. Remarks.

Alumina,

(see also

p. 100.)

Alfiv 0 White ;

insol. in

excess.

White ;

insol. in

excess.

White ;

insol.

White ;

sol. in

excess.

White ;

insol.

0 Blue with

nitrate of

cobalt.

These precipi
tates are insoluble

in muriate of

ammonia.

Antimony,
oxide of,
(see also

p. 120.)

Sb03. Orange
red.

Orange
red ;

sol. in

excess.

White ;

sparingly
soluble.

White;

sp. sol.

White ;

sp. sol. in

excess.

White ;

insol.

White. With soda in

deoxidizing
flame, reduced,
and gives off
white fumes

of oxide.

The chloride

decomposed by
water.

Baryta,
(see also

p. 96.)

BaO. 0 0 White ;

insol. in

excess.

White ;

insol.

0 0 0 0 Thrown down

immediately with

sulphates and

sulphate of lime.



Name of

Base.

Sym
bol.

Hydro
sulphuric
Acid (Sul
phuretted
Hydrogen)
(HS) in an

acidified

solution.

Hydro
sulphate

of

Ammonia

(NHtS,
HS).

Carbonate

of

Soda

(NaO,
CO,).

Carbonate

of

Ammonia

(2NHtO,
3CO,).

Potash

(KO).

Ammonia

{HN.).

Ferro

cyanide
of Potas

sium

(KvFe
Cya).

Blowpipe. Remarks.

Bismuth,
oxide of,
(see also

p. 131.)

Bia03. Brown

black.

Brown

black ;

insol. in

excess.

White ;

insol. in

excess.

White ;

insol.

White ;

insol.

White ;

insol.

White. With soda on

charcoal, re
duced ; brittle

bead of metal.

Nitrate decom

posed by water.

Cadmium,
oxide of

CdO. Bright
yellow.

Bright
yellow ;

insol. in

excess.

White ;

insol. in

excess.

White ;

insol.

White ;

insol.

White ;

sol. in

excess.

White. With soda on

charcoal re

duced and metal volatil

ized ; leaves a reddish-

brown deposit.

The yellow sul

phide, insol. in

hydrosulp. ofam

monia, is highly
characteristic.

Calcium

(Lime,)
(see also

p. 94.)

CaO. 0 0 White ;

insol. in

excess.

White ;

insol.

0 0 .0 Radiates a

brilliant light.
Gives a red

color to the

flame.

Oxalate of am

monia causes a

white precipitate
even in very

dilute solutions.

Chromium

oxide of,
(see also

p. 101.)

Cr,03. O Green. Green. Green. Green ;

sol. in

excess.

Green ;

insol.

0 Emerald green
with fluxes.

The oxide when

fused with nitre,

gives chromate
of potash.

Cobalt,
oxide of,
(see also

p. 109.)

CoO. 0 Black. Pink;
insol.

Bluish on

boiling.

Pink ; sp.
sol. in ex.

solution

purple.

Blue,

becoming
greenish ;

dirty red

on boiling.

Blue;
sol. in ex.

forming a

brownish-

red sol.

Pale

green or

gray.

Blue glass, with
borax in both

flames.

Readily distin

guished with the

blowpipe.



Copper,
oxide of,

(see also

p. 126.)

CuO Black. Black. Greenish-

blue, be

coming
dark brown

on boiling.

Greenish-

blue, sol.
in ex.,

forming
deep blue

solution.

Pale blue,

becoming
dark brown

when

boiled.

Pale blue,
sol. in ex.

forming
rich blue

solution.

Maho

gany
colored ;

insol.

With soda on

charcoal, re

duced. With

borax and mic.

salt in outer

flame, green ; in

inner flame red.

Precipitated in

the metallic state

by clean iron ;

and as the black

oxide by zinc.

Glucina. G106. 0 0 White ;

sp. sol.
White;
sol. in ex.

White ;

sol. in ex.

White ;

insol.

0 With nitrate

of cobalt,
dark gray or

black.

Glucina dissolves

in cold solution

of carb. ammonia,
and is thrown

down on boiling.

Gold,
teroxide of.

Au03. Black. Brown-

black;
sol. in

excess.

0 Yellow;
insol.

Yellowish-

brown.

Yellow ;

insol.

0 Reduced. Thrown down in

the form of a

brown metallic

powder when
boiled with pro-

tosulph. iron.

Iridium,

sesqui
oxide of.

Ir,03. Slight
brown.

Brown ;

sol.

Brown-

red ;

sp. sol.

Bleaches

the solu

tion.

Slight brown.
The solution

becomes first

colorless,
and subse

quently
bluish.

As with

potash. On

exposure to

the air, a

slight blue

precipitate
falls.

Solution

slowly
disco

lored.

Reduced. The solutions

have a deep
brown color.

Iron,

protoxide
of,

(see also

p. 105.)

FeO. 0 Black. White,
then green,
and ulti

mately
rust-

colored.

As with

carbonate

of soda.

White

becoming
green, and

on standing,
rust-

colored.

As with

potash ;

but becom

ing brown

more

rapidly.

White,

instantly
changing
to light
blue.

With the fluxes

in the outer

flame, brownish

yellow ; in the

inner flame, light
green.

Deep blue

precipitate with

ferridcyanide
of potassium.



Name of

Base.
Sym'
bol.

Hydro
sulphuric
Acid

(HS), in an

acidified

solution.

Hydro
sulphate

of

Ammonia

{NHtS,
HS).

Carbonate

of

Soda

{NaO,
CO,).

Carbonate

of

Ammonia

{2NHtO,
3COa).

Potash

{KO).

Ammonia

{NH3).

Ferro

cyanide
of Potas

sium

(K„Fe
Cys).

Blowpipe. Remarks.

Iron, per
oxide of,
(see also

p. 106.)

Fe,0». Yellowish-

white

precipitate
of sulphur.

Black. Rust

colored.

Rust

colored.

Rust

colored.

Rust

colored.
Deep
blue.

As the

protoxide.

Black with in

fusion of gall-
nuts.

Lead,
oxide of,
(see also

p. 124.)

PbO. Black. Black. White ;

insol.

White ;

insol.

White ;

sol.

White ;

insol.

None at

first with

the

acetate.

White. With soda on

charcoal, re
duced ; yellow
deposit also
formed on the

charcoal.

Precipitated by so
luble sulphates,
and the precipitate
blackened by hy
drosulphate of

ammonia. Bright
yellow with

chromate of

potash and iodide

of potassium.

Lithia. LiO. 0 0 Faint white

in concen

trated sol.

As carb.

soda.

O O 0 Gives red color

to the flame.

Phos. of soda and

ammonia gives a

white precipitate.

Magnesia,
(see also

p. 92.)

MgO. 0 0 White ;]
insol.

0 White ;

insol.

White ;

insol.

0 Light pink with

nitrate of cobalt.
Crystalline pre

cipitate with

phosphate of soda
and ammonia.

The carbonate

and hydrate sol.

in muriate of

ammonia.



Manga
nese,

protoxide
of,

(see also
•

p. 103.)

MnO. 0 Flesh

colored.
White;
insol.

White ;

insol.

Mercury,
protoxide

of,
(see also

p. 121.)

HgO. Black. Black. Dark gray. Dark gray.

Mercury,
peroxide

of,
(see also

p. 123.)

HgO,. White,

turning to

black.

White,

turning to

black.

Reddish-

brown ;

insol.

White ;

insol.

Molybde
num,

oxides of.

MoO

and

MoO,.

Brown-

black,
slowly
formed.

Yellowish-

brown ;

sol.

Brown ;

sol.

Brown ;

sol.

Nickel,
oxide of,
(see also

p. 108.)

NiO. 0 Black. Pale

green ;

insol.

Pale

green ;

soluble,
forming
green

solution.

White,

becoming
brown.

White ;

becoming
brown.

White. With soda, a

green bead.

With borax in

outer flame an

amethyst bead,
which loses its

color in the

reducing flame.

The presence of

ammoniacal salts

prevents more or

less completely
the precipitation
of manganese

by the alkalies.

Black ;

insol.

Black ;

insol.

White. Mixed with soda,
and heated in a

tube, the metal

sublimes.

White precipitate
with chlorides,

blackened by am

monia. Volat'd or

decom'd by heat.

Yellow;
insol.

White ;

insol.

White. As the

protoxide.

Volatilized or de

composed by heat.
Beautiful scarlet

with iodide of

potassium.

Brown-

black ;

insol.

Brown-

black ;

insol.

Brown

with the

bin

oxide.

With microcosmic
salt in outer flame,
a green glass.

Most readily
distinguished by
the blowpipe.

Pale green;
insol.

Pale

green ;

soluble,
forming a

blue

solution.

Pale

green.

With soda on

charcoal, reduced
to a magnetic
powder. With

borax and mi

crocosmic salt in

outer flame, red

glass, becoming
colorless on

cooling.

Potash

throws down

a pale green
precipitate from
the ammoniacal

solution.



Name of

Base.
Sym
bol.

Hydro
sulphuric
Acid

(HS), in an

acidified

solution.

Hydro
sulphate

of

Ammonia

{NHtS,
HS).

Carbonate

of

Soda

(NaO,
CO,).

Carbonate

of

Ammonia

(2NHtO,
SCO,).

Potash

(KO).

Ammonia

(NH3).

Ferro

cyanide
of Potas

sium

(K»Fe
Cyt).

Blowpipe. Remarks.

Osmium,
deutoxide

of.

OsO,. Yellowish-

brown,

slowly
formed.

Yellowish-

brown ;

insol.

Black,

slowly
formed.

Bluish

solution.

Brown

after some

time.

Black on

boiling.

Brown

after some

time.

0 Osmium is characterized by
forming, when heated in the air, a

suboxide, which is volatile, and has

a very disagreeable smell, causing
much inconvenience to the eyes and

nose.

Palladium,
protoxide

of.

PdO. Black. Black ;

insol.

Brown ;

sol. Repre-
cipitated
on boiling.

Solution

decolor

ized, but no

precipitate.

Yellowish-

brown sol.

Yellowish-

brown ;

sol.

0 Reduced. Yellowish-white

with solution of

cyanide of mer

cury.

Platinum,
oxide of.

PtO,. Brownish-

black,
formed

slowly.

Brownish-

black ;

sol. in large
excess.

Yellow

with car

bonate of

potash.

Yellow. Yellow. Yellow. 0 Reduced. Yellow with mu

riate of ammonia,
which is converted

by heat into

spongy platinum.

Potash,
(see also

p. 87.)

KO. 0 0 0 0 0 0 0 Violet flame. White crystalline
precipitate with

tartaric acid.

Yellow, with
bichloride of

platinum.

Rhodium,

sesquiox
ide of.

R,o3. Brown,
formed

slowly.

Brown ;

insol.

Yellowish

after a

time.

Yellowish

after a

time.

Yellowish-

brown on

boiling.

Yellowish

after a

time.

Dark

orange.

Reduced. Many of the

compounds have
a rose color.



Silver,
oxide of,

(see also

p. 127.)

AgO. Black. Black. White ;

insol.
White;
sol.

Pale brown ;

insol.

Pale

brown ;

sol.

White. Reduced. White curdy pre-

cip'te with hydro
chloric acid and

chlorides, which
is sol. in ammonia

and insol. in nitric

acid.

Soda,

(see also

p. 88.)

NaO. 0 0 0 0 0 0 0 Yellow flame. The only salt

which precipitates
soda, is the anti

moniate of

potash. Evapo
rated with bi

chloride of

platinum, gives
yellow needles.

Strontia,
(see also

p. 98.)

SrO. 0 0 White ;

insol.

WThite ;

insol.

0 P 0 Carmine flame. White precipitate
with sulphates.
Burnt with

alcohol, gives
carmine flame.

Tin,

protoxide
of, (see

alsop. 128.)

SnO. Brown

black.

Brown

black.

White ;

insol.

White ;

insol.

White ; sol. White ;

insol.

White. With soda in

reducing flame, a

malleable bead of

metallic tin.

Zinc throws

down the metal

in beautiful

crystals.

Tin,

peroxide
of,

(see also

p. 130.)

SnO,. Yellow. Yellow ;

sol.

White ; |
insol.

White ;

insol.

White ; sol. White ;

sol.

White. Reduced with

soda.

The behavior

with hydrosul
phate of ammonia
and the blowpipe
is characteristic. |



Name of

Base.
Sym
bol.

Hydro
sulphuric
Acid

(HS), in an
acidified

solution.

Hydro
sulphate

of

Ammonia

(NHtS,
HS).

Carbonate

of

Soda

(NaO,
CO,).

Carbonate

of

Ammonia

(2NHtO,
3C0J.

Potash.

(KO).

Ammonia

(NH3).

Ferro

cyanide
of Potas

sium

(K,Fe
Cy3).

Blowpipe. Remarks.

Uranium,

sesquiox
ide of.

u,o3. 0

(Sulphur.)

Black. Yellow;
sol.

Yellow ;

sol.

Yellow ;

insol.
Yellow;
insol.

Reddish

brown.

Yellow glass with

borax.

When the precipi
tate with ammonia

is heated, it is

converted into the

green protoxide.

Vanadium,
binoxide

of.

vo,. O Brown-

black ;

sol. in

excess,

forming a

purple
solution.

Dirty
white.

Gray
passing to

brown.

Grayish-
white.

Brown. Yellow. With borax,

yellow in outer

flame ; in the

inner, brown,

becoming green
when cold.

Many of the
solutions have a

blue color.

Yttria. Y0. 0 White. White ;

sp. sol.

White ;

sp. sol.

White ;

insol.

White ;

insol.

White. Nothing
characteristic.

Copious white
with oxalic acid.

Zinc,
oxide of,
(see also

p. 102.)

ZnO. 0 White. White ;

insol.
White;
sol.

White ;

sol.

White ;

sol.

White. With soda on char

coal gives a white

sublimate ofoxide,
which is yellow
when hot. With

nit. cobalt, green.

Behavior with

hydrosulphate
of ammonia

characteristic.

Zirconia. Zr,03. 0 White. White

after a

time.

White ;

sol.

White ;

insol.

White ;

insol.

White. Bright flame. Oxalic acid gives
a white

precipitate.



2. Metallic Oxides having Acid Properties.

Acids (in
combination).

Symbol.

Hydrosul
phuric acid

(HS) in

acidified

solutions.

Hydrosul
phate of

Ammonia

(Nirts,
HS).

Chloride of

Barium

(BaCl), (in
alkaline

salts of

the acids).

Nitrate of

Silver

UirO,

ATOs), (in
alkaline

salts of

the acids).

Nitrate of

Lime

(CaO,
NOt), (in
alkaline

salts of

the acids.)

Hydrochloric
Acid

(HCl).

Remarks.

Antimonious

acid.

SbOt. Orange. Orange ;

sol.

White;

sp. sol. in

water.

White. White ;

sp. sol. in

water.

White. Antimonious acid becomes pale yel
low when heated, and white again on

cooling. It is insoluble in nitric acid,
and difficultly soluble in hot hydro
chloric acid.

Antimonic

acid.

SbO„. Orange. Orange ;

sol.

White. White. White. White. Insoluble in water and nitric acid.

Soluble in hydrochloric acid, from

which it is precipitated on the addition

of water. When strongly heated, gives
off oxygen, and becomes antimonious

acid.

Arsenious

acid,

(see also

p. 111.)

As03. Yellow;
soluble in

alkalies and

alkaline

sulphides.

Yellow;
sol.

White. Pale

yellow.

White. 0 Volatilizes at a low heat, and con

denses in octoedral crystals. The best

tests are Marsh's and Reinsch's. (See

p. 114.)

1

Arsenic acid,

(see also

p. 118.)

AsOt. Yellow ;

soluble in

alkalies and

alkaline

sulphides.

Yellow ;

sol.

White. Chocolate-

brown.

White. 0 Heated with black flux gives metal

lic arsenic.



Acids (in
combination).

Symbol.

Hydrosul
phuric acid

(HS) in
acidified

solutions.

Hydrosul
phate of

Ammonia

(NHtS,
HS).

Chloride of

Barium

(BaCl), (in
alkaline

salts of

the acids).

Nitrate of

Silver

(AgO,

NO,) (in
alkaline

salts of

the acids).

Nitrate of

Lime

(CaO,
NO,), (in
alkaline

salts of

the acids).

Hydrochloric
Acid

(HCl).

Remarks.

Chromic acid. Cr03. Reduced to

oxide, with

precipitation
of sulphur.

Green. Yellow. Reddish-

brown.

Yellow in

concen

trated

solutions.

Reduced to

oxide, with
evolution of

chlorine.

Is decomposed by heat and by deox

idizing agents, into oxide of chromium.

Salts of lead throw down a yellow

precipitate.

Manganic
acid.

Mn03. 0 Flesh-

colored.

0 Black

(oxide).

Black. Solution

becomes red,
and chlorine

is evolved.

Converted by acids into hyperman-

ganic acid and peroxide ofmanganese ;

the color of the solution changing from

green to red.

Molybdic
acid.

Mn03. Brown. Brown ;

sol.

White. White. White. White. With microcosmic salt before the

blowpipe, gives a dark blue glass,
which becomes green on cooling.
When strongly heated, molybdic acid

volatilizes and condenses in crystals.

Tungstic
acid.

W03. Slight
turbidity.

Brown ;

sol.

White. White. White. White ;

insol.

Does not volatilize when heated.

Has a pale yellow color, and is inso

luble in water and acids.

Vanadic

acid.

vo3. Gray. Brown ;

sol.

Orange. Yellow. 0 Chlorine

evolved.

When treated with hydrochloric
acid, the mixture is capable of dis

solving gold leaf. Vanadic acid in

solution is readily deoxidized, forming
a blue liquid.



3. Non-metallic Acids.

Acids

(neutralized).
Symbol.

Nitrate of

Baryta
(BaO,

NO,).

Nitrate of

Silver

(AgO,
NO,).

Nitrate of

Lime

(CaO,
NO,).

Acetate of

Lead

(PbO,
CtHt03).

Remarks.

Boracic acid,

(see also p. 135.)

BOt. White. White. White. White. Slightly volatile in the presence of aqueous vapor. Turns

turmeric paper brown, and blue litmus port-wine color. Gives

green color to the flame of alcohol.

Bromic acid. BrOt. White. White. 0 White. The bromates are decomposed by heat into bromides and

oxygen. Sulphuric acid disengages bromine.

Carbonic acid,

(see also p. 136.)

CO,. White. White. White. White. The carbonates are readily decomposed by acids, carbonic

acid gas being given off with effervescence, which, when passed

into lime water gives a white precipitate.

Chloric acid,

(see also p. 144.)

CIO,. 0 0 0 0 All the chlorates are soluble in water. At a red heat they are

converted into chlorides, oxygen being given off.

Hydriodic acid,

(see also p. 139.)

HI. 0 Pale

yellow.

0 Bright

yellow.

The iodides evolve iodine when heated with nitric or sulphu

ric acid. With chlorine water and starch they give a dark purple

precipitate.

Hydrobromic acid. HBr. 0 Yellowish. 0 White. The bromides, when heated with nitric acid, evolve bromine.

Hydrochloric acid,

(see also p. 138.)

HCl. 0 White. 0 White. The chlorides, when heated with peroxide of lead, or ofman

ganese, evolve chlorine.

Hydrocyanic acid. H^N. 0 White. 0 White. With a mixture of a protosalt and persalt of iron, the alkaline

cyanides give a precipitate of prussian blue.

Hydrofluoric acid. HF. 1 White. White. White. White. The fluorides, when moistened with sulphuric acid, give off

fumes which corrode glass.



Acids

(neutralized).
Symbol.

Nitrate of

Baryta
(BaO,
NO,).

Nitrate of

Silver

(AsO,
NO,).

Nitrate of

Lime

(CaO,
NO,).

Acetate of

Lead

(PbO,
CAHtOt).

Remarks.

Hydroselenic acid. HSe.
*

O Black. 0 Black. The selenides, when heated in the outer flame of the blowpipe,
evolve the odor of selenium, resembling that of putrid horse

radish.

Hydrosulphuric
acid,

(see also p. 140.)

HS. 0 Black. 0 Black. Most of the sulphides, when treated with an acid, evolve

hydrosulphuric acid, which smells like rotten eggs.

Hyposulphurous
acid.

S,0„ White. White,

becoming
brown.

0 White. The hyposulphites are decomposed by hydrochloric acid ; sul

phur is precipitated, and sulphurous acid set free.

Hyposulphuric acid. s,o,. 0 0 0 0 The hyposulphates are decomposed without deposition of

sulphur, when boiled with hydrochloric acid; sulphurous and

sulphuric acids are formed.

Iodic acid. 10,. White. White. White. 1 White. The iodates are decomposed by heat into iodides and oxygen.

Nitric acid,
(see also p. 142.)

NO,. 0 0 0 O When mixed with sulphuric and hydrochloric acids, the nitrates

dissolve gold leaf. With copper filings and sulphuric acid,

orange fumes are given off.

Perchloric acid. CIO,. 0 0 0 0 The perchlorates are resolved by heat into chlorides and

oxygen. They are not decomposed in the cold by hydrochloric
or sulphuric acid ; thus differing from the chlorates.

Phosphoric acid,
(Tribasic,)

(see also p. 134.)

PO,. White. Pale

yellow.

White. White. The soluble phosphates give with salts of magnesia, when

ammonia is present, a white crystalline precipitate.



Phosphorous acid. PC. White. White,

becoming
brown.

White. White. The hydrated phosphites are decomposed when heated in a

tube ; hydrogen is given off, and phosphates are formed.

Selenic acid. Se03. White. White. White. White. The seleniates are decomposed by boiling with hydrochloric
acid ; chlorine is evolved, together with selenious acid.

Selenious acid. SeO,. White. White. White. White.

•

Metallic zinc or sulphurous acid causes the precipitation of

selenium from acidified solutions of the selenites.

Silicic acid. Si03. White. Pale

yellow.

White. White. When a soluble silicate is evaporated to dryness with hydro
chloric acid, it is decomposed, and the silica remains insoluble.

Sulphuric acid,
(see also p. 133.)

so3. White. White, White,

crystalline, crystalline.

White. Most of the sulphates, when heated with charcoal, are con

verted into sulphides, which, when moistened with hydrochloric
acid, evolve hydrosulphuric acid.

Sulphurous acid. SO,. White. White. White. White. The sulphites are decomposed by sulphuric acid, sulphurous
acid being given off without the deposition of sulphur.

4. Organic Acids.

Acids

(neutralized).
Symbol.

Chloride of

Calcium

(CaCl).

Perchloride

of Iron

(Fe,Cl3).

Nitrate of

Baryta
(BaO,

NO,).

Nitrate of Silver

(AgO,NO,).

Acetate of

Lead

(PbO,
CtH303).

Remarks.

Acetic acid,
(see also p. 151.)

HO,Ct
H303

0 0 0 White

crystalline in

concentrated

solutions.

0 The acetates, when warmed with sulphuric
acid, give off the smell of vinegar. Acetic acid

boiled with an excess of protoxide of lead, forms

the subacetate, which is alkaline to test paper.



Acids

(neutralized).
Symbol.

Chloride of

Calcium

(CaCl).

Perchloride

of Iron

(Fe,Cl3).

Nitrate of

Baryta
(BaO,
NO,).

Nitrate of Silver

(AgO,NO,).

Acetate of

Lead

(PbO,

CtH303).

Remarks.

Benzoic acid,

(see alsop. 150.)
HO,

CuH,03.

0 Brownish-

yellow.

0 Crystalline in

concentrated

neutral

solutions.

White in

concentrated

neutral

solutions.

Solutions of the benzoates, when treated with

sulphuric acid, give a crystalline precipitate of

benzoic acid.

Citric acid,

(see also p. 148.)

3H0, White. 0 White. White. White. With protonitrate ofmercury, a white precipi
tate, which becomes gray.

Formic acid,

(see also p. 152.)

HO,
C,H03.

O O 0 White ; becom

ing black,

especially
when warmed.

0 The formiates, when warmed with sulphuric

acid, do not blacken, and give off carbonic

oxide gas.

Malic acid,

(see also p. 149.)
2HO,
CtH03.

White on

the addi

tion of

alcohol.

O White. White ;

becoming
gray.

White

precipitate
that melts in

boiling water.

Malate of lead dissolves in hot dilute acetic

acid, and crystallizes on cooling in fine needles.

Malic acid is decomposed by heat, into malaeic

and fumaric acids.

Oxalic acid,

(see also p. 145.)

HO,
C,03.

White. Yellowish-

brown.

White ;

crystalline.

