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“ FACTS ARE THE MATERIALS OF SCIENCE; BUT ALL FACTS INVOLVE
InEAs. SINCE, IN OBSERVING FACTS, WE CANNOT EXCLUDE IDEAS, WE MUST,
FOR THE PURFOSES OF SCIENCE, TAEE CARE THAT THE IDEAS ARE CLEAR,

AND RIGOROUSLY APPLIED."
WueweLL, Philosophy of the Inductive Sciences, vol. i. p. XXxvii.

xa"-m

| MISTORICAL
\  MEDICAL !,’

WELLCOME INSTHUTE
LIBRARY

Coll.




PREFACE

TO THE FIRST EDITION.

AyoNe the many recent and valuable works on Che-
mistry, I am not aware of one having for its special object
to explain, and render simple to the beginner, the various
processes 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 limite:i “time to devote to the
subject; while they are wanting in Fl{ﬂée explanatory
details, without which he must Gﬁ}FEl-l 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
ntended for the use of those who have made but little

progress in the Science, my endeavour has been, through-
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out, 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 Demonstrator of Chemistry in King's College), for
the use and direction of the eclass of Chemical Manipula-
tion, 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 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.



PREFACE
TO THE SECOND EDITION.

Ix the present Edition, I have endeavoured, as far as
possible, to make this little work more fully adapted to the
requirements of the general student; and I believe it now
leaves little to be desired as an Introductory Text-book of
Practical Chemistry. Thave also, without adding materially
to its bulk, embodied such changes and corrections as have
been rendered necessary by the progress of the science since

the first edition was published.
J. E. BOWMAN.

Kine's CoLLEGE, Loxpox,
February, 1854.
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FRACTICAT " CHEMISTRY.

PART 1.

CHAPTER 1.

INTRODUCTORY —SYMBOLS —EQUATIONS — GENERAL RULES.

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
ilustrations 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

eneral principles of chemistry, learn to make experiments
Ejmself ; 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
1 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 op two
letters of the Latin names of the elements which they
express.

B
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SYMBOLS AND EQUIVALENTS.

Table of Elementary Substances (arranged alphabetically),

showing their symbols, atomic weights, and the composi-
tion of some of their compounds.

—_—

! Compounds,

|
e |

Atomic
Hame, el Weight.

Aluminum ... Al 14
Antimony ...... &b 1269
Arsenic ......... As 75
Barium Ba GO
Bismuth ......... Bi 107
Boronw ............ B 11

Bromine ......... Br 78
Cadmium .. cd ah
Calciom .......... Ca 20
Carbon............ C G
Ceriamm, criveeee: EE 46
Chloring ......... Cl 36
Chromium .... cr ag
Cobalt ............ Co 30
COPPET......cernes Cu 32

{Cuprum.)

Didymium....... D ?

Fluorine ......... I3 18

Glucinum........ G T

Al;Cly Chloride of aluminum.
Al,04,3804 Sulphate of alumina.

|{Sh[}3 Oxide of antimony.

{A]g{}u Alumina.

5b0,; Antimonious acid.
Sb0; Antimonic acid.

i { As0, Arsenious acid.
| L AsO; Arsenic acid,

Ba0® Baryta.
BaCl Chloride of Barium.

Bis 0y Oxide of bismuth.
Bi;04,3N0; Nitrate of bismuth.
Bi.Cl; Chloride of bismuth.

BEOg Boracic acid.

Br(), Bromic acid.
{ HEr Hydrobromic acid.

{Cdl} Oxide of cadmium.
Cds Sulphide of cadmium.

CaD Lime.
CaCl Chloride of caleium. |

{CG Carbonic oxide.

CO,; Carbonic acid.
('8, Sulphide of carbon.

Ced Oxide of cerium.
{CEEL}3 Sesquioxide of cerium,

{ C¢0; Chloric acid.

Cl0; Perchloric acid.
H Ci Hydrochlorie acid.

f CrQy Chromic acid.
Cr,; 0y Oxide of chromium.
Cr. {)3,4303 Sulphate of chromium,

Co0 Oxide of cobalt. d
{ Co,0y Sesquioxide of cobalt.

Cu,0 Suboxide of copper.
|s CuD Black oxide of copper.
CuD ,80y Sulphate of copper.

III‘ Hydrofluoric acid.
{ BFy Fluoboric acid.

GOz Gluecina.
Gﬂls Chloride of glucinum.




SYMBOLS AND EQUIVALENTS.

aen J

2 Atomie
Name. Sy mhﬂl'!‘ﬁ"eigh Ay Compounds,
| AuQ Oxide of gold.
Gold i An 200 {Auﬂ;; Teroxide of gold.
(Aurum.) AuCly Terchloride of gold.
HO (or dg) Water,
Hydrogen ....... H 1 H@, Binoxide of hydrogen.
: I10; Iodie acid.
Toding.,....wviv |l I 126 | { 5} Hydriodic acid.
1ot A Ir0 Protoxide of iridium.
Iridinm ... | Tr 9 Iry0y Sesquioxide of iron.
I Skl te | F 28 FeO Protoxide of iron.
(Ferrum.,) e Fe, 05 Sesquioxide of iron.
Lanthanum...... Ln 48 Ln0O Oxide of lanthanum.
Lead PbO Protoxide of lead.
{Plumbum} Ph 104 Pby0,; Red oxide of lead.
PbCl Chloride of lead,
o . LiO Lithia,
Lithium ......... | Li U LiCl Chloride of lithium.
: | MgO Magnesia.
Magnesium...... | Mg 12 {Mgﬂi Chloride of magnesium,
f ﬁnﬂ Protoxide of manganese.
nQ, Binoxide or black oxide.
Manganese ... Mn 28 {Mnug Manganie acid.
Mn,(; Permanganic acid,
Egg Png;:xitllﬁ of Il_nercurf.
£0. Red oxide of mercury.
Mercury.......... Hg 202 HgCl Protochloride of mercury.
| HgCl, Perchloride of mercury.
Molybdenum ... Mo 48 MoOg Molybdic acid.
. : NiQ Oxide of nickel.
Nickel........ Ni 30 {Nigﬂa Sesquioxide of nickel.
N0, Nitrie acid,
Nitrogen N 14 N, Binoxide of hitrogen,
NH; Ammonia.
i 050, Osmic acid.
Osmium Os 99 0s0, Binoxide of osmium.
Oxygen O 8
: PdQ Protoxide of palladium.
Falladium Pd b4 { Pd0. Peroxide of palladium.
PO; Phosphorie acid.
Phosphorus......, | P 32 {903 Phosphorous acid.
: FHg Phosphuretted hydrogen.
; PtO Protoxide of platinum,
Platinum ..., Pt 99 {Ptu.: Binoxide of platinum,
Potassi KO Potash.
(Iial:i‘-ilm',}h" B 40 {l{(:l Chloride of potassium,
Rhodium .. 52 RO Protoxide of rhodium.

K40y Besquioxide of rhodium,

B 2




4 SYMBOLS AND EQUIVALENTS.

Atomic

Name. Symbol. Weight. Compounds.
Ruthenium...... Ru 52 Ruﬂf}a Sesquioxide of ruthenium. |
Selenium ......... | Se w0 |{ ?fgﬂg ES[;E?:;:;?E A |
Billeon i vl 8i 22 8i0y Silicic acid, |
Sll(‘::gentum) Ag 108 { iggl {E}ﬂﬁ;ﬁﬂlff:irl}er.

E%‘i}‘;“t:_a et Na = g:gl Sgg?t:l'i:ia of sodium,.

i Sr( Strontia.
SR e = L S8rCl Chloride of strontium.

805 Sulphuric acid.

B phuie e 2 Al { HS Hydrosulphuric acid.

bl s ; Ta 185 Ta0, Oxide of tantalium.
(or Columbium.) { T“g“ ;:mta]jc &m;:l.

; Tea ellurie acid.
Tellurium ..... | Te | 64 |{ 5T ydrotelluric acid.
I R s Th 60 ThO Oxide of thorium.

ThCl Chloride of thorium. |
Sn0 Protoxide of tin. g

1 vl S TR LS Sn 59 : q

(Stanpum.) in;}gTI’:amxlde;;f tin.

e ; i itanic acid.
Titanium......... | T 24 |{TiCl, Bichloride of titanium.
Tungsten......... W 96 W0y Tungstic acid.

(Woliram:) o 60 | £UO Protoxide of uranium. :
Dramiunt ..., ... U0, Sesquioxide of uraninm. '
Vanadium ....... \'i 69 VO0g Vanadic acid. ;

Y YO Yttria. ;
FteIum. ... .- I e Yl Chloride of Yttrium, i
; |
: Fn0 Oxide of zine.
Zing oo | 20| 32 |{70G) Chloride of zine. |
E[‘-EDE zil‘ﬂﬂniﬂ-.

Zirconium....... | Zr 34 |{ZrCl. Chloride of zirconium.

3. Tach of these symbols expresses one equivalent or
atom of the substance which it represents. Thus, H stands
for one atom or equivalent of h}’gmgen; 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 1s that number
of equivalents of the substance present. Thus, Pb, means
two equivalents of lead; O; five equivalents of oxygen;
H,, ten equivalents of hydrogen.
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Two or more symbols placed together, signify that the
elements which they represent are chemically united in the
closest manner. Thus /O stands for water, which is a
compound of one equivalent of hydrogen, and one of oxy-
gen; SO, represents anhydrous sulphurie acid, composed
of one equivalent of sulphur and three of oxygen; C,,H,,0,,
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,SO, 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 ele-
ment, 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, oxXygen,
and sulphur.

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 erystallized carbonate of
soda (Na0,C0,+10 Aq), we have sodium and oxXygen in
the soda, and earbon 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 Bﬂl‘gﬂnate of lime and hydrochlorie
acid, we put it thus, Ca0,C0O.+ H(l.

A lar%;e 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 (2Na0,HO,PO,)
there are two equivalents of soda, one of water and one of
phosphorie acid, combined together. If a large figure were
placed before the whole formula enclosed in brackets, thus,
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5(2Na0,HO,PO,) it would represent 5 equivalents of the
entire salt.

4. Tt is really wonderful how much these little symbols
are capable of expressing, and liow 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 chemieal
decompositions. For this purpose, the symbols of the
substances 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 decompo-
sition; 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:—

Ca0,C0,+ HCl =CaCl4+ HO+CO,.

Here we place the symbols of carbonate of lime and
hydrochloric acid on one side, and on the other those of
chloride of caleium, 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 caleium, 3 of oxygen, 1 of carbon,
1 of hydrogen, and 1 of chlorine.

5. T have ventured to introduce a slight medification 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.

Those in the solid state are printed in strong Roman
type, as Pb, lead. Liquids, or substances in solution, are
printed in strong italics, as HO, water; and gases or
vapours are represented by fine hair letters, as H, hydro-
gen, HO, steam. . Tas) + +

Thus in the above equation, liquid hydrochloric acid
(HCI) is poured on sold carbonate of lime (CaO,CO,):
chloride of caleium (CaCl) is formed, which remains in
solution, together with carbonic acid ( CO,), which passes
off in the gaseous form.

6. It is very important that the student should atf once
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begin to make careful notes of all the experiments he en-
gages in. He should endeavour 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 deseribing
the substances he employs, and the changes which ther
undergo: 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 1s 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 1s easily done with
small pieces of gummed paper, on which a letter or number
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 havin
been allowed to find its way into a bottle or test-tube, may
retard or spoil the result of whole days of labour.

* Much as the chemist may soil his fingers during his
experimental occupations, he will soon learn the great im-
]%DI'tﬂ-IlEE of cleanliness to the success of his experiments.

he 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 oceasion, 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 impera-
tively required, as was the care previously hestowed to
prevent their contamination 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 re.
tained in vessels that have previously been cleansed with
the most scrupulous attention, become the next jn the
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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 rejected matter. The results of numerous experi-
ments relative 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 precipitate with nitrate of silver or chloride of
barium, and thus seem to contain a chloride or a sulphate
(403, 429), when the cause of the precipitate may be no-
thing more than portions of salts adhering to the vessel.

“ In the same manner the purity of an acid or a test, is not
unfrequently affected by the state of the bottle containing
it, or by the dirty condition of glass rods dipped into it, or
of the g:ﬂnels through which it has been poured or filtered,
or of the vessels used in its transference; and sometimes
it is contaminated by laying the stopper of the bottle con-
taining it in a dirty place. Noris 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 colourless
substances, as salts, solutions, &e.; 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 1t.

 In consequence of these liabilities, and their inter-
ference with experiments, it should be established as a
general rule in the laboratory, that no apparatus, nor any
vessel, (except 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 bp
found fit for the nicest experiment to which they are appli-
cable. Glass rods or stirrers should be preserved in a clean

lace; glasses, on a clean shelf; and stoppers, when taken
out of bottles, should be laid upon clean surfaces. These
attentions and regulations will be found always useful, at
times essential; and they are gemerally more requisite
and influential in minute chemistry, than in large experi-
ments.” * oy ; :

9. Tt 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,

* Faraday's Chemical Manipulation, p 523.
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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
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, &ec.), 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 perfectl
dry inside, may, after most of the water has been remwei
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
vapour, 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. en 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 erust is formed on the sur-
face, 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 erystalline sediment of carbonate
of lime, which adheres strongly to the glass, but mstantly
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

ouse, such as glasses, plates, cups, saucepans, &c. When
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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 mgenuity 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 require encouragement to
persevere 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 unfavourable circumstances. So 1t was
with the great Davy;* so with Dalton, with Scheele, Fara-
day, Dumas, Liebig, and many others almost equally illus-
trious.

““ 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
sulphurie acid, its advantages become manifest ; for either
time is shortened, or the apparatus considered as necessary
18 diminished, or eﬂ’ectuaP substitution 1s made for those
that may be wanting, and thus the experiment becomes
easy, where otherwise it would be considered impossible.
Besides facilitating such inguiries, 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 tEis subordinate part of its
operations. ‘ Nothing,” as Dr. Johnson observes, ‘is to be
considered as a trifle, by which the mind 1s inured to
caution, foresight, and ecircumspection. The same skill,
and often the same degree of skill, is exerted in great and
little things.” "+

# * His means, of course, were very limited; not more extensive than
those with which Priestley and Scheele began their labours 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 materials
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. ] '
t+ Faraday, op. cit, p. vi.
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CHAPTER II.

PNEUMATIC CHEMISTRY.

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

Fig. 1. Section of Pepysa' Gas-holder.

connected by means of two tubes, § and e, with a shallow
pan d placed above it. The tubes are open at both ends,
the longer one ¢ reaching to within about half an inch of
the bottom. The exfernal glass tube f shows the height
at which the liquid stands in the vessel. The lateral open-
ing e is closed by a serew-cap before filling the vessel with
water; the stopcocks b and e are then opened, and water
poured into the upper pan, when it passes down the tube e,
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the air escaping up the other tube, until it is full, when
no more bubbles of air will rise from the tube 2.

When the gas-holder is filled with water, the stopeocks
band ¢ are to be closed, and the serew-cap may be removed
from ¢ 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
:!ntmduﬁed, as shown in the figure, when the cas will rise
in bubbles through the water, which is gradually displaced,
and flows out through the aperture e.*

SECTION I.
Preparation of Hydrogen (H).}

12. Weigh 300 grains of granulated zine, and introduce
the fragments carefully through the tubulure of the retort,
sliding them, not dmpfping them
in, to avoid the risk of breakin
the bottom of the retort, whie
is usually of thin glass, and
mnsetlently seldom strong
. enough to bear a blow with-
= out injury.
Pour upon the metal four
. fluid ounces of dilute sulphuric
Fig. 2. acid, consisting of one part by
measure of oil of vitriol (H0,S80,), and five parts of water.
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 pneu-
matic trough, and afterwards rejected.

* In the absence of a gas-holder, the gases may be collected in jars over
the pneumatic trough (see par. 18).

t 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 ponsidered
1.000. 100 eubie 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 combining volume 1.
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The nature of the decomposition that takes place may
be seen in the following equation :

Zn+ HO,80,= Zn0,50,+H.

The beak of the retort may now be inserted into the
lateral aFerture 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 (fig. 1).

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. Decanting Gas.

13. Place an inverted jar filled with w '
tube b (fig. 1), and open h:ﬁ]t.h sl Nty
the stopcocks; the gas will ™.
immediately be forced up- _.[ ==
wards intothe jar by the pres-
sure of the water in the pan
and in the tube ¢ : close the
bottom of the jar with a plate
of glass, and remove it to the
pneumatic trough. Decant
a portion of this gas to a
smaller jar (fig. 3), and test
its mﬂammn,bﬁity

-
R
"

g, <,

1 ability with a taper. Observe the denos;
dew in the inside of the jar after the combustion, vf}?jsr_:]i Dig

LA .
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the water formed by the combination of the hydrogen with
oxygen. H4+O=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 escaped
upwards, on account of its very low specific gravity.

15. Repeat the last experiment, holding the jar with the
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 gas from a large
jar to a small one, and
from this again to
tubes, until it can be
done without allow-
ing any bubbles to es-
cape. When the gas
is to be decanted into
a jar or tube which is
much narrower, it may

: ; be first transferred into
Fig, . a lipped glass; or an
inverted funnel may be used, as shown in fig. 5.

17. Transfer a little of the hydrogen in this way into a
graduated tube, and mix it witﬂ 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 (CO,).*

18. As this gas is to a considerable extent soluble in
water, it is better in its preparation not to use the gas-
holder, on account of the large quantity of water it would

* The specific gravity of carbonie acid is 1.524 (air being 1.0), 100 cubie
inches weighing 47.26 grains. Its atomic weight is 22; and its combining
yolume 1. At a temperature of 60° water dissolves about its own bulk of

earbonic acid.




PREPARATION OF CARBONIC ACID. 156

then have to pass through, but to collect it at once in jars
over the pneumatic trough. (Fig. 6.)

Fig. 6. Pneumatic Trough.

19. Put 300 grains of marble(Ca0,CO0,) broken into frag-
ments about the size of a pea, into a retort, observing the
same precautions as were recommended in the preparation
of h}rgrng@n (12). Measure out an ounce and a half of
hydrochlorie acid (HCU), dilute it with an equal quantity
of water, and pour the mixture u]gop the marble. The gas
1s 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.

Ca0,C0,+ HCl = CaCl+HO+CO,.

20. Introduce a lighted e

taper into a small jar of _ oY

the gas held with its open [

end upwards. It is in- =

stantly extinguished ; and i

as the carbonic acid re-

mains some time in the

Jar, on account of its high

Specific gravity, the taper

may be extinguished re-

Fsutedly in the same jar-

ull of gas,

21. Pour a little lime- .

water (Ca0) into a test Fg. 9.
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glass and thence into a jar filled with the gas, closing the
mouth of the jar with a glass plate,'and agitating the gas
and liquid together. The lime-water almost immediatel
becomes milky, owing to the formation of carbonate of
lime (CaO,CO,) which is insoluble in water.

If a few drops of hydrochloric acid (HC?) be added, the
carbonate of lime is decomposed, and the milkiness disap-
pears, chloride of calcium being formed, which is so]ubge
in water.

(C20,00,+ HCl=0aCl+HO+CO,).

o 22. Having filled a jar with
~ the gas, pour it like water

into another jar somewhat
smaller (fig. 8) ; this is easil
effected, owing to the hig
specific gravity of carbonic
acid. Test its presence in
both jars with lime-water
(21), and by its power of ex-
tinguishing a taper (20).

23. The high specific gra-
vity of earbonie acid, and 1ts

Fig. 8. power of extinguishing flame,

may be strikingly shown by pouring it from a jar upon a
lighted candle, which is instantly put out.

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

i ' ith ai the lungs.
ar over the pneumatic trough, with air from
'JI‘eat it with uplightcd taper, and observe that 1t causes an
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abundant precipitate in lime water, owing to the presence
of carbonic acid (21).

25. Invert a jar filled with

common air over a lighted
taper floating on the water of
the pneumatic trough (fig.
10); observe that it soon
burns dim, and is shortly
extinguished, the water at
the same time slowly rising
in the jar. The absorption
of air is here owing to the =
disappearance of the atmo- =
spheric oxygen, which com- =Fe—iies =
bines with tﬁe hydrogen and Fier. 10
carbon of the burning wax. S .
Nearly one-fifth of the air is thus condensed, that being
the proportion of oxygen contained in the atmosphere;
the remaining four-fitths are nitrogen. When the com-
bustion is over, invert the jar, and test the air contained
in it with lime-water for carbonic acid (21).

SECTION III.
Preparation of Binoxide of Nitrogen (N O,)*

26. Put 300 grains of copper turnings into a retort, and
pour upon it an ounce and a half of strong nitric acid
(IVO;) previously diluted with an equal quantity of water.
Decomposition immediately commences, and the binoxide
15 formed by the action of the copper on a portion of the
nitrie acid, thus:—

3 Cut4 NO,=3 (Cu0,NO,)+NO,.

. The gas which is first formed becomes orange, owing to

its conversion into nitrous acid (NO,) by combining with

téh% atrinqnapimrm oxygen contained in the retort (NO,+
=N@,),

27. Transfer a little to a jar, and test it with a taper;

observe the orandgua fumes of nitrous acid which are

mstantly produced wherever the gas mixes with the ajp. |

* The specific gravit i i i
ravity of binoxide of nitrogen is 1,039, 100 cubie inel
weighing 32.22 grains. Its atomic weight is 30.0 and its combining vu]un:.;gﬂi

C
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28, Measure a definite quantity of the gasin a graduated
receiver, and transfer it to another jar over the pneumatic
trough: then measure off an equal volume of atmospherie
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-
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 ‘F’E? nearly the quantity of
oxygen contained in the atmospheric air employed. One
equivalent of binoxide of nitrogen occupying two volumes,
when combined with two equivalents 0%') oxygen occupying
one volume, forms one equivalent of nitrous acid (NO,)
which is absorbed by the water; cnnse%uently, one-third
of the gas absorbed consists of atmospheric oxygen. If
the experiment be carefully performed, the absorption will
be found to be equal to about one-fifth of the volume of
common air employed, that being the proportion of oxygen
contained in it. (25).

Though the results obtained in this way are not very
accurate, owing to the formation of other oxides of nitro-
gen, they are sufficiently so to allow of its occasional
employment in determining the quantity of free oxygen
in a gaseous mixture; and also when the whole of the
uncombined oxygen has to be removed from a mixture
containing if,

SECTION IV.
Preparation of Olefiant Gas. (CH)*

99. Pour into a retort six fluid drachms of aleohol
(C,H,0,HO) and add to it in small portions an ounce and
a half of strong sulphuric acid (HO,80y), 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, orm the gas-holder.

# The specific gravity of olefiant gas is 0.981, 100 cubie inches weighing
30.57 grains. Its atomic weight is 14, and its atomie volume 2.
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30, Examine a small jar-full with a taper, and DhE&I_“FE
that, though the taper is extinguished, the gas burns with
a bright white flame. :

31. When mixed with an equal volume of chlorine (Cl)
the two gases combine, forming a heavy oily compound,
called chloride of olefiant gas (C H,C1,).

(C,H,)+2CI=C,H,CL,

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 cirecumstance 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 dpneuma.tic: trough. Apply a
light to the mixed gases, and observe the dense clﬂudy of
carbonaceous matter that is formed as the combustion gra-
dually passes down the jar, hydrochloric acid being at the
same time produced.

C,H,+4C1=4H Cl+4C.

SECTION V.
Preparation of Carbonic Oxide (C Q).*

33. Carbonic oxide is prepared by the action of strong
sulphuric acid (H 0,80,) on oxalic acid (HO, C,0,42Aq).
When a mixture of the two acids is warmed, the nxa?ic
acid is resolved into earbonic acid, carbonic oxide, and
water, which latter unites with the sulphuric acid.,

HO,C,0,4+2Aq.=C0,+CO+3H0.

The carbonic oxide is purified from the earbonic acid by
passing it through a solution of potash or milk of lime.

CO,+CO+KO0=K0,C0,+CO.

34, Adapt a cork to a wide-mouthed bottle capable of
holding half a pint of water, and 4t to it two tubes (152),
one of which, « (fig. 11), should be about half an inch in
diameter, straight, and sufficiently long to reach nearly to
the bottom; the other, b, should only just pierce through

* The specific gravity of carbonie oxide is 10,973, 100 cubic i ighi
073, icinches weighing
30.21 graing, 1Its atomie weight is 14.0, and its atomie volume |, AN

c 2
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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 1 of an inch.

The beak of the retort may now be fitted with a cork,
which should be bored to allow the bent tube ¢ to pass
through it; and care must be taken that this tube is suffi-
ciently small to slide easily down the tube a, and long
enough to reach to the bottom of the bottle.

Tour ounces of a tolerably strong solution of potash
(X 0) may now be introduced into the bottle.

35. Charge the retort with 180 grains of crystallized
oxalic acid (HO,C,0,+2Aq) and two fluid ounces of strong
sulphuric acid (H0,80;). On applyinga centle 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 misture 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 ¢ to the mouth
of the retort, and proceed to purify the gas from carbonic
acid, by passing it through the alkaline solution in the
bottle. - Pure carbonic oxide may then be collected. :

37. Agitate alittle ime-water with a jar full of the unpu-
rified gas; the presence of carbonic acid 1s shown by the
formation of carbonate of lime (21). ]

38. Repeat the experiment with a jar full of the purified

gas. No precipitate ought now to appear.
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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 flameis
brighter than when earbonic acid was present.

41. Pour a little lime-water into the jar used in the last
experiment immediately after the combustion of the gas.
The white precipitate which now appears, and which was
not formed when the same gas was fested previous to the
combustion, shows the result of that process to have been
the formation of carbonie acid.

C0+0=C0,

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,ClO;), mix it with 20 grains of black oxide of manga-
nese (MnO,), and place the mixture in the flask; adjust
the tube so as to gelivcr the gas into the gas-holder, or

* The specific gravity of i i
L ¥ of oxygen is 1.1057, 100 cubic inches weighing 34.29
grains. Its atomie weight is 8, and its combining volume 3, e
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under the shelf of the pneumatic trough (fig. 12), and
apli}y the heat of a 13,111]:'.p , e

he chlorate of potash 1s 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
in the flask, together with the oxide of manganese, which
is not decomposed during the process.*

KO0,010,=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 follow-
ing experiments should be open both
at the top and bottom, the edges of
both being ground smooth, so as to
be closed air-tight with a glass valve b
(fig. 13).

44. Till a jar with the gas, and in-
troduce a glowing taper; it will in-
stantly burst into flame, and burn
with great brilliancy, until most of
the oxygen is exhausted by combin-
_ ing with the carbon and hydrogen of
the wax.

Fig. 13. 45. Introduce into another jar of

the gas a small piece of ignited char-

coal, attached to the end of a wire. It bursts into vivid

combustion, combining with the ongeu, and forming car-

bonic acid (CO,), the presence of which may be proved by
agitating a little lime-water in the jar (21). e

46. Repeat the experiment with a small coil of thin iron
wire, to which a little charcoal or amadou should be at-
tached and ignited, for the purpose of hea.tiu% the iron
sufficiently to cause it to burn, The iron combines with
the oxygen, forming the black oxide (Fe,0,), fused globules
of which drop to the bottom, and should be received in
water, as they are so intensﬂf hot as to fuse nto the
glaze of a plate if allowed to fall upon 1t.

* 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 facility
and at a lower temperature than when heated alone.
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47. Place a fragment of sulphur
about the size of a pea in the de-
flagrating spoon, set it on fire by
hﬂﬁ—fing it over a lamp, and in-
troduce it into a jar of the gas;
the sulphur burns with a brilliant
blue flame, combining with the
oxygen, and forming sulphurous
acid (S0,).

48. Mix together two volumes of
hydrogen andoneofoxygen, and with
the mixture fill a small jar or tube,
which for this experiment should be
made of thick glass. On applying a
light, the gases combine with a loud
g%laﬂinn, forming water. H+0=

SECTION VII.
Preparation of Gases whick are soluble in Water.

49. Although in the preparation of many of the common
gases it 18 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
mnapplicable, 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 in
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 Hydrochlorie acid Gas (FLC1).*
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 fig. 15, is adapted by means of a perforated

* The specific gravity of hydr i i 1 i
| r ydrochlorie acid gas is 1.269, 100 cubic inch
weighing 39.37 grains, Its atomic weight is 37.0, and its m:umic volume Les
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Fig. 16. Preparation of Hydrochloric Acid Gas.

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 introducmng 300 graing of dry
chloride of sodium (NaCl), and adding to if six fluid
drachms of strong sulphuric acid (H0,80;). Immediate
effervescence takes place, and the bent tube is passed into
a dry bottle of about a pint capacity, which should be
furnished with a greased stopper; while the bottle is filling,
the mouth may be loosely closed with a piece of card or
aper.
: bserve 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
vapour, The bottle may be considered 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
withdrawn, and the bottle tightly closed with the stopper.
Three or four bottles may be similarly filled with the gas,
a centle heat being applied if necessary.
he decomposition may be thus represented :—

NaCl+ H0,80,=Na0,80,+HCl.

The sulphate of soda of course remains in the retort.

51. Ascertain the action of the gas on a lichted taper.

52. Remove the Stﬂp}i?r from one of the bottles, in-
stantly close it again with a dry glass plate, (a precaution
which is on no account to be omitted, as the stopper might
in that case become immovably fixed,) and plunge it with
the mouth downwards into the water of the pneumatic
trough. If the bottle has been well filled, the water will,
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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.*

This experiment must not be made without first re-
moving the stopper, and substituting the glass plate ; if 1t
is attempted to take out the stopper while the bottle 18
under water, there is great dan%e.r 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 after-
wards with a few drops of solution of nitrate of silver
(AgO,NO,). The white precipitate, which is chloride of
silver (AgCl), will be found to be insoluble in nitrie acid,
but readily soluble in ammonia (429).

54. Reserve a bottle of the gas for an experiment (60)
with ammonia.

SECTION VIII.
Preparation of Ammoniacal Gas (NH,).t

55. This gas may be‘ErEBared in a similar manner to the
last; but as it is specifically lighter than common air, the

Fig. 16, Preparation of Ammoniacal Gas.

* Water at common temperatures is ¢ i
; apable of dissolving no less than 480
tim:l! its own volume of hydrochloric acid, The liguid hydrochlorie or
rm’: ;]!;1: ::.;Lliﬁr -::ﬂm:ptnrc? is o solution of the gas in water.
, fic gravity of ammoniacal gas is 0.58%, 100 cubie inches weigh-
ing 18.288 grains, Its atomic weight is 17, and its atomie volume 2, ;
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bottles in which it is collected must be kept, while filling,
with the mouth downwards, the ,delivering tube passing
upwards to the top (fig. 16); the neck of the retort should
be furnished as before with a roll of filtering paper.
_ 56. Reduce 300 grains of quick lime (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 (NH,Cl); mix the powders as quickly as
possible, and without loss of time transfer the mixture
to the retort. The following decomposition takes place: —
NH,Cl4CaO=CaCl+ HO+NH,.
If the gas does not come over rapidly, a gentle heat ma
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 (read paragraph 52);
then invert it, and having placed it under water, remove
the ilasa plate and observe the rapid absorption. That
which remains unabsorbed is atmospheric air.*

59. Test the liquid obtained in the last
experiment (which is a weak solution of
ammonia) with turmeric and reddened
litmus-paper; the first is turned brown,
the latter has the blue colour restored.

60. Remove the stopper from a bottle
of the gas, and also from the reserved
bottle of hydrochloric acid (54), replac-
ing them with dry glass plates. Then
invert the latter over the bottle of am-
monia (fig. 17), and cautiously remove
the glass plates so as to allow the gases
to mix. Dense white fumes, consisting
of muriate of ammonia (NH,CI) are im-
mediately produced, which in a short
time collect in flakes, and fall like snow
on the sides and bottom of the vessels.

| L g88% Tn this combination of the hydrochlorie
35— 7t acid with the ammonia, considerable heat
Fig. 27. is evolved.

* Water at common temperatures is eapable of absorbing nearly 700 times
its volume of ammoniacal gas,

PRI N S—
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CHAPTER III
DISTILLATION.
SECTION 1.
Distillation of Waler,
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.
' 18 done, the apparatus may be fitted up a8 g

i shown in the figure (fig. 18). The funnel ¢
' which supplies water for cooling the neck
rof the retort, has its throat partially ob-
‘structed 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 (fig. 19), 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 twisteﬁ tightly round the glass,
to carry off the superfluous water, which
drops into a basin placed underneath for Fig. 19.
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its reception. The ﬂluﬂ] of the receiver passes into a small
flask or bottle, which is kept immersed in water during
the process, in order fo keep it cool.

62. When the apparatus is thus arranged, the retort
must be eautiously 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 racﬁation, the lamp may be ap-
plied, 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 pla-
tinum wire may be placed in the retort .to assist the for-
mation 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
reagents,

~ (a.) To the first add a solu-
%\ tion of chloride of barium
¥ (BaCl); a white precipitate,
insoluble in nitrie acid,* indi-
cates the presence of sulphates

(403), most commonly sulphate

of lime (Ca0,80,). |

(6.) To another portion add

a solution of nitrate of silver

(AgO,NO;). If any chloride

is present (usually chloride of
Fig. 20 sodium (Na (i) ), a white curdy

; o 44 : Lo 1
* In tosting the solubility of a precipitate 1n any liquid, pour off a sma
portion into Escparnta tube for the experiment, reserving the rest for com-

parison.
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precipitate of chloride of silver (AgCl) will be produced,
msoluble in nitrie acid, but readily soluble in ammonia
(429). By exposure to the light this precipitate gradually
becomes purple, especially when the water contains organic
matter.

(¢.) To the third tube add a little lime-water (CaO in
water) : a white precipitate, soluble in nitric acid, shows
that carbonic acid (CO,) is present (420).

(d.) To the remaining tube oxalate of ammonia (NH,O,
C,0,) may be added, which will give a white precipitate if
any lime 18 present (218).

64. Test the distilled water in the same way ; if pure
it will of course furnish no precipitate with any of the
reagents.

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 fie 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 in-
-soluble powder, which may be separated by filtration when
the distillation is over.

Fig. 21. Fig. 94.

Lo prepare a filter, take a small piece of white filtering
or blotting paper, and fold it twice from side to side
(tig. 21); then round off with scissors the projecting

- corners, so that the paper may fall wholly within the
funnel (fig. 22). 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 (fig. 23) (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
reserved for examination (68).

67. (¢.) 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 earbonate (419).

(b.) Supersaturate the solution thus obtained with am-
monia, and add a little ozalate of ammonia (NH, 0,C,0,) :
a white precipitate shows the presence of lime (218). The
powder 1s thus proved to be carbonate of lime (CaO,CO,).
This carbonate of lime had been held in solution by the
excess of carbonic acid contained in the water; when the
gas is expelled during ebullition, the carbonate is pre-
cipitated.

68. Test the solution filtered from the carbonate of lime
in (66) with chloride of bariwm, nitrate of silver, lime-walter,
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 solution
than before, but more of the sulphates and chlorides, since
they still remain dissolved in a more concentrated form.
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SECTION II.
Distillation of Liquid Hydrochlorie acid (HCI in water).

69. Fit up the apparatus as in the ordinary process of
distilling water (61), taking care that all 1_:]1e 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 fluid drachms 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 distilla-
tion care must be taken that the quill of the receiver
dips under the surface of this water, which will assist in
condensing the acid fumes, some of which might otherwise
escape.

Inﬁ;o a small evaporating basin, pour seven drachms of
water, and add gracFua]ly to 1t six drachms of strong sul-
phuric acid (0,80,), 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 ‘Ee applied, which must be reculated according to the
mﬁidjty 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 twelye drachms

of acid have come over, which may be known by the mark
' previously made in the receiving tlask,
. 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 ; 1f a white precipitate
-appears which is insoluble in the acid, it shows the presence
 of sulphuric acid as an impurity (403).

| . In this and many of the other experiments, small quantities are men-
tioned to suit the convenience of my class of Practical Chemistry, the
lessons being only two hours long. ‘When the products of the experiments
are wanted for use, much larger quantities must frequently be employed.
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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 (NH; in water).

79. Prepare the apparatus as in the distillation of hydro-
chloric acid (69). |

Pound 450 grains of quick-lime (Ca0O), 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 water for the quill
of the receiver to dip into during the distillation.

Weigh out 530 grains of muriate of ammonia (NH,CI),
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.

a0+ NH,CI=NHHO+ CaCL

73, Pour a little of the ammnqiacal solution thus pre-
pared into a test-tube, and add to it a few drops of cLloride
of barium : if a precipitate appears, 1t 18 owing to the pre-
sence either of carbonic or sulphuric acid. To distinguish
between them, add nitric actd in slight excess ; if the pre-
cipitate thereupon dissolves, it is carbonic acid (421) ; if
not, it is sulphuric (403). : ‘

4. Test another portion of the ammoniacal solution
with a little ozalate of ammonia ; if a white precipitate is
formed, it is owing to the presence of lime as an Impurity
{21'5'853.- Supersaturate a little of the distilled liquid with
nitric acid in a test-tube, and add a few drops of a solution
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of nitrate of silver (4g0,NO;) ; a white prec:liﬁit@te indi-
cates the presence of hydrochfnrie 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).

( 7 ﬁ}. 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 1IV.
Distillation of Liguid Nitric Aeid (NO 5 In water).

77. Fit up the aplparatus as in the distillation of hydro-
chloric acid (69). Introduce into the retort 1000 grains of
nitrate of potash (KO,NO.); pour upon it ten drachms of
strong sulphurie acid (#0,80;) previously diluted with an
equal bullke of water, and apply a gentle heat, observing
the same precautions as were recommended in the formey
cases (61, 69).

KO,NO,+2(H0,80,)=K0,80,HO,S0,+ HO,NO

78. While the distillation is going on, dissolve a few
erystals of the nitrate of potash in distilled water, for the
purpose of ascertaining its purity.

(a.) Test a little of the solution with nifrate of silver
(4g0,NOy); if any chloride is present, a white curdy pre-
cipitate appears, which is insoluble in nitrie acid, but
readily soluble in ammonia (429).

If the nitrate employed is contaminated with any chlo-
ride, the acid that giatils over is sure to contain a little
hydrochloric acid (H (7).

(b.) To another portion, add a solution of chloride of ba-
rium (BaCl); if any sulphates are resent, a white preci-
pitate is produced, which is insoluble in nitric acid (403).

79. Dissolve a small quantity of nitrate of potash in
hot water, in an evaporating basin, adding the salt as lon
a8 1t 18 taken up by the water on stirring; pour the hot
solution into another basin, and observe the gradual for.
mation of erystals as it cools, Remove some of these from
the liquid, and dry them on filtering paper; then radic

B

5l
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solve them in distilled water, and test the solution as
before, with nitrate of silver and chloride of barium. The
precipitates, if any,
will be less dense
than in the pre-
vious examination,
showing that a par-
tial puriﬁﬁﬂ,tinnl:]]ms
been effected.

80. The distilled
nitrie acid may now
be tested for im-
purities, but before
the test liquids are
applied, a portion
aﬁnuld be diluted
b with four or five

Fig. 24. times its bulk of
distilled water, since the chloride of barium is itself inso-
luble in strong nitric acid, and would consequently cause a
precipitate, even though no sulphuric acid were present.
A portion may then be tested for sulphates and chlorides
with chlovide of barium and nitrate of silver (403, 429).

31. Tf 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
i8 Eroduﬂed, and re-distilling ; when those acids will remain
be

ind in combination with the oxide of silver.

HOl+ HO,80,+2(470,N0)=AgCl+Ag0.80,+2
(HO,NO)).

CHAPTER IV.

GLASS-WORKING-

2. The most convenient form of apparatus for working
glass on the small scale, is the water bl_owmpe,_whmh
Gonsists of an upright box, about fifteen inches high, of
the form represented in figure 25. It is usually made
of zine or copper, and is divided into two compartments

by the plate a, which passes down t0 within about half an
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inch of the bottom, thus
leaving a ecommunica-
tion open between the
two. The lower end of
the tube & is closed by .
a valve opening out-
wards, 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 &, e
The pressure thus oc- EEEResSa
casioned 1in the ecom- Figr. 35, Water Blowpipe.
partment ¢, forces a portion of the water into the next
division d, where it rises to a higher level than in e, and
by its superior pressure forces a stream of air through
the fine aperture at the extremity of the tube ¢, as long
aa.it continues to stand at g higher level than in ¢, In
way a continuous jet is readily obtained, with much
less f‘ahgue to the operator than with the mouth blowpipe.
83. It the blowpipe flame be examined, it will be found
to consist of two distinet parts, which may be called, for
the sake of distinetion, the inner @, and the outer flame 7
(fig. 26). The blue point of the inner flame 18 evidently
surrounded on all sides by the burning gas, no atmospheric
Oxygen being near it, so that any substance containin
oxygen loosely combined, placed in 15, will be decnmposeg

Fig. 26. Blowpipe Flame.

by the powerful deoxidizing affinities of the carbon and
hydrogen of the combustible gases: on this account the
mner flame ig usually called the deozidizing or redyeiy
ame. The outer flame, on the contrary, is surrounded on
all sides by the external air, so that here there is o excess
D 2
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of combustible or deoxidizing matter, but rather an excess
of &tmaagheric oxygen ; so that an oxidized substance may
be placed at its extremity without danger of deoxidation,
unless such decomposition is effected by the mere heat
of the flame, independent of its chemical action; on the
other hand, most substances, having an affinity for oxygen,
placed within its influence, become oxidized at high fem-
eratures, and hence it is usually called the oxidizing
ame,

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 oxi-
dizing flame, otherwise a black stain of metallic lead will
be deposited on the surface of the glass. Slight stains
of this desecription 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
olass.

5. Make afew glass stirring rods, of lengths *ua-ryi?ag
Srom. five to eight inches. To do this, a piece of solid rod,

long enough to make

‘gﬁ- two stirrers, should be
2 held at a short distance

| from the extremity of

\ A the flame, and gradually
- . AL L5 brought towards it; a

P ety rotating motion being

_A/ bt communicated to it by

means of the finger and
thumb, so that the part
” where the heat is applied
e <X 2\ may be uniformly heated

A all Tound (fig. 27). When
the glass begins to soften,
it should be gently pulled
with both hands, until
it assumes the form
represented in figure 28,
when it may be removed
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from the flame ; and having been scratched with a file
across its narrowest part, is gently broken asunder (fig. 29).
The sharp edges are then held in the flame until they

Fig. 928.

are round and uni-
form (fig. 30); after
which the other end
may be worked in
the same way, only
making it rather Fig. 29.

more tapering and pointed.

86. Join together two rods of equal diameter. Fop

this purpose, take two shorf pieces of rod, the ex-
tremities 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, observing 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 constanfly round, and
alternately pulling and pushing, in order to weld
the two pieces firmly together. When this js
properly done, the rod is as strong at the junc-
tion as in any other part, but a slight inequality
will always be visible, however neatly the opera-
tion may have been performed.,

87. Make a -ﬂ)ﬁﬂé/fﬂ-ﬂ?‘ﬂﬂify glass of the form
and size shown in fig. 31 (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 constantly round, and by gently mov-
g it up and down in the flame, heating two or
three inches of the central part of the tube. ;. o

hen the glass begins to soften, apply a gentle Spesic.
Pressure with hoth Eands, 80 as to bend it slowly, BTff‘jitf-'
and continue to do 8o until it has assumed the &%
form shown in fig. 32. If the tube is too strongly heated

: Fi y ,
or if the pressure be too strongly and suddenly applied,
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the bend, instead of being round and uni-
form, will be abrupt and wrinkled, in
which case it is very liable to crack, either
spontaneously, or when exposed to slight
variations of temperature. The extremi-
ties 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 necessary in
annealing, or gradually cooling it: this
may be effected by removing it slowly from
the flame, and then laying 1t across a piece
of tube, so that the hot part does not touch
° any cold substance, and covering it loosely
Fig. 32. with paper, to prevent too rapid cooling

Syphon tube. b 4.

y radiation.

80. Muake a few 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.

Making Test-tubes.

