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TO THE MEMBERS

oF

THE MECHANICS' CLASS

OF THE

ANDERSONIAN INSTITUTION,
GLASGOW.

GENTLEMEN,

The following work, written by one
of your number, was undertaken for the purpose
of furnishing to junior students of Chemistry, a
text-book at a moderate price.

The contents of the work, are, an introductory
view of Chemistry, and a collection of interesting
experiments, with such directions for the perform-
ance of them, as, I hope, will render the under-
standing of the processes perfectly easy. For the
materials of the work, I must (like the author of
every elementary work) acknowledge myself chief-
ly indebted to the writings of others; and more
particularly to those of the eminent chemists of
the present day. In the arrangement of the dif-
ferent subjects, I have studied simplicity ; and in



1V
language, conciseness. My readers, I trust, wi|
neither find themselves puzzled by confusion i
theory, nor wearied by circumlocutory details.
To none can I dedicate this work with mow
propriety than to yourselves. When I first sat of
the same benches with you, and felt (what mani
young members of the class still feel) the want |
a book of this nature, and the impossibility of ol

taining it, I determined to compile such a one, i
soon as my attainments in science rendered

capable of so doing. Since then, some time hai
elapsed, and now I have endeavoured to perforr
what I had projected. The result of this undes
taking, I beg leave to present to you, and hope
may be found not unworthy of your patronage.

]I am, GENTLEMEN,
Your obedient Servant,

J. Gi
Grascow, September 18th, 1823.




ADVERTISEMENT

TO

THE THIRD 'EDITION.

—-—l—ll*l-—-

SiNCE this work was last presented to the public, it has
undergone a therough revision, and now makes its ap-
pearance in a greatly improved state. Many hundred
corrections have been made; the language has been
rendered more explicit; the details more minute. The
Index also has been enlarged; and a considerable Glos-
sary has been incorporated in it.

The Public will please to consider my endeavours to
improve the book, as my best mode of returning thanks
for the favourable reception it met with at its first ap-
pearance.

Now that Mechanics’ Institutions have been established
in many parts of the kingdom, it is gratifying to me
to be able to add, that this book has been recommend-
ed, by very competent judges, as being  peculiarly
adapted for the use of the members of those Institutions.”
It was expressly for the use of Mechanics that the book
was written: I have therefore obtained the object that I
had in view.

London, May S1st, 1824,
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2 INTRODUCTION.

4. In man’s researches into the nature of the thing
whence he derives the means of his comfort, his happiness
his luxuries, and even his existence—in examining th!
various objects which compose the mineral, the vegetabld
and the animal kingdoms, Chemistry is essentially requisif
for the successful progress of his inquiries. '

9. In considering the application of Chemistry to tht
improvement of the arts of civilized life, a wide field o
contemplation opens to our view., So extensive, indeed:
are its influence and importance, that, in most of the arts
many of the processes, in some all, that are employed:
depend on cheémical principles,  The bare mention o
some of these arts will 'suggest ample illustrations of it/
extensive utility. | '

6. In the medical art, of so great service is a knowledgy
of Chemistry, that it is now universally regarded as an
essential branch of a medical education. 1In the art o
extracting metals from their ores, in purifying and comy
bining them with each other, and in forming instrument
and metals—whether for useful or ornamental purposes—
almost all the processes are purely chemical. The art!
of glass and porcelain making—of tanning, soapmaking
dying, and bleaching—depend entirely upon Chemistry -
and all the processes in baking, brewing, and distilling;
most of the culinary arts, and many others in domestig
economy, are chemical operations, In short, wherevers
in any of the processes of nature or of art, the addition o
the abstraction of heat takes place—wherever substances
in combination are to be separated—wherever the union
of simple substances and the formation of new compoundsg
are effected ;—the operations and their results can only;
be explained on chemical principles.

7. From this general view of the extensive applicationy
of chemical science, those who have not considered the«
objects which it embraces will be enabled to Jjudge of thex

importance of this study,

8. If we consider Chemistry purely as a science, we:
shall find no study better caleulated fo encourage that:
generous love of truth which confers dignity and supe- .
riority on those who successfully pursue it. No science:
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holds out more interesting subjects of research, and none
affords more striking proofs of the wisdom and beneficence
of the Creator of the universe, A machine constructed
by human art, is admired in proportion to the simplicity
of its contrivance, the extent of its usefulness, and the
niceness of its adaptations.  But the works of man sink
into nothing when brought into comparison with the works
of nature. When examining the former, every step of
our progress is obscured with comparative clumsiness and
defect: in contemplating the latter, we behold perfection
rise on perfection, and more exquisite wonders still meet-
ing our view. It is the merit of Chemistry, that by its
aid we are enabled to take a minuter survey of the great
system of the universe. And, so far as our limited powers
can comprehend it, the whole is nicely balanced and ad-
justed, and all its changes tend to the most beneficial pur-
poses.  Circumstances which, on a superficial view, were .
seeming imperfections and defects, a closer inspection
points out to be real excellencies. In all the singular and
surprising changes which everywhere present themselves,
the more closely we observe and examine them, the more
we shall admire the simple means by which they are ac-
complished, and the intelligent design and perfect wisdom
displayed in the beneficial ends to which they are directed.

9. Chemistry is a science that is founded entirely upon
experiment ; and no person can understand it unless he
performs such experiments as verify its fundamental truths.
'The hearing of lectures, and the reading of books, will
never benefit him who attends to nothing else; for Che-
mistry can only be studied to advantage practically. One
experiment, well-conducted, and carefully observed by the
student, from first to last, will afford more knowledge
than the mere perusal of a whole volume. Itmay be ad-
ded to this, that chemical operations are, in general, the
most interesting that could possibly be devised—Reader!
what more is requisite to induce you to

MAKE EXPERIMENTS?

10. Tt has been found, that all the marvellous diversity
of appearance under which bodies are presented to the eye,
and the changes of state to which they are incessantly sub-
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jected, are occasioned by the reciprocal actions and com-.
binations of a few unchangeable primary bodies. The
properties of these bodies, and the nature of the laws:
which regulate their actions, are, therefore, the objects ofy
which the chemical student is to enter into an investi gation.,

11, There are two methods by which chemical know-.
ledge is acquired, analysis and synthesis ;—the former sig-.
nify the separating of the constituent parts of a compound
body—the latter, the formation of a compound body, by;
the putting-together of its component principles. . Bothi
analysis and synthesis are effected by means of certain pro-.
cesses or operations, thence called chemical operations.

12. It is evident from what has been said that the whole:
subjects of Chemistry are resolved into— First, the art of!
performing the necessary chemical operations, (that is,,
of malking experiments,)—and, Secondly, the obtaining,,
through experiments, a knowledge of the nature and pro--
perties of all natural bodies, simple and compound ; so ass
to be enabled to apply these bodies to useful or ornamental |
purposes.

' SIMPLE BODIES. -

13. Formerly, fire, water, air, and earth, were regarded |
as—and as the only—simple bodies : that is to say, as the:
elementary bodies, or different sorts of matter, of which |
all other known bodies were composed. ~ But water, air,
and earth, have been now proved to be compound bodies,
(the nature of fire is still unknown,) and there are many
substances in nature which have no place at all in the list,
This system, thus shown to be very erroneous, has been
long given up.

14. When' we say that a body is simple, it is to be un-
derstood, that it has not yet been decomposed—that is to
say, has not been resolved into other different substances,
It is prebable that we are not yet acquainted with any one
of the clements of matter; but yet, as long as the bodies
with which we are acquainted continue undecomposed, they
are to be regarded as simple, or elementary bodies, It is
surely needless to give any account of what is meant by a
compound body, for the term is self-explanatory.

15. The metal gold affords a very good idea of a simple
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body ; for, though that substance may be melted by heat,
or dissolved in a corrosive menstruum, yet it is recovered
unchanged in its properties ; but, on the other hand, mar-
ble is, by a strong heat, converted into two other bodies—
one of which is lime, the other, an elastic fluid (or air) that
is disengaged during the process. Marble, therefore, is a
compound body.

16. The number of hitherto-undecompounded bodies is
fifty-three. Four others—light, heat, electricity, and mag-
netism, called the imponderable bodies—have, by some,
been added to these ; but, as their separate identity has not
been clearly ascertained, they are not generally reckoned
with the others. As, however, they produce, by their va-
rious and important actions, very remarkable effects in
other substances, we shall hereafter take such notice of
them as may be deemed necessary. The whole of these
fifty-three bodies may be weighed and measured, and hence
(in contradistinction to the four bodies just mentioned,
which cannot be weighed and measured) are called ponder-
able bodies. These, in order to facilitate the acquirement
of a knowledge of their properties, have been arranged as
shown in the following

17 TABLE OF SIMPLE BODIES.
CLASS FIRST.

Bodies having an immense affinity for the simple bodies
of the succeeding two classes; with which bodies they
combine, and thereby form substances that are totally dif-
ferent in their properties from the substances of which they
are composed : —

I. OXYGEN
2. CHLORINE

3. TODINE
4. FLUORINE.
CLASS SECOND.
Bodies of a non-metallic nature, but inflammable or
acidifiable : —
5. HYDROGEN
6. NITROGEN
7. CARBON
8. Borown
9. SULPHUR
10. PHOSPHORUS.

e

} Gaseous Bodies
} Fized and Infusible Solids

} Fhoible dha Volaide Solids
A2
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| CLASS THIRD,

Inflammable substances of a metallic nature. This
the most numerous class of simple bodies; the individu
of which it is composed being in number Jorty-three—as
shown in the Table of Metals, paragraph 29. These Sul
stances combine with nearly all the ten bodies nam
above ; but the most important compounds into which th!
enter, are the bodies formed by their combination w
oxygen.

18.—1. OxYGEN.—This is one of the most importz
agents in nature.  Scarcely a process of any descriptil
takes place, in which it has not a share. Ina simple stas
it is obtained only in the form of gas. It is an excee
ingly abundant body ; the air of the atmosphere contai
one-fifth of its bulk of it; and water, 75 parts in eve
100. Tt also exists in most natural products, anima
vegetable, and mineral.  Ouygen gas is, like common a2
colourless, invisible, tasteless, inodorous, and elastic. B
it is heavier than common air, in the proportion 113
10. " Tt is slightly soluble in water. Itis a powerful su
porter of combustion ; that is to say; when any inflams
body, as a lighted taper, is put into it, it burns very vigy
rously—much more so than if it were put into comme
air ; indeed, it is owing to the oxygen it contains, thi
common air supports combustion at all, as will be show
hereafter.  Its presence is also essential for the conting
ance of animal life. ~We cannot breathe air which hi
been deprived of its oxygen; and it must be noticed, th:
an animal lives, and a combustible body burns, much low
ger in a definite quantity of oxygen gas, than it would i
the same quantity of atmospherical air. Hence it is eys
dent, that oxygen is the principle which supports both liz
and fire.  Oxygen is not only found combined in naturs
bodies, but it can be made, by means of art, to combir:
with a great variety of substances, with which it forms ver:
peculiar compounds—see 97, 133. The method of o}l
taining oxygen gas, and of making experiments with it, :
described at 408 to 427.

NorE.—Properly speaking, orygen gas is mot a simpo
body : since the gaseous state is not the natural state ¢
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oxygen, but is owing to the presence of a peculiar chemi-
cal agent, which will be presently described, called caloric.
But as we know of no substances that are separated from
caloric, it is customary to apply the term simple to such as
‘are combined with caloric only.  Gas is the name given
to all permanently-elastic fluids, both simple and com-
pound; except the atmosphere, to which the term air is
appropriated. It is necessary to distinguish between gas
and vapour.  The latter is elastic and fluid, but not per-
‘manently so. The vapour of water (steam) upon cooling
becomes a liquid : it is, therefore, not a gas, for gases are
bodies whose aériform state is permanent. The methods
©of obtaining and exhibiting the properties of oxygen, and
other gases, is minutely described in the experimental part
of this work. | '
19.—I1. CHLORINE is a gas, possessing the mechanical
‘properties of common air.  Its colour is greenish-yellow
(which its namie literally signifies). Its taste is very disa-
%reeable, and its smell exceedingly strong and suffocating.
¢ would kill the person who presumied to breathe it; itis
dangerous, even when largely diluted with common- air,
Though not respirable, it is an eminent supporter of com-
bustion ; some bodies indeed inflame in it spontaneously.
It mixes very readily and largely with water, and then ac-
‘quires the property (for it has it not in its dry gaseous
state) of destroying vegetable colours. This has rendered
it useful in some bleaching operations.  The weight of
chlorine gas is to that of common air, as Hto 2. The com-
-pounds of chlorine are generally chlorides ; it forms, how-
“ever, a few acids. For the method of obtaining chlorine
gas, and of examining its properties, see 472 to 476.
90.—111. ToDINE is a solid body which has the colour
‘and lustre of plumbago. It is capable of erystallization.
It is slightly soluble in water. ‘When exposed to heat
about that of boiling water, it combines with caloric, and
is converted into a beautiful violet-coloured vapour, nearly
nine times heavier than common air. Iodine has an acrid
taste, and is strongly poisonous. In its smell and its ac-
tion on vegetable colours it resembles chlorine ; but its
effeets are less violent than those of that substance. It is
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incombustible ; but, in combining with several bodies, th
intensity of mutual action is such, as to produce the phe
nomena of combustion, It is obtained from seaweed, bu
it can be only got in small quantities, and its preparatio;
requires considerable skill. ~_decids and iodides are the pro¢
ducts of its combinations.

21.—IV. FLUORINE.—So strong are the tendencies o
this substance to combination, that as yet no vessel ha
been found, that is capable of con taining it in its pure state:
When united to hydrogen, it produces an intensely-aci¢
compound, called fluoric acid,

22.—V. HYDROGEN is only known in the state of gas,
and is sometimes called inflammable air. It is the lightes
species of ponderable matter with which we are acquainted]
compared to oxygen, its density is as 1 is to 15, It is the
basis of water, from which body only it can be procured]
Hydrogen gas, when pure, is possessed of all the physicas
properties of common air ; a slight odour, which it some=
times has, is produced by some substance that is held i/
solution by it. It does not support combustion, thougl|
it is itself one of the most combustible of all bodies ; being
that which gives the power of burning with flame to all
the substances used for the economical production of heat
and light. But it only burns in the presence of oxygend
It is not fit for respiration ; for animals which breathe itg
die almost instantaneously. If pure oxygen and hydrogem
gas be mixed together, they remain unaltered ; but if a:
lighted taper be brought into contact with the mixture, it
explodes with astonishing violence ; and, if the two gase-.
ous bodies have been mixed in certain proportions, thes
whole is condensed into water: hence we see the origin
of the term Aydrogen, which literally signifies the watepe

Jormer. Hydrogen gas is the substance which, on account!

of its rarity, is employed to inflate air-balloons. Thex
method of obtaining and making experiments with hydro-
gen gas is described at 428 to 441,

23.—VI. NITROGEN, called also azote (or life~destroyer),,
1s a gaseous body, rather lighter than common air; ofi
which it forms 4-5th parts in bulk, the remaining 1-5th|
being oxygen, It is tasteless, inodorous, colourless, and|
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capable of being condensed and dilated. It extinguishes
flame, and is fatal te animal life. It combines with oxy-
gen in various proportions, forming compounds which
differ greatly in their properties. ~In one proportion it
forms the air of the atmosphere: in other propertions,
the bodies described at 106, 107, 134, 135. With hydro-
gen, it forms the alkaline body ammonia (121); and with
chlorine and iodine, two very formidable detonating com-
pounds. o J

24,—VII. Carpon is the name given to the pure
inflammable part of charcoal, of which substance, the
diamond is only a variety in a pure crystallized state ; for
pure charcoal and diamond, when treated in the same
manner, produce precisely the same results. Carbon
is insoluble in water, and infusible by the most intense
heat. Carbon has a powerful affinity for oxygen, and is
thence useful in several operations, to be hereafter- de-
scribed : it is employed with advantage to purify various
substances. Carbon combines with oxygen, and produces
a gas called carbonic acid; and, when combined with
hydrogen gas, forms carburetted hydrogen gas—the same
that is now used to light up shops. Animal and vegeta-
ble oils, are composed almost entirely of carbon and hy-
drogen ; the difference in their properties resulting chiefly
from the variation in the proportions of these two bodies.
The same may be observed of gum, sugar, and starch,
All these bodies, however, contain oxygen.

25.—VIII, Borox is a solid of a dark olive colour,
procured frowm boracic acid, which is one of the constituents
of a substance called borax. It is infusible; but when
heated takes fire, and burns with a red light, and btilliant
scintillations. It was lately discovered, and is difficultly
prepared,

26,—1X. SurrHUR, a well-known substance, distin-
guished commonly by the name of brimstone. 1t is a hard
brittle body, of a yellow colour, destitute of smell, and of
a weak taste, It is universally diffused in nature; but
commonly combined with other bodies. It is insoluble
in water, but if poured into that liquid when liquified by
heat, it retains its softness; and in this state is employed
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for taking impressions from seals and medals, When |
posed to heat in close vessels, it is sublimed or volatiliz
in the form of a very fine powder, called, very absurd:
Slowers of sulphur. At a heat of about twice that of be
ing water, it takes fire, if in contact with the air, and buy
with a flame of a pale blue colour. [In this processs
dissolves in the oxygen of the atmosphere, and produ;
an elastic fluid acid. Itis a substance of great Importay
in chemistry and the arts. Oxygen unites with it in ¢
proportions, its compounds forming an interesting ser:
of acids, see 100, 101, 102. The compounds of sulphl
with metals are called sulphurets, With hydrogen:
forms sulphuretted hydrogen gas.

27.—X. PHOSPHORUS is a semi-transparent yellows
matter, of the consistence of wax, It is procured, in g
neral, by the decomposition of bones. It is so inflamx
ble, that it is set on fire by a heat of about one-third tk
of boiling water. Indeed, it has a luminous appearana
arising from a slow combustion, at the common temper
ture of the atmosphere. During its combustion, it emy
a dense white smoke, which has the smell of garlic, and|
the dark is luminous. When heated to five times t|
height necessary to inflame it (air being excluded) it boi
On account of its very combustible nature, it requires s
be handled with great caution. It is a violent poisa
Aleohol, oils, and ether, dissolve it in small quantitia
forming solutions, which are possessed of some curio
properties, as is shown among the experiments. Phosphi
rus, when burnt in oxygen, forms, by combining with!
in different proportions, a series of acids.

ON METALS.

28. The forty-three elementary substances which nc
remain to be described, are all METALS. They compo
the most numerous class of undecompounded chemie:
bodies, and are distinguished by the following gener
characters ; —

I. They possess a peculiar lustre.—IT. They as
opaque.—IIT. They are fusible by heat ; and in fusie
retain their lustre and opacity.~IV. They are excelles
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conductors of electricity and heat.—V. Many of them may
be extended under the hammer, and are called malleable ;
or under the rolling press, and are called laminable; or
drawn into wire, and are called ductile.—VI. When ex-
posed, highly-heated, to the action of oxygen, chlorine, or
iodine, they take fire, and are converted by the combustion
into oxides, chlorides, or iodides ; bodies destitute of lustre,
and other metallic characteristics,— VII. They will com-
bine, in almost any proportion, with each other, when in
a state of fusion, and thus form compounds, which are
termed alloys, bodies that retain the properties of metals,
—VIII. Irom their brilliancy and opacity, conjointly,
they reflect the greater part of the light which falls on their
surface ; hence they form excellent mirrors.—IX. When
combined with simple bodies of the second class, (11,)
they produce bodies of very peculiar characters, some of
them being gaseous, others semi-metallic, &c.—X. Many
of them may by peculiar management be crystallized.—
XI. They are very heavy: to this character, however,
(though it was till lately considered one of their most pro-
minent features,) there are important exceptions ; since
metals have been obtained, (potassium and sodium, for in-
stance,) which are lighter than water.

The relative weights, or specific gravities, of the differ-
ent metals, are noted in the general table of specific gra-
vities, at the end of the book. 5

The acquirement, retention, and application of know-
fedge, is much facilitated by a methodical distribution of
its different parts. The relations of the metals, however,
to the various objects of chemistry, are so complex and
diversified, as to render their classification a task of pecu-
Har difficulty. In the following ¢ Table,” they are ar-
ranged according to their perfectability. Those at the
head of the list are scarcely at all affected by the power of
oxygen. But as we progressively descend, the influence
of that beautiful element progressively increases ; so that
among those near the bottom, it exercises an almost des-
potic sway, which the magical pile of Volta, directed by
the genius of Davy, can only suspend for a season. The
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emancipated metal soon relapses under the dominion
oxygen. ,
. In an annexed column, is described the nature of 1
~ products formed by their union with oxygen. These coy
binations will be duly considered hereafter.

29. GENERAL TABLE OF THE METALS)

United to ; United t¢
él- -lél‘g-ﬂnum, o e o | %*'ﬂsﬂum, P b |
¥ 3 M . Rho Ium,m i
3. Silver, 26, Iridium, aeesee] %g&uﬂm
4« Paladium, e} 27 Uraniumymm e not mu
7. Iren, Metallic |30, Wodanium, ... il
8, Tin, ~| Oxides, or ;
9- Leadp e P et Neutra'.l - - :
10, Nickel, mmmsmmer| Salifiable |31 Potassium, o
1. Cadmium, «sw..{ Bases. |92+ Sodium, Alkaliess
R 33. Lithium, ;

13, *Bismuth, ~n| —
14, Antimony, s S JCaleinm, Sncisee| sl L o
15! Mar? ﬂ-ﬂeﬁaj L ek na s 35! B&I‘iuﬂl,w |
Iﬁ- Bt o SRS L 36. Strontium,
——— : - -| - - ‘mi Magﬂﬁium,m .
17, Tellutium, . | 38 VELrium, wwmrod  Barths,
18. Arsenic, 39. Glueinum, creemmme _
1_9. Chrnmiuml it 'i{}- ﬁlul'l'fllll:lm,m "

- Molybdenum,....|  Acids. |4l Thorinum, . i
21. Tungstenum,... 42. Zirconium
22. Columbium . ... 43. Silicium,

Seleniumy s '

. NorE.—Two of the classes of bodies which the abovw
Table points out as compounds of metals with oxygen, tl!
alkalies, and the earths, were, till very lately, supposed 1
be sumple substances ; and were, consequently, in ever|
system of chemistry, arranged with the other simple ba
dies: as, however, it has been fully proved that they am
not such, they are now, of course, treated of with the comr|
pounds, But their grear importance entitles them to claim
and obtains for them, a very conspicuous place in ever
work on chemistry : we shall shortly treat of them ; in thi
mean time, we proceed to give a sketch of the individua
characteristics of the metals.
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- 30.—1. PrATINUM, a metal of a dull white colour, the
- heaviest body in nature. It requires an intense heat for
its fusion; and has so little affinity for oxygen, that it
' may be exposed for any length of time to the atmosphere,
- without being oxidised (rusted or tarnished): hence it
- would make very useful utensils, could it be obtained in
 large quantities. But it is scarce. Two red hot pieces
: of it may, by hammering, be joined into one. This ope-
 ration is termed welding, and is peculiar to itself and iron.

It is extremely malleable and ductile—may be hammered
 into thin plates, and drawn into wire 5,4 5ths of an inch
in diameter. It is unacted upon by all acids, except such
‘a8 contain chlorine.

" 31.—II. Gowp is a beautiful yellow metal, and, next
to platinum, the heaviest of all known bodies. It bears
‘the same relation to acid menstrua that platinum does ;

requiring those containing chlorine to dissolve it. Of all
‘metals, gold is the most ductile and malleable ; it is also
soft, very tough, and unalterable even by the strongest
‘heat of a furmace. It does not oxidise when exposed to
the air.  Most metals unite to gold by fusion. = Mercury

1§ 'very strongly disposed to do so without fusion. - Lead
makes it brittle. - Copper deepens its colour, and, by ren-
dering it harder and more fusible, makes it more fit for

coin and other articles used. The gold coins of Great

Britain contain 11 parts of gold and 1 of copper.

32, —II1. Siuver. This is the whitest of all metals,
and in brilliancy only inferior to polished steel. Tt is
softer than copper, but harder than gold. Itis very duc-
tile and malleable, though less so than gold : it may,-how-
ever, be beat into leaves | ;55 55ths of an inch thick, and
a single grain of it'has been drawn into a wire 400 feet
long. It is also very tenacious: a fine wire will support
a very great weight without breaking. ' Silver, by means
of an intense heat, that produced by a galvanic battery, for
instance, may, like any other combustible body, be burnt.

Its inflammation is attended by a green-light of great

beauty and brilliancy.  Silver is oxidised by ignition in-

m open vessel, but not by exposure to the atmosphere.

[t is rapidly tarnished by the vapour of sulphur. To ren-

B
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der it harder, and more fitting for the purposes of coir
than it is in its pure state, it is alloyed with copper.

33.—1V. PALLADIUM, a metal that is very scarce. It
colour is grayish-white. 1t is ductile, malleable, ana
harder than iron. It takes a fine polish. !

34.—V. MEeRCURY, a heavy metal, of a blueish-whit|
colour. Tt is also called quicksilver. Its chief charag
teristic is that of always being fluid at the common temy
perature of the atmosphere. DBut it becomes solid, whes
exposed to a sufficient degree of cold. The temperatun
necessary for freezing it, is 39¢ helow 0° of Fahrenheit!
thermometer. At 6000 it beils, and volatilizes, so tha
it may be distilled from one vessel into another. By th
process it is purified. It is strongly inclined to unite wit
metals ; its metallic compounds are termed amalgama
Looking-glasses are silvered by an amalgam of tin
Among the preparations of mercury, are the bodies usual
termed vermilion, calomel, and corrosive sublimate ; tl
last is a most violent poison, but is, as well as the one pry
ceding it, frequently employed in medicine. Mercury |
easily dissolved in nitric acid.

35.—VI1. CopPeR is a reddish-brown metal; hard av
sonorous ; very malleable and ductile; and of great tens
city. It is one of the most useful and most abundant .
metals. It is about nine times heavier than water. Itt
melted by a heat seven times greater than that of boilix
water. By a still greater heat, it evaporates in visill
fumes. It is easily oxidised by exposure to the air,: i1
making a plate of copper red hot, and plunging it in tkl
state into cold water, oxide, in small scales, will separg
from the metal ; any quantity of oxide may be thus o
tained. When copper is exposed to a very violent hes
it burns with a vived green-coloured flame. Copper cov
bines with most other metals. With zing, it forms t/
very useful compounds, called brass, pinchbeck, princs
metal, &c. With tin it forms bell-metal, bronze, the
loys used for cannons, mirrors of telescopes, &c. Son
of the compounds formed by the combinations of copy
with acids are very useful.—See 203 to 206. |

36.—VII. IrON is the most useful, and most abv
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dant, of all the metals we are acquainted with. Its colour
is blueish white. It has the properties of hardness, ten-
acity, and ductility, in a very eminent degree. It is
malleable also, but less so than silver. It requires an
intense degree of heat for its fusion. One of its most
advantageous properties, is that of welding. By under-
going this process, (peculiar to itself and platinum,) two
pieces of this metal may be joined into one. Suscep-
tibility of magnetism, in a very high degree, is also one
of its distinguishing properties. The loadstone itself (in
which the power of magnetism chiefly resides) is an iron
ore. lron is widely diffused : it is found in animals, ve-
getables, and minerals. It has a strong affinity for oxy-
gen. When exposed to the air, its surface gradually be-
comes covered with a brown or red powder, ccmmonly
called »ust. 'This powder is'an oxide of iron. ~Carbon
and iron united, form the exceedingly useful compound,
called steel. Tron unites with other metals.. 'The most
useful of its alloys, is that with tin, called tin-plate. . Iron
enters into the composition of the beautiful pigment, called
prussian-blue.  Green vitriol, or copperas, is iron combin-
ed with sulphuric acid. ; -
37.—VIIL. Tiv is a yellowish-white metal, possessed
of great brilliancy, harder than lead, and very malleable.
It may be beat into leaves, zg5gths of an inch thick.
But it is neither very tenacious, nor very dugtile. It is
very flexible. Tt melts, at a low heat ; by a great heat, it
may be evaporated. Tin soon tarnishes when exposed to
-air, becoming slightly oxidated ; and, when itis melted in
an open vessel, its surface is soon covered with an oxide,
in the form of a gray powder. The alloys of tin (one of
which is pewter) are of considerable use ; but, as well as
the uses of tin in general, are too well known to need
pointing out. The combinations of tin with acids, are
used as chemical re-agents, and in the art of dying.
88,—IX. LEAD is a pale blueish metal, very soft, very
heavy, and very malleable ; but, though it may be drawn
into wire, not very ductile. It melts at a low heat, and
at a strong heat boils and evaporates. When rubbed on
paper, it leaves a black mark. Lead unites to oxygen in
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different proportions, forming differently-coloured oxidesy
(see 90.) The oxides of lead are, by heat, converted inte
glass. Most of the acids combine with lead. The wellJ
known poisonous substance called sugar of lead; is coma
posed of lead and acetic acid. =~ The proper counter-poi-
son for a dangerous doze of sugar-of-lead, is a solution e
Epsom or Glauber salts, swallowed in considerable quans
tity ; either of which medicines instantly converts the
poisonous acetate of lead, into the inert and innoxious suld
phate. . i o)

39.—X, NICKEL is a fine white metal, hard, ductiles
malleable, and very difficult of fusion. It is magnetical)
but not so much so as iron. It is scarce, and little used.
The combinations of nickel with acids, are distinguisheds
by their fine green colour.

40.—XI1. CapmiuM bears a considerable resemblance
to tin, but it is more tenacious, and more fusible. It is
rare, and not applied to any use.

41.—XII. Zinc is of a brilliant blueish-white coloury
and has a crystallized appearance. It is hard, ductile;
tenacious, and malleable, but only in a slight degree. It
melts readily : just before melting, it is so brittle, that it
may be pulverized. It is very combustible : when thes
fused metal has become red hot, it takes fire, continues to
burn with a dazzling white flame, and is oxidised so rap-.
idly, that it flies up in light filaments, called flowers of |
minc, or philosophical wool. Zinc precipitates lead, tin,,
copper, silver, and some other metals, from their solutions, ,
The substance known by the name of white vitriol, is a4
sulphate of zine, and is, as are several of the alloys of thiss
metal, exceedingly useful. | . sl sl

42.—XIII. BismuTHis of a reddish-white colour, hard,,
brittle, and very fusible. When heated considerably, it
evaporates, When raised to a strong red heat in contactt
with the air, it takes fire, and burns with a light blue flame, ,
emitting a dense yellow smoke, which is an oxide of bis--
muth. When the metal, after being melted, is cooled!
gradually, it crystallizes. The alloys of bismuth (pewter-
is one of them) are all very fusible. The nitrate of bis--
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muth affords, upon the addition of water, a white powder,
which is used as a paint, under the name of flake-white.

43.—X1V. ANTIMONY is of a dusky-white colour, very
brittle, but so soft, that, like lead, it may be cut with a
knife. When heated to redness, it melts. If after this
the heat be increased, the metal volatilizes in the form of
white fumes, consisting of an oxide, formerly called flowers
of antimony. A variety of useful alloys have antimony
for one of their constituents : the metal for printers’ types,
that on which music is engraved, and pewter, belong to
this class. Antimonial preparations serve also as paints
and medicines.

44.—XV. MANGANESE has much the appearance of cast-
iron. Its attraction for oxygen is so powerful, that it is
preserved in the metallic state with great difficulty. The
oxide of manganese is of great utility in the arts. The
chemist, too, frequently uses that substance for the procu-
ration of oxygen gas,

45.-—~X VI, CoBaLT is of areddish-gray colour; brittle, |
rather soft, possessed of little lustre, and difficultly fusible.
It is slightly susceptible of magnetism.

46.—XVII. TELLURIUM is a tin-coloured highly-lus-
trous metal, very brittle, and very volatile. It may bein-
flamed, and burns with a vivid blue light. It forms, with
hydrogen, a gaseous acid, called telluretted hydrogen gas.
But little is known, either of tellurium, or its combina-
tions.

47.—XVIII. ARSENIC is a metal of a blueish-white
colour, subject to become black by exposure to the air. It
is the softest, most brittle, and most volatile of all the me-
tals that are known. Its fusing-point cannot be discover-
ed, because it evaporates without melting. It is exceed-
ingly poisonous. It combines with two proportions of
oxygen, forming arsenious acid, and arsenic acid. It com-
bines with hydrogen, forming a very noxious gas, called
arsenuretted hydrogen gas. The common arsenic of the
shops is arsenious acid.

48.—XIX. CuroMiuM, a very rare metal. Slightly
magnetical. White, brittle, lustrous. Acids act upon it
with great difficulty. It unites with three different doses

B 2
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of oxygen, forming “green oxide, brown oxide, and with
the largest proportion chromic acid, which is obtained in,
small ruby-red crystals.

49.—XX. MoLYBDENUM has only been obtained in:
very small quantities. It appears in the form of smalll
blackish, lustrous, and brittle glﬂbules. It is the base of!
the mu]}rbdlc acid. -

50,—XXT, TunGsSTENUM, the base of the tungstic:
acid, is a metal much like steel. It is so hard that a file:
can scarcely make an impression on it, and in weight it is )
only inferior to gold. It is scarce, and not used for any -
thin

5lg —XXIIL Corumsivm, which forms with oxygen
columbic acid, is of an iron colour, hard, and brittle s
other of its properties are not known. It is unacted upon
by the strongest acids. R

52.—X XT1IL. SELENIUM, the base of the selenic acid, |
is a gray metal, lustrous, brittle, soft, fusible, and vola- .
tile. It is dlstmgulshed by having the smell Of hﬂr.s'e--
raddish.

53.—XX1V. Osmrvm has a dark-gray colour. When |
heated in the open air, is readily oxidised; but it resists
the action of the strongest ac;ds It has nﬂt been melt-
ed, and is little known.

54.—XXV. RHODIUM is a whitish: metal, very brlttlﬂ, .
and as hard, and infusible, as iron. It is insoluble in
acids. It unites to oxygen in several proportions, form- .
ing different-coloured oxides. It is very little known.

29.—~X XVI. IrRIDIUM is a heavy whitish metal, malle- .
able, and infusible. It alloys with other metals. It has:
its name from the striking variety of colours it affords,
while dissolving in muriatic acid. = But little ia-known Of i
its several combinations.

56.—X X VII. Urantem is a hard, ghtterlng, gray '
metal, obtained with great difficulty, and in very s
quantities, from a mineral body resembling pitch.

O7.—XXVIII. TrranivMm, a rare metal, of a dark
copper colour, very heavy, lustrous, brittle, elastic, and
highly-infusible. It is readily oxidised by heat. All the -
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| dense acids act uponit energetically. It forms three ox-
ides, the blue, the red, and the white.

- 58.—X X1X. CerivMm, a metal but little known, being
scarce, and obtained with difficulty. It dissolves in acids,
forming sweet salts. There are two oxides, one, the pro-
toxide, being white ; the other, the peroxide, red.

59.— X XX. Wobpantum, a metal of a bronze-yellow
colour ; hard and malleable. It is strongly attracted by
the magnet.  Its acid solutions are colourless; but its
hydrated oxide, precipitated by caustic ammonia, is indigo
blue.

- 60.—XXXI. Porassium,—This marvellous metal was
first revealed to the world by Sir Humphrey Davy, in
1807. He produced it, by means of voltaic electricity,
from a substance which had been, till that time, conside-
red simple, namely, the fixed alkali potass, which sub-
stance, however, he then proved to be a metallic oxide.

. The properties of potassium are very extraordinary. It
is lighter, not only than all other metals, but even than
water. It is solid, soft, and of the colour and lustre of
silver. But its metallic nature is not retained a single
minute when it is exposed to the air : it instantly absorbs
oxygen, and becomes covered with a crust of potass. This
oxide absorbs water, which is rapidly decomposed, and in
a short time the whole becomes a saturated solution of pot-
ass. DPotassium is exceedingly inflammable; it fuses at
' 136°, and rises in vapour at a heat below redness. When
'heated in oxygen gas to the temperature at which it begins
‘to evaporate, it burns with a brilliant white light, and an
|intense heat, When thrown upon the surface of water, it
acts with great violence. The liquid is rapidly decﬂmpbeed
its hydrogen is evolved, and spontaneously inflames in the
air; it then communicates the combustion to the potas-
sium, and the whole burns (while swimming about on the
water ) with a beautiful light of a violet-red colour : mean-
time, the oxygen of the water, and that drawn from the
atmosphere by the combustion, unite with the potassium,
‘and produce an oxide; which, as it is produced, dissolves
in the water, and the final result is a solution of pure potass.
Potassium likewise burns with a kind of explosion, when
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placed (in a perfectly cold state) upon a piece of ice, dis:
solving the ice, and forming a little hole, in which |
burns, till entirely consumed, forming, as before, a solu
tion of potass. It spontaneously inflames, when put int|
chlorine gas, burning with great brilliancy, and produe
ing chloride of potassium ; a substance which upon solw
tion becomes muriate of potass.