White.

r

White. Neither the acid nor the oxalates are black

ened by strong sulphuric acid, but give off car

bonic acid and carbonic oxide gases.

Succinic acid,

(see also p. 150.)

HO,

CtH,03.

0 Reddish-

brown.

0 White on

standing.

White. A mixture of chloride of barium, ammonia,
and alcohol, gives a white precipitate of succi

nate of baryta.

Tartaric acid,
(see also p. 147.)

2HO,
CaH4Oio.

White. 0 White. White. White. Added in excess to potash, gives a crystalline
precipitate of the bitartrate.



TABLE XIII.

Showing the Behavior of Solutions of the Metals with Hydrosulphuric Acid, Hydrosulphate ofAmmonia,
and Carbonate of Ammonia,

employed successively. (Dr. Will.)—(The rarer metals are printed in italics.)

Elements precipitated from their acid solution

by Hydrosulphuric Acid, as Sulphides.

Soluble in Hydrosulphate
of Ammonia, and

reprecipitated by
Hydrochloric Acid.

Antimony Orange.

Yellow.

Iridium

Molybdenum Brown.

Insoluble in Hydrosul

phate of Ammonia.

Mercury

Silver •t

Lead

2J

U. .—i

O X>

Bismuth **

Copper j
3

Cadmium Yellow.

Palladium

Rhodium

Osmium

Bodies precipitated by Hydrosulphate of Ammonia.

As Sulphides.

Nickel

Cobalt

Black.

( Flesh-

Manganese 1 color

ed.

Iron

Zinc

Black.

White.

rT
( Brown-

Uramum Jish.biack

As Oxides.

Alumina

As Salts.

Baryta,
Strontia,

Lime,

tion with

phosphoric,
boracic,

oxalic, and

some other

acids.

Magnesia

phosphoric
acid.

Bodies not precipitated
by Hydrosulphuric

Acid or Hydrosulphate
of Ammonia.

In the presence of

Muriate of Ammonia,
on addition of

Carbonate of Ammonia,

are

precipi
tated :

Baryta.

Strontia.

Lime.

not pre

cipitated.

Magnesia.

Potash.

Soda.

Lithia.

Ammonia.
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LIST OF SALTS, ETC.

WHICH MAT BE EXAMINED FOR PHACTICE IN QUALITATIVE ANALTSI9

(Part III.)

(a.) Simple Salts, fyc, soluble in Water.

Chloride of barium. Protonitrate of mercury.

Sulphate of soda. Perchloride of mercury.
Muriate of ammonia. Acetate of lead.

Sulphate of magnesia. Sulphate of copper.
Chloride of calcium. Nitrate of silver.

Nitrate of strontia. Phosphate of soda.

Sulphate of chromium. Iodide of potassium.

Sulphate of zinc. Biborate of soda.

Sulphate of manganese. Nitrate of potash.
Protosulphate of iron. Chlorate of potash.
Perchloride of iron. Carbonate of soda.

'

Sulphate of nickel. Arsenious acid.

Nitrate of cobalt.

(b.) Simple Salts, fyc, insoluble in Water, but soluble in Acids.

Carbonate of magnesia. Protoxide of lead.

Phosphate of lime. Sulphide of antimony.
Carbonate of baryta. Black oxWe of copper.
Metallic zinc. Carbonate of lime.

Carbonate of strontia. Oxide of bismuth.

Sulphide of iron. Metallic tin.

(c.) Simple Salts, SfC, insoluble in Water and Acids.

Sulphate of baryta. Silica.

Sulphate of strontia. Chloride of silver.

Chloride of lead. Silicate of lime.

Sulphate of lead. Silicate of alumina.
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(d.) Mixed Salts, fyc, soluble in Water.

5 Chloride of barium,
( Nitrate of potash.
S Sulphate of zinc,
( Chloride of sodium.

5 Muriate of ammonia,
( Phosphate of soda.

5 Sulphate of copper,
( Nitrate of cobalt.
( Perchloride of iron,
I Sulphate of magnesia.

Alum (double sulphate of alu
mina and potash).

C Chloride of calcium,
< Nitrate of potash,
( Muriate of ammonia.
C Nitrate of lead,
< Nitrate of cobalt,
( Nitrate of strontia.

Sulphate of nickel,
Chloride of sodium,
Sulphate of magnesia.
Chlorate of potash,
Biborate of soda,
Muriate of ammonia,
Arsenious acid.

"Nitrate of soda,
Nitrate of lime,
Nitrate of baryta,
Nitrate of zinc,
Nitrate of lead,
Nitrate of copper.

Sulphate of potash,
Phosphate of soda,
Biborate of soda,
Carbonate of ammonia,
Chloride of potassium,
Iodide of potassium,
Nitrate of ammonia.

(e.) Mixed Salts, Sfc, insoluble in Water, but soluble in Adds.

< Carbonate of magnesia,
\ Sulphide of iron.
< Protoxide of lead,
( Phosphate of lime.
C Carbonate of lime,
( Black oxide of copper.
Brass.

C Oxide of bismuth,
< Sulphide of iron,
( Sulphide of antimony.

Magnesian limestone.

Iron pyrites.
Copper pyrites.
Argentiferous galena.
German silver.

Arsenical cobalt ore.

The solid matter contained in

well, or river water.
The portion of soils which is

ble in acids.

(/.) Mixed Salts, fyc, insoluble in Water and Adds.

( Chloride of silver,

( Sulphate of baryta.
C Silica,

I Chloride of lead.

'

Sulphate of lead,
Silicate of alumina,
Chloride of silver.

The insoluble portion of soils.
Slate.

Siliceous minerals.

24*
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GLOSSARY OF CHEMICAL TERMS.*

Absorption, from absorbeo, to suck up ; the act of imbibing a liquid.

Acetic acid, from acetum, vinegar ; the acid contained in vinegar.

AEBiFonw, from auj, the air, and forma, a form : having the form or pro

perties of air.

Affinity, from ad, to, and finis, a boundary; relationship; the force which

causes particles of dissimilar kinds of matter to combine together, so

as to form new matter.

Albumen, -inous, from albumen, the white of an egg; an important animal

principle. The white of an egg consists chiefly of albumen and water,

contained in a cellular tissue.

Alcohol, from an Arabic word; the intoxicating principle of spirituous

liquors.

Alkali, a soluble body, with a hot caustic taste, which possesses the

power of destroying or neutralizing acidity. The term is derived

from the Arabic article al, and kali, the Arabic name of a plant, from

the ashes of which one of the most important alkalies (potash) is ob
tained.

Amalgam, from apa, together, and yay.ico, to marry; a term signifying the

union of any metal with mercury, which has the property of dissolv

ing several of the metals.

Amorphous, from d, not, and f*o^h, a form ; not possessing any regular
form.

Analogue, that which is the counterpart of another.

Analogy, -ical, and -ous, from ana., among, and Xoyoj, a relation or propor

tion ; a likeness or resemblance between things, with regard to their

circumstances or effects.

Analysis, from ava, among, and \lu, to loosen ; the separation of a sub

stance into its component parts.

Angle, from angulus, a corner ; the inclination of two straight lines to each

other, which meet together, but are not in the same straight line.

Anhydrous, from a, not, and vSwg, water; containing no water.

Antiseptic, from avrl, against, and <™w<», to putrefy; possessing the power
of preventing or retarding putrefaction.

Aq.ua Regia, i. e. RegalWater, a mixture of nitric and hydrochloric acids;
so called from its property of dissolving gold, which was held by the
alchemists to be the king of the metals.

* Many of the definitions are taken almost verbatim from Daniell's "Chemical

Philosophy."
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AauEO, from aqua, water ; when prefixed to a word, denotes that water

enters into the composition of the substance which it signifies, as

aqueo -sulphuric acid (HO,S03).

Athermanous, from a, not, and Ae^o?, heat ; that through which heat will

not pass, is said to be athermanous.

Atmosphere, from aT/xos, vapor,
and e-^aX^a, a sphere ; commonly used to

denote the sphere of air which surrounds the globe.

Atom, -ic, from A, not, and te^vib, to cut; a minute particle of matter, not

susceptible of further division.

Attraction, -ive, from ad, to, and traho, to draw; the tendency which

bodies have to approach or unite with each other.

Azote, from a, not, and £m, life ; another name
for nitrogen ; so called be

cause it is incapable of supporting respiration.

Barium, from 0aSlt, heavy; the metallic base
of baryta.

Barometer, from /Sajof, weight, and ytr^v, a measure;
an instrument for

measuring the varying pressure of the atmosphere.

Baryta, a compound of oxygen and the metal barium (BaO), possessing
alkaline properties.

Bibulous, from 6i6o, to drink; that which has the property of drinking in,

or absorbing, moisture.

Boron, a dark olive-colored elementary substance, obtained from boracic

acid, insoluble in water, and a non-conductor of electricity.

Bromine, from ggvfAot, a strong odor ; an elementary liquid of a reddish-

brown color and suffocating smell : in chemical properties, it strongly

resembles iodine.

Caloiiic, from color, heat; an imaginary fluid substance, supposed to be

diffused through all kinds of matter, and the sensible effect of which

is called heat.

Capillary, from capillus, a hair ; resembling, or having
the form of hairs.

Capsule, from capsula, a little chest; a small shallow cup.

Carbon, from carbo, a coal; the chemical name
for charcoal.

Caustic, from xaioo, to burn; possessing the power of burning.

Chemistry, -ical, from an Arabic word, signifying the knowledge of the

substance or constitution of bodies ; the science whose object it is to

examine the constitution of bodies.

Chlorine, from x**S»ff. green5
a greenish colored gas, of a pungent suffo

cating smell, and possessing chemical properties nearly
allied to those

of oxygen.

Cleavage, Plane of ; the plane in which crystals have a tendency to

separate.

Cohesion, from con, together, and hcereo, to stick; the power which causes

the particles of a body to cling together and resist separation.

Combustion, from comburo, to burn; the disengagement
of light and heat,

which frequently accompanies chemical combination.

Conduction, from con, together, and duco, to lead; the power of transmit-

ting heat or electricity, without change
in the relative position of the

particles of the conducting body.
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Congelation, from con, together, and gelo, to freeze ; the process of freezing.

Constituent, from conslituo, to put together; that of which anything con

sists, or is made up.

Contraction, from con, together, and traho, to draw; the state of being

drawn into a narrow compass, or becoming smaller.

Convex, from con, together, and veho, to carry; curved outwardly, or protu
berant.

Corpuscular, from corpus, a body; composed of, or relating to atoms.

Crystallography, from xjis-raWot;, a crystal or ice, and yea^iu, to describe ;

the science which treats of crystals.

Crystallization ; the formation of crystals during the passage of certain

substances from a fluid to a solid state.

Cube, -ic ,
a solid figure contained by six equal squares.

Cyanogen, from xvctvos, blue, and yevvaai, to produce ; a colorless gas com

posed of carbon and nitrogen (C2N). Its chemical properties much

resemble those of oxygen and chlorine; it derives its name from the

circumstance of its entering into the composition of prussian blue.

Cyanide; a compound of cyanogen with a metal, is called a cyanide, as

cyanide of potassium (K,C2N).

Decomposition ; the resolution of a compound substance into its component

parts.

Decrepitation, from de, from, and crepito, to crackle; the crackling noise

which certain salts make when heated, usually caused by the sudden

escape of water.

Deflagration, from defiagro, to burn ; burning.

Deliquescence, from deliqueo, to melt; a gradual melting or dissolving,
caused by the absorption of water from the atmosphere.

Density, from densus, thick; vicinity or closeness of particles; specific
weight.

Deoxidize; to deprive of oxygen.

Detonation, from detono, to thunder; explosion accompanied with noise.

Diaphanous, from &«&, through, and <pa.ivta, to shine ; that which allows a

passage to the rays of light, but disperses them so as to prevent direct

vision.

Diathermanous, from Sta, through, and fls^wo?, heat; that through which

heat will pass, is said to be diathermanous.

Dimorphous, from $<f, twice, and po^n, a form ; having two distinct crys
talline forms.

Disintegration, from dis, meaning separation, and integer, whole; a com
plete separation of particles.

Distillation, a separation drop by drop; the process by which a fluid is

separated from another substance by being first converted into vapor,
and afterwards condensed drop by drop.

Dodecahedron, from IdhKa, twelve, and I'Sja, a base or side ; a solid figure
contained by twelve equal sides.

Ebulliton, from ebullio, to boil ; the act of boiling.
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Effervescence ; the escape of bubbles of gas formed in a liquid, as when

marble is decomposed by hydrochloric acid.

Efflorescence, from effloresco, to blow as a flower; the formation of small

crystals on the surfaces of bodies, in consequence of the abstraction of

water from them by the atmosphere.

Electricity, from nXexrfw, amber; the name of a power ofmatter, which

produces a variety of peculiar phenomena, the first of which were

observed in the mineral substance called amber; the laws, hypotheses,
and experiments by which they are explained and illustrated consti

tute the science of electricity.

Electrode, from, SjXwrfov, electricity, and oJcj, a way ; the point at which
an electric current enters or quits the body through which it passes.

Electrolysis, -lyte, from qXexTjov, electricity, and Xua>, to loosen; the act

of decomposing bodies by electricity.

Element, from elementum, an element; that which cannot be resolved into

two or more parts, and contains but one kind of ponderable matter.

Empyreumatic, from sv, in, and tive, fire; having the taste or smell of

burnt animal or vegetable substances.

Endosmose, from evXov, within, and dcr/xo?, the act of pushing; a flowing
from the outside to the inside.

Equivalent, from cequus, equal, and valeo, to be worth ; equal in value, 01

in the power of combining with other substances.

Evaporation, from e, out, and vapor, vapor ; the conversion of a liquid into

vapor.

Exosmose, from e£i>, without, and aioyxof, the act of pushing : a flowing
from the inside to the outside.

Expansion, from expando, to open out; the enlargement or increase in the

bulk of bodies, which is produced by heat.

Experiment, from experior, to attempt, to try; something done in order to

discover an uncertain or unknown effect.

Explosion, from ex, out, and plaudo, to utter a sound ; a sudden expansion
of an elastic fluid, with force and a loud report.

Fermentation, from fermentum, that which is light and puffy; originally

applied to the process by which alcohol is formed in saccharine liquids.

Ferruginous, from ferrum, iron; belonging to, or resembling, iron.

Filter, a strainer.

Fluorine, from fluo, to flow ; an elementary principle contained in fluor

spar, which is so called from its acting as a flux in the working of

certain minerals.

Flux, from fluo, to flow; that which itself readily melts when heated, and

assists in the fusion of other substances when mixed with it.

Focus, from focus, a fire-place; a point in which a number of rays of light

or heat meet, after being refracted or reflected.

Gas, a permanent aeriform fluid.

Gelatinous, from gelo, to freeze; resembling jelly.
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Gravity, from gravis, heavy; the natural tendency of bodies to fall towards

a centre, usually the centre of the earth.

Gravity, Specific; the relative gravity or weight of a body, considered

with regard to an equal bulk of some other body, which is assumed

as a standard of comparison.

Heterogeneous, from ertgot, different, and yevos, kind ; different in nature

and properties.

Homogeneous, from o/*oj, like, and yivo;, kind ; alike in nature and pro

perties.

Hydrate, from %$&>£, water; any substance which contains water chemi

cally combined.

Hydrogen, from S&wf, water, and ytvvkoa, to produce ; an inflammable color

less, and aeriform fluid ; the lightest of all known substances, and one

of the elements of water.

Hydro; when prefixed to the name of a chemical substance, denotes that

hydrogen enters into the composition of the substance which it signifies.

Hydrostatics, from Wa>f , water, and a-raro;, poised ; the branch of Natural

Philosophy which treats of the pressure and equilibrum of non-elastic

fluids, and also of the weight, pressure, &c, of solids immersed in them.

Hypo, from Ittq, under; when prefixed to a word, denotes an inferior quan

tity of some ingredient which enters into the composition of the sub
stance which it signifies.

Hypothesis, from Ino, under, and TtBn/u.i, to place; a principle supposed.
or taken for granted, in order to prove a point in question.

Ignite, from ignis, fire ; to heat a substance to redness ; to set on fire.

Imponderable, from in, not, and pondero, to weigh ; that which has no per

ceptible weight.

Incandescent, from incandesco. to grow white; white or glowing with

heat.

Increment, from incresco, to increase ; the quantity by which anything in

creases or becomes greater.

Induction, electrical, from in, to, and duco, to lead; the effect produced
by the tendency of an insulated electrified body, to excite an opposite
electric state in neighboring bodies.

Inertia, from inertia, inactivity ; the disposition of matter to remain in its

state of rest or motion.

Inflammable, from in, and flamma, a flame; capable of burning with a

flame.

Insulation, from insula, an island ; when a body containing a quantity of
free heat or electricity, is surrounded by non-conductors, it is said to be
insulated.

Interstices, from interstitium, a break or interval; the unoccupied spaces
between the molecules of bodies.

Iodide; a compound of iodine and a metal.

Iodine, from Tov, a violet, and e7Joc, the form or likeness; a soft opaque
elementary substance, which, when heated, sublimes in the form of a
violet-colored vapor.
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Isomeric, from "ao;, equal, and /ulgoc, a part; substances which consist of

the same ingredients, in the same proportions, and yet differ essentially
in their properties, are called isomeric.

Lamins;, from lamina, a thin plate; extremely thin plates, of which some

solid bodies are composed.

Levigation, from lavis, smooth ; the reducing of hard bodies to a very fine

powder, by grinding with water.

Lignin, from lignum, wood; an organic principle of which the fibres of

vegetables are mainly composed.

Litmus ; a blue pigment obtained from the lichen roccella; it is a most de

licate test for acids, which turn it red.

Malleable, from malleus, a hammer ; that which is capable of being spread
out by hammering.

Metallurgy, from /xsraWov, a metal, and e^yov, a work; the art of working
metals, and separating them from their ores.

Molecules, -ar, a diminutive from moles, a mass ; the infinitely small ma

terial particles, of which bodies are conceived to be aggregations.

Mucilaginous ; resembling mucilage or gum.

Murexide, from murex, a fish affording a purple dye ; a beautiful purple

compound, resulting from the decomposition of uric acid by means of

nitric acid.

Nascent, from nascor, to be born ; in the moment of formation.

Nitrogen, from vitjov, nitre, and ytvvaw, to produce ; a colorless elementary

gas, devoid of taste and smell ; it is one of the constituents of the

atmosphere, and also of nitric acid, from which latter circumstance it

derives its name.

Nitrogenous ; containing nitrogen in combination.

Nucleus, from nucleus, a kernel; the central parts of a body, which are

supposed to be firmer, and separated from the other parts, as the

kernel of a nut is from the shell ; also, the point about which matter

is collected.

Octohedron, -al, from owrai, eight, and i'fya, a side ; a solid figure contained

by eight equal and equilateral triangles.

Olefiant gas, from ofeum, oil, and^io, to become ; a colorless gas, composed
of carbon and hydrogen (C4H4), which derives its name from its pro

perty of forming an oil-like liquid with chlorine.

Organic matter, from o^yavov, an organ; matter of
which the organic parts

or juices of plants and animals are composed, or which is derived from

such parts by the action of chemical agents, is called organic.

Oxide; a compound of oxygen with a metal or non-metallic body, not

having acid properties.

Oxidize ; to combine with oxygen.

Oxygen, from o£uc, acid, and ysvvaa, to produce; a colorless, elementary

gas, which was formerly supposed to be the universal acidifying prin

ciple.
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Pellicle, a diminutive from pellis, a skin or crust; a thin crust formed on

the surface of a solution by evaporation.

Percolate, from per, through, and cob, to strain ; to strain through.

Permeate, from permeo, to pass through ; to penetrate.

Phenomenon, from <paivo/xai, to appear ; an appearance which is more or

less remarkable.

Philosophy, from <f>iX£<w, to love, and a-cpta, wisdom ; the study or know

ledge of nature or morality, founded on reason and experience ; the

word originally implying
" A love of wisdom."

Phlogiston, from <p\sya>, to burn ; a name given by the older chemists to

an imaginary substance, which was considered as the principle of in

flammability.

Phosphorus, from <f>Zg, light, and <ps^a, to produce; a highly inflammable

elementary substance, obtained from calcined bones, which emits light
when placed in the dark, owing to its undergoing a slow combustion.

Physics, -ical, from <f>uV«c, nature ; the science of natural bodies, their

phenomena, causes, and effects, with their affections, motions, and

operations.

Pneumatics, from <nvt~fxa, air ; that branch of Natural Philosophy which

treats of the weight, elasticity, and other properties of aeriform fluids.

Polarity; the opposition of two equal forces in bodies, similar to that

which confers the tendency of magnetized bodies to point towards the

magnetic poles.

Polarized light ; light, which by reflection or refraction at a certain

angle, or by refraction in certain crystals, has acquired the property of

exhibiting opposite effects in planes at right angles to each other, is

said to be polarized.

Pores, from wofoj, a passage ; the small interstices between the solid par

ticles of bodies.

Precipitation, from pradpito, to fall suddenly; the formation and separa

tion of a solid substance in a liquid.

Product, from pro, forth, and duco, to draw ; anything formed from the

elements of another by an operation.

Pyro, from jruj, fire; when prefixed to a word, denotes that the substance

which it signifies, has been formed at a high temperature.

Qualitative; regarding the properties of a body, and the kinds ofmatter

of which it is composed, without reference to quantity.

Quantitative; regarding quantities.

Radiation, from radius, a ray ; the shooting forth in all directions from a

centre.

Rarefaction, from rarus, rare, and facio, to make ; the act of causing a

substance to become less dense ; it also denominates the state of this

lessened density.

Rectification; the process of drawing anything off by distillation, in
order to obtain it in a state of greater purity.

Refraction, from re, back, and frango, to break ; the deviation of rays of
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light or heat from their direct course, when passing through media of

different densities.

Refrigeration, from re, again, and frigus, cold; the act of cooling.

Repulsion, from re, back, and pello, to drive ; that property in certain bodies

whereby they mutually tend to recede from each other.

Salifiable bases, from sal, salt, and fio, to become; bodies capable of com

bining with acids, to form salts.

Sapid, from sapio, to taste of; possessing the power of exciting the organs

of taste.

Saturation, -ated, from satur, full ; the solution of one body in another

until the receiving body can contain no more. A solution is said to be

saturated with an acid or an alkali, when the latter is added in suffi

cient quantity to render it neutral, and supersaturated when the point
of neutrality has been exceeded.

Solution, from solvo, to loosen or melt; any liquid which contains another

substance dissolved in it.

Solvent; any substance which will dissolve another.

Specific, from spedes, a particular sort or kind ; that which denominates

any property which is not general, but is confined to an individual or

species.

Specific gravity ; see Gravity, specific.

Sublimation, from sublimis, high ; the act of raising into vapor by means

of heat, and condensing in the upper part of the vessel.

Sulphide ; a combination of a metal with sulphur.

Supersaturate ; see Saturation.

Ternary, from ter, thrice ; containing three units.

Tetrahedron, from riVo-age?, four, and I'J'ga, a base or side; a solid figure

contained by four equal and equilateral triangles.

Transparent; a term to denote the quality of a substance which not only

admits the passage of light, but also of the vision of external objects.

Triturate, from trHiiro, to thresh ; to reduce to powder.

Vacuum, from vacuus, empty ; a space empty, and devoid of all matter.

Volume, from volumen, a roll ; the apparent space occupied by a body.

Weight; the pressure which a body exerts vertically downwards, in con

sequence of the action of gravity.

Zero ; the numeral O, which fills the blank between the ascending and

descending numbers of a series.

25
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Acetate of lead, reagent

Acid, acetic, action of reagents on

" "

impurities in
"

arsenious, action of reagents on
" arsenic
"

benzoic, action of reagents on

"

boracic, action of reagents on

" " detected
"

carbonic, action of reagents on

" " detected .

"

chloric, action of reagents on

" " detected
"

citric, action of reagents on

"

formic, action of reagents on
"

hydriodic, action of reagents on
" " detected
"

hydrochloric, action of reagents on

" «
uses of

" "
impurities in .

" " detected
" " Table of specific gravities of
"

hydrofluoric . .
.

•

"

hydrosulphuric, action of reagents
« "

apparatus for
" «

preparation of

" " uses of

" " detected .