The central portion must be heated in the manner de-
seribed for heating glass rod (85), and gradually drawn out,
{he tube being constantly turned round, when it will
assume the form shown in fig. 33. 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 t]%e tube (fig. 34), 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 1t 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 distinet, formed by a portion cﬂ: the thread
having fused into it; to remove this, agan heat the
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round end red-hot for a short time, until the lump disap-
pears. On removing the tube from the flame, blow
air gently into it, for the purpose of swelling out
the gbnttum to its previous round form (fig. 35), as
it usually collapses and flattens while in a state
of fusion. '

90. The other portion of the tube may now be p,_ 55
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. o

91. To complete — :
the tube, the open
endmustbe spread
out a little, as
shown in fig. 36,
go as to form a
kkind of border.
This is done by
softening the end
in the blowpipe
flame, and then, by '@ : :
means of a thick Fig. 36. Making Test-tubes.
iron wire, or the smooth end of a file (which should be
previously heated by being held in the flame), introduced
and carried round the opening, the edge is uniformly
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 shou d be stopped up with a bit of cork or by herme-
tically sealing, and while the junction is in a state of semi.
fuﬁmn; air should be gentiljr

blown into the tube: in this Y i
way 1t may be brought again = e

into a proper form, en the n
glass is thin, the edges which 7 Tubes united,
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are to be united may be spread out a little, as shown in
fig. 37, by means of a heated wire or file (91), when the
joint will be stronger than it would otherwise be.

03.

Cement together two tubes of wunequal 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

=

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 (fig. 88), which is readily done by means of
an iron wire (91). :

Fig. 38. Funnel tube.

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

ortions of glass; and as the tendency to collapse

Fig. 30 ig gyeater the longer it is fused, it will generally be

Funnel
tube.

found necessary to blow it out slightly, as recom-
mended in (92).

In this way, some small funnels may be made (fig. 39).

Fig

94. Prepare tubes for a washing
pottle. The tubes required for this
purpose are of the form shown in
fig. 40, the upper end of the longer
one being drawn out so as to leave
only a small aperfure.

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).
= 05. Preparetubes for a sulphuretled

.4D.-W:a3hi-ng | hydrogen (hydrosulphuric acid) appa-

bottle. ratus. The form of apparatus used
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for enerating hydrosulphuric acid, and passing it into
wutegr or saline solutions, is represented in fig. 41 (699).

Fl:—F I[r —

Fig. 41. Sulphuretted Hydrogen Apparatus.

The finer tubes, d and £, may usually be bent in the naked
flame (88), the extremities 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 sufficient
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 redness
at the point where the
junction is to be made ;
and by means of a bit of
waste rod or tubing ¢ .
(fig. 42), draw it out, Tig. 43. Tig. 42.
when it will assume the form represented in the figure :
then with a sharp file remove the portion ¢ at the point &,
and fuse to the projecting piece thus left the smaller tube,
in the manner described 1n (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 (fig. 44),
to blow air into it until the pressure forces the snﬁened
glass to expand, which it will do in the form of a round
bulb if the heat has been properly applied, and the tube
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be kept constantly turned round
while in the hands. This latter
precaution is absolutely neces-
sary, as the softened glass would
, otherwise bend with its own
“’ weight in one direction, thus de-
stroying the proper form of the
tube.

98. Seal a few tubes herme-
tically at both ends. This is an
operation of very frequent use in
the laboratory, as it furnishes
the most convenient and efficient
means of preserving small speci-
mens of many rare substances,
especially such as are volatile. :

The tube is first sealed at one end, precisely
as if it were intended for a test-tube (89): the
liquid or other substance for which it is designed
is then introduced, as soon as the tube is quite
cold, care being taken that the uJEEer part of the
tube is not wetted or soiled. e flame of the
blowpipe is now directed to the portion of the
tube a little above that intended for the sealed
end, and when sufficiently soft it is drawn out fo
a capillary tube, and allowed to cool: it may
afterwards be sealed by fusing the lower part of
wig. 45. the capillary tube @ (fig. 45), by momentary con-

tact 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. :

09. Seal some water hermetically in a tube. Having
sealed the tube at one end, while it 1s 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 1n
the blow-pipe flame ; then divide it in the thin part by
means of a file, when it will have the form shown in fig, 46;

Fig, 44,

and when the sharp edges have been rounded off in the
blowpipe flame, may be used as a pipette for introducing
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a little water into the sealed tube without wetting its

sides.

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

_ — — ——

CHAPTER V.
EXPERIMENTS WITH THE MOUTH BLOWPIPE.

100. Before proceeding to any blowpipe experiments, 1t
is necessary to acquire the knack of keeping up a constant
and unintermitting blast of air from the mouth, as without
this if is hnpossibﬁ; to raise the heat to a sufficient degree
of intensity. The habit is readily acquired, and when
once attained, the mouth and lungs will be found to 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-
fHPE, and distended with air, would force air through it as

ong as the tension of its stretched sides exerted sufficient
pressure.

102. Seal a few tubes for the following experiments
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(fig.47). 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 already described (89), and the same care relative
to the deoxidizing flame is necessary, as when the water
blowpipe is used (84).

103. Heat a small frag-
ment of wood or paper in
a tube, and observe that it
blackens like all organie
substances.* This black-
ening or charring is owing
to the decomposition of the
lignine, which consists of
C,.H,,0,,; when exposed
to a Ligh temperature the
hydrogen and oxygen, with
a portion of the carbon,
, pass off in the form of
acetic or pyroligneous acid
{HO,CJE;{UQ and tarry
matter, with other volatile
compounds, leaving behind
a carbonaceous residue. The acid tSmraﬂter of the vapour
may be seen by introducing a -strip of moistened litmus-
paper into the upper part of the tube while the decom-
position is going on, when it will be speedily reddened.

104. Treat a fragment of horn {CHHI;N?O,T),DT isinglass
(CyHg N 0,:), similarly, in another tube:t observe the
character of the carbonaceous residue, and introduce a bit
of yellow turmeric paper, which will be furned brown,
showing that the vapour is alkaline; this is owing to the
presence of ammonia (NH,), which is almost invariably
produced when an organic compound contaiming mtrogen
18 decomposed by heat. The odour 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 (Ca0,50;

Fig.47.

# In this and most of the following experiments, especially when the sub-
stance operated on is of u deleterious or poisonous nature, the quantity used

should not exceed a pin's head in size. ) g
+ When a tube is at all sciled in an experiment, 1t 1s unfit for further use.
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+2Aq) in a tube, and note whether it undergoes any
change. It parts with the two e uivalents of water of
erystallization, which condense in the upper part of the
tube.

106. Treat a erystal of sulphate of iron (FeO,50,+7Aq)
in a similar manner, observing the successive changes
which are produced, and examine the hquid which con-
denses in the upper part of the tube, with litmus-paper.

When first heated, six equivalents of water are exﬁ-e}led,
leaving a whitish powder, which consists of the sulphate
with one equivalent of water (FeO,80,H0O). On con-
tinuing the heat, the sulphuric acid is volatilized, a portion
of it being decomposed by the protoxide of iron, which
is converted into peroxide by the oxygen derived from the

acld.
2(Fe0,50,)=80,4S 0,4+ Fe,0,.

107. Repeat the experiment, using sulphate of potash
(KO,S0,) 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 subli-
mate (HgCl,) in two separate tubes, and note the different
appearances which are presented in both cases.

109. Heat a little red oxide of mercury (HgO,) 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. Ifa glowing match be intro-
duced while the decomposition is going on, it will indicate,
by its vivid combustion, the presence of free oxXygen,
especially if the open end of the tube be loosely closed
with the finger, to retard the escape of the disengaged

OXygen.,
HgO,=Hyg-+20.

110. Repeat the experiment with some red oxide of lead
(Pb,0,), and observe in what respects the results differ
from the last. The yellowish residue which is left is prot-
oxide of lead or litharge (PbO), one fourth of the OXygen

being expelled.
Pb,0,=3Pb0O+0.

111. Heat a little arsenious acid (AsOy) in a tube, and

?gggi?e closely the characters of the crystalline sublimate
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112, Mix together ei%ual portions of nitre (KO,NO,) and
bisulphate of potash (KO,HO,250,), and heat the mixture
in a tube; test the nitrous vapour which is given off, with
litmus-paper, and endeavour to account for its formation.

113. Heat a mixture of pounded fluor spar (Cal) and
bisulphate of potash (KO,HO,250,) in a ;IF&BE tube. The
corrosive action on the glass is owing to the formation of
hydrofluoric acid (HF).

KO0,HO0,280,4CaF=HF +4Ca0,80,+X0,S0,.

114. Mix a little iodide of lead (PbI) with bisulphate of
potash, and heat the mixture in a tube: the beautiful
violet-coloured vapour which rises and condenses i the
upper part of the tube is iodine.

PbI+KO0,HO,280,=Pb0,80,+K0,80,+H +1.

115. Fuse a little phosphate of lead (3PbO,PO;) on
charcoal, and observe the semi-transparent crystalline
appearance of the bead on cooling (412).%

116. Heat a little oxide of zine (ZnO) on charcoal; ob-
serve that it assumes a yellow colour when heated, but
becomes white again on cooling.

117. Notice the change of colour that ensues when chro-
mate of lead (PhD,Grga) is gently heated, and observe
whether the yellow colour returns on cooling.

118. Repeat the experiment with red oxide of mercury
(HgO,), taking care that the heat is not raised so high as
to cause decomposition (109).

119. Mix together a little chalk (CaO,CO,) and charcoal,
and ignite the mixture in a tube: carbonic oxide gas1s given
off, which, if formed in sufficient quantity, will burn with

a blue flame.
Ca0,C0,+C=0a0+2CO.

120. Heat a small erystal of carbonate
or anvy other salt of soda on platinum

wire (which should be fused into a glass
handle, and bent at the end, as shown in

* 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 kplfe. in which to
lodge the substance to be heated. The charcoal may
Fig. 40. Charcoal- be conveniently held during the experiment in & loop

~ holder. of tin plate, in the manner shown in fig. 49.
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fig. 48), and observe the intense yellow colour it commu-
nicates to the blowpipe flame. Then wash the wire, and
compare its action on the flame with that caused by the soda.

Fig. 48.

121. Repeat the experiment, using nitrate of strontia
(SrO,NO.) instead of the soda: the colour of the flame
will become crimson.

122. Heat a little chalk or marble (Ca0,CO,) 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 (CaQ) 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
tht:et Ep~30ini of EDI]thLEt.

. A piece of alumina (Al,0,) or alum (AL0O,, 3S0.+

KO,80;+24Aq) ignited in the flame, Bt a faint blussh

ight.

124. Dip a glass rod in a solution of nitrate of cobalt
(CoO,NO;), and moisten a small crystal of alum with it;
then ignite it on charcoal for a few minutes, and observe
the beautiful blue colour which it assumes. This is a
highly %earacteriﬂtie test for alumina.,

125. Repeat the experiment, with sulphate of magnesia
(MgO,S0,47Aq), which, when ignite?l with nitri?e of
cobalt, gradually assumes a pale rose colour.

126. A salt of zine, as the sulphate (Zn0,S0,+ 7Aq),

. when similarly treated, becomes green.
It is easy therefore to distinguish between alumina,
magnesia, and zine, in this simple manner.

127. Heat a fragment of tin in the deoxidizing flame
until it fusf:s into a bright metallic globule; when white
hot, throw it on the table, when it will divide into nume-
;D$ h;a:naﬂ l;)buleds, iwhic_:h run rapidly about, burning with

€ , an ' rhi
oxide (a0 eaving behind them white trains of

* Bee Daniell’s Chemical Philosophy, p. 361,
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128. Heat another fragment of tin, and keep it fused and
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,C,H,0,43Aq)
on charcoal: observe first the liberation of acetic acid
(HO,C,H,0,) and the deposition of a portion of the car-
bon; and on a further application of heat, the oxide of
lead first deposited is reduced to the metallic state, espe-
cially when it is kept in the deoxidizing flame. The
vellow ring which surrounds the metallic bead is protoxide
of lead (PbO).

130. Reduce oxide of bismuth (Bi,0,) in the same way:
compare the beads of the different metals thus obtained,
as to outward appearance, crystalline structure, mallea-
bility, &e. :

131. Heat a small crystal of sulphate of copper (CuO,
SO,+5Aq) in the reducing flame 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 pecu-
liar colour.

132. Mix together a little sul-
g phate of baryta (BaO,80,) and char-
Bl coal in a mortar, and fold a small
@ quantity of the mixture under one
i | corner of a slip of platinum foil
(fig. 50). Heat it strongly in the blow-
pipe flame, and when the ignited
mixture is cool again, put it mnto a small tulge, al}d treat it
with a drop or two of dilute hydrochlorie acid (HCI).
Observe the effervescence caused by the escape of ]l}'dl:l}-
sulphuric acid gas (HS3), 1=‘rhich may be rec_{:rgmsed by its
peculiar odour, and by a piece of paper moistened with a
solution of acetate of lead, which 1s instantly 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 hydrochloric acid, is de-
composed, and hydrosulphuric acid liberated.
Decomposition during ignition.
Ba0,80,+20=BaS+2C0,.

Decomposition caused by the hydrochlovic acid.

BaS+ HCI=BaCl+HS.
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133. Sublime a little sulphur in a small tube open at
both ends: while in the state of vapour in contact with
the atmospherie oxygen, it becomes converted into sulphu-
rous acid (SO,), the presence of which may be shown 1}5
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 quan-
tity of sulphide of anti-
mony (SbS,) in an open
tube (fig 51): observe the
formation of oxide of anti-
mony (SbO,), which ap-
pears as white fumes, and
test for the presence of sul-
phurous acid (S0O.,) as in
the last experiment. Here
the oxygen of the air has
oxidized both the sulphur
and the metal. Fig. 61.

135. Scoop out a cavity in a piece of charcoal « (fig. 52),
and nearly fill it with a paste made of phosphate of lime
(8Ca0,3P0;) and water, 4: dry it on 3
the sandbath, and when quite dry, ERTRSRaT
place a fragment of lead upon it, Ex-
pose it to the oxidizing flame, and obh- SEEEERRTRENERE
serve that the oxide of lead (PbO) as Fig. 59.
1t 1s formed, is absorbed by the porous phosphate of lime
while any silver which may be present, is left unoxidi zed.
as a small metallic bead. This process is called cu_peE:
lation. -

136. Fuse a little carbonate of soda (Na0,C0.,) on char-
coal, and observe thatit is absorbed, owin - illay
attlr;;:ti%:% f the porous charcoal. erioihacaptllay

. Make a bead of glass, by fusine a mj : :
bonate of soda and Eﬂiﬂf (SiOa}F(rﬂ?}. J Ae
. 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 colour which it assumes
owing to the formation of sulphide of sodium (NasS). ’

NaD,SiO:,—}-Ca,D,503=030,Si0:¢+40 +NaS.
139. Mix a little black oxide of manganese (Mn0Q,) with
E
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carbonate of soda (NaO,CO,) and fuse it on
platinum wire: remark the characteristic green
colour which is produced (267).

140. Mix together a little arsenious acid
(AsO,) (a qi:m.utity not greater in bulk than a
small pin’s head) (301) and black flux (which
is a mixture of carbonate of potash and finely
divided chareoal (751) ): ignite the mixture
in a tube closed at one end, and observe the
, crust of metallic arsenic which is deposited in

i * the upper part of the tube (fig. 53) (303).
F1g.58. Orust 141, Remove with a file the closed end of
" the tube used in the last experiment, and
holding it diagonally, direct the flame of the blowpipe on
the arsenical crust ; notice the white crystalline deposit of
arsenious acid (AsO,) which
condenses in the cool part of
the tube, and examine with a
lens the beautiful octohedral
cerystals of which it is com-
posed (fig. 54).

142. Place a little calomel
(HgCl) or corrosive sublimate
(HgCl,) at the bottom of a tube,
and cover it for about half an
inch with dry carbonate of soda
(NaO,CO,): 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).

HeCl+Na0,00,=NaCl+ Hy+0+CO..

143. Fuse a little borax (Na0,2B0O,+10Aq) on a plati-
pum wire, and observe the colour given to the bead by
salts of silver, iron, cobalt, copper, lead, manganese, &e.,
both in the oxidizing and reducing flame. :

144. Repeat the same series of experiments, using car-
bonate of soda (Na0,CO,), and afterwards mierocosmic
salt (NaO,Iﬁ'H4D,HO,PO-+SAq}, ingtead of borax, and
observe in what respects the results differ from each other.

Fig. 54. Arsenious Acid.
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CHAPTER VI.
SPECIFIC GRAVITY.

BY specific gravity is meant the comparative weights of
equﬁ'bulks of various kinds of matter. It has been found
convenlent 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 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 11.35;
while that of ether, which is considerably lighter than
water, is represented by the number 0.724.%

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 sus-
pend it by means of a Euraeha,ir, from a hook
attached to the scale-pan, making a small loo
at one end of the hair, passing the other eng
through 1t, and enclosing the substance in the
noose. Thus suspended, it is immersed in
water (fig. 55), and care should be taken that
1t is covered on all sides by at least half an inch
of water. Small bubbles of air frequently ad-
here to the surface, and these must be brushed
off with a feather or camel-hair peneil, as they
would tend to buoy it up, and cause the spe-
cific gravity to appear too low.

The results may be noted down as follow :

Weight of the substance in air . .
2 % in water . .

Loss

Al

—— e

which number represents the weight of an equal bulk of
water. Then by dividing the weight in air b}g the loss, c?r
the weight of an equal bulk of water, the specific gravity is

ascertained,
* See Fownes's Manual of Chemistry, p. 3. °

E 2
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Weight in air
——————— = Bpecific gravity.
Loss
In this way determine the specific gravity of some of
the following substances :—marble, amber, iron-pyrites,
sulphate 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 f?rat in air: then select a piece
= of lead of sufficient size to sink the light %Dd}'
=l 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 (fig. 56), and immersed in water, it will
be found that they will together weigh less
than the lead did alone, owing to the buoy-
ancy of the lighter body ; and this difference,
when added 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 inalr . . . . ... . - =

Weight of lead alone in water . . . . -
Weight of lead with body attached, in water

Difference o)
Add weight of body in air . . . . . -

Weight of an equal bulk of water . . . .

W

Havine thus obtained the weight of the body in air, and
the weicht of an equal bulk of water, the specific gravity

is caleulated as before.
Weight in air

— Specific gravity.
Weight of equal bulk of water

In this way ascertain the specifie gravity of wood, cork,

and charcoal.¥

* The following are the specific gravities of these substances, soma of
which, however, vary considerably. Marble 2.705 amber 1.08; iron-pyrites
1.90: sulphate of baryta 4.47; jet 1.30; lead 11.35; =zne 7.00; flint glass
3.30 ; and agate 2.60. E y :

+ The specific gravity of these substances varies congldernh]y, 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.

L4
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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.
Counterpoise* 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 con-
tains.t %Et"swing done this, empty the bottle, and dry the
inside either with a cloth, or with fragments of filtering
paper.

t 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 .

IRl

Difference — weight of water left in the bottle

Weight of bottle full of water . . . .
Water left in the bottle after the powder
wasadded . . . . L }

—

Weight of water displaced by, and equaly __
in bulk to, the powder i } =

Then as hefore :—
Weight of the powder

— S8pecific gravity.
Weight of water displaced i S

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

* This is done by putting shot or strips of lead in a pill i
- y 3 - in a pill-box, which, when
ﬂaﬁfﬂﬁtﬂi opposite scale, are adjusted until their weight is equal to that
t Bottles may be purchased which
of distilled water, W% are.made [ ConsMnEXRcily U U Erains

1 The specific gravity of gand is about 2.60 ; flint glass 3.30 ; and shot 11.35.
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SECTION IV.

Specific gravity of liguids.

148. With a bottle similar to that used in the last ex-
geruum}t, the specific gravity of liquids may be readily

etermined. As the space occupied by a given weight of
liquid varies with the temperature, 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 62°, 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 %quid
to expand, and become specifically lighter: this may be
avoided by interposing a linen cloth between the hand
and the glass.

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 of water : 1.000 : : Weight of liguid : Specific gravity.

Oare must be taken to clean the bottle tho-
roughly after each experiment, by washing 1t
first with distilled water, and then with a hittle
of the liquid whose density is to be ascertained.

Some of the following may be taken for prac-
tice :—Alcohol, 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 zine, and cream of tartar.

149. The specific gravity of liquids may also
be determined by another process, which, though
not capable of so much accuracy as the last, 18
frequently useful when a specific gravity bottle
is not at hand. _
Fig. 57. Take a piece of solid glass rod, about the size
Specific: e the figure (fig. 57), with one end drawn out

%ﬁn‘;ﬁy and turned in the blowpipe flame. Weigh it
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first in air and then in water, suspending it
with a hair-loop (fig. 58). Then, having wiped
it dry between each experiment, weigh it suc-
cessively 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 knowing the weight of a similar volume
of water, the specific gravity may be known by
s1m hla calculation.
s :

Weight of glassinair. . , . . .
Weight of glass in liquid. . . . .

AORBYSE SR e e Fig. 68.

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

Weight of equal | .. [ Weight of equaly . ySpecific gravit
volume of water, / * 1000 ¢ {vulume of ]iquir]} ; { of the lﬁquid.y}

Determine in this way the sgeciﬁc gravities of some of
the solutions already mentioned, and compare the results
with those obtained with the specific gravity bottle.

CHAPTER VII.

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
atmosphere of dry hydrogen gas ; and from the facility with
which the operation may be performed, and the accurate
Zesuigs 11;1 @vcatﬁh? ca-zifﬁllly conducted, it is frequently

mployed 1n estimating the ' '
o izgd b g the quantity of oxygen present in
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151. The apparatus which is required for the purpose is
shown in the figure. (Fig. 59.) The bottle « 1s ;l];arged

Fig. 59. Reduction of Oxide of Copper.

with zine and dilute sulphuric acid to generate the
hydrogen, which is dried while passing over fragments of
chloride of caleium in the tube e; the gas then passes into
the bulb tube %, 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 having
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 ang m. When the tube is of such a diameter as cannot
be exactly matched by any of the cork borers in the set, the
hole should be bored by a smaller one, and afterwards
enlarged by means of a round file, until it is of sufficient
calibre to admit the tube, which must always fit perfectly
tight. 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
caleium (734) ; put in another bit of tow (the nse 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 & and e, which pass through it, the former reaching
nearlv to the bottom of the bottle, the latter passing m:;ly
just through the cork. Put 300 grains of granulated zine
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into the bottle, and fix the cork containing the tubes b
and e.
153. In order to connect the different parts of the ap-
aratus together, make two caoutchouc connectors f and g.
;P['his is done by loosely folding a piece of sheet caoutchouc
about an inch and a half square, round a piece of rod or
tubing of the same diameter as the tubes which it 1s in-
tended to join together, and cutting off' with one stroke of
a pair of sharp scissors the superfluous ends (fig. 60); when

Fig. 60. Making Caoutchoue Connectors.

this is properly done, the cut edges cohere, and when
slightly p:r-::stsrsgr together 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 20 or 30 grains
of oxide of copper (CuO); again weigh, to ascertain the
weight of oxide operated on, and connect the apparatus
as shown in the figure. The caoutchoue 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, fill the bottle @ about ﬂnc-t}i\ird full
of dilute sulphuric acid (consisting of one part by measure
of the strong acid and eight parts of water), pouring it
down the funnel tube & (12); and when the gas has been
coming over about five minutes, apply a gentle heat to the
bulb, and gradually increase it as long as any water is

formed.
CuO+H=Cu+HO.
It is necessary to observe the precaution of not applying
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the heat immediately, since the apparatus at first contains
an explosive mixture of hydrogen and common air, which
would, if heat were upplied}: be in great danger of exploding
(17) and seriously injuring the operator; by allowing five
minutes to elapse, however, the whole of t]i’e 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 mois-
ture that may have condensed in the cool end of the tube,
remove the me, 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 percentage 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, u.nﬁ 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 tempe-
rature, and the other fixed, so thatﬁ‘y merely heating the
mixture, and weighing before and afterwards, the weight
of each ingredient is determined. In some cases, however,
it happens that the non-volatile body when heated in at-
mospheric 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 com-
bining with it, as hydrogen or carbonie acid. Forinstance,
in the analysis of gunpowder, which consists of a mixture
of nitrate of potash (KO,NO,), sulphur, and charcoal, the
nitrate of potash is first dissolved out with water, and the
insoluble residue, consisting of sulphur and charcoal, 18
heated in a current of hydrogen or carbonic acid, when the
sulphur, being volatile, 1s expelled ; whereas, if the mix-
ture were to be heated in common atmospheric air, the
carbon as well as the sulphur would disappear, since 1t

® This is known by holding @ piece of cold glass close to the opening at
the g;ﬁliflfhe tube, mf:;] observing whether any moisture is condensed upon
its surface ; if not, it may be inferred that no water 1s coming off.
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would combine with oxygen, and become converted into
carbonic acid (CO,), which 1s a gas. .

157. The apparatus required for this purpose is the
same as that used for the reduction of metallic oxides by
hydrogen (151). Kill the generating bottle @ about one-
third full of water, and put in some fragments of marble

' (Ca0,C0O,); when the apparatus is arranged, pour in from
time to time a little h}"tﬁ'ﬂﬂhlﬁ]’iﬂ acid through the tube b,
80 as to mamtain a moderate effervescence (19). Weigh
the bulb-tube, and put into it about 10 grains of the mix-
ture 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 earbonie 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 percentage of sul-
phur is then ascertained by calculation.

Weight of mixture : loss of weight : : 100 : percentage of sulphur.

SECTION TII.
Preparation of perchloride of iron (Fe,CL,).

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 (fig. 61),
to the beak of which a tube, bent at right angles &, 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 (MnO,) 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 & from the bottle used in the two last
‘experiments (151), and substitute a piece of tubing e,
« sufficiently wide to admit the bent tube &, and reachin
I: nearly to the bottom of the bottle, which should be fille
about a fourth part full of water. The rest of the appa-
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ratus is the same as that used in the reduction by hydro-
gen (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.

Yig. 61.

159. When the apparatus is connected together, slowly
pour into the retort through a funnel one ounce of strong
sulphuric acid (H0,80,), 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.

MnO,+NaCl42 (H0,80,)=Mn0,80;+ Na 0,80,
+2H0+CL

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 caleium in the tube e, arrives in the tube con-
taining the iron, in a pure and dry state.

When the apparatus is filled with the chlorine, apply a l

gentle heat to the iron wire, and observe the beautiful
sealy erystals of sesquichloride of iron (Fe,Cl,), which
sublime and condense in the cool end of the tube. Remove

L
o

|

a few of the erystals 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 (NH,) in slight excess: the brown preci-

pitate which is produced, is hydrated peroxide of iron =

(280).
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CHAPTER VIII.

ALKALIMETEY AND ACIDIMETRY.

SECTION 1.

Alkalimetry.

160. The process of alkalimetry has for its object the
determination of the quantity of real alkali or alkaline
carbonate 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 eonstant and uniform, in
obedience to the well-known laws of combination in defi-
nite proportions.

For example, forty-nine parts, by weight, of <=
oil of vitriol (HO,S0,) comgine with thirty-two |,
parts of soda (NaO), and when the two sub- |}
stances are brought together in these pro-  Lile
portions, the I'Eﬂlﬁ-ﬁjlg compound (sulphate of ||
soda NaO,80,) is a perfectly neutral salt: but L.
if the relative quantity of acid or alkali be |
greater or less than those specified, then there  Hif
will be an excess of one of them present, and i
the solution containing them will be no longer |
neutral to test paper. Hence it appears that if :
we have an unknown quantity of pure alkali in i
a solution, we can, by treating it with an acid 1
of known strength, and observing how much of ‘a 3

I

the acid is required to neutralize it, readily de-

termine the percentage of potash or of soda in
any specimen.

161. The &pE&ratus employed for this purpose |

- 18 a tube, capable of holding 1000 grains of dis- yn

tilled water, graduated into 100 parts, the divi-
. sions being numbered from the open end down-
| wards, as in the figure (fig. 62). At 65 degrees o
. there is a line scratched, marked carbonate af’ hr:tg%;r
potash; at 54.6, another line, marked carbonate Tube.
of soda; at 49, potash; and at 23.5, sode; numbers, it will
be observed, which, when deducted from 100, bear similar
relations to each other as the atomic weights of the com-

pounds whose names they are associated with. Now, if
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sulphurie 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 1s evident that each division of the tube contains the
quantity of acid requisite to neutralize one grain of alkali,
being +%sth part of the whole, By ascertaining experi-
mentally therefore how many of the divisions full are
required to neutralize the alkali present in 100 grains of
an impure specimen, that number will represent the per-
centage of real alkali which it contains.

162. Ascertain the quantity of dry carbonate of soda
(NaO,CO,) in a sample of the erystallized salt (NaO,CO,+
10Aq). For this purpose weigh out 100 grains of the salt,
and dissolve it wit t]i;e aid of a gentle heat, in about four
ounces of water in an evaporating basin. Pour a little of the
standard sulphurie acid (spe-
cific gravity 1.1268) (which
should have been previously
prepared and allowed to cool,)*
into alipped glass, and thence
into the alkalimeter tube, un-
til it reaches the line marked
carbonate of soda, and fill it
with distilled water up to zero.
Put two or three small pieces
of litmus 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 1t
“with during the process of
neutralization.

163. Having made these
preparations, take the tube
in the left hand, close the
opening tightly with the
thumb, and invert the in-

Fig. 63. strument five or six times

/)

: v I ; d by mixin
xS Jc acid of the specific gravity 1.1268, may be prepared by mixing
to etﬁ:ﬂl?l;z:::i;lrt by mEﬂﬂuI;'E of strong oil of vitriol (H0,50y) specific gravity
; E 4, and eight parts of distilled water. Before tak:r{g it into use, it must be
B4, its specific gravity, and also as to its neutralizing power,

to i : ; : 4
Eﬁ:gﬂ Eﬁlﬁltnse ascertained by experiment with a pure specimen of alkali,
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suecessively, in order to mix the acid and water thoroughly
and uniformly together: then by cautiously relaxing 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. (Fig. 63.)
When the change of colour begins to ap ear, 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 red-
dening being thus proved to have been caused by the car-
bonie acid dissolved in the water; and the cautious addition
of acid must be continued until a permanent feeble red
colour 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 re re-
senting the percentage of dry carbonate in the sample,*
The decomposition may be thus expressed:

Na 0O, OOE+HG,SC)3:NaG,SOJ+ED+COE.

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
ecarbonate of soda with acid, it is filled up to the mark sodq,
and then up to zero with water.+

166. Ascertain experimentally the percentage of potash
(KO), and of dry carbonate of potash (KO,CO,), 1n the
crystallized carbonate (KO,C0,+2Aq).1 !

* The atomic weight of erystallized carbonate of soda (Na0,C0,4+10Aq)
being 144, and that of the dry salt (Na0,C0,) 54, the percentage of the
latter, supposing the erystallized salt to be pure, may be caleulated as follows -

144 ; 54 12 100 : 2 = percentage of dry carbonate of soda,

T If the erystallized salt is ure, the perc of soda b
as follows : g P percentage of soda may be calculated

.:‘;_tc. wt. of erystd. carbonate of soda. Ate, wt. of soda., Per cent. of soda.
W J | i L
s —_—— )
t The atomi p:rﬂlt f KO is48 h f 32 e AL
¢ welght o isdB: t = J
+24q 88, g i i thatof KO,C0; 70; and that of KO,C0,
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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. W hen 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 Ca0,CO,) which a
given weight of it decomposes and dissolves. This process
will serve for nitrie, hydrochlorie, and acetic acids.

168. Determine the percentage of nitric acid (NO,) in
a specimen of the liquid acid.

eigh out 150 grains of pounded marble, put it into
an evaporating basin, and cover it with about two ounces
of distilled water. Poura 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, avoidin
too large an addition at once, lest the effervescence shoul
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
|’ distilled water, and add the washings
to the marble: stir the mixture re-
peatedly with a glass rod, and when
the effervescence appears to have
nearly ceased, heat 1t gently over a

lamp.
Gag,CD +NO,=C0a0,NO,+CO.,.
169. While this is going on, fitup a
washing bottle (fig. 64), the tubes tor
| which have been already prepared
=" (94). Two holes must be bored in
the cork to fit the tubes, which must
be fixed in the manner shown in the
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ficure. Then prepare a
filter, according to the
directions already given
(66); and having moist-
ened it with distilled
water, support it over a
beaker glass by means
of a retort stand or per-
forated block of wood (fig.
65). Pour the solution
from the evaporating
basin down a glass rod
mto the filter, directing
the stream so that it may
fall upon the sloping side
and not into tEe apex,
lest its force should in-
jure or break through the

paper : wash the last Ertions of marble out of the basin

by means of the was

ng bottle, holding the basin in a
nearly vertical position

(fig. 66). When the liquid
has for the most part
passed through the filter,
wash the latter withwater
from the washing hottle,
divecting the stream just
below the upper edge of
the filter, and continuing
to wash until a drop of
the filtered liquid, when
evaporated on a strip of
{;Ia,as or platinum foil,
eaves no trace of solid
matter. When this is the
case, we may be sure that
the whole of the soluble
nitrate of lime ( Ca O, ¥ 0,)
has been washed out, and
that nothing remaing but

e the portion of marble
=== - which was not decom-

posed. This residue must
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now be thoroughly dried, weighed, and its weight deducted
from that of the whole of the marble employed; 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 ascer-
tained by the following proportion :

Atomic weight of Atomic weight of
carbonate of lime. nitric acid.
1 g e iy | -~ —
: .. [ Quantity of mar-y _ ___ f Percentage
50 % LI { ble dissolved } pt= { of nt. acid,

170. Ascertain the percentage of hydrochloric acid
(HC)) in a specimen of the liquid acid. Proceed exactly
as in the previous experiment with nitric acid (168), only
‘n the calculation substitute the atomic weight of hydro-
chloric acid 87, for that of nitrie, thus:

50 aT i Quantity of marble dissolved . X

171. In the determination of the strength of acids which
do not form with lime, salts that are goluble 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 ug sulphurie acid, sulphate of
lime being too sparingly soluble to admit of this acid being
estimated by the process with marble.

172. Determine the percentage of sulphuric acid
(HO,S0,) in a specimen of the dilute acid. Take 100

ains 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 o 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 ﬁently over
a lamp. Dissolve 100 grains of pure crystallized carbonate
of soda (Na0,00,+10Aq) in an ounce and ahalf of water,
applying if necessary a entle heat, and pour it when cold
into the alkalimeter tu%e (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 1t securely with the thumb, invert
it repeatedly, 1n order to secure the perfect and uniform
mixture of the saline solution and the water. When this
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has been done, it is evident that each division of the alkali-
meter tube must contain in solution one grain of the erys-
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 colour of the litmus is
changed to purplish blue ; when this is the case, remove
the thumb, an(f after allowing the tube to stand u right
for a minute or two, read off the degree at which the iquid
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 :

Equiv. of erystallized Equiv. of sul- Grains of car- Per centage
carbonate of soda. phurie acid, bonate used. of acid.
i o J A= S J i - J 3 ;
144 - 49 e - F

173. Determine the strength of nitric (&VO;) and hydro-
chloric (ZZCl) acids by this method, and compare the re-
?ults with those obtained by the decomposition of marble
168, 170).

SECTION IIT.
Lstimation of Carbonic Acid in Carbonates.

174. The quantitlylr of carbonic acid (C O,) contained in
any carbonate which is readily de- ’
composable by hydrochlorie acid,
may be determined in the follow.
ing manner. Take a piece of tube
b (fig. 67), 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
caleium (734), putting in a loose
phﬁg of tow or cotton wool at each
end, in the manner already de-
scribed (152). Bend a lece of
uill tubing in the form s.]i’mwn at -
(118{8}, and by Eﬂans of perforated -~ e
COrks, connect the two tubes with a i :
flat-bottomed flask, capable of h;ld- ds wﬁ?ﬁ&%ﬂ‘é s
= 4
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ing 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 (HCI).

175. Put into the flask twenty grains of marble (CaO,CO,)
in small fragments, and pour upon it about an ounce of
water: then cautiously introduce the tube ¢ containing the
acid, taking care that none of the acid is allowed to come
in contact with the marble ; connect the chloride of cal-
ecium 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
18 disen gu.%]eld with effervescence; is deprived, while passin
over the chloride of calcium, of the moisture with whieg
it is impregnated ; and passes off’ through the small aper-

ture in the tube &, leaving the apparatus of course lighter
than before.

Ca0,00,+ HCl=CaCl+ HO+CO,.

176. When the effervescence has ceased, the flask should
be gently warmed, and when cool again, the cork may he
removed, and air drawn through the flask by means of a
small piece of tube, to abstract the whole o the earbonic
acid with which it is filled ; and which, being heavier than
common air (22), would add to its apparent weight. The
chloride of caleium tube is then replaced, and the whole
apparatus again weighed; the loss of weight being of
course that of the C&I‘%Jﬂﬂiﬂ acid expelled. By multiplying
this loss by 6 (20x5=100), the percentage of carbonic
acid in the marble is obtained.

177. Aseertain in the same way the percentage of car-
bonie acid in the carbonate (NaO,CO,+ 10Aq) and bicar-
bonate of soda (Na0,HO,2C0O,).



PARTSTE

ACTION OF REAGENTS ON BASES AND ACIDS.

CHAPTER 1.
S8ECTION 1.
Iﬁffﬂductmy.

178. QUALITATIVE analysis has for its object the deter-
mination of the elements or compounds which are contained
n any given substance; and those elements and com.
pounds are recognised by certain characteristic appear-
ances which they present when exposed to the action of
tests or reagents, or when otherwise treated, as shen sab.
mitted to heat, &ec.

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 cﬂmmonli] met with in such investiga-
tions, in order to enable him properly to interpret ﬁae
language in which Nature, through his experiments, replies
to his inquiries.

With this purpose in view, he should not merely apply
his tests, and superficially note whether a precipitate 1s or
i8 not formed, but he should endeavour to impress on his
recollection the exact appearance which it presents, both
as to colour and also as to physical structure ; whether it is
crystalline, curdy, or gelatinous ; whether it separates im-
mediately from the go ution, or requires time for itg de-
velopment ; as well as the action a;‘l solvents (as acids ang
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

?j:fydy of chemistry, but in almost every occupation of
ife.

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 behaviour with Zy-
drosulphuric acid (HS), kydrosulphate of ammonia (NH,
S, HS), and carbonate of soda (NaO,C0,). Those in Class
IV. are precipitated as sulphides from acidified solutions
by hydrosulphuric acid; those in Class ILL. are mot af-
fected by hydrosulphuric acid when an excess of hydro-
chloric acid is present, but are thrown down either as sul-
phides or oxides when their neutral solutions are treated
with hydrosulphate of ammonia: those in Class II1. are
not precipitated by either hydrosulphuric acid or hydro-
sulpEate of ammonia, but are thrown down as carbonates,
by carbonate of ammonia or of soda : and those in Class L.
are unaffected by any of those reagents.

Baszs.

Class 1.
120107 Kot A i Tl i S T (KO)
B e L L ey G e (Na O)
R omn e Diglae T | TERE S0 o RN

Class I1.
M es8la W bt Bt T e T (Mg O]
Li;{f; S e ealn )

% In the Appendix will be found a table showing the behaviour of most of
the rarer substances with reagents.
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the Organic.
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Baryta
Strontia .

Class IIT.

Alammma o . . ;
Oxide of Chromlum 3
Oxide of Zine .
Protoxide of Maufraneae
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 Sﬂver
Protoxide of Tin
Peroxide of Tin .
Oxide of Bismuth .

Acips.

Tnorganic Acids.

Sulphurie .
Phosphorie
Boracie .

Carbonie
Silicie

Hydrochlorie .

Hydriodic . . .
H}dmsulphune :
Nitrie A

Chlorie

(Ba O)
(Sr O)

(As O,)
(As O, }
(Sb O)
(Hg O)
(He 0)
(Pb D)
(Cu O)
(Ag O)
(Sn O)
(Sn O,)
(Bi,0,

are divided into two groups, the Inorganic and

(S0,)
(PO,)
(BO,)
(CO,)

( 11 3)
(HCI)
(HI)
(H5S)
(NO,)
(010}



72 METALS BELONGING TO CLASS I.

Organic Acids.

Oxalic . (HO,C,0,)
Martarip, » . + v oo (2HO,0H,0,)
GHme . s 2 - OO G
Malie e e e b ARVHGOOH O
Suceinic (HO,C,H,0,)
Benzoie . o« s v o e (OLCLHIO)
VDT Gl W~ 3 T (HO,{34EI:I303]
BOTIie. o v = o« a sees o ot OEELCHHION

180. Should the student find that the action of any test
does not agree with that deseribed, 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 (689).

CHAPTER II.

METALS BELONGING TO CLASS I.

Potash, Soda, and Ammonia.

181. THE three bases belonging to this class are chiefly
characterized by the solubility in water of most of their
compounds, 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 distin-

ished from all other bases by producing no precipitate
when tested with either of the three classifying tests—viz.,
hydrosulphuric acid, hydrosulphate of ammonia, and car-
bonate of soda, their sulphides and carbonates being all
soluble in water.

Dlél;}]utiuns of the uncombined or carbonated alkalies are
alkaline to test-paper, turning reddened litmus blue, and

turmeric brown.
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SECTION 1.
Potash (KO).*

A solution of chloride of potassium (A C7) 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 furmeric paper.

%est the solution in separate test-tubes with Aydrosul-
phuric acid, kydrosulphate of ammonia, and ecarbonate of
soda. No precipitateis produced in either case.

184. It must be remembered that in many cases, pre-
cipitates do not separate af once from the snlutinns,rl)]ut
require ¢zme 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, 1t 1s 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 pre-
c;‘pltate 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 bickloride of platinwm
(P2CL) 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 (KC ,PtCL). The
pEesarce of a little free ]E}rdmchlﬂric acid assists the
ormation of the precipitate, especially when the potash-
salt is any other than the chloride. Ifthe potash solution
13 dilute, the precipitate does not form at once ; so that it
18 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

* Those tests which are most characteristic are distinguished by (0).
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platinum nearly to dryness on a water bath (645), and
treat the residue with aleohol, 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 indication is due fo potash, to prove the absence of
ammonia (194).
_ 186. (C) Add a solution of tartaric acid (2 HO,C,H,0,,)
in excess to that of the potash salt, which should be either
neutral or with a slight excess of alkali. A colourless
erystalline precipitate is produced of bitartrate of potash
(KO,HO,C;H,0,). As in the last test, the precipitate
does not appear immediately unless the solution be con-
centrated ; 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, i1s 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 colour 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 colour may be observed in the flame of aleohol
which contains a little potash in solution.

Tt 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 ye]fuw colour which the
latter base gives to the flame (190).

SECTION II.

Soda (Na O).

A solution of sulphate of soda (NaO,50,+10 Ag)
may be used.

——

188. (C) An aleoholic solution of bickloride of platinum
(PtCl,) gives no precipitate in solutions of soda salts, even
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when they are concentrated. If the m:ﬁ:ture, however, be
allowed to evaporate spontaneously, delicate yellow needle-
shaped urfstals of the double chloride of sodium and plati-
num (NaCl,PtCl,) will gradually form, which are so tnta.lljv]-
different in appearance from the corresponding potas
compound (185), besides being readily soluble in water and
aleohol, that the two ecannot be mistaken for each other.

189. (C) Antimoniate of potask (K 0,860;) 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,5b0,) (184). If the soda salt under
examination contains an excess of acid, it should be neutral-
ized with potash before the addition of the antimoniate,
as otherwise a precipitate of antimonie acid (HO,SbO,) or
biantimoniate of potash (KO,25b0,) 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
otherwise no precipitate will be produced (184).

190. (C) en a fragment m‘P a salt of soda is heated
before the blowpipe, it communicates an intense yellow
colour to the flame; the same colour is produced, also,
when aleohol is mixed with a solution of soda, and burnt.

191. Neither Aydrosulphurie acid, hydrosulphate of am-
monia, nor an alkaline carbonate, produce any precipitate
in solutions of soda, neither does tartaric acid (186).

SECTION III.

Ammonia (NH,) or with one equivalent of water, which all
its salts with oxygen acids contain (NH,O),

A solution of muriate of ammonia (IVA,CZ) 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 com-
Elet_e y, leaving, if pure, no fixed residue. They may

e in this wa‘fr readily distinguished from the salts of
potash and soda.,

193. Like potash and soda, ammonia gives no precipitate
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with Jydrosulphuric acid, hydrosulphate of ammonia, or
an alkaline carbonate.

194. (C) Bichloride of platinum (PtCl,) throws down in
ammoniacal solutions, which are not very dilute, a yellow
crystalline precipitate of the double chloride of platinum
and ammonium (NH,C1,PtCl,), which is very similar in ap-
pearance 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 may be
ignited, and the residue digested in water; if the solution
thus obtained give any precipitate with nitrate of silver,
potash 1s present. The reason is this: the ammoniacal
compound (NH CLPtCl,) leaves, after ignition, nothing but
metallic platinum ; while the potash compound (KC1,PtCl,)
leaves a mixture of metallic platinum and chloride of pot-
assium, 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
potash or soda, or with hydrate of lime (CaO,HQ). The
fixed alkali here combines with the acid of the ammo-
niacal salt, on account of its superior affinity, and sets
free the ammonia.