Upeon all fluids containing water, or much oxygen ¢
chlorine, potassium acts with great rapidity ; and, in it
general powers of chemical combination, that substance
says its illustrious discoverer, may be compared to the s
kahest, or universal solvent, so much talked of and longe:
for by the alchymists.

Potassium has, of all known substances, the stronges
affinity for oxygen; and it can only he preserved in th
metallic state, by keeping it immersed in naphtha, a liqui
of which oxygen is not a constituent.

61.—X X XII. Sopium, the base of the alkali sodi
was discovered by Sir Humphrey Davy, a few days afte
he discovered potassium, It was obtained in a similid
manner, and is possessed of the following properties.

In several respects it bears a great resemblance to po«
assium, but is much less energetic in its actions. It
lighter than water, has the colour of silver, is solid, ver
soft, malleable, and a conductor of electricity ; but it
heavier than potass ; and requires a greater heat to fuse i
and a much higher still to volatilize it, than potassiun
does. When sodium is thrown upon water, it effervesce
violently, produces a hissing noise, and swims about in»
state of great agitation ; but it does not inflame. TI|
water, however, is decomposed, and its oyygen combine
with the sodium, and produces oxide of sodium, or sod/
This product is dissolved by the water ; and the operatic
closes with the formation of a solution of pure soda. TI
combination of sodium with chlorine, is well known
common table salt, which substance, however, is, by th
smallest addition of water, changed to muriate of sod
It must be observed, in explanation of this, that the wat|
1s decomposed : its oxygen unites to the sodium, formir
soda ; and its hydrogen to the chlorine, forming murias
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acid, It is evident, from this, that the aqueous compound
is not chloride of sodium and water, but muriatic acid and
soda, or the salt produced by their combination. When
the solution of the salt is evaporated, the solid obtained is
not dry muriate of soda, but chloride of sodium.

Sodium must, like potassium, and on the same ac-
count, be kept in naphtha,

- 62,—XXXIIIL Lrraivy isa metal obtained by volta-
ism from a newly-discovered mineral alkali, called Zithia.
The quantity hitherto obtained has been much too small to
allow of a full examination of its properties. From what
is known, however, we conclude it to resemble sodium.

- 63.—XXXIV. Carcivm, the metallie base of lime,
has been obtained, by a voltaic process, from that base,
but only in quantities too small to admit of an examina-
tion of its nature. It is of a bright white colouf} burns
briliantly when heated in the air, and.produces a white
oxide, which is pure dry lime, a well known and very im-
peortant substance, ' - b i
. 64 —XXXV. BarmwM was procured by Sir Humphrey
Davy, from its oxide barytes, by subjecting that earth to
powerful eleetricity. It is of a:dark-gray colour, is lustrous,
heavy, and fusible. - When exposed to the air, it rapidly
attracts oxygen, .and its surface becomes covered with a
crust of barytes. It burns with a deep red light, when
gently heated in the air. = When thrown upon water, it
effervesces violently ; and, as it is heavy, it sinks into the
fluid, which is decomposed with great rapidity ; hydrogen
gas is emitted, and the barium becomes barytes, -

65.—X X X VI. STroNTIUM, the base of strontia, E-g 48
66—X X X VII. M acNEsom,thebaseof magnesia, %::g
67.—X XX VIIL Yrrrium, the base of yttria, | §5 5 8
68.—X X XIX. Grueinum, the base of glucina, | ‘& 28,
69.— X L. ArLumiNnuM, the base of alumina, F%E:}g.ﬁ
70.—XLI.. TuORINUM, the base of thorina, fﬁé’a Eﬁ
71.—XLII. ZircoNium, the base of zirconia, SEExs
J ZEEES

72.—X LIIL Siiciom, the base of silica,
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ON THE GENERAL POWERS PRODUCTIVE
OF CHEMICAL PHENOMENA.

73. Having presented to the notice of the student, the:
various simple or elementary bodies, we are now to per-
form a like office for the substances which result from
their various combinations. DBefore, however, we com-
mence the examination of the properties of the compound
bodies, it will be proper for us to enter into an investiga«
tion of the nature of those Grand Powers, which, by thein
continual action upon common matter, change its formj
and produce arrangements fitted for the purposes of life.

74. ArrracrioN,—This is that unknown force, whickl
causes bodies to approach each other. The instances os
its exertion, exhibited in the phenomena around us, are
exceedingly numerous, and continually present themselver
to our observation. il

75. Attraction exemplifies itself in a great variety o«
modes : gravitation, the wonders of electricity and magnetismy
the ascension of liguids in narrow tubes, or porous substances,
all point out the exertion of this power. But, beside
these here named, there is another kind of attraction=—-
kind which comes immediately under the chemist’s cogy
nizance——that of cohesion. This operates among the par
ticles of bodies, causing them to cohere, and form a whole

76. The attraction of cohesion is differently namec
when spoken of with regard to different substances. 1
it causes the fixing-together of homogeneous particles, |
is called the attraction of aggregation. ~But when it act
upon particles of different kinds, it is called the attractios
of composition, or CHEMICAL AFFINITY,

77. The study of CHEMICAL AFFINITY is of vast impop
tance; in fact, the whole science rests upon a knowledg
of its modes of taking place. From the careful observanc
of the effects produced by certain experiments, chemiss
have deduced the following laws.

I.—The attraction of composition, or chemical affinity
takes place only between bodies of a different nature.

I1.—1It takes place only between the most minute pas
ticles of bodies.
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ITI.—It can take place between two, three, four, or
a greater number of bodies.

IV.—A change of temperature always takes place at
the moment of combination,

V.—The properties which characterize bodies, when
separate, are altered or destroyed by combination.
~ VI.—Theforce of chemical affinity, between the con-
stituents of a body, is estimated by that which is required
for their separation.

VII.—Every substance, though it has a certain affinity
for all other substances, has different degrees of affinity
for different substances,

This last law is the grand principle of all chemical ope-
rations ; for it is by a proper arrangement of bodies which
differ in their degrees of affinity, that all chemical decom-
positions and compositions are effected.

78. When a simple substance is presented or applied to
another substance, compounded of two principles, and
unites to one of those principles, so as to separate or ex-
clude the other, the effect is said to be produced by simple
elective affinity.

79. Double elective attraction, or compound affinity,
(the terms are synonimous) takes place when two bodies,
each consisting of two principles, are presented to each
other, and mutually exchange a principle of each, by
which means two new bodies, or compounds, are produced,
of a different nature from the original compounds.

80. Upon the principle, that ¢ bodies differ in their de-
grees of affinity,”” chemists have constructed tables of affi-
nity : these, though, like most other things, liable to ob-
jections, are so extremely useful, that the study of them
cannot be too strongly recommended. An accurate ¢ TA«
BLE OF CHEMICAL DECOMPOSITIONS’’ is given in the Ap-
PENDIX.  The illustrations of chemical affinity contained
in section fifth of our Experiments, develope the doctrine in
a very agreeable manner.

81. REPULSION—CALORIC.—The opponent power of
attraction, is that which causes bodies to recede from each
other, and which is known by the name of repulsion. That
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substance, possessed of this power, to which the attention
of chemists is chiefly directed, is caloric. -

82. The appellation of caloric has been given, by mo--
dern chemists, to that which produces the well-known sen—
sation called heat. ; ' :

83. Caloric penetrates all bodies; separating their par-.
ticles from each other, and thus inereasing their bulk..
Solids, by an increase of heat, become fluids, and fluids, ,
gases. Thus ice is converted, by an accession of calorie,
inte water, and by a still farther accession, it becomess
steam. = id
8% The subject of keat is pursued at considerable length
in section the first of ‘the experimental part of" this work..
The student should make this division of the ‘science off
Chemistry an early object of his attention ; ‘as, unless he:
comprehend the manner in which caloric acts, the ration-.
ale of scarcely a single chemical process will be intelli--
gible to him, . | |
- B3 CoMBUSTION—COMBINATION. — Combustion is con- -
sidered as the general result of intense chemical action. .
When oxygen and chlorine unite with the sitple combus: -
tibles, compounds possessed of most remarkable properties:
are formed : the combinations take place with astonish-.
ing energy, and with the evolutions of light and heat.
186, In all common cases, combustion is the process of f
the solution of a body in oxygen; as' when sulphur or-
phosphorus are burnt in it, or .wh'én_it' forms water, by~
combining with hydrogen, , iy ol goqia. U
~ B7. The union of considerable quantities of oxygen and |
chlorine with combustible bodies, generally produce dcids; ;
thus sulphuric, phosphorie, and boracic acids, are formed |
by the union of considerable quantities of oxygen with
portions of sulphur, phosphorus, and boron—and muriatie -
acid gas is formed by the union of chlorine and hydrogen,
See the article acips, (97.) - )

88. When these solvent substances, oxygen and chlorine, ,
unite with combustible bodies in smatler quantities, they
produce compounds, not acid, and, in a greater or less de-
gree, soluble in water. A vast number of compounds are
thus formed by oxygen : the earths, the fixed alkalies, and
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the metallic oxides, bodies connected by analogies with
‘each other, are all of this class. ~ See the article OXIDES,
{133). _

, 89. AroMmic THEORY, or Doctrine of Definite Propor-
tions.—One of the latest and most important chemical dis-
coveries, is, that the elementary bodies enter into combina-
tion in definite proportions ; that is to say, if.two simple
bodies combine and form a particular compound, they al-
ways unite in the same proportions to form that compound:
they, however, sometimes enter in other proportions into
the composition of other compounds.

This law is well exhibited in the combinations of gase-
ous bodies. These are seen to unite in simple ratios of
volumes. Water is composed of hydrogen and oxygen,
and 1 part by weight of the former gas, unites to 7.5 of
the latter.  The specific gravity of hydrogen, compared
with that of oxygen, isas I to 15; it is obvious, therefore,
that one volume of hydrogen unites to half a volume of
oxygen, and that the composition of water will be repre-
sented by weight and volume, thus:

LiE 7 : BHED
1 Oxygen.

Hydrogen.

_No other proportions of these gases than those*here re-
presented, can ever combine and form water : nor is it
known that they form any other body, by combining in
other proportions.  This, however, is not the case with all
bodies, |

- 90. The metallic oxides, in general, consist of the me-
tals, united to from one to four proportions of oxgyen;
and there are, in some cases, many different oxides of the
same metal : thus, there are three oxides of lead—the yel-
low oxide, or massicot, containing two proportions of
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oxygen ; the red oxide, or minium, three ; and the puce-.
coloured oxide, four proportions. Again, there are twa(
oxides of copper, the black and the orange ; the blacks
contains two proportions of oxygen, the orange, one.

91. When a metal is oxidised in different degrees, the:
several compounds have a prefix to their names, to distin-.
guish them.  The smallest addition of oxygen forms as
protoxide, the second quantity gives rise to the deutoaide,
and the third the tritovide—farther, the oxide which con-.
tains the largest quantity of oxygen, is generally called]
the peroxide,

92. As the doctrine of definite proportions must, to;
beginners in the science, appear somewhat intricate, we:
shall not, in this place, pursue it at any length ; more es-.
pecially as the other doctrines of Chemistry, and the otherr
chemical properties of different kinds of matter, may be:
understood without it.  The subject will, however, be:
spoken of in an article to be given in the Appendir to this:
work, to which the student is referred.

93. CRYSTALLIZATION.—When fluid substances are:
suffered to pass with adequate slowness to the solid state, ,
the attractive forces frequently arrange their ultimate par- .
ticles, so as to form regular geometrical solids, to which
has been given the name of crystals.

Perfect mobility among the corpuscles is essential to |
crystallization. The chemist produces it either by igneous ;
fusion, or by solution in a liquid. When the temperature
is slowly lowered in the former case, or the liquid slowly -
extracted by evaporation in the latter, the attractive forces ;
resume the ascendancy, and arrange the particles in Syms= -
metrical forms. Bodies, in crystallizing from their watery -
solution, always retain a small portion of water, which
remains confined in the crystals in a state of solidity, and
does not re-appear till the crystalline form of those bodies
is destroyed. This is called the water of crystallization,

It is well worthy of remark, that every individual salt
has a certain determinate figure, which it assumes upon
crystallization,

The operation of crystallizing is of great utility in the
purifying of various saline substances.
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COMPOUND BODIES.

94. These are innumerable, and some of them are of
vast importance.  The list of those with which chemists
are intimately acquainted, is very extensive; but as, in
this small volume, nothing can be expected but the Rudi-
ments of the science, and a familiar account of the most
important bodies, it would be ridiculous, were we to pre-
sent the student with a large catalogue of compounds,
without (for we should have no room to include) descrip-
tions of their properties, Such a course of proceeding,
instead of directing him in his pursuit of the facts of che-
mistry, would serve only to perplex him. We shall, there-
fore, confine our attention to such as, by their great utility
or striking peculiarities, seem especially to require it.

95. ATMOSPHERIC AIR, is the term applied to that
immense mass of permanently elastic fluid, which sur-
rounds the globe we inhabit. This substance was for a
long time supposed to be simple, but recently it has been
proved, by experiment, to be a compound of oxygen and
nitrogen. 100 parts of common air, contain 21 parts by
measure of the former body, and 79 of the latter.  The
proportions of these two gases, in atmospheric air, are uni-
form and constant. They have been found to be the same
in all parts of the world, and in all seasons of the year.
The density of air is gz} zth of that of water. Its physical
properties, as its transparency, its elasticity, and so on—
are so obvious, as not 1o require description.  Air which
has been breathed, is found to have lost its oxygen, and
is then no longer fit to support life, This principle is re-
tained in the lungs, where it is absorbed by the blood,
from which it expels carbonic acid gas, and which it ren-
ders capable of supporting life. ~ The red colour of the
blood is owing to the oxygen it acquires in passing through
the lungs. As air which will not support combustion is not
fit for respiration, we hence have recourse to the efficacy
of air in supporting combustion, in order to determine its
purity.—At 455 is shown how air may be composed, and
at 451, how it may be decomposed.
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96. WATER, a fluid of which the most useful propertiess
are universally known, and properly appreciated. Without:
it, neither vegetable nor animal life could be supported..
Like common air, water, which was formerly considered!
a simple body, has been found to be a compound one..
Its principles being hydrogen and oaygen ; consigned in the:
proportions of, by weight, 1 part of the former to 7-5 of !
the latter, or, by measure, of 2 of the former to. 1 of thqs
latter,

Pure water  is perfhctly transparent, tasteless, msdsr--
ous, and not liable to change. Rain water is the purest:
we see in nature. Spring water has always some mineral |
impurities. By distillation, it is freed from whatever con--
taminates it, The composition of water is proved at 440 ;.
and at 6'?3, the mode of its decomposition is described.

ACIDS,

o7. Thsss form the most 1mpurtsnt class. of chemical
compounds.  They are generally produced by the com- .
bination of particular substances with oxygen : thus, sul-.
phuric acid is formed by the union of sulphur with oxygen,
—and carbonic acid, by the union of carbon (charcoal)
with oxygen. But oxygen, however, though the general, ,
is not the only acidifying principle, for hydrogen, chlorine,
and iodine, are producers of acids likewise, The following
are the general properties of the acids ; —

I. The taste of these bodies ls, as their name denntss,
sour ; and in: the stronger species, it is acrid and corrosive.
—I1. They combine with water in every proportion, with
a condensation of volume, and evolution of heat,—III.
They are volatilized or decomposed at a moderate heat.—
I1V. They change the blue, green, and purpls colours of
vegetables, to a bright red,—V. They unite in definite
proportions with the alkalies, earths, and metallic oxides,.
and form the important class of bodies termed saits (153).
This may be reckoned their characteristic and 1nd1spsnsu.4_.
ble property. 1

98 Acips, in order to gws general views to students,
by grouping together substances which are in some re-
spects similar, have been classed as follows:
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Division lIst. Acids from inorganic nature, or such as
are procurable without having recourse to animal or vege-
table products.—Division 2d. Acids elaborated by means
of organization.
The first group is subdivided into three families ; =
I. Oxygen acids, ?nzl::a?l]iit.aﬂm,
IT. Hydrogen acids.
IIT. Acids containing neither oxygen nor hydrogen.
The number of the animal and vegetable acids (those
longing to the second division) is forty-six. The prin-
ipal of which are described at 238. The total number of
cids now proved to exist, is eighty-seven.  As many of
ese are, however, but little known, are of no importance,
nd may be found particularized in any large work on
Chemistry, we shall not here describe them ; but confine
r attention to such as are much employed, and which it
is necessary for the young chemist to become early and
ully acquainted with.
- 99. Previously, however, it will be necessary to explain
nomenclature of acids; for to be acquainted with the
ode of naming these curious compounds is a thing of
oment.—When an acid is formed by the combination of
xygen with another body, as sulphur, which is called the
ase, the acid takes for its name the name of its base, with
the addition of the syllable ic—thus sulphuric acid. In
he cases where oxygen forms two acids from the same
e, by combining with it in different proportions, the
ination ic is put to that acid which contains the largest
roportion of oxygen ; and to the other acid is affixed the

yllable ous. ~ This is fully illustrated by the Table of
cids at 102,

100. Svrpauric Acip,—When sulphur is burnt in
Xxygen gas, and the gaseous combination of sulphur and
xygen is mixed with water, the liquid product is found

possess, in a very eminent degree, the distinguishing
roperties of acids. It was formerly called oil of witriol ;
foolish name, as the liquid possesses not one of the pro-
erties of an oil.  Its modern appellation, sulphuric acid,
at once denotes its composition and its chief properties.
| c 2
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It is composed of two parts of sulphur united to three o1
oxygen. When in the pure concentrated liquid state, il
has neither smell nor colour. It is violently caustic, an¢
is therefore poisonous. Its density is twice that of water:
for which body it has astrong attraction, see 625. Wher
mixed with water, great heat is produced, see 386 ; but
when mixed with ice, cold is produced,—sce Table o
Freezing Mixtures in the Appendix. Sulphuric acid i
prepared in ‘the large way, by burning sulphur mixee
with a large portion of nitre, in close chambers lined witk
lead.  The nitre furnishes oxygen to the sulphur, and thy
acid, as it is produced, combines with a quantity of water|
with which the floor of the chambers is previously coveri
ed. This liquid acid is afterwards distilled, to free i
as much from water as possible. That sulphuric acid i
formed of sulphur and oxygen, is proved by the expe
riment at 418.  The use of this acid in chemistry, metak
lurgy, bleaching, dying, medicine, and other arts, is ver
extensive. It combines with the various alkalies, earths
- and metals, forming a class of bodies called sulphates, (e
salts of the sulphuric acid,) which are described under thi
head ¢ saLTSs.”” - it M wnl
- 101. SuvrpHUROUS Acin.—This is formed of sulphuu
combined witha smaller proportion of oxygen than is neces
sary to form sulphuric acid. Sulphurous acid, in the ov
dinary temperature of the atmosphere, is a gas, COMpPOSE
of one volume of oxygen, and one of vapour of sulphui
It has a strong suffocating smell, ‘and possesses the pre
perty of destroying vegetable colours, (see 469,) whig
renders it useful in some bleaching operations.  Its com
binations with salifiable bases, are termed sulphites. Thei
are of little use.
~ 102. Hyrosurpaurous Acm.—This is composed

sulphur, united to a less portion of oxygen than sulphuy
ous acid. HyrosvrLpHURIC AciD.—This, which is also
sulphur acid, contains more oxygen than the sulphurow
but less than the sulphuric. ~These acids are not of mug
importdice.. . | |

#*_ % The following table of the just-described acid com

]
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pounds of sulphur and oxygen, may serve to fix their
compositions in the learner’s memory.

| ANk e
Sulphuric,. sEnchobgpns 2 3
Hyposulphuric, mmemee 2 2.5
Sulphurous, 2 2 .
Hyposulphurous, e 2 1

* 103. PHOSPHORIC Acip.—This is a compound of 0xy-
gen and phosphorus. It may be procured by burning
the latter body in the former, (see 419;) but is much more
cheaply obtained from calcined bones. The mineral, ve-
g‘étﬁble, and animal kingdoms abound, either with the
base of this acid, or the acid itself. Pure phosphoric acid
is in a solid state, but it is soluble, in all proportions, in
water, It has no smell, is sour, but not corrosive, Its
salts are termed phosphates. | past op
" 104. Camsonic Acto.—This is a compound of oxy-
gen and carbon. It may be obtained by burning carbon
ih oxygen gas, (see 416); but it exists ready formed, in

reat abundance, in nature. It composes forty-four per
cent. of the weight of all lime-stone, chalk, marble, &c. ;
frﬂmwhlﬂh it may easil:,r be ﬁeparated, as almos_l; cvery
other acid has a superior affinity for the base of these
' stones. :

_Carbonic acid is obtained in the gaseous state, and
cannot be condensed into the liquid or solid state. ~ It is
capable, however, of being absorbed or condensed' in wa-
ter, and of thus forming a weak acid. Carbonic acid gas
extinguishes flame, and destroys animal life, Tt is much
denser than common air, and hence always occupies the
lower part of places where it is formed. Miners call it
the choke-damp. Itis emitted in large quantities, by bo-
dies that are fermenting, and is ihie prinaiple that givees, o
bottled porter, ginger-beer, &¢. the effervescing, or froth-
ing property. 1t has a pechliar éhiarp taste, "It reddene
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infusion of litmus fugaciously. 100 parts of carbonic
acid gas, contain 72 oxygen, 28 carbon. The salts ok
this acid, which are an important class, are called carbo
nates.

105. Boracic Acip.—This is a compound of oxygerny
and a lately discovered body, called boron (25). A sub-
stance well known by the name of borax, is composed of
this acid united to soda. Boracie acid is obtained in the«
form of thin crystals, (or scales,) of a silvery-white co--
lour; having a greasy feel, no smell, but a very stranges
taste—being first sourish, then bitterish, cooling, and at|
last agreeably sweet. It is soluble in water, but only iny
a slight degree. It is more so in alcohol, and gives tos
the flame of that body, when burning, a green colour (sees
589.) It is fusible, and is converted by fusion into as
kind of glass, which is used in the composition of faises
gems. The salts of boracic acid are called borates.

106. Nrrric Acip.—This body, which is of a deadlyy
poisonous nature, has for its component principles thes
same bodies as common air, namely, oxygen and nitrogen. .
They are united in it, however, in different proportions. .
Atmospheric air is composed of 1 volume of oxygen, andl|
4 of nitrogen : nitric acid gas of 2} volumes of oxygen
and 1 of nitrogen. Nitric acid gas combines with waterr
very eagerly, and communicates to the water its proper--
ties.—Strong pure liquid nitric acid is about one-half}
denser than water, and colourless. Itis eminently corro--
sive : of this property, lits old name, aquafortis, (strongy
water) is very expressive, The aquafortis of commerce:
is nitric acid in a state of impurity, Nitric acid is obe.
tained by pouring two parts of strong sulphuric acid uponi
one part of saltpetre, in a retoit, and distilling the mix--
ture, The process is not a dangerous one, if the red!
fumes be avoided. It is proper to insert a bent tube into)
the tublature of the receiver, one end of which is im-.
mersed in a small quantity of water. This will con-.
dense the fuming portion. Nitric acid is of conside-.
rable use in thearts: being employed for etching on cop--
per, in dying, metallurgy, assaying, and medicinal pre
parations ; also, in various chemical processes, on accountt
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with a portion of its oxygen to them, and then attack-
the oxides, = But there are two metals upon which it
ha.s no effect—these are gold and platinum ; even these,.
owever, may be dissolved by a llquld,; of whh:'h nitric,
cid forms a part.—The salts of nitric acid are of conside-
able use ; they are termed nitrates.
107. NITRGUS Acin,—This is said to be composed nf
_;1 oxygen to 1 mtmgen, but much uncertainty prevails
garding it. Indeed, its very existence is doubted. . The
ange-coloured vnlatlle fluid, to which the name has been
sually applied, is held by some to be nitric acid, bolding
particular sort of air, called nitrous gas, in mlutmn Its
ts (if there are such) are NITRITES. i
108. Mugrraric Acin.—This, in a gaseous state, con-
sts of chlorine gas, and hydrogen gas, united in equal
lumes, DMuriatic acid is obtained by pouring, by de-
ees, 6 parts of sulphuric acid upon 5 parts of dry sea,
alt, prevmualy put into a tubelated retort, the beak
f which is connected with Woolf’s apparatus, con-,
ining 5 or 6 parts of water, and allowing the gas to
ass through it. Muriatic acid gas is invisible, has a pe=
uliar pungent odour, and a sour corrosive taste. It is
ne-fourth heavier than common air. Itextinguishes ﬂam&,
nd is destructive of animal life. Water absorbs 480 times
sbulk of this gas, f'ormmghqmd muriatic acid,. Thlﬁ,\'r hen
wre, is colourless, but owing to impurities, the murmuc
of commerce has usually a straw colour; II_: is gene-
tﬂﬁ obtained from common salt, and hence has been
alled spirit of salt. It is an acid that is much used in
he arts, and chemical laboratories. = Its salts, (termed
ymfes,) when in a state of dryness, are actually. chlorides,
L‘msrstmg of chlorine and the metallic base; but since,
ttglsi;urﬂ makes them instantly pass to the state of muriates,
ve shall describe them under that name, o
1109, Fruoric, Acin,—This acid has hitherto resisted
ery pttempt to decompose it completely, and consequent-
E“'ﬁ real nature is uncertain. . It is commonly supposed,
b consist of a base called fluorine united to hydrogen ; and
lence is sometimes called hydrofluorie acid. - The gaseous

E;he facility with which it dissolves m_e'tala, by first part-
g
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state is that in which it is procured : it is soluble in wate

It is intensely sour, corrodes and instantly dissolves glas

(see 613,) and produces very painful wounds when

touches the skin, so that it requires to be examined wii
at caution.  Its salts are called fluates.

110. Prussic Acip.—This is formed of 1 part of cyy
nogen and 1 part of hydrogen. It is liquid, possessed
a hot, but sweetish taste, and having a very pungent sme:
which resembles that of bitter almonds. It is the ma
violent ‘of all poisons ; causing the death of animals, whe
applied to the skin only. - Prussic acid may be obtained res
dily by making a saturated solution of prussiate of potas
and dropping into it as much tartaric acid as will preeip)
tate the potass, which it does by uniting with it, and form
ing ‘tartrate of potass, (cream of tartar). When the pr
cipitate has subsided, the fluid may be decanted, amu
slowly distilled, with a moderate heat, into a receiver ke«
cool with water, or pounded ice. It combines with iros
and forms the well-known pigment—prussian blue. Som
of its salts (the prussiates) are valuable as re-agents.

111. Aceric Acip.—The same acid, that, in a ves
dilute, and somewhat impure state, is called vinegar. 1l
constituent principles are hydrogen, carbon, and oxyge:
When pure it is colourless, pungent, acrid, and volatil!
It can be concentrated till capable of corroding the skii
Almost all dry vegetable substances, and some anima
when subjected to a red heat in close vessels, yield vinegy
copiously. It is the result of spontaneous fermentatic
likewise. A very strong vinegar, used for pickling, &}
is now obtained by distilling dry wood in iron retort
Acetic acid is of great importance, for it is not only e
tensively used for domestic purposes, but applied to man
of the arts. Its salts are called acetates.

112. Crrric Acip, is the purified juice of limes or 1/
mons, It is obtained in the form of crystals, which has
an extremely sharp taste, are fusible by heat, and very s«
luble in water, Citric acid is of considerable service in dd
mestic economy, and in some of the arts. Some of its s
line compounds (termed citrates) are also much used.

113. BENzoi¢ AcID, is commonly known by the nam
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)f flowers of benjamin, a substance obtained by sublima-
ion from gum benzoin (see 644). It appears in white
reedle-shaped crystals, having a bitter taste, and an aro-
natic odour. It very readily dissolves in alcohol, but is
carcely at all soluble in water. Its salts are termed ben-
roates.

- 114, Gariic Acrp is obtained from various vegetable
ubstances, particularly from nut-galls. Itisa erystalliza-
lle acid, soluble in 20 parts of water. It has an astringent
icidulous taste, and, when heated, an aromatic, though not
leasant, odour, Itis extensively used in dying, ink-
nakimg, and by the chemist as a re-agent.  Its salts are
alled gallates.

| 115. Oxavric Acip is a deadly poison, which, when in
| crystallized state, has much the appearance of Epsom
alt—in place of which compound it has been taken acei-
entally, and has more than once proved fatal. The
hode of distinguishing oxalic acid from Epsom salt, is
xplained at 547. The best antidote to a dose of it is an
metic, aided by copious draughts of warm water, con-
hining chalk, or common carbonate of magnesia. Oxalic
cid has an exceedingly sharp, sour, but not unpleasant
aste ; it is soluble in water; and is possessed of some
‘eaching properties. Oxalic acid may be obtained by
ouring 4 parts of strong nitric acid upon 1 part of lump
1gar, in small pieces, previously put into a stoppered re-
irt, to which a receiver is fitted, distill off' a considerable
ortion of the acid, and set the retort aside to cool, when

great number of needle-shaped crystals will be obtained.

. is obtained also from the juice of wood-serrell, and

om many other vegetables. Its salts are termed ozalates.

116, Tarrtaric Acip,—This is that which, united to
stass, forms what is called cream of tartar. 1t is obtained

l.crystals, which are soluble in water. = It has a very

rid and agreeable taste—so that it may supply the place

" citric acid, than which it is cheaper, Its salts are called

rtrates.

|
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ALI_{ALIES.

117. These are substances of great importance. Thy
may be defined to be bodies which combine with acie
neutralize their powers, and produce salts.  They are ¢
vided into three classes, thus:— |
. I. Those consisting of a metallic base united to oxyge:
which are in number three—potass, soda, and lithia.—1I
That containing no oxygen—ammonia.—I11. Those co
taining oxygen, hydrogen, and carbon ;—these are som
recently-Jdiscovered vegetable alkalies, of which little :
known. ' 13 1
 Besides the already-mentioned properties of alkali¢
they possess the following also:—I. They. change ti
purple colour of many vegetables to a green, the red ta
purple, the yellow to a brown,  They also re-produce t|
purples which have been reddened by acids.—EI, Thi
continue in possession of this property, and retain thy
solubility. in water, when saturated with carbonic acid
these properties distinguish them from the alkaline eartk
—III. They have an acrid and urinous taste.—IV. Thi
are powerful corrosives, or solvents of animal matter, wy
which, as well as with oils in general, they combine, so.
to produce neutrality.—V. They are decomposed or vou
tilized by a strong heat.—VI. With water they combi
in every proportion ; and with alcohol, very -.lm_'ggly. |
118, Potrass, a fived alkali, procured from qu_nd—aﬂ‘dl
and called on that account, the vegetable alkali, Tt is:
oxide of the newly-discovered metal, potassium.
 Potass, when pure, is solid, white, and extremely caust
It changes the purple colour of vegetables to a green, a
yellow to a brown. . When exposed to the air, "i_t. rapic
attracts humidity from it, and becomes a liquid. In C
mistry it is employed very extensively, both in manuf!
tures and as a resagent in analysis. It is the basis of |
the common soft soaps.  Potass combines with the otk
acids also, forming neutral salts.  The substance knoy
in commerce by the name of potash, is not pure potz
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but potass united to one proportion of carbonie acid ; it is
a sub-carbonate of potass.

119. Sopa, which, because supposed to be peculiar to
the mineral kingdom, was called the mineral alkali, is,
when pure, of a gray colour, and in its properties bears
considerable resemblance to potass. It does not, however,
like that substance, liquify if exposed to the air, but falls
to powder. The metallic base of this alkali is sodium.
Soda is the basis of common salt, of plate and crown glass,
and of all hard soaps.

120, LitHia, a new fixed alkali, whose metallic base is
LaraiaM. It bhas a very sharp burning taste, is soluble
in water, changes vegetable blues to green, and fnrms
neutral salts with the acids. It is scarce.

121. AmmoON1A, also called the volatile alkali, is com-
posed of nitrogen and hydrogen; and in its purest form,
the gaseuus,) is called ammnmacal gas, Water dissolves

0 times its bulk of this gas, forming with it liquid am-
monia. Ammoniacal gas has an eneedmgly pungent
smell, well known b}r the name of spirits of hartshorn.
An animal plunged into it, speedily dies. It extinguishes
combustion, has a very acrid taste, and, like fized alkalies,
changes the blue colour of vegetables to green. It is a
valuable material in manufactures, in medicine, and in
Chemistry. All the acids are capable of combining with
it. For the method of procuring ammoniacal gas, see 468.

*»¥ The alkalies of the third class—those containing
oxygen, hydrogen, and carbon,—are of so little importance,
that in this place no notice need be taken of them,

EARTHS. -

122. These are the substances that compose the vast
crust of rocks and soils on the surface of the globe, and
which, from their very diversified appearance, appear to
be innumerable. Analysis, however, has shown, that all
these heterogeneous stony masses may be resolved into
only ten different bodies. The names given to these bo-
dies, are ;—

1 Barytes, 3 Lime, 5 dlumina,7 Glucina, 9 Silica,
2 Strontia, 4 Magnesia, 6 Yitria, 8 Zirconia,10 Thorina.
D
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The earths are, in general, infusible and incombustible, ,
have no smell, and are rather less than five times heavier:
than water. On account of some particular properties, ,
they have been divided into two classes :

1. Alkaline earths.—2. Common earths.

The alkaline earths possess some properties similar tos
those possessed by alkalies, but, nevertheless, widely differr
from those bodies in their general properties. The earthss
of this class, are the first four in the above list,—The:
common earths possess no alkaline properties: they are:
the latter six in the list.

One of the most important of modern chemical discoy- -
eries, is, that the earths, instead of being, as was supposed, ,
simple bodies, are combinations of oxygen with peculiar:
metallic bases.

123. BARYTEs is an earth of a grayish-white colour, ,
possessed of strong alkaline properties, changing, like:
them, the vegetable blues to green. Its taste is extremely -
caustic, and it is a violent poison. It has no smell,
When water is poured upon dry barytes, it slakes like :
quicklime, evolving, however, more heat. It is soluble in
water, forms an insoluble compound with sulphuric acid,
and tinges flame yellow. Under the name of permanent
white, it is used as a paint. It is employed by the che-
mist as a re-agent. The metallic base of barytes is ba-
riunt.

12%. StrONTIA, in its properties, has a considerable
affinity to barytes. It differs from it chiefly in being in-
fusible, much less soluble, of a different form when crys-
tallized, weaker in its affinities, and not poisonous. Its
base is strontium. A peculiar characteristic of strontia,
is the giving a blood-red colour to flame. Its salts are
numerous, but not useful.

125. Lime is one of the most abundant substances in
nature. It is the chief constituent of vast rocks and
mountains, under the names of chalk, marble, limestone,
calcareous spar, &c., in the whole of ‘which it exists, com-~
bined with carbonic acid. By exposure to a strong heat,
these substances are rendered pure, or form what is com-
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monly called quicklime. The recently discovered metallic
base of lime, is named calcium.

Lime is a soft white substance, with a caustic, astrin-
gent, and alkaline taste. It is fused with great difficulty.
It is soluble in water, It renders vegetable blues, green ;
yellows, brown ; and restores to reddened litmus, its
usual purple. If a little water only be sprinkled upon
dry newly burnt lime, it is rapidly absorbed, with the
evolution of much heat and vapour. It has an immense
affinity for carbonic acid, which, when it is exposed to
the atmosphere, it rapidly absorbs.

126. MAGNESIA is a white soft powder, having a me-
tallic base, called magnesium. It renders the infusion of
red cabbage, green, and reddens turmeric. By an intense
heat, and only by that, it may be fused. It has little
taste, and no smell. It is nearly insoluble in water, but
absorbs a quantity of that liquid with the production of
heat. Magnesia, and its combinations, ( Epsom-salt is its
sulphate, ) are chiefly used in medicine.

127, ALUMINA is an earth, which, as constituting the
plastic principle of all clays and loams, was called argil,
or the argillaceous earth, but now, as being obtained in
greater purity from alum, is styled alumina. It has a
metallic base, named aluminum. Pure alumina is soft,
pulverulent, white ; adheres to the tongue, forms with
water a smooth paste, produces no change on vegetable
colours, is insipid, inodorous, and insoluble in water, but
mixes with it in all proportions. It is hardened by fire.
It is the basis of some hard gems, and of earthenware.
It is dissolved by most acids. Alum is a sulphate of alu-
mina and potash. -

128. SiLica is a compound of a peculiar combustible
principle, (the metal silicium,) with oxygen. This earth
exists nearly pure in flint and rock crystal. It is white,
tasteless, infusible, and insoluble in water. It feels gritty.
It unites with alkalies, and forms glass. In the state of

avel, it is, on account of its hardness, much valued for
roads. It is a necessary ingredient in cements, porcelain,
and glass.  No acids dissolve it, except those containing

" fluorine.
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129. GLUEINA the oxide of the metal glucinum, is ex«
ccedingly rare: as yet, it has been obtained only fron
one or two precious stones. It is a soft white powderr
light, tastless, and adhering to the tongue. Its name i
derived from its distinguishing character of forming with
acids, salts which are sweet to the taste.

130. Zirconia is, like glucina, procured from gemss
consequently it is rare. Its metallic base is zirconium. 11
is a fine white powder, hard to the touch, without taste oy
smell. Insoluble in water, but uniting with all acids.