" malic, action of reagents on

" nitric, action of reagents on

" "
uses of

" "

impurities in
" " detected
" " Table of specific gravities o

" nitrohydrochloric
"

oxalic, action of reagents on

" "

impurities in

"

phosphoric, action of reagents on

« " detected
" silicic, action of reagents on
" " detected

" succinic, action of reagents on

"

sulphuric, action of reagents on

" " estimation of

169,

170,

PAGE

. 246

151, 277

. 336

. Ill

118, 119

. 150

. 135

0, 175, 190

. 136

169, 189
. 144

170, 191

. 148

. 152

. 139

. 169

. 138

. 233

. 233

170, 174, 191

. 255

. 60

. 140

. 54

. 234

235

69, 174, 189

. 149

. 142

. 234

. 233

170, 191

. 254

. 234

. 145

. 236

. 134

175, 190, 195

. 137

170, 175, 190

. 150

. 133

. 213
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Acid, sulphuric, uses of
" "

impurities in
" " detected .

" " Table of specific gravities of
"

tartaric, action of reagents on
" "

impurities in
" "

uses of
" for Alkalimetry

Acidimetry
Acids, classification of
"

inorganic, action of reagents on
"

organic, action of reagents on

Alcohol ....
" Table of specific gravities of

Alkalies, action of reagents on .

Alkalimetry
Alkaline earths, action of reagents on

Alumina, action of reagents on .

"

blowpipe test for
" detected

Ammonia, action of reagents on .

" distillation of .

"

impurities in
"

uses of
" detected
" Table of specific gravities of
" carbonate
"

hydrosulphate .

"

muriate, formation1 of
"

oxalate, uses of

Ammoniacal gas, prepared and experimented with

Ammonio-nitrate of silver

Ammonio-sulphate of copper
Ammonium and platinum, double chloride of

Analysis of simple soluble salts .

"

simple salts, soluble in acids
"

simple insoluble salts
" mixed soluble salts
" mixed salts, soluble in acids
" mixed insoluble salts
"

sulphate of copper
" chloride of potassium
" mixture of sulph. copper and chlor. sodium
" mixture of sulph. zinc and carb. baryta
"

magnesian limestone
"

copper pyrites
"

gunpowder
" carbonates

Annealing glass
Antimony, oxide of, action of reagents o

"

distinguished from arsenic
" detected

Antimoniate of potash
Antimonic acid, action of reagents on

Antimonious acid, action of reagents on

Antimoniuretted hydrogen
Apparatus cleaned

« labelled

166

PAGE

232

232

69, 175, 190

253

147

, 237

237

76

78

85

134

145

249

258

86

75

92

100, 265
101

167 173, 185
89

46

237

237

16S 188

257

238

238

40

239

39

247

246

90

163

171

176

180

192

196

213

214

216

218

220

223

72

81

52

120 ,265
117

165
,
1S3

243

273

273

121

xxi

xi.\
,
ISO
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Apothecaries' weight
Aqua Regia
Arsenic, oxide of, action of reagents on

" reduction test for
" Marsh's test for .

" Reinch's test
ci detected

" detected in organic mixtures
"

precautions respecting .

" sulphide
" distinguished from antimony

Arsenious acid, crystals of

Arsenic acid

Arseniuretted hydrogen .

Balance

Barium, chloride .

Baryta, detected
" action of reagents on
" estimation of
" nitrate
" oxalate

"

sulphate
Bases, classification of

Bath, oil .

" saline
" water

Bending glass
Benzoic acid, action of reagents on

Bichloride of platinum
Biliary calculi

Binoxide of nitrogen, prepared and expe

Bismuth detected
" oxide, action of reagents

Black flux .

Blowpipe flame

" Mouth, how used

<< "

experiments with
" Water . .

Boiling points of saline solutions

Boracic acid, action of reagents on

" detected

Borax .

Bromic acid, action of reagents on

Bulbs, glass, made

Burning filters

mented with

169,

Cadmium, oxide, action of reagents on

Calcium, chloride .

Calculation of results in analysis

Calculi, examination of

Calculus, biliary .

25*

266

245

212

226

230
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Calculus, fusible
" oxalate of lime
"

phosphate of lime
"

triple phosphate
cc urate of ammonia
" uric acid

Calomel, behavior with reagents
Caoutchouc connectors, how made

Carbonate of ammonia, uses of
" "

impurities in
"

potash, impurities in
"

soda, impurities in .

" " fusion with

Carbonates, analysis of
Carbonic acid, action of reagents on

" detected
"

prepared and experimented with

" substances heated in

" in carbonates, estimated

Carbonic oxide, prepared and experimented with

Charcoal support .

"

specific gravity of
Chemical equations

"

equivalents
"

symbols
"

terms, Glossary of

Chloric acid, action of reagents on

" detected

Chloride of barium
" calcium

Chlorine, estimation of
"

generated
Chromate of potash
Chromic acid, action of reagents on

Chromium, oxide, action of reagents on
" " detected
" " Dichroism of its compounds

Citric acid, action of reagents on

Classification of bases and acids

Cleaning apparatus
Cleanliness, importance of

Cobalt, oxide, action of reagents on

" detected .

" nitrate

Copper, oxide, action of reagents
"

ammonio-sulphate
" arsenite

" detected . . .

" estimation of .

"

hydrated oxide
"

pyrites, analysis of
"

sulphate, analysis of
" "

a reagent
Cork boring
Cork, specific gravity of .

Crucible-jacket
Crucible, platinum
t'rystals of arsenious acid
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Crystals of tin

Cupellation with the blowpipe
Cyanide of potassium

PAGE

131

63

242

Decantation of gases 27
"

washing precipitates by 207

Deflagrating spoon 36

Desiccation in vacuo 208

Dichroism of salts of chromium 101

Discoloration of glass, removed 50

Distillation of ammonia 46

"

hydrochloric acid 45

" nitric acid .

•

47

"
water 41

" in tubes 161

Double filters 206

Dropping-bottle 79

Drying 199

E

Earthy phosphates, detected

Equations

Equivalents, chemical

Ether, Table of specific gravities of

Evaporation
Examination of calculi

Experiments with the mouth blowpipe

173, 194

xviii

xiv

259

207

226

57

Ferridcyanide of potassium
Ferrocyanide of potassium
Ferrocyanogen
Filters, burning of
" ashes estimated
" moistened
" folded
" double

Filtering hot solutions

Filtering blocks

Filtering-ring
Filtration .

Flame, Oxidizing and Reducing
Flffsks, uses of

Formic acid, action of reagents on

Freezing mixtures, Table of

French Weights and Measures

Funnels

Fusible calculus

I'nsion with carbonate of soda

. 242

. 242

. 106

. 206

. 206

43, 203

43, 203

. 206

. 205

79, 204

. 203

. 202

. 49

. 201

152, 278

. 260

. 252

. 203

. 229

. 196
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G.

Gas, ammoniacal, prepared and experimented with

Gas and air, mixture of
"

hydrochloric acid, prepared and experimented with

" olefiant

Gaseous manipulation
Gases, dried

Gases, soluble, preparation of
" substances heated in
" transferred

Gasholder, Pepys's
General rules

Glass, annealed
"

bending of
" bulbs made
" rods joined
" stirrers made
"

syphon made
" tube heated
" "

hermetically sealed
" tubes joined

Glass-working
Glasses cleaned
"

precipitating
Glossary of chemical terms

Glucina, action of reagents on

Gold, perchloride .

"

oxide, action of reagents on

Gravity, specific ; see Specific gravity
Gunpowder, analysis of

H

Handles of paper for tubes

Heating in gases .....
" substances in carbonic acid

Hydrated salts, estimation of water in

Hydriodic acid, action of reagents on
" " detected ....

Hydrobromic acid, action of reagents on .

Hydrochloric acid, distillation of .

"
uses of

" action of reagents on
"

impurities in .

" detected
" table of specific gravities of .

"

gas, prepared and experimented with

Hydrocyanic acid, action of reagents on

Hydrofluoric acid, action of reagents on .

Hydrogen, prepared and experimented with
" reduction of metallic oxides in

Hydroselenic acid, action of reagents on

Hydrosulphate of ammonia

Hydrosulphuric acid, preparation of
"

action of reagents on

"
uses of

" detected
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Hydrosulphuric acid apparatus, tubes prepared

Hyposulphuric acid, action of reagents on

Hyposulphurous acid, action of reagents on

PAGE

. 54

. 270

. 276

I

Ignition
Imperial Measure .

Indian rubber connectors, made

Indigo, sulphate
Inorganic acids, action of reagents on

Iodic acid, action of reagents on

Iodide of potassium
Iodine, detected

Iridium, oxide, action of reagents

Iron, detected
" estimation of
"

perchloride, prepared
"

uses of

Iron, peroxide, action of reagents on

"

protoxide, action of reagents on

139, 169,

. 210

. 251

. 71

. 248

. 132

. 276

. 241

170, 174, 191
. 267

166, 172, 185

220, 225

. 73

. 246

. 106

. 105

Jacket, crucible

Jet, specific gravity of

Joining glass tubes

210

66

53

Labelling, necessity of

Lamp, gas
" mixture of gas and air

" Rose's
"

Solly's
Lead, oxide, action of reagents on
" detected
" acetate

" chloride
" chlorosulphide
" chromate
" iodide
" phosphate .

" subacetate .

" sulphate
Lime, action of reagents

on

" water

" estimation of

" detected

" carbonate, decomposed by heat
" oxalate
"

phosphate .

"
sulphate

Liquids, heated in tubes .

" hermetically sealed in tubes

xix, 180

. 210

. 211

. 211

. 211

124, 268

164, 181, 183
. 246

. 125

. 126

. 126

. 126

. 135

. 246

. 125

. 94

. 244

. 221

. 168

. 61

. 96

. 95

95, 244

. 90

. 56
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Liquids, preliminary examination of

Lithia, action of reagents on

Lithic acid calculus

PAGE

, 160

, 268

226

M

Magnesia, action of reagents on .

"

blowpipe test for
" estimation of
"

ammonio-phosphate of
" detected

Magnesian limestone, analysis of
Malic acid, action of reagents on

Manganese, protoxide, action of reagents
"

blowpipe test for
" detected

Manganic acid, action of reagents on

Marble, specific gravity of
Marsh's test for arsenic

Measures, Imperial
" "

weight ofwater contained in

" " cubic inches contained in

Mercury, protoxide, action of reagents on
"

peroxide, action of reagents on

" detected
"

perchloride, reagent
" red oxide, decomposed by heat

"

periodide
Metallic oxides, action of reagents on

Method, importance of

Microcosmic salt .

Molybdenum, oxide, action of reagents on

Molybdic acid, action of reagents on

Mouth blowpipe, how used
"

experiments with

Muriate of ammonia, formation of

164.

92, 268

94

222

93

167,
220

149, 278

103, 269

104

166, 172,
274

66

114

251

251

252

121, 269

123, 269

165, 1S1, 184

248

59

124

86

xix

239

269

274

57

57

40

N

Nickel oxide, action of reagents on
" detected

Nitrate of baryta .

" cobalt .

"

potash, impurities in
"

silver, impurities in

Nitric acid, distillation of
"

uses of
" action of reagents on
cc

impurities in .

" detected
" Table of specific gravities of

Nitrogen, binoxide of, prepared and experimented with

Nitrohydrochloric acid

Notes, importance of making

108, 269

166, 172, 186
245

246

241

247

47

234

142, 276
233

170, 191

254

31

234

155
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o

Oil bath .....

Olefiant gas, prepared and experimented with

Organic acids, action of reagents on

"
mixtures, detection of arsenic in

Osmium, oxide, action of reagents on

Oxalate of ammonia, uses of
Oxalate of lime calculus .

Oxalic acid, action of reagents on
"

impurities in .

Oxidizing flame ....

Oxides, metallic, reduced by hydrogen
" " action of reagents on .

Oxygen, prepared and experimented with

page

209

32

145

119

270

239

229

145, 278
236

50

69

86

35

Palladium, oxide, action of reagents on .

Pepys's gasholder....
Perchloric acid, action of reagents on

Perchloride of gold
" of iron, prepared
" "

a reagent
" of mercury

Phosphates, earthy, detected

Phosphate of ammonia and magnesia calculus

Phosphate of lime calculus
" of soda
" of soda and ammonia .

Phosphoric acid, action of reagents on .

" detected

Phosphorous acid, action of reagents on

Platinum, oxide, action of reagents on .

" bichloride
" crucible

Pneumatic trough .

Potash, action of reagents on
"

uses of
" detected ....
"

impurities in
" Table of specific gravities of
" antimoniate
" bitartrate ....

" carbonate....

" chromate ....

" nitrate ....

" red prussiate
"

yellow prussiate .

Potassium, estimation of .

" cyanide
" ferridcyanide .

" ferrocyanide
" iodide .

" and platinum, double chloride of

Precipitating glasses . . •

Precipitates, crystalline, precautions respecting
" dried

170,

. 270

. 25

. 276

. 248

. 73

. 246

. 247

173, 193
. 228

. 227

. 243

. 239

134,276

175,190, 195
. 277

. 270

. 248

177, 210

. 29

87, 270
. 240

168, 188
. 239

. 256

. 243

. 88

. 240

. 242

. 241

. 242

. 242

. 214

. 242

. 242

. 242

. 241

. 87

. 202

. 87

. 205
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Precipitates, filtered
" washed

Precipitation, precautions respecting
Preliminary examination of solids

" "

liquids
Protochloride of tin

Prussian blue

Prussiates of potash
Pulverization

Pyrites, copper, quantitative analysis of

page

202

204

87, 179, 202

Q

Qualitative analysis of simple soluble salts
" "

salts, soluble in acids
" " insoluble salts
" of mixed salts
" " " soluble in water
" " " soluble in acids
" " " insoluble in water and acids
" list of salts for practice in

Quantitative analysis
"

operations in
" of sulphate of copper
" of chloride of potassium
" of a mixture of sulph. copper, and chlor.
" of sulph. zinc and carb. baryta
" of magnesian limestone
" of copper pyrites .

sodi

R

Reagents, use of .

" described

Reducing flame

Reduction test for arsenic

Reinsch's test for arsenic

Results, calculation of

Rhodium, oxide, action of reagents on

Rods, glass, cut
" "

joined
"

stirring, made
Rose's lamp
Rules, general

Saline baths

Salts, estimation of water in
" Table showing the solubility of
" for practice in qualitative analysis

Selenic acid, action of reagents on

Selenious acid, action of reagents on

Silicates, fusion with carbonate of soda

Silicic acid, action of reagents on

. 209

. 214

. 264

. 280

. 277

. 277

. 196

137, 277
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Silicic acid, detected

Silver, oxide, action of reagents on

" detected
"

ammonio-nitrate .

" chloride
" nitrate
"

phosphate .

Soda, action of reagents on
" detected
" table of specific gravities of
" antimoniate
" biborate
" carbonate
"

phosphate
Sodium, estimation of

Solids, preliminary examination of

Solly's lamp
Soluble gases, preparation of

Solution

Solutions, saline, boiling points of

Specific gravity of solids .

" "
lighter than wate

" insoluble powders
"

liquids
" effect of temperature on

Stains on glass removed .

Starch, solution of

Stirring rods, made

Strontia, action of reagents on

" detected .

"

blowpipe test for
Succinic acid, action of reagents on

Sulphate of copper, analysis of
" "

a reagent
" of indigo
" of lime .

Sulphates, blowpipe test for

Sulphides, action of reagents on

" detected

Sulphur, estimation of

Sulphuretted hydrogen, preparation of
" action of reagents on
"

apparatus, tubes prepare

Sulphuric acid, action of reagents on
" detected .

" Table of specific gravities of
" estimation of
"

uses of
" desiccation over .

"
impurities in

Sulphurous acid, action of reagents on

Symbols, chemical

Syphon tube, made

Table, strength of Ammonia

26

257
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PACE

Table, strength of Alcohol . . .258
" " Ether . . 259
" "

Hydrochloric acid . 255
" " Nitric acid . 254
" " Potash . 256
" " Soda . . 257
" "

Sulphuric acid . 253
" Thermometrical . 262
" of freezing mixtures . 260
cc

showing the action of reagents on oxides and acids . 265
"

showing the boiling points of saline solutions . 209
"

showing the solubility of salts . 264

Tartaric acid, action of reagents on 147, 278
"

uses of . 237
"

impurities in . 237

Test tubes, made . . 52
" cleaned xii.

Tin, detected 165, 183
"

protoxide, action of reagents on 128, 271
"

peroxide, action of reagents on 130,271
"

protochloride, reagent . 247
"

crystals of 131

Triple phosphate calculus 228

Trough, pneumatic 29

Troy weight 251

Tube distillation . 161
"

glass, joined 53

Tubes, glass, hermetically sealed 56
" for blowpipe experiments 57
"

syphon, made 51

Tungstic acid, action of reagents on 274

u

Uranium, oxide, action of reagents on

Urate of ammonia calculus

Uric acid calculus

272

227

226

Vanadic acid, action of reagents on

Vanadium, oxide, action of reagents on
274

272

W

Washing-bottles, tubes for

Washing precipitates
Water, estimation of in salts
" formation of
" distillation of
"

impurities of, detected
" distilled .

Water blowpipe
Water bath

Weighing .

Weights and Measures, Tables of
" " French .

54

204

214

37

41

42, 249
249

49

208

200

251

252



INDEX. 303

Wooden filtering blocks

Working glass

PAGE

79, 204
. 50

Yttria, action of reagents on . 272

Zinc, oxide, action of reagents on

" detected
"

blowpipe test for
" estimation of

Zirconia, action of reagents on .

102 272

167, 173, ISO

103

218

272

THE END.
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ALISON'S OUTLINES OF PATHO

LOGY, &c, 1 vol. 8vo., 420 pages.

ANDRAL ON THE BLOOD, translated

by Meigs and Stille, 1 vol. small 8vo., 120

pages.

BERZELIUS ON THE KIDNEYS AND

URINE, 8vo., 180 pages.
BENNET ON THE UTERUS, 1 vol.

12mo., 146 pages.

BUDD ON THE LIVER, 1 vol. 8vo., 392

pages, plates and wood-cuts.

BILLING'S PRINCIPLES, 1 vol. 8vo., 304

pages.

BIRD ON URINARY DEPOSITS, 8vo.,
228 pages, cuts.

BASSE'S PATHOLOGICAL ANATO

MY, 8vo., 379 pages.

HOPE ON THE HEART, by Pennock, a
new edition, with plates, 1 vol. 8vo., 572

pages.

HUGHES ON THE LUNGS AND

HEART, 1 vol. 12mo., 270 pages, with a

place.
PHILIP ON PROTRACTED INDIGES

TION, 8vo- 240 pages.

PHILIP? ,,N SCROFULA, 1 vol. 8vo„
350 p ts, plates.

PROTj r ON THE STOMACH AND RE

NAL DISEASES, 1 vol. 8vo., 466 pages,
coloured plates.

RICORD ON VENEREAL, new edition,
I vol. 8vo., 256 pages.

VOGEL'S PATHOLOGICALANATOMY

OF THE HUMAN BODY, 1 vol. 8vo.,
536 pages, coloured plates.

VVALSHE ON THE LUNGS, 1 vol. 12mo.,
310 pages.

WILSON ON THE SKIN, 1 vol. 8vo.,
370 pages ; a new edition.

Same Work, with coloured plates.

WILLIAMS' PATHOLOGY, OR PRIN

CIPLES OF MEDICINE, 1 vol. 8vo.,

384 pages.

WILLIAMS ON THE RESPIRATORY

ORGANS, by Clymer, 1 vol. 8vo., 500

pages.

PRACTICE OF MEDICINE.

ASHWELL ON THE DISEASES OP

FEMALES, by Goddard, 1 vol. 8vo., 520

pages.

BARTLETT ON THE HISTORY, DIAG

NOSIS AND TREATMENT OF TY

PHOID, TYPHUS, BILIOUS REMIT

TENT, CONGESTIVE AND YELLOW

FEVER, a new and extended edition of

his former work (nearly ready).

BENEDICT'S COMPENDIUM OF

CHAPMAN'S LECTURES, 1 vol. 8vo.

258 pages.

CHAPMAN ON THORACIC AND AB

DOMINAL VISCERA, &c, 1 vol. 8vo.

384 pages.

CHAPMAN ON FEVERS, GOUT

DROPSY, &c. &c, 1 vol. 8vo., 450 pages

COLOMBAT DE L'ISERE ON FE

MALES, translated and edited by Meigs
1 vol. 8vo., 720 pages, cuts.

COATES' POPULAR MEDICINE, a new

edition, brought up to the day, many
cuts (preparing).

CONDIE ON THE DISEASES OF CHIL-

DREN, 2d edition, 1 vol. 8vo., 658 pages.

CHURCHILL ON THE DISEASES OF

FEMALES, by Huston, 4th edition, 1

vol. 8vo., 604 pages.

; CHURCHILL ON THE MANAGEMENT

AND MORE IMPORTANT DISEASES

OF INFANCY AND CHILDHOOD

(preparing).
CLYMER AND OTHERS ON FEVERS,
a complete work, in 1 vol. 8vo., 600

pages.

DEWEES ON CHILDREN, 9th edition,
1 vol. 8vo., 548 pages.

DEWEES ON FEMALES, 8th edition, 1
vol. 8vo., 532 pages, with plates.

DUNGLISON'S PRACTICE OF MEDI

CINE, 2d edition, 2 volumes 8vo., 1322

pages.

ESQUIROL ON INSANITY, by Hunt,
8vo., 496 pages.

MEIGS ON FEMALES, in a series of

Letters to his Class, with cuts (a new

work, nearly ready).
THOMSON ON THE SICK ROOM, &c,

1 vol. large 12mo., 360 pages, cuts.

WATSON'S PRINCIPLES AND PRAC
TICE OF PHYSIC, 3d improved edition,
by Condie, 1 very large vol. 8vo,, over
1000 pages, strongly bound.
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SURGERY.

BRODIE ON URINARY ORGANS, 1 vol.

8vo., 214 pages.

BRODIE ON THE JOINTS, 1 vol. 8vo.

216 pages.

BRODIE'S LECTURES ON SURGERY,
1 vol. 8vo., 350 pages.

BRODIE'S SELECT SURGICALWORKS

1 vol. 8vo., 780 pages.

CHELIUS' SYSTEM OF SURGERY, by
South and Norris, in 3 large 8vo. vols.,
over 2000 pages, well bound.

COOPER ON DISLOCATIONS AND

FRACTURES, 1 vol. 8vo.,500 pp., many
cuts.

COOPER ON HERNIA, 1 vol. imp. 8vo.,
428 pages, plates.

COOPER ON THE TESTIS AND THY

MUS GLAND, 1 vol. imp. 8vo., many

plates.

COOPER ON THE ANATOMY AND

DISEASES OF THE BREAST, SUR

GICAL PAPERS, &c. &c, 1 vol. impe
rial 8vo., plates.

DRUITT'S PRINCIPLES AND PRAC

TICE OF MODERN SURGERY, 3d ed.,

1 vol. 8vo., 534 pages, many cuts.

DURLACHER ON CORNS, BUNIONS,

&c, 12mo., 134 pages.

DISEASES AND SURGERY OF THE

EAR, a new and complete work (pre

paring).

FERGUSSON'S PRACTICAL SURGERY

] vol. 8vo„ 2d edition, 640 pages, many

cuts.

GUTHRIE ON THE BLADDER, 8vo.,

150 pages.

HARRIS ON THE MAXILLARY SI

NUS, 8vo., 166 pages.

JONES' (WHARTON) OPHTHALMIC

MEDICINE AND SURGERY, by Hays,

1 vol. royal 12mo., 529 pages, many cuts,

and plates, plain or coloured.

LISTON'S LECTURES ON SURGERY,

by Mutter, 1 vol. 8vo., 566 pages, many

cuts.

LAWRENCE ON THE EYE, by Hays,

new edition, much improved, 863 pages,

many cuts and plates.

LAWRENCE ON RUPTURES, 1 vol,

8vo., 480 pages.

MALGAIGNE'S OPERATIVE SHR

GERY, with illustrations (preparing).

MILLER'S PRINCIPLES OF SURGERY,

I vol. 8vo., 526 pages.

MILLERS PRACTICE OF SURGERY,

1 vol. Svo., 4'.i:» pages.

; MAURY'S DENTAL SURGERY, 1 vol.

8vo., 286 pages, many plates and cuts.
'

ROBERTSON ON THE TEETH, 1 vol.

8vo., 230 pages, plates.

I SARGENT'S MINOR SURGERY, 1 vol.

12mo., with cuts (preparing).

MATERIA MEDICA AND THERA

PEUTICS,

DUNGLISON'S MATERIA MEDICA

AND THERAPEUTICS, a new edition,

with cuts, 2 vols. 8vo., 986 pages.