NH,0,580,4+ KO=KO,80,4+NH,+ HO.
e The presence of the free
=8 ammonia in the upper part
of the tube may be proved,

(¢) By its well-known
odour ;

() By its alkaline reac-
tion on turmeric and red-
dened 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

(¢) By the production of
dense white fumes of muriate
of ammonia (NH,Cl), when a

* When a liquid is to be boiled in a test tube, the latter may be conve-
niently held in a loop of paper or cloth, as shown in fig. 68,
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rod moistened with dilute hydrochlorie acid (£ C7) is held
near the mouth of the tube.

196. Tartarie acid (2HO,C.H,0,,) behaves with ammo-
nia in the same way as with potash, throwing down a
colourless crystalline precipitate of bitartrate of am-
monia (NH 46,]:[0,03} s0,,), which is, however, rather
more soluble than the bitartrate of potash (186).

Summary of Class 1.

197. From the experiments now deseribed, it appears that
the three alkalies may be distinguished from other metallic
oxides by their producing no precipitate with either hydro-
sulf)huric acid, hydrosulphate of ammonia, or an alkaline
carbonate; one or more of which causes,aswe shall presently
see, a precipitate with all the other bases. Hence, if we
have a solution which we know to contain some inorganie
saline matter, and we find no precipitate produced in it on
the a.ﬂplpliﬂatir:m of those tests, we conclude that the base of
the salt is either potash, soda, or ammonia.

For the purpose of distinguishing between the three
alkalies themselves, we may first test for ammonia, by
heating with potash (195). If this is absent, add to a
tolerably concentrated solution some bichloride of plati-
num or tartarie aeid (185, 186), which will enable us to dis-
tinguish between potash and soda. If these tests give no
Eremplta,te, 1t is probable that the base is soda; which may

e confirmed by the behaviour of the solution with an-
timoniate of potash (189), and by allowing the mixture
with bichloride of platinum to evaporate spontaneously,
when, if yellow ueegle-like crystals appear, the presence of
soda may be considered certain (188).
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CHAPTER IIT.
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 carbo-

nates and phosphates ; so that when treated with carbonate
or phosphate of soda, they furnish copious precipitates.

BECTION I.

Magnesia (MgO).

A solution of the sulphate (MygO,S0,4+74q) 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 (NH,) when added to a neutral
solution of magnesia, separates a portion of it in the form
of hydrate (MgO,HO), which appears as a bulky white
precipitate.
Mg0,80,+ NH,+2H0=MgO,HO+NH,0,80,.

The rest of the magnesia remains in solution, in eom-
bination with the ammonia and acid, forming a soluble
double salt of ammonia and magnesia (NH,0,Mq0,250,).
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

* When, as is sometimes the case, the hydrosulphate contains free am-
monia, it may cause a slight precipitate (200).
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example, if the solution of magnesia be mixed with muriate
of ammonia (N/,C7), and then tested with ammonia as
above, no precipitate is produced. gy
201. Coﬁect on a filter, and wash with distilled water,
a little of the preciFitated magnesia obtained in the last
experiments, and place it while moist on yellow turmeric
aper; the magnesia being very slightly soluble in water,
Eua an alkaline reaction, and turns it brown.
202. Solution of caustic potash (K O) precipitates hydrate
of magnesia (MgO,HO), especially if the mixture is heated.

My0,80,+ K0+ HO=MgO,HO+ K0,50,.

Ammoniacal salts (as muriate of ammonia), if present in
the solution, prevent the formation of this precipitate, or,
if added subsequently, often redissolve it.

203. Carbonate of potash (K0,C0,) gives a white precipi-
tate, consisting of basic carbonate of magnesia (4Mg0,3CO0,
+4Aq). A portion of the magnesia remains in solution
as bicarbonate, which when boiled is decomposed, and the
neutral carbonate (MgO,CO,) being insoluble, is precipi-
tated. Ammoniacal salts, if present, prevent the forma-
tion of these precipitates, and redissolve them if subse-
quently added. _

204. Carbonate of ammonia (2NIH. 40,3C0,) gives no
precipitate unless the solution is boiled, and not even then
unless it be added sparingly.

205. Sulpluric acid (HO,80,), or sulphate of soda
(Na0,80,), produces no precipitate in solutions of magne-
sian salts,since the sulphate of magnesia is soluble in water.

206. (C) Phosphate of soda (2Na0,HO,PO,) gives a
white precipitateof phosphateof magnesia (2MgO,HO,PO,)
Er?lﬁded the solution is not very dilute, and especially on

oiling.

Theg addition of ammonia or its carbonate to the mag-
nesian solution, renders the phosphate of soda a far moye
d:sslina.tc test than when used alone, because under those
circumstances the double phosphate of ammonia and mag-
nesia (2MgO,NH,0,P0,+12Aq) is produced, which is less
soluble than the phosphate 0? magnesia, and is conse-
quently thrown down me 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,
a crystalline deposit of the double phosphate gradually
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separates (184). Agitation of the liquid with a glass rod
hastens the formation of this precipitate; and 1t 1s 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 oceurs in the case of
the bitartrate of potash and others, in which the precipitate
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 am-
moniacal salts in the solution is the reverse of that before
described (200). When mixed with ammoniacal salts in-
deed, magnesia can be precipitated only by a soluble phos-

hate.
k If the double phosphate be ignited, it is decomposed
into phosphate of magnesia (2MgO,PO;), the ammonia
and water being expelled.

207. Ozalate of ammonia (NH,0,C,0,) gives, in toler-
ably strong solutions, a white precipitate of oxalate of
magnesia (Mg0,C,0;), provided no other ammoniacal salts
are present. :

208. (C) Barytawater (BaOin 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 (Ba0O,S0,) will be thrown down at the

same time.
Mgﬂ,Sﬂu-l-BaD,HG:MgO,HD-{—BaD,SOa.

209. (C) When magnesia or one of its salts is moistened
with a solution of nitrate of cobalt (CoO,NO;), and strongly
heated before the blowpipe, the mixture assumes a pale
flesh or rose colour.

SECTION II.

Lime (Ca0).

lution of chloride of caleium (CaCl) or nitrate of lime
> E'[':H; {;?E\%Ei 3 Ag) may be used with the liquid tests.

—

910. Place a small fragment of caustic lime on moistened
turmeric paper ; the brown colour 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. Y

213. Potask (KO) throws i)own a white precipitate of
hydrate of ime from concentrated solutions, which redis-
solves when treated with a large quantity of water.

CaCl,+ K0, HO=Ca0,HO+ K CI.

If any of the precipitate is insoluble when treated with
water, 1t 1s probably owing to the potash containing a little
carbonate, which would cause the formation of the inso-
luble carbonate of lime (214). If the solution of hydrate
of lime be exposed to the air, it gradually absorbs earbonie
acid, and a deposit of carbonate of lime takes place, which
dissolves with effervescence in dilute hydrochl%ric acid.

214. (C) Carbonate of potash (KO, C’G%] throws down a
copious precipitate of carbonate of lime (Ca0,C0,), which
1s readily soluble with effervescence in dilute hydrochloric
or nitrie acid.

CaOl+K0,C0;=Ca0,C0,+ K CL.

The quantity of the precipitate increases on boiling the
mixture ; and its formation is unaffected by the presence
of ammoniacal salts.

215. Sulplwric acid (HO,S80,) or sulphate of soda (Na
0,850;), when added to concentrated solutions of lime, give
an immediate white precipitate of sulphate of lime (CaO,
SO0;+2Aq).

(I'ctC‘E—J—Na(},SO:,:CﬂO,SDg-}-.E\TuC’E.

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. In solu-
tions of sulphate of lime, of course no precipitate is pro-
duced by either of these reagents.

216. (C) After haﬂ'ng 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. For the success of this
eXperiment, 1t 18 necessary that the liquid is free from any

G
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excess of acid, since the oxalate of lime is soluble in most
acid solutions (218).
217. Phosphate of soda (2Ne 0, HO, PO;) gives, in neutral
or alkaline solutions of lime, a white precipitate of phos-
hate of lime (8Ca0,3PO;), which is rea&l soluble in
ilute hydrochloric acid, and reprecipitated from the acid
solution when neutralised with ammonia.* The presence
of ammonia does not, as in the case of magnesia (206),
facilitate the formation of this precipitate.

218. (C) Ozxalate of ammomie (NH,0,C, (,) 18 an ex-
tremely delicate test for lime. When added to a solution
containing 1t even in a,hi%hly diluted state, a copious white
precigit-ate of oxalate of lmme (Ca0,C,0,+2Aq) 18 pro-
duced, which is one of the most insoluble salts with which
we are acquainted.

CaCl+ NH,0,C,0,=Ca0,C,0,+ NH,CL

Tt is necessary that the solution should contain no excess
of acid, as the oxalate of lime is soluble in aecid solutions ;
acetic and oxalic acids, however, do not dissolve it.

919. If alecohol, containing a salt of lime in solution, 18
burnt, the flame has a. redc ish tinge, less crimson, how-
ever, than that caused b strontia under the same ecir-
cumstances (236). The salts of lime also eommunicate a
similar colour to the blowpipe flame.

SECTION III.

Baryta (BaO).

A solution of chloride of barium (BaCl+ 2.A4q) may
be used with the liquid tests.

——

920. Hydrosulphuric acid and hydrosulphate of ammonia
produce no precipitate with salts of baryta.

991. Ammonia, when free from carbonate, gives no pre-
cipitate. ' + \ '

999. Potash (KO) in dilute solutions gives no precl-
pitate ; but if the baryta solution be conecentrated, it throws
down a bulky crystalline precipitate of hydrate of baryta
(BaO,HO,+9Aq), which redissolves if water be added.

* If the phosphate of soda be added drop by ﬂrgv to an excess of chloride
of calcium, the precipitate consists of (2Ca0,HO,P0;5).
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223. Carbonate of Potash (KO,C0,), and carbonate of
ammonia (2VH,0,3C0,), throw down a white precipitate
of carbonate of baryta (BaO,CO,).

BaCl+4 KO0,C0,=Ba0,C0,+ K CL.

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) Sulpluwric acid (H0,80,) and sulphate of soda
(Ve 0,50,) produce in solutions of baryta a copious white

recipitate of sulphate of baryta (Ba0,80,) even in very
gilute solutions.

BaCl+Na0,80,=Ba0,30,+ NaCl.

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 (Ca 0,8 0,) throws
down an immediate precipitate of sulphate of baryta (Ba
O,50,). This is the most convenient form of ap Y}riug a
very dilute solution of a sulphate (sulphate of lime re-
quiring about 500 times its weight of water to dissolve 1t),
and serves to distinguish baryta from strontia (233).

226. Plhosphate of soda (2NaO, H O, P0.) causes a white
precipitate of phosphate of baryta (2Ba0. 0,P0,), which
1s soluble in free acids, but is reprecipitated when the acid
solution is neutralized with ammonia,

2BaCl+2NaO,HO, P 0;=2Ba0,HO, PO, +2 N« (1.

The presence of ammoniacal salts does not affect the
formation of this precipitate.

227. Ozxalate of ammonia (NVH,0,C,0,) throws down a
white erystalline precipitate of oxalate of by ryta (BaO,C,0.)
if the solution is not very dilute (184). TItrequires amuch
stronger solution of baryta than of lime to cause a precipi-
tate with oxalate of ammonia. The oxalate of baryta, ]jfm
that of lime, is readily soluble in free acids.

228. The flame of alcohol, containing a baryta salt, has
a yellowish colour, in which respect it differs from lime
and strontia (219, 236).
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SECTION IV.

Strontia (SrO).

A solution of nitrate of strontia (S»0,NO;) may be used.

229. Neither hydrosulpluric acid nor hydrosulphate of
ammonia produce any precipitate in solutions of strontia.

230. Awmmonia and potaskh behave with solutions of
strontia as with those of baryta; from concentrated solu-
tiong, potash throws down the white hydrate of strontia
(SrO,HO).

931. Alkaline carbonates also act as with solutions of
garjriéla, (223), carbonate of strontia (SrO,CO,) being pro-

uced.

932. (C) Sulphuric acid (HO,S80,) and sulphate of soda
(NaO,S80,) throw down a white precipitate of sulphate of
gtrontia (SrO,SDQ immediately, if the solution is not very
dilute, and after standing a short time if it 18 so ; 1n the
latter case, the precipitated sulphate is n the form of
minute crystals.

Sr0,NO,+ Na0,80,=8r0,80;+ NaO,NO;.

9233. (C) Solution of sulphate of lime (Ca0.50y) 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).

934. Phosphate of soda (2Na0,10,P0;) behaves with
solutions of strontia as with those of baryta (226).

935. Ozalate of ammonia (NH,0,C,0;) gives a white
precipitate of oxalate of strontia, in strong solutions, but
not in dilute. } i

936. The flame of aleohol in which a salt of strontia 1s
dissolved, or which contains some of the aqueous solution,
assumes a beautiful carmine colour, especially if the mixture
is stirred. The colour 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 colour is communicated to the flame.
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Summary of Class I1.

937. 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, Withuup any diffieulty, l:_r}r
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 TI. 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
gave any indication, add phosphate of soda and ammonia,
when, if the base is magnesia, the double phosphate of
ammonia and magnesia is precipitated (206).

Before finall cﬁlﬁidiﬂg, however, that the base is either
of these, it is always necessary to apply other confirmatory
tests in addition to those just mentioned (539).

CHAPTER IV.
METALS BELONGING TO CLASS III,

Alumina, Ozide of Chromium, Ozide of Zine, Protozxide
of Manganese, Protoxide of Iron, Peroxide of Iron,
Ozide of Nickel, 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

solufions, containing a slight excess of acid, are treated
with hydrosulphurie acid.
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SECTION I.
Alwmina (ALO,).

A solution of sulphate of alumina (A47,0,,380,+184q)
may be used.

 239. Hydrosulphuric Aecid gives mno precipitate either
mn a neutral or acid solution of alumina.*

240. (C) Hydrosulphate of Ammonia (NH,S,HS) when
added to a neutral solution, gives a white precipitate of
hydrate of alumina (A1,0,3HO), and hydrosulphuric acid
is at the same time liberated.

Aly05,380,4+3(NH S, HS)+6H0=A1,0,3HO
+3(NH,0,80,)46EHS.

241. (C) Ammonia (NH,) throws down a bulky white
gelatinous precipitate, which consists chiefly of hydrate of
alumina (Al,O,,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.

Al,0,,380,+3NH,+6H0=A1,0,3H0+3(NH,0,80,).

242. (C) Potash (K O) also gives a precipitate of hydrate
of alumina, which, like that caused by ammonia, usually
contains a little basie 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
(NH,Cl), the alumina is again precipitated.

A1,0,,380,+3(K0,H0)=A1,0,3H0,43K0,50,.

243. Carbonate of potash (KO,C0,) and carbonate of
ammonia (2NH,0,3C0,) give a precipitate of hydrate of
alumina, which 1s insoluble in excess.

Al,0,,380,+3(K0,C0,)+3H0=A1,0,3HO
+3(H0,80,)+43CO0.,.

244. Sulphuriec acid and sulphate of soda give no preci-
pitate in solutions of alumina. . : :

245, (C) If a salt containing alumina be moistened with

* In most cases of qualitative analysis, hydrosulphuric acid may be applied
in the state of solution in water (700).
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a solution of nitrate of cobalt (Co0,NO;), and heated on
charcoal before the blowpipe, it assumes a beautiful sky-
blue colour, which is very characteristic, as no other sub-
stance gives so decided a colour, though silica acquires
under the same circumstances a tnt somewhat similar,
but much less intense. The blue colour is best seen by
daylight, after the mass has cooled, as by candlelight it
appears violet.

SECTION II.
Oxide of Clromium (Cry0y).*

A solution of sulphate of chrome (7, 0y,380;) may be used.

946. Hydrosulphuric acid produces no precipitate either
in neutral or acid solutions.

247. (C) Hydrosulphate of ammonie. (NH,S,HS) when
added to neutral solutions of oxide of chromium, throws
down a dark green precipitate of hydrated oxide of chro-
mium (Cr,0,,3HO), which is insoluble in excess.

248. (C) Ammonia (NH,) also produces the same ]i)re-
cipitate (Cr,0,,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 (K0O) also throws down the hydrated
oxide, which is soluble in excess, forming a green solution;
if the alkaline solution be boiled for a leng%’i of time, the
hydrated oxide is again precipitated, leaving the liquid
colourless.

250. Carbonate of potash (K0,C0O,) gives a dull green
Preciﬁ;itﬂ.te of subearbonate of chromium, which redissolves
in a large excess of the precipitant.

251. (C) Oxide of chromium, when heated before the
blowpipe with borax or microcosmie 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

* 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 reddish-
purple colour when seen by candlelight. This pecubar form of dichroism is
seen to great adyantage in a solution of the oxalate of chrome, which is green
by daylight, but if held between a candle and the eye, appears purplish erim-
son. What is still more remarkable is, that if a green ob;ject, such as a tree

or field, be viewed by daylight through the en solution, 1t
bright r’-::d:liah-pm?le}:;u]uﬁr_g & Ere , 1t appears of &
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‘fatmﬂ}i (KO,NO;) and carbonate of soda (NaO,CO,), a yel-
ow bead of alkaline chromate is formed. Here a portion
of the oxygen of the nitric acid combines with the oxide
of chromium (Cr,0,), converting it into chromic acid (Cr,
Og), or rather (CrO,), which combines with the potash
or soda, forming an alkaline chromate (KO,CrO,). If the
bead be dissolved in water acidulated with a little nitrie
acid, the solution will give with salts of lead a bright yel-
low precipitate of chromate of lead (PhO,CrO,) (363).

SECTION III.
Oxide of Zine (Zn0).

_

A solution of sulphate of zine (Zn0,S80,+7 4g) may
be used.

203. Hydrosulphuric acid (HS), when added to a neu-
tral solution of zine, canses 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 with a drop or two of hydrochloric acid (H CI)
and then test it with hydrosulphurie acid; it will in this
case produce no precipitate.

254. (C) Hydrosulphate of ammonia (NH,S, HS) when
added to a neutral or alkaline solution of zine, gives a copious
curdy precipitate of sulphide (ZnS), which if the zine salt
be pure, is white ; but if, as is frequently the case, any iron
is present, the d;;l*ecipita,te will be more or less coloured,
owing to the admixture of a little of the black sulphide
of iron (FeS).

Zn0,80,+ NH,S, HS,=ZnS+ NH,0,80;+HS.

2565. (C) Ammonia (NH,) throws down a white gelati-
nous precipitate of hydrated oxide of zine (ZnO,HO), which
is readily soluble in excess.

Zn0,80,+ NH,+2H0=7n0,HO+NH,0,80,

If the ammoniacal solution of the oxide be treated with
hydrosulphuric acid, the white sulphide (ZnS) is thrown
down.

256. (C) Potash (KO) behaves in the same manner as
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ammonia, giving a precipitate (ZnO,HO), soluble in excess.
Hydmsulp%:m'ic;g a,m]i:i ﬂ]l?GWE down the white sulphide from
the potash solution. . a \

957. Carbonate of potash (K0O,CO,) %wea a white preci-

itate of basic carbonate of zine (3 (Zn0O,HO)4-2(Zn0,

0,) ), which is insoluble in an excess of the ua:rbonate._ Am-
moniacal salts in solution prevent the formation of this pre-
cipitate, since they combine with the oxide of zine, forming
double salts, which are soluble in water.

258. Carbonate of ammonia (2NH,0,3C0,) in small

uantity throws down the basie carbonate of zine (3 (Zn0O,
%O}—l—Z(ZnO,GU ) ), which readily redissolves in an excess
of the ﬂmmc-niﬂ{:&f salt. .

259. Sulphuwric acid, and sulphate of soda, give no preci-
pitate in salts of zine, because the sulphate of zine is soluble
1n water.

260. (C) When oxide of zine or any of its salts are mixed
with ecarbonate of soda, and heated on charcoal in the
inner flame of the blowpipe, the zine is reduced to the
metallic state, in which condition it is volatilised by the
heat, and reoxidised 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,NO;), and heated in the
outer blowpipe flame, the mixture assumes a pale green
colour, which is very characteristic. Zine can in this way
be readily distinguished from other substances, especially
from alumina and magnesia (245, 209).

SECTION IV.
Protoxide of Manganese (MnO).

A golution of sulphate of manganese (M2 0,S0;--74q)
may be used.

262. Hydrosulphuric acid (HS), when added to an acidi-
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.
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. 263. (C) Hydrosulphate of ammonia (NH,S,HS) gives
mn neutral solutions a flesh-coloured gelatinous precipitate
of sulphide of manganese (MnS), which is insoluble n ex-
cess. If this precipitate be exposed to the air, it is gradu-
ally decomposed, and is converted into the dark brown hy-
drated sesquioxide (Mn,0,,2HO), in consequence of the
strong aflinity of manganese for oxygen, which it absorbs
from the air.

264. (C) Ammonia (INH,) throws down a white or pale
flesh-coloured precipitate of hydrated protoxide of manga-
nese (MnO,HO), which if exposed to the air becomes
brown, owing to the formation of the sesquioxide (Mn,O,,
?}Hé]]zj[aa in the last experiment. 2(MnO,HO)+O=Mn,

s :

If muriate of ammonia(NH,Cl) is present in the solu-
tion, it prevents the precipitation of the hydrated prot-
oxide ; 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,
dDFT not altogether prevent the precipitation of the prot-
oxide.

266. Carbonate of potash (KO,CO,) or of ammonia
(2NH,0,3C0,) throws down a white precipitate of carbo-
nate of manganese (MnO,CO,) which is less prone to
blacken on exposure than the hydrated oxide.

Mn0,80,+ K0,C0,=Mn0,CO,+ K0,S50;.

267. (C) When compounds of manganese are mixed with
carbonate of soda (NaO,CO,) and heated on platinum wire
in the outer flame of the blowpipe, the manganese becomes
more highly oxidised, and is changed into manganic acid
(MnO,); this combines with the soda to form manganate
of soda (NaO,MnO,), which has a characteristic green
colour. The changeis produced still more rapidly if a little
nitrate of potash (KO,NO;) be added to the mixture.

9268. (C) When mixed with borax (NaO,2BO;+10Aq) or
microcosmic salt (NaO,NH,0,HO,PO,+8Aq), and heated
in the outer flame of the blowpipe, the salts of manganese
form beads of an amethyst purple colour, which 1s due to
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the formation of the red oxide (Mn,0,). If the mixture be
heated in the inner flame, the colour disappears, owing to
the reconversion of the red oxide into protoxide (MnO):
this loss of colour takes place most readily with microcos-

mic salt.
SECTION V.

Protozide of Iron (FeO).

A solution of protosulphate of iron (FeO,S80,+7Aq)
may be used.

269. On account of the strong tendency of the protoxide
of iron to absorb oxygen on exposure to the air, and become
sesquioxide, especi in aqueous solutions of its salts, it
18 difficult to retain tﬁre protosalts in solution without some
admixture of sesquioxide; so that in testing them, the
indications 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 hoiled with mitrie acid, the
protoxide is wholly converted into peroxide. 6FeO+ NO,
=3Fe, 0,4 NO..

270. Hydrosulphurie acid (HS) produces no precipitate
in acidified solutions of protoxide of iron: a slight preci-
pitation 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 of ammonia (NH S, HS)when added
to neutral solutions of protoxide of iron, throws down a
black precipitate of sulphide (FeS), which is insoluble in
excess.

F:0,80,+ NH,S, HS+ HO=FeS+ NH,0,80,+HS.

272. (C) Ammonia (NH,) gives a precipitate of hydrated
protoxide of iron {FeO,HC)}, which 1s at first nearly white,
but almost immediately becomes greenish. If this precipi-
tate be exposed to the air, it a,hsnrﬁ: oxygen, and is changed
into hydrated sesquioxide or peroxide (Fe,0,,3HO) which
has a reddish brown or rust colour. Muriate and some
other salts of ammonia, prevent the precipitation of the
protoxide by ammonia, forming a solution of a double salt
of ammonia and iron, from which the hydrated peroxide
18 gradually precipitated if exposed to the air.
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273. Potash (K 0) behaves as ammonia.

274. Carbonate of potash (KO,C0,) produces a precipi-
tate of carbonate of iron (FeO,00,) which is similar in
appearance to the hydrated protoxide (272).

275. (C) Ferrocyanide of potassivm (I, FeCy,+3Aq)*
throws down in solutions of protoxide of iron, a precipitate
(KFe,2FeCy,) which is at first almost white, but rapidly
changes to pale blue; the colour 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 (Fe,3FeCy,) (252.)
This chaﬂfe takes place almost immediately if a little nitric
acid or chloride of lime be added to the mixture.

276. (C) Ferrideyanide of potassiwm (K, Fe,Cy)t pro-
duces in solutions of the protosalts of iron, a beautiful darlk
blue precipitate, similar in appearance to prussian blue,
consisting of ferrideyanide of 1ron (Fe,Fe,Cy,).

K, Fe,Cyy+3(Fe0,80,)=Fe, Fe,Cy,+3(K0,80,).

277. When heated with borax before the blowpipe, salts
of iron form beads which in the oxidising flame become
orange, and in the reducing flame green; the colour being
due to the iron in a higher or lower state of oxidation.

SECTION VI.

Peroxide or Sesquioxide of Tron (Fe,0,).

A solution of the perchloride of iron (e, C7;) may be used.

e e =

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 appear-
ance. This is owing to the decomposition of the hydrosul-
phurie acid by the peroxide of iron, the hydrogen combining
with a portion of its oxygen, reducing it to the state of

rotoxide, while the liberated sulphur is precipitated in a
finely divided state.
Fey04,380,+HS8=2(Fe0,80,+ HO,S0;+3.
B e 2 o\ S iasiiig inta o o aoain T8
E}'-!Fllflﬁ{:{l Lﬂg%\i}.—ﬁae ownes’ Manual of Chemistry, p. 517.
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279. Hydrosulphate of ammonia (VH,S,HS) separates
the whole of the iron from solutions of its persalts, as the
black sulphide (FeS), the same compound as that roduced
in the protosalts. The peroxide (Fe,0,) is in fact first
converted into the protoxide (#eO) by the deoxidising
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.

980. (C) Ammonia (NH,) throws down the hydrated

eroxide of iron (Fe,0,3HO0), in the form of a bully red-
Flish brown precipitate, which is insoluble in an excess of
ammonia, and is unaffected by the presence of ammoniacal
salts. _

981. Potash (K0) produces the same precipitate (Fe,Oj,
3HO), which is insoluble in excess.

282, (C) HFerrocyanide of potassium (IK,FeC 3+3ig}
produces in solutions of the persalts of iron a beautiful
precipitate of sesquiferrocyanide of iron, or prussian blue
(Fe3FeCy,).

3( I, FeCy;)+2 Fe,Cl;=Fe 3FeCy,+ 6 K CL.

This is an extremely delicate and characteristic test for
the persalts of iron, as the precipitate is produced even in
very dilute solutions. In testing for iron with ferrocyanide
of potassium, however, it must be borne in mind that when
adged 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. the presence of free
alkalies also interferes with the formation of the blue pre-
cipitate, solutions to be tested with it should be as nearly
neutral as possible.

283. Ferrideyanide of ﬂfamssa'um (I, Fe,Cy;) produces
no precipitate with persalts of iron; it gives, ﬁmwever, a
deep green colour to the solution.
~ 284. When heated before the blowpipe, the persalts of
iron exhibit the same appearances as those of the prot-
oxide (277), on account CIIE the facility with which the two
oxides become converted into one another, according as
they are placed in the oxidizing or the reducing flame,
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BECTION VII.

Ozide of Nickel (NiO),

A solution of the sulphate of nickel (i 0,S 0,474q)
may be used. '

—

285. Hydrosulphwric acid (HS) eauses 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 (NH, JS,HS) throws
down, from neufral 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 (N1I,) 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
(NVH,0,Ni0,280;) which is soluble in water. If potash
(£0O) be added to the ammoniacal solution, it reprecipi-
tates the hydrated protoxide of nickel. The presence of
anunﬂuiar:af' salts in the nickel solution prevents the preci-
pitation by ammonia.

288. Potash (K O) also throws down the hydrated oxide
of nickel (Ni10,HO), which is insoluble in an excess of
potash.

289. Carbonate of potash (K O,CO,) gives a precipitate
of carbonate of nickel (NiD,CO,), together with a little
hydrated oxide, insoluble in excess.

290. Carbonate of ammonia (2NH,0,3C0,) produces the
same precipitate, which redissolves in excess.

201. (C) Cyanide of potassium (K Cy)* tI_u'ﬁwa down a

recipitate of cyanide of nickel (NiCy), which has a yel-
E:rwisE green colour: it redissolves in an excess of the
alkaline cyanide, forming a dull yellow solution of the
double cyanide of nickel and potassium (Vi Cy, K Cy), from
which the cyanide of nickel 1s again precipitated on the
addition of dilute sulphuric or hydrochloric acid. If the

* Cyanogen () which is here combined with ﬁﬂtnﬁfiitlnt, 3;5 a cr;u‘npmmd
of carbon uﬁ:d éiu"ugcu (CqlN).—See Fownes' Manual of Chemistry, p. 504.
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acid mixture be boiled, the preciﬁita_ta again  dissolves,
forming a solution of sulphate or ¢ oride of nickel.

9292. (C) When heated with carbonate of soda (NaO,CQO,)
or borax (Na0,2B0O;+10Aq) in the inner flame of the
blowpipe, the compounds of nickel are reduced to the
metallic state, formmg grey-coloured beads, owing to the
minutely-divided metal being held in suspension by the
melted flux: if the latter be gisso]ved out with water, the
precipitated metal will be found to be magnetic. In the
outer flame with borax, the colour of the bead is usug:]ly
violet while hot, becoming brown or yellow on cooling.
With microcosmic salt, the bead is reddish while hot, but
loses the colour more or less entirely when cold.

SECTION VIIIL.
Oxide of Cobalt (CoO).

A solution of the nitrate (CoO,NO,+6A4q) or chloride
(CoCl) may be used.

293. Hydrosulphuric acid (HS) gives in acidified solu-
tions no precipitate. If the solution is neutral, a slight pre-
cipitation of the black sulphide of cobalt (CoS) takes&ﬁaee.

204. Hydrosulphate of ammonia (NH,S,HS) OWS
down from neutral solutions a copious black precipitate of
the sulphide (CoS), which is insoluble in excess, and also
in hydrochlorie acid.

200 Cl+ NH,S, HS=2CoS + NH,Cl+ HCL.

295. (C) Potash (K O) throws down a precipitate of a
blue colour, consisting of basie 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, uwing to the formation of hydrated oxide
of cobalt (CoO,HO)., The precipitate is insoluble in excess
of potash.

206. (C) Ammonia (NH,) behaves as potash, but the
preapitate 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 (Co,0,).

297. Carbonate of potash (KO,C0,) produces a pale pinl
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precipitate, which is a mixture of carbonate of cobalt
(Co0,C0O,) and hydrated oxide (CoO,HO).

208. (C) Cyanide of potassiwm (KCy) when added to a
solution of cobalt, especially when a shight 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 eyanide of potassium readily redissolves, forming a
soluble double ¢yanide of cobalt and potassium (K Co, Cy).
The addition of sulphuric acid causes no precipitate in this
golution (291).

299. (C) The compounds of cobalt, when fused with
borax (Na0,2BO,+10Aq), either in the inner or outer flame
of the blowpipe, form beads of an intense blue colour, or
if there is much cobalt present, nearly black ; this appear-
ance is very characteristic. Microcosmic salt acts with
cobalt in a similar manner, but in a less marked degree.
When mixed with earbonate of soda, and heated on char-
coal in the deoxidising flame, oxide of cobalt is reduced to
the metallic state, forming a magnetic powder.

CHAPTER V.
METALS BELONGING TO CLASS IV.

Awsenie (of whick there are two oxides, both having acid
jﬂraperﬁz’es——ﬂame{y, Awsenious Acid and Arsemic 4;;1&’],
Oxide of Antimony, Protoxide of Mﬁ:ﬁ*cufg/, Perozide of
Mercury, Owide of Lead, Oxide of Copper, Oxide of Silver,
Protoxide of Tin, Peroxide of Tin, and Oxide of Bismuth.

300. These metals are distingnished from those of the
three preceding classes, by being_premplt-&ted from their
acidified solutions when treated with hydrosulphurie acid.
Tt 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, es mmqll}r to the
medical student, they are placed first, and described in the
order of their importance. The oxides of arsenie, though

ossessing acid properties, and consequently belonging
strictly to the chapter on acids, have so n:mni peculiarities
in common with this class of oxides, that I have ineluded

them in if.
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SECTION I.
Arsenious Aeid or Oxide of Arsenic (AsO,).

301. On account of the highly poisonous nature of
arsenie, great care should be taken, in the following ex-
periments, not to use more than is n.hsnlutel_j' necessary to
exhibit its peculiarities. In all these experiments (except
those of solution), 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
mmportant that the student should make himself familiar
with the appearances which would, under these eirecum-
stances, present themselves.

301a. (C) The following experiment should only be made
either in the open air or in a well-ventilated room, on ac-
count of the poisonous properties of the arsenie vapour.
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, es ecially 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 odour of arsenic vapour appears
to be due to the metal while undergﬂing 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 volatilized in contact with the air,

302. (C) Place a fragment
of arsenious acid in a narrow
tube (102), and apply a gen-
tle heat with the blowpipe.
It sublimes without decom-
position, and condenses in the
cool part of the tube, in the
form of minute s arkling octo-
hedral crystals {ﬁpg. 69), which
should be examined with a
lens, as they are highly charac-
teristic. The size and regu-

larity of the crystals depend

g . Fif. 69. Crvstal
on the slowness with which the Eeenicogﬁﬂiﬂdfﬁ
T
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vapour 18 condensed. If the surface of the glass on which
the condensation takes place is quite cold, the sublimate is
often amorphous, as may be seen by holding a piece of cold

lass in the fumes given off by a little arsenious acid,

eated on charcoal (301). The Eest way to obtain large
and well-defined erystals, is to put a few grains of arse-
nious acid at the bottom of a eommon test tube, and allow
it .to stand on a tolerably hot sand-bath for half an hour,
the lower part only of the tube being embedded in the
sand. If a small strip of flat glass be also placed inside the
tube, a portion of the acid will condense upon its surface ;
thus furnishing a convenient specimen for microscopic
examination.

303. (C) Mix a little oxide of arsenic (AsO,) with black
flux (751), which if at all damp should be previously dried
on the sand-bath, and heat a little of the mixturein a clean
tube before the blowpipe. 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, form-
ing a more or less brilliant metallie crust, «
(fig. 70). As0,+3C=As+43CO0.

If heat be now applied to the sublimate, it
will again volatilize, and if any of the ?a]aﬂur
escapes from the tube, it may be recognised by
its characteristic odour of garlic (301a).

304. (C) Cut off by means of a file, the por-
¥16.70. Crust tion of the tube containing the crust, break iv

OF ArsexiC into fragments, and place some of them in
another tube. Sublime the arsenic backwards and for-
wards two ‘or three times in the tube, andphserve +t1ua
oradual conversion of the metal into crystalline arsenious
acid, which is formed by the action of the atmospheric
oxygen contained in the tube. kb :

305. Boil a few grains of arsenious acid with water (in
which it 18 s ariugg; 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
observe the increased solubility of the arsenic, owing to the
formation of arsenite of potash (K0,4s0;). Retamn the

lution for testing.
% %’;’?IEC?IHSEE%@J&W{E acid (H S), when passed through
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a solution of arsenious acid or of a neutral arsenite (699),
causes a slow and gradual precipitation of tersulphide of
arsenic, or sulpharsenmious acid (AsS,), which it will be
observed 1s analogous in composition to the oxide (AsO,),
three equivalents of sulphur being substituted for three
equivalents of oxygen. AsO,+3HS=AsS,43HO.

If the solution be acidified, however, with a few drops of
hydrochloric acid, a much more rapid and complete de-
composition takes place; andif the gas be passed through
the solution for some time, a complete separation of the
arsenic may in this way be effected. The sulphide of
arsenic thus formed has a bright light-yellow colour ; it is
insoluble or nearly so in dilute hydrochloric acid, but readily
soluble in solutions of the alkalies or their carbonates.
Boiling nitrie acid (NVO,) also dissolves it with decomposi-
tion, forming sulphurie and arsenie acids.

As8;+5N0,=450,+380,4+-5N 0,

308. (C) Filter the yellow sulphide formed in the last
experiment, and dry a portion of it at a gentle heat on the
sand-bath : mix a little of it with black flux (303), heat it
in a tube, and observe the formation of a metallic crust of
arsenic. AsS,+3(K0,C0,)+2C=As+3KS+4C 0,4+ CO.

309. Hydrosulphate of ammonia (NH, S, HS8), when
added to a neutral solution of an arsenite, also causes the
formation of the yellow sulphide (AsS,), which however
does not precipitate, but remains dissolved as the double
sulphide of arsenic and ammonium (NVH, S, 458;). If an
acid be added in excess to the mixture, the sulphide of
arsenic is immediately precipitated, of a somewhat lighter
colour than that thrown down by hydrosulphurie acid,
owing to the admixture of a little sulphur derived from
the hydrosulphate of ammonia (440).

310 (C) Nitrate (AgO,NO,) or ammonio-nitrate (Ag 0,
2NH,, NO,) of silver, throw down in neutral solutions of
arsenic, a canary-coloured precipitate of arsenite of silver
(2480,A50,), which is soluble both in ammonia and nitrie
acid. Tt must be remembered that phosphate of soda also
produces, with nitrate of silver, a similar precipitate, which
18 equally soluble in nitric acid and ammonia (378).

r311. (©) Sulphate (Cu0,S 0,), or ammonio-sulphate
(CuO2NH, HO,80,) of copper, produce in neutral ar-
senical solutions, a delicate green precipitate of arsenite of

H 2
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copper (2Cu0,As0,), which ‘dissolves readily both in
ammonia and nitrie acid, forming a rich blue solution. It
must be borne in mind, in emElnying this test, that a
similar precipitate is produced when the solution of copper
is added to a liquid containing decoction of onions and
some other vegetable substances, though no arsenic may
be present.

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).
Tf in addition to the zine and dilute sulphuric acid, either
of the oxides of arsenic are present, the zinc abstracts
oxygen from them as well as from the water; and the me-
taxﬁic arsenic thus formed, combines, at the moment of its
liberation, with some of the hydrogen simultaneously pro-
duced, and forms a gaseous compound called arseniuretied
hydrogen (AsH,), which passes off mixed with the excess
o%hydz‘ugen.*

As0,+6Zn+6(HO,80,)=6(Zn0,80;)+AsH,+3HO.

Now if this arseniuretted hydrogen is heated strongly,
either by burning in the air, or by passing through a red-
hot tube, it 1s decom-
posed, and metallic
arsenic or its oxide is
deposited in the solid
gtate, while the libe-
rated hydrogen passes
off.

313. Several forms
of apparatushave been
contrived for making
use of this property in
the detection of arse-
nie ;—of these the fol-
lowing is in practice
_ e the most convenient :
Fig, 71.-Mazeh'a Test. The bottle @ (fig. 71)

* Tt must be borne in mind that this gas, like most of the other compounds
of arsenie, is highly poisonous; so that the experiment should never be per-
formed in a close room, but in the open airorina well-ventilated apartment.
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should be capable of containing six or eight ounces of
water, and is connected by means of a perforated cork with
the tubes & and e, 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 lmrg German glass, bent
at a right angle, having the end e drawn off so as to dimi-
nish the aperture. A few fragments of zinc are placed in
the bottle, and when the cork with its tubes is attached,
pour a little dilute sulphuric acid down the tube &, 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 pro-
duced inside the tube: this precaution is necessary, since
some kinds of sulphurie aﬂiH, and also of zine, 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)
arsenie, acidified with a few drops of hydrochloric acid, is
now introduced through the tube 4, 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 arseniu-
retted hydrogen; which on passing through the heated
tube is decomposed, and the arsenic deposited, not exactl
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 obtfained 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 ar-
senic 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 vapour becomes ox-
idized while passing through the air, and a white deposit
of arsenious 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 odour of garlic.

* The reason why it i o nee, i i
of hydrogen ﬂ-':'lr:j. cglirzu: “a.?t ﬂifh?ﬁlﬁﬂiptﬁeaﬁaf#:T scf iilfl:l ﬁ.l?: 355:::::?

to allow time for the whole of the common air to be ex
i - > W f pelled by the hydrogen ;
asotherwise serious injury might be caused by an explosion of the mixﬁ gﬂg.sua.
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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 (fig. 72)
for a few moments,
ﬁ s0 as to collect some

Ff the arsenious acid
£l Ny ormed by the ox-
( m— idation of the ar-
] : senic vapour, and
: reserve the tube for
8. 72 comparison with an-

timony (323).

317. Marsh’s test as just described is so extremely de-
licate, that it is capable of detecting arsenic in a solution
containing the millionth of its weight of the acid, and may
be considered the most conclusive test which we possess.
It is however liable o this objection, which is, in practice,
easily overcome. It is found that antimony, when present
in a mixture of zine and dilute sulphurie acid, combines
with the liberated hydrogen, precisely in the same way as
arsenie, forming an analogous compound called antimo-
niuretted hydrogen (SbH,); which, when heated, is de-
composed, and the metallic antimony is at the same time
deposited. Hence if 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 zine and
sulphuric acid from the bottle used for the arsenic exper-
ments (313), and substitute fresh zinc and acid. hen
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,S60,,C.H,0,,+24q)
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 1s
owing to the antimony being less 1-'Dla.tile+tha.u arsenic,
and it will be found impossible to volatilize it by the heat
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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 arsenie, but blacker and less shining.

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 odour of its vapour.

321. (C) Moisten one of each kind of spot with hydro-
sulphate of ammonia (NS, HS), which for this purpose
should contain an excess of sulphur (710), and observe that
the antimony is émmediately 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 (CaOCi), the arsenic will dissolve, while
the antimony will remain unaffected.

323. (C) %]1& following may also be taken as a distin-
guishing test between arsenic and antimony when Marsh’s
process 1s 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 (ShO,) formed
by the oxidation of the antimonial vapour. Compare the
sublimate thus formed, with that of arsenious acid, and
observe the more crystalline appearance of the latter.
When the tube 1s cold, pour in a little water, and treat
the arsenious acid in the same way: observe that the latter
dissolves in the water, while the oxide of antimony re-
mains insoluble. The solution of arsenious acid may then
be divided into three portions and tested; the first with
hydrosulpluric 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 m the use of Marsh’s test.



104 METALS BELONGING TO CLASS IV.

Reinsch'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
18 separated in the metallic state, and deposited on the
surface of the former, which is at the same time dissolved
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
copper, 18 deposited on the surface of the foil, and the
whole 1s 1n this way separated from the solution.

As 0,4+ 3Cu=As+3Cu0,

325. The appearance of a metallic deposit on the copper
i8 not, however,necessarily a proof of the presence of arsenice,
since other metals (as bismuth, silver, mercury, or antimony)
would produce a similar inerustation, being all more electro-
negative than copper. Arsenic, however, is readily dis-
tinguished from any of these in the following manner.

%:ke the copper sirips out of the solution, and dry them
cantiously between fnﬁa of ﬁlteriug paper, or with a very

entle heat: place them in a clean dry test-tube, and apply
icat, 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-
eury), 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
a;?amurphous instead of crystalline ;—and when treated
with water, would prove insoluble, while the arsenious acid
would dissolve, and the solution, on being tested, would
ghow the presence of arsenic.®

* As the hydrochloric acid of commerce frequently contains traces of
arsenie, 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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This excellent test may be considered almost equal to
Marsh’s, both in point of delicacy and freedom from sources

of error.
Arsente Aeid.

326. Mix a little arsenious acid with nitre (KO,NO;), and
heat it in a tube. The nitric acid of the nitre gives up a
portion of its oxygen to the arsenic, forming arsenic acid

(450,).
9A50,+2N0,=2A50,4+NO,+NO,.

Dissolve the fused mass in water, neutralize the solution
with dilute nitric acid, and test it with nitrate of silver
(AgO,NO,): a reddish brown precipitate of arseniate of
silver (3Ag0,As0.) is thrown down, which 1s soluble in
nitric acid, and also in ammonia.

Detection of Arsenic in Organic Miztures.

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
ljF[uid 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 hydrochlorie
acid, the purity of which should of course be ascertained
(see note to 325) ; and if necessary, filtered from any solid
matter. Itisthen boiled with copper foil, when the arsenie,
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 gef’ore the deposition takes
place; and if it does not then appear, the boiling should
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be continued half an hour or even longer, before we finally
conclude that no arsenie is present.