131. YrrRIa, whose base is yttrium, is white, tastelesss
inodorous, infusible, and very heavy. Water, and pure
alkalies, do not dissolve it, but carbonate of ammoniz
does. With borax it melts into a glass; and is solubl¢
in most acids, forming with them sweet and colourec
salts.

132. THORINA is a lately discovered earth, resembling
zirconia. To its supposed metallic base, the name thorinum
has been applied.  Carbonic acid is very readily absorbee
by it, and forms with it, (as will almost any other acid,
an astringent-tasted salt.

133. Oxipes.—This term denotes, that the bodies te
which itis applied, are combinations of various substances
with oxygen, in all cases where the oxygen is not in suf{
ficient quantity to make the compound acid.

Some observations respecting oxidation are to be founci
at 88, 90, 91. There are many bodies, which are pros
perly oxides, that are not generally known by that name:
Atmospheric air, for instance, is an oxide of azote, anc
water, an oxide of hydrogen. The earths, and alkaliess
also, (see NOTE 29,) are oxides. Now, under the names
here mentioned, and at the paragraphs referred to, the
most important oxides have been already described ; anc
a few only remain to be noticed in this place. '

134. Nitric OXIDE, or nitrous gas, is a compound o3
oxygen and nitrogen, in equal volumes. Itis colourlesss
but when suffered to mix with air, or oxygen gas, produces
reddish fumes, being by its union with oxygen convertec|
into nitrous acid gas. Nitric oxide is fatal to animal lifer
and extinguishes flame. There are, however, a few bodies
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at can be burnt in it  Water absorbs about 1.20ths of
L bulk of this gas.—See experiments, 456 to 4.59.
135. Nirrous OXIDE, a gas composed of two propor-
ons of nitrogen, and one of oxygen. It supports com-
astion, but (though it may be respired) is not capable of
ipporting life. It has a sweet taste, and a faint, but
rreeable odour. Water (which has been boiled) absorbs
out one-half its bulk of it; but acquires thereby no
er property than that of sweetness, and gives out the
hole of it again, when boiled or frozen. The most ex-
raordinary property of this gas, is its action on the hu-
\an body, when respired. The sensations that are pro-
ced vary greatly in persons of different constitutions ;
t, in general, they are highly pleasurable, and resemble
hose attendant on the pleasant period of intoxication. It
as been called intoxicating gas, laughing gas, and gas of Pa-
adise. This characteristic of nitrous oxide was discover-
d by Sir Humphrey Davy. The method of obtaining
nd of respiring this gas, is described at.460 to 462.
| 136. Camsonic OXIDE, a gaseous body, composed of
alf as much oxygen, united to a certain proportion of
arbon, as is necessary to form carbonic acid. It is void
If taste and smell, and is fatal to animal life, But it is
flammable ; its combustion is attended with a blue
ame,
' 137. Carorous OXIDE, and CHLORIC OXIDE, are gas-
'ous compounds of oxygen and chlorine. The prepara-
ion of them, and examination of their properties, is at-
ended with much danger, for they are of an exceedingly
yxplosive nature: consequently, they are little known,
wnd they are not at all used. LW
' 138. CHLORIDES.—The most important of the bodies
o which this name properly belongs, are described under
the name of muriates. One of the chlorides, (that of lime,)
commonly called bleaching powder, is much used in bleach-
E:ng processes. It is made by forcing chlorine gas into a
lose wessel, containing dry newly-burnt lime.
139. Iopipes.—Bodies of this class are numerous, but
very unimportant, being entireéy useless.
| D
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140. BoRrURETs are compounds of metals with boror
They are but of little consequence.

141. CArBURETTED HYDROGEN is a gas composed
equal parts of carbon and hydrogen ; sometimes, howi
ever, the gas is obtained with a less proportion of carbon
in which case it is called sub-carburetted hydrogen. Cas
buretted hydrogen gasis heavy, invisible, and, when pur
void of taste and smell : it generally, however, has a sm
phurous smell, owing to its holding a portion of sulphw
in solution. By the combustion of carburetted hydroge:
we obtain a splendid white flame, which is now mue
employed in domestic economy, in preference to the ligh
of candles. = The much-dreaded fire-damp of the co)
mines is identical with the gas under consideration. TF
way to procure it is shown at 463.

142. PuospHURETTED HYDROGEN, is a gaseous com
pound of phosphorus and hydrogen. Its characteristi
property is extreme combustibility : it inflames by mere
ly coming into contact with the atmosphere., A ver
brilliant white light attends its inflammation in oxyges
gas. When brought into contact with chlorine, it detc
nates with a brilliant green light. Tt has a very disagree:
able smell, resembling that of putrid fish, It combine
in a very slight degree with water. Those flashes «
light, ealled by the vulgar will-of-the-wisp, and by somy
ignes-fatui, which are often seen in churchyards, and othe
places where vapours are exhaled from putrifying anima;
matter, are produced by the formation and inflammation
of this gas. A very pretty experiment with this gas, i
described at 464,

#143. SULPHURETTED HYDROGEN is a zas, whose comy
ponent principles are hydrogen and sulphur, It is twies
the weight of common air, and is slightly absorbed by wa:
ter. It burns (when lighted) with a pale blue flame, de«
positing sulphur. It does not support combustion. It
smell is extremely fetid, resembling that of rotten eggs
Its taste is sour. It reddens vegetable blues. Hence, b
some, it has been reckoned an acid, but is not fully (thougl
nearly) entitled to that appellation. Of all the gases, sull
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phuretted hydrogen is perhaps the most deleterious to
animal life. A dog of middle size is destroyed in air,’
containing only 1.800ths of its bulk of it. Indeed, it
has been proved, that to kill an animal, it is sufficient to
make the sulphuretted hydrogen act on the surface of its
body, when it is absorbed by the inhalents. Yet, to the
presence of this gas, is chiefly owing the beneficial medi-
cinal properties of Harrowgate, Aix-la-Chapelle, and
some other mineral waters. Sulphuretted hydrogen is
employed by the chemist as a re-agent. It unites with
several bodies, forming hydro-sulphurets. The process
for procuring this gas is given at 465. .

144, ARSENURETTED HYDROGEN is a gaseous compound
of arsenic and hydrogen. Itis inflammable, extinguishes
flame, and destroys animal life instantaneously.

145. TeLLURETTED HYDROGEN, a gas composed of
tellurium and hydrogen, is soluble in water, and gives a
claret-coloured solution. -It combines with the alkalies.
It burns with a blue flame. It smells like rotten eggs.

146. PorassURETTED HYDROGEN.—When hydrogen
and potassium are passed through a tube heated to white-
ness, the gas dissolves the metal, and potassuretted hydro-

n gas is formed, and inflames spontaneously.

147. CARBURET OF SULPHUR—SULPHURET OF CARBON
— ALCOHOL OF SULPHUR,—( It is differently named) an in-
teresting compound of carbon and sulphur,—prepared with
difficulty,—possessed of the following properties: it is an
oily liquid, eminently transparent, and perfectly colourless.
It has a pungent aromatic taste, and a nauseous fetid
smell. It boils briskly at about half the heat of boiling
water, and at 600° inflames, burning with a blue flame.
Mixed with oxygen, and having the elective spark’ passed
through it, it detonates.

148, CARBURET OF IRON—STEEL.—This is a compound
of iron and carbon. Tt may be made, by keeping iron
mixed with charcoal in a crucible, for a number of hours,
in a strong heat. It is hardened by being thrown, when
red-hot, into cold water. Steel contains scarcely 1.200ths
of its weigzht of carbon, and yet its properties differ very
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greatly from those of pure iron, The uses of this coma.
pound are well known.

149. PLuMBAGO is another carburet of iron. This sub--
stance is generally called black-lead, which, as it containss
not an atom of lead, is exceedingly absurd. The only;
thing in which plumbago and lead agree, and from which
the name must have originated, is the making a black:
mark on paper. Plumbago is composed of 90 carbon -+
10 iron. Large quantities of it, in a very pure state, are :
found at Keswick, in Cumberland.

150. PRUSSINE, or cyanogen, a substance formed by the :
combination of carbon and nitrogen. It is a gas. It:
has a peculiar penetrating smell, burns with a blue flame, ,
and reddens vegetable blues. It forms, with hydrogen,
prussic acid (110).

151. SuLpHURETS.—Bodies of this class are very nu- -
merous, and some of them very important. All the me=- -
tals appear capable of forming sulphurets. Copper pyrites, ,
and iron pyrites, are two native compounds of metals with .
sulphur. = Alkalies and earths, by combining with sul-
phur, likewise form sulphurets.

152. PuosprURETS.—Compounds of phosphorus with
metallic, and other bases. Phosphuret of sulphur is em-
ployed to form matches for the instantaneous production
of light (see 584.) Phosphuret of lime is remarkable for -
having the property of decomposing water, at the come
mon temperature of the atmosphere : when a piece of it .
is thrown into water, the hydrogen that is liberated, unites .
with a portion of phosphorus, and forms phosphuretted
hydrogen gas, which takes fire spontaneously (see 585).

y SALTS.

153. These are compounds of acids, in definite pro-
portions, with alkalies, earths, and metallic oxides. They
form a very numerous, and very important class of che- -
mical bodies; and the study of their composition and
properties, must occupy a large share of the learner’s at-
tention. Nothing can give such clear ideas concerning
the nature of chemical changes, so well explain the laws
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}f’afﬁnity, and exhibit to advantage the doctrine of defi-
ite proportions, as the synthesis and analysis of salts.
ere is another thing also which may be mentioned here,
"+t corves to show with what facility some parts of che-
ical knowledge may be acquired. The student, upon
eing told that the number of salts amounts to several
Jousands, might be terrified into the opinion, that it
ould be scarcely possible to remember even the names
)f so many bodies. But when he is shown how philoso-
>hically these bodies have been arranged, and how excel-
ently named, he will perceive, that the learning and re-
nembering—not only their names, but their constituent
srinciples also, is a task of but little difficulty. To illus-
rate this. :

154. Let the student be told, that every salt has a double
name : one part of it intimating the acid of the compound,
nd the other, the particular base. et him also be told,
hat the terminations of the names of the salts invariably
ee with the terminations of the names of their compon-
ts; and then the nomenclature of salts will be perfectly
ntelligible. Thus, if an acid, whose name ends in IC, as
ulphuric acid, combines with a base, as soda, and forms
a salt, the part of the name of that salt which intimates its
acid constituent, will end in ATE; the compound being
a sulphaTE. But, on the contrary, if the salt be formed
by an acid ending in OUS, as sulphurous acid, then the
name of the salt ends in ITE, as sulphiTE of soda.—A
few more examples may render this familiar :—

ACIDS. BASES. SALTS PRODUCED.
Sulphuric. Lime. Sulphate of Lime.
Sulphurous. Lime. Sulphite of Lime.
Nitric. Potass. Nitrate of Potass.
Nitrous. Potass. Nitrite of Potass.

' The salts which end in ite, like the acids they are form-
ed from, are generally of very little value.
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155. When the proportions of the constituents of a S
are so adjusted, that the resulting substance does not :
fect vegetable colours, it is called a neutral salt, Whi
an alteration of colour evinces a predominance of acid, t!
salt is said to be acidulous, and the prefix super, or bi,,
used to denote the excess of acid. If, on the contrary, t|
acid matter appears to be in defect, or short of the qnany
ty necessary for neutralizing the properties of the base, ti
salt is then said to be with excess of base, and the pret
sub, is attached to its name,

156, It is to be remembered, that all salts are combins
tions of metals with acids, and that the bond of union bt
tween the two bodies is oxygen. If a piece of pure met
is put into an acid, it remains unacted upon, until, by som
means, it acquires oxygen, and is converted into a metall
oxide : then its dissolution immediately commences, B
whence does pure metal, when put into an acid, obtain th
Oxygen necessary for its conversion into an oxide ?—'T]
this question must be given the following answer :
metal, previous to its dissolution in an acid, decomposs
either part of the acid itself, or else the water with whicy
the acid is diluted. It then attracts to itself the oOxXyges

of the decomposed liquid, and sets the other constituent «
it at liberty. It will be worth while to consider the chig
phenomena of metallic dissolution more closely, in orde
to show, that thisis a right explanation of what takes place

157, The first and most striking of these phenomena, i
the effervescence which takes place : what is this occasionee
by ?2—The effervescence itself is a disengagement of gas;
but what is this gas disengaged from? Let us consider:
We may suppose that the dissolution is taking place i
nitric acid. Now, we know, that the constituent prineid
ples of nitric acid (oxygen and nitrogen) can only exists
when separated from each other, or when united in other
proportions, in the state of gas; we also know, that nitrid
acid imparts its oxygen to other bodies with great readid
ness. Ilence it is easy to infer what takes place when this
acid has a metal put into it: a portion of the acid is de
composed ; part of the oxygen of this decomposed portiom
of acid combines with the metal, another part combines
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th the other element of the acid, (nitrogen,) and con-
tutes a body not soluble in water. This newly-formed
dy 1s nitrous gas, and this it is, which, by its sudden
nversion from the liquid to the gaseous state, produces
~ its disengagement, the noise and frothing which is
rmed eflervesence.
158. The same decomposition, and consequent forma-
m of gas, takes place when solutions of metals are made
other acids, whether they be diluted or concentrated.
| solutions with sulphuric acid, the disengaged aériform
dy is either sulphurous acid gas, or hydrogen gas, ac-
rding as the oxidation of the metal happens to be made
the expense of the sulphuric acid, or of the water.
159. The second observable phenomenon is, that when
e metal has been previously oxidised, its dissolution
ces place without effervescence—and why ?—because, not
eding oxygen, the metal does not decompose the acid,
water, to obtain it, and no gas, therefore, is set at li-
rty. The earths, and alkalies, dissolve without effer-
scence, for this reason.
160. Another phenomenon worthy of notice, is, that all
stals which have a weaker affinity for oxygen, than the
ses of certain acids, are absolutely insoluble in those
ds. Hence iron, and some other metals, are, in their
tallic state, insoluble in sulphuric acid ; but, if those
ls are put into the acid in an oxidised state, they be-
e readily dissolved, without effervescence ; or, if the
d be diluted with water, to oxidise the metals by its de-
mposition, they are then dissolved with effervescence.
161. The solubility of salts in water, is their most im-
rtant general habitude. In this menstruum they are
nally crystallized ; and, by its agency, they are purified
d separated from each other, in theinverse order of their
wubility. It is not very difficult to determine the quan-
of a salt, which water can dissolve. Water, at a
erminate temperature, must be saturated exactly with
salt whose solubility we wish to know ; a certain quan-
of this solution must be weighed out and evaporated,
the saline residue, upon being weighed, gives the a-
Lunt. If, for example, 3 parts of the saturated solution,
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upon being evaporated, leave 1 part of salt; then, tl
salt is said to be soluble in 2 parts of water, at the givi
temperature. :
162. To obtain a perfectly saturated saline solution,
heat the water with the salt, and then allow it to cool|
the temperature required. In very particular cases, it
necessary to keep the final temperature constant fori
least two hours, and to stir the solution frequently, to:
sure of its saturation. 50
163. The following pages contain descriptions of soy
of the most important salts. They will be found very
teresting, and will repay the student for the closest atte
tion.. ' '
164. NITRATE OF POTASS—SALTPETRE.— This we
known salt is a compound of nitric acid and potass.
crystallizes, and its crystals contain very little waters
crystallization.  Its component parts are 47 base, and!
acid. Its solution requires four times its weight of ec
but only an equal weight of boiling, water. If a red b
be applied, it is decomposed, in consequence of the.
struction of its acid. By distilling in an earthen reté
or in a gun barrel, oxygen gas may be obtained in gr
abundance, one pound of nitrate of potass yielding aby
12,000 cubie inches, sufficiently pure for common exs
riments. This salt powerfully promotes the combust
of inflammable substances : it is the principal ingredil
in the composition of gunpowder. Besides the usess
ready mentioned, nitre enters into the compositior
fluxes, and is extensively employed in metallurgy .
serves to promote the combustion of sulphur in fak
cating its acid j it is used in the art of dying; itis adl
to common salt for preserving meat, to which it give
red hue ; it is an ingredient in some frigorific mixtur
and is frequently prescribed in medicine. It is also f¥
this body that the nitric acid of commerce is generallyy
tained.
- 165. CuroraTk OF PoTass, a salt of a very sing¥
nature, composed of chloric acid and potass, or, accorc|
to some, of chlorine 1 part, potassium 1 part, and oxy)
6 parts. Its properties are the following :—It crys
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lizes in shining scales. One part requires for solution 17
of cold water, or 24 of hot. Its taste is cooling and un-
pleasant. When one hundred grains of this salt are ex-
posed to a gentle red heat, they yield 115 cubic inches of
very pure oxygen gas. It is decomposed by all the strong
acids. It exerts very powerful effects on inflammable
bodies: The mode of preparing and performing experi-
ments with this body, will be found described among the
other experiments. ;

. 166, CARBONATE OF Porass.—This salt has been long
known. There are two varieties of it, The first is when
the alkali is fully saturated with carbonic acid ; the second
is the potass of commerce, which is in the state of a sub-
carbonate—the alkali being in excess. The sub-carbonate
is composed of carbonic acid 32 4 potass 68 ; the carbo-
nate, of equal portions of the two bodies. The sub-car-
bonate has a taste far less penetrating and corrosive than
pure alkali ; but it still turns to green, the blue infusion
of vegetables. Upon the addition of an acid, carbonic
acid gas is given out with effervescence. Tt dissolves
very readily in water, which, at the ordinary temperature,
takes up more than its own bulk, When exposed to the
atmosphere, it attracts so much moisture, as to pass rapid-
ly to a liquid state. This change is termed deliquescence,
—The carbonate of potass differs from the sub-carbonate

in the following particulars :—1In the greater mildness of
its taste. Though still alkaline, it is but slightly so. It
is composed of carbonic acid 64 -~ potass 68. It is un-
changed by exposure to the air. It assumes the shape of
regular crystals. It requires, for solution, four times its
‘waight of water at 60° ; but boiling water dissolves nearly
an equal weight ; the heat, however, in this case, drives
off a portion of carbonic acid gas. ,
. 167. PrussiaTE o¥ Porass,—This salt is composed of
prussic acid and potass. It is one of the most valuable
re-agents which the chemist possesses, in metalic analy-
sis. The crystals of this salt are transparent, and of a
beautiful lemon, or topaz yellow colour. It has a saline,
cooling, but not unpleasant taste. In large erystals, it
possesses a kind of toughness, and, in thin scales, of elas-

E
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ticity. Water, when cold, dissolves one-third of its weight
of this salt, and an equal weight at the boiling point. Ite
solution is not affected by alkalies ; but it is decomposec
by almost all the salts of the permanent metals,—the ald
kah combines with the acid of the metallic salt, and the
prussic acid with the precipitated metallic oxide, to which?
according to the nature of the metal, it communicates i
peculiar colour. Hence the use of prussiate of potass a4
a test. The following table presents a view of the cos
lours of some of the metallic precipitates thus obtained ;=

Solutions of Give a
Manganese, White precipitate.

Protoxide of iron, Copious white.
Deutoxide of iron, Copious clear blue.
Tritoxide of iron, Copious dark blue.
Tin, White.

Zinc, White.

Cobalt, Grass green.

Bismuth’ WP i Whitef

Protoxide of copper, White.

Deutoxide of copper, Crimson brown,

Lead, White. [in the airi
Silver, v cnconnseseoroveeressenccsscs W hite, passing to blue
Gold, b be i N G €

168. OXALATE oF PoTass, sometimes called essentiai
salt of lemons, exists in two states: one, the super-oxalatel
is obtained from the leaves of wood-sorrell ; the other
the oxalate, may be obtained by adding more potass t{
the super-oxalate. Both may be formed by the direc
union of potass with oxalic acid, certain cautmns bein;
observed. Ogxalate of potass is a crystallizable salt ; bw
it does not readily crystallize, unless one of the ingredi
ents be in excess. The crystals are nearly msnluhle 1i
cold water, but will dissolve in 10 parts of boiling water
The taste of this salt is sharp, acrid, and bitter. It i
used for removing stains from linen, and for various pux
poses of the arts.

169. TARTRATE OF PoTAss.—There are two varietie
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of this salt, the tartrate, commonly called soluble tartar ;
and the super-tartrate, well known by the name of cream

tartar. 1. The super-tartrate of potass is composed of
tartaric acid, 18 == potass 6. It is found encrusted on
the bottoms and sides of casks in which wine has been
kept. The crust is purified, and the salt is procured
from it in crystals. This dissolves in 60 parts of cold
water, or 14 of boiling. It is much used in chemical
and medicinal preparations. 2. The tartrate of potass is
composed of tartaric acid, 9 == potass 6. This salt has
a bitter taste. It is used in medicine as a mild purgative.
It is dissolved by its own weight of cold water, and by a
;till smaller quantity of hot water. It is decomposed by

eat.

170. MURIATE OF SODA—CULINARY SALT,—This a-
bounds in the waters of the ocean, and chiefly occasions
their peculiar taste, It is likewise found, in great abun-
dance, in various parts of the globe, in a dry state. At
Northwich, in England, is a salt mine, which yields 4000
tons of rock-salt a-year; and, in Spain, there is a re-
' markable solid mountain of salt, 500 feet high, and a
' league in circuit ; its depth below the surface of the
earth is unknown. This mountain is composed of salt,
in a state of perfect purity. In short, saltis one of the
most abundant bodies in nature. And it is a very useful
' body. The shape of its crystals is a regular cube. Its

taste is well known. It dissolves in 2} parts of water,
whether it be cold or boiling. It is not affected by ex-
posure to the atmosphere, When heated, it breaks with
a crackling noise, which phenomenon is termed decrepita-
tion. By a greater heat it may be fused, and by a still
ter volatilized ; but heat cannot decompose it, for,
after volatilization, it remains muriate of soda. It is
composed of muriatic acid, 14 <= soda 16; or, if it be
regarded as a compound of chlorine and sodium,  of
chlorine 18 <= sodium 12. The muriatic acid of the
shops is obtained from this salt. I

171. SULPHATE OF SODA—GLAUBER’S SALT.— A com-
pound of sulphuric acid 19 - soda 15. When crys-

tallized, this salt is composed of 19 acid, 4= 15 base, +
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44 water of crystallization, It is found native in variouss
saline springs, and sometimes efllorescent on the walls of!
old houses. It may be formed artificially by the com--
bination of its constituent parts. The taste of this salt}
is cooling and bitter. Its crystals, when in contact with
the atmosphere, lose their water of crystallization, and |
become pulvernlent. It is soluble in three parts of cold |
water, and less than its own weight of boiling water; a:
saturated hot solution, when cooled, readily shoots into
beautiful crystals. The crystals, on exposure to fire, liz-
quify in a short time ; and, when an intense heat is ap-.
plied, fuse. Sulphate of soda is decomposed by barytes, ,
strontia, and potass; the first two take its acid from it:
entirely, the last only partially, Tt is generally used in|
medicine, as a purgative.

172. BORrATE OF SoDA—BoRAX.—Neutral borate of!
soda is an artificial production, not much known ; but!
the sub-borate of soda, or common borax, is a bod y that
is well known, and very useful. Tt is brought from the-
East Indies in an impure state, and called tincal, It is |
purified by being boiled very strongly, and for a long
time. It is white, transparent, has a greasy feel, and a
styptic alkaline taste ; it converts vegetable blues to green ;
it is soluble in 6 parts of boiling water, and 18 of cold .
water. When exposed to heat, it swells, boils, loses its
water of crystallization, and becomes converted into a
porous, white, opaque mass, termed calcined borax. With
a stronger heat it melts into a transparent glass, but re=
mains soluble in water, The component parts of sub-bo-
rate of soda, are boracic acid 36, soda 17, water 47. It
is much used as a flux for metals, and is therefore of great
importance in analysis by the blow-pipe. : :

173. PHOSPHATE OF SopA.—The taste of this salt is
very similar to that of common salt. Tts crystals are so-
luble in 2 parts of boiling, water, or 4 of cold water :
they effloresce in the air, and when heated, undergo the
watery fusion, At a red heat they melt into a white ena~
mel, and before the blow-pipe into a transparent globule,
which, on cooling, becomes opaque. It is much used by
mineralogists in the fusion of minerals. :
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174. CARBONATE oF Sopa.—This compound of car-
bonic acid and soda, is known in commerce by the names
of kelp, barilla, and soda, and is obtained either from the
decomposition of common salt, or from the combustion
of marine plants. This salt, like the carbonate of potass,
exists in two states—1. The carbonate, properly so called,
in which the soda is fully saturated with carbonic acid,
(composition 20 acid == 14base.) 2. The sub-carbonate,
in which the soda is in excess, (composition, in its dry
state, 10 acid, 14 base; composition, when erystallized,
10 acid <= 14 base, 43 4= water of crystallization.) The
Iatter sort is the one generally found in commerce, and
known by the above-mentioned names.

175. Carbonate of soda is found native, and may be
formed artificially. It is not a crystallizable salt, but is
obtained in the form of a white solid mass, which is so
little liable to change by exposure to air, that it has been
‘used in the construction of walls of edifices, instead of
stone.

176. Subcarbonate of soda, crystallizes. Its taste is
urinous, and slightly acrid, without being caustic. It
changes blue vegetable colours to a green. . It is soluble
in twice its weight of cold water, and less than its weight
of boiling : hence a saturated hot solution crystallizes on
cooling ; the crystals, are, however, more beautiful, when
the evaporation is carried on slowly. It is one of the
' most eflorescent salts known, falling completely to pow-
' der in a very little time after its exposure to the atmos-
' phere. On the application of heat, it is soon rendered
i fluid, is dried by the continuance of the heat, and then

melted. As it is more fusible than the carbonate of po-
tass, it is preferred to that salt in the manufacture of
| glass ; because it promotes the fusion of the earth in a
 greater degree, and produces a glass of better quality. =
'~ 177. NITRATE OF AMMONIA--Inflammable Nitre.~—This.

is a combination of nitric acid and the volatile alkali. It

is obtained in crystals, (though its components cannot be

crystallized,) which differ in their appearance, according
| to the degree of heat employed to evaporate the water of
. solution. The taste is extremely cold and acrid. It dis-
E 2
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solves in 2 parts of cold water, and in half its weight of '
boiling water. It deliquesces, The most remarkable :
property of this salt, is, that, when thrown on a red hot:
iron, it explodes, with a loud noise, accompanied by a.
white flame. By this it is decomposed : the oxygen of’
the acid forms water, by combining with the hydrogen of’
the alkali ; and the nitrogen of both bodies is dissipated
in the shape of gas. The chief use of nitrate of ammo--
nia, is for affording nitrous oxide gas, by a certain mode:
of decomposition. When dry, it consists of 6.7 acid,,
2.13 ammonia, 1.125 water. _

178. MURIATE OF AMMONIA—Sal Ammoniac.—This
salt was brought to this country for a long time from E-.
gypt ; but it is now economically prepared at home. This:
salt is purified by sublimation ; hence, heat does not de- .
compose it. When sublimed, it is in cakes, which are
remarkable for possessing a certain degree of ductility, so/
as not to be easily pulverable. But it may be obtained
from its solution, (which requires 3} parts of cold, or little
more than 1 of boiling, water,) in regular quadrangular
crystals. The compact salt is not affected by air, but the
crystals deliquesce. It has a pungent, acrid, cooling.
taste, and the white smoke in which it sublimes has a very
peculiar smell. Great cold is produced, both by its solu-.
tion in water, and its mixture with pounded ice: hence,.
here, it is useful for frigorific mixtures, and, in warm
countries, for cooling wines. It is composed of 48 acid,
16 base, 37 water. Few salts are of more extensive use
than this. In chemistry, medicine, metallurgy, dying,
and many other arts, it is much employed ; and it is indis-
pensable in operations whereby the surfaces of some metals.
are coated with others—for example, in the tinning of
copper. |

179. CARBONATE OF AMMONIA, vulgarly called smel-
ling salts, when very pure, is in small ecrystals, The
taste and smell of this salt are the same with those of pure
ammonia, but much weaker. It is soluble in rather more
than twice its weight of cold water; and in its own
weight of hot water ; but a boiling heat volatilizes it. It
is not decomposed, however, by heat, though so readily
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sublimed. It is soluble in the atmosphere: if left in a
state of exposure, it diffuses its smell, and diminishes in
weight. It is prepared in different ways; and as these
ary, so do its component parts. The salt of the shops
consists of 55 acid, 30 base, 15 water. The solid salt
broduced by the union of its constituents in the state of
gas, is composed of 56 acid = 44 alkali. ;

180. SurLpHATE OF Baryres.—This salt may easily be,
though it seldom is, formed by art ; because it abounds.in
nature, especially in veins of metals. It is generally ob-
ained in crystals, differently shaped. Itisthe heaviest of
all salts, and is insoluble in water. It is tasteless and
inodorous. It is not poisonous,—this property distin-
guishes the sulphate from all the other salts of this earth,
s they are poisonous. When formed into a thin cake
with flour and water, and exposed for some time to a very
strong heat, it shines afterwards in the dark. This
property was discovered in Bologna, and hence the mine-
ral has been termed Bolognian phosphorus. It is composed
of sulphuric acid 1 <= barytes 2.
181. CARBONATE OF BaryTES.—This is found native,
lbut not so abundantly as the sulphate of barytes. It
crystallizes, is very heavy, tasteless, inodorous, extremely
poisonous, and nearly insoluble in water. It is not al-
tered by air, but is decomposed by heat. Its constituents
are 2 acid -}~ 7 base. X I

182, NITRATE OF BaryTEs.—This is obtained by

processes hereafter described, either from the native car-
bonate, or sulphate of the earth. Its taste is hot and
acrid, It is soluble in 12 parts cold, and in 4 parts boil-
ing, water. It crystallizes, sometimes in stars, sometimes
in small brilliant plates. When heated, it decrepitates :
if the heat is continued, the acid is expelled, and the bary-
tes remain pure. This salt is composed of 6.75 acid =
9.75 base. It is chiefly used as a fest for sulphuric acid,
for'which purpose it is exceedingly well suited, as is shown
at 535.
" 183. MuRriATE OF Banryris.—The observation pre-
fixed to nitrate of barytes, respecting the mode of obtain-
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ing that salt, applies to this also. Muriate of baryte:
crystallizes. It is soluble in 5 parts of cold water, in still
less of hot water, and also in alcohol. It is not alteree
by air, and only partially decomposed by heat. It has
nauseous burning taste, and is poisonous; but is somes
times given medicinally in small doses. It consists of €
acid 4= 19 base, in a dry state; and 5 acid, 16 base, ¢
water, when crystallized. The muriate, like the nitrate
of barytes, is of great use as a test for sulphuric acid, see
935.

184. SULPHATE OF STRONTIA bears, in many of ite
properties, considerable resemblance to sulphate of bary.-
tes; but its specific gravity is less, and its affinities are
not so energetical. Tt occurs native, in great abundances
in various parts of the world, usually in a crystallizec:
form. It is insoluble. Its composition is 5 acid =4 61
base.

‘185. CARBONATE OF STRONTIA is found native, butt
as well as the preceding salt, may be formed artificially.
The native substance appears in semi-transparent crystalsg
of a white colour tinged with green. It is insipid ; inso-
luble ; is not altered by exposure to the air; but is de-
composed by heat. If thrown in powder on well kindled
coals, it exhibits red sparks. It is much lighter than car-:
bonate of barytes, (with which body it was long thoughy
identical,) and is not poisonous. It consists of 2.75 acid
== 6.5 strontia.

186. NITRATE OF STRONTIA may be obtained in the
same manner as that of barytes, with which it agrees im
the shape of its crystals, and most of its properties, It i
much more soluble, however ; requiring but an equak
weight of water at 60°, and half its weight of boiling wa-.
ter. In dry air, it efloresces ; in moist air, deliquesces.
By heat it is decomposed. Applied to the wick of a can.
dle, or added to burning alcohol, it gives a deep red, or
purple colour to the flame. This is the characteristic pro--
perty of strontia. It consists of 6,75 acid == 6.5 strontia, ,

187. MURIATE OF STRONTIA, formed artificially ; tastes
cold and sharp; soluble in less than its own weight of!
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old water ; and in any quantity of boiling water, It de-
quesces in moist air. Its constituents are 24 acid 4= 36
ase == 40 water, : :

188, CArBONATE OF LIME forms a considerable part
f the solid strata of the globe. It is sometimes obtained
waure ;3 but generally mixed with other earths, with metals,
oal, &c. : it is occasionally obtained in transparent crys-
als. In these various states it is known by the names of
halk, marble, limestone, stalactites, &c. With the ex-
eption of muriate of soda, it is of more importance than
my other of the salts. Carbonate of lime has no taste, is
1soluble in water, but slightly soluble (like the other car-
onates) In water impregnated with carbonic acid. But,
)y exposure to the air, the extra dose of carbonic acid
ies off, and the salt reverts to its state of insolubility.
o alteration is effected in it, on exposure to the air,
hen heated, it decrepitates, its water flies off, and lastly
s acid ; but this requires a pretty strong heat. By this
rocess it is burned into lime. It is composed of 14 lime
11 carbonic acid, =~ The specific gravity of this body
aries, as does its state of aggregation: chalk and marble
re essentially the same in constitution, but very different
1 their relative weights. Perhaps it may be stated at 2.7.
189, SurenaTE OF LiMe.—This is known also by the
ames of alabaster, gypsum, plaster of Paris, and various
thers. . It is found nativein great abundance ; sometimes
1 a crystallized state, sometimes otherwise. It requires
or its solution 500 parts of cold water, and 400 of hot.
At a red heat it loses its water of crystallization, and falls
ito a white powder. When this powder is mixed with
ater, heat is disengaged, and the product is a solid mass.
1 this case, the water loses its heat of liquidity, by enter-
aginto a state of solidity with the calcined salt. A hasty
ystallization takes place, with an enlargement of bulk.
Jwing to this property, calcined sulphate of lime has
een much employed in making casts from anatomical
d ornamental figures. It also forms one of the bases of
tucco, is used as a cement, and for making various
aouldings and other ornaments in building. Its consti-
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tuents (when deprived of its water of crystallization) are
7 lime == 10 sulphuric acid.

190. FLuaTe or Lime.—This body is very abundany
in the native state, and is called fluor spar, Derbyshire
spar, phosphoric spar, &c. The substance found in Der:
byshire is a very beautiful variety, and is much employee
in the formation of various ornaments for cabinets, and o1
cups, candlesticks, &c. It is insoluble. When heatedi
it decrepitates, loses its water of crystallization, and after:
wards shines in the dark. At a strong heat, it melts intd
a glass. Several acids, when assisted by heat, decompos:
it, and expel the fluoric acid in white fumes. The com
stituents of fluate of lime are acid 16 = base 44 =} watel
of crystallization 60.

191. NrtraTe oF LiMe.—This salt is formed in thi
operations attending the crystallizing of nitrate of potas
of commerce. Its crystals resemble bundles of needles
diverging from a centre. Its taste is hot and bitter. 1
deliquesces in the air, and is so extremely soluble, that
can only be kept in the dry state with great difficulty. 1
is soluble in an equal weight of alcohol. Nitrate of linx
is of very little use. Its constituents are 45 acid == &
lime <}= 35 water of crystallization.

192. MuURIATE OF LiME,—This salt exists in nature
but neither very abundantly, nor very pure. It is easik
formed artificially, but very difficultly crystallized : it be
ing one of the most deliquescent salts known. Its tast
is acrid, bitter, and very disagreeable. It is soluble bi
heat in its own water of crystallization, and in half ii
weight of cold water. It dissolves in alcohol ; durim
the solution, so much heat is generated, that the alcohu
boils. Muriate of lime is chiefly used in frigorific mix
tures ; and with snow it produces a very great degree ¢
cold. Its constituents, when deprived of its water «
crystallization, are 11 acid, 11 lime.

193. PHOSPHATE OF LiME.—This is the basis of tl
bones of animals, and the principle which gives to thex
their hardness and strength: hence it is a body of gres
importance. It is not only found in bones, however, b
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in considerable abundance in a pative mineral state, and
it may be formed artificially. It is sometimes obtained

tallized, but is generally in the form of a white pow-
der, which is insoluble in water. By a violent heat, it
may be fused into an enamel. It isused for making cupels,
which are vessels employed by silversmiths in the opera-
tion of refining silver ; for polishing gems and metals, to
absorb grease from linen, paper, and silk, and as a medi-
cine. 1t is identical with the burnt hartshorn of the
shops. Its constituents are 30.5 acid, 69.5 base.

194, OXALATE OF LIME is a white powder, which is
insoluble in water, not decomposable, except by fire, and
turning vegetable blues green. It is composed of 14 acid

11 lime.