DUNGLISON ON NEW REMEDIES, 5th

ed., 1 vol. 8vo., 653 pages.

ELLIS' MEDICAL FORMULARY, 8th

edition, much improved, 1 vol. 8vo., 272

GRIFFITH'S MEDICAL BOTANY, a

new and complete work, 1 large vol.

8vo., with over 350 illustrations, 704

pages.

GRIFFITH'S UNIVERSAL FORMU

LARY AND PHARMACY, a new and

complete work, 1 vol. large 8vo. (at
press).

PEREIRA'S MATERIA MEDICA AND

THERAPEUTICS, by Carson, 2d ed.,

2 vols. 8vo., 1580 very large pages, nearly
300 woodcuts.

ROYLE'S MATERIA MEDICA AND

THERAPEUTICS, by Carson, 1 vob

8vo., 689 pages, many cuts.

STILLES ELEMENTS OF GENERAL

THERAPEUTICS, a new work (pre

paring).

UNIVERSAL DISPENSATORY, with

many wood-cuts, 1 vol. large 8vo. (pre
paring).

OBSTETRICS.

CHURCHILL'S THEORY AND PRAC

TICE OF MIDWIFERY, by Huston, 2d

ed., 1 vol. 8vo., 520 pages, many cuts.

DEWEES' SYSTEM OF MIDWIFERY,
11th edition, 1 vol. 8vo., 660 pages, with

plates.

RIGBY'S SYSTEM OF MIDWIFERY, 1

vol. 8vo., 492 pages.

RAMSBOTHAM ON PARTURITION,
with many plates, 1 large vol. imperial

8vo„ new and improved edition, 520

pages.
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CHEMISTRY AND HYGIENE,

BRIGHAM ON MENTAL EXCITE

MENT, &c, 1 vol. 12mo., 204 pages.

DUNGLISON ON HUMAN HEALTH,
2d edition, 8vo., 464 pages.

FOWNE'S ELEMENTARY CHEMIS

TRY FOR STUDENTS, by Bridges, 2d

edition, 1 vol. royal 12mo., 460 large
pages, many cuts.

GRAHAM'S ELEMENTS OF CHEMIS

TRY, 1 large vol. 8vo. (new and im

proved edition at press), many cuts.

MAN'S POWER OVER HIMSELF TO

PREVENT OR CONTROL INSANITY,
18mo., paper, price 25 cents.

PRACTICAL ORGANIC CHEMISTRY,
18mo., paper, 25 cts.

SIMON'S CHEMISTRY OF MAN, 8vo.,
730 pages, plates.

MEDICAL JURISPRUDENCE, EDUCA

TION, &X3.

BARTLETT'S PHILOSOPHY OF MEDI

CINE, 1 vol. 8vo., 312 pages.

DUNGLISON'S MEDICAL STUDENT,
2d edition, 12mo., 312 pages.

TAYLOR'S MEDICAL JURISPRU

DENCE, by Griffith, 1 vol. 8vo., 540

pages.

TAYLOR'S MANUAL OF TOXICO

LOGY, edited by Griffith (at press).

TRAILL'S MEDICAL JURISPRU

DENCE, 1 vol. 8vo., 234 pages.

NATURAL SCIENCE, 8w.

ARNOTT'S ELEMENTS OF PHYSICS.

new edition, 1 vol. 8vo., 484 pages, many ;

cuts.

ANSTED'S ANCIENT WORLD—POPU- I

LAR GEOLOGY, with numerous illus

trations (nearly ready).

BIRD'S NATURAL PHILOSOPHY, from

a new London edition, 1 vol. royal 12mo.,
many cuts (at press).

BREWSTER'S TREATISE ON OPTICS,
1 vol. 12mo., 423 pages, many cuts.

BARRAGE'S
"

FRAGMENT," 1 vol. 8vo.,
250 pages.

BUCKLAND'S GEOLOGY AND MINE

RALOGY, 2 vols. 8vo., with numerous

plates and maps.

BRIDGEWATER TREATISES, with

many plates, cuts, maps, &c, 7 vols.

8vo., 3287 pages.

CARPENTER'S ANIMAL PHYSIOLO

GY, with 300 wood-cuts (preparing).

; CARPENTER'S POPULAR VEGETA
BLE PHYSIOLOGY, 1 vol. royal 12mo.,
many cuts.

DANA ON CORALS, 1 vol. royal 4to.,
with an atlas of plates, being vols. 8 and

9 of U. States Exploring Expedition (at
press).

DE LA BECHE'S NEW WORK ON

GEOLOGY, with wood-cuts (preparing).

GRIFFITHS' CHEMISTRY OF THE

FOUR SEASONS, 1 vol. royal 12mo.,
451 pages, many cuts.

I HALE'S ETHNOGRAPHY AND PHI

LOLOGY OF THE U. S. EXPLORING

EXPEDITION, in 1 large imp. 4to. vol.

HERSCHELL'S TREATISE ON ASTRO

NOMY, 1 vol. 12mo., 417 pages, numer

ous plates and cuts.

INTRODUCTION TO VEGETABLE

PHYSIOLOGY, founded on the works

of De Candolle, Lindley, &c, 18ino.

KIRBY ON ANIMALS, plates, 1 vol. 8vo.,
520 pages.

' KIRBY AND SPENCE'S ENTOMO-

LOGY, 1 vol. 8vo., 600 large pages ;

plates, plain or coloured.

[METCALF ON CALORIC, 1 vol. large
8vo. (preparing).

: MULLERS PRINCIPLES OF PHYSICS

AND METEOROLOGY, with five hun

dred and fifty wood-cuts, and two co

loured plates (nearly ready).
! PHILOSOPHY IN SPORT MADE SCI

ENCE IN EARNEST, 1 vol. royal 18mo.,
430 pages, many cuts.

; ROGET'S ANIMAL AND VEGETABLE

PHYSIOLOGY, with 400 cuts, 2 vols.

8vo., 872 pages.

; TRIMMER'S GEOLOGY AND MINE

RALOGY, 1 vol. 8vo., 528 pages, many
cuts.

VETERINARY MEDICINE.

CLATER AND SKINNER'S FARRIER,
1 vol. 12mo., 220 pages.

YOUATT'S GREAT WORK ON THE
HORSE, by Skinner, 1 vol. 8vo., 44a

pages, many cuts.

YOUATT AND CLATER'S CATTLE
DOCTOR, 1 vol. 12mo., 282 pages, cuts.

YOUATT ON THE DOG, by Lewis 1
vol. demy 8vo., 403 pages, beautiful
plates.

YOUATT ON THE PIG, 1 vol. J2mo.

pages, beautiful plates.
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AWD MEW EDITIONS

LATELY PUBLISHED BY

LEA & BLANCHARD

EDICAL BOOKS.

DICTIONARIES, &C.

DUNGLISON'S MEDICAL DIC

TIONARY, NEW EDITION, (the

7th,) much improved and enlarged,
with over 6000 words not in the 6th

edition. In one large octavo vo

lume, over 900 pages, double co

lumns. 1848.

NEILL AND SMITH'S ANALYTI

CAL COMPEND of Practical Me

dicine, Surgery, Anatomy, Mid

wifery, Physiology, Materia Medica

and Therapeutics, and Chemistry,
for the Use and Examination of

Students. In one very large royal
12mo. volume, of over 900 pages,

with nearly 350 wood cuts.

MATTEUCCI'S LECTURES ON

THE PHYSICAL PHENOMENA

OF LIVING BEINGS. Edited by
Pereira. In oneroyal 12mo. volume,
388 pages, 36 cuts.

SOLLY ON THE ANATOMY, PHY

SIOLOGY, AND PATHOLOGY OF

•THE BRAIN, with a Description
of the Typical Form of the Brain

in the Animal Kingdom. One vol.

8vo., 496 pages, 118 wood-cuts.

ANATOMY.

SHARPEY AND QUAIN'S ELE

MENTS OE ANATOMY, edited

by Leidy. Complete in two large
octavo volumes, from the 5th Lon

don edition, with about 500 wood

cuts, (nearly ready.)
WILSON'S HUMAN ANATOMY,

bv Goddard, FOURTH EDITION,

(1848,) one volume 8vo., 252 wood

cuts, 5S0 large pages.

PHYSIOLOGY.

KIRKES AND PAGET'S PHYSI

OLOGY FOR STUDENTS, BASED

ON MULLER'S LARGE WORK.

In one largo royal 12mo. vol., 500

pages, with
120 wood-cuts.

PATHOLOGY.

BLAKISTON'S PRACTICAL OB

SERVATIONS ON CERTAIN DIS

EASES OF THE CHEST, and on

the Principles of Auscultation. In

one vol. 8vo., 384 pages.
BLOOD AND URINE, Manuals of, by
Reese, Griffith, and Markwick, one

vol. large 12mo., 462 pages and six

.BURROWS ON THE DISORDERS

: OF THE CEREBRAL CIRCULA-

; TION. One vol. 8vo., 216 pages,

; with 6 colored plates.
LALLEMAND ON SPERMATOR-

; RHfEA, translated by M'Dougall.
In one octavo volume, 320 pages.

WHITEHEAD ON THE CAUSES

AND TREATMENT OF ABOR

TION AND STERILITY, being
' the result of an extended Practical

Inquiry into the Physiological and

j Morbid Conditions of the Uterus.

j In one vol. 8vo., 368 pacjes.

i WILLIAMS' PRINCIPLES OF ME-

i DICINE, comprising General Pa-

1
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thology and Therapeutics, together ,

with a brief general view of Etio- ;

logy, Nosology, Semeiology, Diag-|
nosis, Prognosis, and Hygienics.;
Edited by Meredith Clymer, M. D. j
In one octavo volume, THIRD!

AMERICAN EDITION, much im-j
proved, 440 pages.

PRACTICE OF MEDICINE.

ASHWELL'S PRACTICAL TREA

TISE ON THE DISEASES PECU

LIAR TO WOMEN. Edited by
Goddard. NEW EDITION, (the
2d.,) 1848, 520 pages, one vol. 8vo.

BARTLETT ON THE HISTORY,
DIAGNOSIS AND TREATMENT

OF THE FEVERS OF THE UNI

TED STATES. Almost a new

work. One 8vo. volume, 550 pages.
BARLOW ON THE PRACTICE OF

MEDICINE, (preparing.)
DUNGLISON'S PRACTICE OF ME

DICINE. A Treatise on Special
Pathology & Therapeutics, THIRD
EDITION, 1848, two vols. Svo.,
over 1500 pages.

MEIGS' FEMALES AND THEIR

DISEASES, in a Series of Letters

to his Class. One large Svo. vol.,
670 pages, (1848.)

MEIGS ON CERTAIN DISEASES \
OF INFANCY. One vol. 8vo., \

(nearly ready.)
WEST'S LECTURES ON THE <

DISEASES OF INFANCY AND)
CHILDHOOD, one vol. 8vo. Pub-j
lishing in the Medical News and

Library.

MILLER'S PRINCIPLES OF SUR

GERY. SECOND EDITION, one
vol. 8vo., 538 pages, (1848.)

MACLISE'S SURGICAL ANATO

MY, one vol. royal 4to., with 64

beautiful lithographic plates, (pre
paring.)

SARGENT ON BANDAGING, and

the principal Operations of Minor

Surgery. One vol. royal 12mo., 380

pages, 128 cuts, just published.

SURGERY.

DRUITT'S PRINCIPLES AND

PRACTICE OF MODERN SUR

GERY. Edited by Sargent.—
FOURTH EDITION, (1848,) one

vol. 8vo., 576 pages, 193 cuts.

DUFTON ON DEAFNESS AND THE

DISEASES OF THE EAR. One

vol. 12mo., 120 pages.
FERGUSSON'S PRACTICAL OR

OPERATIVE SURGERY. One vol.

Svo., THIRD EDITION, (1848,)
630 pages, 274 cuts.

2

MATERIA MEDICA AND THERA

PEUTICS.

BIRD (GOLDING) ON THERAPEU

TICS. In one octavo volume, (pre
paring.)

CHRISTISON AND GRIFFITH'S

DISPENSATORY, or Commentary
on the Pharmacopoeias of Great

Britain and the United States ; com

prising the Natural History, De

scription, Chemistry, Pharmacy,
Actions, Uses, and Doses of the

Articles of the Materia Medica. In

one very large octavo volume ofover
1000 closely printed pages, with

213 large wood-cuts.
ELLIS'S MEDICAL FORMULARY,
NINTH EDITION, (1849,) with Ad
ditions and Improvements. Edited

by Morton. In one octavo volume.
268 pages.

MAYNE'S DISPENSATORY
AND THERAPEUTICAL RE

MEMBRANCER, comprising the

entire lists of the Materia Medica,
with every Practical Formula con

tained in the three British Pharma

copoeias, with relative tables sub

joined, showing by upwards of 660

examples, the extemporaneous
forms and combinations suitable for
the different medicines. Edited,
with the addition of the Formulae
of the U. S. Pharmacopoeia by R.
E. Griffith, M. D. In one 12mo. vol.
of over 300 pages.

MOHR AND REDWOOD'S PRAC
TICAL PHARMACY, comprising
the Arrangements, Apparatus, and
Manipulation of the Pharmaceutical
Shop and Laboratory. Edited by
Prof. William Procter, of the Phila
delphia College of Pharmacy. In
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one large Svo. volume, with over

four hundred illustrations, (nearly

ready.)

OBSTETRICS.

LEE'S CLINICAL MIDWIFERY,

comprising the Histories of Five

Hundred and Forty-five Cases of

Difficult, Preternatural, and Com-s

plicated Labor, with commentaries.)

In one royal 12mo. volume, 238 <

pages. ]
MEIGS' NEW WORK ON MID-<|
WIFERY.—OBSTETRICS ; THE \

SCIENCE AND THE ART. In j
one large octavo volume, with nu

merous new illustrations.

SMITH ON PARTURITION, AND ;

THE PRINCIPLES AND PRAC- <

TICE OF OBSTETRICS. In one

volume, (preparing.)

IN MEDICINE, and into its Power

over Disease. In one crown 8vo.

vol., 84 pages.
TAYLOR ON POISONS, in relation

to Medical Jurisprudence and Me

dicine. Edited, with Additions, by
R. E. Griffith, M. D. In one large
8vo. volume, 688 pages.

CHEMISTRY.

BOWMAN'S INTRODUCTION TO

PRACTICAL CHEMISTRY AND

THE STUDY OF ANALYSIS. In

one vol., royal 12mo., with about

90 illustrations on wood.

GARDNER'S MEDICAL CHEMIS

TRY, for the Use of Students:

being a Manual of the Science,

with its Applications to Toxicology,

Physiology, Therapeutics, Hygiene,
&c. &c. In one handsome royal
12mo. volume, with illustrations,
400 pages.

KNAPP'S CHEMICAL TECHNO

LOGY, or Chemistry Applied to

the Arts and to Manufactures.

Translated by Ronalds and Rich

ardson, and Edited by Johnson

Vol. I, 504 pages, 214 wood-cuts.

Same Work, Vol. II, with 250 wood

cuts, (nearly ready.)

MEDICAL JURISPRUDENCE, EDU

CATION, &C

BARTLETT'S INQUIRY INTO

THE DEGREE OF CERTAINTY

NATURAL SCIENCE, &C

ATLAS TO DANA ON ZOO

PHYTES, containing about 60 co

lored plates. One vol. folio, being
Vol. 9 of Exploring Expedition pub
lications.

BIRD'S (GOLDING) ELEMENTS OF

NATURAL PHILOSOPHY, being
an Experimental Introduction to

the Physical Sciences. Illustrated

with nearly 400 wood-cuts. From

the 3d London edition. In one neat

volume, 402 pages.
BRODERIP'S ZOOLOGICAL RE

CREATIONS, one vol. 12mo., (at

press.)
CARPENTER'S PRINCIPLES OF

', GENERAL AND COMPARATIVE

| PHYSIOLOGY. Anew edition, re-

; vised by the Author. In one large

j 8vo. vol., with beautiful illustra

tions, (preparing.)
COLERIDGE'S IDEA OF LIFE, one

vol. 12mo., 94 pages.
GORDON ON THE STEAM EN-

GINE, or the Motive Power of

Heat. 1 vol. 8vo., with many cuts.

(Preparing.)
MULLER'S PRINCIPLES OF PHY

SICS AND METEOROLOGY. Ed

ited by R. E. Griffith, M. D., in 1 vol.

8vo., 636 pages, with 540 beau-

ful wood-cuts and 2 colored plates.
RONALDS AND RICHARDSON'S

METALLURGY, with numerous

illustrations, (preparing.)
SOMERVILLE'S PHYSICAL GEO

GRAPHY. In one large royal 12mo.

volume, 382 pages.

WEISBACH'S PRINCIPLES OF

MECHANICS, applied to Machine

ry and Engineering. Translated

by Gordon and Edited by Johnson.

Vol. I., 8vo., 486 pages, with 550

wood cuts.

Same Work, Vol. II., with 350 wood

cuts, (nearly ready.)
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MANUALS FOR EXAMINATION. NOW BEADY.

AN ANALYTICAL COMPENDIUM

OF THE VARIOUS BRANCHES OF MEDICAL SCIENCE, FOR THE USE AND

EXAMINATION OF STUDENTS.

BY JOHN NEILL, M. D.,
Demonstrator of Anatomy in the University of Pennsylvania, Lecturer on Anatomy

in the Medical Institute of Philadelphia, &c;

AND FRANCIS GURNEY SMITH, M. D.,
Lecturer on Physiology in the Philadelphia Association for Medical Instruction, &c.

Forming One very large and handsomely printed Volume in royal duodecimo, of
over Nine Hundred large pages, with about Three Hundred and Fifty Wood

Engravings, strongly bound m leather, with raised bands.

This work is divided into seven portions, corresponding to the leading divisions of

medical and surgical science. These are paged separately, and may be had done up

in stout covers, each being perfect in itself, and forming convenient volumes to carry
in the pocket to the lecture room, or fitting them to be sent by mail. It will thus be

seen that it affords, at a price unprecedentedly low, a series of digests of the medical
and surgical sciences, clearly and conveniently arranged, and forming a complete set of

HANDBOOKS FOR STUDENTS, as follows :—

ANATOMY; 180 large pages, with 157 ? MATERIA MEDICA AND THERA-

Illnstrations. Price 75 Cents. PEUTICS ; 116 pages, with 29 Ulustra-

PHYSIOLOGY; 134 pages, with 40 Illus- tions. Price 50 cents.

trations. Price GO Cents. CHEMISTRY; 94 pages, with 19 Illus-

SURGERY; 122 pages, with 51 Illustra- trations. Price 40 Cents.

tions. Price 00 Cents. THE PRACTICE OF MEDICINE ; 152

OBSTETRICS; 114 pages, with 37 Illus- < pages, with 3 Illustrations. Price 50

trations. Price 50 Cents. < Cents.

Any one of which may be had separate ; or, the whole will be done up and mailed,
with the postage prepaid, on the remittance of $4; or, if $5 is remitted, The Medical

News will be sent in addition.

It should be noticed that the amount of matter on a page is unusually large, thus

making these Handbooks not only low priced, but extraordinarily cheap.

SARGENT'S MENOR SURGERY.

ON BANDAGING AND OTHER POINTS OF MINOR SURGERY;
BY F. W. SARGENT. M. D.

In one handsome vol., royal \2mo., containing nearly 400 pages and 128 Illustrations.

The very best manual ofMinor Surgery we have seen.—Buff. Med. $■ Surg.Joum.
Admirably adapted to the use of the Student.—Charleston Med. Journal.

We can unhesitatingly recommend this volume as one of the very best of its kind.

American Medical Journal.

We will adopt it as a text-book for the use of our own pupils, and we must recom
mend our fellow practitioners in all parts of the country to do likewise.—N. Y. Jour

nal ofMedicine.

From Professor Rives, of Providence.
I think it admirably calculated to fulfil the object for which it was compiled, and it

has afforded me much pleasure, to recommend it to several of my country friends, as
well as to my pupils.

GARDNER'S MEDICAL CHEMISTRY.

MEDICAL CHEMISTRY, FOR THE USE OF STUDENTS;
BEING A MANUAL OF THE SCIENCE, WITH ITS APPLICATIONS TO

TOXICOLOGY, PHYSIOLOGY, THERAPEUTICS, HYGIENE, &c.&c
BY D. PEREIRA GARDNER, M.D.,

Late Professor of Chemistry in the Philadelphia College of Medicine, and of Chemis
try and Natural Philosophy in Hampden Sydney College, &c.

In one handsome royal 12mo. volume, with illustrations.
By far the greater number of medical students will find this work of Dr. Gardner

better adapted to their wants than any other with which we are acquainted. Ohio
Medical and Surgical Journal.

Admirably adapted to the end and design. We shall be much disappointed if it is
not adopted as a text-book in all our American Colleges.—N. Y. Journ. of Medicine.
An excellent work—one likely to be of great use to the student, and of no small

value to the practitioner.—Charleston Medical Jourrud.
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CATALOGUE
OF

LEA AND BLANCHAKD'S

PUBLICATIONS.

THE AMERICAN ENCYCLOPAEDIA.

BROUGHT UP TO 1847.

THE ENCYCLOPEDIA AMERICANA:

A POPULAR DICTIONARY

OF ARTS, SCIENCES, LITERATURE, HISTORY, POLITICS

AND BIOGRAPHY.

IN FOURTEEN LARGE OCTAVO VOLUMES OF OVER SIX HUNDRED DOUBLE

COLUMNED PAGES EACH.

For sale very low, in various styles of binding.

During the long period which this work has been before the public, it

has attained a very high character as an

ENCYCLOPAEDIA FOR DAILY REFERENCE,

Containing, in a comparatively moderate space, a vast quantity of informa

tion which is scarcely to be met with elsewhere, and of the exact kind

which is wanted in the daily exigencies of conversation and reading. It

has also a recommendation shared by no other work of the kind now before

the public, in being an American book. The numerous American Biogra

phies, Accounts of American Inventions and Discoveries, References to our

Political Institutions, and the general adaptation of the whole to our own

peculiar habits and modes of thought, peculiarly suit it to readers in this

country. From these causes, it is also especially fitted for all

DISTRICT SCHOOL AND OTHER PUBLIC LIBRARIES,

in some of which it has been tried with great satisfaction. It fulfils, to a

greater extent than perhaps any similar work, the requirements for these

institutions, presenting, in a small compass and price, the materials of a

library, and furnishing a book for every-day use and reference, indispensable

to those removed from the large public collections.

Some years having elapsed since the original thirteen volumes of the

ENCYCLOPAEDIA AMERICANA were published, to bring it up to

the present day, with the history of that period, at the request of numerous

subscribers, the publishers have just issued a

SUPPLEMENTARY VOLUME (THE FOURTEENTH),

BRINGING THE WORK UP TO THE YEAR 1847

EDITED BY HENRY VETHAKE, LL.D.

Vice-Provost and Professor of Mathematics in the University of Pennsylvania, Author of

"A Treatise on Political Economy."

In one large octavo volume of over 650 double columned pages.



LEA AND BLANCHARD'S PUBLICATIONS.

ENCYCLOPAEDIA AMERICANA.

The numerous subscribers who have been waiting the completion of this
volume can now perfect their sets, and all who want

A REGISTER OF THE EVENTS OF THE LAST FIFTEEN

YEARS, FOR THE WHOLE WORLD,

can obtain this volume separately : price Two Dollars uncut in cloth, or

Two Dollars and Fifty Cents in leather, to match the styles in which the

publishers have been selling sets.

Subscribers in the large cities can be supplied on application at any of the
principal bookstores ; and persons residing in the country can have their
Bets matched by sending a volume in charge of friends visiting the city.

Complete sets furnished at very low prices in various bindings.

"
The publishers of the Encyclopaedia Americana conferred an obligation on the public when,

fourteen years ago, they issued the thirteen volumes from their press. They contained a wonder

ful amount of information, upon almost every subject which would be likely to occupy publio

attention, or be the theme of conversation in the private circle. Whatever one would wish to

inquire about, it seemed only necessary to dip into the Encyclopaedia Americana, and there the

outline, at least, would be found, and reference made to those works wliich treat at large upon the

subject. It was not strange, therefore^ that the work was popular. But in fourteen years, great

events occur. The last fourteen years have been full of them, and great discoveries have been

made in sciences and the arts.; and great men have, by death, commended their names and deeds

to the fidelity of the biographer, so that the Encyclopedia that approached perfection in 1832,

might fall considerably behind in 1846. To bring up the work, and keep it at the present point, has

been a task assumed by Professor Vethake, of the Pennsylvania University, a gentleman entirely

competent to such an undertaking ; and with a disposition to do a good work, he has supplied a

supplementary volume to the main work, corresponding in size and arrangements therewith, and

becoming, indeed, a fourteenth volume. The author has been exceedingly industrious, and very
fortunate in discovering and selecting materials, using all that Germany has presented, and resort

ing to every species of information of events connected with the plan of the work, since the pub
lication of the thirteen volumes. He has continued articles that were commenced in that work,
and added new articles upon science, biography, history, and geography, so as to make the present

volume a necessary appendage in completing facts to the other. The pubbshers deserve the

thanks of the, readers of the volume, for the handsome type, and clear white paper they have used

in the publication."—United States Gazette.