For further parficulars on this subject, the student may
refer to Dr. Christison’s Treatise on Poisons, or to Dr. Guy’s
excellent work on Forensic Medicine.

SECTION II.
Ozide of Antimony (SbO,).

For the liquid tests, a solution of the double tartrate of
antimony and potash (K 0,860, C.H,0,,+2A4g), or of
{:}Elﬂl'id{f of antimony (S4CL) in h}'dmchjuric acid, may

e used.

328, (C) Heat a small erystal of the double tartrate in a
tube, and observe that it deerepitates and blackens, owin
to the decomposition of the vegetable acid (C H,0,,) ans
the consequent 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
sm lobules 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 kydrosulphuric acid (HS)
is passed through a solution of antimony acidified with a
little hydrochloric acid, an orange-red precipitate of sul-
phide of antimony (SbS,) 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 (NH S, HS) when added
in small quantity, gives an orange precipitate of sulphide
(ShS,), 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 (N H. A Potash ( K (), or t-h::-.':lr carbonates,
throw down from solutions of chloride of antimony (8% C1,),
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but not in solutions of the double tartrate, a white precipi-
tate of oxide of antimony (ShO,), which 1s 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-
chloric acid be diluted with a good deal of water, a white
precipitate of basic oxichloride of antimony ( SbCl,;55b0,)
1s 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,C,H,0,,), 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 (SbH,), which is decompesed 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,NO,) may be taken.

335. (C) Heat a small fragment of calomel (not larger
than a small pin’s head) in a clean tube. It becomes pale
yellow, and, being volatile, it sublimes and condenses in the
upper part of the tube; on cooling, the colour disappears.

336. (C) Dry a small piece of carbonate of soda (NaO,
CO,) either in a tube or on a piece of charcoal; mix with
it a little calomel, and put the mixture into a tube, a, (fic.
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ﬁ 73); then cover it with a layer of carbonate of
soda in powder, about a quarter of an inch
| deep, b, and Eépp]jt heat. The calomel is de-
'iie  composed, and minute globules of metallic
rli:ercury condense in the cool part of the tube
at c.
HgCl+Na0,C0,=NaCl+ Hy+0+CO,,

& 337. Boil a little calomel with distilled water
. 10 a test-tube; pour off the water into another
1{513125:’: and te;ip 1t with hydrosulphate of ammonia
. ; no etfeet 1s produced, proving that the
¥i8. 73 calomel is insoluble in water. ¥ J

338. (C) Potask (K O) or ammonia (NH,) poured on the
calomel, decomposes it, turning it black, owing to the
formation of the protoxide (HgO). Chloride of potassium
(XA CT) 18 at the same time formed.

HgCl+ KO= HgO+ K ClL.

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 (82CZ). HgCl+4 SiCi=Hg+ SuCl,.

340. (C) When a solution, either neutral or acid, con-
taining protoxide of mercury, is treated with Aydrosul-
phuric acid (HS) or &Iydmm@fp&a-ie of ammonia(NH,S, HS),
a black precipitate of protosulphide of mercury (HgS) is
thrown down, which is insoluble in dilute aecids and also
in excess of the hydrosulphate: it is soluble, however, in
aqua regia. HgO,NO,+HS=HgS+HO NO;.

If the precipitate, after being dried, be heated alone in
a tube, it is decomposed into metallic mercury and the
persulphide (HgS,). 2HgS=Hg8,+Hg.

341. Ammonia (NH,) gives a black precipitate, con-
sisting of a basic double salt of mercury and ammonia
(NH,,3HgO,NO,), which is insoluble in excess.

34%. Potash (/ O) produces a black precipitate of prot-
oxide of mercury (HgO), which isinsoluble in excess.

Hy0,NO,+ K0=HgO+ K0,NO,

343. (C) Hydrochlorie acid (HCI), or a solution of cklo-
ride of sodium (NaCl), throws down a white precipitate
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of protochloride (calomel, HgCl), which is insoluble in

EXCES8.

HyO,NO,+ NaCl=HgCl+NaO,NO..

344. (C) Place a strip of clean copper in the mercurial
solution, and observe the deposition of metallic mercury
(324). HgO,NO.4-Cu=Hg+ CuO,NO,. :

If the stain be rubbed, it will become f)r:ight and silvery.
Dry the stained copper, place it in a dry tube, and apply
heat: the mercury sublimes, and condenses in minute
globules in the upper part of the tube,

SECTION IV.

Perozide of Mereury (HgO,).

——

The perchloride of mereury or corrosive sublimate (HgCl,),
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 inste:ﬁ 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 Aydrosulphuric acid (HS). A white precipitate
i8 first formed, which on the addition of more of the preci-

ifant, gradually becomes darker, and ultimately black.

his change of colour is owing to the formation first of a
double compound of sulphide and chloride of mercur
(2HgS,, HgCl,) which is white ; and when the }ljrdI'DBU.{
phuric acid is'added in excess, the whole of the mereury
13 converted into the black persulphide (HgS,). The pre-
cipitate 1s 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
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a tube, it is deposited, without decomposition, in the form
of dark red erystals of cinnabar,

349. (C) Hydrosulphate of ammonia (NH,S,HS) be-
haves in the same way as hydrosulphuric acid.

350. Ammonia (NH,) throws down a white precipitate,
which consists of a double compound of perchloride and
amidide of mercury (HgCl,, Hg2NIT,) %

351. (C) Potash (KO) gives a yellow precipitate of
hydrated peroxide of mercury (Hg 53HO) which is in-
soluble in excess. If ammoniacal salts are present, the
precipitate formed by potash is white, and consists of
the same compound 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
protochloride (Hg(l), which separates as a white precipi-
tate. If the salt of tin be added in excess, and the mixture
boiled, the mercury is reduced to the metallic state (339).

Hy Cly+28nCl= Hy+25n.Cl,

353. (C) lodide of potassium (KT) causes a most beau-
tiful red precipitate of periodide of 'mercul}y (Hgl,), which
surpasses even vermilion in brilliancy of colour. It is
reagﬂy soluble in an excess of either of the solutions.

HyCl+2 KI=Hgl, +2K (1.

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 (HgO,) gently in a small tube, and observe that it
becomes much darker in colour when hot, and reassumes
its former tint on cooling. If the heat be increased to a
little below redness, the oxide is decomposed mto 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 mateh (109).

* The amidides, or amides, are compounds of a metal with amidogen,
which is a hypothetical salt radical, supposed to consist of NHa; it has, how-
ever, never been obtained in an insulated form. See Fownes' Manual of
Chemistry, p. 265.
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SECTION V.
Oxide of Lead (PbO).

A solution of the acetate (PL0,C,H,0,+3A4q) or the
nitrate (P60, NO,) may be used.

356. (C) When a fragment of any of the salts of lead
(except the phosphate (412) ) is heated on charcoal in the
mner flame of the blowpipe, a globule of mefallic lead is
formed, which is nsually 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 colourless 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).*

Pb0,NO,+HS=PhS+ HO,NO,

If the sulphide be boiled with strong nitrie acid, it is

adually converted into the insoluble sui)lmte (PbO,50,),
Egth metal and sulphur becoming oxidized at the expense
of the nitric acid.

358. Hydrosulphate of ammonia (NH,S,HS) produces
the same effect.

359. Ammonia (NH,) and Potash (K0O) throw down
white precipitates, consisting of oxide of lead in combi-
nation with a small quantity of acid (basic salts).

Ammonia Produces scarcely any precipitate in a solution
of acetate of lead, owing to the formation of the sub-
acetate (3. P00, C, H,0,), which is soluble.

.360. Carbonate of potash (K0,C0,) gives a white preci-
pitate of carbonate of lead (Pb0,C0,), which is insoluble
N excess.

361. (C) Sulplhuric acid (H 0,50,), or a solution of sul-
phate of soda (Na0,80,), produces a white precipitate of
sulphate of lead (PbO,80,), which is insoluble or nearly so

in acids, but soluble in otash, and also in acetate of am-
monia (NH, O, C4H;i{}3).P Shing

* Under some peculiar circumstances, this reagent throw
i : : 5
precipitate in solutions of lead (i 3‘35}-’ i down a red
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Pb0,NO,+ Na0,80,=Pb0,80,+ NaO,NO.,

If the precipitate be moistened with a solution of hydro-
sulphate of ammonia, it 18 instantly blackened, owing to
the formation of sulphide of lead (PES) : 1t is distinguished
in this way from the insoluble sulphates of baryta and
strontia.

362. (C) Hydrocklorie acid (HCI), or a solution of
chloride of sodium (NaCl), throws down a white and often
crystalline precipitate of chloride of lead (PhCl). If the
solution with the precipitate be boiled, a portion of the
chloride dissolves, and is deposited again on cooling, in the
form of needle-shaped crystals. If the solution of lead is
dilute, the chloride does not precipitate, as it is somewhat
soluble in water.

Pb0,NO,+ HCI=PhCl4+HO,NO,.

The chloride of lead is unaffected by an excess of ammonia.

363. (C) Chromateof potash (KO,Cr0,) gives a fine yel-
low precipitate of chromate of lead (PbO,CrO,), 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) Jodide of potassium (KI) also gives a beau-
tiful yellow precipitate of iodide of lead (PbI), 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
hydroehlorie acid, and the filtered solution treated with
hydrosulphuric acid gas (HS), instead of the black sul-
phide usually formed d}' that reagent in solutions of lead
(357), there 1s produced a red precipitate, which is a chloro-
sulphide (3PbS,2PbCl). 1f the gas be passed through the
solution for a length of time, however, the red compound

radually disappears, and the black sulphide (PbS) 1s
ormed. N, ; )

366. (C) All the grempltates formed in the foregoing
experiments, when dried, and heated on charcoal in the
finner flame of the blowpipe, are decomposed, and give
beads of metallic lead (356).
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SECTION VI.

Ozide of Copper (CuO).

PRSI

A solution of sulphate of copper (Cu0,S80;+5.4¢) 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 colour of which may be seen
on scraping off the thin coating of oxide (Cu0), with which
it 1s surrounded. In the G:ildizi_ﬂfg flame with borax or
microcosmic salt, oxide of copper forms beads which are
green while hot, becoming blue on cooling.

368. Hydrosulphurie acid (HS) and faﬁtﬂrmuﬂpﬁaﬁe of
ammonia (NH,S, HS) throw down a black precipitate of
sulphide of copper (CuS) from solutions of copper salts,
whether neutral, acid, or alkaline.

Cu0,80,+HS=CuS+ HO0,S0,.

369. (C) Ammonia (NH,), when added in small quan-
tity, 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 colour, owing to the formation of
the ammonio-sulphate of copper (2N H,HO,CuO,SOi}.

370. (C) Potask (K O) produces in cold solutions of cop-
¥er, a pale blue precipitate of hydrated oxide (Cu0,HO).

f 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 (Cu0).
The potash must for this purpose be added slightly in ex-
cess, as otherwise the precipitate would consist of basie
salt, which would not become black when boiled.

371 (C) Fervocyanide of Potassiwm (£, FeCy,+3 4g)
SIVES, even 1n very dilute solutions, a maho any-coloured
precipitate of ferrocyanide of copper (Cuy, FeCyy), which is
insoluble in dilute acids.

372. (C) A piece of clean tron, when placed in a solution

I



-

114, METALS BELONGING TO CLASS IV.
containing copper, causes a precipitation of metallic copper
on its surface (324).

Cu0,80;+Fe=Cu+ Fe 0,50,

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.

Owzide of Silver (AgO).

A solution of nitrate of silver (490, NO,) may be used.

373. (C) Most of the salts of silver when exposed to
light, 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 blo ipe,
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 kydrosulphate of
ammonia (NI ,S,HS) throw down a black precipitate of
sulphide of silver (AgS), which is insoluble in dilute acids,
but soluble in boiling nitrie acid. fe

376. (C) Ammonia (NH,) gives a brown precipitate of
oxide of silver (Ag0), which is readily soluble in excess of

ammonia. e :
Potash (K 0) also produces the same precipitate, which

is insoluble in excess. '

377. (C) Hydrochloric acid (HCI) or a solution of chlo-
ride of sodiwm (NaCl) produces in solutions of silver a
white curdy precipitate of chloride of silver (AgCl), which
is insoluble in water and in nitric acid, but readily soluble
in ammonia, and very sparingly so in an excess either of
hydrochloric acid or chloride of sodium.

AgO.NO;+ Na Cl=AgCl4+NaO,NO;.
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If the ammoniacal solution be neutralized with nitrie
acid, the chloride is reprecipitated.

378. (C) Plosphate of Soda (2NaO,HO,PO,+244q)
throws down a pale yellow precipitate of tribasie phosphate
of silver (3Ag0,PO,), W]li.EF]’l is soluble both in nitric acid
and in ammonia.

SECTION VIII.
Protozide of Tin (SnO).

A solution of protochloride of tin (87 C7) may be used.

379. (C) Salts of tin, mixed with ecarbonate of soda
(NaO,CO,), and heated in the inner flame of the blowpipe,
are reduced to the metallic state, and malleable globules of
metallic tin are formed.

In the oxidizing flame, with borax or mierocosmie salt,
oxide of tin forms clear, colourless beads, unless a large
quantity of the oxide is present, when the bead is some-
times opaque.

380. (C) When the neutral protosalts of tin (as the pro-
tochloride) are treated with a Z}::).-:?'ge quantity of water, they
are decomposed into an acid salt (SrCIl,HCI) which is
soluble, and a basic salt (SnClLSnO,2HO), which is in-
soluble : the precipitation of the latter causes the liquid to
become milky.

3d8n Cl+3 HO=8nCl, HCl+Sn(Cl,Sn0,2HO.

381. (C) Hydrosulphwric 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
18 soluble in potash and in hydrosulphate of ammonia,
especially if it contains an excess of sulphur (710).

382, (C) Hydrosulphate of ammonia (NH,S,HS) also
throws down the brown Pmtusul hide, which is soluble in
excess, provided a little free sulpfmr 18 present in it, which
18 _always the case when the hydrosulphate has a yellow
colour (710). If the solution t{ms formed be neutralized
with hydrochloric acid, a yellow precipitate of the per-
Stli]_;l]llt Ef‘ E:ISHSE] i8 prf?ducecl, whic:ﬁ was formed by the
action of the excess of sulphur in the hydrosulphate upa
the protosulphide. SnS +]é: SnS,. 4 E S

12
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383. Ammonia (NH,) gives a bulky white precipitate of
hydrated oxide of tin (SnO,HO), which is insoluble in
eXCess.

SnCl+ NHy4+2H0=Sn0,H0+ NH,CL.

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 per-
oxide (S20,) and metallic tin ; the first remains in solution,
and the latter precipitates.

281 0=8n0,+Sn.

385. Carbonate of potash (KO,C0O,) also throws down
the hydrated oxide, which is insoluble in excess.

386. (C) Terchloride of gold (AuCly) causes in solutions
of the protosalts of tin, a dark purple precipitate, which has
long been known as purple of Cassius ; its composition
appears to be (2 (Sn0,Sn0;)+Au0,,5n0,+6HO.) For
the success of this experiment, it is necessary that both
solutions be exceedingly dilute.

SECTION IX.

Peroxide of Tin (SnOy,).

A solution of the perchloride (S»CV,) may be used.

387. (0) Salts of the peroxide of tin behave in the same
manner before the blowpipe as those of the protoxide
(379). o '

388, (C) Hydrosulpluric acid (HS) gives a yellow pre-
cipitate of persulphide of tin (SnS,), which is soluble in
solution of potash. _

389. (C) Hydrosulphate of ammonia (VH,S,HS) also
throws down the yellow persulphide, which is readily
soluble in excess.

390, Ammonia (NH,) and potash (KO) throw down
a bulley white precipitate of hydrated peroxide of tin.
(SnO,.HO), which is soluble in an excess of the precipi-
tant, especially when potash is used, forming a compound
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called stannate of potash (£ 0,87 0,), in which the peroxide
of tin appears to 13]:13{ 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

eld the same results when analysed (392).

391. (C) Pour a few drops of nitric acid npon a small
fragment of metallic tin in a test-tube, and observe the
mtense action which immediately takes place. The nitric
acid (NO;) is decomposed by the affinity of the tin for a
portion of its oxygen ; the white hydrated peroxide of tin
(Sn0,,HO) is formed ; and nitric oxide (NO,) and some
of the other oxides of nitrogen are given off. A little
ammonia (NF,), also, 18 at the same time formed, owing to
the decomposition of water by the tin ; the hydrogen com-
bining with some of the nitrogen derived from the nitric

acid.
78n+3N0,4+3HO=75n0,+2NO,+ NH,,

392. Heat the hydrated oxide formed in the last experi-

ment, first with nitric acid and afterwards in a solution of

otash, and observe that it is quite insoluble in both, thus
iffering from that formed by potash (390).

393. (C) if a piece of clean
zinc he placed in a solution
of perchloride of tin, the tin is
separated in the metallic state,
in the form of beautiful feathery
erystals ; some of which are so
minute, as to look like an amor-
phous spongy mass, but when
examined with the microscope,
upge:u' as multitudes of brilliant
and beautifully formed crystal- — Fig. 7 Urystals of
line tufts (fig. 74). Wetallic Tin.

SnCly+2Zn=8n+22nCl.
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SECTION X.

Ozide of Bismuth (Bi,0,).

A solution of the chloride (Bi,Cl,) may be used.

394. (C) Mix a concentrated solution of the chloride
with a considerable quantity of water, which causes a white
precipitate of oxychloride of bismuth (Bi,Cl,;,2Bi,0,).

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 usually
distinguishable from those produced under the same eir-
cumstances 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 arc mixed with
carbonate of soda, and heated in the reducing flame of the
blowpipe, small globules of the metfal are formed, which
break with a erystalline fracture when struck with a ham-
mer. In the oxidising flame, with borax or mierocosmic
salt, oxide of bismuth forms a yellowish bead, which be-
comes nearly colourless on cooling.

396. Hydrosulphuric acid (HS), and kydrosulphate of
ammonia (NH,S,HS), throw down from solutions of bis-
muth, which do not confain a large excess of free acid, a
black precipitate of sulphide of bismuth (Bi,S;), which is
insoluble in dilute acids and potash, but soluble in hot
nitric acid. ! _

307. Ammonia (NH,) and potash (KO) give a white

recipitate of hydrated oxide (Bi,O;,3HO), which is inso-
uble in an excess of the precipitant. _

398. Carbonate of potask (K 0,C0,) gives a bulky white
precipitate of subcarbonate of bismuth (Bi,0,,C0,), which
1s insoluble in excess. 3 _ _

399. (C) When oxide of bismuth 1s heated, it turns
yellow, and becomes colourless again on cooling.
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CHAPTER VI

ACTION OF REAGENTS WITH THE INOBGANIC ACIDS.

400. The inorganic acids, which are ﬁnuxqer&ted n
paragraph (179), may be conveniently divided into three
classes, according to their behaviour with chloride of ba-
rium and nitrate of silver, thus :—

Class I.—Acids which are precipitated by a solution of
chloride of barium.

Sulphurie (H0,S0;)
Phosphoric (PO;).
Boracic (BO,).

Class II.—Acids which are unaffected by chloride of
barium, but which are precipitated by a solution of nitrate
of silver.

Hydrochlorie (HC7), Hydriodie (HI), and
Hyémaulphuric (HS).
Class T11—Those which are not precipitated either by
chlorde of barium or nitrate of silver.

Nitric (VO,) and Chloric (C10,)

Carbonie (CO,).
Silicie (S10,).

BECTION I.
Sulphuric Acid (H0,80,).

401. Mix a few drops of strong sulphurie 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 paperin 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 ehloride of
bariwm (BaCl) or nitrate of Baryta (Ba0,NO,) to one of
sulphate of soda (Na0,80;,) : a heavy white precipitate of
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sulphate of baryta (BaO,S0,) is thrown down, which is
msoluble in hydrochloric acid.

BaCl+ Na0,80,=Ba0,80,+ Na (1.

404. (C) Acetate of lead (PHO,C,H,0,4+3Aq) throws
down in solutions containing sulphurie acical, a dense white
precipitate of sulphate of lead (Pb0,S0,), which is in-
soluble in dilute acids, but sparingly soluble in strong sul-
phuric and hydrochloric aeids (691). Tt is soluble also
n potash and acetate of ammonia (NH,0,C,H,0,).

Pb0,C H;0,+4 Na0,80,=Pb0,80,4 Na O,C, H,0,.

405. (C) Mix a little dry sulphate of soda (Na0,S0O,) 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 sulphida
of sodium (NaS) remains.

Na0,80,4-2C=NaS+4-2C0,.

406. (C) Place the bead formed in the last experiment
in a test-tube, and moisten i1t with a little dilute sulphurie
acid : hydrosulphuric acid (HS) is given off, which may
be recognised E}; its odour; or b{f putting into the tube a
strip of paper moistened with a solution of acetate of lead,
which \15] e blackened, owing to the formation of sulphide
of lead (PbS) (438).

NaS+ H0,80,=Na0,80,+HS.

SECTION II.

Phosphoric Acid (tribasic) (3H 0, P 0;).

A solution of common tribasic phosphate of soda (2Na O,
HO,PO,+24A4q) may be used.*

407. Chloride of barium (BaCl) throws down a white
precipitate of phosphate of baryta (2Ba0,HO,PO;), which
18 soluble in hydrochloric acid.

9 BaCl+2Na0,HO, P0O,=2NaCl+2Ba0,HO,PO,.

408. Chloride of calcium (CaCl) gives a white precipi-

* The monobasic (HO,PO;) and bibasic phosphoric acids (2 HO,PO;),
being rarely met with in analysis, ave omitted.
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tate of phosphate of lime (8Ca0,3P0;), which readily dis-
solves in a slight excess of hydrochloric acid.*

409. (C) Sulphate of magnesia (MgO;SOz+17 ff] canses
a white precipitate of phosphate of magnesia (2 £0,HO,
PO,), if the solution 1s to era,hlﬂ' strong. If a little am-
monia or earbonate of ammonia, however, be present in the
solution, the double phosphate of ammonia and magnesia
(2MgO,NH,0,PO,+12Aq), 18 formed, which being lIll:”lﬂ;ll
more insoluble than the phosphate of magnesia, 1s precipi-
tated in more dilute solutions, and is ct:-nsea:p.u.ﬂ:ut&;a,1 more
delicate test. It separates as a granular crystalline pre-
cipitate, and is readily soluble in excess of acid. If the
double phosphate be heated to redness, the ammonia “‘I'Ed
water volatilize, and the anhydrous phosphate of magnesia
(2MgO,PO,) is left behind (206).

410. (C) Nitrate of silver (AgO,NO;) throws down a
pale yellow precipitate of tribasic phosphate of silver
(3Ag0,P0,), which is soluble both in ammonia and nitrie
acid (310).

3(4g0,NO,)+2Na 0, HO, P0O,=3Ag0,PO,
4+2(NaO,NO,)+HO,NO,

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 phos]:%mte
of silver (3Ag0,PO;) being thrown down as before, a white
granular precipitate of the bibasic phosphate (2Ag0O,P0O;)
18 produced. is 18 owing to the trigaaiﬂ phosphate of
soda having been converted into the bibasie phosphate
(2Na0,PO;) by the expulsion of the equivalent of basie
water, when heated.

412. (C) Acetate of lead (PLO,C, H,0,+34q) gives a
white precipitate of phosphate of lead {Ei’hD,PO,.,), which is
soluble in nitric acid. If this precipitate be collected on a
filter, dried, and heated before the blowpipe, it fuses into a
semi-transparent 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 ecirenmstance that the phosphate, unlike the
other salts of lead, is not easily reduced to the metallic
state when heated in the inner flame.

413. If perchloride of iron (Fe,Cl;) be added to a solu-
* Bee note to (217).
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tion of a phosphate acidified with a little hydrochloric acid,
and aubmqueuﬂ{; mixed with solution of acetate of potash
(KO,C H,0,), the phosphoricacid is thrown down in com-
bination with peroxide of iron (2Fe,0 ,8HO,3PO0;). If this
phosphate of iron be digested with ﬂydrosulphate of am-
monia, 1t is decomposed ; sulphide of iron (FeS) is formed,
and the phosphoric acid remais in solution in combination
with ammonia. The phosphate of iron may be still more
completely decomposed by first dissolving it in a slight
exXCess pf hydrochloric acid, and nearl neutralizing with
ammonia before the addition of the hydrosulphate.

SECTION III.
Boracie Acid (BO,).

A solution of borax (Ne0,2B0,+104¢) 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
1n a less degree.

415. Chloride of bariuwm (BaCl) throws down a white
precipitate of borate of baryta (BaO,2BO;), which is readily
snlub]ie in hydrochlorie acid.

BaCl4+ Na0,2B0,=Ba0,2B0,+ NaCl.

416. Nitrate of silver (Ag0,NO;) gives a white precipi-
tate of borate of silver (AgO,BO,), which is sﬂlublephnth in
ammonia and nitric acid.

417. (C) If strong sulphuric acid (H0,80,) be added to
a concentrated solution of a borate, the boracie acid which
15 displaced, separates in combination with water in the
form of erystalline scales.

Na0,2B0,+HO,80,=Na0,80,+2BO0,+ HO.

418. (C) Ifborax or any other borate be moistened with
a little sulphuric acid, and the mixture treated with al-
cohol, the boraciec acid is dissolved, and communicates a
green colour to the flame when it is burnt. This is pro-
babl 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.
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SECTION IV.

Oarbonic Acid (CO,).

The physical and some of the chemical properties of car-
bonic acid have been already noticed (18, &e.).

419. (C) The carbonates when treated with a firee acid,
as hydrochlorie, are decomposed, and the carbonic acid,
being gaseous when uncombined, escapes with efferves-

cence.
Ca0,00,+ HCI=CaCl+ HO+CO,.

It may be distinguished from other gaseous acids by
being inodorous. When a substance such as marble 1s
tested in this way for carbonic acid, it is generally ad-
visable 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 t{mt effervescence is talang place.

420. (C) When carbonic acid is passed
into time water (Ca0), it causes a white
precipitate of carbonateoflime (CaO,CO,),
most of which redissolves if the gas 1s
passed through for a length of time,
owing to the ﬁ:urmation of the bicarbonate
of lime (Cz0,2C0,), which is soluble in
water. a

This experiment is best made in a
test-tube a« (fig. 75), to which is eon-
nected, by means of a perforated cork, a
bent tube, ¢. A small aump of marble is

ut into @, and the tube & half filled with

e-water: dilute hydrochloric acid 1s
then poured upon the marble, and the bent tube attached,
which conduets the liberated carbonic acid into the lime-
water, which it immediately renders turbid.

421. Chloride of bariwm (BaCl) and chloride of calcium
(CaCl) throw down a white precipitate of carbonate of

Fig. 76.
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baryta (Ba0,CO,) or of lime (Ca0,CO,), which readily dis-
solves with effervescence in dilute hydrochloric acid.

422. (C) Subacetate of lead (3PbO,C,H,0,) is an ex-
tremely delicate test for carbonic acid, with which it forms
a white precipitate of carbonate of lead (PbO,CO,).

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 feﬁ; (122).

SECTION V.

Silicie Acid (Si0,).

There are two modifications of silicie acid, one of which
18 soluble, and the other insoluble.

424. (C) Add a little strong Aydrochloric acid (H Cl) to
a concentrated solution of silicate of potash (£ 0,8:0,), and
warm the mixture: a bulky precipitate separates, which is
soluble in potash, while a porfion remains dissolved in the
acid solution ; this is the soluble modification (probably a
definite hydrate) of silicic acid.

KO0,8i0,+ HCl=KCl+H0+Si0,.

425. (C) Evaporate to dryness the solution with the
precipitate, 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 when the soluble modification of silicic acid is
evaporated to drymess, it is converted into the insoluble
modl}ﬁcatiﬂn. : \

426. (C) Mix a little dry silicic acid, or an insoluble
silicate, in fine powder with dry carbonate of soda (NaO,
CO,), and fuse 1t, for about ten minutes, on a platinum
wire before the blowpipe; treat the bead with dilute
hydrochloric 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 drymness, the silicic acid again becomes in-
soluble. ‘

427. (C) When pure silicic acid is fused with earbonate
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of soda before the blowpipe, a transparent colourless bead
of silicate of soda is formed, while carbonic acid is ex-

pelled. : _
Na0,C0,+8i0,=Na0,S8i0,+ CO,.

In this experiment a small quantity only of the soda
should be used, as it forms an opaque bead when added in
EXCEes8s.

SECTION VI.
Hydrochlorie Aeid (HCT).
(Chlorine, in combination with lhydrogen or a metal).

A solution of chloride of sodium (NaC?), or the dilute
acid, may be used.

428. Chloride of bariwm gives no precipitate. If, how-
ever, it be added to strong hydrochlorie acid, the chloride
of barium will be precipitated unchanged, as it is insoluble
in the strong acid.*

429. (C) %Vifmte of silver (AgO,NO,) throws down a
white curdy precipitate of chloride of silver (AgCl), which
is insoluble in nitrie acid, but readily soluble in ammonia.

AgO,NO;+ NaCl=AgCl+ NaO,NO,.

If the ammoniacal solution be neutralized with nitrie
acid, the chloride is again precipitated.

This precipitate, like most of the salts of silver, becomes
purple on exposure to light.

430. (C) dcetate of lead (PbO,C H,0,4+3A4q) gives a
white precipitate of chloride of lead (‘i’hCl) in tuﬁr&hly
strong solutions of chlorides; if the precipitate be boiled
with a little water, it dissolves, and separates again on
cooling, in the form of needle-shaped crystals.

Pb0,0,H,0,+ NaCl=PhCl+ NaO,C,H,0,.

431. (C) When mixed with nitric acid, and warmed,

hydrochloric acid dissolves gold leaf, forming terchloride
of gold (AuC1,).

3HCI4+ NO,+Au=AuCl,+NO,+3HO.

_* This circumstance must be remembered when testing hydrochlorie acid
with chloride of barium, with a view to ascertaining whether it contains traces

';E l%uliﬂluric acid; in which case it is necessary to dilute the acid before
g g,
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SECTION VII.
Hydriodie Acid (KI).

(Lodine in combination with hydrogen or a metal.)
A solution of iodide of potassium (KT) may be used.

432. Chloride of bariwn gives no precipitate with hy-
driodie acid. '

433. (C) Nitrate of silver (AgO,NO;) gives a pale straw-
coloured precipitate of iodide of silver (Agl), which gra-
dually becomes purple when exposed to the light. It is
nearly insoluble in nitric acid, and considerably less soluble
in &mm(cg}ia lghm} g:]m E}]ﬂﬂride (429).

434, erchloride of mer HgCl,) gives a brilliant
red precipitate of ]_:nerind{c.le afﬂgmg {H%ggi;}, which dis-
solves in an excess either of the perchloride or of the
iodide of potassium.

HyClL+2KI=Hgl,+2KCL

435. (C) Starch (C.H,,0,,) forms with iodine, even in
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 hydriodie acid, it 1s necessary to
liberate it before applying the starch; which is readily
done by adding a drop or two of nitrohydrochloric acid
(698), or a solution of chlorine : if nitric acid is employed,
a portion of its oxygen combines with the hydrogen or
metal with which the iodine was in combination, forming
water, or a metallic oxide.

3KI+NO,=3KO0+NO,+ L.

If chlorine be used, it forms with the hydrogen or metal,
hydrochloric acid or a metallic chloride ; iodine being libe-
rated in either case.

KT+ Cl=KCl+ 1.

The starch may be applied either in solution or as a
paste ; or, what is often more convenient, strips of paper
or cotton may be impregnated with the solution, dried,
and kept for use (750). . :

436. (C) If iodide of potassium, or any other metallic
iodide, in the solid state, be heated with a little strong
sulphuric acid (HO,80,), both compounds are decom-
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osed; sulphurous acid (SO,) and potash (A O) are
ormed, and the iodine is set free. |
KI+4+2(HO,80,)=K0,8S0,+S0,+2H0+1.

A portion of the latter sublimes in the form of a beau-
tiful violet-coloured vapour, which condenses in the upper
part of the tube, and is highly characteristie.

If the quantity of iodine liberated is so small that the
colour of the vapour is not perceptible, it may readily be
detected by suspending a bit of paper or cotton moistened
with a solution of starch, which will mstantly 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 colour to the solution, and causes a
purple precipitate with solution of starch.

¢

SECTION VIII.
Hydrosulphuric Acid (HS).*

(Sulplowr, in combination with kydrogen or a metal.)

——— o

438. (C) Most of the metallic sulphides are decomposed
when treated with hydrochloric acid, in which case hydro-
sulphuric acid (FHS) is given off, and may be recognised
by its disagreeable odour, resembling that of rotten eggs.

Add a little dilute hydrochloric o, sulphurie acid to a
small fragment of sulphide of iron (FeS) in a test-tube ;
hydrosulphurie acid is immediately evolved ; and if a strip
0 &Fapcr, 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). '%he gas
E&]T also Ee pass_;ed( Eto a :zitl}lution of the acetate, in the

anner shown in (420), when it will throw
Maok suTohaga (e, gl

ey mFeS-{—HUJ:FeCE—}—HS.
2d. (U) When heated with #nitric acid (NO.), the me-
tallic sulphides are decomposed : the metag 18 ?})xir]izecin 3t
the expense of a portion of the nitric acid ; orange fumes

* Called also Sulphuretted Hydrogen.
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of mitrous acid and nitric oxide being given off;; while the
sulphur separates as a whitish powder, which aduall
collects into yellowish lumps, and is eventually gssolvei
owing to its conversion into sulphuric acid, also at the
expense of the nitric acid.
CuS4+2N0.=Cu0,80,+NO,+NO,.

440. (C) The soluble sulphides, or hydrosulphates, are
also decomposed by acids, with evolution of hydrosulphuric
acid. Add a little dilute hydrochlorie acid to a drop or
two of hydrosulphate of ammonia (NH,S, HS); hydrosul-
phurie acid is given off, while muriate of ammonia (XN, C?)
remains 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.

. NH,S8 HS+HCI=NH,Cl{+2HS.

When hydrosulphate of ammonia is first prepared, it 1s
colourless, but a portion of the hydrofulphuric acid is gra-
dually 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 1s
set free (HS+ O=HO+8); the latter dissolves m the
hydrosulphate, giving it a yellow colour. Tt is this sulphur
w%ich is precipifated on the addition of an excess o acid
to the hydrosulphate (710).

441. Chloride of bariwm gives no precipitate with hydro-
sulphuric acid, or the hydrosulphates.

442. Nitrate of silver (Ag0,NO;) gives a black precipi-
tate of sulphide of silver (AgS), which 1s soluble in hot
nitrie acid. &

443 (C) Acetate of, lead (PHO, C,H,0,+34q) 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,S0;) b
boiling with nitric acid, which furnishes oxygen to both
elements.

Pb0O,C, H,0,+ HS=PbS+HO,C,H,0;
PbS +40=Pb0,30;.

444. (C) Before the blaﬂnige, the sulphides are readily
decomposed; the sulphur is driven off and burns with a
blue flame, forming sulphurous acid (SO,), which may be
recognised by its odour, which is well known as that of
burning sulphur.
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SECTION IX.

Nitric Acid (HO,NO,).

Nitrate of potash (KO,NO.), both solid and in solution,
may be used.

445. Chloride of bariwm (BaCl) gives no precipitate in
solutions of the nitrates. If it be added, however, to
strong mitrie acid, a white precipitate will be produced,
consisting merely of the undecomposed chloride; which,
though soluble in water, is insoluble in the strong acid.*

446. Nitrate of silver causes no precipitate in solutions
of the nitrates. 4 j

447. (C) If a small fragment of nitrate of potash be
placed on ignited charcoal, vivid deflagration ta]l:es place,
owing to the rapid combination of the carbon with oxygen,
which it abstracts from the nitre; carbonic acid (CO,) is
thus formed, which combines with the potash previously
in combination with the nitrie acid.

KO,NO,+C=KO0,00,+NO,.

448. (C) When a nitrate is heated with a little strong
sulphwric acid (HO,80,), it is decomposed ; and if copper
filings are added to the mixture, the copper becomes
oxidized at the expense of the liberated nitric acid; nitric
oxide and nitrous acid are given, off, forming orange-
coloured fumes, which are very characteristic.

KO0,NO0;+3Cu+4(HO,80,)=3(Cu0,80,)+ K 0,50, +
4HO+NO,.

449. (C) Add a few drops of strong sulphuwric acid to a
solution of a nitrate in a test-tube, and when the mixture
15 cold (401), drop in a small crystal of protosulphate of iron
[FEO,SO.-I-TA(]_}), When nitric acid 1s present, a brown
compound is formed round the erystal, consisting of prot-
oxide of wron (KeO) in combination with nitrie oxide
(I_\TDE)l while the other three equivalents of oXygen com-
bine with another portion of the protoxide, forming sesqui-

* This must be borne in mind when testing the purity of nitrie acid.
K
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oxide of iron (Fe,0,), which is dissolved by the sulphuric
acid as sesquisulphate ((Fe,0,,380;).

10(Fe0,80,)+A(HO,80,)+ KO, NO.=3(Fe,0,380,)+
K0,80,+4(Fe0,50,), NO,+ HO.

If the mixture is heated, the brown compound 1s decom-
posed, and the colour disappears.
450. (C) If a little Aydrochloric acid be added to a solu-
tion eontaining nitric acid or a nitrate, the mixture has the
roperty of dissolving gold leaf, owing probably to the
iberation of free chlorine, which acts on the metal. The
terchloride of gold (AuCl;) thus formed, gives the solution
a yellowish colour.

KO,NO,+2HCI=KClI+2H0+NO,+ CL.

451. Strong nitric acid has the property of turning man
nitrogenous organic compounds yellow; a fact of whic
most chemists have unintentionally convinced themselves
while experimenting with nitric acid, by the troublesome
yellow stains it leaves on the fingers; the cuticle bein
converted into a compound ecalled xanthoproteic acid.
(2HO,C5 N H,,0,).

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 colour of the latter disappears, owing to the
conversion of the indigo into colourless oxidized com-
pounds.

SECTION X.

Chlprie Aeid (CLO;).

Chlorate of potash (KO,ClO;), both solid and in solution,
may be used.

453. Neither chloride of barium nor nitrate of silver
produce any precipitate in solutions of the chlorates.

454. (C) ﬁ)eat a small fragment of the chlorate mn a test-
tube with the flame of a spirit lamp; 1t 1s decomposed,
and if the heat is continued llimg enough, the whole of the
oxygen is given off. Chloride of potassium (KCI) remains

behind.
KD,C]DH=K01+ED.
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The presence of oxy%en_ 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
chloride after the application of heat is the best proof that
the acid is chiloriec and not nitrie,

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 B]Ilﬂﬁ fragment of chlorate of potash
K0,C10;) in a test-tube, and pour upon it a few drops of

Warm the mixture, as it is liable to explode with violence
when heated. The chlorate is decomposed, sulphate of
votash (KO,80,) and perchlorate of potash (K0,CL0,),
ure formed, together with peroxide of chlorine (Cl10,),
which gives the mixture a yellowish colour, and escapes 1n
the form of a greenish gas.

E(I{O,Clﬂa)+2[HO,SOE)="(}TO,SOH}+EG, ClO,+
2C10,+2 HO.
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.

CHAPTER VII.
ORGANIC ACIDS.

459. The organic acids which are enumerated in para-
graph 179, may be divided into three classes, accordi ng to
their behaviour with ehloride of caleiwm and perchloride of
tron; thus . —

Class I.——Qr_-gam'c acids which are, under certain clrewnm-
stances, preeipitated by a solution of chloride of caleium,

Oxalic (HO,C,0,). Citric (3HO,C,,H,0,,).

Tartaric [2HG,GSH,LOM). Malic l[:‘.:'!]j'.(}‘,(.]‘EJE[,i k)=
K 2
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Class TT—Those which are unaffected by chloride of
B%l::ﬁll]ﬂl, but are thrown down by & solution of perchloride
of iron.

Suceinic (HO,C,H,0,). Benzoie (HO,C,,H,0O,).

Class TI1—Those which are not precipitated either by
chloride of caleium or by perchloride of irou.

Acetic (HO,C,H;0y). Formie (HO,C,HO,).

SECTION I.
Ozalie Aeid (HO,C,0,).

460. Oxalie acid is readily soluble in water and in alechol.

461. When crystallized oxalic acid (HO,C,0,+3Aq) 18 |
heated in a tube, a portion volatilizes unchanged, while 2
part 18 decomposed.

462. (C) All the salts of the organic acids are decom-
posed at a red heat; and when the base is an alkah, or
allaline 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 searcely any blackening takes place, the oxalic
acid being almost wholly resolved into carbonic acid (CO,)
and earbonic oxide (CO%V; the latter of which escapes, while
the carbonic acid combines with the base.

K0,C,0,=K0,C0,+CO.

463. (C) Heat a little oxalate of lime (Ca0,C,0,) to low
redness for a few moments on platinum foil, and observe
that the decomposition takes place almost without blacken-
ing. Place the fragment in a test-tube, and moisten 1.
with dilute hydrochloric acid, when the effervescence will
show the presence of carbonic acid (419, 122).

464. (C) Chloride of calcium (CaCl), when added to_so-
lutions containing oxalic acid, either free or in combina-
tion with a base, causes, even in highly d:llute solutions, a
copious white precipitate of oxalate of lime (€a0,C,0,+
9Aq), which is readily soluble in hydrochlorie acid, and
sligc]lxtly <0 in an excess of oxalic acid, so that the addition

of ammonia favours the precipitation in an acid solution.

CaCl+ NH,0,C,0,=Ca0,C,0,+ NH,CL. :
The presence of ammoniacal salts does not interfere with
the formation of this precipitate.
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465. (C) A solution of sulphate (CaO,80;), or any other
salt of lime, canses the same 1}1'&:;:%1’5&139 (Ca0,C,0,+2Aq),
even in very dilute solutions. Lime-water also does the
same.

466. Perchloride of iron (Fe,Cl;) gives no precipitate in
solutions of oxalic acid or the oxalates, unless they are
tolerably concentrated.

467. Nitrate of silver (4g0,NO,) throws down a white

recipitate of oxalate of silver (Agé,C. 0,), which 1s soluble
Enth in nitric acid and ammonia. If the precipitate be
dried, and heated on platinum foil, it 18 dispersed with a
slight puff, leaving a residue of metallic silver.

468. (C) When oxalic acid or an alkaline oxalate is
warmed with strong sulplwric acid (HO,80,),1t is decom-
sosed into earbonic acid (CO,) and carbonic oxide (CO),
vhile the basic water or the lleali combines with the sul-
;huric acid (33).

X0,0,0,4+H0,80,=K0,80,4+ H0+CO,+CO.

The two gases escape with effervescence, and if a taper
be applied as they issue from the tube, the carbonie oxide
Hurns with a pale blue flame, combining with an additional
equivalent ofp oxygen from the air, and becoming carbonic
acid (41).

S8ECTION II.
Tartaric Aeid (2HO,C,H,0,,).

469. Tartaric acid is soluble both in water and in
alcohol,

470. (C) Heat a small crystal of the acid in a tube; it
at first fuses, and is afterwards decomposed, with deposi-
tion of carbon, and consequent blackening. A peculiar and
chz;uictegaiﬁc odour ﬂiﬁ aii:;r the same time emitteﬁ.

. Fold a sm agment of bitartrate of potash
(KO,HO,C.H 4{0yp) in p]atglmum foil, and heat it to I“Edness
before the %lr:m-'plpe or over a spirit lamp. The tartarie
acid is thus decomposed, and carbonate of potash (KO,C0,)
18 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 : !
acid (419). owing the presence of carbonie
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472. (C) Chloride of calciwm (CaCl) throws down in
neutral solutions containing tartaric acid, a white precipi-
tate of tartrate of lime (2Ca0,C.H,0,,), which is soluble
in a cold solution of potash; if the potash solution be
heated, however, the tartrate of lime separates as a bulky
precipitate, but redissolves as the solution cools.

473. Lime-water (CaO) causes in neutral solufions a
white precipitate of tartrate of lime (2Ca0,C4H,0,,), 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 erystallizes out.

474. Sulphate of lime (Ca0,80,) gives no precipitate at
first, even in neutral solutions of tartrates ; but, if allowed
to stand, tartrate of lime gradually erystallizes.

475. Salits Hz:-f' potash cause the formation of bitartrate of
potash (KO,HO,C,H,0,,), 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 (K0,H0,280,) 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
lines of minute crystals will be deposited on the sides of
the glass wherever the rod has rubbed against it (184,
186).

ri%'ﬁ. Perchloride of iron (Fe,Cl;) gives no precipitate
with tartaric acid or the tartrates.