195, SULPHATE OF M AGNESIA— Epsom-Salt.—This salt
\obtained the latter name, from having been obtained for a
long time by evaporating the water of the saline springs at
Epsom, in England. It is now generally obtained from
sea water, in which it exists in large quantities, mixed
with muriate of soda, It may be formed artificially,
'When pure, it crystallizes. Its taste is cool and bitter,
Tt is very soluble, requiring only an equal weight of cold
water, and three-fourths its weight of hot. It effloresces
in the air, though but slowly. When heated, it dissolves
in its water of crystallization, but is not decomposed. It
is chiefly used as a purgative in ‘medicine, and to furnish
magnesia by its decomposition. It is composed of 5 acid
4 2.5 magnesia - 7.9 water of crystallization.

196. CARBONATE OF MAGNESIA exists in two States:
one in which the constituents are neutral, the carbonate ;
another, in which the acid Is in defect, the sub-carbonate.
This latter kind is the same as the magnesia of the shops ;
what is really simple magnesia, is commonly termed cal-
cined magnesia. 'The methods of preparing both kinds of
the salt will be described hereafter. The carbonate cry-
stallizes, and its crystals are soluble in 48 times their
weight of cold water; the sub-carbonate is a white pow-
der, and requires for its solution ten times that quantity
of water. The crystals slightly effloresce, and, upon ex-
posure to the fire, decrepitate, lose their water and acid,
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fall to powder, and are reduced to ome-fourth of thein
originab weight.  The powder, upon being heated, boils:
its acid flies off} it loses half its weight, and the magnesia
remains quite pure. {41 '
197. SULPHATE OF ALUMINA AND POTASS—ALUM,~—
This salt'is sometimes found in a native state, but is genes
rally formed from various minerals, called alum ores, 11
crystallizes, has a sweetish, but very astringent taste, ang
reddens vegetable blues, showing the acid to be in excesss
It is soluble in from 15 to 20 parts of cold water, and ir,
three-fourths its weight of hot. Its crystals effloresces
and, when heated; melt in their water of crystallization
at a strong heat, -they lose 44 per cent. (chiefly water) o4
their weight, and are reduced to a white porous m
called burnt alum. This salt is a very important one: il
is extensively used in medicine, bleaching, dying, calicos
printing, tanning, paper-making, ‘and various other artss
Bodies which have been steeped in a solution of alum, are
not apt to take fire. Its composition is stated thus : - acig
10, alumina 3, potass 3, water of crystallization 16. 119
198.. METALLIC SALTS.—This term is applied to the
bodies which aie formed by the combination of acids withl
those metals, that are better known in their metallic states
than in their oxidised. It might certainly, with stries
propriety, include the alkaline and earthy" salts, for ther.
are as much metallic salts as any others are, (as will be
evident to any one who reads paragraphs 156 to 160;;
but the term is, however, generally prescribed to what we|
‘have stated. The following are among the most curious
and useful of the metallic salts. ;
199. N1TRO-MURIATE oF GOLD.—No simple acid, how-
-ever strong it may be, has the power of dissolving gold .
but a compound, made by mixing one part of nitric acici
with two of muriatic, does possess this property. This
menstruum was formerly called agua regia, but is now
~more properly named nitro-muriatic acid. On mixing the
two acids, heat is given out, an effervescence takes place:s
and the mixture acquires an orange colour. )
A saturated solution of nitro-muriate of gold, is of a
deep yellow colour, very caustic, and of an astringent
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metallic taste. It tinges the skin, and almost all animal
and vegetable bodies, and even marble, of a deep and in-
delible purple. It crystallizes, its beautiful golden col-
our being preserved.  The  crystals are very soluble in
water, and still more so in ether. Decomposition of this
salt is effected by light, heat, earths, alkalies, and several
metals ; as in another part of this work will be proven,

. 200. NITRATE OF SILVER.—Nitric -acid dissolves half
its weight of silver. The solution is limpid, colourless,
heavy, and caustic, It conveys to hair, the skin, and
most animal substances, an indelible black colour. It
forms -brilliant transparent crystals, possessed of a very
Dbitter metallic taste, and being very soluble in water ; not
deliquescent, but decomposed by light ; converted by
heat into a preparation, used in medicine, under the
name of lunar caustic, which is a sub-nitrate. It enters

mato the composition of several detonating or fulminating
compounds. It is composed of acid 1 == base 2, - It is
decomposed by nearly the same bodies, and in the same
manner, that nitro-muriate of gold is. The method of
forming nitrate of silver is shown:at 494.

. 201. MURIATE OF SILVER is an insoluble salt, formed
by adding muriatic acid, or compounds containing it, to
nitrate of silver. It cannot be decomposed by heat, for,
after melting, it rises in vapour ; but the silver may be re-
duced by a process, which will be hereafter described.
On account of the immense affinity which muriatic acid
has for silver, these two bodies serve as excellent: tests for
each other. See 516. The composition of muriate of
silver is acid 1 == silver 3. |

202. NITRATE OF MERCURY (495) is colourless, fieavy,
and very caustic: it tinges the skin of an indelible black
colour, and yields transparent crystals, which are soluble
in hot water, It is decomposed by sulphuretted hydrogen

, by alkalies, and by muriate of tin. . It is the basis of

A fulminating compound. See 612,
- 203, NITRATE OF COPPER is very caustic. It is easily
formed, see 496, Its composition is 37 acid == 31 base
4= 32 water. Its crystals are of a beautiful blue colour ;
deliquescent, soluble, and decomposed by heat. This
F
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salt, from the facility with which it parts with oxygen, is
capable of acting on several substances with much energy,
see 601, Nitrate of copper is decomposed by the alka-
lies, by iron, and by several other bodies,

204. SurLpHATE OF COPPER is a regularly crystallized
salt, easily dissolved by watér. Tt is of a beautiful deep
blue colour, and hence obtained the name of blue vitriol.
It is a salt that is of great use in several of the arts. It.
is caustic, reddens vegetable blues, and effloresces, when |
exposed to the air. It is decomposed by heat, by pure:
and carbonated earths and alkalies, and by several metals. .
It is composed of acid 32 4= copper 32 <= water 36.

205. MURIATE OF COPPER is of a beautiful deep greems
colour, and very acrid. It may be formed by corking up,,
in a small phial, some copper clippings and a little muri--
atic acid : after a few weeks, a white powder will be seen)
at the bottom of the phial, and the liquid acid will haves
acquired the above-mentioned colour. The white powder:
is oxide of copper precipitated from solution ; the greens
liquid is a solution of the salt. Tts constituents are 400
black oxide of copper == 24 acid 4= 36 water.

906. AcETATE OF CorPER,— When plates of copper are
exposed to the vapour of vinegar, a substance is formed,
of a blueish green colour, used in dying and paintingy
and called verdigris, This substance, when dissolved im
acetic acid, forms acetate of copper. This salt, like the
sub-acetate, (wverdigris, ) is blueish-green ; its crystals are
soluble in 5 parts of hot water, butscarcely at all in cold/
They effloresce in the air, but are decomposed by heati
yielding pure acetic acid. Acetate of copper is a violeny
poison, like all other bodies of which this metal forms :
part. But we possess an antidote of undoubted efficac
to this poison—this is sugar. The chief use of this salt i
in dying. |

9()7. SuLPHATE OF IRON, the body so well known by
the name of green vitriol and copperas. It forms beautifti
transparent green crystals. Its taste is harsh and styptie

It reddens vegetable blues, the acid being always in ex|
cess. Two parts of cold, and three-fourths of boilin
water, dissolve it. It is efflorescent. A moderate hes
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drives off its water of crystallization, and a strong heat its
acid. Sulphate of iron is of extensive use in the arts.
Its constituents are 29 acid - 28 oxide of iron ~+ 45
water.

208. MURIATE OF IRON.—The iron in this salt is some-
times in the state of a protoxide, at others, of a peroxide ;
and the salts are thence called promuriate, and permuriate.
—The former is of a green colour, crystallizable, and very
soluble. It absorbs nitrous gas. From it, alkalies throw
down a green precipitate ; prussiate of potass, a white
one ; and gallic acid, none at all.—The permuriate has a
brown colour, is uncrystallizable, very soluble, and readily
decomposed by heat: the addition of sulphuric acid ex-
pels chlorine ; and alkalies throw down a yellowish brown
precipitate.

209. CARBONATE OF IRON is the chief ingredient in
Chalybeate mineral waters. It has a green colour, is brit-
tle, somewhat transparent, and soluble in water. It pos-
sesses the singular property of becoming a permanent
magnet, when heated red hot. Common rust of iron is a
compound of carbonic acid, and peroxide of copper. It
is not soluble in water.

210. AceTATE OF IRON crystallizes, has a green co-
lour, and a sweetish styptic taste. A solution of it is
much used by calico-printers, under the name of iron
liguor, in dying black.

211. GavrraTe OF IRON.—This salt constitutes black
dyes and ink. It is formed by the union of gallic acid
with peroxide of iron. It is decomposed by the stronger
acids ; hence ink-spots are taken from paper or linen by
their application.

212. PRrussiaATE OF IRON, the bases of the beautiful
pigment called prussian blue. The combined iron in this
substance is in the state of a peroxide.

213. N1TRATE OF TIN is a salt that is not permanent
(though the acid acts upon the metal with amazing vio-
lence ;) the tin continues to attract oxygen from the nitric
acid, until it becomes too highly oxidised to remain solu-
ble. It is accordingly precipitated in the form of a gray
powder. :
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214, MuURIATE oF TIN is of a yellow colour, and may
be crystallized. The crystals are deliquescent. This salt
is a test for several metals; especially for mercury and
gold.

215. CARBONATE OF LEAD, commonly known by the
name of white lead, is formed by exposing thin plates of
lead, coiled up, to the vapour of vinegar. The metal is
oxidised by the decomposition of the vapour of the acetic
acid ; and the salt is formed by the abstraction of carbonie
acid, partly from the atmosphere, and partly from the ace-
tic acid vapour, It is used as a white paint.

216. ACETATE OF LEAD.—Sugar of Lead.—This salt
obtained the latter name, from its sweet taste. It is a
deadly poison, like all other preparations of lead. It
crystallizes in needles, which have a silky appearance.
These are soluble in 3} parts of cold water, and some-
thing less of hot. Acetate of lead is of great utility. The
constituents of this salt are 27 acid 4= 58.7 base 4= 1.3
water. = ] :

217. SULPHATE OF ZiNc—the While Vitriol of commerce
—a’ compound of some importance. It crystallizes. Its
crystals are soluble in 21 parts of cold water, and less of
boiling. Heated, they melt, lose their water of crystalli-
zation, and then their acid. Heated with charcoal, the
zinc is reduced, it then rises in vapour, and inflames.
This salt is used in dying, to deepen several red colours.
It is decomposed by alkalies. Its constituents are 50
acid 4= 51 oxide of zine, in a dry state, and 50 sulphuric
acid -}~ 51 oxide of zinc = 79 water, when crystallized.
For the method of forming sulphate of zinc, see 430, 501,

218. NiTRATE OF BismuTH is colourless, yields white
crystals, which effloresce and detonate weakly. When
the crystals are put into water, they are decomposed ; the
oxide of bismuth falling down in a white powder, called
magistry of bismuth, which is used as a paint for the com-
plexion, though it is liable to turn black, by exposure to
sulphuretted hydrogen gas, The pearl powder of the per-
fumers is an oxide of bismuth precipitated by cold water,
from the nitro-muriate of the metal. i

1
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MINERALS.

219. The inorganic and inanimate substances, both
simple and compound, and of whatever nature, that are
found native, either on the surface, or in the bowels, of
‘he earth. 'The totality of these bodies has received the
rame of the mineral kingdom.

The following arrangement of minerals is the one gene-
‘ally adopted : —

Class 1. Metallic minerals, or ores.
2. Earths and stones.
3. Saline minerals, or native salts.
4. Inflammable fossils.

From bodies of the first class, we obtain, by certain
srocesses, pure metals, from those of class 2, pure earths ;
‘rom those of class 3, various salts, but chiefly nitrates,
muriates, sulphates, and carbonates ; and from bodies of
‘he 4th class, such substances as sulphur and bitumens.

The study of what relates to mineral bodies, properly
-onstitutes the science of mineralogy. The subject, though
nteresting, is one which we are not able to do more than
lust touch upon. From what is said above, and from the
wnalyses of ores, stones, marls, soils, salts, &c. to be found
mong the experiments described hereafter, the student

ill obtain as much knowledge of mineralogy as will be
ufficient for him, till he advances further in other divi-
ions of chemistry.

MINERAL WATERS.

220. This is the term applied to the waters of certain
prings, which, because they possess peculiar tastes, smells,
lours, and other singular properties, cannot be applied
purposes of domestic economy. But, though these
aters cannot be used for what water in general is used,
et they are not altogether unserviceable. Mineral springs
ave been resorted to in all ages for the cure of various
iseases ; and some of them have effected wonderful cures
n several obstinate disorders.
The examination of mineral waters with a view to as-
certain their ingredients, and thence their medical pro-
F 2
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erties, and the means of compounding them artificially,
is an object of considerable importance to society. In the
analysis of mineral waters, we, in the first place, by means|
of certain tests, ascertain what are the ingredients ; and
then, by a more minute process, determine the proporiions.
But the quantity of mineral substance which gives to water
those peculiar properties, is sometimes so very small, ands
the ingredients so various, that few problems in Chemistry
are attended with more difficulty than the correct analysis
of mineral waters,  On this account, we shall be excused
from going into the subject very deeply, and, therefore,
instead of giving a formal account of all the substances
that have ever been found in mineral waters, we shall men-
tion merely those which are generally found in them ; and
furnish some pleasing experiments, to show the mode ob
detecting the presence of these substances. See SECTION £
of the experimental part of this work. H

NATURAL CHEMISTRY.

- 221. Having now considered the properties of the ele=
mentary substances, and such of their compounds as car
be formed artiﬁcially, or are found in the mineral world.
we pmceed to examine the states of combination i in whicll
they occur in organic substances.

By organic substances, we mean those which cﬂnstltutu
the vegetable and animal kingdoms: and which essenti-
ally differ from those composing the mineral kingdoma
- inasmuch as, while the latter seem to be composed by the
accidental combinations of their constituents, their consti4
tution bears the most stiiking and impressive marks on
design, and they are in possesion of, and are governed
~the unknown, but vastly important principle called lifes
With the real nature of life, we are perfectly unacquamﬂ
ed ; all we know of it regards its operations.

222, ON VEGETABLE SUBSTANCES,—The elementalm
bodies which enter into this class of compounds, are very
few. Plants are found by analysis to consist principally
of aériform matter, and charcoal. They give out, by dis+
tillation, volatile compounds, which are composed of oxy«
gen, hydrogen, nitrogen, and coally matter, or charcoal!

- |



NATURAL CHEMISTRY—VEGETABLES. 67

| Yet, although these elements are few, the principles of
. life enables plants to form from them a great variety of
' mew chemical arrangements, by means of appropriate or-
| gans. The various solid parts and juices of vegetables,
| thus composed, and existing ready-made in them, may,
| therefore, be regarded, as their immediate materials, or
| provimate constituents. The following are the most im-
| portant of these substances :— tés .

| 223. GuM.—Colourless, tasteless, and inodorous. Does
| mot crystallize.  Dissolves in water, forming mucilage.
| Insoluble in alcohol.  There are several kinds of gum ;
| the one most used in the arts is gum arabic. Gum exudes
| from growing trees. d : Y |
| 224. Sucar.—To be found in every vegetable, Is
| very abundant in, and easily obtained from, the plant
| called the sugar-cane. Taste sweet, Crystallizes. Solu-
' ble in water, alcohol, and nitric acid. When distilled
- with the latter, yields oxalic acid.

225, Fecura, or Starch.—OQObtained from seeds and
| ¥oois, particularly wheat and potatoes. . An insipid white
| powder, Insoluble in cold water. Forms an opaque
| glutinous solution in hot water. Insoluble in alcohol.
| 226. GLUTEN,—Obtained from wheat flour, Forms a
ductile elastic mass with water., Partially soluble in wa-
| ter, but insoluble in alechol. It is this substance that
| gives to flour the property of forming good paste with
| water, |
. 221. O1ws are of two kinds, fixed and volatile; and
| both are obtained from plants. Fived oils exist chiefly in
- seeds, and each oil bears the name of the plant from

whose seed it is extracted ; thus lintseed, rapeseed, almond

oil. Sometimes a fixed oil is obtained from the pulp of
frnit; olive oil is one that is. They are extracted by
pressure and boiling, have no smell, are insoluble in wa-
 ter and alcohol, form soaps with alkalies, and are coagu-
Jated by salts.
0 228. Polatile oils are obtained from all parts of plants,
 excepling the seeds. Extracted by distillation and pres-
' sure.  Strong peculiar smell to each individual oil. In-
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soluble in water. Soluble in alcohol. Volatilized by
heat.

229, CaMPHOR.—Obtained from a species of laurel tree.
Analogous in its nature to volatile oils. Strong smell.
Extremely volatile and inflammable. Insoluble in water
and alkalies. Soluble in alcohol, oils, acids. Used in
medicine,

230. REesiNs.—These are volatile oils, peculiarly modi-
fied by the action of oxygen. Solid. Melt, when heated.
Insoluble in water. Soluble in aleohol, ether, and alka- .
lies. By nitric acid converted into artificial tannin. Pitch, .
tar, and turpentine, are the most common resins: they
exude from trees, Copal, mastic, and frankincense, are:
also of this class of compounds.

231. GuM REsINS are precisely what their name denotes |
—resins combined with mucilage. Strong smell. Brita.
tle, opaque, infusible. Form milky solutions with water;;
transparent with alcohol. Myrrh and assafcetida are ofl
this class. :

232. BaLsaMs.—Peculiar resinous juices, combined |
with benzoic acid, which body sublimes, when they are:
heated. Strong smell.

933. CaovrcHouc, A milky glutinous fluid, which)
exudes from certain trees, and in drying turns black and|
acquires consistence ; in this state it is called Indian-.
rubber. Very elastic. Insoluble in water and alcohol.,
Very combustible,

234. CoLOURING MATTER.—The colours of vegetabless
are owing to certain matters, which may be extracted, and]
converted into dyes and pigments. The art of dying con-
sists in extracting colours from vegetables, and fixing thems
on cloth.

235, TANNIN.—Taste astringent. Soluble in water.;
Forms a precipitate with gelatin, which is insoluble im
water. This precipitate is formed when skins are tanned
and made into leather. It is found abundantly in oak-,
bark and nut-galls, and may be formed (though not eco-
nomically) artificially.

236. Wax.—Insoluble in water. Fusible. Solublei
in alcohol, ether, and oils. Forms soap with alkalies,
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237. Woobn.—Composed of fibres. Tasteless. Insolu-
ble in water and alcohol.  Yields much charcoal,:(giving
ut impure acetic acid,) when distilled in a red heat.
238. VEGETABLE Acips.—The most important of
hese are the mucous, obtained from gum; the suberic,
rom cork ; the camphoric, from camphor ; the benzoic,
rom balsams ; the gallic, from galls, &c.; the malie,
rom ripe fruit; the citric, from lemon and lime juice;
he oxalic, from sorrell, and from bodies distilled with
itric acid ; the succinic, from amber ; the tartaric, from
ream of tartar ; the acetic, from vinegar, They are all
ecomposable by heat, and soluble in water. The other
roperties of the most useful amongst them, have been
ted already (see 111 to 116.)
-239. ﬂm Decomposition of Plants begins as soon as
ey are dead. The reduction of the various matters
ymposing them to their simple elements, is a process of
ery considerable length ; during which many new com-
inations are suecessively established, and successively
estroyed. The process here spoken of is fermentation.
~ 210. The Vinous Fermentation derives its name from its
roduct, which is wine.—When saccharine vegetable mat-
y accompanied by some other bodies, as fecula, mucil-
e, &c., are exposed to water and heat, they shortly ex-
serience a very striking alteration. An internal commo-
ion takes place ; the mass grows turbid; carbonic: acid
ras is disengaged, in considerable quantlty, and, being.
spelosed in viscid matter, forms, on the surface of the
iquor, a stratum of yeast. After a time these appear-
ances cease, and the fermented hquor becomes clear and
ransparent. It will now have lost its sweetness and vis-
'idity, and have acquired the vincus taste and intoxi-
-ating quality.  Thus wine is made from the juice of the
rrape, and thus beer (which may be chemically regarded
as the wine of grain) is made from malt.
241. If the fermentation be stopped, by the exclusion.
of air, before the whole of the carbonic acid gas is evolv-
sd, the wine is brisk and sparkling, like Champaigne,
from the carbonic acid gas imprisoned in it; it is also.
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sweet, like cyder, from the sugar not being completely
decomposed.

242. Sugar alone does not furnish wine, by undergoingy
fermentationl ; for, when it is decomposed, its constituents
are recombined into two new substances ; the one a pecu-.
liar liquid substance, called alcokol, or spirit of wine ; the
other, carbonic acid gas.

248. It is to alcohol that fermented liquors owe their|
intoxicating qualities, and from those bodies it may readily,
be separated by distillation. Alcohol, when pure, is of a:
strong heating nature, very light, inflammable, volatiley
and possesses a peculiar odour. It dissolves resins, vola~
tile oils, camphor, and many other substances. It is com-
posed of small quantities of carbon and oxygen, united tc
a considerable proportion of hydrogen. Of these ele=
ments (in different proportions though,) sugar too musk
be composed, of course. But, though sugar may be de«
composed into alcohol and carbonic acid, it is not possible
to compose sugar, by uniting carbonic acid and alcohol.

214. Ether, the lightest of all liquids, highly volatiley
inflammable, and odorous, is alcohol, deprived of a por-:
tion of its carbon. The decarbonization of alcohol is ef-
fected by the action of strong acids on it; and the ethen
differs in its nature, and is differently named, according
to the particular acid that is made use of. Thus nitrie
acid with alcohol, produces nitric ether, and sulphurie:
acid, sulphuric ether.

245. The dcetous Fermentation, is that which produces
vinegar. It is generally said, that, in this species of fer-:
mentation, the product is obtained from liquors which#
have already undergone the vinous fermentation ; indeed,
vinegar is chiefly prepared from wines, but the vinous fer—,
mentation is not necessarily preliminary, for vinegar mayy
be obtained from simple mucilage. Common vinegari
may be purified and concentrated by distillation, and it isy
then called distilled vinegar, or acetic acid (111.)

246. The phenomena of putrefaction is occasioned byy
the last change, or final decomposition, which vegetablesy
undergo. The putrefactive fermentation is a completey



ANIMAL KINGDOM. 71

analysis of vegetable substance, during which the consti-
tuent elements are all disengaged in the form of gas, with
the exception of some fixed earthy products, which re-
main in the state of mould, and are used as a manure.

247. But the element nitrogen is one that is exceedingly
favourable to putrefaction ; and substances which contain
it, or to which it has been added, are decomposed very
rapidly. Among the gaseous bodies which are evolved
during this process, are those described in paragraphs 121,
141, 142, 148. These have all peculiar and disagreeable
smells ; and from the mixture of these different odours
proceeds the fetor that accompanies putrefaction.

248. No substance can enter into the putrefactive fer-
mentation, if unaccessible by moisture and air ; we can,
therefore, by keeping bodies in a state of dryness, and
where air has no access, hinder their putrifying.

249. Anman Kinepom.—The principal primary cen-
stituents of animal substances are nearly the same as those
of vegetables ; but they have less carbon and hydrogen,
and a far greater quantity of nitrogen and phosphorus.
The most important of the immediate materials of animals,
which are formed by the combinations of these substances,
are gelatin, albumen, and fibrin. These three kinds of
animal matter form the bases of all the various parts of
the animal system : viz. solid, as the skin, flesh, nerves,
membranes, cartilages, and bones; and fluids, as blood,
chyle, milk, the gastric juice, saliva, tears, &c.

250. GELATIN, or jelly, the chief ingredient in skin,
It is obtained under the forms of glue, size, isinglass, jelly,
&e. It is a viscid substance, very soluble in water, but
not in alcohol ; insipid, and without smell ; when cold, it
congeals into a cohesive tremulous substance, but liqui-
fies again when heated, Tt forms the bases of soups, &c.
The union of gelatin with tannin in a skin, constitutes
leather.

251. ALBUMEN is the principal ingredient in the serum
of blood, the white of eggs. It is miscible with cold wa-
ter, but is coagulated by heat, which forms the best test of
its presence. It is also coagulated by acids and alcohol ;
but is dissolved by pure alkalies.
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254. THE very prevalent notion, that ¢ a laboratory, fitted
up with furnaces, and expensive and complicated instru=
ments, &c. &c. &c., is absolutely necessary for the perfor.
mance of chemical experiments,”” is exceedingly erroneous.
In fact, the truth of the matter is diametrically opposite to
this opinion. ¢ For general and ordinary chemical
purposes, (says Dr. Henry,) and even for the prosecution
of new and iinportant inquiries, very simple means are
sufficient: some of the most interesting facts of the sci=
ence may be exhibited and ascertained, with the aid merely
of Florence flasks, of common phials, and of wine glasses.
In converting these to the purposes of apparatus, a con<
siderable saving of expense will accrue to the experimen-
talist ; and he will avoid the encumbrance of various in-
struments, the value of which consists in show, rather than
real utility.” Tt is a curious and instructive fact, that
some of the most important discoveries in chemistry were
made by persons who, either from choice, or motives of
economy, used utensils of the very simplest character.
The laboratory of the great Priestley cost a mere trifle;
and it is well known how savingly Frankiin went to work.

We intend, in this section of our work, to give an
account of the chemical processes of most frequent recur-
rence, and to describe with minuteness the instruitents

whose real utility, simplicity, and cheapness, entitle them
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to be so distinguished. The student will also be ina.
formed where he may obtain the different utensils, and]
how much they will cost him, We shall also notice thes
precautions necessary to be observed 'in conducting pro-.
cesses, or handling substances, that are in the least degreey
dangerous. -~ In short, as we proceed with our instruc-.
tions, we shall continually bear in mind, that the personss
we are addressing both need and are inclined to receive:
information ; that they have neither time to be lost, norr
money to be thrown away,— and thus understanding thes
situation of our readers, we shall suitably model our dis--
course. We are not unaware, however, that while we3
proceed thus, we are laying ourselves open to the charge of1
puerility. We shall probably be told, that the mention off
such trifling things is not befitting the pages of a philoso-.
phical treatise. But, being of opinion that elementary «
writers in general are by far too concise in their practical]
instructions,—that they presume the student knows many s
things which he really does not know,—we do humbly
coneeive, that we shall be serviceably employed, in giv=.
ing precise directions for the performance of the mosti
curious and instructive chemical experiments. i
- The following observations, by a writer of celebri- .
ty, on the conducting of chemical processes in general, ,
are truly valuable and judicious. Method, order, and |
cleanliness, are essentially necessary in a chemical labora- .
tory. Every vessel and utensil ought to be well cleansed |
as often as it is used, and put again into its place: labels
ought to be put upon all glasses and boxes containing;
preparations. These cares, however, which seem to be:
trifling, are very fatiguing and tedious; but they are also,
very important, though frequently little observed.  When |
a person is keenly engaged, experiments succeed each |
other quickly ; some seem nearly to decide the matter, and |
others suggest new ideas : he cannot but proceed to them |
immediately, and he is led from one to another: he thinks |
he shall easily know again the products of the first experi- -
ments, and therefore he does not take time to put them in |
order : he prosecutes with eagerness the experiments which |
he has last thought of ; and, in the mean time, the ves= .
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sels employed, the glasses and bottles, and products so
accunulate, that he can no longer distinguish them; or at
least, he is uncertain concerning some particular product.
This evil is increased, if a new series of operations succeed,
and occupy all the laboratory, or if he be obliged to quit it
for some time, for then every thing goes into confusion.
Thence it frequently happens, that he loses the fruits of
much labour, and that he must throw away almost all the
products of his experiments,

When new researches and inquiries are made, ‘the
mixtures, results, and products of all the operations ought
to be kept a long time, distinctly labelled and registered ;
for these things, when kept some time, frequently present
phenomena that were not at all suspected. Many fine
discoveries in chemistry have been made in this manner ;
and many have certainly been lost, by throwing away too
hastily, or neglecting the products. '

The great agents whose aid the chemical analyst
most frequently needs, are fire and water. When a pro-
cess requires the first chiefly, it is said to be executed in
the dry way ; but when tie latter is employed, the opera-
tion is performed in the Lumid way. '

But, besides modes of proceeding which are purely
chemical, and independent of the employment of chemical
ageuts, the operator is frequently obliged to resort to pro=
cesses entirely mechanical, The operations of chemistry
might be naturally divided, therefore, into different classes,
according to the several objects they have in view, and to
the ways and means employed to accomplish those objects.
All the operations which tend to change the form, without
changing the nature, of a substance ; those, for example,
performed by the hammer, the knife, the pestle, and instru-
ments {ilf'ﬂ like nature ; and all those which determine the
quantities of bodies are mechanical operations, But the
operations performed by the aid of chemical powers and
agents, and which separate the constituents of bodies, are
purely chemical operations We know that chemical ac-
tion can only take place between bodies of different kinds,
and that at lcast one of the bodies must be in a fluid state 5
we also know that chemical action is accelerated, when the
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solid that is put into the fluid is divided into small particles.s
Now the division of a solid body into small particles is ac~
complished by pounding, grinding, rasping, cutting, andk
other operations of a like nature: hence the adoption andk
employment of chemical agents by the practical chemist.

It would be of little account to draw a line of dis+
tinction between these different kinds of processes: wei
shall therefore, instead of classifying them, proceed to give
directions for conducting them.

250, WEIGHING.—The beginning and end of every exact
chemical process consists in weighing ; and the best means|
of ascertaining measures of weight is by means of scaless
Accurate balances are therefore indispensable.  What are|
termed apothecaries’ scales, are very convenient for students
who operate on small quantities of the different substancess
These may be bought at the Apothecaries’ Hall (and per-
haps at druggists’ shops). They are put up in a little
box, which, besides the scales, contains a series of weights
from half a grain to two drachms, in all about 20. These
scales are sufficiently accurate for all common purposess
The charge made for the box complete is about 4s. 6d.J
The student must be careful not to use scales, or any othex
delicate metallic apparatus, in any place where acid vapours
are flying about ; for if he does, they will be seriously in«
jured. It would be found very convenient, to have, besides
these scales, others, to weigh quantities as high as a quar~
ter of a pound.
~ We here annex the table by which, in chemistryy
the weights of bodies are calculated, It may be mentionedd
that ambiguity is most easily avoided by reckoning by grainsy

TROY WEIGHT.

Pound, Ounces. Drachms. Scruples. Grains,
I — 12 — 96 — 288 — 5760.
" 1l=— 8 — 24— 480.
1— 3— 60
1— 20.

256. Liquip Mgeasure. In order to estimate
quantities of fluid bodies recourse is had to measures

l!ll



ON TAKING SPECIFIC GRAVITIES. 17
pacity. In chemistry the wine pint is usually employed.,
his measure corresponds to 28.875 cubical inches of
ater, at the temperature of 602, For chemical uses, the
Laduated test-tube, fig. 12, is a measure of great con-
.nience. It holds two troy ounces of water, equal to
¢ L of the pint, to 950 troy grains, and to 3.6096 cubical
ches. The following is a table of'this measure j—

LIQUID MEASURE,

Gal. Pints. TroyOunces. Drach. Cubical Inches.

] — 1 — 128 — 1024 — 231.
1 — 16 — 128 — 28.875.
R 8 — 1.8048,
1 — 0.2256.

257. ON TAKING SPECIFIC GRAVITIES. — By the term spe-
fic gravity is understood the density (or quantity of mat-
v under a certain bulk) of one body, compared to the
ensity of another.  This latter body is assumed as
standard, and the standard to which bodies are gene-
lly compared is pure water, at the temperature of 60°.
other words, specific gravity is the comparative weights
different sorts of matter..  Having found, by a certain
ocess, that a given quantity of water weighs 1000, we
ploy the same method to ascertain tho weight of the
me quantity of the metal mercury; we find it to be
thus we have the comparative weights of the
me bulk of these two bodies, and we say that the specific
ravity of mercury is, to that of water, as 13to 1+ IFf
rater at 1000 is assumed as a standard of specific gravities,
'hich, as it has been said, it generally is, then the specific
ravity of mercury (given with a reference to the standard)
; 13000, The object of finding the specific gravity of
odies, is to distinguish them from each other in one of
jeir most obvious qualities—namely, weight of matter
ontained in a given space. We proceed to describe the
1ethods by which the specifie gravities of different kinds of
lodies are obtained; and give in the APPENDIX a general
CABLE OF SPECIFIC GRAVITIES. Ve Iuees
G 2
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'258. TO DETERMINE THE SPECIFIC GRAVITY OF A SOLIN|
it is weighed, first in air, and then in water. To do thii
it is necessary to be provided with very accurate scales, 1.
the bottom of one of which is affixed a small hook, ‘1
which the substance is fastened by a fine thread, or haii
When the solid, after being weighed in air, is lowered in#
the water, it loses of its weight, a quantity precisely equa
to the weight of its own bulk of water ; and hence, by com
paring this weight with its total weight, we find its specifil
gravity. The rule therefore is, divide the total weight bi
the loss of weight in water, the quotient is the specific gre|
vity.  Thus, if a mineral weighs 3 ounces in air, and
ounces in water, and the total weight be divided by the losy
which is 1, the quotient, or specific gravity of that mineral
will be 3.

259. A VERY READY WAY TO DETERMINE THE SPECIFY
GRAVITY OF SOLIDS, is to fill a phial with water, and note thi
weight of the whole accurately in grains. Then weigh 101
grains of the mineral or other substance to be examined, ans
drop it gradually into the phial of water, The difference ¢/
weight of the phial with its contents now, and when it wa:
filled with water only, will give the specific gravity of thé
matter under consideration. For example, if the bottl]
weighs 50 grains more than it did when filled with watei
only, it shows that 100 grains of the mineral displace onl |
50 grains of water, and consequently that its specific gra
vity is 2000, or twice that of water. The kind of phiat
which may be advantageously used for experiments of thil
kind, is represented by fig. 41, plate 3. -

260. TO DETERMINE WITH READINESS THE SPECIFN
GRAVITY OF A LIQUID.—W e use for this, the specific gra
vity bottle (fig. 41).  This, when filled with water, contain
500, 1000, or any even number or grains, This bottle i
filled with the liquid, the specific gravity of which is requin
ed, and then weighed with its contents : the result, deduet
ing the weight of the bottle, is the weight of the liquid unde
examination, compared to the weight of water. If, fou
instance, the bottle holds 1000 grains of water, and 1850
grains of sulphuric acid, then the specific gravity of thi
latter, is to that of the former, as 1850 is to 1000.
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- ®_» In taking the specific gravities of bodies, attention
should always be paid to their temperature; because the
specific gravity of a body when heated, is much less than
the specific gravity of the same body, in a cold state.

261. PULVERIZATION,=—LEVIGATION,— I'RITURATION.
—These, strictly speaking are merely mechanical opera-
tions, by which bodies are reduced into fine powder, and
rendered more fitting to undergo chemical action than they
| were in their compact form. This kind of process never
| ‘'separates from each other the elementary principles. of
- bodies; for every particle of an impalpable powder, isa
small whole, perfectly similar in its composition to the
original mass from which it was divided. - But, on the con-
trary, chemical action separates the constituents of a body.
The one class of processes is employed to overcome. the
attraction of aggregation, the other, to overcome the at-
" traction of composition.—Brittle substances are reduced
to powder by means of the pestle and mortar. (See 300.)
Some substances are reduced to powder by a dexterous
use of the pestle round the sides of the mortar ; in fact, by
rubbing, and this is that which is termed {rituration.
Reiterated blows of the pestle (which constitutes pulveri-
zalion) are made use of, to powder hard bodies in iron
mortars.  Only a small quantity of the substance to be
powdered should be put into the mortar at one time. Levi-
gation is generally performed by rubbing a body (some-
times with the addition of water) on a flat stone, with another
stone, round on one side to suit the hand, and flat on
the other, which is called a muller. A thin flexible kuife,
either of iron or bone, is employed to collect the sybstance
under operation, from the sides to the centre of the flat
stone or mortar.  Bodies that are not brittle are reduced
to small particles by means of files, rasps, knives, and graters.

262. SiFTING and WASHING are performed to separate
the finer particles of bodies from the coarser, which may
want further pulverization. For the operation of sifting,
the well-known instrument called a sicve is employed.
Sieves, for nice cases, should be kept of different degrees of
fineness. Washing is used for procuring powders of a more
uniform degree of fineness, than can be done by means of
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the sieve ; but it can only be used for such substances as .
are not acted upon by the fluid which is used. The pow= |
dered substance is mixed with water, or other convenient
fluid ; the liquid is allowed to settle for a few moments,
and is then decanted off'; the coarser powder reinains atthe |
bottom of the vessel, and the finer passes over with the li-=
quid. By repeated decantations in this manner, various

sediments are obtained, of different degrees of fineness 3

the last, or that which remains longest suspended in the
liquor, being the finest.  Any of the glasses, figs. 6 7, 8,
9, 14, 16, 17, may be used for this purpose : those with
lips, figs. 7, 8, 9, 14, are most convenient.