"
This volume is worth owning by itself, as a most convenient and reliable compend of recent His

tory, Biography, Statistics, <fec, &c. The entire work farms the cheapest and probably now the

most desirable Encyclopaedia published for popular use."—New York Tribune.

"
The Conversations Lexicon (Encyclopedia Americana) has become a household book in all the

intelligent families in America, and is undoubtedly the best depository of biograpliical, historical,

geographical and political information of that kind which discriminating readers require."—Silli-

man's Journal.

"This volume of the Encyclopedia is a Westminster Abbey of American reputation. What

names are on the roll since 1833 !"—N. Y. Literary World.

"
The work to which this volume forms a supplement, is one of the most important contributions

that has ever been made to the literature of our country. Besides condensing into a compara

tively narrow compass, the substance of larger works of the same kind which had preceded it, it

contains a vast amount of information that is not elsewhere to be found, and is distinguished, not

less for its admirable arrangement, than for the variety of subjects ofwhich it treats. The present

volume, which is edited by one of the most distinguished scholars of our country, is worthy to

follow in the train of those which have preceded it. It is a remarkably felicitous condensation

of tlie more recent improvements in science and the arts, besides forming a very important addi

tion to the department of Biography, the general progress of society, &c, <fcc "—Albany Argut,



LEA AND BLANCHARD'S PUBLICATIONS.

CAMPBELL'S LORD CHANCELLORS.
JUST PUBLISHED.

LIVES OF THE LORD CHANCELLORS AND KEEPERS OF THE
GREAT SEAL OF ENGLAND,

FROM THE EARLIEST TIMES TO THE REIGN OF KINO GEORGE IV.,

BY JOHN LORD CAMPBELL, A.M., F.R.S.E.
First Series, forming three neat volumes in demy octavo, extra cloth.

Bringing the work to the time ofLord Jeffries.
THE SECOND SERIES WILL SHORTLY FOLLOW IN FOUR VOLUMES TO MATCH.

"
It is sufficient for us to thank Lord Campbell for the honest industry with which he has thus far

prosecuted his large task, the general candor and hberality with which he has analyzed the lives
and characters of a long succession of influential magistrates and ministers, and the manly style
of his narrative. We need hardly say that we shall expect with great interest the continuation
of this performance. But the present series of itself is more than sufficient to give Lord Campbell
a high station among the English authors of his age."—Quarterly Review.
"
The volume? teem with exciting incidents, abound in portraits, sketches and anecdotes, and are

*t once interesting and instructive. The work is not only historical and biographical, but it is
anecdotal and philosophical. Many of the chapters embody thrilling incidents, while as a whole,
the publication may be regarded as of a high intellectual order."—Inquirer.
"A work in three handsome octavo volumes, which we shall regard as both an ornament and an

honor to our library. A History of the Lord Chancellors of England from the institution of the

office, is necessarily a History of the Constitution, the Court, and the Jurisprudence of the King
dom, and these volumes teem with a world of collateral matter of the hveliest character for the

general reader, as well as with much of the deepest mterest for the professional or philosophic*!
mind."—Saturday Courier.
"
The brilliant success of this work in England is by no means greater than its merits. It ii

certainly the most brilhant contribution to English history made within our recollection ; it has
the charm and freedom of Biography combined with the elaborate and careful comprehensiveness
of History."—N. Y. Tribune.

MURRAY'iTENC^

THE EN CYCLOP/E DIA OF GEOGRAPHY,
COMPRISING

A COMPLETE DESCRIPTION OF THE EARTH, PHYSICAL
STATISTICAL, CIVIL AND POLITICAL.

EXHIBITING

ITS RELATION TO THE HEAVENLY EODIES, ITS PHYSICAL STRUCTURE. THE
NATURAL HISTORY OF EACH COUNTRY, AND THE INDUSTRY.

COMMERCE, POLITICAL INSTITUTIONS, AND CIVIL
AND SOCIAL STATE OF ALL NATIONS.

BY HUGH MURRAY, F.R.S.E., &c.

Assisted in Botany, by Professor HOOKER—Zoology, ic., byW. W. SWAINSON—Astronomy, So.
by Professor WALLACE—Geology, ic., by Professor JAMESON.

REVISED, WITH ADDITIONS,
BY THOMAS G. BRADFORD.

THE WHOLE BROUGHT UP, BY A SUPPLEMENT, TO 1843.

In three large octavo volumes.

VARIOUS STYLES OF BINDING.

This great work, furnished at a remarkably cheap rate, contains about
Nineteen Hundred large imperial Pages, and is illustrated by Eighty-
Two small Maps, and a colored Map of the United States, after Tan
ner's, together with about Eleven Hundred Wood Cuts executed in the
best style.



LEA AND BLANCHARD'S PUBLICATIONS.

STRICKLAND'S QUEENS OF ENGLAND.

A NEW AND ELEGANT EDITION

OF

LIVES OF THE QUEENS OF ENGLAND,
FROM THE NORMAN CONQUEST;

WITH ANECDOTES OF THEIR COURTS, NOW FIRST PUBLISHED FROM OFFICIAI

RECORDS AND OTHER AUTHENTIC DOCUMENTS, PRIVATE AS WELL AS PUBLIC.

NEW EDITION, WITH ADDITIONS AND CORRECTIONS.

BY AGNES STRICKLAND.

Forming a handsome series in crown octavo, beautifully printed with large type on fine paper, done
up in rich extra crimson cloth, and sold at a cheaper rate than former editions.

Volume One, of nearly seven hundred large pages, containing Volumes

One, Two, and Three, of the duodecimo edition, and Volume Two, ofmore
than six hundred pages, containing Volumes Four and Five of the 12mo.,
have just been issued. The remainder will follow rapidly, two volumes in
one, and the whole will form an elegant set of one of the most popular his
tories of the day. The publishers have gone to much expense in pre

paring this from the revised and improved London edition, to meet the fre

quent inquiries for the
" Lives of the Queens of England," in better style,

larger type, and finer paper than has heretofore been accessible to readers

in this country. Any volume of this edition sold separately.

A few copies still on hand of the Duodecimo Edition. Ten volumes are

now ready. Vol. I.—Contains Matilda of Flanders, Matilda of Scotland,
Adelicia of Louvaine, Matilda of Boulogne, and Eleanor of Aquitaine.
Price 50 cents, in fancy paper. Vol. II.—Berengaria of Navarre, Isabella
of Angouleme, Eleanor of Provence, Eleanor of^Castile, Marguerite of
France, Isabella of France, Philippa of Hainault, and Anne of Bohemia.

Price 50 cents. Vol. III.—Isabella of Valois, Joanna of Navarre, Katha
rine of Valois, Margaret of Anjou, Elizabeth Woodville, and Ann of War

wick. Price 50 cents. Vol. IV.—Elizabeth ofYork, Katharine of Arragon,
Anne Boleyn, Jane Seymour, Anne of Cleves, and Katharine Howard.
Price 65 cents. Vol. V.—Katharine Parr and Queen Mary. Price 65 cents.

Vol. VI.—Queen Elizabeth. Price 65 cents. Vol. VII.—Queen Elizabeth

(continued), and Anne of Denmark. Price 65 cents. Vol. VIII.—Henrietta

Maria and Catharine of Braganza. Price 65 cents. Vol. IX.—Mary of

Modena. Price 75 cents. Vol. X.—Mary of Modena (continued), and

Mary II. Price 75 cents.

Any volume sold separately, or the whole to match in neat green cloth.

JUST PUBLISHED

VOLUME TEN:
CONTAINING

MARY OF MODENA, AND MARY II.

Price 75 cents in fancy paper.—Also, in extra green cloth.

"These volumes have the fascination of a romance united to the integrity of history."—Times.
"A most valuable and entertaining work."

—Chronicle.

"This interesting and well-written work, in which the severe truth of history takes almost the
wildness of romance, will constitute a valuable addition to our biographical literature." Morning
Herald.

"
A valuable contribution to historical knowledge, to young persons especially. It contains a

mass of every kind of historical matter of interest, which industry and research could collect We
have derived much entertainment and instruction from the work."—Athenaum.

"
The execution of this work is equal to the conception. Great pains have been taken to make

it both interesting and valuable."—Literary Gazette.

''
A charming work—full of interest, at once serious and pleasing."—Monsieur Guizot.

'
A most charming biographical memoir. We conclude by expressing our unoualified opinion,

that we know of no more valuable contribution to modern history than this ninth vol'ime of Mi?s
Strickland's Lives of the Queens."—Morning Herald.



LEA AND BLANCHARD'S PUBLICATIONS.

SCHOOL BOOKS.

SCHIYIITZ AND ZUMPT'S CLASSICAL SERIES.
VOLUME I.

C. JULII CiESARIS

COMMENTARII DE BELLO GALLICO.

WITH AN INTRODUCTION, NOTES, AND A GEOGRAPHICAL INDEX IN ENGLISH,

ALSO, A MAP OF GAUL, AND ILLUSTRATIVE ENGRAVINGS.

In one handsome 18mo. volume, extra cloth.

This Series has been placed under the editorial management of two eminent scholars

and practical teachers, Dr. Schmitz, Rector of the High School, Edinburgh, and Dr.

Zumpt, Professor in the University of Berlin, and will combine the following advan

tages :—

1. A gradually ascending series of School Books on a uniform plan, so as to constitute within a

definite number, a complete Latin Curriculum.

2. Certain arrangements in the rudimentary volumes, which will insure a fair amount of know-

ledge in Roman literature to those who are not designed for professional Ufe, and who therefore

will not require to extend their studies to the advanced portion of the series.

3. The text of each author will be such as has been constituted by the most rece*nt collations of
manuscripts, and will be prefaced by biographical and critical sketches in English, that pupils may
be made aware of the character and peculiarities of the work they are about to study.

4. To remove difficulties, and sustain an interest in the text, explanatory notes in English will

be placed at the foot of each page, and such comparisons drawn as may serve to unite the history
of the past with the realities ofmodern times.

5. The works, generally, will be embellished with maps and illustrative engravings,—accompani
ments which will greatly assist the student's comprehension of the nature of the countries and

leading circumstances described.

6. The respective volumes will be issued at a price considerably less than that usually charged ;

and as the texts are from the most eminent sources, and the whole series constructed upon a de

terminate plan, the practice of issuing new and altered editions, which is complained of alike by
teachers and pupils, will be altogether avoided.

From among the testimonials which the publishers have received, they append the

following to show that the design of the series has been fully and successfully carried

Central High School, Phila., June 29, 1817

I have been much pleased with your edition of Csesar's Gallic Wars, being part of Schmitz and

Zumpt's classical series for schools. The work seems happily adapted to the wants of learners.

The notes containmuch valuable information, concisely and accurately expressed, and on the points

that really require elucidation, while at the same time the book is not rendered tiresome and ex

pensive by a useless array of mere learning. The text is one in high repute, and your reprint of it

is pleasing to the eye. I take great pleasure in commending the publication to the attention of

teachers. It will, I am persuaded, commend itself to all who give it a fair examination.

Very Respectfully, Your Obt. Servt. ,

JOHN S. HART,

To Messrs. Lea <fc Blanchard. Principal Phila. High School

June 28, 1847.

GTtofedition of "Cesar's Commentaries," embraced in the Classical Section of Chambers's Edu

cational Course, and given to the world under the auspices of Drs. Schmitz and Zumpt has re

ceived fn.m me a candid examination. I have no hesitation in saying, that the design expressed in

the notice "f the publishers, has been successfully accomplished, and that the work is well calcu-

pnrtaTfelS^
derstood and appreciated.

p^f ofAndent Languages, Central High School, Phila.

VOLUME II.

P. VIRGILII MARONIS C

NEARLY READY.



LEA AND BLANCHARD'S PUBLICATIONS.

SCHOOL BOOKS.

BIRD'S NATURAL PHILOSOPHY.
NEARLY READY.

ELEMENTS OF NATURAL PHILOSOPHY,
BEING AN EXPERIMENTAL INTRODUCTION TO THE PHYSICAL SCIENCES.

ILLUSTRATED WITH OVER THREE HUNDRED WOOD-CUT3.

BY GOLDING BIRD, M.D.,
Assistant Physician to Guy's Hospital.

FROM THE THIRD LONDON EDITION.

In one neat volume.

"By the appearance of Dr. Bird's work, the student has now all that he can desire in one neat,
concise, and well-digested volume. The elements of natural philosophy are explained in very sim
ple language, and illustrated by numerous wood-cuts."—Medical Gazette.

ARNOTT'S PHYSICS.

ELEMENTS OF PHYSICS; OR, NATURAL PHILOSOPHY,
GENERAL AND MEDICAL.

WRITTEN FOR UNIVERSAL USE, IN PLAIN, OR NON-TECHNICAL LANGUAGE.

BY NIELL ARXJOTT, 1YI.D.

A NEW EDITION, BY ISAAC HAYS, M. D.

Complete in one octavo volume, with nearly two hundred wood-cuts.

This standard work has been long and favourably known as one of the best popular expositions
of the interesting science it treats of. It is extensively used hi many of the first seminaries.

ELEMENTARY CHEMISTRY, THEORETICAL AND PRACTICAL.
BY GEORGE FOWNES, Ph. D.,

Chemical Lecturer in the Jliddlesex Hospital Medical School, ice, <fcc.

WITH NUMEROUS ILLUSTRATIONS.

EDITED, WITH ADDITIONS,

BY ROBERT BRIDGES, M.D.,
Professor ofGeneral and Pharmaceutical Chemistry in the Philadelphia College ofPharmacy, <fcc. , <tc

SECOND AMERICAN EDITION.

In one large duodecimo volume, sheep or extra cloth, with nearly two
hundred wood-cuts.

The character of this work is such as to recommend it to all colleges and academies in want of a
text-book. It is fully brought up to the day, containing all the late views and discoveries that have
so entirely changed the face of the science, and it is completely illustrated with very numerous
wood engravings, explanatory of all the different processes and forms of apparatus. Though strictly
scientific, it is written with great clearness and simplicity of style, rendering it easy to be compre
hended by those who are commencing the study.
It may be had well bound hi leather, or neatly done up in strong cloth. Its low price places it

within the reach of all.

'Tre¥ster;?TpTii^
ELZIMIiNTS OFOPTICS,

BY SIR DAVID BREWSTER.

WITH NOTES AND ADDITIONS, BY A. D. BACHE, LL.D.

Superintendent of the Coast Survey, &c

In one volume, 12mo., with numerous wood-cuts.



LEA AND BLANCHARD'S PUBLICATIONS.

SCHOOL BOOKS.

BOLMAR'S FRENCH SERIES.*

New editions of the following works, by A. Bolmak, forming, in con

nection with
"
Bolmar's Levizac," a complete series for the acquisition of

the French language.

A SELECTION OF ONE HUNDRED PERRIN'S FABLES,
ACCOMPANIED BY A KEY,

Containing the text, a literal and free translation, arranged in such a manner as to

point out the difference between the French and English idiom, &c, in 1vol., 12mo.

A COLLECTION OF COLLOQUIAL PHRASES,

ON EVERY TOPIC NECESSARY TO MAINTAIN CONVERSATION,

Arranged under different heads, with numerous remarks on the peculiar pronunciation

and uses of various words; the whole so disposed as considerably to facilitate the

acquisition of a correct pronunciation of the French, in 1 vol., 18ino.

LES AVENTURES DE TELEMAQUE PAR FENELON,

In 1 vol., 12mo., accompanied by a Key to the first eight books, in 1 vol., 12mo., con

taining, like the Fables, the text, a literal and free translation, intended as a sequel

to the Fables. Either volume sold separately.

ALL THE FRENCH VERBS,

Both regular and irregular, in a small volume.

nvujlLl¥sT?T7i^s^
NEARLY READY.

PRINCIPLES OF PHYSICS AND METEOROLOGY,

BY J. MULLER,

Professor of Physics at the University of Frieburg.

ILLUSTRATED WITH NEARLY FIVE HUNDRED AND FIFTY ENGRAVINGS ON WOOD, AND TWO

COLORED PLATKS.

In one octavo volume.

This Edition is improved by the addition of various articles, and will be found in

every respect brought up to thy time of publication.

"The Phvsics of Muller is a work, superb, complete, unique : the greatest want known to Eng

lish Science c?uS not have been better supplied.* The work is of surpassing interest The value

of thU contribution to the scientific records of
this country "'^ °e duly estin.ated&««£*£■*

thei cost of the original drawings and engravings
alone has exceeded the sum of 2000/. —Lancet,

March, 1847.

EnTFufR^^
AN ATLAS OF ANCIENT GBOGSAPHy,

BY SAMUEL BUTLER, D.D.,

Late Lord Bishop of Litchfield,

CONTAINING TWENTY-ONE COLOURED MAPS, AND A COMPLETE ACCENTUATED INDEX.

In one octavo volume, half-bound.

b u TTiR^s^TTcTiW^ GEOGRAPHY.
r> rnf T» A. "PHIA CLASSICA,

OR THE APfSatE" ANCIENT GEOGRAPHY TO THE CLASSICS

BY SAMUEL BUTLER, D.D., F.E.S.

REVISED BY HIS SON.

FIFTH AMERICAN, FROM THE LAST LONDON EDITION,

WITH QUESTIONS ON THE MAPS, BY JOHN FR0S1.

In one duodecimo volume, half-bound, to match the
Atlas.



LEA AND BLANCHARD'S PUBLICATIONS.

SCHOOL BOOKS.

WHITE'S UNIVERSAL HISTORY.

LATELY PUBLISHED,

ELEMENTS OF UNIVERSAL HISTORY,
ON A NEW AND SYSTEMATIC PLAN;

FROM THE EARLIEST TIMES TO THE TREATY OF VIENNA ; TO WHICH IS ADDED, A

SUMMARV OF THE LEADING EVENTS SINCE THAT PERIOD, FOR THE

USE OFJSCHOOLS AND PRIVATE STUDENTS.

BY H. WHITE, B.A.,
TRINITY COLLEQE, CAMBRIDGE.

WITH ADDITIONS AND QUESTIONS,

BY JOHN S. HART, A.M.,

Principal of the Philadelphia High School, and Professor of Moral and Mental Science, Sic, Sic

In one volume, large duodecimo, neatly bound with Maroon Backs.

This work is arranged on a new plan, which is believed to combine the

advantages of those formerly in use. It is divided into three parts, corre

sponding with Ancient, Middle, and Modern History ; which parts are again
subdivided into centuries, so that the various events are presented in the

order of time, while it is so arranged that the annals of each country can be

read consecutively, thus combining the advantages of both the plans hitherto

pursued in works of this kind. To guide the researches of the student,
there will be found numerous synoptical tables, with remarks and sketches

of literature, antiquities, and manners, at the great chronological epochs.
The additions of the American editor have been principally confined to

the chapters on the history of this country. The series of questions by him

will be found of use to those who prefer that system of instruction. For

those who do not, the publishers have had an edition prepared without the

questions.
This work has already passed through several editions, and has been

introduced into many of the higher Schools and Academies throughout the

country. From among numerous recommendations which they have re

ceived, the publishers annex the following from the Deputy Superintendent
of Common Schools for New York :

Secretary's Office, > State of New York.

Department of Common Schools. J Albany, Oct. lith, 1815.

Messrs. Lea <f- Blanchard :

Gentlemen:—I have examined the copy of "White's Universal History," which you were so

obliging as to send me, and cheerfully and fully concur in the commendations of its value, as a com

prehensive and enlightened survey of the Ancient and Modern World which many of the most com

petent judges have, as I perceive, already bestowed upon it. It appears to me to be admirably

adapted to the purposes of our public schools ; and I unhesitatingly approve of its introduction into

those seminaries of elementary instruction. Very respectfully, your obedient servant,
SAMUEL S. RANDALL,

Deputy Superintendent Common Schools.

This work is admirably calculated for District and other libraries : an edition for that pnrpose

without questions has been prepared, done up in strong cloth.

HERSCHELL'S ASTRONOMY.

A TREATISE ON ASTRONOU7,
BY SIR JOHN F. W. HERSCHELL, F. R. S., &c.

WITH NUMEROUS PLATES AND WOOD-CUTS.

A NEW EDITION, WITH A PREFACE AND A SERIES OF QUESTIONS,
BY S. O. WALKER.

In one volume, 12mo.



LEA AND BLANCHARD'S PUBLICATIONS.

ROSCOE'S LIVES OF THE KINGS OF ENGLAND.
TO MATCH MISS STRICKLAND'S "QUEENS."

VOLUME ONE, CONTAINING- THE

LIFE OF WILLIAM THE CONQUEROR.
In neat royal duodecimo, extra cloth, or fancy paper.

"The historical reader will find this a work of peculiar interest. It displays throughout the
most pains-taking research, and a style of narrative which has all the lucidity and strength of
Gibbon. It is a work with which, shedding such a light as we are justified in saying it will do
upon English history, every library ought to be provided."—Sunday Times.

MEMOIRS OF THE LOVES OF THE POETS.

Biographical Sketches of Women celebrated in Ancient and
Modern Poetry.

BY MRS. JAMIESON.

In one royal duodecimo volume, price 75 cents.

FREDERICK THE GREAT, HIS COURT AND TIMES,
EDITED, WITH AN INTRODUCTION, BY THOMAS CAMP-

BELL, ESQ., AUTHOR OF THE "PLEASURES OF HOPE."

Second Series, in two duodecimo volumes, extra cloth.

HISTORY OF CONGRESS,
EXHIBITING A CLASSIFICATION OF THE PROCEEDINGS OF THE SENATE AND THB

HOUSE OF REPRESENTATIVES. FROM 1789 TO 1793, EMBRACING THE FIRST

TERM OF THE ADMINISTRATION OF GENERAL WASHINGTON.

In one large octavo volume of over 700 pages, price only $1.50.

MOORE'S IRSLAN3-NOW COMPLETE.

THE HISTORY OF IRELAND,
FROM THE EARLIEST KINGS OF THAT REALM DOWN TO ITS LATEST CHIEFS.

In two octavo volumes, extra cloth.

Mr. Moore has at length completed his History of Ireland containing the most troubled and inter

esting periods through which it has passed. Thosewho have possessed themselves of the work as

far as the Great Expedition against Scotland in 1545, can procure the second volume separate.

HISTORY OF THfWArHi^ IN 1815,
CONTAINING MINUTE DETAILS OF THE BATTLES OF QUATRE-BRAS, LIGNY. WAVRE

AND WATERLOO.

BY CAPTAIN W. SIBORNE.

In one octavo volume, with Maps and Plans of Battles, &c., viz.:

1 Part of Belgium, indicating the distribution of the armies on commencing hostilities. 2. Field

of Quatre-Bras, at 3 o'clock, P. M. 3. Field of Quatre-Bras, at 7 o'clock, P. M. 4. Field of Ligny,
at a quarter past 2 o'clock, P. M. 5. Field of Ligny, at half past 8 o'clock, P. M. 6. Field ofWater

loo at a quarter past 11 o'clock, A. M. 7. Field of Waterloo, at a quarter before 8 o'clock, P. M.

8 Field ofWaterloo, at 5 minutes past 8 o'clock, P. M. 9. Field ofWavre, at 4 o'clock, P.M., 18th

June. 10. Field ofWavre, at 4 o'clock, A. M., 19th June. 11. Part of France, on which is shown

the advance of the Albed Armies into the Kingdom.

TEXT BOOK OF ECCLESIASTICAL HISTORY.

BY J C I GIESELER, PROFESSOR OF THEOLOGY IN GOTTINGEN. TRANSLATED

FROM THE THIRD GERMAN EDITION, BY F. CUNNINGHAM

In three octavo volumes, containing over 1200 large pages.