477. (C) Acetate of lead (PHO,C,H, Oﬂ+3A% throws
down a white precipitate of tartrate of lead (2Pb0,CH,0,),
which when washed clean, is readily seluble in ammonia.

478. Tartaric acid and the tartrates, when present m
solutions of the persalts of iron, prevent the precipita-
tion of the hydrated peroxide (Fe,0,,3H0) when ammonia
or potash are added (280). This is owing to the formation
of gouble tartrates of iron and the alkali, which are soluble
in water, and are not decomposed b& an excess of the
latter. Tartaric acid also prevents the precipitation of
alumina, protoxide of manganese, and some other oxides,
under similar circumstances.
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SECTION III.
Citric Acid (3HO,CH,05,)-

479. Citrie acid is soluble in water and in aleohol.

480. (C) When heated in a tube, citric acid at first
melts, and is subseqtmntly decomposed, emitting punfgent
fumes, which may be distinguished by their smell from
those formed by tartarie acid under similar circumstances.
A carbonaceous residue remains in the tube.

481. (C) Chloride of caleium (CaCl), when added to solu-
tions of neutral citrates, gives a white precipitate of citrate
of lime (3Ca0,C,,H,0,,), which is insoluble in potash, but
soluble in muriate of ammonia. If the ammoniacal solu-
tion be boiled, the citrate of lime reprecipitates. Kree
citric acid gives no precipitate with this test.

482. (C) Lime water (CaO) fails to produce a precipi-
tate 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 (Fe,Cl,) gives no preecipitate.

484. Acetate of lead (PHO,C, H,0,+3Aq) throws down a
white precipitate of citrate of lead (3Pb0O,C ,H,0,,), which
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
ammonia, owing to the formation of soluble double salts.

486. Citrie acid when heated with strong sulplurie acid,
18 decomposed; carbonic acid and carbonic oxide are
given off with effervescence, and after some time, sul-
]gllgmurcvus acid (SO,) is formed, and the mixture becomes

k coloured.

BECTION IV.
Malic Aeid (2HO,C.H,0,).

487. Malic acid dissolves freely both in water and
aleohol.

488. (C) When malic acid is cautiously heated in a
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tube, 1t is decomposed into two new acids ; maleic acid
(2HO,C,H,O,), which being volatile, sublimes and con-
denses in the upper part of the tube; and fumarie aeid
(HO,C,HO,) 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 earbonized.

489. Chloride of calcium (CaCl) gives no precipitate,
since the malate of lime (2Ca0,C H,0,) is soluble in water ;
the addition of aleohol, however, immediately causes it to
precipitate.

490. Lime water (CaO) gives no precipitate with malic
acid or the malates.

491. Perchloride of iron (Fe,Cl;) causes no precipitate,
as the malate of iron is soluble 1 water.

492, (C) Acetate of lead (PbO,C,H,0,434q) throws
down a white precipitate of malate of ieml (PhO,HO,
C,H,0,). If acetate of lead in solution be allowed to stand
for a day or two on the precipitate, it is gradually converted
into beautiful tufts of Eﬁkj’ crystals. If the precipitate be
well washed, and, while suspended in water, heated over a
lamp, it will be found to melt into a resin-like mass at the
temperature of boiling water. ‘

493. Tike tartaric and ecitrie acids, malie acid and the
soluble malates prevent the precipitation of peroxide of
iron and some other metallic oxides by the allalies (478,
485).

4%44. When heated with oil of vitriol (H0,80,), malic
acid is decomposed and carbonized, sulphurous acid (S0,)
being at the same time given off.

SECTION V.
Suceinic Aeid (HO,C,H,0,).

495. Succinie acid is soluble both n water and aleohol.

496. (C.) When the pure acid 18 heated in a tube, it
volatilizes entirely, leaving no carbonaceous residue, and
ervstallizes in the upper part of the tube. The common
acid met with in commerce is seldom pure, and usually
leaves a slight residue. _ o3

497. Chloride of calciwm (CaCl) gives no precipitate
with succinic acid or the succinates.
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498. (C) Perchloride of iron (Fe,Cly) throws down a
bulky light brown precipitate of persuccinate of iron
(F5263,204H90 ) from perfectly neutral solutions contain-
ing suceinic m::ia:al. This precipitate is soluble in aecids, and
is decomposed by ammonia, WEiE]l removes the greater part
of the acid. . _

499. Acetate of lead (PHO,C, H, 0,4 3.[%}') gives a_wh.ﬂ;e
precipitate of succinate of lead (i’bO,Ci ,0y), which 1s
soluble in acid solutions, and is decomposed nto a basie
salt by ammonia.

500. (C) When treated with a mixture of chloride of
bariwm, ammonia, and alcokol, solutions containing sue-
cinic acid give a white precipitate of succinate of %&T}Ttﬂ;
(BaO,C,H.O,).

SECTION VI.
Benzoic Aeid (HO,C,,H,0,).

501. Benzoic acid is searcely soluble in cold water, but
rather more so in hot: it is readily soluble in aleohol.

502. (C) When heated in atugﬁ-, it sublimes and con-
denses in the form of beautiful needle-shaped ecrystals:
the vapour has a peculiar aromatic odour, and causes an
unpleasant sensation in the throat, inducing coughing.

503. Chloride of caleium (CaCl) gives no precipitate in
solutions of benzoic acid, the benzoate of lime being soluble
in water.

604. Perchloride of iron (Fe,CL,)) gives in neutral solu-
tions, a light yellowish brown precipitate of perbenzoate of
iron (Fe,0,,3C,,H,0,), which is suﬁ)uble in acids, and like
the suceinate, is decomposed by ammonia (498).

805. Acetate of lead (PbO,C,H,0,+3A4q) throws down
a white precipitate of benzoate of lead (PbO,C,,H,0,) in
solutions of benzoate of potash or of soda, but not in a
golution of the free acid, or of benzoate of ammonia.

906. (C) A mixture of chloride of barium, ammonia, and
alcokol, gives no recipitate with benzoic acid and the
benzoates, thus rliﬂgring from suceinie acid (500).

507. (C) When the solution of an alkaline benzoate,
as benzoate of ammonia (VH,0,C,,H,0,), is treated with
strong sulphuric or hydrochloric acid, it is decomposed, and



138 ORGANIC ACIDS.

the liberated benzoic acid, being almost insoluble in water,
13 precipitated in the form of a white crystalline precipi-
tate ; while the sulphate or muriate of ammonia remains
in solution.

NH,0,0,,H,0,+ HO,80,= NH,0,80,+ HO,C,,H,0,

SECTION VII.
Acetie Aeid (HO,C,H,0;).

508. Acetic acid is soluble in all proportions in water :
1t dissolves also in aleohol.

509. (C) When heated, it volatilizes readily, leaving, if
pure, no residue ; the fumes have an exceedingly pungent
odour, resembling that of vinegar, which owes its active
properties to the acetic acid which it contains.

610. Chloride of calciwm, and the other salts of lime,
give no precipitate with acetic acid or the acetates.

Perchioride of iron also gives no precipitate, but changes
the colour of the solution to a deep reddish brown.

511. (C) Nitrateof Silver (Ag 0, NO,) causes in neutral so-
lutions, awhite precipitateof acetate of silver (AgO,C,H,0),
which, if the mixture is heated, partially dissolves, and
recrystallizes on cooling ; it is 50111]3]1)3 in ammonia.

511a. (C) Protonitrate of mercury (HgO,NO,) gives on
a%]il;ation a precipitate of acetate of mercury (HgO,C,H,0,),
which separates in the form of white silky crystalline seales.

HyO,NO,+ K0,C,H,0,=HgO,CH,0,+ KO,NO;,

512. (C) When an acetate is mixed with dilute sulphuric
acid, and gently warmed, it is deenn}pasgd ; & sulphate of
the base being formed, while the acetic acid is set iree, and
may be recognised by its odour.

K0,C,H,0,+HO0,80,=K0,80,+HO,C, H,0,.

513. (C) If a mixture of an acetate with dilute sulpluric
acid be distilled (536), and the distilled liquid boiled with
an excess of oxide of lead (PhO), the liberated acetic acid
combines with a portion of the oxide, forming subacetate
of lead (3.P5 0, C, H,0,); which, having an alkaline reaction
with test paper, may be recognised by its turning the yel-
low colour of turmeric paper brown.
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514. (C) When acetic acid or an acetate is warmed with
strong sulphuric acid (HO,80,), acetic ether (C,H;0O,
C,H,0,) is formed, which volatilizes, and may be known
by its peculiar and refreshing odour.

SECTION VIII.
Formice Aeid (HO,C,HO,).

515. Formic acid is readily soluble both in jvater and
alcohol.

516. (C) When heated, it volatilizes entirely, giving off
fumes of a penetrating disagreeable odour.

517. Chloride of calcium gives no precipitate with formie
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,C,HO,), which shortly becomes of a darker
colour, owing to decomposition and the liberation of me-
tallic silver. If the mixture be boiled, this reduction takes
place immediately.

A similar decomposition takes place with protonitrate of
mercury.

520. (C) When warmed with dilute sulphurie acid, the
formiates are decomposed: the formic H.Ei(f volatilizes, and
may be known by its odour.

521. (C) If formic acid or a formiate be heated with
strong sulphuric acid, it is resolved into water and carbonie
oxide (CO). C,HO,=2C0O+ HO.

The carbonic oxide gas escapes with effervescence, and
burns with a pale blue flame J.tP a light be applied to the
mouth of the tube.



PART III.

QUALITATIVE ANALYSIS OF SUBSTANCES, THE
COMPOSITION OF WHICH IS UNENOWN.

CHAPTER 1.
PRELIMINARY EXAMINATION, ETC.

522. WaeN a substance is presented for examination,
with a view to ascertaining its chemical composition, 1t 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 oceasionally succeed in the examination of substances
consisting merely of one base and acid, it would certainly
be found wholly inefficient under less favourable circum-
stances, as when two or more bases and acids are mixed
together, which would mask or nentralize each other’s
behaviour with the different reagents employed. Hence
the necessit%r of a well-devised plan of proceeding, in which,
by means of a few simple experiments, we are enabled to
ngta,in some considerable insight into the nature of the
gubstance under examination.

523. Before beginning what may be 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 t{;e preliminary examination.
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‘We will first suppose that a solid substance has been
given to the student for examination. If it 1s a iqud, he
may pass on to paragraph (533).

SECTION I.
Preliminary Examination of Solids.*

524. Observe whether the substance 1s cerystalline
or amorphous: whether it 13 homogeneous
throughout, or composed of different ingredients, such
as can be distinguished either with the naked eye, or with
the assistance of a lens.

Note any peculiarity of form or colours; and observe
whether or not it possesses metallic lustre.

525. TAxE 118 SPECIFIC GRAVITY (145). A knowledge
of this is frequently of great service, especially in the case
of minerals, when by a reference to a table of specific
gravities,t we are able at once to guess what it s, and to
strike out of the list of possibilities a large number of sub-
stances 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 (¢) whether it appears
to undergo any change: if it does not, we infer
that the substance contains no water or organie matter ;
that it is not readily fusible; and that no volatile sub-
stances are present.

(h) Does it fuse? and if so, does it continue fluid
as long as the heat is applied, or does 1t, after a short time,
solidify while still in a]]mated state? 1If it solidifies while
hot, it had probably undergone what is called the watery
fusion, or melted in its water of crystallization, which is
gradua]g: expelled, condensing in the upper part of the
tube. 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 suh-
sequent stages of the analysis, but the praetice is also of the greatest value to

the student, in cultivating habits of correct observation and facility of expres-

sion; besides at the same time impressing the facts more stron :
recollection (6). P & gly on his

t Buch a table may be found in Dr. Thomson’s Mineralogy, vol. i, p. 710,
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Eﬂ.;:ﬁlge, it probably contains either an alkali or an alkaline

(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
examination is probably a mixture of two or more sub-
stances.

(¢) When the substance is volatile (either wholly or in
part), observe whether the vapour condenses in
the cool part of the tube; and if so, whether the
matter deposited is solid (erystalline or amorphous) or
liquid ; if the latter, is 1t neutral or otherwise to test
paper? Is the vapour combustible? Has it any
characteristic smell, as of ammonia, or of burning
sulphur, or of arsenic (301) P

(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 (HCI),
while the substance in its original state does not, we ma
infer that an organic acid was present, which, when ]1eate£
is converted into carbonic a::i}i, forming a carbonate (462,
471). In this case, too, 1t is highly probable that the base
with which the organic acid was m combination, 18 either
an alkali (potash or soda), or an alkaline earth (lime, mag-
nesia, baryta, or strontia); as otherwise the 111311-‘1{-1"01'111&1:1
carbonate would probably have been decomposed, leaving
either a metallic oxide or reduced metal (423).

(g) In ecase of carbonization, observe whether any cha-
racteristic smell is given off during the decomposition
(470, 480), and also whether the vapour which is formed
is neutral, acid, or alkaline to test paper : if alkaline, 1t 1s
probable either that ammonia was present, or that nitrogen
was contained in the organic matter.®

Tt 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
(W Hg) is almost invariably formed during the destructive decomposition.
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resent, since many organic substances volatilize without
gacompnaitiﬂn.

527. HEAT A FRAGMENT OF THE SUBSTANCE ON CHAR-
COAL IN THE INNER FLAME OF THE BLOWPIPE. In this
experiment, some of the W?L.Hpea,muces already obtained by
heating in a tube (526), will probably be repeated, such as
charring, volatilization, &e. Observe, . _

(@) Whether the substance fuses, cither easily or
only after prolonged application of the flame. If fusion
talces place speedily, and especially if the fused mass is
absorbed by the {:ﬁarma,l, 1t 18 Emhfﬂ:rle that mtan?ll or
soda 1s present: if the former, the flame may be tinged
with a violet colour (187).

(6) 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 2).

(¢) If the substance is infusible (cither without or
subsequent to the watery fusion,) and remains on the char-
coal in the form of a colourless infusible mass, the sub-
stance is probably an alkaline earth, silica, oxide of zine, or
alumina. If an alkaline earth, it will probably radiate an
intense white light while ignited. The white infusible mass
mzﬁr then be moistened with a solution of nitrate of cobalt,
and again heated; when if it becomes blue, alumina mav be
suspected (245); if green, oxide of zine (261); and if pale
pink, magnesia (209). Ifit is silica, it will fuse into a clear
colourless bead with carbonate of soda, effervescing at the
same time (427).

() In case a bead of reduced metal, or a co-
loured infusible residue, is formed on the charcoal,
1t should be mixed with carbonate of soda (NaO,CQO,), and
again heated as before on charcoal in the deoxidizing flame.

t tin, copper, silver, or gold are present, a bhead of the
metal will be formed without any incrustation on the
charcoal # Tf iron, cobalt, or nickel, are present, they will
be reduced to the metallic state, but instead of fusing into
a bead, will be mixed up with the carbonate of soda (bein
mfusible except at a higher temperature), giving the beuE{
a grey opaque appearance.

* The white or brownish ash which is always formed when chareogl is

burnt, (which consists of the incombustible matter of the charcoal,) must not

P’E nrnistakeu for an incrustation derived from the substance under examing.-
ion.
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(¢) If a white deposit is formed on the char-
coal round the bead of metal (or indeed without
any metallic bead), it is probably owing to the presence of
zine or antimony.* If zine, the oxide while hot is yel-
lowish, becoming white on cooling (260).

(f) If a yellow or brown deposit is formed,
either lead, bismuth, or cadmiuwm, may be supposed to be
present.

528. WARM A FRAGMENT OF THE SUBSTANCE IN A TUBE
WITH STRONG SULPHURIC ACID (HO,S0,):—

(a) If effervescence occurs,t it is probably owing
to the escape of some volatile acid, which is displaced b
the sulphuric acid. If the gas thus liberated has no smell,
carbonic acid may be suspected (419). If it smells of
hydrosulphuric acid, the substance was probably asul bhide
(438), in which case sulphurous acid (50,) would pm{mbly
at the same time be formed. If thesmellresembles that of
nitrie or nitrous acids, the presence of a nitrate may be
inferred, especially if orange coloured fumes are evo ved
on the addition of clean copper filings (448). If the dis-
engaged 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 (526f)), 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 1s not proved by this experiment,
when organic matter is present.

(¢) Ifthesubstance undergoes no apparent change
by the action of sulphuric acid, the absence of all these
compounds may be inferred. £ A e

599. The next point to be ascertained n the preliminary
examination, is as to the solubility of the substance n
water and other solvents. Place five or ten grains of
the pounded substance in a test-tube, and treat it with a
little distilled water (at first eold, and afterwards boiled
if the substance does not dissolve), and observe whether 1t
is wholly or partially soluble, or whether it is absolutely
snsoluble. This is known by evaporating a drop of the

# Hee note in preceding page. ‘ .
+ Care must be ta.kangnntgm mistake the bubbles of common aar, which

often escape from the surface of a solid substance when it is treated with a
liquid, for true effervescence. .
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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.

(6) If it wholly dissolves, we prove the absence of
all insoluble compounds.

(e) If 1t partially dissolves, it is either a sparingl
soluble substance, or a mixture of soluble and msmlu%[}et
matters: the addition of more water will show which of
these is the case. Ifit is a mixture, the insoluble portion
may be separated by filtration from the solution, for further
examination (530).

530. Ir 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 HYDRO-
CHLORIC ACID (HCY), (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 effervescence
occurs, it is probably owing to the escape of a gaseous
acid, which may sometimes be identified by the smell or
colour (528 @). If the smell of chlorine be given off, it
may be owing to the presence of a peroxide, as of man-
ganese (MnO,).

MnO,+2HCl=MnCl4+2H0O+CL.

In case the whole, or any portion, of the substance prove
msoluble in hydrochloric acid, it must be separated by
filtration, and retained for further examination (5632).

531l. Ir THE SUBSTANCE IS A METAL (KNOWN BY ITS
METALLIC LUSTRE, &¢.), IT MUST BE TREATED WITH STRONG
NITRIC ACID, AND IF NECESSARY BOILED.

(¢) If no apparent action takes place, the
metal is Iﬁmbu,bl}r old or platinum: and if it be found that
nothing has dissolved, the absence of all the common,
easily oxidizable metals may be inferred.

(0) If the metal is acted upon, and a white

| precipitate is at the same time formed, which

* It is always necessary to test experiment, whether the distilled
: . L : wat
‘ used in these experiments, is mg perfectly pure, and free from ﬂ.iﬂau??gg
¢ matter : if such were not the case, a residue would of course be left, even
! though the substance under examination were insoluble (753). %

L
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15 found to be insoluble in water, it is probable that anti-
mony 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 liguid on pla-
tinum foil), the presence of some other metal, soluble in
nitric acid, may be relied on.

(¢) If the metal dissolves entirely, the absence of
gold, antimony, and tin, may be inferred.

532. THE MATTER (IF ANY) WHICH PROVED INSOLUBLE
IN HYDROCHLORIC ACID (530), I8 NOW TREATED, FIRST
WITH STRONG NITRIC ACID; AND THEN, IF IT RESISTS
SOLUTION, WITH NITROHYDROCHLORIC ACID (G98), 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 ve
liable to ““ spurt,” and project small portionsof 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.

'&rhile the evaporation is going on, the following experi-
ments may be commenced with the solution.

534. TAKE ITS SPECIFIC GRAVITY (148).

535. TEST THE SOLUTION WITH LITMUS AND TURMERIC
PAPER, to ascertain whether it is neutral or otherwise.

() 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.
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(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
reaction. 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 (K0,C0,4+24q); if this causes a
precipitate, the acid reaction is pr:}gably 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
mnsoluble 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

Fig 76. Tube Distillation Fig. 77.

msulate it from the solid matter it contains, for examina-

tion. This is best done, if the I uid is volatile, by distil-

lation in a small retort (61), or if the quantity of liquid is

mmute, the distillation may be effected in two small tubes,
L 2
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as shown in fig. 76, 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 (fig. 77) to avoid soiling the long limb of a.
The distilled liquid may then be examined as to its taste,
smell, specific gﬁﬂ.‘;’i , boiling point, &e.

537. When the substance to be examined is liquid, con-
taining solid matter in suspension, the latter is to be
separated by filtration, and the solid and liquid portions
examined separately, according to the directions given
in paragraphs 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, &e., 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
entirely out of sight all the rarer substances (179), describe
the processes to %ua 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
potash (KO,80y); or a binary compound of a metal with
s nonmetallic body (or kaloid 8 1t), such as chloride of
caleium (CaCl); and first those which are readily soluble
in water. It 1s usual to determine the base t, and
when that is done, the student may pass on to (556), and
commence testing for the acid. s

539. When the presence of any metal or acid is indi-
cated by the action of a reagent employed In qualitative
analysis, it 18 always necessary to confirm our supposition
by applying other tests; as 1t 18 rarely the case that a
single test 18 su.ﬂiﬂien&i’ decided in its results, to render
the presence of a me absolutely certain. The student,
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therefore, when he is led to infer from the result of an
experiment, that a certain substance is present, should
I'«)BIEEI' 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 (929).

SECTION I.
Framination for 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 AcIiD (HC!). If this causes a
white precipitate, it is probably owing to the pre-
sence of either Lead, Silver, or Protoxide of Mercury, the
chlorides of which, being more or less insoluble, are pre-
cipitated as soon as formed. In order to distinguish be-
tween them, a portion of the liquid with the precipitate, is
supersaturated with aamyonia (VH,).

(@) If this dissolves the precipitate, the hase is
probably Ouxide of Silver (377).

(b) If' the precipitate becomes dark coloured,
the base is probably Profoxide of Mercury (338).

(e) If the precipitate remains unaltered by
the ammonia, the base is probably Oxide of Lead (362).

In either case, a portion of the original solution should

* The student will find in the Appendix a list of salts, &c., which may be
taken for practice in qualitative analysis. He may first 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 reference to the
printed directions.
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be tried with some of the most characteristic tests for the
suspected metal (539).

H: yrﬁru&m@ﬁuﬁc Aeid 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 (701) until it smells perceptibly. If this
causes no change, the student may pass on to (547) ;
but if a precipitate 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 solu-
tion 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 1s, adcf to
separate portions of the original solution in a test-tube,
the following tests, until one of them is found fo indicate
the metal present.

(¢) Add a little p1LuTE svnpHURIC ACID (HO,580;). Lt
this causes a white precipitate, the base is ]E::hah]y
Owide of Lead, the white precipitate being in that case
sulphate of lead (PhO,S0,) (361). To confirm this, add
some of the other tests for lead (356, 363, 364).

(b) If the sulphuric acid gives no precipi-
tate, add to another portion a solution of AMMONTA
(NH,); if this causes at first a light blue precipi-
tate, which on the addition of ammonia in excess, re-
dissolves, forming a deep rich blue solution, the base
is Oxide of Copper (369). (Confirm 371, 372.)

(¢) To another portion of the original solution, add a
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 1 a test-j:ube; if a wh:ita praﬁcipi-
tate is produced, the base 1s probably Owide of Bismuth
(394). (Confirm 395, 397.)

* 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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543. If the precipitate caused by hydro-
sulphuric acid is brown, the base 1s probably
Protoxide of Tin (381). (Confirm 379, 382, 386.)

544. If the precipitate caused by hydro-
sulphuric acid is yellow, either the base 1s Per-
oxide of Tin (388), or one of the oxides of arsenic1s present
(307).% To determine which of these it is, add to a portion
of the original solution, a few drops of dilute AMMONTA;
if this causes a white precipitate, the base 1s Ji)rq-
bably Peroxide of Tin (390); (Confirm 387, 393 ;) while if
the solution remains clear, the yellow sulphide is
probably that of Arsenic.t (Confirm 303, 312.)

545. If the colour of the precipitate thrown
down by hydrosulphuric acid is orange, the
base is probably Owide of Antimony (329). (Confirm 332,
334.

54?5. If the precipitate with hydrosulphuric
acid is white, the base is probably Perozide of Iron,
sulphur being in that case precipitated (278). (Confirm
280, 282.)

Hydrosulphate of Ammonia Test.

547. When hydrosulphurie 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 belongs
consequently to one of the three other classes. Add a
little murIATE OF AMMoNIA (NVH,CI)I to a portion of the
original solution, and then a few dmgs of dilute ammonN1a,
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
interfere with the action of the hydrosulphate of ammonia
(440).

#* Although both of the oxides of arsenic (AsOj; and AsO;) have acid pro-
EErﬁes, they are best included here among the %asea, on account of their
ehaviour with hydrosulphurie acid.

T When in the examination of a salt, the t"pre»'cipita,hr: with hydrosulphurie
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 arsemic 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,

1 Muriate of ammonia is here added to prevent the precipitation of an

magmnesia that may be present (200) ; which, as it does not belong to the third
class of metals, m{ght [EIE EO{nfuﬂ-%GD. : &
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548. ADD NOW TO THE NEUTRAL OR SLIGHTLY AMMO-
NIACAL SOLUTION, HYDROSULPHATE OF AMMONTIA. If this
causes no precipitate, none of the metals of the third
class can be present, and the student may pass on to (553).
If a precipitate appears, however, the base is thus
shown to be one of those included in the third class: viz.
Alwmina, oxide of Chromiwm, oxide of Zine, 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 Zron, oxide of Nickel, or
oxide of Cobalf. To distinguish between them, add to a
fresh portion of the solution a little caustic PoTasH.

(a) If this causes a dull pale green precipitate,
which on exposure to the air becomes rust coloured,*
the base is Protoxide of Iron (273). (Confirm 276.)

(h) If it throws down a rust coloured precipi-
tate, the base is probably Perowide of Iron (281). (Con-
firm 282.)

(¢) If the precipitate caused by potash is pale green,
which does not become brown by exposure to the air, the
base is probably Ozide of Nickel (288). (Confirm 287, 291,
292.

(ci)} If the precipitate is light blue, changing to dirty
ink when boiled, the base is probably Ozide of Cobalt
295). (Confirm 296, 299.)

550. If the precipitate caused by hydro-
sulphate of ammonia is flesh-coloured, be-
coming brown by exposure to the air, the base is pro-
bably Protoxide of Manganese (263). (Confirm 264, 267.)

551. If the precipitate thrown down by the
hydrosulphate is white, the base is either dlumina
or Oxide of Zine. To distinguish between them, add
to a fresh portion of the original solution a little DILUTE
AMMONIA. acleh

(«) If this causes a white precipitate, which is
readily soluble in excess of ammonia, the base 1s
Ozide of Zine (255). (Confirm 260, 261.)

(b) If, on the contrary, the white precipitate thrown
* When it is expected that a change of colour will be caused by exposin

a precipitate to the air, the hest way is to pour a little of the precipitate wit

the solution containing it, on a Eiccg 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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down by ammonia is insoluble in excess, the base 1s
Alumina (241). (Confirm 245.)

552. If the precipitate caused by the hydro-
sulphate is green, the base is probably Oxide of
Chromiwm (247). (Confirm 248, 251, 252.)

Carbonate of Soda Test.

553. In case neither hydrosulphuric acid nor hydro-
sulphate of ammonia produce 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 A SLIGHT EXCESS OF CARBONATE OF 80DA (Na O,C0O,)
TO A PORTION OF THE ORIGINAL SOLUTION: if this causes
no precipitate, the base does not belong to Class 11.,
and the student may pass on to (555). If, on the con-
trary, a white precipitate is produced, 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 hittle of
the original solution in a neutral and concentrated state,
a few drops of a solution of suLPHATE OF sopa as long
as it causes any precipitate.

(a) If this causes no precipitate, even after stand-
ing a few minutes, the base is probably Magnesia (205),
(confirm 206, 209;) or Lime in the state of sulphate of
lime (Ca0,80,) (215).* (Confirm 216, 217, 219.)

(6) If, on the contrary, a precipitate is pro-
duced, the base is either Lime, Baryta, or Strontia: to
distinguish between them, filter the mixture, and test the
clear filtered liquid with oXALATE oF ammonNiA. If this
causes a white precipitate, the base is probably Lime
(216). (Confirm 215, 218.)

(¢) If the oxalate causes no immediate pre-
cipitate in the filtered solution, add to a little
of the original solution, a solution of SULPHATE OF LIME.
If this causes an immediate precipitate, the hase
18 probably Baryta (225). (Confirm, 227, 228.)

(4) If the precipitate does not appear at

* The sulphate of lime requires for its solution 500 times its weight of

water; 8o that even a concentrated solution of this salt i A
a highly diluted state, alt contains the lime in
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first, on the addition of the sulphate of lime, but
gradually separates after some little time, the base
18 probably Strontia (233). (Confirm 236.)

555. If neither hydrosulphuric acid, hydrosulphate of
ammonia, nor carbonate of soda produce any precipitate,
the base is one of the first class, viz., Potash, Soda, or
Ammonia. To ascertain which of these 1t 1s,

(@) 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 per-
ceptible, and if the vapour produces dense white fumes
when a rod, moistened with hydrochloric acid, is held near
the mouth of the tube, the base is Ammonia (195). (Con-
firm 192, 194.) |

(b) If it is not ammonia, add a little BICHLORIDE OF
PLATINUM to the concentrated solution; if this causes a
yellow crystalline precipitate, cither immediately
or after standing a short time, the base iz Potash (185).
(Confirm 186, 187.)

(¢) If no precipitate appears, and if the solution
from the last experiment, on evaporating spontaneously,
deposits yellow needle-shaped crystals, which
are readily soluble in water, the base is Soda (188). (Con-
firm 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.,

Sulphuric (H0,80;). Hydrochloric (HCI).
Phosphoric (PO;). Hydriodie (H1).
Boracie (BOy). H;-,rtlmsulphur_m (HS).
Carbonic (CO,). Nitric (HO,NO;).
Silicie (Si0;). Chloric (HO,CLO;).

* 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 {ase an insoluble salt (See Table of Solu-

bilities in the Appendix).
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557, A portion of the original solution, which for this
purpose should be tolerably concentrated, is first treated
with DILUTE SULPHURIC Acip. If mo apparent
change takes place, or if merely a precipitate is
produced, the student may pass on to (558); but if
effervescence ensues, the acid is probably either
Carbonie, ov Hydrosulplhurie. S5

(@) If the gas evolved is inodorous, the acid is pro-
bably Carbonic (419). (Confirm 420, 421.)

{ES If the gas has a smell resembling that of
rotten eggs, the acid is Hydrosulphwric; or Sulphuwr
combined with a metal (438). (Confirm 439, 443.)

(¢) If the dilute sulphuric acid gives a pale yellow
or brown colour to the solution, the acid is probably
Hydpriodie, in which case iodine is set free, and being
slightly soluble, colours the liquid (437). (Confirm 434,
435, 436.) (See also 559 b.)

558. If no effervescence is produced by the dilute
sulphurie acid, a portion of the original neutral solution is
tested with cunorIDE oF BARIUM (BaCl); if this produces
no precipitate, the student may pass on to, (559); but
if a precipitate appears, the acid is probably either
Sulphuric, Phosphorie, Boracie, or Silicie,* since baryta
forms with each of them an insoluble salt.

Should any base have been found to be present, which
forms an insoluble or sparingly soluble chloride, such as
lead, silver, &e. (see Tabple IX. in the Appendix), a preci-
pifate would here be formed by the chlorme of the chloride
of barium. In such cases, a solution of nitrate of baryta
may be substituted for the chloride.

(@) To distinguish between the acids above enumerated,
add a little strong mYDROCHLORIC ACID to the mixture with
the precipitate; if the latter does not dissolve, the
acid is probably Sulplwric, because the sulphate of baryta’
18 insoluble; while the phosphate, borate, and recently
precipitated silicate of baryta, are soluble in hydrochloric
acid (403). (Confirm 404, 405.)

If, on the Enntrar(fr, the precipitate dissolves in

the h_jr_ch:nchloric acid, the acid is either Plhosphoric, Boracie,
or Silicie.

* Arsenious or argenie acid, if Ipi i
A ] s if present, would also cause a precipitate with
chloride of barium ; but its presence will have been already ESEEI’I-H]'BE&
during the examination for the base of the salt (544).



156 QUALITATIVE ANALYSIS.

(b) EVAPORATE A& LITTLE OF THE OBIGINAL SOLUTION TO
DRYNESS WITH HYDROCHLORIC ACID; treat the residue
again with more of the acid; wash the insoluble matter
(aif any) with water, and examine it before the blowpipe
with carbonate of soda; if a transparent colourless
bead is obtained in this way, the acid is probably Silicie
(427). (Confirm 424.)

(¢) If it is not silicie, add a little NITRATE OF SILVER to
a portion of the original solution; if this gives a pale
yellow precipitate, the acid is probably Phosphorie
(410). (Confirm 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
portion of the original solution must be treated with
NITRATE OF SILVER (AgO,NO;): if this causes no pre=
cipitate, pass on to (560); but if a precipitate is
produced, the acid is probably either Hydrockloric or
Hydriodie,

(a) If the precipitate is white and curdy,
insoluble in nitrie acid, but readily soluble in ammonia, the
acid is Hydrochlorie (429). (Confirm 431.)

(b)) If the precipitate has a pale straw
colour, and is almost insoluble in ammonia, the acid is
probably Hydriodic (433). (Confirm 435, 436.)

560. If neither chloride of barium nor nitrate of silver
give any precipitate, the acid is probably Nitric or Chloric.

(@) WARM A LITTLE OF THE CONCENTRATED SOLUTION
WITH STRONG SULPHURIC ACID AND COPPER FILINGS; e
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 SOLUTTON FOR CHLORIC ACID, in the manner deseribed
in paragraphs (454, 455) and confirm (457).




CHAPTER III.

| QUALITATIVE ANALYSIS OF A SIMPLE SALT, CONTAINING
ONE BASE AND ONE ACID (OR A SIMPLE METAL), WHICH
IS INSOLUBLE OR NEARLY S0 IN WATER, BUT SOLUBLE
EITHER IN HYDROCHLORIC, NITRIC, OR NITROHYDRO-
CHLORIC ACID (530 ET SEQ.)

SECTION I.
Eramination for 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 18 consequently necessary to L%Et
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 zine
or marble is dissolved in dilute hydrochloric acid, the
metallic chloride which is formed (ZnCl, or CaCl), is so-
luble in water, and muserlluentl}r 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 excess
of acid, to retain 1t 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 . conjunction with hydrochlorie acid, it is advisable
to expel it, and convert the nitrates into chlorides by add-
g an excess of hydrochloric acid, filtering if necess
(as when silver, lead, or mercury are present (540)),
evaporating the solution nearly to dryness, and adding

L1



158 QUALITATIVE ANALYSIS

water or dilute hydrochloric acid. The reason why it is
advisable to get rid of the nitric acid is, that it oxidizes

- and decomposes hydrosulphurie 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 myprO-
SULPHURIC ACID; if this causes mo 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
1n water.

Hydrosulphate of Ammonia Test.

564. If hydrosulphuric acid gives no precipitate, the
base cannot belong to the fourth class. 1{ portion of the
golution should next be NEUTRALISED WITH AMMONIA if it
contains 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 canses mo precipitate, pass on to (570); but
if a precipitate is thrown down, the base is pro-
bably one of those belonging to Class 1IL.; or else the
precipitate may consist of the Plhosplhate of one of the
Alkaline Earths, which, in that case, would have been dis-
solved by the acid, and reprecipitated unch&n%f:d when
the acid was neutralised by the ammonia and hydrosul-
phate of ammonia.

565. If the precipitate caused by the hydro-
sulphate is black, the base is prnl::;ﬂ:!‘lgr protoxide
or peroxide of Iron, oxide of Nickel, or oxide of Cobalt.
To distinguish between them, apply the tests mentioned in
549).

( 51’3?6. If the precipitate thrown down by the
hydrosulphate is fiesh-coloured, becoming brown
by exposure to the air, the base 15_1}1'01)&111}' protoxide of
Manganese (263). (Confirm 264, 267.) _
567. If the precipitate is green, the base is

* If a white precipitate is formed on diluting the acid solution, it is pro-
bable that eithlEl:l" antimony, bismuth, or tin is present (332, 394, 350).
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probably Owzide of Chromium (247). (Confirm 248, 251,
252.

56)8; If the precipitate is white, the base 1is
either Alwmina or Oxide of Zine; or else the precipitate
consists of the phosphate (or ammoniophosphate) of Meag-
nesia, Lime, Baryta, or Strontia (564).% :

To a portion ny the original solution, add PoTASH 1n ex-
cess; if the precipitate at first formed redis-
solves, the base is either Alumina or Oxide of Zine, which
may be distinguished from each other in the manner
deseribed in (551).

569. If the precipitate thrown down by
potash is insoluble in excess, 1t consists pro-
bably of an Farthy Phosphate, the base being consequently
Magnesia, Lime, Baryta, or Strontia. In such a case, it 18
advisable, before proceeding to ascertain which of these is
the base present, to separate the phosphoric acid from it.
This 1s done by adding perchloride of iron (Fe,Cl;) to the
acid solution, and subsequently ammonia in sﬁght excess;
when the whole of the phosphoric acid is preecipitated as
perphosphate of iron, (2Fe,0,,3H0,3P0;), and any excess
of perchloride of iron 1s at the same time precipitated by
the ammonia as hydrated peroxide; leaving in solution a
chloride 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 GF soda, and further exa-
mined according to the directions given in (554).

Carbonate of Soda Test.

570. Ifhydrosulphate of ammonia causes no precipitate,
a portion of the original solution is to be tested for the

aline earths by supersaturating with cirBoNATE oF
soDA (553, &e).

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 silicie)
are soluble in water. In the case of an insoluble alkaline

* Bome other salts of the alkaline earths, as the oxalates and borates
would, if present, be thrown down when the =IJaqz-lul:icin is neutralized ; l:eniu :
like the phosphates, soluble only in aecid solutions. For the sake of Bﬁnpﬁ:
city, however, the consideration of such compounds is here omitted,
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silicate, it is only necessary to evaporate a little of the
acid solution of it to drymess, and treat the residue with
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

paragraph (555).
SECTION II.

Framination for the Aeid.

572. If the acid is Arsenious or Arsenie, it will have been
detected in the course of the examination for base (563).
Tt is unnecessary to look for chloric acid, since all its salts
Ere soluble in water, and consequently cannot be met with

ere.

573. A small portion of the substance in the solid state
is first treated with EYprocHLORIC AciD; 1if this causes
effervescence, the acid is probably Carbonic (419);
(confirm 420;) or if the gas which is given off has the
smell of hydrosulphuric acid, the substance
under examination is probably a metallic Sulphide (438).
(Confirm 439, 444.)

574. If the substance is not acted on by the hydrochlorie
acid, TREAT A LITTLE OF IT WITH NITRIC ACID, and 1if
necessary, boil it.

(a) 1f this causes effervescence, orange fumes of
nitrous acid being given off, and sulphur at the same time
deposited, the substance 1s probably a metallic Sulphide
(439). (Confirm 444.)

() If the substance dissolves in mitric acid
without effervescence, add NITRATE OF SILVER to
the acid solution: a white curdy precipitate, so-
luble in ammonia, indicates Hydrochlorie acid, the original
substance being in that case a Chloride (429). (Confirm

431.
5'.25. 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 1s an lodide
436). W :
( (b;} Add. a little aArcomoL to the acid mixture, which for
this experiment should not contam more than a few drops
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of sulphuric acid, and apply a light to it in a small eva-
porating dish, placing it in a dark corner, so as to distin-
guish the colour of the flame more readily. If the flame
is green af the edges, the acid is probably Boracie (418).
(Confirm 417.) 1

(¢) Evaporate to dryness a litle of the substance after
boiling with sulphuric acid, and digest the residue in moT
HYDROCHLORIC AcID; if this leaves a white insoluble
powder, which when washed, and heated before the blow-
pipe with carbonate of soda, fuses into a colourless trans-
parent bead, the acid is Silicic (425, 427). _

(¢) Dilute the hydrochloric acid solufion formed in (e)
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). (Con-
firm 405, 406.)

576. In testing for Phosphoric Aeid, 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).

(@) 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 ACTD
(701) ; this precipitates the metal, and sets free the phos-
phoric acid (if present), which remains dissolved in the
solution.

3Cu0, PO, +-3HS=3CuS+3HO,PO..

The liquid should now be filtered from the precipitated
sulphide, concentrated by evaporation, supersaturated with
AMMONTA, and tested with suLPHATE OF MAGNESIA ; if a
white crystalline precipitate is gradually produced, which
is i.rmnlﬁzle in muriate of ammonia, the acid is probably
Phosphoric (409).  (Confirm 410, 412.)

(b) If the base has been found to belong to Class II. or

I1., PERCHLORIDE OF 1RON (FeyCl,) is a{%ded to a portion
of the solution of the substance in ahj'clrr:.:ru‘:]]ln::rric acid, and
subsequently AMMONTA in shght excess; the phosphoric
acid, 1f present, is precipitated in combination with the
iron as perphosphate of iron, together with a little hy-
drated peroxide of iron, if the perchloride has been added
i excess. The precipitate thus formed, containing the
whole of the phosphoric acid (1f sufficient perchloride of
iron has been added), is now well washed with distilled

M
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water, and digested with the aid of heat in hydrosulphate
of ammeonia, by which it is decomposed, sulphide of iron
and phosphate of ammonia being formed (413) ; the latter
being soluble, may be separated ﬁ‘um the sulphide by filtra-
tion, and tested for Phosphoric Acid with SULPHATE OF
MaeNEsIA (409). (Confirm 410, 412.)

577. If the acid is found to be none of those now referred
to, it may be nitrie, a few of the subnitrates being msoluble
in water and soluble in acids. To determine this, a little
of the substance in a tube is tested with sULPHURIC ACID
AND COPPER FILINGS, when the appearance of orange
fumes will indicate the presence of Nitric Aeid (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 NITROHYDRO-
CHLORIC ACIDS (532).

578. Tf 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 11., IIL., or IV.; Sulphate of Lime
(Ca0,80,) ; Sulphate of Baryta (Ba0,S0,) ; Sulphate
of Strontia (Sr0,80,); Sulphate of Lead (PbO,S0y)
Chiloride of Lead (PbCL), or Chloride of Silver (AgCl).
Some of these compounds are not alfogether insoluble either
in water or acids, as the sulphate of lime and chloride of
lead ; but since they are only very s arin%]}r 80, it is possible
they may be place under this head by the expermmenter.

570. A small fragment of the substance is moistened
with HYDROSULPHATE OF AMMoNIA: if it remains
white, pass on to (580) : but ifit blackens, it is probably
either Sulphate 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 AMMO0NTA, which will gradually decompose it the metal
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combining with the sulphur to form an insoluble sulphide,
while the acid unites with the ammonia of the hydrosul-
phate, to form a soluble salt of ammonia. Thus, in the case
of sulphate of lead, 2(PbO,S0;)+ NH,S, HS=2PbS-+
NH,0,80,+HO,80,. v T

(@) After filtration, the precipitated sulphide is dissolved
in NITRIC AcID, and the solution thus obtained may be
tested for Lead with surrpHURIC AcID (361), and for Silver
with HYDROCHLORIC ACID (377). '

(b) The solution filtered from the sulphide is next ex-
amined for Sulphwric Acid with ¢cHLORIDE OoF BARIUM
(403), and for Hydrochlorie Acid (Chlorine) with NITRATE
OF SILVER (429), confirmatory experiments being made
n each case.

580. If the substance remains white when moist-
ened with hydrosulphate of ammonia, it is pro-
bably either a Silicate, or the Sulphate of one of the afk&-
Iine earths, Lime, Baryta, or Strontia. A portion of the
substance (about twenty to thirty %:'ains} 18 reduced to fine
powder, and infimately 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 overa lamyp, for about an hour (648).
The fused mass, when cool, is digested in dilute hydro-
chloric 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).

(¢) If this indicates the presence of sul-
phuric acid, the substance is probably the Sulphate of
Lime, Baryta, or Strontia, and the aecid solution may be
neutralized with AMMoNTA, and examined for those bases
according to the directions given in (554).

() If no sulphuric acid is present, the substance
is 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
.. Great care is necessary in using a platinum crucible; that nothing is heated
in it which is likely to corrode it, ompounds of the easily reduced and
fusible metals, as tin, antimony, lead, bismuth, &c., substances containing
sulphur, as metallic sulphides, caustic alkalies, nitrohydrochlorie acid, besides
many other substances, are all more or less mjurious. When a platinum eru-
cible is heated in a furnace or open fire, it must be placed in a covered earthen
crucible to protect it from mjury; a little pounded magnesia should be inter.

posed between them, to prevent their sticking together, as at a high te 4
ture the surface of the earthenware is Liable to 1'ug5E [ﬂi-é}. S e

M 2
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with hydrochloric acid, and subsequently with water ; if a
white insoluble powder remains, which fuses with
carbonate of soda before the blowpipe, into a clear colour-
less bead, Silicic Acid is present (425, 427).