R63. FILTRATION is employed to separate solids from
fluids.  Filters are of different materials; for ordinary
purposes, paper is used. The paper must be of a porous na-
ture : andunsized, blotting paper, without coleur, which may
be had at the stationers, answers very well.  The filtering
paper is folded into a conical form, and placed in a funnel,
in order that, when wetted, it may not break. Fiz. 18, is
a ribbed glass funnel, which is the best that can be used
for this purpose. The substance to be filtered must be
poured into the filter gradually.  The portion of liquid
that passes through first must be re-filtered, as it is sel-
dom clear. But in a short time, the fibres of the paper
swell, by accumulating moisture, and then the liquid that
runs through is perfectly transparent,  Acids, alkalies,
and other corrosive fluids, are best filtered, by means of a
glass funnel filled with pounded glass, a few large pieces
being first put into the neck of the funnel, smaller pieces
over these, and the finer powder at the top. The poro-
sity of this filter retains much of the fluid, which may,
however, be recovered (though at the inconvenience of di-
lution) by gently pouring on the filter a portion of water,
The fluid will then be displaced, and pass through, and
part of the water be retained in its stead. The funnel |
should be placed on one of the tall glasses, figs. 7, 8, 9, |
which may serve as a recipient for the filtered liquid. i

264. DrcanNTaTION, as wel as filtration, is an expe. |
dient by which fluids are seperated from solids that are dif-
fused in them.  The "operation consists in allawing“the:i_'
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Fluid to settle till the solid matter have subsided, when
ie clear supernatent fluid is gently poured off. It is best
brformed with tall cylindrical glasses, furnished with
houts—such as figs. 7,8, 9. If the sediment be so light
s to mix again with the fluid when gently moved, the clear
uid must be drawn off by means of a syphon.

265. “SoLuTiow is when a solid put into a fluid entirely
isappears in it, leaving the liquor clear. The body which
wus disappears, is said to be soluble, and the liquid it dis-
Ives in, is called the solvent, or menstruum.  Sugar and
It are soluble bodies ; for when they are put into water,
hey disappear entirely ; but chalk is an insoluble body ;
br when that is put into water, it only makes the fluid
wrbid, or muddy, for a short time (being merely diffused
hrough it) and then sinks to the bottom.  Some bodies
re capable of being dissolved in one kind of liquid, but
ot in another kind,  Camphor, for instance, is soluble in
leohol, but insoluble in water.  Metals are soluble, but
E‘leir dissolution only takes place when they are put into

cids. For some observations regarding metallic dissolu-
ion, see 156 to 160,

The operation of solution is more speedy in proportion as
he substance to be dissolved presents a greater surface : on
his principle is founded the practice of pounding, cutting,
md otherwise dividing the bodies intended to be dissolved.

The solution of a body invariably preduces cold ; (how
s explained at 382) and advantage has been taken of this
bhenomenon, to procure artificial cold, much greater than
‘he most rigorous temperature ever observed in any cli-
mate. A table showing the different degrees of cold pro-
duced by different mixtures, will be found in the APPEN-
DIX.

Solution is much accelerated by heat and agitation. But
whether a cold liquid, or heat, or agitation should be em-
ployed in any particular case of solution, must be deter-
mined by the nature of the substance operated upon. In
making solutions, it is necessary to use a vessel of such
materials as shall not be acted upon by its contents, and
of sufficient capacity to admit of any sudden expansion, or
frothing, to which chemical action may give rise. ~ The
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glasses, figs. 6, 7, 8, 9, 14, 16, 17, may be employed whe
heat is not required, and those, figs. 53, 54, when heat:
required.  'When either of the latter vessels is employe
it should not be above & full. It should be tied over wisl
a piece of wet bladder, so that none of the fluid may 1|
thrown out by the agitation of the contents. A few pin
holes must be made in the bladder to admit of the escap
of any gas which may be generated. Heat is applied 1
the vessel in the manner described at 314. -

266. LixiviatioNn is used for separating such sull
stances as are soluble in water from such as are insolublg
Suppose, for example, it is required to separate the. sam
from a mixture of sand and salt: the compound body i
placed in water ; the salt is dissolved by the water; thé
sand is diffused through it. The mixture is filtered ;" thi
salt passes through with the water; the sand remains oy
the filter. The apparatus used in filtration, with the ady
dition of a jug, is all that is required for this operation,

267. INrusioN is performed when we pour a hot liquar
upon a substance that is partly soluble and partly insolublg
in order to extract something from it. The making of ¢ey
is an instance of the performance of this operation.

268. DicestioN.—This operation consists in soakingy
for a long time, a solid substancein a liquid kept constanti
ly hot, : i

269. MACERATION,—The continued steeping of a solid
body in a cold liquid. Ink is produced by macerating tha
materials of which it is composed, i |

270. EVAPORATION is a process employed to separate s
fluid from a solid, or a more volatile fluid from anotheg
which is less volatile, by means of heat.  The vessels i
which it is performed, are described at 299, 1

As during evaporation, the fluid carried off in the
state of vapour, is entirely lost, being sacrificed for the s
of the fixed substances with which it was combined, %
which remain behind, this process is only employed whei
the fluid is of small value, as water, for instance. Dut
when the fluid is of sufficient consequence to be preserved
we have recource to a process termed distillation. ali

271. DISTILLATION is evaporation performed in clml*
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ir forms. The vessel usually employed, in the large
, is called a still, and is represented by fig. 56. It
nsists of a copper vessel, of the shape of a tea-kettle, but
thout its spout and handle, (a,) enclosed in the brick-
stk of a furnace. Into the opening of this vessel, in-
:ad of a common lid, a moveable head (b,) is affixed,
hich ends in a narrow open pipe. This pipe is received
what is called a worm, whichis a tube of lead, twisted
irally, and fixed in a wooden tub, (¢c,) so that it may
surrounded by cold water., When the apparatus is to
used, the liquid intended to be distilled, is put into the
\dy of the still, and the head is fixed in its place, the pipe,
hich terminates it, being received into the leaden worm.
fire is then kindled in the furnace, the door of which
seen at £, and the liquid is raised into vapour, which
s into the worm, is there condensed by the surround-
_cold water, and flows out of the extremity of the pipe,
the cock d, into the vessel e, placed to receive it.
The common still, however, can only be employed
volatilizing snbstances, that do not act on the copper
other metal) of which it is made ; and it is, therefore,
ited to a few operations. The vessel, fig. 26, is of
ss, and is also used for distillation. It is termed an
embic, and consists of two parts ; the body a, for con-
ning the materials, and the head &, in which the vapour
condensed, by the application of wet cloths. . The con-
1sed fluid runs in a groove at the base of the head, and
conveyed, by the pipe ¢, into the receiver d. At e, is
resented one of the rings of the lamp-furnace, (fig. 23),
‘which the alembic is placed, in order to be held dver
flame of a lamp. |
Besides the alembic and still, there is another utensil,
ich is employed perhaps more than either of those, in
. operation of distilling. This is the Retort. Itis a
s vessel, represented by fig. 185 a is the body of it, b
 neck. In the top of the body is an opening, through
nich the materials to be distilled, are inserted.  'T'o
is opening a glass stopple is fitted, by grinding, so as
be air-tight. Retorts are sometimes made without

qu:ls, composed of different materials, and varying in
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the opening at the top, they are then cheaper, and a
called plain retorts; but those with the opening, (calll
tubulated retorts,) are far more convenient. Retorts g
also made of earthen-ware, and of metal. !
A necessary appendage to the retort, is a receiver, T
also is avessel of glass. Fig. 19, represents a tubulated o
a represents the body of the receiver, & the neck whil|
receives into it the neck b of the retort. Sometimes 11
neck of the retort is much toe small to fit closely the neg
of the receiver. In that case, a cork must be provide
that fits the latter, and must have a hole burnt or bors
through it, of a sufficient size to hold the former., i
plan with the cork will not answer, however, when ece
rosive fluids are distilled. = We must then use an instry
ment of glass, called an Adopter. This is represented
fig, 20, b is the adopter, a the neck of the retort goir
into the wide end of it, ¢ the neck of the receiver enclosiyl
the narrow end of it. The Joinings are, as represented |
the figure, secured by lutes. /|
Heat may be applied to glass retorts by means of ti
lamps. figs. 21, 24, properly regulated, to make a regull
flame.  Earthen-ware and iron retorts are exposed to ti
naked fire.—In order that the vapour which rises may
condensed as fast as it comes over from the retort, the bown
of the receiver is either placed in a tub of cold wate
or kept cool by the continually-renewed application
wet cloths, |
272. SUBLIMATION is a process, by which volatile sul
stances are raised by heat, and again condensed in th
solid form.  This operation is founded on the same prid
ciples as distillation, and its rules are the same, as it
nothing but a dry distillation. The apparatus for subkb
mation is very simple : that represented by fig. 26, an
described under ¢ distillation,”” with the head b, wantit
the neck ¢, will answer for most purposes.  For exampl|
of sublimation, see 644, o
273. ON CRYSTALLIZING.—The nature of crystallizatie
has been already explained. The mode of obtaining criF
tals of certain bodies, differs according to the nature
those bodies. 1f it is desired to obtain crystals of a s
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that is more soluble in hot water than in cold, (there are
many salts of this kind,) all that there is to do, is to put
into hot water as much of that salt as it will dissolve: in
short, to make a hot saturated solution—and then to
allow it to cool gradually ; the slower the better. As the
loric which contributed to the fluidity of the salt flies off,
rystals will be deposited at the bottom of the vessel,
Salts that are soluble i equal parts of cold and hot water,
an only be crystallized by driving the water of solution off
n vapour. But this must be done very slowly; for a
p]d evaporation leaves a salt, not in a crystallized state,
ut in that of a solid 1r"recrular mass. By the operation
f crystallizing, salts which differ in their degrees of solu-
ility, or whose solution is unequally accelerated by heat,
ay be obtained separately from the same solution, Thus,
f two salts be dissolved in the same liquid, and if one of
hem be much more soluble in hot than in cold water, and
he other be equally soluble at any temperature, on eva-
orating the solution sufficiently, the latter salt will crystal-
ize while theliquor is hot ; on cooling, the other will shoot
nto crystals; and by alternate evaporation and cooling, the
wo may be uhtamed uncombined, though perhaps with a
e intermixture of each other.

The only general rule that can be given to the young
dent, for the purpose of directing him how to crystal-
ize bodies, is this: q]uwl:,r evaporate the solution, wntil a
ellicle (or thin skin) is formed on the surface of it ; then
t it in a cool place, where it will be free from dust and
an remain undisturbed.—This rule will not, by any
eans, apply to all salts, nor is there any other rule that
ill.  Nothing but experience, and a knowledge of the
abitudes of the various crysvallizable substances, can be of
uch avail. For evaporating the solutions, the vessels
escribed at 299, may be generally made use of. Me-
llic vessels are used in the large way.

274. PRECIPITATION.—Sometimes when two bodies (one
at least of them being in a liquid state) are placed together,
heinical action ensues, and a powder is formed and thrown
0 the bottom of the vessel. This powder is called a pre-

wpitate, the agent which causes it to be thrown down, the
H
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precipitant, and the process which causes its productiony
precipitation. Figs. 6, 7, 8, 9, 14, 16, 17, represent thu
jars which may be used for this purpose.

275. GRANULATION ; the method of dividing metaliﬁm
substances into grains ﬂl“ small parﬂcles, in order to fiti
them for different purposes. It is performed either byy
pouring the melted metal into water from a considerable
height, or by shaking it in a box, previously well-rubbed!
with chalk, till the moment of congelation, at which mq
stant it becomes converted into powder. :

276, REepuctioN.—The operation by which metals are
restored to their metallic state, after baving been deprived
of it, either by combustion, as the metallic ﬂxides, or by
the union of some heterogeneous matters which disguisel
them, as fulminating gold, horn silver, cinnabar, and othew
ecompounds of the same kind. Reduction is also calleécy
revivification. ~ The operation is performed in crucibless
by the aid of heat, and with the addition of certain sub-
stances, which act chemically upon the body to be re-
duced. 4
~ 277. FusioN~—The act of converting a solid into &
fluid by means of heat. The operation is generally per-:
formed in vessels called crucibles, various kinds of whichl
are described at 298.

- 278. ON FurNaACES.—In order that substances to be
fused may be submitted to the necessary degree of heat, in=
struments of different forms and sizes, termed furnaces, arei
employed ; and, in most books on chemistry, particular di-
rections are given for the construction of them. But we det
not intend to give any descriptions of furnaces in this work 3.
because, first, for the simple experiments here recoms
mended, the use of furnaces is not required ; as the heati
of a clear kitchen fire, urged by common bellows, willl
answer every object ; and, secondly, because the studend
would act wrong in buying or building furnaces, for whichi
perhaps he might never have any use.

For a great number of chemical processes, in thel
small way, heat may be applied, in the very best possibley
manner, by means of a lamp.—Refer to what is said im
the description of the lamp, fig. 21, and of the lamp~



ON THE BLOW-PIPE. 87

furnace, fig. 23.—The characteristics of operations per-
formed by means of the instruments here recommended,
are simplicity, quickness, and cheapness,—qualities which
few students know not how to prize,

979, O~ THE BLOW-PIPE.— Every effect of the most
yiolent heat of furnaces, may be produced by the flame of
a candle or lamp, urged upon a small particle of any
substance, by an instrument called the blow-pipe. This
consists of a conical brass pipe, about 8 inches long, 3 of
an inch diameter at the top, with a curvature near the lower
end, whence the point tapers off, with a very small per-
foration for the wind to escape. For nice purposes, the
blow-pipe is provided with a bowl or enlargement, in
which the vapours of the breath are condensed and
retained, and also with two or three moveable nozzles, hav-
ing holes of different diameters, to afford a larger or smaller
flame. Fig. 59, represents a blow-pipe agreeing with the
above description ;—a is the part of it that is taken into
the mouth, & the bowl which condenses the humidity of
breath, and ¢ the point directed against the flame.
 There is an artifice in the blowing through this
pipe, which is more difficult to describe than to acquire.
The effcct intended to be produced is a continual stream
of air for many minutes, if necessary, without ceasing.
This is done by applying the tongue to the roof of the
mouth, so as to interrupt the communication between the
mouth and the passage of the nostrils ; by which means
the operator is at liberty to breathe through the nostrils,
at the same time that, by the muscles of the lip, he forces
a continual stream of air from the anterior part of the
mouth, through the blow-pipe. ~When the mouth begins
to be empty, it is replenished by the lungs in an instant,
‘while the tongue is withdrawn from the roof of the mouth,
and replaccd again in the same manner as in pronouncing
‘the monosyllable tut. In this way the stream may be con-
tinued for a long time without any fatigne, if the flame be
“not urged too impetuously, and even in this case, no other
fatigue is felt, than that of the muscles of the lips.

A candle with a thicker wick than they are gene-
ally used with, may be conveniently employed for occa-
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sional experiments. It should be snuffed rather short, ,
and the wick turned on one side towards the object, so that ;
a part of it should lie horizontally. The stream of air-
must be blown along this horizontal part, as near as may *
be without striking the wick. If the flame be ragged and |
irregular, it is a proof, that the hole is not round or-
smooth ; and if the flame have a cavity through it, the:
aperwure of the pipe is too large. When the hole is of a1
proper figure and duly proportioned, the flame consists of'1
a neat luminous blue cone, surrounded by another flame :
of a more faint and indistinct appearance. The strongest :
heat is at the point of the inner flame.

Considerable disadvantages, however, attend the use :
of candles. The difficulty of getting good ones, or-
such as have thick wicks, is frequently great. By far the :
best flame that can be employed, is that of a lamp, because :
it is large, and easily and cheaply obtained. Fig. 44, .,
represents a blow-pipe lamp, of perhaps as simple a con- .
struction as could be devised.— Refer to the description |
of that figure. |

The substance intended to be acted upon by the:
blow-pipe ought not to exceed the size of a pepper= -
corn. It may be laid upon a piece of close-grained, .
well-burned charcoal ; using, not the ends of the fibres, ,
but the sides ; otherwise the substance, when fused, in- .
stead of forming a round bead, is scattered about. In .
general, a small hole is made in the charcoal, and the:
body put into it. When the substance under examina. :
tion is of such a nature as to sink into the pores of the:
charcoal, or to have its properties affected by the inflam- .
mable qualities of that substance, then, instead of being
laid on charcoal, to be exposed to the heat, it is placed in |
a small metallic spoon, formed of gold, of silver, or of!
platinum., Some information regarding a spoon of this
kind may be obtained from fig. 60, and the description
of it.—The heat of the blow-pipe should be communica~.
ted gradually. The flame should not be immediately ap- .
plied to the substance under examination, but directed a

little above it, or else to the part of the spoon just beneath |
it.
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Small plates of clay, prepared as directed below,
are found to be a very useful addition to the blow-pipe
apparatus. The colours of bodies melted with borax, &c.
are shown to great advantage on them ; and quantities of
imatter too minute to be tried on charcoal, or in the plati-
num spoon, may on them be readily examined, either
alone, or with fluxes. Process for forming clay plates.
Extend a white, refractory clay, by blows with the hammer,
yetween the folds of a piece of paper, in the same manner
as gold is extended between skins. Then, the clay and
paper together, must be cut with scissors, into pieces about
half an inch long, and a quarter of an inch wide, and af-
wards hardened in the fire in a tobacco-pipe.

- Many advantages may be derived from the use of
this simple, and valuable instrument (the blow pipe.)
Its smallness, which renders it suitable to-the pocket,
is mno inconsiderable recommendation. The most
expensive materials, and the minutest specimens of
bodies, may be used in these experiments; and
the whole process, instead of being carried on in
an opaque vessel, is under the eye of the observer
rom beginning to end. It is true, that very little can be
determined in this way concerning the quantities of pro-
duets ; but in most cases, a knowledge of the contents of
any substance is a great acquisition, which is thus cbtained
in a very short time, and will, at all events, serve to show
the best and least expensive way of conducting processes,
with the same matters, in the larger way.
280. For PERFORMING EXPERIMENTS ON GASES, many
articles of apparatus, not hitherto described, are absclutely
necessary. These consist, partly of vessels for containing
the materials which afford the gases, and partly of vessels
adapted to contain the gases, and submit them to experi-
ments. i
' Some gases are procurable by the mere mixture
of the substances, which upon combining evolve them ;
but others cannot be obtained without submitting the ma-
terials to heat. For these different modes of proceeding,
different vessels are requisite of course. ,

281. Fig. 29, represents a glass bottle with two
necks, one of which has a gﬁlass stopple fitted to it by

H
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grinding.  This utensil is employed, when a gas is to be
obtained without the aid of heat. 'The materials whicki
are to afford the gas are putinto the bottle. The solid part
being broken intosmall pieces, to facilitate chemical actions
and the liquid being poured in through a funnel, to avoie
soiling the neck of the bottle.  The stopple is then insertec
in the neck to which it is fiited, and the gas, as it is formeds
escapes through the neck that remains open. Now, im
order to convey the gas thus evolved into a proper recipis
ent, the instrument represented by fig. 30 is employedd
This is a bent glass tube, with one end closely fitted in &
cork that fits the open neck of the bottle, fig. 29. This
tube is fixed in its proper place, before the materials fom
evolving a gas are put in the bottle ; and, if it is thoughu
necessary, the juncture is luted. The gas, therefores
when formed, escapes from the open end b of this tube, =
282. For procuring the gases that are producible by the
aid of heat, the retort, (fig. 18) is generally employed)
The materials are inserted through the tubulure (or open=
ing at the top of the body of the retort) which is them
closed by a glass stopple ; and the round part of the retort
(which must be very thin in order that it may bear the aps
plication of heat) is then placed in one of the rings of the
lamp-furnace, over a lamp giving a gentle heat. The ma4
terials will then give out the gas, which of course escapes|
through the neck 4 of the retort. —In many cases, a Floa
rence flask (fig. 5&) with a cork perforated by a bent glass
tube, or even by a tin pipe, will serve instead of a retort
and is much cheaper, :
283. For receiving the gases, glass jars, of various sizes
and shapes, (figs. 34 a 35, 36, 37, 51, 52,) are indispena
sable. The descriptions of these different figures will ex<
plain the peculiaritics of each. Read, therefore, thoss
descriptions ; and read, also, the note 409, Bl
284. To contain these jars, when in use, the Pneumatis
Trough (fig. 25) is required. The description of figs. 28
and 27, gives a minute account of this apparatus, and musy
now be read. When the pneumatic trough is used, wates
must be poured into it, till it rises about one inch above
the upper surface of the shelf (to the point marked g ir
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g. 27). When the glass jars e and f, (fig. 27) or any
er vessels, open only at one end, are plunged under
ater, and inverted after they are filled, they will remain
‘ull, notwithstanding their being raised out of the water,
rovided their mouths be kept immersed ; for, in this case,
he water in the jar is sustained by the pressure of the
tmosphere, in the sanie manner as mercury in a barometer.
t may without difficulty be imagined, that if common atr,
r any other fluid resembling common air in lightness and
lasticity, be suffered to enter these vessels, it will rise to
e upper part, and the surface of the water will subside.
f a bottle, a cup, or any other vessel, in that state which
s usually called empty, though in reality full—of air, be
lunged into the water with its mouth do #nwards, scarcely
ny water will enter, because its entrance is opposed by
he elasticity of the included air: but if, while the vessel
s immersed, its meuth be turned upwards, the air will rise
n bubbles to the surface of the water, leaving that body
o occupy its place in the vessel. Suppose this operation
be performed under one of the jars which are filled with
ater, the air will ascend as before; but, instead of
escaping, it will be detained in the upper part of the jar.
In this manner, therefore, we see, that air may be emptied
out of one vessel into another by an inverted pouring.
Just in this manner are gases collected in vessels placed in
the pneumatic trough : the jars which are to receive cer-
tain elastic fluids, are filled with water, and placed, mouths
downwards, upon the shelf, over the holes ; and the necks
of retorts, and ends of tubes, from which gases are
evolved, are directed below the holes under the jars: then
the gases, as they issue forth, rise in bubbles through the
holes, enter the jars, driving thence the water, and oc-
cupying its place. When, therefore, the jars are thus
emptied of water, they are filled with gas.

985. When air is to be poured from a vessel with a
wide mouth (such as fig. 36) into one with a narrow mouth,
(such as fig. 37), the instrument (fig. 153,) called
an air funnel, is employed : it is held under the shelf of the
trough, and its neck is put through one of the holes in the
shelf, so as to enter the mouth of the receiver,
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286. Many kinds of gas combine with water, and there-.
fore cannot be collected in jars placed in the water-troughy
described above, For retained gases of this kind, thes
chemist usually employs a trough containing mercury ; but
this mode is much too expensive for the student to pro-
ceed in. A readier and cheaper plan of filling vessels withy
gases of this kind, is described at 450, 468, 470. Tt
is founded on the difference in the specific gravity of the
airs. 104
287. An apparatus, almost indispensable in experimentss
on this class of bodies, is a Gas-holder, which enables thes
chemist to collect and preserve large quantities of gas, and/
to apply it to certain purposes, with great convenience..
See fig. 61, and read the description of it.

288. When trial is to be made of any kind of air, whethers
or not it is fit for maintaining combustion, the air may be/
put into a long narrow glass vessel, the mouth of which,,
being carefully covered, may be turned upward. A\
bit of wax candle being then fastened to the end of a wire,,
which is so bent that the flame of the candle may be up-.
permost, is to be let down into the vessel, which must be:
kept covered till the instant of plunging the lighted can--
dle into it. Fig. 46 is a representation of this mode of!
making experiments.

289. Where the change of dimensions which follows:
from the mixture of several kinds of air, is to be ascer-.
tained, an instrument, called an eudiometer is made use:
of.  This isrepresented by fig. 34. See the description of !
that figure. It should be accompanied by a glass tube:
containing exactly either one or two cubical inches.

290. It is frequently an interesting object, to pass the :
electric spark through different kinds ofair.  But, for the :
performance of this kind of experiment, an electrifying -
machine (an instrument which many persons may not .
have) is necessary: as also is an eudiometer of a
peculiar construction.  Fig. 63, shows this eudiometer,
and the description of that figure, explains the method of H
using it, |

291. As for the purpose of experiment, it is frequently |
necessary to fill bladders with gases, we shall describe the
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bde of doing it.—This is represented by figure 35—a is
glass receiver, open at the bottom, and baving a short
k at the top. To this neck is cemented a brass cap, on
ich is screwed a stop-cock. We are to suppose, in the
sent case, that this receiver is standing on the shelf of
pneumatic trough, and that it is filled with gas. Take
ladder, with a stop-cock fastened to its neck by means
a ferrule, one end of which has the mouth of the
dder tied securely round it. The bladder must be
oistened, to render it flexible, and then pressed or wrung,
~expel all the common air from it. ([ This is necessary
| prevent accidents. ) Shut the stop-cock, and then screw
to the stop-cock on the top of the receiver, Next, open
th the stop-cocks, hold the apparatus in the manner
own by the figure, gently slide the receiver off the
elf, and press it down into the water: the gas will
on enter and fill the bladder, being forced through
e opening, by the upward pressure of the water. The
p-cocks are then to be closed, the receiver replaced on
e shelf, and the two vessels disunited.
292. When it is necessary, in order to make room on
e shelf of the trough, to move some of the filled jars off
proceed thus: if the jar to be removed has a wide
outh, it must be gently slid off the shelf into a flat dish
led with water, See fig. 36. DBut if the jar has a
rrow mouth, like fig. 37, all that is necessary, is to
sert in its neck (while it remains under water) a ground
ass stopple, or a good cork. Some gases, such as oxy-
n, may be keptin common wine bottles, for several
wonths, secured merely by corks, .
293. If any thing, as a gallipot, is to be supported at a
nsiderable height within a jar, a stand of wire (repre-
nted by fig. 48) is employed. This answers better
an any other kind of stand ; because it takes up but little
om, and is easily bent to any height or figure.
293.* The method of weighing gases with accuracyisvery
mple, but it requires the aid of an air-pump. DBut few
udents, therefore, will be able to take the specific gra-
ities of gases, for few will possess a good air-pump, It
ill be as well, however, to explain the operation,—A
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stop-cock is affixed to a glass globe or flask, and this a4
paratus is then weighed. The glass vessel is then e
hausted of air, and is again weighed. The difference :
the weights shows the weight of the atmospheric air wity
drawn from it. The stop-cock of the flask is now affixs
to a gas-holder, and the flask is filled with the gas to
tried. It is again weighed, and the result is compars
with the results of the other weighings ; the differeny
shows the specific gravity of the gas.  Thus, if the appy
ratus filled with atmospheric air weighed 6 ounces, .
grains ; when exhausted 6 ounces ; and when filled wi
gas, 6 ounces, 20 grains ; then the specific gravity of th
gas is to that of common air as 2 is to 1. '

*»". Previously to undertaking experiments on othi
gases, it will be well for an unpractised experimental
to accustom himself to the dexterous management of gasi
by performing, with common air, the processes of fillin|
bladders, transferred from vessel to vessel, &ec.

29%. WOULEE’S APPARATUS FOR COMPOUND DisTILL.
TION.—In several cases of distillation, the substance raise
is partly a condensable fluid, and partly a gas, which gy
is incondensable by itself, but capable of being com
densed by being transmitted through a liquid. The ap
paratus required by a process, in which this double pui
pose is effected, is represented by fig. 57, and is common
termed Woulfe’s apparatus. It is a series of receivep:
connected in a particular manner, and more or less j
number as the case may require. The distilling vesss
made use of, is the retort, (fig. 18,) into the tubulure &
which, instead of a glass stopple, is inserted the Saf%ﬁ
tube, fig. 58.—See the description of that utensil.
first receiver (a) is joined to the retort, and has a righ
angled glass tube, open at both ends, fixed into its tub|
lure. 4, the second receiver, is a bottle which, besidd
its usual neck at top, has an opening just at the plac
where its sides fall in to form the top : into this openin
a glass tube is fixed diagonally, and the juncture is secureq
by the application of a lute. The lower end of this tubd
must be about an inch from the bottom of the receivﬁ
¢ is in every respect the same as 6. The openings spok
of are at g g, and the tubes fixed in them are shown by
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The small tube e, which rises from the first receiver
sses down the diagonal tube in the second receiver ; and
lother small tube, likewise marked e rising from (and
ted in) the neck of the second receiver, passes down the
agonal tube in the third receiver. If there were more
eivers, they would belike band ¢, and would be connected
the same manner. Thelower ends of the tubes ¢ ¢, must
oject as far beyond the ends of the tubes d d, as they
n do without touching the bottom of the bottles. ‘The
quids by which the gas is to be absorbed are put into the
cond, and subsequent receivers, each being filled two-
irds full. The nature of this liquid is regulated by the
sture of the gas to be absorbed. For gases that are ra-
dly absorbed by water, (such as sulphurous acid, muri-
ic acid, &c.) distilled water is made use of : for other
1ses (the carbonic acid for instance) solution of caustic
stass is employed. In general, it is adviseable to put
ster into the second receiver, and the alkaline solution
to the third : the first (a) is always left empty.
-995. The materials being introduced into the retort,
ye arrangements completed, and the joints secured by
ites, the distillation is begun. - The condensable vapour
sllects in a liquid form in the receiver a, which is kept
s0l by being placed in water, or by having wet cloths
pplied to it. In the meantime, the evolved gas passes
arough the bent tube e, into the water contained in b,
thich continues to absorb it (if it is a gasabsorbable by
ater) till it is saturated. ~When saturation takes place,
. when no absorption ensues, the gas bubbles up through
e water, passes through the second pipe ¢, and enters
receiver c.—And so the process continues till the li-
s in all the bottles are saturated ; and then, if any gas
tinues to be produced, it escapes through the neck fof
last receiver. Should it be required to preserve this
verplus gas, it may be conducted into a receiver placed
. the pneumatic trough, by fitting into the neck f, the
t tube, fig. 30.
' 906. It will be now proper to point out the use of the
e of safety, (fig. 58,) and of the wide diagonally-fixed
es d d. Supposing the retort to be closed by a stopple
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as usual ; and supposing the bottles to be destitute '
those tubes, and consequently, that e e, were luted il
the receivers at g g, the process would be then liable to
interrupted by an accident. for if, in consequence of ¢/
irregularitjr of the heat, ur other circumstances, a vacutl
should be produced in the retort, by the re-absorption s
gas, the liquids in the different receivers (being acted upy
by the pressure of the atmosphere at J) would rush fred
one into another to supply that vacuum, and by suchd
mixture of products the whole experiment would
spotled.  If, on the contrary, gas were to be evolved fal
ter than it could be absorbed by the different liquidsy:
than it could escape at f; the apparatus might burst, wi
considerable danger to the operator. Should the operat|
close f as well as all the other places, then the apparat|
would be destroyed, if either absorption or expansion tow
place; for, in the one case, the external air would pre
the vessels till they broke, and in the other, the same effed
would be produced by the elasticity of the gas confine
within.  Now, all these inconveniences are obviated I
the employment of the different tubes, If an absorptici
takes place, when these tubes are fixed in the manner thi
has been described, the vacuum is instantly supplied 1|
the external air, which rushes down the tubes d d, into th|
receivers, and down the tube of safety into the retort.
experiment being thus prevented from failing altogether, s
the price of having a small portion of common ajr mixes
with its products. On the other hand, no gas can escapy
for any pressure within is instantly followed by the forme|
tion of a high column of liquid in the tubes ¢ d, which re
sists the egress of gas, as long as is consistent with safety)
297. We have now described all those chemical prey
cesses, which the experimentalist is in general called upon
to conduct ; as likewise, the apparatus he finds jt neces
sary to employ : and in such a manner, as, we hope, wik
render our instruetions beneficial to those who consult us
But besides the instruments used in general cpcratiunt
many others are requisite for the obtainment of various par
ticular objects. The figures on the annexed plates, wit
following explanation of them, will give the student lur
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idea of a vast variety of the most useful and necessary ar-
iticles of the chemical apparatus with which, in consistence
with economy, he may provide himself.
298. Figs. 1, 2, 3 (plate 1. )—CruciBLES.—These ves-
sels are of indispensable use in the operation of fusion.
They are formed of the following substances: earthen-
ware, black-lead, silver, platinum. The best kind of
earthen-ware ones, are those called Hessian crucibles.
These are of the shape represented by fig. 3. They sup-
port a very intense heat without melting ; but, unfortu-
nately, are liable to crack unless heated and cooled very
gradually. The crucibles made of black-lead, (which are
enerally made of the shape of fig. 1,) are not liable to be
cracked by alteration of heat ; but they are unfit for the
fusion of alkaline or saline matters, For these last men-
tioned bodies, when particular nicety is required, crucibles
of silver must be used ; and, for exposing bodies to a very
great heat, those of platinum are necessary.

But for all ordinary purposes, the earthen-ware
crucibles are the best in every respect. They are strong
land cheap, and those are the grand points.  You may buy
at an iron-monger’s, a set, (of shape fig. 3,) containing
six, of different sizes, for ninepence. ~The metallic cruci-
bles are sold by the ounce. Crucible covers (see fig. above
the 2d. crucible,) cost from 2d. to 6d. each. ‘These,
in certain cases, are obliged to be luted to the crucibles
to prevent the escape of any portion of the substances
submitted to experiment. A tobacco-pipe with a large
bowl may be used as a crucible in a vast number of pro-
Lesses. -

299, Fig. 4. —A WEDGEWOOD'S WARE EVAPORAT-
NG Basin,—This is an utensil of great utility. The sub-
stance of which it is formed, is so compact, that a strong
heat may be suddenly applied to it, without any danger of
its breaking, It also has the advantageous property of
being unacted upon by acids. For the convenience of
pouring liquids out of it, itis furnished with a spout,
The student will find, that, for the numerous operations
of evaporation and crystallization, he will require two or

three of this article, Let him buy, at the shops where
[
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Wedgewood’s-ware is sold, one at 6d. one at 9d. and at 1s.
These will measure (across the top) from 2} to 5 inchesy
Sometimes, for evaporating small portions of fluids, small
capsules, resembling watch-glasses, are employed.  The
vessels used for evaporation should always be thin at the
bottom, in order that they may bear, without breakingy
the sudden application of heat.

300. Fig. 5.—A WEDGEWOOD'S-WARE PESTLE ANDE
MorTAR.—This, like the article just described, has the
properties of strength and unalteration by acid menstrua.,
It is so useful an utensil that the student must have it..
He may buy, at the place where he gets the evaporatingy
basin, a mortar measuring 4 or 5 inches across the top.
This is a very convenient size : such an one will cost about|
2s. 6d. -.‘

~The Carron Company sell cast iron mortars, ati
very low prices. The writer of this bought of one off
their Agents, (an Agent for the Carron Co. is to be
found in most large towns,) a strong neat pestle and mor-:
tar, weighing 7 pounds, for fourteen-pence. This irons
mortar should be got (if convenient) in addition to the one
of Wedgewood’s-ware, -.

301. Figs. 6, 7, 8, 9, PRECIPITATING AND DECANTING
GrAssSEs of various shapes and capacities. The height of
them is about 6 or 7 inches. Their other proportions mayy
be calculated from this standard. The kind employed]
for decantation, are those with spouts. Go to a glass—-
house for these articles. No. 6, will cost 94, ; No. 7,
Is. 6d. ; No. 8, ls. 6d.; No. 9, 1s. They should bes¢
made of thick glass, so as to be strong ; for they are fre~:
quently used : and the glass must be clear, otherwise thes
colours produced by the action of the precipitant, or test,
will not be visible. |

302. Fig. 10.—A Grass FUNNEL with a long neck.——
It should be about twelve inches in length. Its use isi
described in the experiments for the performance of which
it is necessary.  This, like all other glass utensils, musti
be got at a glass-house. It will cost Is. b |

303. Fig. 11.—A Drorrine Tuse.—This is a glass
tube, six inches in length, with a bulb about one inch ing

#
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iameter blown in the middle of it, and having its lower-
ost point drawn out till the opening in it is very small.
t is used to convey from one vessel into another, a small
uantity of water, or of any other liquid that the purpose
y require. The manner of using it is this: while the
ower end is immersed in the liquid, the ball is filled by the
tion of the mouth which is applied to its upper extre-
ity. The latter is then closed by the finger ; the water
ains suspended in the tube, until it is removed to the
lace where it (the water) is to be put, when, by cautiously
emoving the finger, it is expelled in drops. Filters may
e washed very neatly by means of this tube. A glass-
lower will make the instrument for sixpence. When the
tudent can manage the blow-pipe, he may easily make
uch things as this himself.
304. Fig. 12.—A GRrADUATED Jar FOR MEASURING
Quips,— This is a cylindrical glass vessel, which holds,
hen filled to a certain mark made near the top, two
unces of distilled water, at the temperature of 609, in
hort, two ounces of clear cold water. Tt has other marks
1 down it, as low as one drachm ; so that any quantity
of water from one drachm (or, indeed the § or 4 of a
ﬁachm) to sixteen drachms, may be readily obtained for
y required purpose.
305. But, besides the utility of this utensil for measur-
ing water, it may be also employed, when the purpose
oes not require great accuracy, to measure liquids whose
pecific gravities are different. If, for example, we wish
obtain an ounce of sulphuric acid, we proceed thus:
knowing, that the specific gravity of sulphuric acid'is to
the specific gravity of water, alittle less than as 2isto 1;
and, consequently, that if an ounce of water occupies a
certain number of divisions in this tube, then an ounce of
the acid can only occupy a little more than half that nums
ber ; of course, an ounce of sulphuric acid is readily ob-
tained by pouring that liquid into the tube till it rises a
little above the mark for 3 an oz. of water. We proceed
in like manner for other fluids, calculating the bulk ac-
cording to the specific gravity. It i1s by no means in-
tended, by the recommendation of this manner of measure
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ing liquid in general, to do away with more accuratey
mordes: we only point out a method of proceeding inn
common cases, calculated to save time,

306. It may be observed here, that when, in giving di«|
rections for the performance of an experiment, we sayy
“ an ounce by measure,’” it signifies by the measure fori
water. ' ¢ An ounce of sulphuric acid by measure’ is|
really almost two ounce of that liquid.—The price of this
jar is about 2s. 6d.