ELEMENTS OF UNIVERSAL HISTORY,
ON A NEW AND SYSTEMATIC PLAN, FROM THE EARLIEST TIMES TO THE TREATY
UN A

WJ^F VIENNA, TO WHICH IS ADDED A SUMMARY OF THE LEADING

EVENTS SINCE THAT PERIOD.

BY H. WHITE, B.A.

SIXTH AMERICAN EDITION, WITH ADDITIONS

BY JOHN S. HART, A.M.

In one large royal 12mo. volume, neat extra cloth.



LEA AND BLANCHARD'S PUBLICATIONS.

GRAHAME'S COLONIAL HISTORY.

HISTORY OF THE UNITED STATES.

FROM THE PLANTATION OF THE BRITISH COLONIES

TILL THEIR ASSUMPTION OF INDEPENDENCE.

SECOND AMERICAN EDITION,

ENLARGED AND AMENDED,

WITH A MEMOIR BY PRESIDENT QUINCY.

IN TWO LARGE OCTAVO VOLUMES, EXTRA CLOTH,

WITH A PORTRAIT.

This work having assumed the position of a standard history of this

country, the publishers have been induced to issue an edition in smaller size

and at a less cost, that its circulation may be commensurate with its merits.

It is now considered as the most impartial and trustworthy history that has

yet appeared.
A lew copies of the edition in four volumes, on extra fine thick paper,

price eight dollars, may still be had by gentlemen desirous of procuring a

beautiful work for their libraries.
"
It is universally known to literary men as, in its original form, one of the earliest histories of

this country, and certainly one of the best ever written by a foreigner. It has been constantly and

Copiously used by every one who has, since its appearance, undertaken the history of this country.
In the course of the memoir prefixed to it, it is vindicated frorn the aspersions cast on it by Mr.

Bancroft, who, nevertheless, has derived from it a vast amount of the information and documentary
material of his own ambitious, able and extended work. It is issued in two volumes, and cannot

fail to find its way to every library of any pretensions.—New York Courier and Enquirer.

COOPER'S NAVAL HISTORY.

HISTORY OF THE NAVY OF THE UNITED STATES OF AMERICA,
BY J. FENIMORE COOPER.

THIRD EDITION, WITH CORRECTIONS AND ADDITIONS.

Complete, two volumes in one, neat extra cloth,

With a Portrait of the Author, Two Maps, and Portraits of Paul Jones, Baindridqe,
Dale, Preble, Decatur, Porter, Perry, and McDonouoh.

WRAXALL'S HISTORICAL MEMOIRS.

HISTORICAL MEMOIRS OF MY OWN TIMES,
BY SIR N. W. WRAXALL.

ONE NEAT VOLUME, EXTRA CLOTH.

This is the work for which, in consequence of too truthful a portraiture of Catherine II., the
author was imprisoned and fined. Taught by this experience, his succeeding memoirs he sup
pressed until after his death.

WRAXALL'S POSTHUMOUS MEMOIRS.

POSTHUMOUS MEMOIRS OF HIS OWN TIMES,
BY SIR N. W. WRAXALL.

IN ONE VOLUME, EXTRA CLOTH.

This work contains much secret and amusing- anecdote of the prominent personages of the day,
which rendered its posthumous publication necessary
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WALPOLE'S LETTERS AND MEMOIRS.

THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD,
CONTAINING NEARLY THREE HUNDRED LETTERS.

NOW FIRST PUBLISHED FROM THE ORIGINALS, AND FORMING AN UNINTER

RUPTED SERIES FROM 1735 TO 1797.

In four large octavo volumes, with a portrait of the Author.

7u7FrIs?eFl1Tte^
THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD,

TO SIR HORACE MANN, FROM 1760 TO 1785.

NOW FIRST PUBLISHED FROM THE ORIGINAL MSS.

In two octavo volumes, to match the above.

wAl7oiT<^^
MEMOIRS OF THE REIGN OF KING GEORGE THE THIRD,

BY HORACE WALPOLE.

NOW FIRST PUBLISHED FROM THE ORIGINAL MSS.

EDITED, WITH NOTES,

BY SIR DENIS LE MARCHANT.

These Memoirs comprise the first twelve years of the reign of George III. ; and recommend

themselves especially to the reader in this country, as containing an account of the early trouble!

with America. They form a sequel to the
" Memoirs of George the Second," by the same author.

HISTORY OF THE HUGUENOTS—A NEW EDITION,

CONTINUED TO THE PRESENT TIME.

BY W. S. BROWNING.

In one large octavo volume, extra cloth.

"
One of the most interesting and valuable contributions to modem history."—Gentleman'sMaga

zine.

'•
Not the least interesting portion of the work has reference to the violence and persecution!

of 1815."—Times.

INGERSOLL'3 LATE WAR.

HISTORICAL SKETCH OF THE SECOND WAR BETWEEN

THE UNITED STATES OF AMERICA AND GREAT

BRITAIN, DECLARED BY ACT OF CONGRESS,

JUNE 18, 1812, AND CONCLUDED BY

PEACE, FEBRUARY 15, 1815.

B-2- CHASLES J. INGEHSOLL.

One volume octavo of 516 pages, embracing the events
of 1812—1813.

Beautifully printed, and done up in neat extra cloth.

ruTF^ToTr^
memoranda of a residence at the court op london,

COMPRISING INCIDENTS OFFICIAL AND PERSONAL, FROM 1819 TO 1825;

IKCLUDINO KEGOTIAT.OKS ON THE OREGON QUESTION. AND OTHER UNSETTLED RELATIONS

INCLUDING KbUOl

betwben the UNITEU STAT£8 AK„ GRFAT BRITAIN.

B"H" RICHARD RUSH,

Envoy Extraordinary
and Minister Plenipotentiary from the United States, from 1817 to 1825

In one large and beautiful octavo volume, extra cloth.
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N I E B U HR'S ROME.

THE HISTORY OF HOME,
BY B. G. NIEBUHR.

COMPLETE IN TWO LARGE OCTAVO VOLUMES.

Done up in extra cloth ; or five parts, paper, price $1.00 each.

The last three parts of this valuable book have never before been published in this country, hav

ing only lately been printed in Germany, and translated in England. The two last of these com

prise Professor Niebuhr's Lectures on the latter part of Roman History, so long lost to the world.
"
It is an unexpected surprise and pleasure to the admirers of Niebuhr

—that is, to all earnest stu
dents of ancient history

—to recover, as from the grave, the lectures before us."
—Eclectic Review.

"The world has now in Niebuhr an imperishable model."—Edinburgh Review, Jan. 1844.
"
Here we close our remarks upon this memorable work, awork which, of all that have appeared

in our aire, is the best fitted to excite men of learning to intellectual activity : from which the most

accomplished scholar may gather fresh stores of knowledge, to which the most experienced politi
cian may resort for theoretical and practical instruction, and which no person can read as it ought
to be read, without feeling the better and more generous sentiments of his common human nature
enlivened and strengthened."—Edinburgh Review.
"
It is since I saw you that I have been devouring with the most intense admiration the third

volume of Niebuhr. The clearness and comprehensiveness of all his military details is a new

feature in that wonderful mind, and how inimitably beautiful is that brief account ofTerni."—Dr

Arnold (Life, vol. ii.)

PROFESSOR RANKE'S HISTORICAL WORKS.

HISTORY OF THE POPES,
THEIR CHURCH AND STATE, IN THE SIXTEENTH AND SEVENTEENTH CENTURIES-

BY LEOPOLD RANKE.

TRANSLATED FROM THE LAST EDITION OF THE HERMAN, BY WALTER K. KELLY, ESft., B. A.

In two parts, paper, at $1.00 each, or one large volume, extra cloth.

"A book extraordinary for its learning and impartiality, and for its just and liberal views of the

times it describes. The best compliment that can be paid to Mr. Ranke, is, that each side has
accused him of partiality to its opponent : the German Protestants complaining that his work is

written in too Catholic a spirit ;—the Catholics declaring, that generally impartial as he is, it is
clear to perceive the Protestant tendency of the history."—London Times.

THE TURKISH AND SPANISH EMPIRES,
IN THE SIXTEENTH CENTURY AND BEGINNING OF THE SEVENTEENTH,

BY PROFESSOR LEOPOLD RANKE.
TRANSLATED FROM THE LAST EDITION OF THE GERMAN, BY WALTER K. KELLY, ESQ.

Complete in one part, paper, price 75 cents.

This work was published by the author in connexion with the
"

History of the Popes," under
the name of

•'

Sovereigns and Nations of Southern Europe, in the Sixteenth and Seventeenth Cen

turies." It may be used separately, or bound up with that work, for which purpose two titles will

be found in it.

HISTORY OF THE REFORMATION IN GERMANS',
BY PROFESSOR LEOPOLD RANKE.

PARTS FIRST, SECOND AND THIRD NOW READY.

TRANSLATED FROM THE SECOND EDITION, BY SARAH AUSTIN.

To be completed in Five parts, each part containing one volume of the London edition.
"
Few modern writers possess such qualifications for doing justice to so great a subject as Leo

pold Ranke.—Indefatigable in exertions, he revels in the toil of examining archives and state

papers : honest in purpose, he shapes his theories from evidence ; not like D'Anbigne, whose
romance of the Reformation selects evidence to support preconceived theory. Ranke never forgets
the statesman in the theologian, or the historian in the partisan."—Athenamm.

BROUGHAM ON THE FRENCH REVOLUTION.
One volume 12mo., paper, price 50 cents.

STUDIES OF THE LIFE OF WOMAN.

FROM THE FRENCH OF MADAME NECKER DE SAUSSURE.

In one neat 12mo. volume, fancy paper. Price 75 cents.

THE EDUCATION OF MOTHERS; OR, CIVILIZATION OF

MANKIND BY WOMEN.

FROM THE FRENCH OF L. AIME MARTIN.

In one 12mo. volume, paper, price 75 cents; or in extra cloth.
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POPULAR SCIENCE.

PHILOSOPHY IN SPORT, MADE SCIENCE IN EARNEST,
BEING AN ATTEMPT TO ILLUSTRATE THE FIRST PRIN

CIPLES OF NATURAL PHILOSOPHY, BY THE

AID OF THE POPULAR TOYS AND

SPORTS OF YOUTH.

FROM THE SIXTH AND GREATLY IMPROVED LONDON EDITION.

In one very neat royal 18mo. volume, with nearly one hundred illustrations on wood.

Fine extra crimson cloth.

"
Messrs. Lea & Blanchard have issued, in a beautiful manner, a handsome book, called

'
Philoso

phy in Sport, made Science in Earnest.' This is an admirable attempt to illustrate the first prin
ciples of Natural Philosophy, by the aid of the popular toys and sports of youth. Useful informa
tion is conveyed in an easy, graceful, yet dignified manner, and rendered easy to the simplest under
standing. The book is an admirable one, and must meet with universal favour."—N. Y. Evening
Mirror.

ENDLESS AMUSEMENT.
JUST ISSUED.

ENDLESS AMUSEMENT,
A COLLECTION OF

NEARLY FOUR HUNDRED ENTERTAINING EXPERIMENTS

IN VARIOUS BRANCHES OF SCIENCE,

INCLUDING

ACOUSTICS, ARITHMETIC, CHEMISTRY, ELECTBICITY, HYDRAULICS, HYDROSTATICS,

MAGNETISM, MECHANICS, OPTICS, WONDERS OF THE AIR PUMP, ALL THE

POPULAR TRICKS AND CHANGES OF THE CARDS, &c., &c.

TO WHICH IS ADDED,

A COMPLETE SYSTEM OF PYROTECHNY,

OR THE ART OF MAKING FIRE-WORKS:

THE WHOLE SO CLEARLY EXPLAINED AS TO BE WITHIN REACH

OF THE MOST LIMITED CAPACITY.

WITH ILLUSTRATIONS.

FROM THE SEVENTH LONDON EDITION.

In one neat royal 18mo. volume, fine extra crimson cloth.

This work has long supplied instructive amusement to the rising generations in England, and

will doubtless be hailed with pleasure by those of this country who hke (and what boy does not)

the marvellous tricks and changes, experiments and wonders afforded by the magic of science and

jugglery.

c h eIiTsTrTI^^
SPRING, SUMMER, AUTUMN, AND WINTER.

AN ESSAY PRINCIPALLY CONCERNING NATURAL PHENOMENA, ADMITTING OP

INTERPRETATION BY CHEMICAL SCIENCE, AND ILLUSTRATING

PASSAGES OF SCRIPTURE.

BY THOMAS GRIFFITHS,

PBOFESSOK OF CHEMISTRY IN THE MEDICAL COLLEGE OF ST. BARTHOLOMEWS HOSPITAL, ETC.

In one large royal 12mo. volume, with many Wood-Outs, extra cloth.

» Chemistry is assuredly one of the most useful and interesting
of the natural sciences. Chemical

changes meet us at ever/ step, and during every season, the winds and the ram. the heat and the

frosts, each have their peculiar and appropriate phenomena And those who have hitherto re

mained insensible to these changes and unmoved amid such remarkable, and often startling re

sults will lose their apathy upon reading the Chemistry of the
'
Four Seasons,' and be prepared to

en ov the highest intellectual pleasures. Conceived in a happy spirit, and written
with taste and

elecance the essay of Mr. Griffiths cannot fail to receive the admiration of cultivatedI minds ; and

those who have looked less carefully into nature's beauties, will find themselves led on step by

step, until they realize a new intellectual being. Such works we believe, exert a happy influence

over society, and hence we hope that the present one may be extensively read."—The Western

Lancet.
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POPULAR SCIENCE.

KIRBY AND SPENCErS ENTOMOLOGY, FOR POPULAR USE.

AN INTRODUCTION TO ENTOMOLOGY:

OR, ELEMENTS OF THE NATURAL HISTORY OF INSECTS; COMPRISING AN ACCOUNT

OF NOXIOUS AND USEFUL INSECTS, OF THEIR METAMORPHOSES, FOOD,
STRATAGEMS. HABITATIONS, SOCIETIES, MOTIONS, NOISES,

HYBERNATION, INSTINCT, Sic, Sic.

"With Plates, Plain or Colored.

BY WILLIAM KIRBY, M.A..F.R.S., AND WILLIAM SPENCE,ESQ.,F.R.S.
FROM THE SIXTH LONDON EDITION, WHICH WAS CORRECTED AND CONSIDERABLY ENLARGED.

In one large octavo volume, extra cloth.
"We have been greatly interested in running over the pages of this treatise. There is scarcely, in

the wide range of natural science, a more interesting or instructive study than that of insects, or
one than is calculated to excite more curiosity or wonder. •

"
The popular form of letters is adopted by the authors in imparting a knowledge of the subject,

which renders the work peculiarly fitted for our district school libraries,which are open to all age*
and classes."—Hunt's Merchants' Magazine.

JUST ISSUED.

THE ANCIENT WORLD, OR, PICTURESQUE SKETCHES OF CREATION,

BY D. T. ANSTED, M.A., F.R.S., F.G.S., &c.

PROFESSOR OF GEOLOGY IN KING'S COLLEGE, LONDON.

In one very neat volume, fine extra cloth, with about One Hundred and Fifty Illustrations.

The object of this work is to present to the general reader the chief results ofGeological investi

gation in a simple and comprehensive manner. The author has avoided all minute details of geo
logical formations and particidar observations, and has endeavoured as far as possible to present
striking views of the wonderful results of the science, divested of its mere technicalities. The

work is got up in a handsome manner, with numerous illustrations, and forms a neat volume for the
centre table.

GEOLOGY AND MINERALOGY,
WITH INSTRUCTIONS FOR THE QUALITATIVE ANALYSIS OF MINERALS.

BY JOSHUA TRIMMER, F.G.S.

With two Hundred and Twelve Wood-Cuts, a handsome octavo volume, bound in embossed cloth.

This is a systematic introduction to Mineralogy, and Geology, admirably calculated to instruct

the student in those sciences. The organic remains of the various formations are well illustrated
by numerous figures, which are drawn with great accuracy.

NEW AND COMPLETE MEDICAL BOTANY.
NOW READY.

MEDICAL BOTANY,
OR, A DESCRIPTION OF ALL THE MORE IMPORTANT PLANTS USED IN MEDICINE,

AND OF THEIR PROPERTIES, USES AND MODES OF ADMINISTRATION.

BY R. EGIiESFEIiD GRIFFITH, M.D., &c, &c.
In one large octavo volume. With about three hundred and fifty Illustrations on Wood.

A POPULAFfREATisT^
PUBLISHED UNDER THE AUSPICES OF THE SOCIETY FOR THE PROMOTION OF

POPULAR INSTRUCTION ; WITH NUMEROUS WOOD-CUTS.

BY W. B. CARPENTER.

In one volume, 12mo., extra cloth.

A TREATISE ON COMPARATIVE ANATOMY AND PHYSIOLOGY,
BY W. B. CARPENTER.

REVISED AND MUCH IMPROVED BY THE AUTHOR. WITH BEAUTIFUL STEEL PLATES.

(Now preparing.)

CARPENTER'S ANIMAL PHYSIOLOGY,
WITH ABOUT THREE HUNDRED WOOD-CUTS.

(Preparing )
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HUMAN HEALTH:
OR, THE INFLUENCE OF ATMOSPHERE AND LOCALITY, CHANGE OF AIR AND

CLIMATE, SEASONS, FOOD, CLOTHING, BATHING, MINERAL SPRINGS,
EXERCISE, SLEEP, CORPOREAL AND MENTAL PUR

SUITS, Sic, Sic, ON HEALTHY MAN,

CONSTITUTING ELEMENTS OF HYGIENE.

BY ROBLEY DUNGLISON, M.D., &c.,&c.
In one octavo volume.

%* Persons in the pursuit of health, as well as those who desire to retain
it, would do well to examine this work. The author states the work has

been prepared "to enable the general reader to understand the nature of

the actions of various influences on human health, and assist him in adopt
ing such means as may tend to its preservation: hence the author has

avoided introducing technicalities, except where they appeared to him indis

pensable."

REMARKS ON THE INFLUENCE OF MENTAL EXCITEMENT,
AND MENTAL CULTIVATION UPON HEALTH.

BY A. BEIGHAM, M.D.

Third edition ; une volume, 18mo.

A TREATISE ON

CORNS, BUNIONS, THE DISEASES OF THE NAILS,
AND THE GENERAL MANAGEMENT OF THE FEET.

BY LEWIS DURLACHER,
BURGEON CHIROPODIST TO THE O.UEEN.

In one duodecimo volume, cloth.

BRIDGE-WATER TREATISES.
The whole complete in 7 vols. 8vo., various bindings,

CONTAINING :

ROGET'S ANIMAL AND VEGETABLE PHYSIOLOGY, in 2 vols., with many cuts.

KIRBY ON THE HISTORY, HABITS AND INSTINCT OF ANIMALS, 1 vol., with plates.

PROUT ON CHEMISTRY—CHALMERS ON THE MORAL CONDITION OF MAN—WHEWELI.

ON ASTRONOMY—BELL ON THE HAND—KIDD ON THE PHYSICAL CONDITION OP

MAN, 2 volumes.

BUCKLAND'S GEOLOGY, 2 vols., with numerous plates and maps.

Roget, Buckland, and Kirby are sold separate.

THE DOMESTIC MANAGEMENT OF THE SICK ROOM,

NECESSARY, IN AID OF MEDICAL TREATMENT, FOR THE CURE OF DISEASES.

BY A. T. THOMSON, M. D., &c. &c.

First American, from the Second London Edition. Edited by R. E. Griffith, M. D.

In one royal 12mo. volume, extra cloth, with cuts.

"There is no interference with the duties of the medical attendant, but sound, sensible, and

clear advice what to do, and how to act, so as to meet unforeseen emergencies, and co-operata

with professional skill."
—Literary Gazette.

THE MIlTwrTgIiT^^
BY OLIVER EVANS.

THE ELEVENTH EDITION,

WITH ADDITIONS AND CORRECTIONS, BY THE PROFESSOR OF MECHA

NICS IN THE FRANKLIN INSTITUTE OF PENNSYLVANIA,

AND A DESCRIPTION OF AN IMPROVED MERCHANT FLOUR MILL.

WITH ENGRAVINGS.

BY O. & O. EVANS, ENGINEERS.

This is a practical work, and has had a very extended sale.



LEA AND BLANCHARD'S PUBLICATIONS.

JOHNSON AND LANDRETH ON FRUIT, KITCHEN,
AND FLOWER GARDENING.

A DICTIONARY OF MODERN GARDENING,
BY GEORGE WILLIAM JOHNSON, ESQ.

Author of the
"

Principles of Practical Gardening,"
" The Gardener's Almanac,"&c.

WITH ONE HUNDRED AND EIGHTY WOOD-COTS.

EDITED, WITH NUMEROUS ADDITIONS, BY DAVID LANDRETH, OF PHILADELPHIA.

In one large royal duodecimo volume, extra cloth, of nearly Six Hundred and Fifty
double columned Pages.

This edition has been greatly altered from the original Many articles of little interest to Ameri
cans have been curtailed or wholly omitted, and much new matter, with numerous illustrations,
added, especially with respect to the varieties of fruitwhich experience has shown to be peculiarly
adapted to our climate. Still, the editor admits that he has only followed in the path so admirably
marked out by Mr. Johnson, to whom the chief merit of the work belongs, it has been an object
with the editor and publishers to increase its popular character, thereby adapting it to the larger
class of horticultural readers in this country, and they trust it will prove what they have desired it
to be, an Encyclopaedia of Gardening, if not of Rural Affairs, so condensed and at such a price as to
be within reach of nearly all whom those subjects interest.

"
This is a useful compendium of all that description of information which is valuable to the

modern gardener. It quotes largely from the best standard authors, journals, and transactions of

societies; and the labours of the American editor have fitted it for the United States, by judicious
additions and omissions. The volume is abundantly illustrated with figures in the text, embracing
a judicious selection of those varieties of fruits which experience has shown to be well suited to the
United States.—Silliman's Journal.

"
This is the most valuable work we have ever seen on the subject of gardening ; and no man of

taste who can devote even a quarter of an acre to horticulture ought to be without it. Indeed la

dies who merely cultivate flowers within-doors, will find tliis book an excellent and convenient

counsellor. It contains one hundred and eighty wood-cut illustrations, which give a distinct idea
of the fruits and garden-arrangements they are intended to represent.
" Johnson's Dictionary of Gardening, edited by Landreth, is handsomely printed, well-bound, and

Bold at a price which puts it within the reach of all who would be likely to buy it."
—Evergreen.

THE COMPLETE FLORIST.

A MANUAL OF GARDENING,
CONTAINING PRACTICAL INSTRUCTION FOR THE MANAGEMENT OF GREENHOUSE

PLANTS, AND FOR THE CULTIVATION OF THE SHRUBBERY—THE FLOWER

GARDEN, AND THE LAWN—WITH DESCRIPTIONS OF THOSE PLANTS

AND TREES MOST WORTHY OF CULTURE IN EACH

DEPARTMENT.

WITH ADDITIONS AND AMENDMEN TS,
ADAPTED TO THE CLIMATE OF THE UNITED STATES.

In one small volume. Price only Twenty-five Cents.

THE COMPLETE KITCHEN AND FRUIT GARDENER.

A SELECT MANUAL OF KITCHEN GARDENING,
AND THE CULTURE OF FPtUITS,

CONTAINING FAMILIAR DIRECTIONS FOR THE MOST APPROVED PRACTICE IN EACH
DEPARTMENT, DESCRIPTIONS OF MANY VALUABLE FRUITS, AND A

CALENDAR OF WORK TO BE PERFORMED EACH
MONTH IN THE YEAR.

THE WHOLE ADAPTED TO THE CLIMATE OF THE UNITED STATES.

In one small volume, paper. Price only Twenty-five Cents.

LANDRETEPS RURAL REGISTER AND ALMANAC, FOR 1848,
WITH NUMEROUS ILLUSTRATIONS.

STILL ON HAND,

A FEW COPIES OF THE REGISTER FOR 1847,
WITH OVER ONE HUNDRED WOOD-CUTS.

This work has 150 large 12mo. pages,double columns. Though published annually, and contain
ing an almanac, the principal part of the matter is of permanent utihty to the horticulturist and
farmer.
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LAW BOOKS.

HILLIARD ON REAL ESTATE.

NOW READY.

THE AMERICAN LAW OF REAL PROPERTY.

SECOND EDITION, REVISED, CORRECTED, AND ENLARGED.

BY FRANCIS HILLIARD,

COUNSELLOR AT LAW.

In two large octavo volumes, beautifully printed, and bound in best law sheep.