The solution obtained in (), by treating the dry residue
with hydrochloric acid and water, contains the base with
which the silicic acid was combined; and may be ex-
amined according to the directions given n paragraphs
563 et seq.

CHAPTER V.

QUALITATIVE ANALYSIS OF A MIXTURE OF TWO OE MORE
SALTS WHICH MAY CONTAIN ALL THE BASES AND ACIDS
N THE LisT (179).

TIntroductory Remarks. o

531. 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 ma contain any or all
of the more common saline compounds. Such an analysis
i« of course considerably more complicated than that of
a single salt; and consequently the necessity of having a |
well %levised 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 arve present) b passing hydrosulphurie acid gas
through a solution of the substance acidified with hydro-
chloric acid, and filtering the solution from the &Jret:ipi—
tate: the precipitate is then dissolved in acid, and tested
successively for each of the metals of the fourth class.
The filtered solution, containing all the bases but those of
the fourth class, is then neutralized, and treated with
hydrosulphate of ammonia, which throws down all the |
metals of the third class (if any are present) ; and the
precipitate filtered from the solution is dissolved in acid,
and tested successively for oach metal of the third class.
The solution fltered from the sulphides can now only |
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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 hydrosulphate of ammonia to the filtered liquid,
indicating the presence of one or more metals of the g]u'rd
class, none of which are really present. On the other
hand, the addition of a large excess of any of the reagents
18 also to be avoided, as being not only useless and waste-
ful, but in many cases mischievous.

Both these errors may be avoided by adding the reagents
in small successive portions; and when the experimenter
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 pre-
cipitate, 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 ﬁll’zere& solution, fo 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 evafﬂmting a drop or two of the solu-
tion on platinum foil, and heating 1t to redness; when,
if no residue is left, it may safely be concluded that all
the bases (except ammonia, which must be looked for
I a separate portion (602) ) have been already separated,
In the course of an analysis, especially of a complicated
substance, it is often necessary to have several solutions in
hand at the same time ; to avoid confusion, each of thege
i:htwiu]d be la]Eelled with fa. bit of gummed paper, with a
etter Or mark upon 1t, referring to a correspondi
in the note book]%’? I S poRHiE fetoer

584. As one portion of the substance to be analyzed has
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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 thirfy 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 WHICH
MAY CONTAIN ALL THE BASES AND INORGANIC ACIDS IN
THE LIST (179), AND WHICH IS READILY SOLUBLE IN
WATER (529).%*

SECTION I.
Eramination for Bases.

585. The solution is first rendered slightly acid by the
addition of a few drops of HYDROCHLORIC AcID: if this
causes mo precipitate, pass on to (586); but if a
white precipitate is produced, it 1s owing to the
presence of Silver, Lead, or Protovide of Mercury. In
this case, add HYDROCHLORIC ACID as long asit 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 AMMONTA.

(e) If the precipitate dissolves completely,
it consists 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 plq.ckanad, and not
wholly dissolved, by the ammonia, it probably contains
protochloride of Mercury (338). (Confirm 336, 344.)

# Tt is of course impossible that such a golution can exist, containing all the
bases and acids in the list, since several of them would form salts which are
simsoluble in water, as baryta and sulphuric acid, oxide of silver and hydro-
chloric acid, &e. It is conse uently unnecessary, after having determined the
bases in a mixture of salts a:ﬂuhlu in water, to look for any acids which form
with them salts that are insoluble (See Table of Solubilities in the Appendix).
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(¢) If it appears to be unaffected by the am-
monia, it is chloride of Lead (362). (Confirm 361, 363,
366.

(d}} If it does not wholly dissolve () and ¢), pass
the ammoniacal mixture through a filter, and neutralize
the solution with N1TRIC ACID : 1f Silver, in addition to lead
or mercury, is present, it will be reprecipitated as chloride
(377). ?&nﬁrm 374, 378.)

Hydrosulplwrie Aeid Test.

586. The solution, acidified with hydrochlorie acid, and
filtered if necessary from the precipitate, 18 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 distinetly of the gas. If mo precipitate is
produced, 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
18 the case, the precipitate must be separated from the so-
lution by filtration, and washed with {[El’stﬂled water, until
a drop of the washings leaves no fixed residue when
evaporated on platinum foil, the filtered solution being
ca,refuﬂ¥ reserved for further examination (593).%*

587. If the precipitate produced by hydrosul-
phuric 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 a little of the precipitate, and test
it for arsenic with black flux (303). If arsenic is thus
found to be present, we may at once conclude that no bases,
with the cxc?tion of the alkalies, can be present, because
the compounds of arsenious and arsenic acid, with all the
other bases, are more or less insoluble in water, and con-
sequently cannot exist in an aqueous solution, like that
now under consideration. When therefore arsenie is found,
the student may at once pass on to (601); and having con-
centrated the solution, and divided it into three portions,
proceed to examine it for potash, soda, and ammonia.

588. When arsenic is not present, or when the pre-

* In qualitative analysis, the first portions only of the washin need bhe
tained (unless we possess only a mfﬂ quantity gt‘ the auhatﬂ.ucg?. as the rZEt
would only uselessly dilute our solution; but in quantitative analysis, it is
necessary to retain the whole of them, as their rejection would oceasion a
serjous deficiency in the weight of the substance under examination,
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cipitate caused by hydrosulphuric acid is any
other colour than yellow, it must, after being well
washed (586), be separated 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 hydrosulphate, forming soluble double sul-
phides, 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 un-
dissolved by the hydrosulphate, the mixture must
be filtered, 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 Mercury, 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, c 1ed,
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 vola-
tilizes, the examination of the matter precipitated by the
acetic acid need not be proceeded W‘itﬁjl, and the student
may pass on to (590), neither tin nor antimony being
present.

If, on the other hand, a residue is left on the
platinum 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 undissolved sulphur to subside, the clear solu-
tion, which may contain the chloride of antimony and
perchloride of tin,t is poured off. A + :

(@) Dilute a portion of the hydrochloric acid solution
with four or five times its bulk of waTer: if it becomes

# If copper is present, which may be readil _a..scm.'tnined by adding ammonia
in e:ccssltg the oPrigiusﬂ solution (369), sulphide of potassium must be substi-
tuted for the hydrosulphate of ammoma, because the latter would dissclve
gome of the sulphide of copper. :

+ If the tin eI;iated as p?ntuxide, and consequently as protosulphide (SnS)
in the precipitate thrown down b hydrosulphuric acid, it will have been con-
verted into the persulphide (Sn3,) b the action of the excess of sulphur

usually present in the hydrosulphate o ammonia (382).
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milky, Antimony is probably present (332). (Confirm
333, 334.) : e

(b) Evaporate another portion of the hydrochlorie acid
solution to dryness, mix the residue with carbonate of soda,
and heat it in the inner flame of the blowpipe; if malle=
able metallic globules are thus formed, 7% 18 pro-
bably present (379). (Confirm 384, 386.) :

(e) %:1 ascertain whether the tin existed as protoxide or
peroxide, a little of the original solution may be tested
with TERCHLORIDE OF GoLD, which gives a purple pre-
cipitate with Profosalts of Tin (386). _ ;

590. The portion of the sulphides which did not dissolve
in the hydrosulphate of ammonia (588), must now be
examined for Lead, Bismuth, Copper, and Mercury.

The precipitate is removed from the filter, into a small
evaporating basin, and boiled with sTRoNG N1TRIC ACID foP
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 sulphurie
acid of which will have been formed by the action of the
nitric acid on the sulphur of the sulphides.

(@) Heat a little of 1t 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-
bonate of soda, and heat it in a hard glass tube; if Mer-
cury 18 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.

(2) EVAPORATE THE SOLUTION NEARLY TO DRYNESS, AND
DILUTE IT WITH WATER; if a white precipitate is
gggd%%%di Bismuth 1s probably present (394). (Confirm,

() To the solution formed in (a), filtered, if necessary,
from the prheizipit&te, add DILUTE SULPHURIC ACID; if this
causes a white precipitate, Lead is probably present
(361). (Confirm 363, 366.) E et

(¢) To another portion of the clear solution (@) 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).
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Hydrosulphate of Ammonia Test.

593. A few drops of the solution filtered from the preci- .
Fl_tate thrown down by hydrosulphuric acid, or which
mled to produce a precipitate with it (586), are now eva-
porated on platinum foil, to ascertain whether it contain any
other ﬁxen_i bqse; and if 1t 1s found to leave no residue,
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 preci-
pitate, the solution does not contain any of the metals in
?he third class, and the student may pass on to (596); but
if a precipitate appears, the whole of the liquid is
similarly treated, first with amaonia and then with the
HYDROSULPHATE ; a little MURIATE oF anMmon1A being also
added, unless the solution contained a decided excess of
hydrochlorie 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
residue,} the clear solution being retained for further exa-
mination (596).

594. The precipitate is dissolved in NITROHYDROCHLORIC
Ac1p, heat being applied if necessary ; and if any sulphur
remains undissolved, the mixture is filtered. The solution
thus obtained may contain Peroxide of Iron, Alwmina, and
the oxides of Chromium, Manganese, Zine, Nickel, and
Cobalt.

(@) 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 redissolved.
If no precipitate remains, pass on to (595).

(b) If a precipitate is formed by the am-
monia, the mixture is filtered ; and the precipitate, after
being washed, is redissolved in HYDROCHLORIC ACID.

(¢) Porasm is added in excess to the hydrochlorie acid
solution : if this causes a precipitate which is in-
soluble in excess, Perovide of Iron is probably present
(281). (Confirm 282.)

* Bee note to 547, + See note to 5586.
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d) The potash solution, filtered if necessary, from the
PI‘IE[.':,Ei)Pi’E-&tE l(]c), mz}y contain alumina and D:;.:E; of chro-
mium. If oxide of chromium is present, the solution will
probably have a green colour, and on boilin the potash
solution, the hydrated oxide of Chromiwm gradually sepa-
rates as a dark green precipitate, leaving the solution
colourless (249). (Confirm 251, 252.)

(¢) If Alumina is present, it will be precipitated
from the potash solution on the addition of MU-
RIATE OF AMMONTA (242), especially if the excess of alkali
be first nearly neutralized with hydrochloric acid. (Con-
firm 240, 245.) _

595. The ammoniacal solution (594 «) is now to be ex-
amined. A drop or two are first evaporated on platinum foil,
when if no fixed residue remains, prmin% the absence
of fixed bases, the examination need not be proceeded
with ; but if any residue is left, the ammoniacal solu-
tion is treated with HEYDROSULPHATE OF AMMONIA as long
as it produces any precipitate. This precipitate is redis-
solved in nitrohydrochloric acid, and the solution super-
saturated with rorasua. If a precipitate is formed,
the mixture is filtered, and the precipitate washed.

(@) The filtered solution may contain oxide of Zine. If
this 18 the case, the addition of HYDROSULPHURIC ACID to
the potash solution throws down the white sulphide
(256). (Confirm 260, 261.)

(6) 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 re-
mains undissolved, oxide of Manganese is probably
present. (Confirm 267, 268.)

(¢) If any fixed residue is left when a drop of the am-
moniacal liquid formed in (b) 18 evaporated on platinum
foil, 1t may contain the oxides of cobalt and Iﬂ'{'B{EL 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.)

(4) Add a little hydrochlorie acid to the other portion
of the residue formed in (c), and expel the greater part
Df_lt by evaporation, leaving only a slight excess of acid.
Dissolve it in water, and add a solution of cYANIDE oOF
POTASSIUM until any precipitate that may be formed is en-
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tirely 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 mo fixed residue remains, it need not be ex-
amined 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 1s
boiled for some time to expel the hydrosulphuric acid,
a little hydrochlorie acid having previously been added
if hydrosulphate of ammonia had been used.

NH,S,HS+ HCl=NH,Cl+2H8,

If any sulphur is precipitated in this process, it must be
separated by filtration. .

e solution is now mixed with a little muriate of am-
monia, unless already formed by neutralizing an excess of
ammonia or the hydrosulphate with hydrochlorie acid ; cAz-
BONATE OF AMMONIA, mixed with a little ammonia (712), 1s
added as long as it causes any precipitate, and the solution
is boiled. no precipitate is thrown down, the stu-
dent may pass on to (598), neither lime, baryta, nor strontia
being present ; but if a precipitate falls, 1t 1s 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 men-
tioned) is well washed, the filtered solution being retained
for subsequent examination (598). _

597. The precipitate is dissolved in a small quantity
of HYDROCHLORIC Acip; the solution thus formed 1s
neutralized with Aamox14, and divided into three portions.

(a) Add to the first, SULPHATE OF soDA as long as 1t
causes any precipitate, and filter. If OXALATE OF AM-
MoNTA gives with the filtered solution a white precipi-
tate, Lime is present (216). (Confirm 219.)

(b) To the second portion add a solution of SULPHATE
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oF LIME ; if this causes an immediate white precipi-
tate, Baryta is probably present (225). (Confirm 228.)

(¢) The third portion 1s eva.gnmted to drymess, and a
little of the residue heated before the blowpipe ; if the
flame is tinged with a carmine colour, Strontia
is probably 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 S0DA, 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 ammonia and carbonate of ammonia, until the whole of
them is removed.

599. A little of the ammoniacal solution, moderately
concentrated, is now tested with PHOSPHATE oF sopai; 1if
this causes a white crystalline precipitate, Wayg-
nesia is present (206). (Confirm 208, 209.)

600. If magmnesia is not present, the ammoniacal
solution 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 solution
divided into three portions, to be tested according to the
directions given in (601).

When magnesia is present, it is necessary to sepa-
rate it from the solution by some reagent which does not
contain 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 solu-
tion is evaporated to dryness, and the residue ignited in a
small platinum erucible, to expel the ammoniacal salts.
The fixed matter 1s 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; pinvTr
SULPHURIC ACID is added in very slight excess to the clear

solution, to throw down the whole of the baryta; and the
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Liquid, after boiling, is filtered. The filtered solution is
evaporated to drynmess, to expel the excess of sulphurie
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 mo residue is left after
the ignition, neither of the fixed alkalies is present.

601. (@) 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).

(¢) The third portion is tested with ANTIMONIATE OF
poTAsH, for Seda (189). (Confirm 188, 190.)

602. As the substance under examination has to be
ignited during the analysis, 1t is of course impossible that
ammonia can be detected with the other alkalies in the
process now described. A portion of the original solution
18 therefore to be mixed with an excess of caustic PoTASH
and warmed ; if Ammonia is present, it may be detected
by the smell, or by holding a rod moistene with HYDRO-
CHLORIC ACID near the mouth of the test-tube (195).

SECTION II.
Examination for 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 5), and if it is found to owe its acid reaction to
the presence of free acid, the solution must be carefully
neutralized with dilute porasm; but if it is only a me-
tallic salt which caused it, the solution may be considered
neutral. If, on the other hand, the hquid has an alkaline
reaction, which may be owing to the presence either of
o free alkali or of alkaline carbonates or hydrosulphates,
it must be rendered perfectly neutral by HYDROCHLORIC
sc1p, and hoiled, to expel carbonic or hydrosulphurie acids,
if either are present. ey :

604. To a small portion of the original solution add
HYDROCHLORIC ACID in excess: if this causes efferves-
cence, carbonic and hydrosulphuric acids may be present.
If no effervescence takes place, pass on to (605).
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(a) If the gas is inodorous, or when passed into
lime water causes a white precipitate, Carbonic Acid is pre-
sent (419, 420).

(b) If the gas has a disagreeable smell, and when
assed into a solution of acetate of lead, causes a black or
rown precipitate, Hydrosulphuric Aecid (Sulplwr) 18 pro-

bably present (438). (Confirm 439, 444.)

Nitrate of E@rym 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 precipi-
tate washed, the clear solution being reserved for further
examination (607). The precipitate may contain Sulphuric,
Arsenie, Arsenious,® Phosphorie, Boracie, and Silicie
Aeids, in combination with baryta.

(@) The precipitate is heated with strong hydrochloric
acid, and the mixture evaporated to dryness. The residue
18 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 sul-
phurie 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 pre=
cipitate, insoluble when the mixture is heated, Sulphuric
Aerd is present (403). (Confirm 405, 4086.)

(¢) To another small portion of the original solution add
HYDROCHLORIC ACID, and evaporate the solution to dry-
ness ; if any of the dry residue is insoluble in hy-
drochloric aeid, Silicic Acid is probably present (425).
(Confirm 427.)

606. The hydrochloric acid solution (605 a) may con-
tamn phosphoric and boracic (as well as arsenious and
arsenic) acids, the compounds of those acids with baryta
being soluble in hydrochloric acid.

() Test a little of the original neutral solution with -
RIATE OF AMMONIA and SULPHATE OF MAGNESIA;t if g

* If arsenious or arsenic acids are resent, they will have been
datcctpd in the course of the e::a,mina,tic?u for bases {55?]. “]mnﬂr

T If the snbstance has been found to contain any base that caunses a precini.
tate with sulphuric acid (see Table of Solubilities in the Appendix), ¢ 1‘11{)113
of magnesium must be used instead of the sulphate, :
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crystalline precipitate is formed, either immediately
or after standing a short time, Phosphoric Acid is probably
present (409). (Confirm 410, 412.)

(b) Add a little stLpHURIC 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 arcomor, and after allowing it to digest a
short time, set fire to it in a dark place: if the flame of
the alcohol is coloured green, Boracic Acid is pro-
bably present (418). (Confirm 416, 417.)

Nitrate of Silver Test.

607. The solution filtered from the precipitate caused
by nitrate of baryta, or in which that reagent failed to
produce a precipitate (605), is now examined. It may con-
tain Hydrochlorie,t Hydriodie, Nitrie, and Chloric Acids :
and in addition to these, in case the original solution was
dilute, or contained ammoniacal salts, traces of boracie,
arsenious, and arsenic acids. The solution is treated with
KITRATE OF SILVER ; if any precipitate is produced,
the mixture is filtered, and the clear solution reserved for
subsequent examination (608).

(@) Add an excess of AMMONIA to the precipitate; if
it does mnot wholly dissolve, IHydriodic Acid
(Zodine) is probably present (433). (Confirm 435, 436.)

(b) The ammoniacal solution formed in (a) 1s super-
saturated with N1TRIC AciD: if a white curdy pre-
cipitate is thrown down, Hydrockloric Acid (Chlorine)
is probably present (429). (Confirm 430, 431.)

(¢) The acid solution formed in (5) may contain traces
of arsenious, arsenic, and boracic acids. The first two
will, if present, have been already found in the examina-
tion for the bases; the latter may be detected in the
manner described in (606 ). i

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 contamn .szfw.claqd
Chiorie Acids; but as nitric acid has been added to 1t in
the nitrates of baryta and silver, some of the _Dl‘]gl.l]ﬂl solu-
tion must be used 1n this part of the examiation.

# 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 aifric acid, to nscertain whether any hydro-

chloric acid or chlorine is present 1 it,
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(a) To a small portion of the original solution, add svr-
PHURIC ACID AND COPPER FILINGS; if orange fumes
are disengaged, Nitrie Aecid 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.)

CHAPTER VII.,

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 INSO-
LUBLE, OR NEARLY 80, IN WATER, BUT READILY SOLUBLE
IN HYDROCHLORIC, NITRIC, OR NITROHYDROCHLORIC
AcIp (530).

SECTION I.
FEramination for the Bases.

609. When it has been found necessary to use a large
excess of acid to dissolve the substance, it 18 advisable,
before beginning the analysis, to expel the greater part of
it by evaporation (561).

610. en the substance has been dissolved in hydro-
chloric acid or nitrohydrochlorie acid, it is unnecessary to
examine 1t for silver or protoxide of mercury, because the
corresponding chlorides of those metals are insoluble in
hydrochlorie acid. When the solution has been made in
nitric aeid, a little HYDROCHLORIC AcID is first added to
the solution : if this causes mo precipitate, pass on to
(611); but if a white precipitate is produced,
Stlver, Protozide of Mercury, and Lead may be present, In
this case add mYprocHLORIC ACID as long as it causes an
further precipitate, filter, and examine the precipitate wit

N
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AMMONTIA, 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 hydrochlorie
acid, itis advisable to expel it before proceeding to test the
solution with hydrosulP uric acid; because when nitrie
acid is present in a solution, the hydrosulphuric acid is
Dxid.iﬁ&t? by it, and is thus prevented from acting in the
usual manner on the metallic oxides present. The solution
containing nitrie acid should therefore be mixed with an
excess of hydrochloric acid, filtered if necessary, and eva-
porated nearly to dryness. The concentrated solution 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 disregardped, as it will not inter-
fere with the action ug the hydrosulphurie acid.

Hydrosulpluric 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, which may contain the sulphides of
all the metals in the fourth class, after being well washed,
is digested with HYDROSULPHATE OF AMMONIA; and the
portions, 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 with 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 arsenie, as well as for antimony and tin. This may
be easily done by applying the reduction test (303).
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Hydrosulphate of Ammonia Test.

614. The solution filtered from the Ijee:cllpit&te thrown
down by hydrosulphurie acid, or which failed to produce a
precipitate with it (612), is now treated with AMMONTA and
HYDROSULPHATE OF AMMONTA, and examined according to
the directions given in (593 to 595). As, however, a mix-
ture such as we are now considering, which 1s insoluble in
water, may contain the Farthy Phosphates, those com-
pounds, if present, will be thrown down by the ammonia
and hydrosulphate (564); and it is necessary to examine the
precipitate for hime, magnesia, baryta, and strontia, in
addition to the metals belonging to Class ITI. These earthy
phosphates, if present, will be thrown down by potash,
together with any iron that may be present (594, ¢): that
preci};itate may consequently contain peroxide of iron,
together with the Phosphates of Lime, Magnesia, Baryta,
and Strontia.

(@) The precipitate (594, ¢) is dissolved in hydrochlorie
acid, and to a small portion of the solution thus formed,
FERROCYANIDE OF POTASSIUM is added; if this causes a
blue precipitate, Perowxide of Iron is present (282).

(b) To the rest of the solution, PERCHLORIDE OF IRON is
added, and afterwards an excess of amMMoNTA ; this throws
down the whole of the iron as hydrated peroxide, which
carries with it in combination any thspﬂnric acid that
may be present ; while the solution contains, in the form of
chlorides, the dikaline Farths which were previously com-
bined with Phosphorie Acid (569).

(¢) 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 Zime,
Baryta, Strontia, and Magnesia, CARBONATE and MURIATE
of AMyoNTA 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)

N 2
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SECTION II.

FEzxamination for the Acids.

616. A little of the substance under examination is mixed
with strong hydrochlorie acid : if effervescence takes
place, carbonic and hydrosulphuric acids may be present.

(@) If the gas which is evolved causes a2 white preci-
pitate when passed into LiME WATER, Carbonic Aeid is
present (419, 420).

(b) If the gas causes a black or brown precipitate,
when passed into a solution of ACETATE oF LEAD, Hydrosul-
phuric Acid (Sulphur in @ Sulphide) is present (438).
(Confirm 444.)

617. The solution of the substance in hydrochloric acid
18 (1113011' examined for sulphurie, phosphorie, and silicie
acids.

(@) 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, Sulphkuric 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 HYDRO-
CHLORIC ACTD ; if a white insoluble powder is left,
which, when washed, and heated before the hlmr\pipe with
carbonate of soda, fuses into a transparent colourless bead,
Silicie Acid is present (425, 427). +

(¢) Phosphoric acid may be detected in the following
manner. To a portion of the hydrochloric solution, PER-
CHLORIDE OF TRON is added, and then AMMONTA in slight
excess; 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
\AGNESIA, Phosphoric Acid is probably present (409, 413).
(Confirm 410, 412.) s ‘

618. A portion of the substance 1s treated with sTRONG
NITRIC ACID, and, if necessary, warmed.

(a) If orange fumes are evolved, and a pale
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yellow deposit of sulphur is produced, a metallic Sulphide
1s present (439). (Confirm 444.) \

() 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 amwmonis. If a white
curdy precipitate is thrown down when the ammo-
niacal solution is neutralized with N1TRIC ACID, Hydiro-
chloric Aeid (@ Metallic Chloride) is present (429). (Con-
firm 430, 431.)

619. Test a little of the substance for Boracic Acid in the
manner deseribed n (606, 5).

620, If the substance disengages violet coloured
fumes, when warmed with STRONG SULPHURIC ACID,
lodine (a Metallic Iodide) 18 present (436).

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. Chlorie Aeid need not be looked for in compounds
which are insoluble in water, since all the chlorates are
readily soluble.

CHAPTER VIIL.

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 INSO-
LUBLE, OR NEARLY 80, 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 80DA (580), either in a platinum or poreelain
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
AMMONTIA (579), it is safer to use a porcelain crucible.®
When this is done, a little silica and alumina will generally

* Bee note to 580,
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be dissolved from the erucible 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 solu-
tion must be examined, according to the directions given
for the analysis of a mixture which is insoluble in water,
but soluble 1n acids, (609, &e.).

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 sub-
stances is attended with difficulty, the details of the pro-
cess need not here be considered.*

* See Rose, “ Analyse Chimique,” tom.i. p.611; ii. 382; also Parnell's
¢ Elements of Chemical Analysis,” p. 403.




P A RTSSIRY

QUANTITATIVE ANALYSIS.

Tutroductory Remarks.

627. In the processes which I have now deseribed, 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 quantitfy of the ingredients of saline
compounds: this branch of analysis is called quantita-
tive. It 1s 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 t]fle subject, by con-
ducting him through a few simple examples of quantitative
analysis, referring him, if he wishes for more extended
information, to the larger works of Rose, Fresenius, and
Parnéell. * '

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 a precipitate, owing to carelessness
in washing, will often occasion serious errors.

* *Traité Pratique d' Analyse Chimique, par H. Rose,” of which an English

tra:PsCliultim_J E:‘”}J o_rmand]rhhaa recenl;%y 'u,ppenred, i X e
emie si8, Qualitative an uantitative, R i

translated by Bl_]]]ugk. » @ g s : s FIEHEH,EUB,

“ Elements of Chemical Analysis,” by E. A. Parnell,
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CHAPTER 1.

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

un-metal ; or in default of this, the substance may be
oosely wr%ed in strong brown paper, and struck with a
hammer. en 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 suc-
cess of an analysis often depends.

Drying.

630. Many substances, especially when in the state of pow-

. der, absorb moisture from the
atmosphere, which, of course,
adds to their weight. Before
weighing out accurately the
quantity of the substance for
analysis, it is therefore neces-
sary to deprive it of this hy-
groscopic moisture. This 1s
generﬁ done by heating it
n a Ema?l’l basin on the water-
bath or sand-bath, care being
taken that the heat does not
rise so high as to cause decom-
position. The hot water-box
shown in figure 78, is very

Fig. 78. Hot-water Dxying d :
= Oven. convenient for drying sub-

stances at a low temperature :
all the sides are made hollow, and filled with water, so that
the temperature inside never rises higher than 212°. When
a substance thus exposed ceases to lose weight, on being
weighed at short intervals, it may be considered sufficiently
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. By using saline solutions, which boil at a higher tem-
'[d:gatureythungwater, a steady heat, considerably higher,
may be obtained (647).

Weighing.

631. Either 20, 25, or 33.3 grains, will genera]ly he: found
the most convenient quantity to take for quantitative ex-
periments, regard bein 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 Iv;e multiplied by four or three. For
most purposes, the student mﬁ 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 current of air in its viciuit{], which tends
to buoy 1t up, and makes it appear to weigh lighter than it
really 1s. In quantitative analysis, it is, of course, necessary
to avoid the shightest loss in the weighed portion, as a
deficiency in the weight of the ingredients would be the
consequence, and the accuracy G%Tthe analysis seriously
interfered with. Most substances in the state of fine
powder, especially after having been recently ignited, are
very prone to absorb moisture from the air; to obviate
this, which would add materially to their weight, such sub-
stances should be weighed in a covered crueible, as soon as
possible after cooling.

When, as is frequently the case, especially with liquids,
a substance has to be weighed in a flask, dish, or other
vessel, the latter may either be counterpoised with strips
of lead or shot, which are conveniently placed in a pill-box ;
or its weight may be previously noted, and afterwards de-
ducted from the gross weight.

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,
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water is to be preferred when the substance dissolves
readily in it ; ang in the case of those compounds which
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. (529—532.)

Tﬁe dissolution of a substance is almost invariably as-
sisted by heat, so that it is always advisable to use a vessel
for the purpose, which
can be heated over
a lamp without dan-
ger of fracture, as
a small Berlin porce-
lain dish or glass flask.
(Figs. 79 & 80.) The
latter has the advan-
tage of preventing loss
by ebullition or spurt-
ing, as any particles
of liquid that may
be projected from the
surface during ebulli-
tion, fall against the
inner surface, and run
back into the flask, especially if it is placed in an inclined
position over the lamp. Oceasional stirring facilitates the
solution, and, as a general rule, the more finely the sub-
stance has been pounded, the more readily it dissolves,
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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, b]jz placing a small
glass funnel in the mouth of the flask (Iig. 81); the acid
condenses, and runs back into the flask.

Precipitation.

633. When a substance is obtained in solution, the
various compounds present are in most cases separated
for the purpose of estimation, by adding to it some solu-
tion, which causes one or more of the ingredients to preci-
pitate in the solid state ; as, when we wish to estimate the
quantity of sulphuric acid in any solution, we add to it a
solution of chloride of barium, which, if added in sufficient
gua,ntity, causes the whole of the acid to precipitate in the

orm of sulphate of baryta (403), which, being insoluble in

water, may be washed without loss, and when dry is
weighed ; the weight of the sulphurie acid which it con-
tains, may then be calculated from it (652).

Precipitation is nsually
effected iInupright glasses
of the forms shewn in
fig. 82. When precipitat-
ing a substance in quan-
titative analysis, itis im- __} W ' B ¢
portant that sufficient of = ey
the precipitantis added to
throw down #/e whole of Fig. 82 Precipitating (Glasses,
the substance affected 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 magnesia, it is always
advisable to allow the mixture to stand several hours before
filtering, in order to ensure the separation of the whole of
the required salt (184). When the whole of the precipi-
tate 1s 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
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which it was formed. The paper best adapted for the
E.m'pnse 18 a thin white blﬂtting aper, which should be free

om visible holes, and should leave, when burnt, only a
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 circular
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,
,;ﬂ #» when required for
=7 use, is folded twice
at right angles (fig.
83) (66), opened out
into a conical form,
and placed in a glass
funnel, the slopin
: A sidesofwhich ahmﬂg
Fig. 83. Fig. 84.

open at an angle of

about 60°, when it will be found to match the form of the
folded filter, and will au}]ylmrt it uniformly throughout.
When 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
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time, choking them with solid particles : if this is not done,
and a solution mixed with a precipitate 18 Pnured into the
dry filter, some of the finely ivided particles of the preci-
pitate are drawn into the pores by ca illary 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 EL& danger of -
some of the solution running
down the outside of the fun-

nel, after passing through the
- projecting paper. When the

ter is thus prepared, 1t may
be su purte]ci either on the Fig. 86.
ring of aretort stand (fig.85) _
(for which the form shewn at @ is very convenient), or on
a perforated block of wood placed on the glass intended to
cateh the filtered solution (169), the hole being made to fit
the funnel, as shewn in the section (fig. 86).

636. The solution to
be filtered should be f’:\?\k
poured gently down a \(;'j T
glass rod (fig. 85), so R
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, freshwatershould
not be added for the
purpose of washing, un-
til the whole of the
solution has passed
through ; then, by
means of a washing-
bottle (94), the pre-
cilpita,j:e left on the
filter is well washed ; the current of water being ?pﬁeﬂ first
towards the upper part of the filter, and directe gradually

Fig. B7.
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downwards (fig. 87). When 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,
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 mix-
ture hot during filtration,
to prevent any of the solu-
ble ingredients solidifying :
this may be done very con-
veniently, by placing the
funnel in a zine or cop-

e per box of the form shewn

T £ \____ m fig. 88, which may be

. P kept%lll of hot water, and

boiling, if necessary, overa
lamp.

& 038.Theliquidisgenerally

filtered mto a beaﬁcr olass,

Fig. 88, Hot-water Filtering 2 .
8 stand. " and occasionally into flasks

or dishes: it is always advis-
able to cause the stream to run ﬁ,rjentljr down the side of
¥

the vessel, and not to fall drop drop into the centre
of the glass, as this would cause splashing and probably
some loss. It occasionally happens that some of the pre-
sipitate passes through with the filtered solution, as may
be seen in the case of freshly precipitated oxalate of
lime or sulphate 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 hy boiling the
mixture before filtering, which causes the finely divided
particles of the precipitate to aggregate together. The
presence of some saline matters mn solution, also, some-
times prevents a precipitate passing through; muriate of
ammonia, for example, exerts this property with sulphate
of baryta.
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639. When the precipitate on the filter is completel
washed, the funnel, with its contents, 18 glaced on a sm
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 erucible (648), (unless decomposable at a high
temperature,) and weighed. L ,

640. In cases where the quantity of the precipitate 1s
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 mnch in diameter is
then eut with seissors in the centre of the outer one; the
inner one is then clipped round the edge, until 1t 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 shml}l)d 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 erucible, dried as be ore, and as soon as it is cold, again
weighed ; when the .
increase in weight CT
will,of course,be that
of the precipitate.

642. It is often
necessary,  before
weighin% a precipi-
tate, to burn the EJ
ter containing it. Af- "
ter the greater part .S —
of the precipitate =
has been removed, :
the filter is held with 128, B9

air of pliers, and set fire to, over the platinum crucible in
ch the precipitate is to be ignited, the crucible being

a
W
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placed in a basin, in case any of the ashes should fall over its
sides (fig.89); these are then collected and ignited in the cru-
cible (648), together with the portion of the precipitate previ-
ously 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 (i:erived from a similar filter, must be
deducted from the gross weight; when the paper 1s good,
however, it does not contan more than one to three-
thousandths of its weight of inorganic matter, so that this
})rqcimtion is scarcely necessary in ordinary cases of ana-
y8is.

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, 1t 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 sub-
aideg to the bottom,
leaving the superincum-
bent liquid clear. The
latter 18 then removed
with a syphon (Fig. 90),
or carefully poured off,
and the jar again filled
up with distilled water,
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
filtering-paper bEing_]]El]&EBﬂ over it, if necessary, to prevent
particles of dust falling into the liquid. Care must be
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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 asaline solution
has to be evaporated to dryness, it often becomes covered,
when concentrated, with a pellicle of solid matter, pre-
venting the escape of the steam, which, being thus con-
fined, occasionally causes some of the mixture to be pro-
jected violently fiom the basin. The best way of avoiding
this, is to stir the mixture constantly with a glass rod, from
the time when the pellicle begins to form, until itis evapo-
rated to dryness.

645. It 1s often advisable, and in the case of many
liquids, as those containing organic matter, necessary, to
evaporate over i X
a water-bath; -~ '
by this means gt
the heat is ne-
ver allowed to
risehigherthan
212°. For this
purpose, acom-
mon saucepan,
or almost any
vessel used for
boiling water
in, may be em-
plcu}rnad::r lacing the dish containing the solution over the
top, as shown in figure 91, so as to expose it to the action
of the steam. For the laboratory, a convenient form of
water-bath is shewn in figure 92; it may be made of

=
o000 __
Fig. 92. Hot-water Bath.

{:%pper or zine plate, and the holes should be fitted with
lids, to cover them when not wanted.

646. A convenient method of drying certain substances
0

%O%Qoﬂ
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which are liable to decomposition at a slightly elevated
temperature,is toplace
them under the re-
ceiver of the air-pump,
(figure 93), over an
open pan of strong
sulphuric acid; the
latter absorbs the
moisture which rises -
from the substance,

and a gradual and —=————— TN . L

complete desiccation Fig. 93. Desiceation over Sulphuric
may be effected at e 25

ordinary temperatures. The dishes or tubes containing
the substance to be dried, may be placed on a sheet of
perforated zine, resting on the pan
== of acid. If an air-pump is not at
= hand, the same effect may be pro-
duced, though more slowly, by placing
the receiver inclosing the substance
and acid, upon a flat piece of glass; or
the temporary arrangement shewn in
ficure 94, may be adopted, @ being a
beaker containing sulphurie aeid, over
which the substance to be dried is
suspended in the dish e. Owing to
the slowness of the evaporation, this
Fig. 94. Desiccation method is well adapted for obtaining
over Sulpburic  Jarge and well defined erystals from

3. -d saline solutions, &ec. ;
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 p?almra_ted, in a_ha.t_h
of oil or some saline solution, the hoiling point of which 1s
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
oll, any lower temperature can readily be kept up. The
following list shews the boiling points of a few saturated
saline solutions, which will occasionally be found useful for

this purpose :—
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A saturated solution (at 60°) of

Bitartrate of Potash ; ; . boils at 214°
Sulphate of Copper . : : L e 1
Chlorate of Potash . : : : 5 218c
Carbonate of Soda : . : . RGP
Alum ; : : 2 : : 25l +B20P
Borax . . ; : : : di Beloadngn
Chloride of Sodium . ; . : 5ot |11 2247
Chloride of Caleium . : : 4 2 w807
Tartrate of Potash . ; - ; e a8
Muriate of Ammonia . : : R a
Nitrate of Potash . : g " o IaRe
Rochelle Salt (Tartrate of Potash and Soda) 240°
Nitrate of Soda : . : i R
Acetate of Soda . : . o 2502

By adding a further quantity of most of these salts to
the 4ot solutions, and thus making them more concentrated,
considerably higher temperatures may be obtained.

Ignition.

648. It is generally uecem, previous to weighing a
precipitate, in quantitative ysis, to heat it to redness,
in order to insure perfect dryness. This is usually done
in a weighed platinum or poreelain erucible, either in a
furnace or over a lamp. en the erucible 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). the lid is made of the form shewn in

figure 95, it may also be used as a sule, ind d
of the erucible [Fﬁg. 96). i i
649. When gas is available, scarcely any other source
0 2
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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 (fig. 97).

A mixture of gas and air, however, gives a much more
intense 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,
a,ndp applying a light to the mixture as it rises through
the gauze (fig. 98). The crucible may be supported on a

Tig 98 Fig o0.
Crucible Jacket Crucible Jacket.

wire triangle, or in a jacket of thin iron }]Jlﬂ.tﬂ, a (fig. 99).
In this ssmple manner, a very powerful lamp furnace is
easily obtained, which may be varied in size and form to
suit the purposes for which it may be required. Thus, Mr.
Hardwich and Mr. Beale have succeeded in making a fur-
nace admirably adapted for heating tubes of a considerable
length. An ingenious arrangement 18 made for gradually
increasing the length of the flame along the tube; so that
for such purposes as the ultimate analysis of organie sub-
stances, it may be substituted, with great advantage, for
Liebig's charcoal furnace.

650. Mr. Solly also has contrived a very convenient

form of lamp, in which he mixes air with the gas by means
of a pair of double bellows, forming a series of blow-pipe
jets, the combined action of which is ve powerful, and is
capableof keepinga large platinum erueible almost white hot
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for any lengthof time.
The gas pipe a (fig.

100) joins the tube b, —
bringJi.ng air from the |@
bellows placed under-
neath, forming in ¢ an
inflammable mixture :
this burns as it 1ssues
from the apertures ==
in the burners, the  wig 100. Solly’s Gas Furnace.
number of which ma

be multiplied to ﬂﬁnust any extent. The ecrucible ma
stand on a wire triangle
resting on the circle, and
the whole may be sur-
rounded by a jacket of thin
iron plate, to prevent loss
of heat by radiation.

651. When gas cannot
be had, the best lamp for
heating a small platinum
erucible to redness, is that
known as Rose’s, the form
of which is shewn in figure
101 ; either alcohol or pyr-
oxylic spirit may be burnt
in it.

Calculation of Resulfs.

652. When the weight of a precipitate has been ascer-
tained, it is necessary to caleulate 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 sulphurie acid (S0,) in dry sulphate of
soda (NaO,S0;) : we dissolve tw&n?' 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

* Bee Fownes' ¢ Manual of Chemistry,” p, 187 et seq,
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weight of the sulphate of baryta obtained to be 32.50.
Knowing the atomic weight of sulphate of baryta (BaO,
SO,) to be 117, and that of sulphuric acid (SO,) to be
40, 1t is easy to caleulate how much of the acid is contained
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
~ = — e > - et — gulphate of baryta,
117 = 40 L 8260 : =z = 1111

Thus we find that twenty grains of the sulphate of soda

contain 11.11 of sulphuric acid ; and we have now only to

zﬁduue it to a percentage, to complete the calculation,
us :—

20 : 11.11 :: 100 : £ = 55.56 sulphurie 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
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 1I.

Quantitative Analysis of Sulphate of Copper.
(Cu0,80,45Aq.)
Estimate the quantity of oxide of eolﬁ)er (Cu0), sulphurie
acid (SO,), and water (HO), in sulphate of copper.

(1.) Estimation of the Ozide 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).

Cu0,80,+ K0=CuO0+ KO,S0,
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The mixture is poured upon a filter (636), and care-
fully washed 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 sub-
stance 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 : # = percentage of oxide of
copper, Ur, in other words, multiply the weight by 5.

(2.) Estimation of the Sulphurie 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 simplest.

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
any precipitate. Sulphate of baryta (Ba0,S0,) is thus
?h.rm:rn down (403), and the whole of the sulphurie 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, drieﬁ, ignited in a pla-
tinum or poreelain erucible, and weighed. %‘hen, knowing
the atomic weight of sulphate of baryta to be 117, and that
of sulphurie acid (SO,) 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
m the precipitate, thus :—

117 : 40 : : weight of the precipitate : z = {gﬂhzmh;fl Elﬁ?]f&ﬁ}
of copper.
which number, multiplied by five, will represent the per-
centage of sulphuric acid in erystallized aull;:hate of copper.

(3.) Estimation of the Water.,
657. The water is estimated by heating 20 grains on

the sand-bath in a counterpoised “crucible, at a tempera-
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ture of about 400° until it ceases to lose weight: in this
way the water is expelled, and its quantity is shewn 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).

e

Estimate the quantity of potassium and chlorine in the
chloride.

(1.) HEstimation of the Potassiwm.

658. Dissolve twenty grains of the salt in as small a
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 re-
sidue with alcohol, to dissolve out the excess of the bi-
chloride, and wash the insoluble double chloride of pla-
tinum and potassium (185) with fresh aleohol, on a weighed
filter (641). If it is found that the alcohol which is added
to the evaporated residue, does not become sensibly coloured
yellow, it is owing to there being no excess of chloride of
platinum present ; that salt having been added in too small

uantity. In this case, a little more chloride of platinum
should "be added, and the mixture again evaporated as
before, and subsequently treated with aleohol. The pre-
cipitate is then dried on the filter, ab a moderate heat, and
weighed.

6%9. The atomie weight of the double chloride (KCI Pt
Cl,) being 247, and that of potassium beng 40, we de-
duce the quantity of potassium contained in the twenty
grains of the chloride, thus :—

Wt. of double chloride of} {“"“ RO n m“'}

: ; tained 1n 20 grains of
platinum and potassium the chloride.

247 : 40 : : {

= en the quantity of water has to be estimated in salts which cannot bear

the Evellesr:lary I?eat. wit;;jlrmut 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 ’ﬂxes, any of the acid that may be disengaged from the other base,
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and, lastly, it is reduced to a percentage, thus:—

Wt. of potassium con- ,
20 {tained in 20 grains ot'} + + 100 : percentage of potassium.
the chloride

or the same result may be 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 i1s 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+ Ag0,NO,=AgCl+ KO,NO;.

The mixture is then boiled for a few minutes (as other-
wise a portion of the precipitate would 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 i a counterpoised porcelain cmci%le,
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 :—

(R : . . {'Wt. of chlorine contained in 20
144 : 36 : : wt. of the chloride of silver : {gra.ina of chloride of potassium.

Then, for the percentage, multiply by five.

SECTION III.

Quantitative Analysis of a mixture of Sulphate of Copper
{CuD,SDa-I-ﬁt{q) and Chloride of Sodium (NaCl). =

Hstimate the quantity of oxide of copper (Cu0), sodium,
sulphuric acid (80,), chlorine, and water in the mixture.

(1.) Estimation of the Water.

662. The water is estimated in the manner described in
paragraph (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,
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put 1t into a beaker, and pass through it a stream of hydro-
sulphuric acid, until it is saturated (701) ; the whole of the
mifper 1s_in this way thrown down as sulphide (368).
Filter, and wash the precipitate with distilled water, which
should contain in solution a little hydrosulphurie acid, as
otherwise a trace of copper is liable to become oxidised and
dlsanlved: T]{e 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 for the
most part separated from the filter, which latter is to be
burnt, and the ashes added to the rest of the precipitated
sulphide. The cgrecipitatﬁ, containing the whole of the
copper, is then digested 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
colour. The acid solution thus obtained is diluted with
water, and filtered, if necessary, from the undissolved sul-
phur. The whole of the copper is now contained in the
golution as nitrate. The copper is next to be thrown down
as oxide by potash, dried, and weighed, in the manner
zii.lt]'leady described (654). The percentage is calculated as
ollows :—

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,80,), by evaporating to dryness with a slight excess
of strong Eulpﬁuriﬁ acid.