307. Fig. 13.—A RIBeeDp GLass FUNNEL used for
Sfiltration, and described under that head. It costs abouti
6d. or 8d. according to the size.

308. Figs. 14, 16, 17.—-TEsT GLASSES.— These are used
to hold small quantities of liquids to which tests or re-agents
are to be applied, in order to discover what bodies those li=:
quids hold in solution. They are also used for the purposes
to which figs. 6, 7, 8, 9, are applied. Fig. 17, is quite
round and smooth at the bottom, so that any substance
which may subside, can be readily taken out for the pur-
pose of being weighed, The price of these is about 6d..
each. It is very common to use pieces of thin glass tubﬂ
as test glasses.

309. Fig. 15.—A Grass FUNNEL used to convey Gahl
Jrom a wide mouthed vessel into one having a narrow mouth.
It may measure five inches across the wide part, and bes
about 4 inches in depth. Get it made at a glass—house_m
it will cost 8d.

310. I‘:g. 18.—A TusuLATED GLASs RETORT, whichy
as well as its use, is described at 271, 282. Retorts are
made of various sizes ; one of which the body (a ) will holdk
8 or 10 ounces of water, is a very convenient size for or-
dinary purposes. The price of such an one is abous|
2s. 6d. NOTE.—In seclecling, at the glass-house, a retorty
or any other utensil to be placed over a lamp or in a sand-
bath, be careful to take one with as thin a bottom as can bel
got.  Thin glasses are the only ones that will bear the ap-
plication of heat ; thick ones crack immediately wpon being
put to the fire. {

311. Fig. 19.—~A TuBuLATED GLASS RECEIVER, whosé|
pse is described under ¢ distiilation,” One holding 16/
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nces (which is a very good size) will cost about Zs.
th receivers and retorts may be had without tubulures,
d they then cost less than the others; but we recom-
end the student to get those that are tubulated, because
e difference in price is more than overbalanced by the
nvenience of them.
312. Fig. 28.—AN ADOPTER ; a tube of glass of un-
ual dimensions ; used for lengthening the necks of re-
rts, and for fitting retorts to receivers. It costs about
or 8d.
313. Fig. 21, (plate 2.)—A CHEMICAL LaMP for the
ble furnace, fig. 23. This instrument affords the means
' obtaining either a strong or a gentle heat, for a number
* hours at once. It is simple in its construction, and,
erefore, the more convenient for those who are inexpert.
a represents the body of the lamp, or that part
it which contains the oil. This (which is circular)
easures in altitude 14 inches, in diameter 3 inches. Fig,
2, represents the top of it: & is the outer extremity, a is
ube passing through (but of exactly the same length as)
e lamp, serving as a passage for a current of air which
necessary to support the combustion of the oil. This
be is supported in its place, by having its lower end
ered to the bottom of the lamp at the place where it
ts it= Round its upper end, but a little below the top
it, is fitted a rim of brass, which has six cylinders of tin
inch in length, and 1-6Gth of an inch in diameter, sol-
red in so many holes made at equable distances in it to
ceive them. This is shown by fig. 22. Only zbout
e L of an inch of the length of these small pipes pro-
ets above the top of the rim, the long parts go down
to the body of the lamp. These tubes are, as will
adily be imagined, intended to hold the wicks., The
is fastened in its place, by another brass rimn which
s on above it. d figs. 21, and 22, show a small
ipe, through which the oil is introduced, and which,
hen the lamp is filled, is closed with a brass screw. At
g. 22, is a small hole intended to receive the wire e, fig.
1. This wire rises two inches perpendicularly from the
p of the lamp, and then turns off horizontally, terminat-
T e
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ing in a ring of the same size as, and hanging directly ovey
the afore-mentioned rim of brass which bears the wicki
Into this ring is fitted a tin cylinder 6/ (which must ¥
kept bright) of such a length as to come to 5-8ths of &
inch from the tops of the little tubes whence the cotte
issues, The wire e fits easily into the hole that receivy
‘it, so that it may be readily moved about. The use
the cylinder is to condense the flame. Its action diffey
in no respect from that of the glass ones used in common
but it is to be preferred to them, on account of its beir|
cheaper, and not iiable to be broken.  Its opacity is 1
argument against it; because the flame of this lamp
not valued for the light it furnishes, but for the heat.

From what bhas been said, and from an inspectig
of the accompanying figures, a clear idea of the construy
tion of this instrument may readily be obtained.

By depressing three of the wicks, and lightin
the remainder, a small flame is preduced. By lightin
all the wicks a strong flame is produced. The heat
kept up very regularly; and no smoke arises. Any ti|
smith will be able to make a lamp of this kind, and t1
price ufit will be about 3s. 6Gd.

314. Fig. 23.—A TaeLe LamMp- FurNacE.—Thisis:
instrument nf great utility. There may be performed 1
its aid a vast variety of chemical operations on a sma
scale, in a very easy and expeditious manner. It consis
of a rod of iron a, two feet long, and rather less than ha
an inch thick, screwed into a foot of the same metg
Upon this upright slide three sockets with horizons
arms terminating in rings, (all made of iron,) which arey
diameter 2§, 3}, and 4} inches; and they are fixable at an
height, or may be turned round in any direc tmn, by meai
of screws (see b) affixed to the sockets. Theserings aern
for supporting glass alembics, retorts, flasks, Evapﬂrut;i
baﬁim, &e. ; for performing distillations, digjestinns, sol |
tions, evapuratmn, aralyses with the pneumatic apparaﬂf
&c. &c. ¢ is an evaporating basin placed on a ring
the manner described.  The lamp, (either fig. 21, or 2¢
which is to furnish the heat, is placed beneath the utel
to be heated at any distance which may be required.
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1 strong heat is wanted, the distance must be small ; if a
zentle heat, the distance may be greater.

A working smith, or ironmonger, will make a stand of
his kind (not including a lamp, of course,) for 4s. 6d.
Sometimes, in addition to the three rings, the stand has
nother arm with a board fixed to it for supporting a
amp (see the figure;) but it is as well to lay a piece of
rd across one of the rings, or to give the lamp a sepa-
ate support.

315. Fig. 24. A Spirir Lamp, This, for experiments
n the small way, where but a moderate degree of heat is
equired, is an excellent contrivance. It is a glass vessel,
f a flattish-globular shape, with a wide neck, and holding
mewhat less than a common wine glass. On the neck
s laid a circular concave piece of brass, with a small cylin-
rical pipe, an inch long, passing through the middle of
t, to contain the wick (which is of common cotton.) The
rice charged for this lamp, by the chemical instrument
kers, is ls. 6d. Alcohol burns with a flame which is
arge or small, according to the size of the surface of the
tton wick., It gives no smoke, it'has no disagreeable
mell, nor does it spoil any thing if it happens to be over-
urned. But, with its many advantages, this lamp has
ne great disadvantage, namely, it cannot be used much,
n account of the great expense attending the consumption
f the spirit of wine,

316. Fig. 25.—A PxeuMatic TroveH.,—This is a
trong, square, water-tight, wooden box ; the internal di-
ensions of which are as follows: depth eight irches,
ength and breadth each sixteen inches. A shelf, sixteen
inches long, and eight inches wide, having four holes cut
in it, as is represented in the figure, is fixed on one side
f the interior of the trough ; at such a height as to leave
a space of two inches and a half between its top and the
top of the box.—For an account of the uses of the pusyr
matic trough, see 284,

317. Fig. 27, is a section of the box : «a is the body or
open part of the trough, b is the shelf, ¢ and f are two glass
jars, inverted over two holes (¢ and d,) made in the shelf,
—If the retort is used, (in the manner directed in para-




L W

104 CHEMICAL APPARATUS.

graph 282,) the neck of it is most conveniently brought un4
der the hole ¢ ; but if the gas-bottle (fig. 29,) is employec
the end b of the bent tube (fig. 30,) which is fitted to thas
bottle, is put through the opening d, in such a manner as
that its point may turn up directly under a jar placec
as f'is. o

Sometimes pneumatie troughs are made of tin, bun
wooden ones have many advantages ; and the only grean
objection to them is, that they are not always water-tights
If, however, the carpenter who makes the box, takes care
that the joinings of it are, by dove-tailing and re-battings
fitted closely together; and if a strong coat of paint be
applied to it, both within and without, it will bear watem
without ]mmg a drop. The shelf may be made moveabley
and a moveable top may be fitted to the box, which may
be also furnished with a lock and key. All these things
are useful. When the box is not to be used for some:
time, place the shelf at the bottom of it’; upon that, place
the instruments formed of glass, then ]cn‘:k on the lid ofk
the box, and all will be free from injury. For a boxg
made of strong wood, according to the directions here
given, the writer of it paid—to the Carpenter, 8s. —tﬂl
the Painter, 2s.

It may not be amiss to observe, that in a case n#
emergency, a good substitute for a pneumatic trough, is a¢
wash hand-basin, or small wooden tub, with a board,]
which has a hole in it, large ennLJgh to admit the neck ofi
a common wine bottle, laid across it, il
- 318. Flg. 26.— A Grass ALEmzic for distillation andk
sublimation, described at 271. The head must be mades
to fit the body of it very exactly, or the substance that ig
volatilized will escape between them, and be lost, It mus#
likewise be depressed round its lower part, so that a cir=
cular channel may be formed, to conduct the condensedl
fluid into the pipe ¢. An alembic, of which the body willl
hold a wine-pint, with a head proportionably large, willl
be of a sufficient size for common purposes, and will ¢
about Js. K

319. Tig. 28.—A SmaLrn Grass REcEivER.—This
sometimes fitted to the neck ¢ of the alembic, to serve as
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ipient of the product of distillation, in lieu of the ves-
d, fig. 26. '
320. Fig. 29. (plate 3.)—A WoULFE's BOTTLE with
» necks, one of which is furnished with a glass stopple,
red closely to it by grinding.  This apparatus is much
od in experiments on gases,—See Z81. It may be bad
any glass-house. One capable of holding twelve ounces
water is a good size, and such an one will cost 25, 3d.
2s. 6d.
321. Fig. 30.—This is a glass tube, of the size shown
fig. 55, bent in such a manner, and of such a length
fits it to convey a gas from the bottle, fig. 29, into are-
iver placed in the pneumatic trough, fig. 25; ais a cork
ted to one end of the tube, and adapted to the neck of
oulfe’s bottle ; b is the end of the tube which is to be di-
‘ted under a receiver.—See 281.  This bent tube cannot
provided till both the trough (fig. 25) and the bottle
lg. 29) are ready for use: when the student has these,
must bend a piece of wireinto the exact figure of which
tube (in order to fit the two instruments) must be a
nterpart. Then, according to this pattern he must
nd his tube; but if he cannot manage that himself, he
t get it done at a glass-house, *where he will have to
y about 8d. for it.
322. Fig. 31.—A Jer-PirE for making some experi-
nts with hydrogen gas. It is simply the shank of a
acco-pipe cemented into a cork, which fits one of the
cks of the Woulfe's bottle, fig. 29.
323. Fig. 32.—A Sror-Cock represented on a large
le, and such an one_as ought to be fitted to a bladder
performing some experiments with gases.  are-
sents a screw on which is fitted the ferrule or plug
t goes into the neck of the bladder,—See 291, This
rrule must be indented or roughened on the outside, in
der that the string by which the bladder is bound upon
may have something to hold by, At the end of the
pp-cock marked b, there are two screws; an internal
le which fits the screw of fic. 49, and an external one
apted to the screw b of fig, 50, and to the screw b of
Es receiver a, fig. 25. ¢ is a screw that opens or shuts
the communication through the stop-cock, It may
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be observed here, once for all, that whenever stop-coe=
or other apparatus, are screwed together, great care m
be taken to fit them closely. Every juncture must!
rendered air-tight, by the interposition of circular pies
(or rings) of oiled leather.—These stop-cocks are made
brass, and may be bought of the tradesmen who fit up
gas-pipes in shops, at ls. to 1s. 3d. each.
524. Fig. 34.—An EUDIOMETER, or graduated gl
tube used to measure the purity of air. How the pur
of air is ascertained will be shown amongst the expe
ments ; we have here to describe the instrument.
length is 18 inches, and its diameter 1 inch ; its bottonw
shaped like a funnel, in order that it may stand firm
and its side has a scale drawn down it, graduated in
equal measures of capacity—into cubical inches, or ha
or fifths, or tenths of cubical inches. One graduated:
half inches will be sufficiently fine for all the purpose
student will require it,
325. One method of graduating (or drawing scales¢
glass jars is as follows: fix the jar to be graduated mo
upwards, in such a manuer as to make it stand firmly wi
out being held by the hands, then take a vessel capable
holding a certain quaritity of water—for wantof one h
ing a cubical inch, or half a cubical inch, use the grac
ated jar, fig. 12, and mark half-ounces by it; fill 1
measure with cold water, pour the water into the jar, a
make a mark on the jar, exactly at the surface of the wa:
with a file, or (which is much better) a glazier’s diamo:
Continue thus to pour in succession equal measures;
water, and mark its surface at each addition, 4
326. Fig. 35.—A REPRESENTATION OF THE MODE
FILLING BLADDERS WITH Gases.—Sce 291,  fis partd
the pneumatic trough fig. 25 ; /4 is the shelf; g shows |
height of the water in the trough ; a, a glassrec eiver, laﬁ
ing three pints, open at the bottom, and with a narrow o
at top ; ¢, a brass cap, cemented on the neck of the receiv
and having a screw adapted to one of the screws of |
stop-cock b ; d is a bladder into which the gas is b
driven from the receiver; and ¢, b, are the stop-cocks
the bladder and receiver fitted together to open a ¢o

munication. A jar of this capacity may be got made a
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ss-house for 3s. and the brass cap will be fitted on by
‘urnishing iron monger for ls, 6d. The prices of the
er parts of this apparatus are mentioned elsewhere.
27. Fig. 36.—A Gas REceIVER of a very convenient
. Itis of glass, holds a quart, is open at bottom, and
i a nob by which it may be held at top. It is repre-
ted as filled with gas, and standing in a dish filled with
er, which forms a portable pneumatic trough.—See
.—Such a jar costs 1s. 6d. :
8. Fig. 37. A Gas BOTTLE for experiments on the
bustion of bodies in oxygen gas, 1t must hold about a
t; and be thin round the sides, in order that it may
be cracked by the heat produced by deflagrating ‘a
y within. When this utensil is used, it is filled with
, in the common method, over water, and its mouth is
red by the insertion of a ground glass stopple. In this
it may stand upright on a table, and is ready for an
riment. The price of a gas bottle of this kind, with
stopple, at a glass-house, is about ls, 6d, i
29. Fig. 38. A CorreER DErLacraTING LADE for
taining substances that are to be immersed, in a state of
bustion, in the oxygen gas contained in the bottle, fig.
The bowl of the ladle is about the size, and the piece
etal it is made of about the thickness, of a shilling,
thin part, or shank of the ladle, passes through a cork
is adapted to the neck of fig. 37. When the cork is
into place, the bowl of the ladle must be about 4
e whole height of the bottle from the bottom of it,
price of this ladle is 1s. Any Coppersmith will
e it.
30. Fig. 39.—A SpriraL IrON WIRE with a cork in
pper part that fits the neck of the gas bottle, fig. 37,
on its lower extremity, a bit of tinder, This ap-
tus is employed in the experiment which exhibits the
ition of a metallic oxide, by the combustion of a me-
n oxygen gas. The kind of wire that is used is about
of an inch thick, and is called by the ironmongers
sell it, binding-wire.  In order to bring it into the
al, or cork-screw shape, it is coiled lightly round a
_of half an inch diameter, and then drawn off it.
rwards, the cork is fitted on it, it is drawn out to a
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proper length, (2 that of the bottle, say,) and has a mg
of tinder, charcoal, or thread dipped in brimstone or t
pentine, fixed upon its lower end, Twopence worth
this wire is enough for a great many experiments. ¥
331. Fig 40.—AN EcoNomicAL GALVANIC APPAN
TUs, Obtain a number (say thirty) of the smooth
penny pieces ; and the same quantity of plates of zing
the same size. The pieces of zinc may be easily cast
mould made of clay, for that metal is of about the s&
degree of fusibility as lead. Crude zinc to make them
may be purchased at a brass-foundry, at tenpence a-pou
In addition to the plates of copper and zinc, it is necess
to be provided with the same number of pieces of w
en cloth, rather smaller than those plates in size.
these be soaked in a solution of common salt, till-
have thoroughly imbibed it; when they are to be u:
they must be taken out of the solution and gently squees
in order to force out the superabundant water.
The Voitaic Pile (a, fig. 40) is to be furmeﬁi
these materials in the following manner: lay down_.ii.
circular piece of wood a plate of zine, upon that a plate
copper, and then a piece of moistened cloth—let this |
rangement be continued—zinc, copper, cloth—zine, ¢
per, cloth,—till all the pieces that have been provided
laid on. As the pile began with zinc, it must be rd.
cluded with copper. 'The number of pieces of each s
gtance must be at least twenty, and may be advantageo
extended to fifty ; for the more pieces there are, the gr
er will be the effect produced by the pile which they "
But a pile thus formed, is, when tall, very ij
to be overthrown, and must, therefore, in order to a%
this accident, be supported. The method usually ads
ed to hold it up steadily, is to fix into the piece of woou
‘which the pile is formed, three rods of glass, which
. touch the pieces of metal at three equidistant points D
 these rods may slide a piece of wood similar to the bot
_piece, for the purpose’of keeping by its pressure the
““ferent parts of the pile in close coutact.  Fig. 33 is
~tended to represent this top—the circle in the centre sk
. the situgtion of the pile—the three small circles, bety
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the outer and inner large circles, show the places where
holes are cut for the reception of the glassrods. The up-
per side of the piece of wood b, and the under side of the
other piece of wood, must be lined with tin foil. In the
hgure is represented the arrangement employed in de-
omposing water. ¢ is a glass tube filled with water, and
having the ends closed with corks: d and ¢ are wires, one
of them having an end fixed to the top of the pile, and
the other an end fixed to the bottom of it. The other ends
these wires are passed through the corks, and in the
ube ¢, approach to within a quarter of an inch of each
other.
The zinc plates in the voltaic pile become oxydated
after being used a certain time, and then the galvanie
action ceases ; but they may be cleaned by being put into
liluted muriatic acid, by which the oxide is dissolved.
They may also be cleared of the oxide by being filed.—It
s advisable, when the voltaic apparatus is not to be used
for some time, to take it down, by which means the zine
plates will be prevented from wearing out too fast.

332. A SpecIric- GRAVITY BOTTLE.—The use of this is
deseribed at 260, 1t is a littie globular bottle with a flat
bottom. It has a glass-ground stopple, with a small hole
hirough it.  When the bottle is filled with water, or any
other liquid, and the stopple put in its place, the superflu-
ous water escapes through the hole, and the bottle remains
juite full, without any portion of air. A bottle holding
200 grains costs about 2s.—A weight to counterpoise the
bottle must be obtained, made of brass or lead,

333. Fig. 42. (Plate 4.) ~—APPARATUS FOR EXHIBITING
SOME OF THE PROPERTIES OF HEAT,—a is-a glass tube of the
hickness of fig. 55, and about ten inches long. & is aball
or globe blown at ene end of the glass tube, A glass-blower
will charge about 9d. for this instrument. ¢ is a small
stool, having a hole in the top, through which the lower end
of the tube a is put, in order that it may be kept steady,
and upright.

334. Fig. 43.—Dr. WoLLASTON’s CRYOPHORWS, or frost-
bearer. 1t is a glass tube of the thickness of fig. 55, and
about twelve inches long. At each end of this tube is a

K
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ball of one inch diameter, and the tube is bent to a rights
angle at the distance of half an inch from each ball Ones
of these balls (as a) should be somewhat less than half fullf
of water, and the remaining cavity should be as perfect a
vacuum as can readily be obtained ; which is effected by
making the water boil briskly in the one ball before seal-
ing up the capillary opening left in () the other ball.
lass blower will charge about ls. 3d. for this instrument
335, Fig. 44.—A LaMP to be used with the blow-pipe.
a is a little oblong tin dish, similar to those that tarts are
paked in ; ¢ is a tin tube soldered to the bottom of it, anc
is used to hold the lamp on a candlestick. ~ Over half, o
three-fourths, of the top of this vessel is fixed a broad piece
of tin, and through the part remaining open, rises, in a di4
agonal direction, a wide tin tube (&) intended to hold a
cotton wick. This tube is shaped at the bottom in the
manner shown by the figure.—A tinsmith will make thii
lamp for 4d. |
336, Fig. 45.—APPARATUs FOR PRODUCING MusICAL
SOUNDS BY THE COMBUSTION OF HYDROGEN GAs.—a the
bottle whence hydrogen gas is issuing through the pipe &/
¢ a glass tube eighteen inches long, and one inch wides

held over the lame produced by the burning gas. . o
337. Fig. 46.—APPARATUS FOR ASCERTAINING WHES

THER A GAS WILL SUPPORT COMBUSTION,—See 288.
338. Fig. 47.—APPARATUS FOR SaowiNg THE Comy
POSITION OF WATER BY THE COMEUSTION OF HYDROGEX
Gas.—a is a glass vessel held over the flame produced b
the burning of the hydrogen gas.—See 336. il
339. Fig. 48.—A WIRE-STAND.—See 293, The wi
should be §#; of an inch thick ; the metal may be bra:
or iron. The foot is a solid lump of lead. |
340. Fig. 49.—A Jrr-PIrE, made of brass. The low
er end is a screw, adapted to the screw of a stop-cock, o
‘a bladder.—See 323. The opening at the point of th
pipe must be very small, like the jet of a blow-pipe. Thi
length of this jet-pipe must be about three inches, =~ It me
be procured at the place where the stop-cocks are purchas

A

"The price of it will be ls. 3d. ~
-341. Fig. 50.—APPARATUS FOR FirLNG SOAP-BUBBLL
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wiTH HYDROGEN GAs.—a is a piece of a common tobacco-
pipe. ¢ the end of a small brass cylinder into which
the pipe is cemented. & the end of the brass cylinder in
which there is a screw fitting a screw on the stop-cock of
a bladder.=—See 323. Before the end of the tobacco-pife
is put into the end of the brass tube, it should have a piece
of thin oiled leather wrapped round it, to make the junc-
ture air-tight. The piece of brass may be about an inch
long ; it can be made by the person who makes the jet-
pipe, and will cost ls.

342, Fig. 51.—APPARATUS POR OBTAINING, WITHOUT
THE AID OF THE PNEUMATIC TROUGH, (GASES THAT ARFE
LIGHTER THAN COMMON AIR.—See the experiments on
ammoniacal gas,

343. Fig. 52.—APPARATUS FOR OBTAINING WITHOUT
THE AID OF THE PNEUMATIC TROUGH, GASES THAT ARE
HEAVIER THAN COMMoN AIR,—See the experiments on
carbonic acid gas. '

344. Fig. 53.—A Marras, or BoLr-HEAD.—a is a
glass tube six inches long, and wide enough to allow a
sixpence to pass down it. & is a ball of rather more than
two inches diameter blown at the end of the tube. The
ball must be very thin at the bottom, as it is to be exposed
to heat. For the use of this instrument see 265, 2068.
The glass blower charges about ls. 3d. for it.

345. Fig. 54 —A FLORENCE FLASK ; an instrument of
great utility in performing the operations of digestion, so-
lution, &c. Being made of very thin glass, it bears the
sudden application of heat excellently ; but, on account of
that thinness, is very liable to be broken by a slight blow :
it therefore requires to be handled carefully. The student
should be provided with several of them. They are to be
had of oilmen, who sell the empty flasks, after having dis-
posed of the Florence oil they contained. Sometimes they
are charged 4d. at other times 3d. and 6d.

346. Fig. 55.—A piEce OF GLass TUBE of the size ge-
nerally employed to convey gases from the vessels they
are formed in, to the receivers which are to contain them.
b, b, show the thickness of the tube ; a, a, show the width
of the internal part of it.  The instruments represented by
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figures 30; 58; ¢, ¢, 57; a, 42 ; and 43 are all formedl
of tubes of this size, 1
Every chemist should be provided with an assortment off
glass tubes of different lengths and thickness ; for in va-
rious operations he is obliged to employ them, and when--
ever he wanted a bit of tube, it would be a very great wast
of time to have to go and buy it. ~ The student should g
to a glass-house, and choose out about a pound weight o
tubes, sorted. The thinnest about the size of a small quill
the thickest about aninch in width, The tubes marked 4,
fig. 57, should be 2 of an inch in diameter.—These tubes cost
from 3s. to 4s. a pound.  The highest-priced ones being
those which are very regular in the bore, and are used to
form barometers and thermometers. For many purposes,
green glass tubes will suffice, and they are much cheaper
than the others. A considerable quantity may be bought:
at a bottle work for ls.—Glass tubes may be easily cut to
any required length by a smali file, and (if thin) they may
be bent (as fig. 30, and e, e, fig. 57, are, or to any other!
shape), by the aid of the blow-pipe. But, for boltheads,
and other apparatus made of thick tubes, drawings mu
be given to a glass blower, —Occasionally, for conveying
gases, metallic tubes are employed.  Gases that have no
action on metals (such as oxygen and hydrogen) may be
economically transferred through tubes of tin,. lead, or,
copper.  Small gas-pipes are easily procured, are cheap,
durable, and very flexible ; they may be easily bent into
any required shape. :
317. Fig. 56, ( Plate 5. )—THE COMMON STILL.— Thi:
figure is given to illustrate the ordinary method of distill--
ing, and has been described already—see 271, article distil=t
lation. il
348. Tig. 57.—WouLre’s ApparaTUS described at 204, .
The retort used with the apparatus is that represented by
fig. 18. The receiver a is represented by fig. 19. The
réceivers 0, ¢, may cach hold 10 or 12 ounces, and will
cost (without any of the tubes) about 2s. each., They are!
to be had at the glass houses. |
349. Fig. 58.—A TUBE OF SarErY.—This is a glass
tube as thick as fig. 35, and of about sixteen inches in
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ngth, bent as represented in the figure. One end of this
fastened into a cork, and the other made into the form
f a small fuunel, a is the cork, b, the funnel. In cases
distillation in which sudden absorption, or expansion
ay take place in the retort,—see 296,—this utensil is fit-
d into the tubulure, and the bended part of it (¢, ¢, ] 15
lled with water. Then, if a vacuum happens to be pro-
ced in the retort, the external air forces its way through
1e tube to supply that vacuum ; and, on the contrary, if
pansion takes place, the elastic fluid gains room by fore-
g the whole water between ¢, ¢, up into the straight part
f the tube under the funnel 8. A number of other uses
, which the safety-tube is applicable, are described in par-
cular experiments. It costs about ls. 3d. when bought
eady made, but it is easily formed out of a glass tube,
‘hich costs 9d. o
350. Fig. 59. A Brow PirE.—For an account of the
ode of using this instrument, see 279. The blow-pipe
s generally formed of brass ; a single plain tube without a
owl for condensing the vapour, may be bought for ls.
)is is the kind that working jewellers use.  The blow-
ipe for very accurate experiments (young students need
Jot have this) must have the enlargement, and be provided
ith moveable nozzles. Such an one will cost Js. Che-
mists frequently employ blow-pipes made of glass, chiefly
ecause it is more easy to give to glass than to brass a small
pooth opening ; but glass ones have the disadvantage of
eing easily broken. A glass blow-pipe resembling fig.
59, may be bought for s, > Gl 4
351. Fig. 60.—A PraTinum Brow-PipE SPOON.—See
9279 for an account of the use of this instrument.  a, the
bowl, should measure 3 an inch across the top ; b is the
handle, made of wood ; ¢ is the shank, made of platinum,
or sometimes (for cheapness) of silver. The whole length
of the instrument should be about six inches. The metal
platinum being almost infusible, bears uninjured a very
strong heat ; but it cannot be used with alkaline fluxes, be-
cause it has a strong tendency te combine with those sub-
stances. Whenever, therefore, these fluxes are employed,
, ol '
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charcoal, or spoons of silver, must be used. The_ plati-nﬁﬂ
blow-pipe spoon costs 2s. %)
352. Fig. 6. (plate 6.)—A GAS-HGLD,ER.-—('I‘lns apy
paratus is sometimes made sufficiently large to hold eigh
gallons ; but the student need not get one larger than tk 2
which is described bere.) -« is the body, or reserveir, o
the gas-holder ; which is of a circular figure, and measure
in diameter. B%mt,hes, in height, 10inches,  Itholdsaboul
nineteen wine pints.  This reservoir is made of tin plate:
as, indeed, are all the other parts of the apparatus, excep
where the contrary'is mentiened; and the whole of it ds
Japanued botli on the inside and the outside. b is a shald
low cistern, fixed by four small supports over the reservoirs
at the height of four inches; ¢ and d are stop-eocks; com
municating with both the reservoir and the cistern ;  juss
enters into the top of a; but, to ¢, there is a tin, t.ube af ]
fixed, which goes to half'an inch from the bottom of a. . Thisi
tube 1s rather less than half an inch in diameter.
tops of the stop-cocks (or rather of the tubes in which they:
are inserted) are exactly level with the bottom of the ci S+
tern b. e isa funnel, the pipe of which is two feet longy
and half an inch in diameter. Tt is made to fit the pipe
of ¢; but can be readily taken away, when required. . f
a glass tube, of a quarter of an inch bore, communicatingy
at both ends with the reservoir. The manner in which it}
is properly fixed in its place is shown by fig. €2 ; where a
represents the body of the gas-holder; &, and ¢, two ting
tubes projecting from it, and d, (dotted lines,) the glass
tuhe, fastened, by glaﬂer s putty, into the tin tubes.
is a short tube i issuing from the bottom of the reservoir;
and /15 a stop-mck cmnmum{.dtmg with the top of thes
reservoir ; ¢ is a blow.pipe aflixed to the stop-cock 7, a J.
:ewmg to direct a stream of gas, upon a substance held tox
it on the stand % ; / is ene of the handles by which the ma--
chine is lifted. A cor responding handle is on the other}
side of the reservoir. 1
The following is an account of the cost of the gasholder
of which the above is a description. 3 Stop-cocks, 3s./.
6d. ; brass screw for g, ls.; glass tube £, 3d. To the
tinsmil.h, for reservoir, cistern, funnel, for putting all to«
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her, and for j Japanmng, 5s., k and i are supamumeranﬂ.
uch a blow-pipe as i, however, costs Ls.

353. When it is intended to fill this apparatus with gas,
e funnel e is removed, (that being wanted in particula¥
ases only), the tube g, and the stop-cock k, are closed,
nd the stop-cocks ¢, and d, are opened.  Water is theri
oured into the cistern, and is thence conveyed into the re-
ervoir, by the tube affixed to ¢; while the air in the re-
oir is forced out through d.  Thus, in a short time,
e bﬂd}r of the gas-holder is filled with water and all the
iris driven out of it. When this is the case, shut ¢ and
, and open g, into which introduce the beak of the retort,
r the tube, whence gas is issuing. The mode of i intro-
ucing the tube into this opening is shown by fig. 67.—
water does not run out at the aperture g, when the
ew is taken from it ; because the stop-cocks, ¢, d, cut
ff the pressure of the atmnsphere. But, as gas which is:
ues from a tube put in g, rises through the water to the
p of the reservoir, the displaced water, must, of course,
un out at the opening g, where the gas-pipe is introduced.
y looking in the tube f; we can readily see how much
the reservoir, at any period, contains ; and, in order to
etermine this with precision, we may affix a scale to the
ube in the manner shown by the figure, When, while
lling the reservoir with gas, we perceive, in the tube f
hat it is nearly full, the beak of the retort, or other vessel,
ust be withdrawn, and the opening g must be closed by
ts screw. The gas-holder being now filled with gas, may
e removed to any place where it may be required to make
se of the gas.

354, 1If a jar such as fig. 37, is to be filled with the gas,
he jar is first filled with water, and inverted, in the cistern
(also filled with water,) over the stop-cock d :—then d
nd ¢ are both opened ; the water descends through ¢, and
orces the gas out through d, into the jar, which, when fil-
ed, (the stop-cocks being then immediately r.,lnsed,) may
e I"E‘I[lﬂ"i"{,‘d from the cistern, as directed 292,

355. If the bladder d, fig. 35, is to be filled with the gas,
t the stop-cock (e, ﬁg. 35) affixed to that bladder, be
rewed to the stop-cock 4 of the gas-holder. (Thesqueez-"

T
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larly.)  Then pour water info the cistern, and open ¢
qtﬂp-cucks, & 1y ¢, when the gas will be forced into tﬁ
bladder. :

356 When the funnel e is ; fixed into the atﬂp-mckﬁ“i
the pressure of a column of water is obtained, and the
in the reservoir is forced out through the stop-cock, “hl(;ﬁ
may e opened with copmderable force. If a blow-pipe
as 7, is screwed on %, and a ‘stream of oxygen gas drwe
through it, in the manner jllbt described ; and if a l:uuﬂ:m:tI
substance be exposed to this jet of gas, a heat of very gres
mtenslty 15 produced mstantaneuuzly The stand L
emplﬂyed to expose bodies to this blow-pipe . the top of .
is of iron, and can be fixed at a greater or less htﬂghf, |
means of a %crew Perhaps there is no m*.-,trum;.nt 'uh 5
can enable any one to perﬁ:rrm SO many beautiful expe‘i'
ments as this gaﬁ-hulder. A few more of the very m' -
us;s to which it may be applied, are described at 425" L
427

'357. Fig. 68.—Docror URE’s EUDIOMETER. ¢
analyms nf gases, by explosion with the electric spark, fus
nishes, when it can be applied, one of the speediest am
most elegant methods of LhE'.mlEEll research.  The risk d
failure to which the chemist is Expﬂsed, in ﬂpemtmg i
the simple tube, (see fig. 65.) from the ejection of 1 tl
mercury, and escape or lntrﬂductmn of the air ; ; or 1t:-f1 _
Jury from the burstmg of the glass, by the forcible exp'.
sion of some gnsenus mlxtures, has gwen rise to sev ef
modifications of apparatus.