This book is designed as a substitute for Cruise's Digest, occupying the

same ground in American law which that work has long covered in the

English law. It embraces all that portion of the English Law of Real

Estate which has any applicability in this country ; and at the same time it

embodies the statutory provisions and adjudged cases of all the States upon

the same subject ; thereby constituting a complete elementary treatise for

American students and practitioners. The plan of the work is such as to

render it equally valuable in all the States, embracing, as it does, the pecu
liar modifications of the law alike in Massachusetts and Missouri, New

York and Mississippi. In this edition, the statutes and decisions subse

quent to the former one, which are very numerous, have all been incorpo
rated, thus making it one-third larger than the original work, and bringing
the view of the law upon the subject treated quite down to the present time.

The book is recommended in the highest terms by distinguished jurists of

different States, as will be seen by the subjoined extracts.

"
The work before us supplies this deficiency in a highly satisfactory manner. It is beyond all

question the best work of the kind that we now have, and although we doubt whether this or any

other work will be likely to supplant Cruise's Digest, we do not hesitate to say, that of the two,

this is the more valuable to the American lawyer. We congratulate the author upon the success

ful accomplishment of the arduous task he undertook, in reducing the vast body of the American

Law of Real Property to
'

portable size,' and we do not doubt that his labours will be duly appre

ciated by the profession."—Law Reporter, Aug., 1846.

Judge Story says :—"I think the work a very valuable
addition to our present stock of juridical

literature. It embraces all that part of Mr. Cruise's Digest which is most useful to American law

yers. But its liigher value is, that it presents in a concise, but dear and exact form, the substance

ofAmerican Law on the same subject. J know no work that we possess, whose practical utility is

likely to be so extensively felt."
"
The wonder is, that the author has been able to bring so great a

mass into so condensed a text, at once comprehensive and lucid."

Chancellor Kent says of the work (Commentaries, vol. ii., p. 635, note, 5th edition) :—
"
It is a work

of great labour and intrinsic value."

Hon. Rufus Choate savs :—
"
Mr. Milliard's work has been for three or four years in use, and 1

think that Mr. Justice Story and Chancellor Kent express the general opinion of the Massachusetts

Bar."

Professor Greenleaf says :—
"
I had already found the first edition a very convenient book of refe

rence, and do not doubt, from the appearance of the second, that it is greatly improved."

Professor J. H. Townsend, of Yale College, says :—

" I have been acquainted for several years with the first edition of Mr. Hilliard's Treatise, and

have formed a very favourable opinion of it. 1 have no doubt the second edition will be found even

more valuable than the first.and I shall be happy to recommend it as I may have opportunity. I

know of no other work on the subject of Real Estate, so comprehensive and so weil adapted to the

itate of the law In this country."
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LAW BOOKS.

ADDISON ON CONTRACTS.

A TREATISE ON THE LAW OP CONTRACTS AND

RIGHTS AND LIABILITIES EX CONTRACTU.

BY C. G. ADDISON, ESQ.,
Of the Inner Temple, Barrister at Law.

In one volume, octavo, handsomely bound in law sheep.

In this treatise upon the most constantly and frequently administered
branch of law, the author has collected, arranged and developed in an intel
ligible and popular form, the rules and principles of the Law of Contracts,
and has supported, illustrated or exemplified them by references to nearly
four thousand adjudged cases. It comprises the Rights and Liabilities of
Seller and Purchaser ; Landlord and Tenant ; Letter and Hirer of Chattels ;
Borrower and Lender ; Workman and Employer ; Master, Servant and Ap
prentice ; Principal, Agent and Surety; Husband and Wife; Partners;
Joint Stock Companies ; Corporations ; Trustees ; Provisional Committee
men ; Shipowners; Shipmasters; Innkeepers; Carriers; Infants; Luna
tics, &c.

WHEATON'S INTERNATIONAL LAW.

ELEMENTS OP INTERNATIONAL LAW.

BY HENRY WHEATON, LL.D.,
Minister of the United States at the Court of Russia, &c.

THIRD EDITION, REVISED AND CORRECTED.

In one large and beautiful octavo volume of 650 pages, extra cloth, or fine law sheep.

"Mr. Wheaton's work is indispensable to every diplomatist, statesman and lawyer, and necessary
indeed to all public men. To every philosophic and liberal mind, the study must be an attractive
and in the hands of our author it is a delightful one."—North American.

HILL ON TRUSTEES.

A PRACTICAL TREATISE ON THE LAW RELATING TO TRUSTEES,
THEIR POWERS, DUTIES, PRIVILEGES AND LIABILITIES.

BY JAMES KILL, ESQ.,
Of the Inner Temple, Barrister at Law.

EDITED BY FRANCIS J. TROUBAT,

Of the Philadelphia Bar.

In one large octavo volume, best law sheep, raised bands.

" The editor begs leave to iterate the observation made by the author that the work is intended

principally for the instruction and guidance of trustees. That single feature very much enhances
its practical value."

ON THE PRINCIPLES OF CRIMINAL LAW,
In one 18mo. volume, paper, price 25 cents.

BEING PART 10, OF
"

SMALL BOOKS ON GREAT SUBJECTS "



LEA AND BLANCHARD'S PUBLICATIONS.

LAW BOOKS.

SPENCE'S EQUITY JURISDICTION.

THE EQUITABLE JURISDICTION OF THE COURT OF CHANCER!
COMPRISING

ITS RISE, PROGRESS AND FINAL ESTABLISHMENT.

TO WHICH IS PREFIXED, WITH A VIEW TO THE ELUCIDATION OF THE MAIN SUB

JECT, A CONCISE ACCOUNT OF THE LEADING DOCTRINES OF THE COMMON

LAW, AND OF THE COURSE OF PROCEDURE IN THE COURTS OF COM

MON LAW, WITH REGARD TO CIVIL RIGHTS; WITH AN ATTEMPT

TO TliACE THEM TO THEIR SOURCES ; AND IN WHICH

THE VARIOUS ALTERATIONS MADE BY TILE

LEGISLATURE DOWN TO THE PRESENT

DAY ARE NOTICED.

BY GEORGE SPENCE, ESQ.,
One of her Majesty's Counsel.

IN TWO* OCTAVO VOLUMES.

Volume I . embracing the Principles, is now ready. Volume II. is rapidly preparing and will

appear^arly in 1848 ft is based upon the work of Mr. Maddock, brought down to the present

tune, and embracing so much of the practice as counsel are called
on to advise upon.

A NEW LAW DICTIONARY,
rmvrTArNTiNJO FTPLANATIONS OF SUCH TECHNICAL TERMS AND PHRASES AS OCCUP

^N THE WORKS OF LEGAL.AUTHORS, IN THE PRACTICE OF THE COURTS,

AND IN THE PARLIAMENTARY PROCEEDINGS OF T™ HOUSE OF LORDS

AND COMMONS, TO WHICH IS ADDED, AN OUTLINE OF AN

ACTION' AT LAW AND OF A SUIT IN EQUITY.

BY HENRY JAMES HOLTHOTJSE, ESQ.,
Of the Inner Temple, Special Pleader.

EDITED FROM THE SECOND AND ENLARGED LONDON EDITION,

WITH NUMEROUS ADDITIONS,

BY HENRY FENIHGTON,

Of the Philadelphia Bar.

In one large volume, royal 12mo., of about 500 pages, double columns, handsomely
6

bound in law sheep.

« Tbfc is i considerable improvement upon the former editions being bound with the usual law

SSffiW^a^gmde"ln»e nTtn'c^'e's^ter study it wiUneverthel« be found

a valuable acquisition to the library of the practitioner
h.n.self.»-^to Gazette.

"Thi.work is intended»th^
digests, and dict.onar.es

in use by the P™^1""^ "f the technical terms of the law. and as such

rately and distinctly upon the mind ,^e °l|anm= ™cl,Cur^„s information to be found in it in re-

can hardly fail to be generally^^y^..^^"^^ of the American edition give

^^dvatt^^aua^ciSi^M^a
l*» Journal.

rjAYLOS^HBDIOAWUaiSPKUDBNCS.
X PRACTICAL TREATISE ON MEDICAL JURISPRUDENCE.
Ai

BY ALFRED S. TAYLOR,

Lecturer on Medical Jurisprudence and Chemistry at Guy's Hospital, London.

With numerous Notes and Additions, and References to American Law,vvitnnumei
^ ^ e GRIFFITHi md.

In one volume, octavo, neat
law sheep.

TA

IK ONE NEAT OCTAVO VOLUME.

A NEW WOEK, NOW READY.

TRAILL'S

OUTLINES OF A COURSE OF LECTURES ON MEDICAL JURISPRUDENCE.
UU

IN ONE SMALL OCTAVO VOLUME.
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LAW BOOKS.

E A S T'S REPORTS.

REPORTS OF CASES

ADJUDGED AND DETERMINED IN THE COURT

OF KING'S BENCH.

WITH TABLES OF THE NAMES OF THE CASES AND PRINCIPAL MATTERS.

BV EDWARD HYDE EAST, ESQ.,
Of the Inner Temple, Barrister at Law.

EDITED, WITH NOTES AND REFERENCES,

BY G. M. WHARTON', ESQ.,
Of the Philadelphia Bar.

In eight large royal octavo volumes, bound in best law sheep, raised bands and double

titles. Price, to subscribers, only twenty-five dollars.

In this edition of East, the sixteen volumes of the former edition have

been compressed into eight
—two volumes in one throughout

—but nothing
has been omitted ; the entire work will be found, with the notes of Mr.

Wharton added to those of Mr. Day. The great reduction of price, (from
$72, the price of the last edition, to $25, the subscription price of this,)

together with the improvement in appearance, will, it is trusted, procure for
it a ready sale.

A NEW WORK ON COURTS-MARTIAL

A TREATISE ON AMERICAN MILITARY LAW,
AND THE

PRACTICE OF COURTS.MARTIAL,

WITH SUGGESTIONS FOR THErR IMPROVEMENT.

BY JOHN O'BRIEN,
LIEUTENANT UNITED STATES ARTILLERY.

In one octavo volume, extra cloth, or law sheep.

"This work stands relatively to American Military Law in the same position that Blackstone'a

Commentaries stand to Common Law."— IT. S. Gazette.

CAMPBELL'S LORD CHANCELLORS.

UVES OF THE LORD CHANCELLORS AND KEEPERS OP

THE GREAT SEAL OF ENGLAND,

FROM THE EARLIEST TIMES TO THE REIGN OF KING GEORGE TV.,

BY JOHN LORD CAMPBELL, A.M., F.R.S.E.

FIRST SEEIE S,
In three neat demy octavo volumes, extra cloth,

BRINGING THE WORK TO THE TIME OF JAMES LI, JDST ISSUED.

PREPARING,

SECOND SERIES,
In four volumes, to match,

CONTAINING FROM JAMES IT. TO GEORGE IV.
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YOUATT AND SKINNER'S

STANDARD WORK OH THE I30RSE.

THE HORSE.

BY WILLIAM YOUATT.

A NEW EDITION, WITH NUMEROUS ILLUSTRATIONS.

TOGETHER WITH A

GENERAL HISTORY OP THE HORSE;

A DISSERTATION ON

THE AMERICAN TROTTING HORSE;

HOW TRAINED AND JOCKEYED.

AN ACCOUNT OF HIS REMARKABLE PERFORMANCES;

AND

AN ESSAY ON THE ASS ANI> THE MULE,

BY J. S. SKINNER,

Assistant Post-Master-General, and Editor of the Turf Register.

This edition of Youatt's well-known and standard work on the Manage

ment Diseases, and Treatment of the Horse, has already obtained such a

wide circulation throughout the country, that the Publishers need say no

thing to attract to it the attention and confidence of all who keep Horses or

are interested in their improvement.

"In introducing this very neat edition of Youatt's well-known book, on 'The Horse,' to our

readers, it is not necessary, even
if we had time, to say anything to convince them of its worth ; it

has been highly spoken of, by those most capable of appreciating its merits, and its appearance

under the patronage of the
'

Society for the Diffusion of Useful Knowledge,' with Lord Brougham

at its head affords a full guaranty for its high character.
The book is a very valuable one and we

endorse th^commendation of the editor, that every man who
owns the

'
hair of a horse,' should

have it at his elbow, to be consulted like a family physician,
•
for mitigating the disorders, and pro

longing the life of the most interesting and useful of all domestic
animals.' "-Farmer's Cabinet.

"This celebrated work has been completely revised, and much of it almost entirely re-written

by its able author, who, from being a practical veterinary surgeon,
andwithal a great lover and

SJrtlJnt iudee of the animal, is particularly well qualified
to write the history of the noblest of

Tadrup ds Mess^ Lea and Blanchard of Philadelphia have republished
the above work om.tting

Tfew of the first pages, and have supplied their place with matter quite as valuable and perhaps

morl interesting to the reader in this country ; it being nearly 100 pages of a general lustory of tne

ho" e aNation on the American trotting horse, how trained and jockeyed an account of his

remarkable performances, and an essay
on the Ass and Mule, by J. S. Skinner, Esq., Assistant Post-

»General, and late editor of the Turf Register and
American Farmer Mr Skinner is one

ofTur most pleasing writers, and has been familiar with the suhject of the horse from childhood,

L we need not adl that he has acquitted himself well of the task. He also takes up the import-

^tsubject, to the American breeder, of the Ass, and the Mule. This he treats at length and con

amore. The Philadelphia edition of the Horse is a handsome octavo,
with numerous wood-cute. -

American Agriculturist.
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YOUATT ON THE PIG.

THE PIG;

A TREATISE ON THE BREEDS, MANAGEMENT, FEEDING,
AND MEDICAL TREATMENT OF SWINE,

WITH DIRECTIONS FOR SALTING PORK, AND CURING BACON AND HAMS.

BY WILLIAM YOUATT, V.S.

Author of "The Horse," "The Dog," "Cattle,"
"

Sheep," Sic, Sic

ILLUSTRATED WITH ENGRAVINGS DRAWN FROM LIFE BY WILLIAM HARVEY.

In one handsome duodecimo volume, extra cloth, or in neat paper cover, price 50 cents.

This work, on a subject comparatively neglected, must prove of much use to farmers, especially
in this country, where the Pig is an animal of more importance than elsewhere. No work has

hitherto appeared treating fully of the various breeds of swine, their diseases and cure, breeding,

fattening, Sic, and the preparation of bacon, salt pork, hams. ic, while the name of the author of
"
The Horse," "The Cattle Doctor," ic., is sufficient authority for all he may state. To render it

more accessible to those whom it particularly interests, the publishers have prepared copies in

neat illustrated paper covers, suitable for transmission by mad ; and which will be sent through
the post-office on the receipt of fifty cents, free of postage.

CLATER AND YOUATT'S CATTLE DOCTOR.

EVERY MAN HIS OWN CATTLE DOCTOR:
CONTAINING THE CAUSES, SYMPTOMS AND TREATMENT OF ALL

DISEASES INCIDENT TO OXEN, SHEEP AND SWINE;

AND A SKETCH OF THE

ANATOMY AND PHYSIOLOGY OF NEAT CATTLE.

BY FRANCIS CLATER.

EDITED, REVISED AND ALMOST RE-WRITTEN, BY

WILLIAM YOUATT, AUTHOR OP "THE HORSE."

WITH NUMEROUS ADDITIONS,

EMBRACING AN ESSAY ON THE USE OF OXEN AND THE IMPROVEMENT IN THE

BREED OF SHEEP,

BY J. S. SKINNER.

WITH NUMEROUS CUTS AND ILLUSTRATIONS.

In one 12mo. volume, cloth.

"As its title would import, it is a most valuable work, and should be in the hands of every Ame

rican farmer; and we feel proud in saying, that the value of the work has been greatly enhanced

By the contributions of Mr. Skinner. Clater and Youatt are names treasured by the farming com
munities of Europe as household-gods ; nor does that of Skinner deserve to be less esteemed in

America."—American Farmer.

CLATER'S FARRIER.

EVERY MAN HIS OWN FARRIER:
CONTAINING THE CAUSES, SYMPTOMS, AND MOST APPROVED METHODS OF CURB

OF THE DISEASES OF HORSES.

BY FRANCIS CLATEB,
Author of

"

Every Man his own Cattle Doctor,"

AND HIS SON, JOHN CLATER.
FIRST AMERICAN FROM THE TWENTY-EIGHTH LONDON EDITION.

WITH NOTES AND ADDITIONS,

BY J. S. SKINNEB.
In one 12mo. volume, cloth.
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HAWKER AND PORTER ON SHOOTING.

INSTRUCTIONS TO YOUNG SPORTSMEN

IN ALL THAT RELATES TO GUNS AND SHOOTING.
BY LIEUT. OOL. P. HAWKER.

FROM THE ENLARGED AND IMPROVED NINTH LONDON EDITION,

TO WHICH IS ADDED THE HUNTING AND SHOOTING OF NORTH AMERICA, WITH
DESCRIPTIONS OF ANIMALS AND BIRDS, CAREFULLY COLLATED

FROM AUTHENTIC SOURCES.

BY W. T. PORTER, ESQ,.
EDITOR OP THE N. Y. SPIRIT OF THE TIMES.

In one large octavo volume, rich extra cloth, with numerous Illustrations.
"
Here is a book, a hand-book, or rather a text-hook—one that contains the whole routine of the

science. It is the Primer, the Lexicon, and the Homer. Everything is. here, from the minutest

portion of a gun-lock, to a dead Buffalo. The sportsman who reads this book understandingiy, may
pass an examination. He will know the science, and may give advice to others. Every sportsman,
and sportsmen are plentiful, should own this work. It should be a "vade mecum." He should
be examined on its contents, and estimated by his abilities to answer. We have not been without
treatises on the art, but hitherto they have not descended into all the minutiae of equipments and

qualifications to proceed to the completion. This work supplies deficiencies, and completes the

sportsman's library."—U. S. Gazette.
"
No man in the country that we wot of is so well calculated as our friend of the

'

Spirit' for the
task he has undertaken, and the result of his labours has been that he has turned out a work which
should be in the hands of every man in the land who owns a double-barrelled gun."—N. O. Picayune.

"
A volume splendidly printed and bound, and embellished with numerous beautiful engravings,

which will doubtless be in great demand. No sportsman, indeed, ought to be without it, while the

general reader will find in its pages a fund of curious and useful information."
—Richmond Whig.

Y O^TA^FT^O^^T^lE^TrGT

THE BOG,
BY WILLIAM YOUATT,

Author of
"
The Horse," &c.

WITH NUMEROUS AND BEAUTIFUL ILLUSTRATIONS.

EDITED BY E. J. LEWIS, M.D. &c. &c.

In one beautifully printed volume, crown octavo.

LIST OF PLATES.

Head of Bloodhound—Ancient Greyhounds—The Thibet Dog—The Dingo, or New Holland Dog—
The Danish or Dalmatian Dog—The Hare Indian Dog

—The Greyhound—The Grecian Greyhound
—Blenheims and Cockers—The Water Spaniel—The Poodle—1 he Alpine Spaniel or Bernardino

Dog—TheNewfoundland Dog—The Esquimaux Dog—The English Sheep Dog—The Scotch Sheep

Dog—The Beagle—The Harrier—The Foxhound—Plan of Goodwood Kennel—The Southern

Hound—The Setter—The Pointer—The Bull Dog—The Mastiff—The Terrier—Skeleton of th«

D0g_Teeth of the Dog at seven different ages.
"
Mr. Youatt's work is invaluable to the student of canine history; it is full of entertaining ani

instructive matter for the general reader. To the sportsman it commends itself by the large amount

of useful information in reference to his peculiar pursuits which it embodies—information whinh

lie cannot iind elsewhere in so convenient and accessible a form, and with so reliable an authority

to entitle it to his consideration. The modest preface which Dr. Lewis has made to the American

edition of this work scarcely does justice to the additional value he has imparted to it; and the

publishers are entitled to great credit for the handsome manner in which they have got it up."—

North American.
_„ .„ ^ ~_^„. ,

THE SPORTSMAN'S LIBRARY,
on HINTS ON HUNTERS, HUNTING, HOUNDS, SHOOTING, GAME, DOGS, GUNS,

FISHING, COURSING, &c, &c.

BY JOHN MILLS, ESQ.,
Author of "The Old English Gentleman," >vc.

In one well printed royal duodecimo volume, extra cloth.

stable"taik and table talk,
OR SPECTACLES FOR TOUNG SPORTSMEN".

BY HARRY HIEOVER.

In one very neat duodecimo volume, extra cloth.

"These lively sketches answer to their title very well. Wherever Nimrod is welcome, there

should be cordial greeting fur Harrv Hieover. His book is a very clever one, and contains many

instructive hints, as well as much light-hearted reading."—
Examiner.

THE DOG™ANB THE SPORTSMAN,
EMBRACING THE USES, BREKDTNG, TRAINING, DISEASES, ETC:, OF* DOGS. AND AN

ACCOUNT OF THE DIFFERENT KINDS OF GAME, WITH THEIR HABITS.

Also, Hints to Shooters, with various
useful Recipes, &c, &Ci

BY J. S. SKINNER.

With Plates. In one very neat 12mo. volume, Mlra cluth.
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FRANCATELLI'S MODERN FRENCH COOKERY.

THE MODERN COOK,
A PRACTICAL GUIDE TO THE CULINARY ART, IN ALL ITS BRANCHES, ADAPTED A3

WELL FOR THE LARGEST ESTABLISHMENTS AS FOR THE USE

OF PRIVATE FAMILIES.

BY CHARLES ELME FRANCATELLI,
Pupil of the celebrated Careme, and late Maitre D'Hotel and Chief Cook to her Majesty the Queen.

In one large octavo volume, extra cloth, with numerous illustrations.
"
It appears to be the book of books on cookery, being a most comprehensive treatise on that art

preservative and conservative. The work comprises, in one large and elegant octavo volume, 1447

recipes for cooking dishes and desserts, with numerous illustrations ; also bills of fare and direc

tions for dinners for every month in the year, for companies of six persons to twenty-eight.
—Nat.

Intelligencer.

"The ladies who read our Magazine, will thank us for calling attention to this great work on the

noble science of cooking, in which everybody, who has any taste, feels a deep and abiding interest.

Francatelli is the Plato, the Shakspeare, or the Napoleon of his department ; or perhaps the La

Place, for his performance bears the same relation to ordinary cook books that the Mecanique
Celeste does to Daboll's Arithmetic. It is a large octavo, profusely illustrated, and contains every

thing on the philosophy ofmaking dinners, suppers, etc., that is worth knowing.—Graham'sMagazine.

MODERN COOKER? IN ALL ITS BRANCHES,
REDUCED TO A SYSTEM OF EASY PRACTICE. FOR THE USE OF PRIVATE FAMILIES.

IN A SERIES OF PRACTICAL RECEIPTS, ALL OF WHICH ARE GIVEN

WITH THE MOST MINUTE EXACTNESS.

BY ELIZA ACTON.

WITH NUMEROUS WOOD-CUT ILLUSTRATIONS.

TO WHICH IS ADDED, A TABLE OF WEIGHTS AND MEASURES.

THE WHOLE REVISED AND PREPARED FOR AMERICAN HOUSEKEEPERS.

BY MRS. SARAH J. HALE.

From the Second London Edition. In one large 12mo. volume.

"Miss Eliza Acton may congratulate herself on having composed a work ofgreat utihty, and ons

that is speedily finding its way to every
'
dresser* in the kingdom. Her Cookery-book is unques

tionably the most valuable compendium of the art that has yet been published. It strongly incul

cates economical principles, and points out how good things may be concocted without that reck

less extravagance which good cooks have been wont to imagine the best evidence they can give of

skill in their profession."
—London Morning Post.

PLAIN AND PRACTICAL DIRECTIONS FOR COOKING AND HOUSEKEEPING,
'WITH UPWARDS OF SEVEN HUNDRED RECEIPTS,

Consisting of Directions for the Choice of Meat and Poultry, Preparations for Cooking ; Making of
Broths and Soups ; Boiling, Roasting, Baking and Frying of Meats, Fish, &c. ; Seasonings,

Colorings, Cooking Vegetables ; Preparing Salads ; Clarifying ; Making of Pastry,
Puddings, Gruels, Gravies, Garnishes, <fec. Sic, and with general

Directions for making Wines.

WITH ADDITIONS AND ALTERATIONS.

BY J. M. SANDERSON,
OF THE FRANKLIN HOUSE.

In one small volume, paper. Price only Twenty-five Cents.

THE COMPLEtTSjnS BAKER.