NaCl+ HO,80,=Na0,50,+ HCL.
The residue is gently ignited in a counterpoised covered
erucible, in which a fragment of carbonate of ammonia is
suspended by means of a strip of platinum foil, and weighed ;
the weight of the sodium is thus caleulated :—

- f in 0 f i i -
At. wt, of sulph. soda. At.wt. of sodium. VAL ELOTE R e

goda obtaimned, of mixture,
- - " \.____1,..__.-" e — — ~ = T
72 : 24 L @ . T

which, when multiplied by four, gives the percentage of
godium,
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(3.) Bstimation 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 ]JE_L]'F‘LEIJ, 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 thrcmgﬁ 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
deseribed (656), twenty-five being substituted for twenty
in the caleulation.

(4.) Estimation of the Chlorine.

666. The solution filtered from the sulphate of baryta
(665), together with the first washings, 1s 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 caleulation.

Thus the percentage of oxide of copper, sodium, sul-
phurie acid, chlorine, and water, will have been ascertained.

SECTION IV.

Quantitative Analysis of a mixture of Sulphate of Zinc
(Zn0,80,+7Aq) and Carbonate of Baryta (BaO,CO,).

Estimate the quantity of water, sulphuric acid, oxide of
zine, 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 zine from the carbonate of baryta. The
mixture 1s filtered, and the insoluble portion washed until
the washings leave no residue when evaporated on plati-
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num foil. The solution contains the whole of the sulphate
of zine, while the carbonate of baryta remains undis-
solved ; the latter is retained for subsequent examination

(671).
(L.) Estimation of the Oxide of Zine.

668. The solution is treated with carbonate of potash
as long as it causes any precipitate, and then boiled. The
zine 18 thus 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 zine (ZnO) remains, which is
weighed ; the weight thus obtained, multiplied by five,
gives the percentage of oxide of zinec.

(2.) Estimation of the Sulphuric Acid.

669. The solution filtered from the precipitated carbo-
nate of zine, 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
mixture on the sand-bath, as described in (657).

(4.) Bstimation of the Baryta.

671. The residue which was insoluble in water (667), is
now removed from the filter into a small beaker, ﬂ_l:u:l 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.

Ba0,CO,+ HCl=PBaCl+HO+CO,.

The solution thus obtained is treated with dilute Elﬂlp]llll'iﬂ
acid, as long as any precipitate is produced, and then
boiled: the precipitate is separated by filtration, washed,
dried, ignited, and weighed.
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The atomic weight of sulphate of baryta being 117, and
that of baryta bemg 77, the quantity of the latter in the
precipitate 1s calculated as follows :—

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 paragraph (174). °

SECTION V.

Quantitative Analysis of Magnesian Limestone ; consisting
of Carbonate of Lime (Ca0,CQ,), Carbonate of Magnesia
(MgO,CO,), Peroxide of Iron (Fe,0,), a little Silica
(810,), and moisture. i

el

Determine the quantity of lime, magnesia, peroxide of iron,
carbonic acid, silica, and moisture, in magnesian lime-
stone. Reduee about 100 grains of the mineral to mode-
rately fine powder.

=

(1.) BEstimation of the Hygroscopic Moisture.

673. Weigh fifty grains of the pounded mineral in a
small counterpoised crucible or evaporating dish, and dry
1t 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. E VAR

(2) Estimation of the Silica.

. 674. Weigh twenty-five grains of the pounded mineral
in & 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
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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.) Hstimation of the Peroxide of Iron.

675. The acid solution filtered from the siliceous residue,
18 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
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 Elack sulphide is
entirely decomposed, and nothing but sulphur remains
undissolved. e solution is now diluted, and separated
by filtration from the sulphur and fragments of the first
ilter, which must be well washed to remove the whole of
the soluble matter. The solution is well boiled to expel
the hydrosulphurie acid, and then heated with a little
nitric acid, for the purpose of peroxidizing the iron. Am-
monia is now added in slight excess, which precipitates the
whole of the iron as hydrated peroxide (280). The preci-
pitate is filtered, dried, ignited, and weighed. The weight,
multiplied by four, gives the percentage of peroxide of ron
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 hydrochlorie acid,
to decompose the excess of gdmsulphate 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 1t causes any precipi-
tate (633). This throws down the lime as oxalate (218),
while the magnesia remains in solution, not being precipi-
tated by oxalate of ammonia in the presence of muriate of
ammonia, which is contained in the solution. The mixture
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is boiled (638), and filtered, and the precipitate washed and
dried ; the solution being retained for subsequent examina-
tion (677). The oxalate of lime is now removed from the
filter, and ignited, by which means it is decomposed, and
converted into carbonate of lime: at a red heat, however,
a portion of the newly formed carbonate is decomposed,
the carbonie acid being expelled, and thus leaving a little
caustic lime (Ca0) mixed with the carbonate. When cool,
it 1z 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.

The atomic weight of carbonate of lime being 50, and that
of lime 28, the weight of the latter is thus calculated :—

- o . . { Wt. of lime contained in 25
50 : 28 :: wt. of carbonate obtained - { Graing of the minkral!

'l;j.rhich number, multiplied by four, gives the percentage of
ime,

(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 a considerable excess of
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
phosphate of soda, and allowed to stand a short time;
when, if no fresh precipitate is formed, it may be con-
ﬂl(}.l(ileci] that a sufficient quantity of the precipitant has been
added.

Tht::z mixture is now filtered, washing always with water
contaning a little free ammonia, as the double phosphate
18 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 gl-ecipitate, 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 {?,I!fg(.},' ?0,), the water
and ammonia being driven off (206).

The atomic weight of the phosphate of magnesia thus
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formed, being 112, and that of magnesia 20, the quantity of
magnesia contained in the precipitate is thus calculated :—

112 : 40* : : wi. 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 18 estimated in the manner
deseribed in paragraph (174).
679. Thus we shall have determined the percentage of
the—
Water
Silica .
Peroxide of iron .
Lime .
Magnesia
Car%léuic acid
Loss

100.00

which, when added together, ought to amount to about 99
or 99.5 ; and the small deficiency, aiwaly{'ﬂ inevitable in such
analyses, is put down as “loss,” to make up the 100 parts.

SECTION VI.

Quantitative Analysis of Copper Pyrites; eonsisting of
Copper, Iron, Sulphur, Silica (Quartz), and Moisture.

Determine the quantity of copper, iron, sulphur, silica, and
moisture in copper pyrites.

——

(1.) Estimation of the Moisture.
. Dry 100 grains of the pounded pyrites on the
sa,r?g?bath,u' a founterpoised crucible or dish: the loss
is the percentage of moisture.

% 40 — 90 x 2; because each equivalent of the phosphate (2MgO,FO;) con-
tains two equivalents of magnesia.
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681. Boil 33.33 grains of the pounded mineral in aqua
regia (698) until the sulphur which remains undissolved,
collects into a yellowish porous lump. Dilute the acid
mixture with two or three times its bullc 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 hydrochlorie
acid (562).

(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
sulphurie 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 sulphate
of baryta thus obtained, that of the sulphur from which
the sulphuric acid was derived, may be ascertained by the
following caleulation :—

Ate. wt, of sulphate  Ate. wt. of  Wt. of sulphate of Wt of sulphur

of baryta. sulphur, baryta obtained. dissolved,
L — st X5 =5 - Sheret gtz i 0
117 - 16 HE (13 x

684. The weight of the sulphur which resisted the action
of the aqua regia (681), must now be estimated. The undis-
solved residue is to be thoroughly dried at 212°, and
weighed : it is then gradually heated to redness in a
counterpoised or weighed porcelain crucible, until the
whole of the sulphur is burnt off, when it must be again
wei%}md, the loss during ignition being of course the
sulphur. This weight must be added to that already
deduced from the Emi}hate of baryta (683), which, together,
will give the quantity of sulphur contained in 33.33 grains
of the mineral, or one-third of the percentage.

(3) Estimation of the Silica.

685. The ﬂi]j-:':‘enuﬁ' matfer is left after the expulsion of
the sulphur, by ignition, from the residue insoluble in aqua
P
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1‘E§i&.* The percentage is obtained by multiplying by
three.

(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 remove
the superfluous baryta, which is separated by filtration.
The clear liquid is then subjected to a current of hydrosul-

huric acid gas as long as any precipitate is produced, and
filtered. The sulphide of copper thus formed is treated in
the manner described in (663), and from the weight of the
oxide (CuQ), that of the copper is calculated thus :—

Ate, wt, of oxide of  Ate.wt.of  Wt. of oxide  Wt. of copper in 33.33

copper. copper. obtained. grs. of pyrites.
S — r - -
- W T 2
40 ; 32 +H [} s 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 ecopper,
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 per-
oxidizing the iron (269). Ammonia is added in shght
excess : this throws down the iron as hydrated peroxide
(280), which is to be filtered, dried, ignitecl,_m;d waghed.
The weight of the iron contained in the precipitate 1s thus
caleulated :—

Ate, wt. of peroxide  Ate, wt.  Wt. of oxide Wt. of iron contained in

of iron. of iron. obtained. 33.33 grs. of pyrites.
LS - e —— e e L —— Jd
40 : 28 5 7} - x

688. The quantities thus obtained, should, when added

* A trace of tin is occasionally found in the pyrites, and will be contained in
this residue as peroxide (SnO }Jr It may be d?qtectcd. 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 ch".‘londg thus formed
(8n(l) is filtered, and converted into peroxide by boiling with nitric acid ; the
excess of acid is then expelled by evaparation, when the peroxide of tin, if
present in sufficient quantity, may be weighed, and its weight deducted from

that of the siliceous residue.







PART V.

CHAPTER 1.

REAGENTS.

689. The following is a list of the reagents, &c., usually
employed in testing and analysis :—

Sulphuric acid, strong and dilute.

Hydrochlorie acid.

Nitrie acid.

Nitrohydrochloric acid (aqua regia).

Oxalic acid.

Acetie acid.

Tartaric acid.

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.

Todide of potassium.

Chromate of potash.

Cyanide of potassium. ‘
Ferrocyanide of potassium (yellow prussiate of potash).
Ferrideyanide of potassium (red prussiate of potash).
Antimoniate of gﬁtash.

Carbonate of soda.

Phosphate of soda.
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Borax.

Time water.

Sulphate of lime.

Chloride of calcium.
Chloride of barium.
Nitrate of baryta.
Perchloride of 1ron.
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.

Aleohol.

Litmus and turmeric paper.

690. 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 Ey 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 Aeid (HO,S80,).

691. Sulphuric acid, as found in commerce, is never
pure. The most common impurities are sulphate of lead
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(£10,850,), nitric acid (VO,), or binoxide of nitrogen (N0,),
and occasionally arsenie, and other saline matters,

(@) 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.

(6) Nitric acid, or the binoxide of nitrogen, is detected
by warming a little of the acid in a test tube, with a small
erystal 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 m}llt)}ur will disap-
pear (452).

(¢) 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.

692. The uses of sulphuric acid are very numerous.
Besides being employed extensively in many branches of
manufacture, it s used in the laboratory as a powerful
decomposing agent ; owing to its strong affinity for bases,
nearly all saline compounds are decomposed by it, and its
solvent powers are also very great. Ifis often employed for
the purpose of decomposing organic matter ; afao in the
preparation of hydrogen, hydrosulphurie acid, and other
gases ; as a test for certain metals, and for many other pur-

Oses.

i 693. When dilute sulphuric acid is required, it is pre-
rared by mixing together in a porcelain basin, one part of
%he strong acid with four parts of distilled water, always
adding the acid to the water, which should be kept con-
stantly stirred, and allowing the precipitated sulphate of
lead (if any) to subside, after which the clear liquid may
be poured off.

Hydrochloric Acid (HCI).

694. This acid, in the form met with in commerce, is
never pure, usually containing sulphurie 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 1s left. _ _

() Dilute a portion with four or five times its bulk of
distilled water, and add a drop of chloride of bartum: if
sulphuric acid is present, a white precipitate is produced
(403, 428).




REAGENTS. 215

(¢) Add ammonia in excess: a brown precipitate indi-
cates iron (280). ;

(d) Boi](a li}tt-le of the acid, tinged with sulphate of
indigo: if it contains free chlorine, the blue colour 1is
bleached. ] ;

(¢) Arsenic may be detected by Marsh's test (313).

695. The uses of hydrochloric acid are very numerous,
especially 1n analysis, in which it is of constant value as a
EDF‘E"EDt for substances which are insoluble 1n water ; most
of the metals dissolve readily in it, forming soluble chlo-
rides, and it is occasionally used to precipifate 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.

Nitrie Aeid (HO,NO,).

696. Nitric acid, as met with in commerce, usually con-
tains sulphuric and hydrochloric acids, and occasionally a
little fixed saline matter.

(«) The latter may be detected by evaporating a few
drops on platinum foil, when any fixed impurities will be
left.

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, 445).

(¢) To the other, add nitrate of silver: a white precipi-
tate, soluble in ammonia, indicates hydrochlorie acid

429).

( GE;T. Nitric acid is used chiefly as a solvent for sub-
stances which are insoluble in water, especially some of
the metals, which it readily oxidises, and converts into
nitrates, 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
(£eO) into the peroxide (Fe,0,).

When dilute nitric acid is required, it may be prepared
by mixing one part of the strong acid with two parts of
distilled water.

Nitrohydrochlorie Aecid (Aqua Regia).

698. This is always prepared when required, by mixing
together strong nitric and hydrochloric acids, usually
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in the proportion of one part of nitric to four of hydro-
chlorie. _ﬁs. chief uses depend on its intense nxidgzi?g
or chlorinizing properties, whereby the most refractory
metals, some of which resist the acfion of all other acids
are brought into solution. '

Hydrosulphuric Acid (HS). (Sulphuretted Hydrogen.)'

699. This reagent, whether required in the gaseous
form or in solu-
tion, 18 always
Frepa,red in the
aboratory. Frag-
ments of sulphide
(sulphuret) of iron
(FeS) are placed
in a bottle, a,(Fig.
102,) and treated
with dilute sul- =
Fhuri}i acid(which ——=

or this ose

should Gﬂlljlﬁ O

one Part, of acid Fig. 102. Sulphuretted Hydrogen

and eight parts of Tl
water), which disengages the gas.

FeS+ HO,80,=Fe0,80,+HS.

The gas thus formed, is passed through water contained in
the second bottle, , for the purpose of purifying it from
any sulphuric acid and iron that may have been carried
over mechanieally, 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 a jar confaining any solution
which it is intended to act upon (95). ) : _

It must be borne in mind, when experimenting with this
gas, that it is not only highly offensive, but gmaomus, and
induces headache and nausea even when largely diluted with
air : on this account it should be prepared either near
a ventilating flue, or in the open air ; never in a close room.

700. 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-
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bling that of rotten eggs, and by its giving a copious white
precipitate of sul hur when treated with perchloride of
wron (278). It should also be tested for iron, which it
sometimes contains when carelessly prepared: if such is
the case, it becomes dark coloured 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
decompose, unless carefully closed from the air, the oxygen
of which combines with the hydrogen to form water (HO),
while sulphur is deposited.

701. en it is required to precipitate, by hydrosul-
phuric acid, ¢the whole of any metal in a solution, it is
necessary to pass the gas at onceinto it ; and this should be
continued until the Irquid is saturated, which is known by
removing the gas-delivering tube, and blowing away the
superincumbent air ; when, if it smells distinetly of the gas,
the solution may be considered saturated, and the whole of
the metal must have been converted into sulphide.

702. The imqm*tant uses to which hydrosulphuric acid
18 ;t}]plied, 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. Hydrosulphurie acid is also
sometimes useful as a deoxidizing agent, reducing metallic
oxides in solution to a lower degree of oxidation, as the
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).

Ozalic Acid (HO,C,0,).

703. Oxalic acid occasionally contains traces of nitrie
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 ::11'0]% or two of sulphate of indigo (452).

_ () The latter, if present, is left as a fixed residue after
1ignition on platinum foil.

It may be easily purified by recrystallization.
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704. The chief use to which oxalic acid is applied in
analysis, is to precipitate lime from its solutions (218), (See
also Ozalate of Ammonia, (T14.) Foruse 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 dissn}ve a little
when wanted.

Acetic Aeid (HO,C H,0,).

705. This acid 1s often contaminated with one or more of
the following substances: sulphurie, sulphurous, hydro-
chlorie, and nitrie acids, lead, and other saline matter.

(@) Any fixed impurity may be detected by heating a
little on platinum foil.

(5) Jinfd 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).

(¢) Boil a little of the acid with a very small quantity of
peroxide of lead (Pb,0,): if the latter becomes white
(owing to its conversion into sulphate of lead), sulphurous
acid is present. Pb,0,4+8S0,=Pb0,50,42P10.

(d) Nitrate of silver, added to the diluted acid, gives a
white curdy precipitate, which is insoluble in nitric acid, if
any hydrochlorie acid is present (429).

(¢) Boil a little of the acid, tinged with sulphate of in-
digo : if the colouris bleached, tis probably owing to the
presence of nitric acid (452). . _

{df ) Neutralize a small dpﬂrtmn with ammonia, and add
liydrosulphuric acid or hydrosulphate of ammonia: 1if lead
or any GtI])JEl‘ metallic matter is present (except the alkalies
and alkaline earths), a precipitate is produced (548).

706. Acetic acid is chiefly employed in the laboratory as
a solvent, and for the purpose of _aﬂidi_fg'ing solutions, in
cases where hydrochloric and nitric acid would act preju-
dicially.

Tartaric Acid (2HO,C H,0,).

70%7. 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-
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monia (218) ; and the sulphuric acid by chloride of barium
403), |

{ 'E'DJE- MTartaric acid is used as a test for potash, with which
it forms a sparingly soluble bitartrate (186). Its property
of preventing the preci?itatiou of iron and some other
metals by the alkalies (478), is occasmnﬂlli{ made available
in analysis. It should be kept in a solid state, and a
solution made when required, as when kept in ﬂﬂluhﬂ_n 1t
soon becomes mouldy; for this purpose, the crystallized
acid may be dissolved in about three times its weight of
water.

Ammonia (NH,).

© 709. 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 mu-
riate of ammonia, and occasionally chloride of calcium.
The carbonate is detected by adding lime water (420) ; the
sulphate by supersaturating with dilute nitrie or hydro-
chlorie acid, and testing with chloride of barium (403); the
muriate of ammonia may be detected by supersaturating
with nitricacid, and adding nitrate of silver (429) ; and the
lime (chloride of caleium) 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.

Hydrosulphate of Ammonia (NH S, HS).

710. Hydrosulphate of ammonia is prepared by passing
a stream of hydrosulphuric acid gas (699) through a solu-
tion of ammonia until it is saturated. To ascertain whe-
ther 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 pre-
pared, the solution is almost colourless, but it gradually be-
comes yellow, owing to partial decomposition, the oxygen
of the air combining with the hydrogen, while sulphuris
set free, and remains dissolved: when this decomposition
has ta];en place, the addition of an acid causes not only the
evolution of hydrosulphuric acid, but also precipitates the
dissolved sulphur (440).
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711. Hydrosulphate of ammonia is much used, both in
qualitative and quantitative analysis, chiefly for the pur-
pose of precipitating certain metals from tgeir solutions,

and for separating the metals of the third class from the
alkalies and alkaline earths (593).

Carbonate of Ammonia (2NH,0,3C0,).

712. The common carbonate of ammonia is a sesquicar-
bonate, or a compound of the neutral carbonate (NH,O,
CO,) and the hiﬁa.r]éﬂnate (NH,0,2C0,), When the neutral
carf)onate is required, and it is the ?Jest suited for most
purposes of analysis, it n;mg' 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 anﬂl}'&iis, to precipitate some of the metals as carbo-
nates: 1t 18 also used to neufralize acid solutions, and for
other purposes.

713. It isoccasionally contaminated with traces of animal
oil, and sulphate and muriate of ammonia.

(e) 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, 1t indicates the presence of
animal matter.

(b) Supersaturate a little of the solution with nitric acid,
and add to one portion a few drops of chloride of barium :
a white precipitate, insoluble in nitric acid, indicates sul-
phuric acid (403). ,

(¢) 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).

Ozalate of Ammonia (NH,0,C,0,4Aq.).

714. This salt, as met with in the shops, is sufficiently
pure for all purposes of analysis. Like oxalic acid, it 1s
employed chiefly for the purpose of Hremplt&tmgr_ 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,NH,0,HO,PO;+8Aq).
715. This salt occasionally contains traces of chloride of
sodium, which may readily be detected by adding a few
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drovs of nitrate of silver to a solution of the salt, acidified
with nitrie acid, when a curdy white precipitate indicates
the presence of the chloride (429). *

- rocosmic salt is used almost exclusively in blowpipe
experiments ; wheén heated, it 1s decomposed, the ammonia
and water are expelled, and soda, with excess of phosphorie

acid, is left.
Potash (KO).

716. On account of its strong affinity for ma,nt{; substances,
and its property of readily decomposing others, caustic
potash is rarely found free from impurities. Those most
commonly met with are organic matter, su]li)hate and car-
bonate cg potash, chloride of potassium, si icic acid, and
alumina.

(«) If organicmatter is present, the solufion of potash is
more or less brown, and, on evaporation, leaves a brown
residue.

(b) Sulphuric acid is detected by dilutin the potash
with water, supersaturating with nitric or ydrochlorie
acid, and adding chloride of barium, when, if it 1s present,
the white insoluble sulphate 1s thrown down (403).

(¢) If carbonic acid is present, lime water causes a white
precipitate, which is soluble with effervescence when the
solution is supersaturated with hydrochloric aeid (420).

(d) A little of the diluted solution is supersaturated
with nitrie acid, and tested with nitrate of silver: a white
curdy Jlrccipitate, goluble in ammonia, indicates chlorine or
chloride of potassium (429).

(¢) Neutralize a small portion with hydrochlorie acid,
and evaporate to dryness: if the residue is not wholly
?401‘13%1;13 in hydrochloric acid, silica is probably present

(f) If alumina is present, it will be precipitated when

the potash solution is neutralized with E.j"dl‘ﬂﬂhlﬂl‘iﬂ acid,
and treated with a slight excess of ammonia (241).
_ 717. 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.

Cu0,80,+ K0, HO=KO0,S0,4+Cu0O,HO.
Tt is employed also for neutralizing acid solutions, decom-



223 REAGENTS.

posing organic ecompounds, and many other purposes,
solution ﬂiglmtash having a specific gfﬂ?i‘l}}' 0 &Il.apcut lﬂt’i&
15 & convenient strength for most analytical purposes.

Carbonate of Potash (KO,C0,+2Aq).

718. This salt generally contains traces of sulphate and
chloride, and oceasionally silica and alumina,

(@) A solution, supersaturated with nitrie acid, and tested
with chloride of barium, gives a white precipitate if any
sulphuric acid is present (403).

_(6) A solution similarly acidified, gives, with nitrate of
silver, a white curdy precipitate, if it contains chloride of
potassium (429).

(¢) Neutralize a portion of the solution with hydrochlorie
acid, and evaporate to dryness: if the residue does not
Fhﬂﬂ% dissolve when treated with hydrochlorie acid, silica
18 probably present (425).

(d) If carbonate of ammonia causes, in a neutralized
solution, awhite gelatinous precipitate, alumina is probably
present (243).

Carbonate of potash is frequently employed to precipi-
tate metallic oxides and carbonates from their soluble
combinations, and for the purpose of neutralizing acid
solutions. '

Nitrate of Potash (KO,NO,),

719. Nitrate of potash often contains traces of sulphate
and chloride, and occasionally nitrates of soda and lime.

(¢ and 4) The sulphate and chloride may be detected
with chloride of barium and nitrate of silver (718, @ and ).

(e) If lime is present, it causes a precipitate when the
golution is treated with oxalate of ammonia (218).

(d) The presence of nitrate of soda causes the salt to
deliquesce 1n a moist atmosphere.

720. 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 :-3.'13 substance which has
a strong affinity for it, such as sulphides, organic mat-
ters, &c. z
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Todide of Potassium (KI).

%91, Todide of potassium is often adulterated with car-
bonate of potash; sulphate of potash and chloride of
potassium are also often Smsent. It should always be in
the form of well defined (cubical) crystals, as the adulte-
rated varieties are readily distinguishable by their imper-
fect crystalline form. .

(@) Add a little dilute hydrochloric acid: if effervescence
takes place, some carbonate is present (419).

(D) lif‘ 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).

(¢) A&Jd o 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 sepa-
rate them, filter the mixture, and after washing the pre-
cipitate, 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 nitrie acid, the appearance of a white curdy preci-
pitate indicates the presence of a chloride (429).

Todide of plota,ﬁsium is employed chiefly as a test for lead,
mereury, 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 (ILO,CrOy).

799, 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 tfest for several of the metallic
oxides, with many of which it forms insoluble salts (chro-
mates) of characteristic colours, as the chromate of lead
(363), which is bright yellow. For use as a reagent 1t may
be dissolved in ten times its weight of water. g

Cyanide of Potassivm (KCy).

. 723, Cyanide of potassium is sometimes used in blow-
pipe experiments, and also as a liquid test. It should be
colourless, and entirely soluble in water.
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Ferrocyanide of Potassium (Ko, FeCy,+3Aq). (Yellow
Prussiate of Potash.)

724. This salt, as met with in commerce, is sufficiently

ure for the purposes of testing, It is employed as a test
or the persalts of iron, with which it forms a deep blue
precipitate of ses uiferrocyanide 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.

Ferrideyanide of Potassium (K, Fe,Cy,). (Red Prussiate
of Potash.)

725. 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 ferrideyanide of iron (276), which 1s similar
n appearance to that formed by ferrocyanide of potassium

with the persalts. It may be dissolved in ten or fifteen
parts of water.

Antimoniate of Potash (KO,ShO,).

726. This substance seldom or never contains any impu-
rity 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
carefully excluded from the air, as the carbonic acid is
liable to decompose it, and cause a precipitation of anti-
monie acid.

Carbonate of Soda (NaO,CO,+10Aq).

727. The best method of preparing pure carbonate of
soda, 18 to ignite the crystallized bicurbnnat_e {H a0,HO,2
CO,), when the second equivalent of earbonie 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 (718 @ and ). The moreimpure 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
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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.

798. It is employed for the same purposes as carbonate
of potash (718) ; afau as a flux for the blowpipe, and for
fusing with insoluble silicates, &c. For use as a liquid
reagent, one part of the salt may be dissolved in ten parts
of water.

Phosphate of Soda (2Na0,HO,PO;+24Aq).

799. This salt sometimes contains a liftle sulphate and
chloride. To detect these impurities, add to one portion,
in solution, chloride of barium, and to the other nitrate of
silver, and supersaturate both with nitric acid: if the pre-
cipitate 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
phosphate of magnesia and ammonia (206). For the pur-
poses of testing, 1t may be dissolved in ten parts of water.

Borax (Biborate of Soda), (NaO,2BO,+10Aq).

730. Borax oceasionally contains traces of sulphate and
chloride, which may be cii'etected in the same way asin the
phosphate of soda (729). Tt is employed almost exclusively
as a flux in blowpipe experiments, for which purpose it is
admirably adapted ; the second equivalent of ]ljzmraciﬂ 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 com-
pounds and mixtures which are readily fusible.

Lime Water (CaO in water).

731. 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 subsir:leg:r 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 car-
bonie acid, it should be kept in a well stoppered bottle.

Q
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732. Lime water should be sufficiently strong to turn
the yellow colour 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). Tt is used as a test for carbonic acid and some
of the organic acids; for expelling ammonia from its com-
binations, and for many other purposes.

Sulphate of Lime (Ca0,50;+2Aq).

733. 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. Tt is used chiefly as a fest 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 bartum (225).

Chloride of Caleivn (CaCl).

734, 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 ereenish tint to theliquid (279). As a reagent,
chloride of ealeium is employed chiefly in testing for some
of the organic acids. It 1s 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, 18 rapidly and eom-
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).

795, Chloride of barium sometimes contains traces of
iron and lime. It should not be diacolpured by h drpsul-
phate of ammonia (279), and, after being treated with a
slight excess of sulphuric acid, and filtered, the elear solu-
tion should leave mo fixed residue when evaporated on
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latinum foil ; because the whole of the baryta is separated
E}T the sulphuric acid, and any other fixed matter must be
some impurity. _ i
Tt is used chiefly for the ose of testing for acids
(558), especially sulphurie, 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,NO,).

736. Nitrate of baryta is liable to the same impurities as
chloride of barium (735), 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
solution (605). For use, it may be dissolved in ten parts
of water.

Perchloride of Iron (Fe,Cl,).

737. 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, &) ; and if any pro-
tosalt of iron 1is present, the solution gives a blue eo}mu-
with ferrideyanide of potassium (276). It is used as a test
for some of the organic acids, and is also sometimes useful
in the determination of phosphorie acid. It may be dis-
solved in five parts of water.

Nitrate of Cobalt (CoO,NO,+6Aq.)

738. This reagent is used chiefly for the detection of
alumina, zine, magnesia, and some other substances, by
means of the blowpipe (124). The solution employed for
this purpose may contain one part of the salt disscﬂved in
ten of water.

Sulphate of Copper (Cu0,80,45Aq).

739. 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,
2NH, HO,80,), which is also used in testing for arsenic,

Q 2
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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 (Pb0,C,H,0,+3Aq).

740. 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 (3Pb0O,C,H,0,).

741. The subacetate is prepared by boiling together
equal weights of the neutral acetate (740) and protoxide of
lead (PbO) in water, and filtering the solution, which must
be kept in a well stoppered bottle, as it is easily decom-

osed when in contact with the air, owing to the strong
affinity of the oxide of lead for carbonic acid. Both this
and the neutral acetate are used in testing for hydrosul-
phuric acid, and for some of the other acids, especially
carbonie.

Nitrate of Silver (AgO,NOy).

742. This reagent is sometimes adulterated with nitrate
of potash, and occasionally contains traces of copper and
lead. When precipitated by a slight excess of hydrochlorie
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 1s detected by adding
ammonia 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 1n
twenty parts of water. ' 3

743, The ammonio-nitrate of silver (A4g0,2NH,,NO;),
used as a test for arsenie, 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 (HgCl,).

%44. This is occasionally employed as a test for hydriodic
and some other acids, and also for some kinds of organic
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matter: for this purpose it may be dissolved in twenty
parts of water.

Protockloride of Tin (SnCl).

745, Protochloride of tin is prepared by boiling metallic
tin in strong hydrochloric acid, care being taken that a
yortion of the metal remains undissolved, as otherwise a
httle perchloride might be formed; the solution 1s 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.

746. Protochloride of tin is employed chiefly as a test
for gold and mercury, and also as a cfeuxidizing agent, for
which purpose it is well adapted, on account of its strong
tendency to combine with oxygen or chlorine.

It occasionally contains traces of lead and iron, which
may be detectef 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.

Perclioride of Gold (AuCl,).

747. This reagent is used almost exclusively as a test for
the protosalts {::-? 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 (PtCl,).

748. 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.

_749. 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. 1Tt is used chiefly as a test for nitric acid and

chlorine, by which it is decomposed, and its colour dis-
charged,
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Solution of Starch (C,H,,0,,)-

750. This is made by genﬂﬁni}ing starch with water.
It is employed as a test for iodine, for which purpose small

g;eces of thread on paper may be steeped in the solution,
ied, and kept for use.

Black Flux.

751. Black flux is an intimate mixture of ecarbonate of
potash and finely divided charcoal, and is prepared by
deflagrating in an iron spoon or erucible, a mixture of two
parts of bitartrate of potash and one of nitre. It is used
as a reducing flux in blowpipe experiments,

Distilled Water (HO).

752. 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 sufliciently pure; but in analytical experiments,
distilled water ought always to be used. _

753. Before taking it into use, it should be tested with
the following reagents :— .

(¢) Litmus and turmeric paper, for free acids and alka-
lies.

(5) Chloride of barium for sulphates (403). _

(¢) Nitrate of silver for chlorides (429). The mixture
shortly becomes dark-coloured, especially 1f organic matter
is present. .

(d) Oxalate of ammonia for lime (218).

(¢) Lime water for carbonic acid (420).

f) Hydrosulphate of ammonia for any metals of the
third or fourth class. : d

(9) 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 1t
is constantly applied.




REAGENTS. 231

Aleokol (C,H,,0,HO).

754, The alcohol commonly used in chemical experi-
ments should have a specific gravity of about 0.83, except
in cases where absolute als:c:hcﬁ—lis required, when it shot d
be 0.796. When evaporated on platinum foil, it should
leave no residue, and should not change the colour of litmus

aper. 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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l =

Pound.
1

Gallon,
1

APPENDIX.

WEIGHTS AND MEASURES.

Troy or Apothecaries Weight.

Ounces. Drachms, Seruples. Grains,
12 = 96 = 28R = 5760
1h e 8 = M = 480
1 = q = 60
1l = 20
1
Avoirdupois Weight.
Ounces, Drachms, Grains,
16 = 256 = 7000
1 = 18 = 437.5
[ S— 27.343
Imperial Measure.
Pints, Fluid Ounees. Fluid Drachms.
8 = 160 = 1280
1 = 20 = 160
= 8
1l

French Grammes.
372.06
31.08
3.885
1.295
0.0647

[ | |

French Grammes,
453.25
928.328
1.77

i nu

Minims.
76,800
9,600
480
60

{1 |

Weight of Water at 62°, contained in the Imperial Gallon, dLe.

1 Imperial Gallon

1
1
1
1

-
12
12
b

Pint :
Fluid Ounce
Fluid Drachm
Minim

| T |

Grains,
70,000
. 8,750
. 437.5
54.7
0.91
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Cubic Inches contained in the Tmperial Gallon, d:c.

Cubic Inches.

1 Imperial Gallon = 277.273
1 p,, Pint, : = 34.659
1 ,,  Fluid Ounce = . 1.732
1 .,  Fluid Drachm = : 0.2166
1 Minim ; = 0.0036

y

FRENCH WEIGHTS AND MEASURES.

Measwres of Length.
English Inches.

Millimetre = 03937
Centimetre = .39871
Decimetre = 3.93710
Metre = 39.37100 Mil. Fur. Yds. Feet. In.
Decametre = 393.71000 = 0 0 10 2 9.7
Hecatometre =  8937.10000 = 0 0 109 1 1
Kilometre — B89871.00000 = O 4 213 4 10.%
Myriometre = 3893710.00000 = 6 1 156 0 6
Measures of Capacity.
English Imperial Measure.
Cubie inches. Gall, %‘inta. .0z, F.drms, Min.
Millilitre = 06102 = 0y 0 0 0 16.3
Centilitre = 61028 = 0 0 0 2 42
Decilitre - 6.10280 = s & 1} 8 3 2
Litre - 61.02800 = g+ db ks L 43
Deealitre = 610.28000 = T L e {ih
Hecatolitre =  6102.80000 = 22 0 1 4 48
Kilolitre = 61028.00000 = 220 O 12 G 24
Myriolitre = 610280.00000 = 2200 7 13 4 48
Measures of Weight.
English Grains.
Milligramme = L0154
Centigramme = .1544
Decigramme = 1.5444 Avoirdupois.
Gramme = 15.4440 Poun. Oun. Dram,
Decagramme =  154.4402 = 0 0 5.65
Hecatogramme = 1554,4023 = 0 3 8.5
Kilogramme = 15444.0234 = 2 3 5
Myriogramme = 154440.2344 = 22 1 2
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TABLE I.

Shewing the Quantity of Ol of Vitriol (HO,S80,), of sp.gr. 1.8485,
and of Anhydrous Acid (S0,), in 100 Parts of dilute Sulphuric
Acid, of different Specific Gravities (Ure).

Liquid : Liquid .
Aeid 8p. Gr. |Dry Acid. Ji%i ) 8p. Gr. Dry Acid.

—

100 1.8485 | 81.54 65 1.5390 | 53.00
99 1.8475 | 88.72 64 1.5280 | 52.18
98 1.8460 | 79.90 || 63 1.5170 | 51.87
97 1.8439 | 79.09 || 62 1.5066 50.55

96 1.8410 | 78.28 61 1.4960 49.74
95 1.8376 | 77.46 60 1.4860 48,92
94 1.8336 | 76.65 59 1.4760 48.11
93 1.8200 | 75.83 53 1.4660 47.29
02 1.8233 | 75.02 57 1.4560 46.48
91 1.8179 | 74.20 56 1.4460 45.66
90 1.8115 | 73.39 55 1.4360 44,85

89 1.8043 | 72.57 o4 1.4265 44,03
88 1.7962 | 71.75 53 1.4170 43,22

87 1.7870 | 70.94 52 1.4073 42.40
86 1.7774 | 70.12 || 51 1.3977 41.58
85 1.7673 | 69.31 60 1.3884 40.77

84 1.7570 | 68.49 " 49 1.3788 39.95
83 1.74656 | 67.68 48 1.3697 89.15
82 1.7360 | 66.86 47 1.3612 38.32
81 1.7245 | 66.05 46 1.3530 37.561
80 1.7120 | 65.23 45 1.3440 36.69
79 1.6993 | 64.42 44 1.8345 35.88
78 1.6870 | 63.60 43 1.8256 85,06

77 | 16750 | 6278 | 42 | 13165 | 3425
76 1.6630 | 61.97 || 41 1.3080 | 33.43
75 | 1.6520 | 61.15 40 | 1.2999 | 82.61

T4 1.6415 | 60.34 39 1.2913 31.80
73 1.6321 | 59.82 38 1.2826 30.98

T2 1.6204 | 58.71 a7 1.2740 30.17
71 1.6080 | 57.89 36 1.2654 29.35
70 1.5976 | 57.08 35 1.2572 28.54

69 1.5868 | 56.26 34 1.2490 27.72
68 1.5760 | 55.45 33 1.2409 26.91
67 1.5648 | 54.63 32 1.2334 26.09
66 1.5503 | 53.82 a1 1.2260 25.28
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TABLE I.—Continued.
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I.:;.E;:ll.d 8p. Gr. | Dry Acid. Iﬁf 8p. Gr. | Dry Acid.
30 1.2184 24.46 15 1.1019 12.23
29 1.2108 23.65 14 1.0953 11.41
28 1.2032 22.83 13 1.0887 10,60
27 1.1956 22,01 12 1.0809 9.78
26 1.1876 21.20 11 1.0743 8.97
25 1.1792 20.38 10 1.0682 8.15
24 1.1706 19.57 9 1.0614 7.34
23 1.1626 18.75 8 1.0544 6.52
22 1.1549 17.94 7 1.0477 5.71
21 1.1480 17.12 6 1.0405 4.89
20 1.1410 16.31 5 1.0336 4,08
19 1.1830 15.49 4 1.0268 3.26
18 1.1246 14.68 3 1.0206 2,446
17 1.1165 13.84 2 1.0140 1.63
16 1.1090 13.05 1 1.0074 0.8154

TABLE IL

Shewing the Quantity of Real or Anhydrous Nitric Acid (NO;) in
100 Parts of Liquid Acid, of different Specific Gravities (Ure).

1

Real acid Real acid Real acid
Specific in 100 Specific in 100 8pecific in 100
Gravity. [partsof the|| Gravity. |parts of the|| Gravity. |parts of the

Liquid. Liquid. Liquid.

|

1.5000 | 79.700 || 1.4600 | 68.542 1.4065 57.384
1.4980 | 78.903 || 1.4570 | 67.745 1.4023 56,587
1.4960 | 78.106 || 1.4530 | 66.948 1.3978 55.790
1.4940 | 77.309 || 1.4500 | 66.155 1.3945 54.993
1.4910 | 76.512 || 1.4460 | 65.354 1.5582 54.196
1.4880 | 75.715 || 1.4424 | 64.5567 \ 1.3833 o4, 599
1.4850 | 74.918 || 1.4385 | 63.760 ‘ 1.3783 52.602
1.4820 | 74.121 || 1.4346 | 62.963 1.3732 51.805
1.4790 | 73.324 || 1.4306 | 62.166 1.3681 51.068
1.4760 | 72.527 || 1.4269 | 61.369 1.3630 20.211
1.4730 | 71.730 || 1.4228 | 60.572 | 1.8579 | 49.414
1.4700 | 70.933 || 1.4189 | 59.775 1.3529 48,617
1.4670 | 70.136 || 1.4147 | 58.978 1.3477 47.820
1.4640 | 69.339 || 1.4107 | 58.181 1,3427 47.023
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TABLE II.—Continued,

Real acid i i
Specific in 700 Specifie Ri!.!l:::t ]lﬁld Specifie Rf:l I%Id
Gravity. partsofthe|| Gravity. parts of the || Gravity, |parts of the
Liquid. Liquid. Liquid.
1.3376 | 46.226 || 1.2212 | 80.286 | 1.1051 | 15.143
1.3323 | 45.429 1.2148 | 29.489 1.0993 14.546
1.3270 | 44.632 1.2084 | 28.692 1.0935 13.549
1.3216 | 43.835 1.2019 | 27.895 1.0878 12,752
1.3163 | 43.038 1,1958 | 27.098 1.0821 11.955
1.3110 | 42,241 1.1895 | 26.301 || 1.0764 11.158
1.3056 | 41.444 1.1833 | 25.504 | 1.0708 10,361
1.3001 | 40.647 || 4.1770 | 24.707 1.0651 9.564
1.2947 | 39.850 1.1709 | 23.910 1.0595 8.767
1.2887 | 39.053 1.1648 | 23.113 1.0540 7.970
1.2826 |- 38.256 1.1587 | 22.816 1.0485 7.173
1.2765 | 37.459 1.1526 | 21.519 1.0430 6.376
1.2705 | 36.662 || 1.1465 | 20.722 1.0375 5.579
1.2644 | 35.865 1.1403 | 19.925 1.0320 4.782
1.2583 | 35.068 1.1345 | 19.128 1.0267 3.985
1.2528 | 34.271 1.1286 | 18.331 1.0212 3.188
1.2462 | 33.474 1.1227 | 17.534 1.0159 2.391
1.2402 | 32.677 1.1168 | 16.737 1.0106 1.594
1.2341 | 31.880 1.1109 | 15.940 1.0053 0.797
1.2277 I a1.083
TABLE III

Shewing the Quantity of Anhydrous Hydrochloric A cid (HCL) in the
Ligquid Acid of different Specific Gravities (Ure).

Acid
of 120
in 100

Specific
Gravity.

Chlorine,

Hydro-
chloric
Gas. ‘

‘ Acid

of 120
1 10K

Specific
Gravity.