“ A very simple form of the eudiometer occurred to w
about two years ago; and this, which I have frequent
used since that t.'lI!lE, I can nnw remmmend to the che 1

ing of the bladder, &¢., (see 291), being observed particua

veniem:e, cheapnes&, safety, and precision.
41t consists of a glass s}rphun, having an mten
diameter of 1-4th of an inch. Its legs are cach six incl
long. The open extremity is slightly funnel shaped ; t
other is hermetically sealed; and has inserted near i
by the blow-pipe, two platmum wires. The outer en
the one wire is incurvated across, so as nearly to tu #
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edge of the aperture; (look at the top part of figure
) that of the other is formed into a little hook, (see fig.
) to allow a small spherical button to be attached to it,
en the electrical spark is to be transmitted. The two
s of the syphon are from one-fourth to one-half of an
h asunder.
‘ The sealed leg is gradnated by introducing succes-
ly equal weights of mercury ;—137 grains of that me-
occupy the space of the 1.25th of a cubicinch. (The
duations may be marked by a diamond, a file, or a
ce of rock crystal). The instrument is then finished.
¢ To use it, we first fill the whole syphon with mer-
or water, which alittle practice will render easy, We
n introduce into the open leg, plunged in a pneumatic
gh, any convenient quantity of the gases, from a glass
asure tube, containing them previously mixed in deter-
ate proportions, Applying a finger to the orifice, we
t remove it from the trough in which it stands, like a
ple tube ; and by a little dexterity, we transfer the gas
the sealed leg of the syphon. When we conceive
ugh to have been passed up, we remove the finger, and
t bring the mercury to a level in both legs, either by
addition of a few drops, or by the displacement of a
ion, by thrusting down into it a small eylinder of wood.
now ascertain, by careful inspection, the volume of
luded gas.  Applying the fore-finger again to the ori-
; 50 as also to touch the end of the platinum wire, we
n approach the pendent ball or button to the electrical
chine, and transmit the spark, Even when the includ.-
gas is considerable in quantity, and of a strongly ex-
sive power, we feel at the instant, nothing but a slight
h or pressure at the tip of the finger.  After explosion,
en condensation of volume ensues, the finger will feel
ed down to the orifice by the superincumbent atmos.
re. On gradually sliding the finger to one side, and
itting the air, the mercurial column in the sealed leg
| rise more or less above that in the other. We then
r in this liquid metal, till the equilibrium be again re-
ed, when we read off as before, without any reduction,
true resulting volume of gas,
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% As we ought always to leave two inches or more
air, between the finger and the mercury, this atmnspg
column serves as a perfect recoil spring, enabling us to
plode very large quantities without any inconvenience,
danger. The manipulation is also, after a little pract
as easy as that of the single tube. But a peculiar ad
tage of this detachable instrument is, to enable us to ke
our pneumatic trough, and electrical machine, at any ¢
tance which convenience may require; even in differ
chambers ; which, in the case of wet-weather, or a d
apartment, may be found necessary to ensure electrical
citation, In the immediate vicinity of the water pneurs
tic cistern, we know how often the electric spark refu
to issue from a machine. Besides, no discharging rod
communicating wire is here required. Holding the ey
ometer in the left hand, we turn the handle of the machs
with the right hand, and approaching the little ball,
explosion ensues.  The electrician is well aware, tha
spark so small as to excite no unpleasant feeling in
finger, is capable, when drawn off by a smooth ball, of:
flaming combustible gas. Even this trifling circumst
may be obviated, by hanging on a slender wire, instead
applying the finger. ’— Euxiracted from a paper by Dr..
in the Transactions of the Royal Society of Edinburgh. ri
358, Fig. 65.—Vorra’s EUDIOMETER.—A str
glass tube 2 of an inch in diameter, and twelve ing
long. The bottom end of it is shaped like a funnel, in:
der that, when placed upright, it may stand firmly, i
the top end, a piece of brass wire, or better, platinum w
is sealed hermetically, It must, like other eudiomet;
be graduated. ,
When this eudiometer, containing the gaseous mixtl
that is to be detonated, is standing over water, introds
into it a brass wire; one end of which must termir
#5 of an inch from the upper wire, and the other
of it project from the bottom of the tube, and be attae
to the electrical apparatus, to form part of a circuit.t?
gas in the tube is exploded by completing the circuit -
ternally, amd thereby sending the electric spark from
wire to the other, in the tube. ~ When the spark ist]

|

|

i
1'|_
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sed, the tube must be held firmly, either by the hand,
some other contrivance.—It will be seen that this eudi.
eter is much inferior to Dr. Ure’s:

9. Fig. 66.—Part of an apparatus for ascertaining the
intity of carbonic acid discharged from any substance by
addition of an acid. It is a piece of glass tube, of half
diameter of fig. 55, bent into a zig-zag form, (which
y be easily done by the blow-pipe), with a cork fitted
one end, and the other end drawn out to asmall point,

LIST OF CHEMICAL PREPARATIONS,

Y OTHER MISCELLANEOUS ARTICLES WHICH THE STUDENT SHOULD
BE PROVIDED WITH, TO ENABLF HIM TO PERFORM THE .
EXPERIMENTS.

[t is necessary, for experiments of research, where par-
hlar nicety is required, to be furnished with re-agents,
, in the very greatest possible degree of purity ; but, for
inary purposes—ifor the performance of such experi-
nts as the student finds either necessary or agreeable-—
different substances may be made use of in the degree
purity at which they are sold by respectable druggists,
| at Apothecaries” Hall. In the experiments in this
vk, for which pure preparations are requisite, directions
_given for purifying the preparations of eammerce,
Acins,—Sulphuric, 4 oz. per oz. $d.—Muriatic, 4 oz.
' 0z. ld.—Nitric, 4 oz. per oz. 3d.——Oxalic, }oz., per
6d,—Tartaric, 1 oz. 5d.—The sulphurie, muriatic,
nitric, must be kept in bottles with glass-stopples—
le: always wipe the neck of the bottle from which a
ong acid has been poured, before replacing the stopple :
5 will keep you from burning your fingers or cloths,

KALIES,—Potass (caustic) 1 oz. 8d. This is obtained
nall sticks resembling slate pencils, which must be
»t in a phial well secured from air.—Liquid Ammonia 2
per oz. 2d.—to be kept in a phial with a glass stopple.
IeTaLs.—Iron filings, and thick polished wire,~Cop-=
‘elippings—get some slips of thin copperplate from a
persinith, which clean bright with pumice stone and
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water, and clip into very small pieces with strong old s
sors. Cut some of the same copper slips, into pieces §
an inch wide, and three inches long, and finely polish the
these are to be used in precipitating silver, &c. from
lution.—Zine, in lumps, may be bought of brass-foun
for 9d. a pound. If you cast plates for a galvanic p:
you will want two poundsor so, of this. ~ Zinc, granulat
may be bought at chemists, at ls. per pound. Hal
pound will be needed for making hydrogen gas.——G
leaf, u small quantity from a gold-beater.—Granula
Tin, (called by dyers dropt tin), 1 oz. ld.—Tin foil.
square foot, 3d.—Mercury, 1 oz 6d. To be kept cor
in a phial.—Bismuth, 1 oz, 6d.— Antimony, 1 oz. 6d
Cobalt, 1 drachm 3d.
SALTs.— Acetate of lead, 1 oz. 4d.—~Borax, 1 oz. 2d.
Carbonate of Ammonia, 3 oz. per oz 2d.—Carbonate
Barytes (Native), and Carbonate of Strontia (Native),
to be had (in small pieces) of those who deal in miners
—Carbonate of magnesia (common magnesia) 1 oz. 3d.
Carbonate (super-carbonate of the druggists) of Potas
oz. per 0z. 3d.—Sub-carbonate of potass (the potash
the dry-salters, of whom it may be bought) 4 oz. per -
3d.  This must be purified before use, and must be ki
from air, in a stone jar.—Carbonate (super-carbonates
the druggists) of soda 1 oz. 6d.—Sub-carbonate of s&
(the soda of the dry-salters) 4 oz. per oz. id. Thess
of soda, like those of potass, must be kept from airs
Fluate of Lime (fluor spar) to be had of dealers in :
nerals.—Muriate of Ammonia, 2 oz. per oz. 2d.—Niti
of Potass (saltpetre) 4 oz. per oz. Ld.—Prussiate
Potass, 1 drachm, 3d.—Sulphate of Alumina and po
(Alum), & oz. per oz. }d.—Sulphate of Copper (B
Vitriol) 1 oz. 2d.—Sulphate of Iron (Green Vitriol) 4
per oz. §d.—Sulphate of Magnesia 2 oz, per oz ld
Sulphate of Boda, 2 oz. per 0z. 3d.—Cream of Tarta:
oz. 1id. |
MIsCELLANEOUS ARTICLES.— Alcohol, 4 oz. per oz. .
—Olive Oil, 1 0z. 2d.—Oil of Turpentine,2 oz. per oz
—Phosphorus, } oz. per oz. 6s.—The manner in which
is preserved, is mentioned at 700.— Roll sulpbur, fl
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of sulphur, chalk, pipe-clay, red-lead, of each a penny
worth. —Pieces of white marble.—Sulphuric Ether, % oz.
6d. To be kept in a well closed phial, in a cool place,—
Turmerie, } oz. 1id.—Litmus, i oz 3d.—Nut-galls, ks
0z, 13d,—=0Oxide of Manganese, a~-pound 6d. or 8. : —This
is to furnish oxygen.—Sulphuret of Antimony 1 oz 3d.
—Gum benzoin, } oz. 1}d.—Some charcoal, newly made,

SMALL ARTICLES OF APPARATUS,

AN iron ladle.—A deep iron pan holding about a quart :
to be filled with sand—this is to serve for a sand-bath,—
A magnifier.—An artificial magnet.—Glass rods, and
clean straws, for stirring mixtures in glasses,—A collec-
tion of glass tubes :—see 454.—corks of all sizes; and
a considerable number of spare phials should be constant.-
ly at hand, to receive the products of experiments.— A -
bout a dozen from 2 to 4 ounce phials, with ground glass-
stopples, should be provided, to hold corrosive liquids.
—Bottles with wide mouths, or Jjars with tin covers, such
as are seen on the shelves of apothecaries’ shops, should
be provided, to hold salts and substances that require to
be kept from the air.—A number of small wooden and
pasteboard boxes will also be found convenient.



EXPERIMENTS.

|
4
* ¥ It is earnestly recommended, that the student will pers
form no experiment without, at the same time, makingy
himself acquainted with the chemical history of the sub=-

stances employed, as detailed in the preceding pages.

SECTION I.—ON THE PROPERTIES OF HEAT.

360. HeaT aAxD COLD PRODUCED BY THE SAME LiI-;
QUID AT THE SAME TIME.—Process. Put your right han
into a basin, containing water made as hot as you can w
bear it, and put your left hand into a basin containing col
water. After a few minutes, take out both hands, a
instantly plunige them ‘into water warmed mﬂderﬁtelytﬁ
what effect will be produced? The water will cuo!! 4
right hand and warm your left.

361. Explanation qf‘ this Elj?&?‘t??wnt.—What we call
heat, is the effect produced by the presence of the peculi
substance which chemists call caloric. Cold is merely a
negative quality: it signifies the absence of heat, or rathers
a diminution of heat. This producer of heat (calorie)
always tends to an equilibrium; that is to say, heated
dies placed among cool ones, always part with their heat
to the cool ones, till all are brought to the same tempera-.
ture. Of course, by such a.process, the cool bodies
heated, and the heated ones, cooled. This doctrine of
distribution of heat enables us fully to comprehend th
phenomenon of the above experiment. A hot hand pu
into cold water, communicates a part of its heat to tha
water, and thus becomes cooled. Again, a cold hand ]Juf
into hot water, takes a portion of heat from that water:
and consequently is heated. Hence, we readily discover
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how water of a medium temperature heated the band that
‘had been cooled by cold water, and cooled the hand that
had been heated by hot water.
People very generally imagine that the sensation of heat

is an accurate test of temperature, and they are thereby
frequently led to miscal things. They come into this room
from the open air to-day, and exclaim ¢ How warm it is!”
To-morrow, they will again come into it from a still warmer
room, and will ery “How cold itis!> In the first. case
they gain heat, and therefore call the room warm; in
the latter case, they lose heat, and then they term it cold’:
while, in reality, the air of the room continues, during the
whole time, heated precisely to the same degree of tem-
perature, | . |

. Two men were travelling on a high mountain; one of
them was ascending, the other, descending it. . About
the middle they met. ¢ Bless me!” exclaimed he who
was going down, ¢ how extremely hot it is to-day!”
¢ Hot?” cried the other, * why, I never felt so cold in all
my life.””  These two men judged from  their sensations,
and truly expressed what they felt. - At the top of the
mountain, the air was cold; at the bottom of it, the air was
warm, He who was descending, came, therefore, into warm
air, and was heated ; on the contrary, he who was ascending,
was, by coming to the cool air, cooled. We learn from
this, that our sense of feeling can never inform us respect-
ing the true temperature of the bodies by which we are
surrounded. . d ¥ |
.. 862, Heat Expanps Bobnigs, as the following-experi-
ments will prove.—Process 1, Take a piece of iron that
exactly fits a ring made to receive it. Let it be made red-
hot. It will be then so much enlarged in bulk, that it
will not go into the ring.

863, Process?2. Put into the bulb of the instrument re-
presented by fig. 42, some cold water, or alcohol.  Then,
holding the part a of the instrument in the hand, plunge
the bulb into hot water: upon this, the enclosed liquid, as
it gains heat from the hot water, will rise in the tube. The
expansion will be seen more clearly, if the liquid in the
bulb be coloured.
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364. Process 3. Let a bladder, partly filled with air,
be tied at the neck, and held near a fire. - The small
quantity of air inclosed will speedily expand, and fill the
bladder completely. |

*4* That, in all these cases, the expansion of the differ-
ent bodies is really occasioned by the caloric they acquire,
is very evident, from the circumstance, that, when they
become cool again, they become small again. =

365. Remarks on this phenomenon,—Of all the proper=
ties of heat, none is more remarkable than its power of |
expansion. Matter of every description, bodies in every
state, are, by an accession of caloric, enlarged in bulk ;
and, on the contrary, when bodies are deprived of heat,
they are reduced in bulk.

In order to account for so curious a phenomenon as
increase of size by the addition of invisible matter, phis
losophers have supposed caloric to be a peculiar fluid,
possessed of so subtile a nature, as to be capable of forcing *
itself between, and consequently of driving asunder, the :
particles of matter of even the very densest kind. By this
means it is, that it is able to overcome the attraction of |
cohesion, and thereby to dilate bodies. t |

The fact shown by Process 1, (362) is taken advantage 4|
of by coopers in fastening the staves of a cask with iron |
hoops : before the hoops are put on, they are heated, and |
of course enlarged ; they then, on cooling, contract, and |

the cask is tightly bound.—The expansion of ﬂuidbq

(Process 2, 363,) has been very usefully applied in the
construction of thermometers, by which it is made the
means of measuring the variations in the quantity of calorie :
contained in other bodies. J
366. A THERMOMETER (or, measurer of heat,) is a smaﬂ-?
tube of glass, with a bulb at the end of it; the bore of
the tube is very small, and perfectly cylindrical; the bulb
is entirely, and the tube partly, filled with the fluid by
whose expansion the degrees of heat are to be measured,
The tube is applied to a scale, formed on fixed principles, |
and the expansion of the-fluid is thereby measured with i
accuracy. The fluid with which thermometers are gen- .
erally filled is the metal mercury, that being found to /|
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mbine more advantages than any other fluid, The
‘ale just mentioned, is divided into two hundred and
elve equal portions, which are called degrees ; the two
undred and twelfth degree (usually written 212°) being
e topmost one. The mark at the bottom of the scale,
ear the bulb, (0°) is called zero. a4 i
367. When the thermometer is immersed in melting
» the surface of the mercury stands invariably at the
2d degree, (shortly said, at 32°) and this is on that
ount called the freesing point of water. When  the
ermometer is plunged into beiling water, the mereury
ses to 212°, which, therefere, is called the boiling point
water. All bodies that are as hot as boiling water,
ake the mercury rise as high as boiling water does; and
1l bodies that are as cold as melting ice, (or freezing
ater) make the mercury sink to 82°. If the thermome-
r is immersed in a mixture of equal parts of water at
2° and 212°, the mercury stands level with 122° ; we
ave, in this case, an excellent illustration of what has
een said (361) regarding the tendency which caloric has
an equilibrium : the hot water communicates 90? of
eat to the cold, and its own temperature is thereby re-
uced 90°. _
368. The thermometer does not tell the precise quantity
caloric contained in the bodies it is applied to; it only
hows by how many degrees of heat the temperature of
ertain substances exceeds that of others. For we cannot
eprive any body of all the caloric it contains. The
ercury rises by abstracting heat, and falls by comimuni-
ating it.  If the mercury is sunk to 0° by being plunged
nto a certain mixture, still we cannot say that that mixture
s deprived of heat, since it is evident, that the mercury
ell upon giving out part of ifs heat to the mixture, and
yecame stationary upon the production of an equilibrium,
Though the lowest point on the thermometer scale is 0°,
ret cold can be produced by many degrees more intense
han that; so, also, can much greater heat than that of
boiling water be produced. Thermometers for chemical
hurposes are sometimes marked to 600° above 0° and to

L2
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40° below it; which marks show the boiling and freezing
points of mercury. =
369. We must now notice a very remarkable execeptiox
to the laws of expansion upon increase of heat, W 2
water at 32° is heated, instead of expanding as other bodie
in the same situation would do, it becomes denser, con
tinuing to do so, more and more, till it arrives at 40°
after which it regularly expands! When water at 21%
is cooled, it contracts till it comes to 40°, and theﬂfﬂ
gradually expands till it comes to 32°! This propert
of water is a very beneficial one, as we shall presentl;
see. gl
370. DirfERENT BODIES EXPAND IN DIFFERENT DE!
GREES. As may be proved by the following Prm:em"‘
Fill the bulb of the instrument, fig. 42, with water; ane
fill the bulb of another instrument exactly like that with
alcobol. The two liquids had better be coloured by som:
vegetable infusion. Now, take the two tubes, and plungs
the bulbs together into hot water: both the liquids will
expand and rise in the tubes, but the aleohol with fa.
more rapidity than the water. The cause of the ﬂrﬂ'et‘eﬁ
in the expansibility of bodies is unknown. o
371. HEAT PASSES QUICKLY THROUGH SOME BODIES
SLOWLY THROUGH oTHERS. All bodies through whic
heat passes are called conductors of it; those throug
which it passes quickly are termed good conductors, anc
those through which it passes sfmviy, bad conductors
Dense bodies are, in general, the best conductors ; light
porous bodies, the worst. Bodies which are fie wors
conductors of heat, have the greatest capacity for it; tha
is to say, they take a greater quantity of heat’ than goot
conductors, to raise an Equal bulk to a given theometric
temperature, within a certain time, When bodies are
compressed, heat is evolved ; because, as, by their con
densation, their conducting pow&rs are increased, so are
their capacities for heat diminished. The ﬁ)”ﬂ“ ing ex-
periments prove the conducting powers of bodies to b
different. feaN|
Process 1.—Take a rod of iron a foot long, and a rod
of wood just the same size. Put one end of cach into

L]
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fire, and hold the other extremities by the hands  When
the one end of the iron has become red hot, the other end
will be almost unbearably hot; but the wood will scarcely
give any heat to the hand, though held till nearly all
consumed by the fire. Hence we learn, that iron is a

ood conductor of heat, but wood, a bad one.

372, Process 2.—Prepare a number of equally-sized
rods of different substances, copper, lead, tin, iron, glass,
bone, and wood of various sorts. Coat one end of each,
by dipping it into melted wax or tallow. When they are
all ready plunge their uncoated extremities into boiling
water, or hot sand,—in a short time the wax or tallow
will be melted ; but it will be obseryed, that all the coat-
ings do not melt together, but, that of each particular rod
in the order of its power of conducting heat. The me-
| tallic rods (these toc in their particular order) produce
the effect first, next the glass, and last of all the wood.
873, Curious MOTION PRODUCED IN LIQUIDS BY HEgAaT-
ING AND cOOLING THEM.—Fill a large phial with water,
and put into it a small quantity of powdered amber, hav-
| ing previously added to the water a sufficient quantity of
potash, to make a solution of the same specific gravity as
amber. - Immerse the phial in a glass of hot water; upon
which a very singular internal motion will be immediately

roeived. . A current of the fluid will rise up the sides
of the phial, and another descend in the centre of 1t.
Now take the phial out of the hot water, and observe the
offects of its cooling, . The currents will be reversed :
the external one will descend, and the internal one_ascend.
—The use of the powdered amberis to make the opposite
currents into which the water is thrown, visible,
. 374. Rationale of this Eaxperiment.—The manner in
which a quantity of water, put in a yessel over a fire, is

_ heated throughout, is by the constant agitation of its par-
_ticles; for though heat is transmitted from one particle of
‘a fluid to another in the same manner as in solid bodies,
yet it is only so in a very small degree, As the particles
of water immediately at the bottom of a vessel are expand-
. ed by heat, they become, of course, specifically lighter
than the rest of the fluid; and consequently rise to the
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surface, communicating, in their progress, part of their i'
heat to the colder particles around them. Successive pors |
tions are thus heated at the bottom, and rise to the surface; |
and this agitation continues till all the liquid is brought
to the greatest degree of heat it can acquire, namely, to |
its boiling point. If a liquid is heated at the surface,
the heated particles being specifically lighter than those

below, cannot descend, and therefore no agitation can be |
produced to communicate the heat to the bottom of the
water. It was once asserted that heat could not descend; |
and in apparent proof of this, the upper surface of a vessel |
of water can be boiled and evaporated, while a cake of ice
remains frozen at the bottom. See 377. But, it has
been proved that heat is propagated downwards, (by |
transmission from particle to particle,) thoughi but slowly,

In the experiment just performed, the water rises at the |
sides—this is because the heat is communicated through
the medium of the sides of the bottle. The descending
current in the centre, is occasioned by the sinking of the
water which parts with a portion of its heat, to the
atmosphere, at the surface. ~ When the fluid was held out
of the water, the currents were reversed, because the
external particles being in contact with cool air, are cooled ; |
they therefore descend and force up the central particles,
which are lighter because warmer.

From what is said at 369 and 374, it will be seen, that
water in large quantities, as, for instance, in deep lakes, |
when cooled by the atmosphere in winter, sinks in suc—
cessive portions, till the whole bulk of it is of the tem- |
perature of 40°; after which, as it cools to 32°, (its.
freezing point,) it continues unagitated, that is, its cool |
particles, being lighter than its warm ones, remain at the {
surface, and are at last converted into a sheet of ice, How

manifest is the wisdom and goodness of the GREAT AR-
TIFICER of the world in this arrangement! If water con~
tinued to condense to 32°, the water on the surface of
our rivers, would sink as it froze, another sheet of water
would freeze immediately, and sink also; the ultimate
consequence of which would be, that the beds of our |

rivers would become depositories of immense masses of 1
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, which no subsequent summer could unbind; and the
rld would have been shortly converted into a frozen
os !

375. To PROVE THAT WATER EXPANDS WHEN FREEZ-
n.—Fill a small phial with water, cork it securely, and
ce it in a situation where the water in it may be frozen :
enever solidification takes place the bottle will burst.
The force with which water expands when in the act of
ezing, is immense. A small brass globe, which would
re required a force equal to 27700 pounds to have burst
‘has been bursted by the freezing of a little water in it.
' the expansion of water during frosts, trees and rocks
' often split asunder. Slate is dug from quarries in
ge blocks, which are placed, edge uppermost, exposed
the rain; this penetrates their fissures, and, when a
st takes place, expands, and splits the slate into thin
ers.

B876. To suow THAT Hor WATER 1S LIGHTER THAN
'LD,—Pour gently hot water into a tall glass nearly
ed with cold water ; it will remain on the surface: but
‘cold water be poured upon hot water, it will sink to
» bottom. This experiment may be rendered more
iking by colouring that portion of water which is poured

377. To cause WATER To BOIL oN THE SURFACE OF
E.—To effect this, first freeze a quantity of water in
> bottom of a long glass tube, closed at one end, either
exposure to cold air, or by means of a freezing mixture
F which we shall speak presently). Then cover the
ke of ice by a quantity of water, and hold the tube
ithout handling the part of it containing the ice) in such
manner over a lamp, that the surface of the water may
heated to the point of boiling: for this the tube re-
lires to be placed in a diagonal direction, which is such
‘allows the water at the top of it to be heated, while the
» remains unheated below,
378. SuppeN CONVERSION OF A L1QUID INTO AN IN-
sieLE Fruip orR VAFOUR, AND RE-CONVERSION OF IT
170 A Liquip.—Put into the instrument, fig. 42, two
1spoonfuls of sulphuric ether, and then fill it (tube and
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all) with water.. The instrument should, for this expe
ment, be sufficiently large to hold about half-a-pint, ai
the water may be coleured. Let the mouth of the! tuj
(the bulb being turned upwards) be put into a vessely
water : it may be kept in this situation, by being fixi
into a hole made in a little stool ; just as it is represent|
by the figure above referred to. Next pour boiling W
ter gently upon the top of the ball: the sudden additif
of heat will instantly ehange the ether into a vapeu
which, by its expansion, forces the coloured water out |
the vessel, and occupies its place, It is proper, howews
not to allow the whole of the water to be forced out; bu
after expansion has proceeded to a certain degree, to po|
then cold water upon the vessel. This will l,mmedm;ﬂ
re-convert the vapour into a liquid, and cause the m
to rush up into the bulb, to supply the vacuum, :
379. Rationale.—This experiment is intended to E.hﬂ
that heat has great influence on the form or state of bodi«
When solids are heated, they become liquids, as is proy
in every instance of fusion; and when liquids are heat¢
they acquire the gaseous form, and become invisible elas
fluids, possessed of the mechanical properties of comm:
air. They retain this form or state as long as their ten
perature remains sufficiently high, but re-assume t
liquid form when cooled again. Different fluids pass ir
the aériform state at different temperatures: the tempeu
ture at which a liquid becomes changed into a vapour,
called its boiling pnmt. “
380. To cause WATER TO BOIL BY THE APPLICATI
oF COLD, AND TO CEASE TO BOQIL BY THE APPLICATI}
or HEaT.—Provide a Florence flask, a good cork, th
fits it closely, and a piece of bladder, softened by havii
been soaked in water, Fill the flask half full of watd
and place it over a lamp, by means of the stand, fig. &
till the water boils ; then remove the flask, instantly cof
it securely, and tie the moistened bladder over the ne:
and cork, so as to prevent the least access of air. T
boiling of the water, which continues a little while afd
the flask is removed from the lamp, soon ceases entirel;
but it will immediately recommence, if the flask is plung,
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o cold water ; and cease again, when the flask is held
ar the fire,

881. The explanation of the experiment is this :—The
iling points of liquids are regulated by the pressure of
> atmosphere. The greater the pressure, the greater is
> degree of heat requisite for making the liquor boil ;
d, consequently, the degree of heat required to cause
> ebullition of a liquid is small, under a small pressure.
the pressure on the surface of the earth could be en-
ely removed, every substance, whatever, would begin
boil instantly.
‘Now, in what manner do these facts explain the curious
enomena of the above experiment? Why, when the flask
\s taken from the lamp, in order to be closed, the upper
rt of it was filled with vapour, the quantity of which was
creased by that generated during the short time that the
ster continued to boil, after being removed from the lamp;
d it was the great pressure of this body of vapour, which
ade the still hot water cease to boil. The boiling re-
mmenced when the flask was cooled, because, by that
wling, the vapour was condensed into water, and a va-
jum formed. This being the case, the water will boil
a very low temperature; and the heat that it retains is
Micient for the purpose. The boiling of the water ceased
rain, upon the flask being heated, because the vapour
rmed by that means renewed the pressure onits surface.
# % Sometimes Florence flasks are so thin, that, when
i@ vapour is condensed, the glass is broken by the pres-
ire of the atmosphere. The following is another mode
" showing this experiment, calculated to obviate this in-
snvenience. Provide a six-ounce medicine phial, half
Il it with water, and place it in a pan of boiling water
ger a fire, till the water it contains boils also. Then
ork it closely. Place this phial, thus prepared, in a tea
wicer ; pour cold water upon it; when the water in the
hial will boil—next, pour hot water upon it, when the
rater in the phial will cease to boil.—The rationale need
ot be repeated. ' |

382, To FREEZE WATER BY PUTTING IT INTO A PAN
N THE FiRE,—Prepare a FREEZING MIXTURE, as direct-
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ed in the APPENDIX, and place the pan containing
over the fire; then immediately plunge into it a tubg
thin glass, about £ of an inch in diameter, containin
small quantity of water. In a short time, by the act
of the freezing mixture, the water in the tube will|
converted into ice,—Care must be taken not to let it|
main too long, or the ice after being formed will be melt

Rationale.—During the liquefaction of bodies, a qu
tity of heat is absorbed, which is essential to the state
liquidity, and which does not increase the sensible or thi
metric temperature. The same may be observed of |
conversion of liquids into vapours. Consequently, i
cold solid body, and the same body hot and in a lig
state, be mixed in known proportions, the temperat|
after mixture will not be the proportional mean, as wo'
be the case if both were liquid, but will fall short of i
much of the heat of the liquid body being consumed|
rendering the solid body liguid, before it produces &
effect upon its sensible temperature. g

Equal parts of water at 32°, and of water at 2120,
produce, on mixture, a mean temperature of 122°, B!
equal parts of ice at 32°, and of water at 2120, will o’
produce (after the liquefaction of the ice) a temperati
of 529, the greater portion of the heat of the water bei
employed in thawing the ice, before it produces any 1
of temperature in the mixture. Thus the water is co0|
160 degrees, while the ice is heated only 20; consequent
140 degrees of heat have disappeared, this having iné]
united to the solid water (ice) to produce fluidity. H
thus rendered insensible, or combined, is termed latent he

The same phenomena are observable in all cases of |
quefaction, and we produce artificial cold, often of gr
intensity, by the rapid solution of certain saline bodies|
water. Upon this principle the action of freezing mi
tures depends.—In the above Process, the water becomn
solid, by giving out its keat of Jluidity to the mixture, |

The solution must be boiled some time, filtered, al
evaporated till a pellicle is formed on the surface ; whe
by slow cooling, it deposits crystals. |

383. To FREEZE WATER IN A FEW MINUTES, EVEN |
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rBE Mipst oF SUMMER.—Take a thin glass tube, four or
five inches long, and two or three eighths of an inch in
diameter. This must be closed at one end, and have
water poured into it, to the height of an inch. Now, by
means of the dropping tube, (see 303,) let a stream of
sulphuric ether fall upon that part of the tube where the
water is. The ether, as soon as exposed to the atmﬂsphere,
rapidly evaporates ; but, in order to be converted into
vapour, it requires a considerable quantlt}r of caloric; and
it therefore immediately robs the water in the tube, Df its
heat of fluidity. The consequence is, that the water is
changed to ice; and if a thin spiral wire (such as fig. 39)
be previously put into the tube, the ice will adhere to it,
and may be drawn out.

Cold is produced in all cases of evaporation. The in-
habitants of warm climates cool their liquors for drinking,
by wrapping the vessels containing them in wet cloths,
and hanging them up in the sun. The water in the cloth
evaporates quickly, and thus produces cold. A person
whose clothes are wet, feels cold, even when near a fire ;
it is because the water, as it evaporates, robs his body of
caloric.—Under certain circumstances, the cold produced
by evaporation is very great, being even sufficient to freeze
water. This has been proved by the above experiment ;
and is also most elegantly shown by that which follows.

384. Dr. WorLasTtON’s CrYOPHORUS.—This instru-
ment is described at 334. It was invented to demonstrate
the relation between evaporation at low temperatures, and
the production of cold. To make use of it, prepare a
freezing mixture, and plunge the ball & into it; upon
which, the water in the other ball will be frozen in<a few
minutes.

By referring to 334, and to 381, we see, that the in-
strument, as it was closed while the water in it was boil-
ing, is filled with vapour. This vapour, when the ball &
is plunged in the freezing mixture, is condensed by the
common operation of cold ; and the vacuum produced by
this cm]densatmn, gives opportunity for a fresh quantity
of vapour to rise from the opposite ball. Now, the small
quantity of water which rises from a to supply this va-

M
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cuum, takes, in order to be converted into vapour, a largd
quantity of heat from the remainder of the water ; and if
is by the reduction of temperature thus effected, that thd
water is eventually changed into ice. 4
385. INSTANTANEOUS CRYSTALLIZATION: A CURIOUY
EXAMPLE OF THE PRODUCTION OF HEAT, BY THE CONVERH
SION OF A LIQUID INTO A SQLID.—Into two ounces o
boiling water, put as much sulphate of soda, as it will
dissolve (about 3 ounces). Pour as much of this satuJ
rated solution, when boiling hot, into a phial, as will
nearly, but not quite, fill it; cork the phial closely, and
let it stand to cool. When cold, the solution is still fluid |
but the instant you draw the cork, a very beautiful, bus
confused crystallization, of the whole mass, will immedi-
ately take place; and, at the same time, so much heat it
evolved, as to make the phial warm, =
The explanation of the experiment is this: watel
will dissolve more sulphate of soda when hot than when
cold ; and cold water will dissolve more in proportion aj
the pressure of the atmosphere is diminished. - The hoi
water was here saturated, and, had it been suffered to cool
in an open vessel, would have deposited part of the salt|
But, in this case, none was deposited, for by suffering
the solution to cool in a close vessel, a partial vacuum way
produced at the surface of it, (the steam which occupied
the top part of the phial when the cork was inserted, be
ing, by the subsequent cold, condensed,) and the water
when cold, was thus enabled to hold in solution, all th
salt which, when hot, it had dissolved. As soon, howeveri
as, by drawing the cork, you admitted the usual pressure
- of the,atmosphere, the cold water was rendered incapabld
of holding so much salt in solution, and part was, there!
fore, instantly crystallized. The heat which was evclved|
was the heat of liquidity of the portion of the salt whic
thus became solid, If, when the salt has crystallized, yor
plunge the phial containing it into hot water, it will b
again dissolved. You may then cork the phial, as before
and the same solution will serve for a repetition of thi
- experiment. ¥
386. TO PRODUCE A BOILING HOT LIQUID BY MIXIN(
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[OGETHER TWO COLD ONEs,—Take a small phial about
half-full of cold water ; grasp it gently in the left hand,
and from another phial pour sulphuric acid very gradually
into the water. The mixture will immediately become
so hot, that the phial cannot be held.—If a thin glass tube,
three-eighths of an inch in diameter, containing a small
quantity of water, be plunged into a mixture of one part
water to four parts acid, the water in the tube will boul.
— Rationale of this experiment.—Whenever two liquidsunite
chemically, the compound has greater density than the
mean density ; and whenever the density of bodies is in-
creased, they evolve heat.

SECTION IIL.—ON CHEMICAL AFFINITY.

- 387. To sHow WHAT CHEMICAL AFFINITY 1. — Pro-
cess. Shake together, in a small phial, a quarter of ‘an
ounce of olive oil, and the same quantity of water; then
allow the mixture to settle, upon which the oil and water
will separate. Now, add to the mixture a drachm of a
solution of an alkali (either potass or soda) and shake the
phial again, Upon this, these three bodies will form a
substance resembling thick cream.— Rationale.—Oil has
no affinity for water, and, therefore, does not combine
with it ; but, it has a strong affinity for alkalies, with
which it readily combines, and forms soap.—The cream-
like appearance of the above mixture, is occasioned by
the diffusion of the soap that is formed, through the wa-
ter.

388, PROOF THAT A SUBSTANCE HAS DIFFERENT DEGREES
OF AFFINITY FOR DIFFERENT supsTANCES,—To the pro-
duct of the preceding experiment, add a little diluted sul-
phuric acid. The soap will instantly be decomposed.
For the acid combines with the alkali (having a stronger
affinity than the oil for it,) and forms a salt which is dis-
solved in the water: while the liberated oil rises to the
surface of the mixture.

280. Curious ExXaMPLES OF CHEMICAL AFFINITY.
Process 1.—Take a little solution of sulphate of iron,
and a little infusion of galls, both diluted till colourless,
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pour them together,—the mixture will be black. — Ra-
tionale. ‘'The gallic acid contained in the infusion of gal]st
has a stronger affinity for iron than sulphuric acid has.
Consequently, the sulphate of iron is decomposed, and|
gallate of iron immediately produced. 1
390. Process. 2. Into the black liquor, which is the
product of the preceding experiment, pour a little diluie_ﬂ:
muriatic acid : the mixture will immediately become co- -
lourless.— Rationale. Muriatic acid has a still stronger 1
affinity for iron than even gallic acid. We, therefore, in s
this experiment, form muriate of iron, which gives a co=y
lourless solution. |
391. Process 8.—To the limpid liquid produced by thes
last experiment, add a little solution of potass, (which isd
colourless,) the mixture will again become black.— Ra--
tionale. Here the muriatic acid quits the iron to unites
with the potass, and the disengaged iron is caught up by
the gallic acid which remains in the solution, to re-produce ¢
the black galiate. 1
392. Process 4.—Immerse a piece of gold—a coin will |
do—in a glass of mercury. After a few seconds take it
out: it will be apparently transformed into silver. Drop »
the silver-looking metal into a little diluted nitric acid &
upon taking it out, after a little while, it will be found to )
have resumed its natural appearance.— Rationale. M ercury ¢
has a strong affinity for gold, so that amalgamation takes ;
place whenever the two metals are placed in contact. The:
coin, in the above case, becomes cased in an amalgam of
gold. The nitric acid, into which the metal is afterwards |
put, dissolves the mercury, but does not act upon the gold.
393. Process 5.—Take an ounce of mercury and an |
ounce of sulphur ; melt them together in a crucible, stira .
ring the mass continually—pour the mixture on a piece of '
marble or glass, greased and warmed. The substance th us
obtained is sulphuret of mercury, which, if you have an |
alembic, you may sublime, (see 318,) and you will then
form the beautiful pigment called vermilion,— Rationale.
This experiment is an example of simple affinity, by which
bodies combine and form a substance differing entirely
from its constituents. Mercury is white, brilliant, and
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luid, and sulphur is yellow. Now, the body formed by
heir union is a solid of a red colour,

894. Process 6.—Take equal parts of muriate of am-
nonia ‘and lime, (newly burnt,) these bodies are inodo-
‘ous : triturate them in a mortar ; upon this, a very pun-
rent smell is immediately produced. If the operation is
yerformed quickly, and the mixture put in a bottle, well
llosed, it serves as a smelling bottle for a long time.—Ra-
jonale. The muriatic acid which is a constituent of the
nuriate of ammonia, has a stronger affinity for the lime,
han for the ammonia. It therefore combines with the
ime, and yields up the ammonia in the state of gas. It
's this ammoniacal gas which has the pungent smell.

395. ORDER OF THE AFFINITIES OF SOME OF THE ACIDS
sorR Porass.—dcetic greater than Carbonic. Put some
solution of carbonate of potass into a tumbler, and pour
wer it a little acetic acid. The carbonic acid will be
sxpelled with effervescence, and acetate of potass will re-
nain,

306. Muriatic greater than Acetic.—Into the newly-
ormed acetate of potass, pour muriatic acid aslong as ace-
ie acid (known by the smell) continues to be evolved.
The new compound, muriate of potass, is a salt that may
se erystallized.