PLAIN AND PRACTICAL DIRECTIONS

FOR MAKING CONFECTIONARY AND PASTRY, AND FOR BAKING.
WITH UPWARDS OP FIVE HUNDRED RECEIPTS,

Consisting of Directions for making all sorts of Preserves, Sugar Boiling, Comfits, Lozengesi.
Ornamental Cakes, Ices, Liqueurs, Waters, Gum Paste Ornaments, Syrups, Jellies,

Marmalades, Compotes, Bread Baking, Artificial Yeasts, Fancy
Biscuits, Cakes, Rolls, Muffins, Tarts, Pies, &c., <tc.

WITH ADDITIONS AND ALTERATIONS.

BY PARKINSON,
PRACTICAL CONFECTIONER, CHESTNUT STREET.

In one email volume, paper. Price only Twenty-five Cents.



LEA AND BLANCHARD'S PUBLICATIONS.

SMALL BOOKS ON GREAT SUBJECTS.
A SERIES OF WORKS

WHICH DESERVE THE ATTENTION OF THE PUBLIC, FROM THE VARIETY AND

IMPORTANCE OF THEIR SUBJECTS, AND THE CONCISENESS AND

STRENGTH WITH WHICH THEY ARE WRITTEN.

They form a neat 18mo. series, in paper, or strongly done up in three neat volumes, extra cloth.

THERE ARE ALREADY PUBLISHED,

No. L—PHILOSOPHICAL THEORIES AND PHILOSOPHICAL EXPERIENCE.

2 —ON THE CONNEXION BETWEEN PHYSIOLOGY AND INTELLECTUAL SCIENCE.

3.—ON MAN'S POWER OVER HIMSELF, TO PREVENT OR CONTROL INSANITY.

4.—AN INTRODUCTION TO PRACTICAL ORGANIC CHEMISTRY, WITH REFER

ENCES TO THE WORKS OF DAVY, BRANDE, LIEBIG, Sic

5.—A BRIEF VIEW OF GREEK PHILOSOPHY UP TO THE AGE OF PERICLES.

6.—GREEK PHILOSOPHY FROM THE AGE OF SOCRATES TO THE COMING OF

CHRIST.

7.—CHRISTIAN DOCTRINE AND PRACTICE IN THE SECOND CENTURY'.

8.—AN EXPOSITION OF VULGAR AND COMMON ERRORS, ADAPTED TO THE YEAR

OF GRACE MDCCCXLV.

9.—AN INTRODUCTION TO VEGETABLE PHYSIOLOGY, WITH REFERENCES TO

THE WORKS OF DE CANDOLLE, LINDLEY, &c.

10.-ON THE PRINCIPLES OF CRIMINAL LAW.

11.—CHRISTIAN SECTS IN THE NINETEENTH CENTURY.

12.—THE GENERAL PRINCIPLES OF GRAMMAR.

"
We are glad to find that Messrs. Lea Si Blanchard are reprinting, for a quarter of their original

price, this admirable series of little books,
which have justly attracted so much attention in Great

Britain."—Graham's Magazine.

"The writers of these thoughtful treatises are not labourers for hire ; they are men who have

stood apart from the throng, and marked the movements of the crowd, the tendencies of society,

its evils and its errors, and, meditating upon them,
have given their thoughts to the thoughtful."—

London Critic.

"
A series of little volumes, whose worth is not at all to

be estimated by their size or price. They

are written in England by scholars of eminent ability, whose design
is to call the attention of the

public to various important topics,
in a novel and accessible mode of publication.''-^. Y.Morning

News.

MACKINTOSH'S DISSERTATION ON THE PROGRESS

OF ETHICAL PHILOSOPHY,
WITH A PREFACE BY

THE REV. WILLIAM WHEWELL, M. A.

In one neat 8vo. vol., extra cloth.

OVERLAND JOURNEY ROUND THE WORLD,

DURING THE YEARS 1841 AND 1842,

BY SIR GEORGE SIMPSON,

GOVERNOR-IN-CHIEF OF THE HUDSON'S BAY COMPANY'S TERRITORIES.

In one very neat crown
octavo volume, rich extra crimson cloth, or in two

parts, paper, price 75 cents each.

"A more valuable or instructive work, or one more full of perilous adventure and heroic enter

prise, we have never
met with."—John Bull.

" It abounds with details of the deepest interest, possesses
all the charms of an exciting roraanc*

and fiumehei! an immense mass
of valuable information."-Inquirer.
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UNITED STATES EXPLORING EXPEDITION.

THE NARRATIVE OP THE

UNITED STATES EXPLORING EXPEDITION,
DURING THE YEARS 1838, '39, '40, 41, AND '43.

BY CHARLES "WILKES, ESQ., V. S. N.

COMMANDER OP THE EXPEDITION. ETC.

PRICE TWENTY-FIVE DOLLARS.

A New Edition, in Five Medium Octavo Volumes, neat Extra Cloth, particularly dona

up with reference to strength and continued use: containing Twenty-Six Hun

dred Pages of Letter-press. Illustrated with Maps, and about Three

Hundred Splendid Engravings on Wood.

PRICE ONLY TWO DOLLARS A VOLUME.

Though offered at a price so low, this is the complete work, containing all the letter-press of the
edition printed for Congress, with some improvements suggested in the course of passing the work

again through the press. All of the wood-cut illustrations are retained, and nearly all the maps ;

the large steel plates of the quarto edition being omitted, and neat wood-cuts substituted for forty-
seven steel vignettes. It is printed on fine paper, with large type, bound in very neat extra cloth,
and forms a beautiful work, with its very numerous and appropriate embellishments.

The attention of persons forming libraries is especially directed to this work, as presenting the

novel and valuable matter accumulated by the Expedition in a cheap, convenient, and readable form.

SCHOOL and other PUBLIC LIBRARIES should not be without it. as embodying the results of

the First Scientific Expedition commissioned by our government to explore foreign regions.

"We have no hesitation in saying that it is destined to stand among the most enduring monu

ments of our national literature. Its contributions not only to every department of science, but

every department of history, are immense ; and there is not an intelligent man in the community—

no matter what may be his taste, or his occupation, but will find something here to enlighten, to

gratify, and to profit him."—Albany Religious Spectator.

ANOTHER EDITION.

PRICE TWENTY-FIVE DOLLARS.

IN FIVE MAGNIFICENT IMPERIAL OCTAVO VOLUMES;
WITH AN ATLAS OF LARGE AND EXTENDED MAPS.

BEAUTIFULLY DONE UP IN EXTRA CLOTH.

This truly great and National Work is issued in a style of superior magnificence
and beauty, containing Sixty-four large and finished Line Engravings, embracing
Scenery, Portraits, Manners, Customs, &c, <kc. Forty-seven exquisite Steel Vignettes,
worked among the letter-press; about Two Hundred and Fifty finely-executed Wood

cut Illustrations, Fourteen large and small Maps and Charts, and nearly Twenty-six
Hundred pages of Letter-press.

ALSO, A FEW COPIES STILL ON HAND.

THE EDITION PRINTED FOR CONGRESS,
IN FIVE VOLUmES, AND AN ATLAS.

LARGE IMPERIAL QUARTO, STRONG EXTRA CLOTH.

PRICE SIXTY DOLLARS.

JUST ISSUED,

THE ETHNOGRAPHY AND PHILOLOGY OF THE UNITED

STATES EXPLORING EXPEDITION,
UNDER THE COMMAND OF CHARLES WILKES, ESQ., U. S. NAVY.

BY HORATIO HALE,
PHILOLOGIST TO THE EXPEDITION.

in one large imperial octavo volume of nearly seven hundred pages. With two Maps, printed to

match the Congress copies of the
"
Narrative."

Price ten dollars, in beautiful extra cloth, done up with great strength.

*»* This is the only edition printed, and but few are offered for sale.

The remainder of the scientific works of the Expedition are in a state of rapid progress. The
volume on Corars, by J. D. Dana, Esq., with an Atlas of Plates, will be shortly ready, to b« fol

lowed by the others.
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DON QUIXOTE-ILLUSTRATED EDITION.

. NEARLY READY.

DON QUIXOTE DE LA MANCHA,
TRANSLATED FROM THE SPANISH OB

MIGUEL DE CERVANTES SAAVEDRA

BY CHARLES JARVI3, ESQ.

CAREFULLY REVISED AND CORRECTED, WITH A MEMOIR OF THE AUTHOR AND

NOTICE OF HIS WORKS.

WITH NUMEROUS ILLUSTRATIONS,

BY TONY JOHANNOT.

In two beautifully printed volumes, crown octavo, rich extra crimson cloth;

7) 9C. \ ^ * -M

iu

The publishers are happy in presenting to the admirers of Don Quixote an edition of that work

in some degree worthy of its reputation and popularity. The want of such a one has long been felt

in this country, and in presenting this, they have only to express their hope
that it may meet the

numerous demands and inquiries. The translation is that by Jarvis, which is acknowledged supe

rior in both force and fidelity to all others. It has in some few instances been slightly altered to adapt

it better to modem readers, or occasionaUy to suit it to the inimitable designs of Tony Johannot.

These latter are admitted to be the only successful pictorial exponents of the wit and humor ot

Cervantes, affll a choice selection of them have been engraved in the best manner. A copious

memoir of the author and his works has been added by the editor. The volumes are printed in

large clear type, on fine paper, and handsomely bound, and the whole is confidently offered a*

worcny tlie approbation ot all readers of this imperishable romance.
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PICCIOLA.
ILLUSTRATED EDITION.

PICCIOLA, THE PRISONER OF FENESTRELLAj
OR, CAPTIVITY CAPTIVE.

BY X. B. SAINTINE.

A NEW EDITION, WITH ILLUSTRATIONS.

In one elegant duodecimo volume, large type, and fine paper; price in fancy covers
50 cents, or in beautiful extra crimson cloth.

"

Perhaps the most beautiful and touching work of fiction ever written, with the exception of
Undine."—Atlas.

"The same publishers have shown their patriotism, common sense, and good taste by putting
forth their fourth edition of this work,with a set of very beautifu 1 engraved embellishments. There

never was a book which better deserved the compliment. It is one of greatly superior merit to
Paul and Virginia, and we believe it is destined to surpass that popular work of St. Pierre in popu
larity. It is better suited to the advanced ideas of the present age, and possesses peculiar moral
charms in which Paul and Virginia is deficient. St. Pierre's work derived its popularitv from its

bold attack on feudal prejudices; Saintine's strikes deeper, and assails the secret infidelity which

is the bane of modern society, in its stronghold. A thousand editions of Picciola will not be too

many for its merit."
—Lady's Book.

"
This is a little gem of its kind—a beautiful conceit, beautifully unfolded and applied. The style

and plot of this truly charming story require no criticism ; we will only express the wish that those
who rely on works of fiction for their intellectual food, may always find those as pure in language
and beautiful in moral as Picciola."—New York Review.
"
The present edition is got up in beautiful style, with illustrations, and reflects credit upon the

publishers. We recommend to those of our readers who were not fortunate enough to meet with
Picciola some years ago, when it was first translated, and for a season all the rage, to lose no time

in procuring it now—and to those who read it then,*ut do not possess a copy, to embrace the op

portunity of supplying themselves from the present very excellent edition."—Saturday Evening Post.

"A new edition of this exquisite story has recently been issued by Messrs. Lea <fe Blanchard,
embellished and illustrated in the most elegant manner. We understand that the work was com

pletely out of print, and a new edition will then be welcomed. It contains a delightful letter from
the author, giving a painful insight into the personal history of the characters who figure in the

story."—Evening Bulletin.
"
The most charming work we have read for many a day."—Richmond Enquirer.

LOVER'S RORY O'MORE.

BOH7 O'MORE-i*. NATIONAL ROMANCE,
BY SAMUEL LOVER.

A new and cheap edition, with Illustrations by the Author. Price only 25 cents.

Also, a beautiful edition in royal 12mo., price 50 cents, to match the following.

"A truly Irish, national, and characteristic story."—London Literary Gazette.

"Mr. Lover has here produced his best work of fiction, which will survive when half the Irish
sketches with which the literary world teems are forgotten. The interest we take in the varied
adventures of Rory is never once suffered to abate. We welcome him with high delight, and
part from him with regret."—London Sun.

LOVER'S IRISH STORIES.

LEGENDS A2STD STORIES OF IRELAND,
BY SAMUEL LOVER.

In one very neat 12mo. volume, fine paper, extra cloth or fancy paper,
With Illustrations by the Author.

LOVER'S SONGS AND BALLADS,
INCLUDING THOSE OF THE "IRISH EVENINGS."

In one neat 12mo. volume, price 25 cents.

MABSTON,

OR THE MEMOIRS OF A STATESMAN AND SOLDIER.
BY THE REV. GEORGE CROLY,

Author of
"

Salathiel,"
"

Angel of the World," Sic

In one octavo volume, paper, price fifty cents.

"A work of high character and absorbing interest."
— New Orleans Bee.
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BIOGRAPHY AND POETICAL REMAINS
OF THE LATE

MARGARET MILLER DAVIDSON.

BY WASHINGTON IRVING.

A NEW EDITION, REVISED.

POETICAL REMAINS

OF THE LATE

LXTCRETIA MARIA DAVIDSON.

COLLECTED AND ARRANGED BY HER MOTHER, WITH A BIOGRAPHY BY

MISS SEDGWICK.

A NEW EDITION, REVISED.

SELECTIONS FROM THE

WRITINGS OF MRS. MARGARET M. DAVIDSON,
THE MOTHER OF LUCRETIA AND MARGARET.

WITH A PREFACE BY MISS SEDGWICK.

The above three works are done up to match in a neat duodecimo form, fancy paper, price fifty

cents each ; or in extra cloth.

THE LANGUAGE OF FLOWERS,
WITH ILLUSTRATIVE POETRY; TO WHICH ARE NOW ADDED THE

CALENDAR OF FLOWERS, AND THE DIAL OF FLOWERS.

SEVENTH AMERICAN, FROM THE NINTH LONDON EDITION.

Revised by the Editor of the
"

Forget-Me-Not."

In one very neat 18roo. volume, extra crimson cloth, gilt. With six colored Hates.

CAMPBELL'S POETICAL WORKS,
THE ONLY COMPLETE AMERICAN EDITION,

WITH A MEMOIR OF THE AUTHOR BY IRVING, AND AN

ESSAY ON HIS GENIUS BY JEFFREY.

fa one beautiful crown octavo volume, extra cloth,
or calf gilt : with a Portrait and 12 Hates.

KEBLE'S CHRISTIAN YEAR,
EDITED BY THE RIGHT REV. BISHOP DOANE.

Miniature Edition, in 32mo., extra cloth,
with Illuminated Title.

RELIGIO ME^ICUN^^ IV10RALS'
BY SIR THOMAS BROWNE, KT.,

WITH RESEMBLANT PASSAGES FROM COWPER'S TASK.

In one neat I2mo. volume.

H E M A N sVcOMPlIITTo^^
IN SEVEN VOLUMES, ROYAL 12MO., PAPER OR CLOTH.

"ToGERS'S POEMS,
ILLUSTRATED,

IN ONE IMPERIAL OCTAVO VOLUME, EXTRA CLOTH OR WHITS CALF.
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DICKENS'S WORKS.

VARIOUS EDITIONS AND PRICES.

CHEAPEST EDITION IN NINE PARTS PAPER,
AS FOLLOWS:

THE PICKWICK PAPERS, 1 large vol. 8vo., paper, price 50 cents.

OLIVER TWIST, 1 vol. 8vo., paper, price 25 cents.

SKETCHES OF EVERY-DAY-LIFE, 1vol. 8vo., paper, price 37£ cents.

NICHOLAS NICKLEBY, 1 large vol. 8vo., paper, price 50 cents.

THE OLD CURIOSITY SHOP, 1 vol. 8vo., paper, with many Cuts,
price 50 cents.

BARNABY RUDGE, 1 vol. 8vo., with many Cuts, price 50 cents.

MARTIN CHUZZLEW1T, 1 vol. 8vo., with plates, price 50 cents.

CHRISTMAS STORIES.—The Carol, The Chimes, The Cricket on
the Hearth, and The Battle of Life—together with Pictures from
Italy, 1 vol. 8yo., price 37£ cents.

POMBEY AND SON, Part L, to be completed in Two Parts, price 25

cents each.

Forming a neat and uniform Edition of these popularworks. Any work sold separately.

ALSO,

A UNIFORM AND CHEAP EDITION OF

DICKENS'S NOVELS AND TALES,
IN THREE LARGE VOLUMES.

THE NOVELS AND TALES OF CHARLES DICKENS,

(BOZ,)
In Three large and beautiful Octavo Volumes, done up in Extra Cloth,

CONTAINING ABOUT TWENTY-TWO HUNDRED AND FIFTY LARGE DOUBLE

COLUMNED PAGES.

PRICE FOR THE WHOLE, ONLY THREE DOLLARS AND SEVENTY-FIVE CENTS.

The frequent inquiries for a uniform, compact and good edition of Boz's works, have induced the

publishers to prepare one, which they now offer at a price so low that it should command a very
extended sale. It is printed on fine white paper, with good type, and forms three large volumes,
averaging about seven hundred and fifty pages each, done up in various styles of extra cloth, making
a beautiful and portable edition.

—Some of the works are illustrated with Wood Engravings.
This Edition comprehends the first seven parts, and will be completed with the issue of the

Fourth Volume, on the completion of "Dombey and Son," now in progress of publication, con
taining that work, the

"
Christmas Stories," and

'
Pictures from Italy." Purchasers may thus rely

on being able to perfect their sets.

ALSO, AN EDITION PROFUSELY ILLUSTRATED WITH

ONE HUNDRED AND THIRTY-FOUR PLATES, AND ONE

HUNDRED AND FORTY WOOD-CUTS.

In Imperial octavo, extra cloth, on fine white paper.

53" The above are the only Complete and Uniform Editions of Dickens's Works now
before the public.

NOW PUBLISHING,

DOKBEY AND SON.
FINE EDITION.

In twenty numbers, price 8 cents each, with two illustrations by Hablot
K. Browne in each number.

This is the only edition which presents the plates accompanying the text towhich they refer.
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SELECT WORKS OF FIELDING AND SMOLLETT,
Printed in a neat and uniform style, to match the cheap edition of Dickens'sWorks.

SELECT WORKS OF TOBIAS SMOLLETT,
WITH A MEMOIR OF HIS LIFE AND WRITINGS,

BY SIR. WALTER SCOTT.

THIS EDITION CONTAINS:

THE ADVENTURES OF RODERICK RANDOM. Price twenty-five cents.

THE ADVENTURES OF PEREGRINE PICKLE. Price fifty cents.

THE EXPEDITION OF HUMPHREY CLINKER. Price twenty-five cents.

THE ADVENTURES OF FERDINAND COUNT FATHOM. Price twenty-five cents.

THE ADVENTURES OF SIR LAUNCELOT GREAVES, THE HISTORY AND ADVENTURES

OF AN ATOM, AND SELECT POEMS. Price twenty-five cents.

Or, the whole done up in one very large octavo volume, extra cloth.

SELEcTWRK?1Fl?NWTrElDING,
WITH A MEMOIR OF HIS LIFE AND WRITINGS,

BY SIR WALTER SCOTT,

AND AN ESSAY ON HIS LIFE AND GENIUS,

BY ARTHUR MURPHY, ESQ.

THIS EDITION CONTAINS :

TOM JONES OR THE HISTORY OF A FOUNDLING. Price fifty cents.

THE ADVENTURES OF JOSEPH ANDREWS, AND HIS FRIEND MR. ABRAHAM ADAMS.

Price fifty cents.

AMELIA. Price twenty-five cents.

THE LIFE OF JONATHAN WILD THE GREAT. Price twenty-five cents.

Or, the whole in one large octavo volume, extra cloth.

COOPEFiMN^
A UKTSPORBffi EDITION,

IN TWENTY-THREE LARGE DUODECIMO VOLUMES,

WELLBOUND IN SHEEP GILT,

Forming a beautiful series, each volume comprehending
a novel.

ALSO, A CHEAP EDITION,

IN FORTY-SIX VOLUMES, DUODECIMO,!

DONE UP IN NEAT PAPER COVERS.

Price only twenty-five cents a volume, each work in two volumes. Any novel

sold separate.

COMPRISING:
*

THE SPV-THE^WATERWITCH■g^^^^^t^^^^^^
THE WISH-TO^WISH-MLRCLDE^ AND W1JSG_WYAN_

DaPTEfoR^HUTTOD LnOLL; AND THE TRAVELING BACHELOR.

ALSO, NED^ntJaH^^ MAST*

In one 12mo. volume. Price twenty-five cents.

ALSO, COOPER'S SEA TALES,
In six neat volumes, royal 12mo., extra

cloth.

ooope^sIeatherstocking tales,
In five neat volumes, royal 12mo., extra

cloth.
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BOY'S TREASURY OF SPORTS.

THE BOY'S TREASURY OF SPORTS, PASTIMES AND RECREATIONS.
WITH FOUR HUNDRED ILLUSTRATIONS,

BY SAMUEL WILLIAMS.

IS MOW READY.

In one very neat volume, bound in extra crimson cloth; handsomely printed and

illustrated with engravings in the first style of art, and containing
about six hundred and fifty articles. A present for all seasons.

This illustrated Manual of
"

Sports, Pastimes, and Recreations," has been prepared with especial
regard to the Health, Exercise, and Rational Enjoyment of the young readers to whom it is ad

dressed.

Every variety of commendable Recreation will be found in the following pages. First, you have
the little Toys of the Nursery; the Tops and Marbles of the Play-ground ; and the Balls of the

Play-room, or the smooth Lawn.

Then, you have a number of Pastimes that serve to gladden the fireside ; to light up many faces
right joyfully, and make the parlour re-echo with mirth.
Next, come the Exercising Sports of the Field, the Green, and the Play-gTound ; followed by

the noble and truly English game of Cricket.

Gymnastics are next admitted ; then, the delightful recreation of Swimming ; and the healthful

sport of Skating.
Archery, once the pride of England, is then detailed ; and very properly followed by Instructions

in the graceful accomplishment of Fencing, and the manly and enlivening exercise of Riding.
Angling, the pastime of childhood, boyhood, manhood, and old age, is next described ; and by

attention to the instructions here laid down, the lad with a stick and a string may soon become an

expert Angler.
Keeping Animals is a favourite pursuit of boyhood. Accordingly, we have described how to rear

the Rabbit, the Squirrel, the Dormouse, the Guinea Pig, the Pigeon, and the Silkworm. A long
chapter is adapted to the rearing of Song Birds ; the several varieties ofwhich, and their respective
cages, are next described. And here we may hint, that kindness to Animals invariably denotes an
excellent disposition ; for, to pet a little creature one hour, and to treat it harshly the next, marks
a capricious if not a cruel temper. Humanity is a jewel, which every boy should be proud to wear
in his breast.

We now approach the more sedate amusements—as Draughts and Chess ; two of the noblest

exercises of the ingenuity of the human mind. Dominoes and Bagatelle follow. With a know

ledge of these four games, who would pass a dull hour in the dreariest day of winter ; or who

would sit idly by the fire 1

Amusements in Arithmetic, harmless Legerdemain, or sleight-of-hand, and Tricks with Cards,
will delight many a family circle, when the business of the day is over, and the book is laid aside.

Although the present volume is a book of amusements, Science has not been excluded from its

pages. And why should it be ? when Science is as entertaining as a fairy tale. The changes we
read of in little nursery-books are not more amusing than the changes in Chemistry, Optics, Elec

tricity, Magnetism, Sic By understanding these, you may almost become a little Magician.
Toy Balloons and Paper Fireworks, (or Fireworks without Fire,) come next. Then follow In

structions for Moaeilmg in Card-Board; so that you may hudd for yourself a palace or a carriage,
and, in short, make for yourself a little paper world.

Puzzles and Paradoxes, Enigmas and Kiddles, and Talking with the Fingers, nextmake up plenty
of exercise for

'•

Guess," and
"
Guess again." And as you have the

"

Keys" in your own hand, yoa
may keep your friends in suspense, and make yourself as mysterious, as the Sphynx.
A chapter of Miscellanies—useful and amusing secrets—winds up the volume.

The
"

Treasury" contains upwards of four hundred Engravings ; so that it is not only a collection
of

"

secrets worth knowing," but it is a book of pictures, as full of prints as a Christmas pudding
is of plums.
It maybe as well to mention that the "Treasury" holds many new games that have never

before been printed in a book of this kind. The old games have been described afresh. Thus it

is, altogether, a new book.

And now we take leave, wishing you many hours, and days, and weeks of enjoyment over these

pages ; and we hope that you may be as happy as this book is brimful of amusement.
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