Chlorine,

Hydro-
chlorie

Gas,

100
99
08
o7
96
95

| 94

| 93

1.2000
1.1982
1.1964
1.1946
1.1928
1.1910
1.1893
1.1875

39.675
39.278
38.882
38.485
88.089
37.692
37.206
86,900

40.777 |
40.369 |
39,961

39.554
39.146
38.738
38.330
37.923

092
91
90
89
88
87

86

85 |

1.1857
1.1846
1.1822
1.1802
1.1782
1.1762
1.1741
1.1721

36.503
36.107
35.707
35.810
54.913
34.517
84.121
88.724

37.516
37.108

36.700
36.292
36.884
356.476
35.068
34.660
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Acid| oo vifie ) Hydro- || Acid Specific : Hydro-
;}Iﬂ[ﬂﬂ‘ Ggsﬁty. Chlorine. -::Gﬁzn g }% Gravity. Chlorine, el;_:}l?l:e
s4 |1.1701 | 83.328 | 34.252 || 42 | 1.0838 | 16.664 | 17.126
g3 |1.1681 | 32,931 | 33.845 || 41 | 1.0818 | 16.267 | 16.718
39 |1.1661 | 32.535 | 33.487 || 40 | 1.0798 | 15.870 | 16.310
g1 11,1641 | 32.136 | 33.029 || 39 | 1.0778 | 15.474 | 15.902
g0 11,1620 | 31.743 | 32.621 || 38 | 1.0758 | 15.077 | 15.494
ro 11,1509 | 31.343 | 32.213 || 37 [1.0738 | 14.680 | 15.087
78 |1.1578 | 30.946 | 31.805 || 36 | 1.0718 | 14,284 | 14.679
v 11,1557 | 30,550 | 31.398 || 35 | 1.0697 | 13.887 | 44.271
w6 11,1536 | 30,153 | 80.990 || 34 |1.0677 | 18.490 | 13.863
75 |1.1515 | 29.757 | 80.582 || 33 | 1.0657 | 13.094 | 13.456
4 11.1494 | 29.361 | 30.174 || 32 | 1.0637 | 12.597 | 13.049
v 11.1473 | 28.964 | 29.767 || 31 | 1.0617 | 12.300 | 12.641
o [1.1452 | 28.567 | 29.859 || 30 | 1.0597 | 11.903 | 12.233
b1 [1.1431 | 28.171 | 28.951 || 29 | 1.0577 | 11.506 | 11.825
ro 11,1410 | 27.772 | 28.544 || 28 | 1.0557 | 11.109 | 11.418
69 |1.1389 | 27.376 | 28.136 || 27 | 1.0537 | 10.712 | 11.010
63 |1.1369 | 26.979 | 27.728 || 26 | 1.0517 | 10.816 | 10.602
67 11.1349 | 26.583 | 27.321 || 25 | 1.0497 | 9.919 | 10.194
66 |1.1328 | 26.186 | 26.913 || 24 | 1.0477 | 9.522 | 9.786
65 |1.1308 | 25.789 | 26.505 || 23 | 1.0457 | 9.126 | 9.379
64 [1.1287 | 25.392 | 26.098 || 22 | 1.0437 | 8.729 | 8.971
63 |1.1267 | 24.906 | 25.690 || 21 | 1.0417 | 8.332| 8.563
69 |1.1247 | 24.599 | 25.282 || 20 | 1.0397 | 7.935| 8.155
61 [1.1226 | 24.202 | 24.874 || 19 | 1.0877 | 7.538 | T.747
60 |1.1206 | 23.805 | 24.466 || 18 | 1.0857 | 7.141| 7.340
59 11.1185 | 23.408 | 24.058 || 17 | 1.0337 | 6.745| 6.932
58 |1.1164 | 23.812 | 23.650|| 16 | 1.0318 | 6.348 | 6.524
57 (11142 | 22.615|23.242 || 15 | 1.0208 | 5.951 | 6.116
58 11,1123 | 22.218 | 22.834 || 14 | 1.0279 | 5.554| 5.700
55 11,1102 | 21.822 | 22.426 || 13 | 1.0259 | 5.158 | 5.301
54 11.1082 | 21.425 | 22.019 || 12 | 1.0239 | 4.762| 4.893
53 |1.1061 | 21.028 | 21.611 || 11 [1.0220 | 4.365 | 4.486
52 |1.1041 | 20.632 | 21.203 || 10 [ 1.0200 | 3.998 | 4.078
51 [1.1020 | 20.235 | 20.796 || 9 |1.0180 | 3.571| 3.670
50 |1.1000 |19.837 | 20.388 || 8 |1.0160| 8.174 | 8.262
49 |1.0980 |19.440 | 19.980 || 7 |1.0140| 2.778| 2.854
48 |1.0960 | 19.044 | 19.572|| 6 | 1.0120| 2.381 | 2.447
47 11,0039 | 18.647 | 19.165| 5 |1.0110| 1.984 | 2.039
46 |1.0919 |18.250 | 18.757 || 4 |1.0080| 1.588 | 1.681
45 (10899 | 17.854 | 18.849 || 3 |1.0060 | 1.191| 1.224
44 [1.0879 | 17.427 |17.941 || 2 |1.0040]| 0.795| 0.816
43 11,0859 | 17.060 | 17.534 || 1 1.00201 0.397| 0.408
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TABLE IV.
Shewing the Quantity of Anhydrous Potash (K0) in Solutions of
different Specific Gravities (Dalton).
Specific Potash Boiling Specific Potash Boiling
Gravity. | per Cent. Point. Gravity. | per Cent. Foint.
1.63 61.2 329° 1.83 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 9.9 214
1.39 32.4 240 1.06 4.7 213
1.36 29.4 254
TABLE V.

Shewing the Quantity of Anhydrous Soda (NaO) in solutions of
different Specific Gravities (Dalton).

Specifie Soda Boiling Specific Soda Boiling

Gravity. | per Cent. | Point. Gravity. | per Cent. | Point.
2.00 77.8 —"1 1.40 20.0 2432°
1.85 63. 6 600 1.36 26.0 235
1.72 53.8 400 1.32 22.0 228
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 13.0 217
1.47 34.0 255 1.12 9.8 214
1.44 31.0 248 1.06 4.7 213
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Shewing the Quantity of Ammoniacal Gas (NH,) i Aqueous
Solutions of different Specific Gravities (Dalton).
Snecific Grains of Ammonia Boilin | Volumes of gas in

Gravity: L %h“g q‘l‘]‘iﬁ ok Points e ‘i‘};ﬂﬁ_“f
.850 35.3 26° 494
.860 32.6 98 456
870 29.9 50 419
.880 27.3 62 282
890 24.7 T4 346
900 22.2 86 311
910 19.8 98 277
.020 17.4 110 944
930 15.1 122 211
940 12.8 134 180
950 10.5 146 147
.960 8.3 158 116
970 6.2 173 8T
980 4.4 187 58
.990 2.0 196 28

TABLE VIL

Shewing the Quantity of Absolute Aleokol (C H,0,HO) contained
in Diluted Alcohol of different Specific Gravities (Fownes).

& B L

53 23T £33

Sp. Gr.at60° | § £ | Sp. Gr.at60°| EZE || Sp. Gr. st 60° | 55E
&5 oo E

k = 3 = a“?

0.9991 0.5 0.9841 10 0.9716 20

0.9981 1 0.9828 11 0.9704 21

0.9965 2 | 0.9815 12 0.9691 929

0.9947 3 0.9802 13 0.9678 23

0.9930 4 I' 0.9789 14 0.9665 24

0.9914 5 | 0.9778 15 0.9652 25

0.9808 8 0.9766 16 0.9638 26

0.9884 7 0.9753 17 0.9623 27

0.9869 8 0.9741 18 0.9609 28

0.9855 | 9 0.9728 | 19 0.9593 | 29
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TABLE VIIL.—Continued.

=]
EEE £3% | %EE
Sp. Gr.at60°| § 55 ||Sp. Gr.at 60°| E = || Sp. Gr.at60°.| £573

554 £S5 54

P ~ =¥
0.9578 30 0.9090 54 | 0.8533 78
0.9560 31 J 0.9069 55 0.8508 78
0.9544 32 || 0.9047 56 0.8483 80
0.9528 33 0.9025 55 0.8459 81
0.9511 34 0.9001 58 0.8434 82
0.9490 35 0.8979 59 0.8408 83
0.9470 36 0.8956 60 0.8382 84
0.9452 . | 87 || 0.8932 61 " 0.8357 85
0.9434 88 || 0.8908 62 0.8331 86
0.9416 39 0.8886 63 0.8305 87
0.9396 40 0.8863 64 0.8279 88
0.9376 41 0.8840 65 0.8254 89
0.9356 42 0.8816 66 0.8228 90
0.9335 43 || 0.8793 67 0.8199 91
0.9314 44 || 0.8769 68 0.8172 92
0.9292 45 || 0.8745 69 0.8145 93
0.9270 46 0.8721 70 0.8118 94
0.9249 47+ || 0.8696 71 0.8089 95
0.9228 48 0.8672 72 0.8061 96
0.9206 49 0.8649 £ 0.8031 99
0.9184 50 0.8625 T4 0.8001 98
0.9160 51 || 0.8603 75 0.7969 99
0.9135 52 0.8581 76 0.7938 | 100
0.9113 53 || 0.8557 7

TABLE VIII.

Shewing the Specific Gravities of miztures of Ether and Alcohol
in different proportions (Dalton).

i leohol Specific Aleohol

gﬁ:ﬂfﬁ Either, {sp‘!? gr. 830). | {-}Ir}nvity. Ether. | op gr. 830).
724 100 0 792 40 60
732 90 10 I 804 30 70
Td44 80 20 816 20 80
756 70 30 828 10 90
T68 60 40 830 0 100
780 50 50 |
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LIST OF SALTS, &e

WHIOH MAY BE EXAMINED FOR PRACTICE IN QUALITATIVE
ANALysis (Part II1.).

(a.) Simple Salts, d&ec., soluble in Water.

Chloride of barium.
Sulphate of scda.
Muriate of ammonia.
Sulphate of magnesia.
Chloride of ealeium.
Nitrate of strontia.
Sulphate of chromium,
Sulphate of zine.
Sulphate of manganese.
Protosulphate of iron.
Perchloride of iron,
Sulphate of nickel.
Nitrate of cobalt.

Protonitrate of mereury.
Perchloride of mercury.
Acetate of lead.
Sulphate of copper.
Nitrate of silver.
Phosphate of goda.
Iodide of potassium.
Biborate of soda.
Nitrate of potash.
Chlorate of potash,
Carbonate of soda.
Arsenious acid.

(b.) Simple Salts, dee., insoluble in Water, but soluble in A cids,

Carbonate of magnesia.
Phosphate of lime.
Carbonate of baryta.
Metallic zine,
Carbonate of strontia.
Sulphide of iron.

Protoxide of lead.
Sulphide of antimony.
Black oxide of copper.
Carbonate of lime.
Oxide of bismuth.
Metallie tin.

(c.) Simple Salts, de., insoluble in Water and A cids.

Sulphate of baryta,

_ Sulphate of strontia,
Chloride of lead.

Sulphate of lead.

Silica.

Chloride of silver.
Silicate of lime,
Silicate of alumina,
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(d.) Mixed Salts, de., soluble in Water.

Chloride of barium,
Nitrate of potash.

Sulphate of zine,
Chloride of sodium.

Muriate of ammonia,
Phosphate of soda.

Sulphate of copper,
Nitrate of cobalt.

Perchloride of iron,
Sulphate of magnesia.
Alum (double sulphate of alu-
mina and potash).

Chloride of calcium,
Nitrate of potash,
Muriate of ammonia.

% Nitrate of lead,

Nitrate of cobalt,
Nitrate of strontia.

Chloride of sodinm,
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 zine,
Nitrate of lead,
\Nitrate of copper.

Sulphate of potash,
Phosphate of soda,
Biborate of soda,
(Carbonate of ammonia,
Chloride of potassium,
Todide of potassinm,
\Nitrate of ammonia.

{Sulp]mte of nickel,

S

(e.) Mixed Salts, de., insoluble in Water, but soluble in A cids.

Cfarbonate of magnesia,
Sulphide of iron.
Protoxide of lead,
Phosphate of lime.

Carbonate of lime,
Black oxide of copper.

Brass.
1 Oxide of bismuth,

Sulphide of iron,
Sulphide of antimony.

Magnesian limestone.

Iron pyrites.

Copper pyrites.

Argentiferous galena.

German silver.

Arsgenical cobalt ore,

The solid matter contained in
sea, well, or river water.

The portion of soils which is so-
luble in acids.

(f.) Mixed Salts, &e., insoluble in Water and Acids.

Chloride of silver,
Sulphate of baryta.
Silica,

Chloride of lead.

Sulphate of lead,

Silicate of alumina,

Chloride of silver.

The insoluble portion of soils.
Slate.

Siliceous minerals.
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GLOSSARY OF CHEMICAL TERMS.*

ABsorprioN, from absorbeo, to suck up; the act of imbibing a liquid.
Acgric Actp, from acetwm, vinegar; the acid contained in vinegar,

AgrirorM, from asnp, the air, and forme, a form ; having the form
or properties of air.

Arrinity, 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 albu-
men and water, contained in a cellular tissue.

Arconor, from an Arabie word ; the intoxicating prineiple of spi-
rituous liguors.

ALEALL a soluble body, with a hot caustic taste, which possesses the
power of destroying or neutralizing acidity. The term is derived
from the Arabicarticle, al, and kali, the Arabic name of aplant,
from the ashes of which one of the most important alkalies
(potash) is obtained,

AdaLgAx, from due, together, and yapéw, to marry; a term sig-
nifying the union of any metal with mereury, which has the
property of dissolving several of the metals,

AxorpHoUs, from &, not, and popg), a form ; not possessing any
regular form.
AXNALOGUE, that which is the counterpart of another.

ANALOGY, -I0AL, and -0us, from dwva, among, and Ndyoc, arelation or
proportion; a likeness or resemblance between things, with
regard to their circumstances or effects,

AnALysis, fmn:g &r@, among, and Azw, to loosen ; the separation of a
substance into its component parts.

* Many of the definitions aretake bk el
mical Phﬁmnphy_” n almost verbatim from Daniell's * Che-

g2
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AxcLe, from angulus, a corner ; the inclination of two straight lines
to each other, which meet together, but are not in the same
straight line.

AxuYDROUS, from &, not, and ¥éwp, water ; containing no water.

Axmiseprio, from dvri, against, and ofmw, to putrify; possessing
the power of preventing or refarding putrefaction.

Aqua REc1A, 4. e., REGAL WATER, a mixture of nitriec and hydro-
chloric acids; so called from its property of dissolving gold,
which was held by the alchemists to be the king of the metals,

Aquo, 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 (H 0,80,).

ATHERMANOUS, from &, not, and Béppog, heat ; that through which
heat will not pass, is said to be athermanous.

ATMOSPHERE, from drpbde, vapour, and ogaipa, asphere ; commonly
used to denote the sphere of air which surrounds the globe.
Arom,-1¢, from &, not, and répvw, to cut; a minute particle of

matter, not susceptible of further division.

ATTRACTION, -IVE, from ad, to, and trako, to draw ; the tendency
which bodies have to approach or unite with each other.

Azorg, from &, not, and Zwi), life ; another name for nitrogen; so
called because it is incapable of supporting respiration.

Barroy, from Bapvc, heavy ; the metallic base of baryta.
BAROMETER, from [apoc, weight, and péTpov, a measure; an instru-
ment for measuring the varying pressure of the atmosphere.
BanyTA, a compound of oxygen and the metal bariwm (Ba0O), pos-

sessing alkaline properties.

Bravrovs, from bibo, to drink ; that which has the property of drink-
ing in, or absorbing, moisture.

Borox, a dark, olive-coloured elementary substance, obtained from
boracic acid, insoluble in water, and a non-conductor of elee-
tricity.

Bromixg, from Bpapog, a strong odour ; an elementary %iquid of a
reddish-brown colour and suffocating smell : in chemical proper-
ties, it strongly resembles iodine.

Cavoric, from calor, 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.
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CapsurE, from capsula, a little chest ; a small shallow eup.
Carsox, from carbo, a coal ; the chemical name for charcoal.
Cavstic, from kaiw, to burn ; possessing the power of burning.
C'HEMISTRY, -I0AL, from an Arabic word, signifying the knowledge of

the substance or constitution of bodies ; the science whose ob-
ject it is to examine the constitution of bodies.

CHLORINE, from yAwpbc, green; a greenish coloured gas, of a
pungent suffocating smell, and possessing chemical properties
nearly allied to those of oxygen.

CrLeAVAGE, PLANE oF, the plane in which crystals have a tendency
to separate.

Comgsiox, from con, together, and &ereo, to stick ; the power which
causes the particles of a body to cling together and resist sepa-
ration,

CoaBusTION, from comburo, to burn ; the disengagement of light and
heat, which frequently accompanies chemical combination.

CoxpuorioN, from con, together, and duco, to lead ; the power of
transmitting heat or electricity, without change in the relative
position of the particles of the conducting body.

CoNGELATION, from con, together, and gelo, to freeze; the process
of freezing.

CoxsTITUENT, from constituo, to put together ; that of which anything
consists, oris made up.

CoNxTRACTION, from con, together, and #raho, to draw; the state of
being drawn into a narrow compass, or becoming smaller,

CoxvEX, from con, together, and weho, to carry ; eurved outwardly,
or protuberant.

CoRPUSCULAR, from corpus, a body ; composed of, or relating to,
atoms.

CRYSTALLOGRAPHY, from xpdiorallog, a erystal orice, and ypddw, to
describe ; the science which treats of erystals,

CrysrarnizaTION ; the formation of crystals during the passage of
certain substances from a fluid to a solid state.

Cusg, -1¢ ; a solid figure contained by six equal squares.

CyaxoGEN, from kiavog, blue, and yevwvdw, to produce ; a colourless
gas composed of carbon and nitrogen (CgM). Its chemical pro-
perties much resemble those of oxygen and chlorine ; it derives
its name from the circumstance of its entering intothe composi-
tion of prussian blue.

CyanipE ; a compound of eyanogen with a metal is called a cyanide, |
as cyanide of potassinm (K,C,N).
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DecoxrosiTion ; the resolution of a compound substance into its
component parts.

Decreprrarion, from de, from, and erepito, to crackle; the erack-
ling noise which certain salts make when heated, usually caused
by the sudden escape of water.

DerLasrATION, from deflagro, to burn ; burning.

Deriquescence, from deliqueo, to melt; a gradual melting or dis-
golving, caused by the absorption of water from the atmosphere.

Dexsity, from densus, thick; vicinity or closeness of particles ;
specific weight.

Deoxinize ; to deprive of oxygen.

Deroxarion, from defono, to thunder; explosion accompanied with
noise.

DispaANoUS, from did, throngh, and ¢aivw, to shine; that which
allows a passage to the rays of light, but disperses them so as to:
prevent direct vision.

DiaraERMANOUS, from duz, through, and Oeppde, heat ; that through
which heat will pass, is said to be diathermanous.

DixorprOUS, from dic, twice, and popds, a form ; having two dis-
tinet crystalline forms.

DIsINTEGRATION, from dis, meaning separation, and integer, whole ;
a complete separation of particles.

DisTILLATION, a separation drop by drop ; the process by which a
fluid is separated from another substance by being first con-
verted into vapour, and afterwards condensed drop by drop.

DoDECAHEDRON, from dwiexa, twelve, and é0pa, a base or side ; a
solid figure contained by twelve equal sides.

Esvrurriow, from ebullio, to boil ; the act of boiling.

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 erystals on the surfaces of bodies, in consequence of the
abstraction of water from them by the atmosphere.

ELrcrrIoITY, from 7jAextpov, amber; the name of a power of
matter, which produces a variety of peculiar phenomena, the
first of which were observed in the mineral substance called am-
ber ; the laws, hypotheses, and experiments by which they are
explained and illustrated constitute the science of electricity.

ELECTRODE, from f\extpow, electricity, and 65:_5::, a way ; the point
at which an electric current enters or quits the body through

which it passes.
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ELECTROLYSIS, -LYTE, from fjAexrpoy, electricity, and Avw, toloosen;
the act of decomposing bodies by electricity.

Epeyuxt, from elementuwm, an element ; that which cannot be re-
solved into two or more parts, and contains but one kind of
ponderable matter.

EMpYREUMATIC, from v, in, and wip, fire ; having the taste or smell
of burnt animal or vegetable substances.

ExposmosE, from évdov, within, and @opdc, the act of pushing; a
flowing from the outside to the inside.

Equivarest, from equus, equal, and valeo, to be worth ; equal in
value, or in the power of combining with other substances.
EvaporATioN, from e, out, and wapor, vapour; the conversion of a

liquid into vapour,

Exosmosg, from ££w, without, and @oudg, the act of pushing; a
flowing from the inside to the outside.

Expaxsion, 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.

Exprosion, from ex, out, and plawdo, 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 aleohol is formed in
gaccharine liquids.

FerruciNous, from ferrum, iron ; belonging to, or resembling, iron.

FiLTER, a strainer.

Frvoring, 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.

Frux, from fluo, toflow; that which itself readily melts when heated,
and assists in the fusion of other substances when mixed withit,

Foous, 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 aériform fluid.
GELATINOUS, from gelo, to freeze ; resembling jelly.

GraviTy, from gravis, heavy ; the natural tendency of bodies to fall
towards a centre, usually the centre of the earth.

GravITY, SPECIFIO; the relative gravity or weight of a body, consi-

Elarerl with regard to an equal bulk of some other body, which
18 assumed as a standard of comparison,
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HEeTEROGENEOUS, from &repoc, different, and yévoe, kind ; different
in nature and properties.

Homocexeous, from opdg, like, and yévog, kind ; alike in nature
and properties.

Hyprate, from $dwp, water ; any substanee which contains water
chemically combined.

HyprocEN, from ddwp, water, and yervdw, to produce ; an inflam-
mable, colourless, and aériform fluid ; the lightest of all known
substances, and one of the elements of water,

Hypro ; when prefixed to the name of a chemical substance, denotes
that hydrogen enters intothe composition of the substance which
it signifies.

Hyprosrarics, from #dwp, water, and oraroc, poised ; the branch
of Natural Philosophy which treats of the pressure and equili-
brium of non-elastie fluids, and also of the weight, pressure, -
&e., of solids immersed in them,

Hyro, from vmo, under ; when prefixed to a word, denotes an inferior
quantity of some ingredient which enters into the composition
of the substance which it signifies.

Hyrorngesis, from ¥ro, under, and 7ifnue, to place ; a principle sup-
posed, or taken for granted, inorder to prove a point in question.

IGﬁITE, 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 perceptible weight.

INCANDESCENT, from incandesco, to grow white ; white or glowing
with heat.

INCREMENT, from incresco, to increase ; the quantity by which any-
thing increases 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 neighbouring bodies.

INERTIA, from inerlia, 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,

InsunATion, from insula, an island ; when a body containing a
quantity of free heat or electricity 1s surrounded by non-con-
ductors, it is said to be insulated.

InTERSTIORS, from inderstitiwm, a break or interval ; the unoceupied
spaces between the molecules of bodies.
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Toping; & compound of iodine and a metal.

Toprxe, from fow, a violet, and &idog, the form or likeness; a soft
opaque elementary substance, which, when heated, sublimes in
the form of a violet-coloured vapour.

Tsoneric, from iooc, equal, and pépoc, a part ; substances which

consist of the same ingredients, in the same proportions, and
yet differ essentially in their properties, are called isomeric.

Lamix g, from lamina, a thin plate extremely thin plates, of which
some solid bodies are composed,:

LEVIGATION, from l@vis, smooth ; the reducing of hard bodies to a
very fine powder, by grinding with water.

Liax1x, from lignwm, wood ; an organie principle of which the fibres
of vegetables are mainly composed.

Lirxus; a blue pigment obtained from the lichen roceella; it is a
most delicate test for acids, which turn it red.

MALLEABLE, from malleus, a hammer; that which is capable of
being spread out by hammering,

METALLURGY, from pérallow, a metal, and &pyor, a work; theart
of working metals, and separating them from their ores.

MOLEOULES, -AR, a diminutive from moles, a mass; the infinitely
small material particles, of which bodies are conceived to be
aggregations,

MucrnAcizous ; 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.

NasoExT, from nascor, to be born; in the moment of formation.

NirroGEN, from wiTpov, nitre, and yevvdw, to produce; a colourless
elementary gas, devoid of taste and smell; it is one of the con-
stituents of the atmosphere, and also of nitrie acid, from which
latter circumstance 1t derives its name.

NirrocENoUS; containing nitrogen in eombination.

NucLevs, from naucleus, 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 érra), eight, and édpa, a side; asolid figure

contained by eight equal and equilateral triangles.
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OLEFIANT GAs, from olewm, oil, and Jio, to become ; a colourless gas,
composed of carbon and hydrogen (C,H,), which derives its
name from its property of forming an oil-like liguid with
chlorine,

ORGANIC MATTER, from Opyavow, 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,
1s called orgamic.

Ox10E ; a compound of oxygen with a metal or non-metallic body,
not having acid properties.

Ox1p1zE; to combine with oxygen.

OxyeEN, from &b, acid, and yerwdw, to produce; a colourless
elementary gas, which was formerly supposed to be the universal
acidifying principle.

PeriiciE, 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 colo, to strain ; to strain through,

PerMEATE, from permeo, to pass through; to penetrate.

PrExoMENoN, from ¢aivopar, to appear; an appearance which is
more or less remarkable.

Prrvosoray; from ¢gedéiw, to love, and sogia, wisdom ; the study or
knowledge of nature or morality, founded on reason and expe-
rience ; the word originally implying ¢ A love of wisdom.”

PavrocistoN, from ¢Méyw, to burn; a name given by the older
chemists to an imaginary substance, which was considered as
the prineciple of inflammability.

ProspHORUS, from ¢ac, light, and ¢pépw, to produce; a highly in-
flammable elementary substance, obtained from caleined bones,
which emits light when placed in the dark, owing to its under-
going a slow combustion.

Praysics, -1041, from ¢iioig, nature ; the science of natural bodies,
their phenomena, causes, and effects, with their affections,
motions, and operations.

PxeumATIcs, from wrveipa, air; that branch of Natural Philosophy
which treats of the weight, elasticity, and other properties of
aériform fluids.

Porariry ; the opposition of two equal forces in bodies, similar to
that which confers the tendency of magnetized bodies to point
towards the magnetic poles,

Porarizep nieut; light, which by reflection or refraction at a certain
angle, or by refraction in certain crystals, has acquired the pro-
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perty of exhibiting opposite effects in planes at right angles
to each other, is said to be polarized.

Pores, from wépoc, a passage; the small interstices between the
solid particles of bodies.

PRECIPITATION, from precipito, to fall suddenly ; the formation and
separation of a solid substance in a liquid.

Propucr, from pro, forth, and duco, o draw; anything formed
from the elements of another by an operation.

Prro, from wip, fire; when prefixed to a word, denotes that the
substance which it signifies, has been formed at a high tem-
perature.

QuALITATIVE ; regarding the properties of a body, and the kinds of
matter of which it is composed, without reference to quantity.

QUANTITATIVE ; regarding quantities.

Raprariox, from radius, a ray ; the shooting forth in all directions
from a centre.

RareracriON, 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.

ReoriFicATIoN ; the process of drawing anything off by distillation,
in order to obtain it in a state of greater purity.

REeFrAcTION, from re, back, and frango, to break ; the deviation of
rays of light or heat from their direct course, when passing
through media of different densities.

REFRIGERATION, from #¢, again, and frigus, cold ; the act of cooling.

RepuLsion, from re, back, and pello, to drive; that property in
ceitmn bodies, whereby they mutually tend to recede from each
other.

SALIFIABLE BASES, from sal, salt, and fio, to become ; bodies capable
of combining with acids, to form salts,

Sarip, from sapio, to taste of ; possessing the power of exciting the
organs of taste,

SATURATION, -ATED, from safur, full; the solution of one body in
another until the receiving body can contain no more. A solu-
fion is said to ba'mtumtgd with an acid or an alkali, when the
latter is added in sufficient quantity to render it neutral, and
supersaturated when the point of neutrality has been exceeded.

Sovrurion, from solvo, to loosen or melt; any liquid which contains
another substance dissolved in it.

SOLVENT ; any substance which will dissolve another.
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SeEcrric, from species, a particular sort or kind ; that which deno-

minates any property which is not general, but is confined to
an individual or species.

SPECIFIC GRAVITY ; see GRAVITY, SPEOIFIC.

SUBLIMATION, from sublimis, high ; the act of raising into vapour by
means of heat, and condensing in the upper part of the vessel.

SULPHIDE; a combination of a metal with sulphur.,
SUPERSATURATE ; 8¢e SATURATION,

TERNARY, from fer, thrice; containing three units.

TerrAHEDRON, from réooapec, four, and &dpa, 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 #rituro, to thresh ; to reduce to powder.

YVacvuwn, from vacuws, emply; a space empty, and devoid of al.
matter.

Vorume, from wolwmen, a roll; the apparent space ﬂcaﬁpied by a
body.

WeicHT ; the pressure which a body exerts vertically downwards,
in consequence of the action of gravity.

ZERO: the numeral O, which fills the blank between the ascending
and descending numbers of a series.
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Baryta, detected 3
,,  action of reagents on

mixture of sulph. copper and chlqr sodium .
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Baryta, estimation of ‘PEEE
,»  nitrate . . 297
33 ﬂxalﬂtﬁ 53
sul ha.te $3
anes class:ﬁcatmn of .m0
Bﬂt-h ﬂll 104
), saline . 194
sy~ Water . 198
Beale's furnace . . 196
Bending glass - 2 BT
Benzoic acid, action of magents on . 137
Bichloride of platinum : . 229
Binoxide of nitrogen, prepared an{l expﬁnme:ttﬁd mth 3 4 AT
Bismuth detected . 150, 169
.,y  Oxide, action of reage:;t: on R . 118
Blaﬂk flux . 9230
Blowpipe flame . 39
i Mouth, how used 43
7 sy experiments with 44
ys  Water g . . B34
Boiling points of saline solutions . . 195
Boracic acid, action of reagents on : ; . 122
n detected . 156, 161, 176
Borax ; . . 225
Bromie acid, a.ctmn of reagents on . 2b2
Bulbs, glass made S
Burning filters . 191
C.
Cadmium, oxide, action of reagents on . 243
Calcium, chluncle ; . 226
Calculation of results in ﬂ.naljraxa . 197
Calomel, behaviour with reagents O
Gaﬂutchnuc conneetors, how made SAENT
Carbonate of ammonia, uses of . 220
n impurities in . 220
i put.aah impurities in . 232
o5 soda, impurities in . . 224
,; fusion with . 181
Ga.rbanﬂtes, analysis of : o AT
Carbonic acid, action of reagents on : 123
= detected 3 : 155 175
" prepared and expermented with 14
- substances heated in 58
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Carbonic acid in carbonates, estimated
Carbonic oxide, prepared and experimented with
Charcoal support -

sy specific gravity uf’
Chemical equations

- equivalents .

' symbols .

terms, Glossary ::-f

Chloric acid, action of reagents on

T detected
Chloride of barium
calcium

13 ‘ =
Chlorine, estimation of

33 generated
Chromate of potash ; .
Chromie acid, action of reag&nts oni .
Chromium, oxide, action of reagents on
il . detected . :
. sy Dichroism of its uumpnunds
Citric acid, action of reagents on .
GIaSSLﬁcatmn of bases and acids
Cleaning apparatus . ‘
Cleanliness, importance of
Cobalt, oxide, action of reagents on
yy detected .
,, Ditrate
Copper, oxide, action uf reagents on
y» ammonio-sulphate .
sy Aarsenite
yy detected
ys estimation of
y, hydrated oxide
ys  Dyrites, analysis of .
y»  sulphate, analysis of
N a reagent
Cork boring . i
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Crystals of arsenious acid
R tin .
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Decantation of gases .

A washing prempltntrea l:r]'
Deflagrating spoon
Desiceation in vacuo
Dichroism of salts of chromium
Discoloration of glass, removed
Distillation of ammonia :

i hydrochloric acid
B nitric acid
S water
sy in tubes
Double filters
Dropping-bottle .
Drying . <

Earthy phosphates, detected
Equations ;
Eqmvalents, chemical :
Ether, Table of specific gravities uf
Evaporation

Experiments with the muut-h hlt-wpp& :

F.

Ferrideyanide of potassium .
Ferrocyanide of potassium .
Ferrocyanogen
Filters, burning of

,,  ashes estimated

,»  moistened

,y  folded

53 double .
Filtering hot solutions
Filtering-blocks
Filtering-ring
Filtration
Flame, Oﬂdlzmg and Reducmg
Flasks, uses of . ;
Formie acid, action of reagems on
French We:ghta and Measures
Funnels . !
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Furnace, Hardwich and Beale's
Fusion with carbonate of soda

G.

(as, ammoniacal, prepared and experimented with

Gas and air, mixture of

hydrochlurm acid, prep:-:red :md experimentred mth

yy olefiant
Gaseous mu,mpula.tmn
Gases, dried .
(rases, soluble, premmt-mn af
substances heated in
transferred
Gashulder Pepy’s
(Feneral rules
Glass, annealed
,» bending of
y, bulbs made
,, Tods joined
,, stirrers made
., Syphon made
4y tube heated .
ss 5, hermetically sealed
tubes joined :
Gla:a.s-wnrkmg
(lasses cleaned .

,»  precipitating .
(lossary of chemical terms .,
Glucina, action of reagents on
Gold, perﬁ]:lﬂnde :

,, oxide, action of reagents on
Gravity, specific ; see Specific gmwtjf
(Gunpowder, analysis of

H.

Handles of paper for tubes .

Hardwich’s furnace

Heating in gases

;»  substances in carhnme amd
Hydrated salts, estimation of water in .
Hydriodic acid, action of reagents on
o detected . :

Hydrobromie acid, action of reagents -:m

g

. 25
. 196
23
18
11
56
23
59
13
151

38
37
41
37
36
87
36
42
39
34

iy
. 259
. 244
. 229
. 244

o8

. 76
. 196
. b
s B8
. 199
126

. 155, 156

. 252



276 INDEX.

PAGE

Hydrochlorie acid, distillation of : ; - - . J1

o uses of . - - - : . 215

A action of reagents on : . . . 125

o impurities in . T fat . . . 214

o detected . . . 156, 160, 176
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Hydrosulphate 'I:rf AmMmonia . - . - - . 219
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s action of reagents on . : ; . 127
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= detected . . 155, 160, 175
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I.
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Indian rubber connectors, maﬂa : : . : : . D

Indigo sulphate . : ; : : . . 229

Inorganic acids, action of reagents on . : : : . 119

Todic acid, action of reagents on . ; : ; ; . 208

Todide of pntassium y 3 : . ; . : . 223

Iodine, detected : : . 155, 156, 160, 176

Iridium, oxide, action of reage:lts un : : ; : . 244

Tron, detected . . : : ! . 151, 152, 1568, 170

,, estimation of . ; 3 : . . 206, 210

,, perchloride, prepa.red . ; : : - i

& = uses of . : . ; . : . 287

Iron, peroxide, action of reagents on . . : : . 92

,, protoxide, action of reagents on . - . . i |
g,

Jacket, crucible : 192

Jet, specifie gravity of ia

Joining glass tubes
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Labelling, necessity of .
Lamp, gas : : .
,, mixture of gas and air
;s Rose’s .
yy Solly’s

Lead, umde actwn of reaEEnta ::m
o deteﬂtrad ; g
,y Doeetate

,, chloride . .
,, chlorosulphide .

,, chromate .
,, lodide .
,, phosphate.
,» subacetate
Sulphate :
Lune, action of reagents on .
yy Water
,, estimation of

,, detected . -
,, carbonate, decompoaed hy heat
,y oOxalate . :
,, phosphate
sulphate . :
quluda, heated in tubes .
,,  hermetically sealed in tubes
,,  preliminary examination of
Lithia, action of reagents on

M.

Magnesia, action of reagents on
Magnesia, blowpipe test for
3 estimation of ;
,s  ammonio-phosphate of .
) detected .
Magnesian limestone, aualjrms of .
Malic acid, action of reagents on .

Manganeaﬁ, protoxide, action of reagents on .

- blowpipe test for

i detected . . .
Manganie acid, action of reagents on
Marble, specific gravity of .
Marsh's test for arsenic
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Measures, Imperial . g : ; : : - : ngg

" e weight of water contained in . : . 232

e 5 cubic inches contained in . : ; . 233

Mercury, protoxide, action of reagents on . ; ; . 107

1 peroxide, action of reagents on : 5 : . 109

1 detected ; ; : . 149, 150, 166, 169

ks perchloride, rmgent 3 p i 2 . 998

ks red oxide, decomposed by he&t - . . . 45

» periodide A 1 s ; . 110

Metallic oxides, action of rea.gentﬁ on . : - - T -

Method, 1n1pnrtance of - : - : ; : e L]

M_mmmsmm salt : 5 2 - - . 290

Molybdenum, mﬂde, action of rengmts on . - 3 . 246

Molybdic acid, action of reagents on . : . : . 251

Mouth blﬂwpipe how used : : | i - . 43

experiments with ; - : : . 44

Muriate of ammonia, formation of : - : - . 8
N.

Nickel, oxide, action of reagents on . - : . 244

,s detected . - : : : . 152, 158, 172

Nitrate of baryta i ; : : . ; - . 227

5y cobalt : - - ; : : - . 22T

58 potash, impurities in . . ‘ : ; . 222

,s  silver, impurities in . ; . : . . 228

Nitrie acid, distillation of . - . x : : N uh

o uses of . : - . - . 215

3 action of rengen’t& on . . : : . . 129

. impurities in . . ; : i : . 215

= detected . ; : : D6, 1T

Table of Epemﬁc gI’:TE’ltlES cuf 5 g - . 235

Ni 1trﬂgen, binoxide of, prepared and experimented with . e )

Nitrohydrochloric acld . ; : . : ; . 2156

Notes, importance of making : ; : : st ol T4
0.

Oil bath . : - . 104

Olefiant gas, prepa.rad and expenmented with . . . 18

Organic acids, action of reagents on . ; ; : . 181

,,  mixtures, detection of arsenicin . . ; . 105

Osmium, oxide, action of reagentson . . . . . 247

Oxalate of ammonia, uses of . : . - ; . 220

Oxalic acid, action of reagents on . : - 2 : . 132

\y impurities in . ; ; ; ; - P B
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Oxidizing flame . -
Oxides, metallic, reduced bj" hjfdrc-gen .
action of reagents on .

Oxygen, prii.‘:pﬂ.l'Ell and experimented with
E o

Palladium, oxide, action of reagents on
Pepys's gasholder :
Perchloric acid, action of reagenta on

Perchloride of guld
5 of iron, prepared
1 1 & rEﬂgEﬂt
of mercury

Phnspha,tes, earthy, detected
Phosphate of soda ;
of soda and ammonia . :
Phusphﬂrm acid, action of reagents on .
- detected
Phuaphﬂmua acid, action of reagents on
Platinum, oxide, action of reagents on .
,,  bichloride -
., . cracible
Pnenmatie trough
Potash, action of reagents on
5y usesof . - :
5y  Uetected
s, impurities in .
;s Table of specific grﬂmtles of
,, antimoniate : .
5y  bitartrate
,y  carbonate
,, chromate
4y  Ditrate
,, red prussiate .
yellow prussiate
Puta.ssmm, estimation of

o cyanide
- ferrideyanide
23 ferrocyanide :
e iodide :
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Precipitating glasses

Precipitates, crystalline, pre}:autmns respectmg
- dried .
5 filtered
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Pr&mpna,tea washed

I’rempltatmn, precautions realmctmg

Preliminary examination of solids
liquids

Pmt-uchlnride of tin :

Prussian blue .

Prussiates of potash

Pulverization

Pyrites, copper, qummtatwe a.nal;,rs:s uf

Q.
Qualitative analysis of simple soluble salts :
4 y,  salts, soluble in acids
e s  insoluble salts .
3 of mixed salts : ;
3 2+ 33 Soluble in water

1 13 L
1 1

¥
Quantitative analysis . :
0 operations in

5 of sulphate of cnp};Er
of chloride of potassium
of a mixture of sulph. cupper, and c]ﬂur

1
LB ]

sodium
13
a2

' of copper pyrites .
R.
Reagents, use of
described

13
Reduecing flame .
Reduetion test for arsenic
Reinsch’s test for arsenic
Results, calculation of

Rhodium, oxide, action of rea,:,ent.s on .

Rods, glass, cut .

s 9y Joined

,y Stirring, made .
Rose’s lamp
Rules, general

soluble in acids

insoluble 1 in water and am&s
. DOBT
bt
. 184
. 198

list of salts for practice in

of sulph. zine and carb. harjrta
of magnesian limestone .
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Saline baths .
Salts, estimation of water m
Table shewing the sﬂlubﬂlty of

,, for practicein qualitative analysis
Selenic acid, action of reagents on :
Selenious a.mcl action of reageuta on
Silicates, fuslcm with carbonate of soda .
Silicic acid, action of reagents on

3 detected .

Silver, oxide, action of reagems on
detected .
ammonio-nitrate
chloride .
nitrate
phnsphﬂ.te :
Scrrla. action of reagents on .

,, detected .

,s Table of slnemﬁc gru.ﬂtles af

,, Aantimoniate e .

,, biborate .

45 carbonate .

phosphate

Snr]mm, estimation of
Solids, preliminary examination af
Solly’s lamp
Soluble gases, pr&pamtmn of
Solution
Solutions, saline, 'hmlmg 'ptrmts of
Specific gravity of solids

1

n
L)
13
L

13 33 llght&'[' thﬂﬂ water
= ingoluble powders
1 llq'l.llﬂ.ﬁ

oy effects of tempemture on
Staing on glass removed ; ;
Starch, solution of
Stirring rods, made
Strontia, action of reagents on

= detected . :

T blowpipe test for .
Suceinic acid, action of reagents on
Sulphate of copper, analysis of

13 1 a reagent
3 of indigo .
of lime
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Sulphates, blowpipe test for F . : ; . ; r{gg

Sulphides, action of reagents on . : ; : ] . 127

i% detected . . . : ; . 160, 180

Sulphur, estimation of . 1 : : : : . 209

Sulphuretted hydrogen, preparation of | : : ; . 216

> action of reagents on : A . 127

i3 apparatus, tubes prepared ; . 40

Bulphuric acid, action of reagents on t - : . 119

o detected : L : . 165, 161, 175

i Table of specific gravities of . : : . 234

e estimation of ; : : ; . 199

2 uses of - : : : - . . 214

5 desiccation over . . : : : . 194

P impurities in : ! : : : . 2138

Sulphurous acid, action of reagents on . . ; ; . 254

Symbols, chemical, : . : : - . |

Syphon tube, made . ; ; : ] : - 0 A
d L5

Table, strength of Ammonia ; : . . : . 239

3 is Aleohol g . ; ; : . 239

¥a o Ether . : . g . i . 240

5 A Hydrochloric acid . i : : . 236

5 s Nitrie acid - ; - ; ; . 235

£y = Potash . : . : . : . 238

o o Soda ; : ; i A : . 238

Sy Sulphurie acid . h : . ] . 9234

»» Showing the action of reagents on oxides and acids . 242

»» Showing the boiling points of saline solutions - . 194

v Showing the solubility of salts . ; - : . 241

Tartaric acid, action of reagentson . : : ; . 138

o uses of . - - . . : . . 219

% PnpURteE i B R e . Loi8

Test tubes, made - ; . : 5 3 ; L bR

3 cleaned . 5 : ; ; : . . B

Tin, detected . : ; : : : . . 151, 168

55 Pprotoxide, action of reagents on . - : : . 115

sy peroxide, action of reagents on . 5 ; 3 . 116

y5 pProtochloride, reagent . - ‘ : - : . 229

ys Crystals of . R T o . o 117

Trough, pneumatic e e . . . - . {}15

Troy weight . b ; : - ; . 232

Tube distillation . . . . . . s . 147

. »» glass, joined . : : - : : : s 09
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Tubes, glass, hermetically ‘aesle:i ¢
for blowpipe experiments .
syphon, made .

M :

Tungstic acid, action of reagents on
U.

11

Uranium, oxide, action of reagents on .

Y.

Vanadic acid, action of reagents on

Vanadium, oxide, action of reagents on.

W.

Washing-hottle, tubes for
Washing precipitates .
Water, estimation of, in salts

,, formation of . -
,, distillation of . :

,, impurities of, detecte

,, distilled .
Water blowpipe .
Water bath
Weighing . : - : :
Weights and Measures, Tables of
e French
Wooden filtering blocks
Working glass

Y ttria, action of reagents on

Z.

Zine, oxide, action of reagents on .
yy detected . -
4y blowpipe test for
,; estimation of .
Zirconia, action of reagents o

-
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¢ This treatise resembles in style of treatment the famous Bridgewater
Treatises," —Athenaum,

THE PRESCRIBER’S PHARMACOP(ETA ; containing
all the Medicines in the London Pharmacopeeia, arranged in
(lasses according to their Action, with their Composition
and Doses. By a Practising Physician. Fourth HEdition,
32mo, cloth, 2s, 6d.; roan tuck (for the pocket), 3s. 6d.

¢ Never was half-a-erown better spent than in the purchase of this
¢ Thesaurus Medicaminum,” This little work, with our visiting-book and
stethoscope, are our daily companions in the carriage.”—Dr. Johnson's

Review,

VESTIGES OF THE NATURAL HISTORY OF
CREATION. Tenth Edition. Illustrated with 100 En-
gravings on Wood. 8vo, cloth, 12s. 6d.

BY THE SAME AUTHOR,

EXPLANATIONS: -A SEQUEL TO ¢“VESTIGES.”
Second Edition. Post 8vo, cloth, 5s.













F
! - ..1.1 -
F 3
£ - =) . - R [
- o -
N 1 i 77
% .. .| i 3 =
- :
% L -F o ....,.l... E. S
fl
R
rlf -
k:
-
-
o -
%
- P LY o . H |
a s s " .- e .
- ....l... by = }-- -...I r ||I
3 g Uyt sralh
} i T - T 3 - -l .Ill o " -I
T . .-. - - - - -l . ’ =
Toe s o T ; Batie i e
- - e T T "t
i, ! b=t
- 85 T l-.l a8l FF T Ty b P | -y
Fais SRe e L A ] TR = bt L F Lt - i I b
LA s A A e T T o, P A i1
" v ARl s AL T v ey Tl i L] Wil