397. Nitric greater than Muriatic.—Into the solution
»f muriate of potass, pour nitric acid ; the muriatic acid
(which has a very pungent smell) will be expelled; and
sitrate of potass (saltpetre) will remain,

398. Sulphuric greater than Nitric.—Pour sulphurie
acid into the solution of nitrate of potass obtained in the
last cxperiment, A solution of sulphate of potass will
result.

* % If this series of experiments was performed in a
retort, and the gaseous acids were discharged thence into
proper receivers, and examined by tests, in the manner
hereafter described, the results would be far more satis-
factory.

399" COMPARATIVE AFFINITIES OF SEVERAL SUBSTANCES
FOR SULPHURIC ACID.—.dmmonia greater than Iron.—Into
a solution of sulphate of iron, contained in a test glass,

M 2
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drop as much liquid ammonia as will precipitate the wholl
of the oxide of iron. The then solution will be sulphat)
of ammonia _
400. Magnesia greater than Ammonia.—Having dd
canted the solution furnished by the last experiment intjl
a clean tumbler, stir in it as much carbonate of magnesi
(common magnesia) as can be dissolved. The magnesil
will be separated from the carbonic acid, which flies off iy
the state of gas, as likewise does the ammonia ; and thery
remains in the solution, sulphate of magnesia (Epsory
salt.) Al
401. Soda greater than Magnesia.—Into the solution oy
sulpbate of magnesia, pour a solution of carbonate of sod/
until the whole of the magnesia is precipitated. The cary
bonate of soda is decomposed : the carbonic acid unitey
to the precipitated magnesia, and the soda with the sull
phuric acid form sulphate of soda, which remains in soiuy
tion. 1
402. Potass greater than Soda—Pour a solution of carbony
ate of ' potass, till the commencement of effervescence, ing
to the solution of sulphate of soda. Here the sulphuric aeid
seizes the potass, and the liberated carbonic acid combines
with the soda. There is no precipitate ; because both thel
compounds are very soluble, But, that decomposition
certainly takes place, may be proved by crystallizing th
product of the experiment, when the salts may be distinf
guished from each other., @l
403. Strontia greater than potass.—Into the solution of
sulphate of potass, pour a solution of pure strontia in cold
water or of carbonate of strontia in hot water : sulphate o
strontia will be precipitated. 1
404. Barytes greater than Strontia.—Dissolve the lasy
mentioned precipitate in boiling water, and pour in a solu-
tion of barytes, or of muriate of barytes. The sulphuri«
acid will now make one more election—seizing on the
barytes, and forming with it a very insoluble salt, sulphatd
of barytes. 1
*«" The foregoing experiments, showing the compara-|
tive affinities of different substances for one of the stro
acids, form a very interesting lesson.  We recommend th
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roung student to perform them with care ; and, in order
o prove that the products do really contain the bodies
ipecified, he may try by means of appropriate tests.

405. MuTuaL DECOMPOSITION OF TWO SALTS—AN EX-
AMPLE OF COMPOUND AFFINITY.—Prepare a solution of
:arbonate of soda, and a solution of muriate of barytes,
‘both transparent liquors),—mix them together in a test
zlass ; this done, a very heavy white powder will be thrown
lown immediately. Here, a mutual decomposition,. and
formation of two new salts, carbonate of barytes, and
nuriate of soda, take place. The former is precipitated :
whilst the latter remains in solution, and may be crystal-
lized into that salt known by the name of table salt.

406. Tue DENsITY OF Bopies 1s ALTERED BY CHEMI-
“AL ACTION.— Process 1.—1f two cubical inches of cop-
per, and the same bulk of tin, are melted together, they
form an alloy of the size of only three cubical inches.
One-fourth of their bulk, therefore, is lost ; while, in weight,
they are unaltered.

407. Process 2.—If one part of sulphuric acid, be mix-
ed with three parts of water, the compound will occupy
less space than the bodies did when separate.

SECTION III.—ON GASES.

408. To pROCURE OXYGEN Gas.—DPut into the retort,
fig. 18, an ounce of black oxide of manganese, in powder,
and pour over it as much sulphuric acid as will convert it
into a thin paste. Stir the mixture with a glass rod.
Proceed next as directed, 282. Give a very gentle heat.
The gas will shortly be evolved; and may be collect-
ed in jars as directed 284, 317. Or, the gas may be col-
lected in the gas-holder, fig. 61.—See 353. There are se-
veral other methods of procuring oxygen gas; but this is
the one generally adopted, for small quantities.

109. Note.—The first portion of gas (of whatever kind
it may be) that is evolved from the vessel in which it is
formed, is always contaminated with the common air, with
which the said vessel was filled in the first instance. A
quantity of the first air received, rather more than the ca-
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pacity of the vessel in bulk, must, therefore, in order td
avoid accidents and failures, be thrown away. i
410. To PROVE THAT “ OXYGEN GAS IS AN EMINENT
SUPPORTER OF COMBUSTION.” Process 1.—Plunge a light/
ed candle into a quantity of the gas contained in a glassj
in the manner directed at 288, The cover to confine tha
gas till it is wanted, may be a piece of glass, or paste~
board. | |l
411. Process 2.—If the light of a taper be blown out
and the taper be let down into a glass of this gas whill
the snuff’ (which should be a thick one) remains red hot
it instantly rekindles, with a slight explosion.  When t
taper is re-lighted, it continues to burn, as in the prec
ing case, with a rapidity, a brilliancy of flame, and an evo4
lution of light, truly wonderful. A
- &12. During combustion in oxygen gas the volume of the
gas is decreased, and, if the combustion continues IG%
enough, the gas wholly disappears. This is-owing to '
combination which takes place between the oxygen of thei
oxygen gas, and the body that is burnt in the oxygen gas.;
The result of this union is either an oxide, or an acid.
413. Sometimes the product of such combustion is al
gaseous body, and sometimes a-solid. Thus, sulphuri
produces sulphuric acid gas, and carbon, carbonic acidl
gas j—but, phosphorus produces phosphoric acid, whichf
is deposited in a solid state, and a vacuum is produced inf
the vessel wherein the combination of the two elementsy
take place. "
414. When combustion takes place in common air, thed
same phenomena occur, but less rapidly, and to a less ex-+
tent. By burning substances in a given portion of com-+
mon air, the bulk of that portion of air is diminished one--
fifth, and the remaining quantity will support neithers
combustion, nor animal life. The portion of air thus ab--
stracted has been proved to be oxygen, and the air re-|
maining is nitrogen. And by mixing nitrogen gas ﬁth
oxygen gas in the above-mentioned proportions, a cnm’,f |
pound is obtained which possesses precisely the same pmi-‘h
perties as common air. Thus, therefore, the cnmposition""l'
and the proportions of the constituents, of atmuspher?é‘ ;

air, is proved both by analysis and synthesis.
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415, The grand uses of air being to support life and
mbustion, and its pure part being abstracted thereby, a
mtinual supply becomes necessary wherever those pro-
sses are carried on.  This shows us how important it is
renew the fresh air of the rooms we live in, in order
at breathing, and the burning of fires and candles, may

» readily carried on,

416, CHARCOAL BURNS RRILLIANTLY IN OXYGEN GaAs,
ND PRODUCES AN Acip—THE CARBONIC. Process 1.—
ill the bottle, fig. 87, with oxygen gas, as directed 328,
hen, put a piece of red-hot charcoal into the spoon, fig.
3, and plunge it into the gas; allowing the instrument
‘be sustained in its place, by the cork which is laid upon
jot fastened into) the neck of the bottle. As soon as
e red-hot charcoal comes into contact with the gas, it
)gins to burn very vividly, its cembustion proceeds with
eat splendour, and brilliant scintillating sparks are
rown out in all directions. When the combustion is at
1 end, it will be found that the oxygen gas has been con-
srted into carbonic acid gas.—This is an instance of the
rmation of an acid, by the union of a simple body (car-
»m) with oxygen.—The reason that the cork to which
ie spoon is attached must not be screwed tightly into the
ack of the bottle, is, that the gas, upon being heated,
(pands, and would burst the bottle, were it closely fast-
1ed up.

417. Process 2,—The preceding experiment may be
srformed on a smaller scale, by employing a jar that holds
ss gas, and using a copper wire, with a bit of charcoal
stened to the end of it. In this case, beautiful sparks
ill be thrown out, as before.

418. SULPHUR BURNS BEAUTIFULLY IN OXYGEN Gas,
ND PRODUCES AN AcCID—THE SULPHURIC.— A piece of
ilphur, the size of a pea, is to be put into the copper
oon, set fire to by a candle and blow-pipe, and plunged
to the same jar, and in the same manner as directed for
arforming the experiment with charcoal, The sulphur
ill burn with a beautiful violet-coloured scintillating
ame, and the jar will shortly be filled with a brown va-
our, which is sulphuric acid gas. This gas, if water has
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been put into the Jjar, will speedily combine with it, ﬂ
produee sulphuric acid. o
419. SpLENDID COMBUSTION OF ProspHORUSIN OX
GAS, AND PRODUCTION OF PHOSPHORIC AcCID.—Prog
1.—The light of phosphorus in combustion in ox
gas, is the most splendid that can be, by any means, pi
duced. Place the size of a small pea of phosphorus in
little hemispherical tin cap, raised, by means of the wi
stand, (fig. 48), an inch or two above the surface ﬂﬂﬁ

ter contained in a broad shallow dish, TFill the receiy
a, fig. 35, with oxygen gas, and screw on the top of it
bladder d, compressed—(see 291); next open the st
cocks b, e, so as to make a communication between thad’ﬂ
ceiver and the bladder; and then press over the mouth ¢
the receiver, as it stands in the pneumatic trough, a cirex
lar piece of pasteboard, rather exceeding its diamete
Now, mstantl:; cover the phosphorus, when an assistay
has set fire to it, with the vessel of oxygen gas, retainin
the pasteboard in its place till the receiver is immediate
over the cup.  When this has been skilfully managed, |
very small portion only of the gas can escape. Thedll
flammation of the phosphorus will be so extremely brillian
that it will be found almost impossible for the eyes to bex
the light.  The use of the flaccid bladder is to receivet
expanded gas, which is thus prevented from escaping
the room, and proving disagreeable by its suffocatin
smell.—"The odorous compound produced being phﬂsw
ric acid, which at last settles on the sides of the recﬁh
in white flakes. A1

420. Process 2.—The foregoing experiment may |
more easily, but less agreeably, performed, by fastenir
bit (uf’ the size of half a pea) of phosphorus to a wirey |
putting it in the copper spoon, and then immersing ltﬂﬂ
bottle. See 416,417.—~The student is particularly cs
tioned against uﬁing larger picces of phosphorus than they
directed.

42]. IRON MAY BE BURNED IN OXYGEN GAs:
COMBUSTION IS ATTENDED BY A BRILLIANT LIGHT, A
THE Propuct 18 A METALLIC OXIDE.— Prepare a bo
of oxygen gas, as directed 328 ; and, also, prepare t|
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ire, fig. 39, as directed 330. Light the inflammable
atter at the bottom of the wire, and plunge it into the
ittle, suspending the whole by the cork. The flame
ill be instantly communicated to the wire, which will
mtinue to burn with an appearance inconceivably bril-
mt and striking : proceeding with a meteor-like body,
a spiral form, and throwing out beautiful sparks in all
rections. -
422. These sparks, upon being examined when cold,
e found to be very different from the iron of which they
we been formed.—"They are brittle, and destitute of me-
lie Justre. The weight of the drops, too, is greater
an that of the metal made use of ; so that, in burning,
mething must have been added to them: thissomething,
the oxygen, which, united to caloric, formed the oxygen
1. The term applied to this compound is oxide of iron,
-iron and oxygen. When the drops fly off in their fire
ate, they are so hot, that unless the bottom of the jar be
wered an inch or so with sand or water, they perhaps
ack it.

423. COMBUSTION OF ZINc, AND ForMATION OF OX-
E OF ZINCc.—Substitute, for the phosphorus in experi-
ent 419, a small ball formed of turnings of zine, in
hich about a grain of phosphorus is enclosed.  Set fire to
e phosphorus, and cover it expeditiously with the jar of
tygen. The zinc will be inflamed, and burn with a
sautiful white light. _,

424. Proor THAT METALS ARE INCREASED IN WEIGHT
r CoMBINING WITH OXYGEN,—Coil up a drachm of
wy slender iron wire, (see 330), and put it into the bowl
*the pipe, fig. 50, which place in a clear fire. Iave
ady the bladder d fig. 35, filled with oxygen gas. When
e iron in the pipe is red hot, force from the bladder,
rough the pipe, a stream of oxygen gas. The iron will
irn very rapidly, and, by combining with the base of the
15, be converted into oxide of iron—see 4%2. If the
wwl of the pipe is kept free from dust, the iron, upon
ing weighed, will be found to bave increased from .1
achm, to 1 drachm and 20 grains, by its oxygena-
n.
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425. Reapy AxD ELEcanT MoODE OF BURNING M
TALS.—Process 1.—Iave ready a quantity Jof oxygy
gasin the gas-holder, fig. 61. § Fix the blow-pipe i to 1
stop-cock % of the instrument; and let the funnel e
placed as in the figure. & The stand £ is to be put direcy
under the opening of the blow-pipe. Take now a smy
square piece of charcoal, and set it on fire at top by mea
of a common blow-pipe. Lay this charcoal,” when re
hot, upon the stand %, open the stop-cock %, and pef
water down the funnel e, As the water descends, 1
gas will issue from i with great violence, and falling direq
ly against the inflamed charcoal will produce a very :
tense heat. Now, drop iron filings upon this charecox
and they will exhibit a very brilliant light. The proes
being, in fact, only a variation of experiment 421.

426. Process 2. The same as the last, only, in placey
iron filings, use tin filings, or tin finely granulated.

427. Process 3. The same as the preceding, with 1
exception of employing copper filings. These burn w
a beautiful greenish flame.

*.* We shall give no directions, though they mig
easily be multiplied, for oxidising other metals thus; |
cause the student may try the effects of the gas upon &
substances he may have at hand. By means of this app
ratus, which is represented complete in plate 6, a series
most beautiful experiments may be performed with gr
ease.

428. To ProcURE HYDROGEN GaAs, OR INFLAMMAZL
AIR.— Process 1.—TFix fig. 30 into fig. 29, closing
Juncture very accurately, by the application of putty,,
any other lute which may be found necessary or convey
ent—see 281.": Into the bottle thus prepared, introdd
one ounce of clean iron filings, and the same quantityy
sulphuric acid, diluted with five or six times its quann
of water. Close the bottle with its stopple: the gas v
be rapidly evolved, and may be collected over water,),
directed 317, or in the gas-holder.—See 353.

429. Process 2.—Instead of the materials mention
above, use one ounce of granulated zinc, half an ounces
measure, (see 306), of sulphuric acid, and four ouncex
water. This mixture yields a very large quantity of g



ON GASES. 145

- 430, In these experiments, the hydrogen gas is furnished
at the expense of the water, which latter, is, by the metal,
assisted by the acid, decomposed : its hydrogen escapes in
the form of gas ; its oxygen combines with the metal, and
thus renders it fit (for it is not fit in its pure state) to
be dissolved by the acid. The solution which remains
behind, is, therefore, a sulphate, either of zine or iron, ae-
cording to the metal that is made use of. The student
will not, of course, throw this residuum away, as useless;
but filter, evaporate, and crystallize it.

Note.—It will be recollected, that the first portion of
gas which is collected in this, as well as in all other cases,
must be rejected.  See 409.

- 431, MINIATURE BALLOONS.—A MODE OF ILLUSTRAT-
ING THE EXTREME LIGHTNESS OF HYDROGEN GAS. Process.
Fill a bladder with hydrogen gas, in the manner directed
291, 355.  Fix to the stop-cock of the bladder the pipe fig.
90. Prepare a strong solution of soap, (a lather such as
children use to blow common soap bubbles with), dip the
bowl of the pipe into it, and by compressing the bladder,
after having opened the stop-cock, fill soap bubbles with
the hydrogen gas. These, when shaken from the pipe,
instead of falling downwards, like common bubbles, will
rapidly ascend to the ceiling of the room. This experi-
ment affords not only a proof of the comparative little spe-
eific gravity of hydrogen gas, but also a good illustration
of the principles of A&rostation - for it is with hydrogen gas
that air-balloons are generally inflated.

AIR-BALLOONS.— A very pretty apparatus, of recent
invention, is now to be had of the philosophical instrument
makers. It is a little balloon, in shape resembling a blad-
der, and is to be had of various sizes, It is made of the
maw of a Turkey, and is so ex tremely light, that, when
filled with hy dmgen gas, and left free in the atmﬂsphere,
it ascends.—The price of this apparatus is from 1s. 6d. to
6s., according to the size. Oune of 4 inches diameter will
ﬂust about 2s. 6d.
© 432. If one of these soap bubbles be arrested in its flight.
by the application of a lighted paper, the hydrogen gas wﬂ],
&rplude, and the bubble burst with a vivid flash of lights

N

-



146 EXPERIMENTS

Nore.—Take care and not inflame the bubbles till
they are detached from the pipe, or the whole of the gas im
the bladder may explode.

433. DETONATING BALLOONS,—Fill a bladder with a
mixture of two parts of hydrogen gas, and one part od
oxygen gas. Bubbles blown with this mixture will as-
cend, though not so rapidly as those filled with pure hy-
drogen. But, upon the application of flame, they will
explode with far greater violence ; without, however, oc-
casioning any accident, unless they are fired before they
are away from the pipe.

434, Tur PHILOSOPHICAL TAPER-—AN ILLUSTRATION)
or THE CompusTIBILITY OF HYDROGEN Gas.—Fit the
jet-pipe, fig. 31, into one of the necks of the gas bottles
fig, 29. Then, introduce through the other neck, mate-
rials for producing hydrogen gas (sce 429.) Ina shorv
time, the gas will be heard issuing from the top of the
pipe a. Let it escape, till you think as much has issued !
as served in the beginning to fill the bottle; then, apply tc
the top of the tube, a lighted paper; upon this the gas
will be inflamed, and will burn with a blueish-colourec
jet, as long as it continues to be produced.—The reasor|
that a quantity of air must be suffered to escape is exq
plained by note 409. Hydrogen gas mixed with common
air, violently explodes when inflamed, so that particulax
care is requisite, in this experiment, tolet all the commoun
air escape.

435. Another mode of performing this experiment, is by
fixing the pipe, fig. 31, into the top of the stop-cock d 09
fig. 61. Then pouring water down e, and inflaming the
gas, which, of course (see 354) will issue from the pipes
Or, the jet-pipe, fig. 49, may be fixed to a bladder fillee
with gas, (461), and the gas inflamed as before. Whens
by pressing the bladder more or less, a very pretty jet, 01
stream of fire, either large or small, is easily produced. N«
danger need be apprehended, because the smallness of thy
hole in the end of the pipe prevents the flame from enter:
ing into the bladder.

136. Arriricial FLOWERS are made by passing hydrod
gen gas through metallic tubes, bent into various formsi
and having a number of small orifices bored in them a3
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certain distances. These tubes are aflixed to a main pipe
which enters the bag or bladder containing the gas; and
the gas is forced through them by pressing the bladder.
The gas then issues from the small orifices into the atmos-
phere, and is there inflamed by the application of a lighted
candle. Ifthe machine is made partly, or in whole, move-
able, a considerable increase is made to the effect.

487, We account for the luminous appearance in the
sky, called the AURORA BOREALIS, or northern lights, by
supposing that a stratum of hydrogen gas, above the at-
mosphere of common air, is lighted by the electrical fluid,
and burns slowly where it comes in contact with common
air. The levity of this gas, accounts for its ascending to
so high a region; and as it can only burn when in con-
tact with the latter, the appearances we observe in the
aurora borealis are exactly such as we should expect from
such a cause.

438, HyproGex Gas Exrinauisngs Frame,—To show
this, take a phial which holds about two ounces of water,
and fill it with hydrogen gas in the usual manner (284).
Then, raise it from the shelf of the pneumatic trough,
(holding the mouth downwards), and immerse a lighted
taper in the gas: the flame will be extinguished.— Note.
The phial should be made of strong glass, and a handker-
chief should be folded round it when used, to prevent in-
jury being received from the glass, in case of bursting.

439, HyproceN Gas oNLYy BurNs IN THE PRESENCE oF
Air.—Fill a medicine phial with a narrow neck with hy-
drogen gas, and cork it while under water.  Placeit then
on a table, withdraw the cork gently, and apply a light;
the gas will burn with a pretty blue flame, just at the
mouth of the phial, sinking at last into the phial, and
then disappearing,

440. Formarion or Warer By THE ComBusrioN or
HyprocEN Gas. The mode of exhibiting this experiment
is shown by ficure 47. It consists in holding a bell glass
over the flame of the philosophical taper (43%).  'The hydro-
gen gas, as it burns, combines with the oxygen of the at-
mosphere, and forms water, which rises in vapour, and is
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deposited on the internal surface of the glass, in a king
of fine dew, . .

441, MusICAL SOUNDS PRODUCED BY THE COMBUSTION O
HyprocEN Gas.—Take a tube, either of glass, earthend
ware, or metal, from 18 to 24 inches long, and from 1 tef
2 inches wide, and open at both ends. Bring it down &
few inches over the flame of the philosophical taper, (434)d
—sgee figure 45,—and very strange but pleasing soundsg
somewhat resembling those of an Alolian harp, will be im-,
mediately produced. By raising or depressing the tubey
or by using tubes of different sizes, the intensity of the
musical chord may be greatly varied. Theproduction ol
the sound is oceasioned by the rushing of the air into thei
tube, to supply the vacuum repeatedly formed by the eon-
densation of the oxygen of the air into water, as it com=
bines with the burning hydrogen.

442. 'To procvRE CarponNic Acip Gas.—Put intod
the gas-bottle, fig. 29, an ounce or two of chalk or mar-.
ble, broken into pieces the size of peas, and pour over thati
3 or 4 ounces of water. Next, fit the conducting tube,,
fiz, 20, in its place, and fit into the other neck of the bot--
tle, instead of its glass stopple, the hydrostatic funnel, fig..
58. This instrument should, for this purpose, be shorters
in the bended part than is represented in thefigure, and!
the bottom end of it should go into the water in the bot--
tle.  All things being ready, pour gradually into the fun--
nel, either sulphuric acid, or muriatic acid. A violents
effervescence will be produced, as soon as the acid des--
cends into the water: carbonic acid gas is disengaged, and |
mav be collected over water, in the same manner as hy-+
drogen gas, (428). Sometimes the acid and water are:
mixed before they are put in the bottle, and the funnel iss
not used ; but so violent is the action which takes place,,
that when this mode is adopted, a quantity of gas escapes:

before the apparatus can be properly secured.
44.3. To suow THAT CARBONIC ACID GAS EXTINGUISHESH

FraMe, AND DESTROYS ANIMAL Lire.—Fill a glass (suchi
as fig. 46) with carbonic acid gas, as directed 288, andl
plunge a lighted candle into it: the flame will be extin--
guished. A person who is quite a stranger to the proper-.
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es of this kind of gas, will be agreeably amused by ex-
inguishing lighted candles, or blazing chips of wood, on
s surface; as the smoke readily mixes with the gas, and
ittle or none of it escapes into the atmosphere. The

oke floats, in a very curious manuner, on the surface of

e gas, forming a smooth well defined-plain, which, if the
essel be agitated, is thrown into the form of waves. In-

cts, which it is desirable to preserve in their true form
nd brilliancy of colours, for cabinets, may be instantly
illed by immersion in carbonic acid gas.

444. PLEASING MODE OF SHOWING THE GREAT WEIGHT
¢ Carsonic Acib Gas.—Place a lighted candle in the
ottom of a jar which has its open part uppermost, (the

being filled with atmospherical air); take then a jar
illed with carbonic acid gas, and invert it over the jar in
hich the candle is placed : the eflect is very striking :
he invisible fluid descends like water, and extinguishcs
he flame. The whole, to spectators who have no idea of
jubstance without sensible matter, having the appearance
bf magic /

445. AN ILLUSTRATION OF THE CHARACTERISTIC POWERS
F OxycEN Gas, CARBONIC AciD Gas, AND ATMOSPHERI~
‘AL AIR, WITH RESPECT TO COMBUSTION.—Set three jars
esembling fig. 46 or 52, of equal size, mouths upwards,
n a table. The first must contain commmon air; the se-
sond, carbonic acid gas ; and the third, oxygen gas. Take
lighted candle with a pretty large wick, and lower it, by
eans of a wire, see fig. 46, into the first jar—the flame
ill have its usual brightness. Lower it next into the
vd jar—the flame will be extinguished. Lower it
ow, while the wick continues red, into the third jar—it
ill be relighted, and will burn for some time with a daz-
ling splendour. To ordinary spectators, this experiment
ill be the subject of much wonder. The whole of the
ars will, by them, be deemed empty ; and the different ef-
sets resulting from plunging the same candle into Seem-

ingly similar vessels, will be quite incomprehensible.,
446. To procurE Liquin CarsoNic Acip.—Having
illed a quart bottle with carbonic acid gas, pour into it
half a pint of pure water, then cork it securely, and shake
N2
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it violently for a few minutes. Let it now remain fori
quarter of an hour, (cork downwards), and then shake
again. Continue to do this for three hours, At the ex
pii‘atiun of which time, the water, if very cold when pu
into the gas, (for the colder it is the more gas it absorbsy
will be very strongly impregnated. d

447. To rOrRM CARBONATE OF POTASS.—DProcess l.=
Fill a common phial with carbonic acid gas. Apply tH
thumb to its mouth, and invert it in a solution of pus
potass, contained in a cup, and rather exceeding in quan
tity what is sufficient to fill the phial. The liquid w¥
instantly rise in the phial, and the gas, if' it be pure, wi
disappear entirely ; being all absorbed.  Pour out the a4
kaline liquor into the cup, fill the phial again with gag
and again invert it in the solution.  The absorption wi|
take place again. Repeat the process till the alkali is sz
turated.

418, Process 2.—Take such a bottle as ¢, ﬁ g 57. P¢
into it a solution of pure potass, and then conmect it, El
means of one of the tubes, e, fig. 57, with the gas-bntu
fig. 29.. Now, put into the latter, materials for produi
ing carbonic acid gas, as directed 442, © The gas, as it -
formed, passes of course into the solution of potass, 1l
which it is absorbed,  The neck £ of the bottle ¢ is to Kl
closed.  Then, when the solution of potass is saturatel
with gas, it will be foreed up the tube d, by the superfld
ous gas which presses its surface in the bottle.

449. To rorM CARBONATE OF Live,—Dix hme watd
with water impregnated with carbonic acid gas, (4464
These liquids are individually transparent, but the mixtu
is opaque: a white powder gradually sinks to the bottod
of the vessel.— Rationale. The affinity of carbonic aer
for lime is very strong: here therefore, the two bodie
quitting the water which held them in solution, unite ari
form an insoluble salt, carbonate of lime (chalk).

450. TLLUSTRATION OF THE MODE OF COLLECTING G AS#H
THAT ARE ABSORBABLE BY WATER, WITHOUT THE AID (|
A MERCURIAL TROUGH.—Prepare the apparatus when)
the gas is to be evolved, as described 442.  But let t
part & of the tube fig. 30, be sufficiently long to reach
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he bottom of a long eylindrical jar, just as the tube a,
g. 52, reaches to the bottom of that jar, Then, the car-
onic acid a@as, as it is evolved, forces the common air,
hich is lighter than itself, out of the jar, and occupies its
lace. We discover when the jar is filled with the gas,
holding to the top of it a piece of wetted litmus paper,
he blue colour of which is changed by the gas to a red.
It will be observed, perhaps, that carbonic acid gas, is
ot incapable of being collected over water. That s true:
t we only give directions for obtaining this gas without
e trough, by way of example. It will be seen, that this
ode can only be efficient, when the gas to be collected is
eavier than common air: another plan is to be adopted,
shen the gas is lighter than common air.—See 468.
451. To PROCURE NITROGEN Gas. Process 1.—Intro-
uce a lighted taper under a glass jar, which stands over
ater, and is filled with common air. The light will
hortly be extinguished, a cloudiness will be perceived,
hich, however, soon subsides, and the water in the basin
ises in the jar.— Rationale. ~ The atmospheric air is de-
composed ; the oxygen is absorbed by the burning taper,
and the nitrogen remains. The cloudiness proceeds from
e unconsumed smoke of the taper.  The water rises in
the jar, because the included volume of ‘ir, is, by the ab-
orption of its oxygen, diminished.
452. Process 2.—Mix equal weights of clean iron fil-
ings and sulphur into a paste with water, and place the
mixture over water, in a cup supported by the stand, fig.
48 : then invert over it, a jar full of common air, and let
it remain thus for a day or two, when the air will be di-
minished in bulk one-fifth, and nitrogen gas will remain,
The mixture having ahsorbed the oxygen of the air.
. 453, Process 3.—Wash a piece of lean beef well, and
eut it into very small pieces; put these into a retort, and
pour upon them nitric acid, diluted with a considerable
quantity of water.  Apply a gentle heat.  Collect the gas
lover water.
. 454. To PROVETHAT NITROGEN GAS DOES NOT SUPPORT
CoMsusTiON,—The same as process 438.  Only that the

ﬁt}.
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gas employed must be nitrogen. The light of the cand/|
will be instantly put out.

455. To comprose ATMOSPHERICAL AlR.—Mix fow
parts of nitrogen gas, with one part of oxygen gas. Kz
amine this mixture—by plunging a lighted taper in it, «
by any other test you please——it will be found to posses
all the properties of common air

456. To prOCURE NiTrROUS Gas—I’ut some shreds «
copper into the retort, fig. 18, and add a portion of nitrs
acid, diluted with five times its weight of water.  App)
a gentle heat, and collect the gas, which will be rapidi
evolved, as directed 408,

457. To coNVERT NIiTrROUS Gas INTO NITROUS Aci
Gas.— Process 1.—Open a bottle of nitrous gas (which
colourless) in the atmosphere: red fumes appear.

458. Process 2. Fill the eudiometer, fig. 34, with watey
and place it on the shelf of the pneumatic trough; pas
up into it, three parts of nitrous gas, and two parts of ox»
gen gas. The gaseous mixture will become of red colous
and will then disappear.

* . * In both these cases, nitrous acid gas is produce
by the combination of oxygen gas and nitrous gas: in prs
cess 1, the oxygen is taken from the air of the atmosphere;
—in the latter case, the acid is absorbed by the water.

459. WHEN AN INFLAMED TAPER IS PLUNGED INTO NJ
TROUS G AS, THE LIGHT IS INSTANTLY EXTINGUISHED, Buw
inflamed phosphorus burns in it with great brilliancy.—
Rationale. 'The burning phosphorus decomposes the ny
trous gas, and absorbs its oxygen ; but the heat of the iy|
flamed taper is not sufficiently intense to do that.

460. To rrocuRE NITROUS OXIDE, OR INTOXICATIN
Gas.—Put a quantity of nitrate of ammonia into a glaa
retort, and apply the heat of a lamp, which must be gentl|
and well regulated, The salt will in a short time liquif}
and must then be kept gently simmering, avoiding violex
ebullition. The gas may be collected over water, am
must be allowed to stand a few hours before it is usec:
during which time it will deposit a kind of white vapou
and will become perfectly transparent.
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461. SoME OF THE PROPERTIES OF NITROUS OXIDE GAS.
~1." A candle burns in it with a brilliant greenish flame,
id a crackling noise.—£2. Tt is heavier than common air.
~3. Phosphorus, charcoal, and sulphur burn in it,—as
ewise does iron wire.—4. When mixed with oxygen
s, upon the application of lame, it detonates.— All these
ings may be proved, by proceeding as directed for per-
rming the experiments which demenstrate the properties
oxygen gas. It must be observed, however, that bo-
es to be burned in nitrous oxide gas, must, when intro-
ced into it, be in a state of complete ignition.

462. INTOXICATING POWER OF NITROUS OXIDE GAS,—
‘hough this gas is not fitted to support life, yet it may be
spired for a short time, and the effects produced by it
on the animal frame, are its most extraordinary proper-
s, The manner of breathing it is this: put nitrous ox-
@ gas that has been purified by standing over water into
large bladder, or varnished silk bag, having a wide glass
be, or a stop-cock with a large bore, affixed to its neck.
en, hold the bladder by the tube (closing the mouth of
e tube by applying the thumh} in the right hand ; close
e nostrils with the left hand ; expel the air c-:mtamed in
e lungs by a long expiration ; and instantly apply the
be of the bladder to the mouth, and breath the gas from,
‘into, the bladder as long as possible, which, perhaps,
11 be about two or three minutes, What eﬁ"ects will be
duced?  Why, it is impossible to say : for they differ
eat.lj.r acmrdmg to the constitutions of the persons by
1wm the gas is respired. In general, however, they are
hly pleasureable, and resemble those attendant on the a-
reeable period of intoxication,. ¢ Exquisite sepnsation’’
F pleasure—an irresistable propensity to laughter—a ra-
id flow of vivid ideas—singular thrilling in the toes, fin-
brs, and ears—a strong incitement to muscular motions
-are the ordinary feelings produced by it. The celelrat-
I Mr. Wedgewood, ¢after breatbing the gas sometime,
rew the bag from him, and kept breathing en laboricus-
"’%Ith an open mouth, holding his nose vuth his fingers,
ithout power to remove them, though aware of the ludic-
sness of his situation ; he had a violentinclination to jump
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over the chairs and tables, and seemed so light, thati
thought he was going to fly.”” What is exceedingly
markable, is, that the intoxication thus produced, inste
of being succeeded by the debility subsequent to inte
cation by fermented liquors, does, on the contrary,
nerally render the person who takes it cheerful and hig
spirited for the remainder of the day.

463. CARBURETTED HYDROGEN GAS—THAT WITH WH |
SHOPS ARE LIGHTED==PRODIUCED ON A SMALL SCALE,=——+
the bowl with the largest tobacco-pipe, that can be proey
ed with pulverised coal of a good quality, and close
top of it by the application of pipe-clay, or, what is bets
a mixture of sand and beer. When the lute is dry, pl/
the bowl of the pipe in a clear fire: in a few minutes
dense smoke will issue from the stem, which, on the
plication of a lighted paper, will inflame, and will ¢
tinue in a state of beautiful combustion as long as any
continues to be distilled from the coal. The body whi
will be found remaining in the bowl of the pipe is the sy
stance called coke.

464. A FounNTAIN OF FIRE—FORMED BY PHOSPHUR
TED HYDROGEN Gas.—Put fifteen grains of finely gras
lated zine, and six grains of phosphorus, cut in sm
pieces, (cut this under water,) in the glass, fig. 17. M
in another glass, a drachm by measure of sulphuric aa
with two drachms of water. Now, take the two glassess
to a dark room, and there pour the diluted acid over the #
and phosphorusin the other glass : in a short time, pll
phuretted hydrogen gas will be produced, and beauti
jets of blueish flame will dart from all parts of the surf
of the liquid, the mixture will be quite luminous, ane
quantity of beautiful luminous smoke will rise in a colw
from the glass. A Fountain of Fire is a very apt ng
for the appearance that is produced. The experimemn
very easily performed, and is a very beautiful one.

465. TO PROCURE SULPHURETTED HYDROGEN G
Put into the retort, (fig. 18), one part of sulphuret cﬁ
timony of commerce, or of sulphuret of iron, broken
a coarse powder, and pour upon it three or four parf*



ON GASES. _ 155

ong muriatic acid ; apply a gentle heat, and receive the
over water.
466. Liquip SULPHURETTED HYDROGEN.—Water may
impregnated with sulphuretted hydrogen gas, in the
me manner that it is impregnated with carbonic acid gas.
_Sce 446. This compound is chiefly used as a test.
467. To PROCURE AMMONIACAL Gas.—Process 1.—
ake equal parts of muriate of ammonia, and quicklime,
ch separately powdered, and introduce them into the flask,
r. 54, then fit to the flask the pipe, fig. 31.  Apply a
.ntle heat, and the gas will be rapidly evolved. The
tionale of the production of ammoniacal gas in this case,
is been already described, (394). If this gas is convey-
| into water, it is rapidly absorbed : the water acquiring
e properties of what is known by the name of liguid am-
lonia. To collect it, we therefore, do not use the water
ough, but proceed as follows: over the pipe whence the
is issues, we invert a glass jar, bringing it down till the
p of the pipe nearly touches the upper part of the jar,—
lis is represented by fig. 51.  This mode is founded on
e difference between the specific gravity of this gas, and
lat of common air: for here, the gas entering the jar at
e top, forces down the heavier common air, and occu-
es its place. We discover when the jar is full of gas,
iy holding at the bottom of it a feather moistened with
uriatic acid ; for when the fume of muriatic acid comes
| contact with ammoniacal gas, a white vapour is pro-
heed. Now, muriatic acid gas (of which we shall speak
esently) must be collected in the manner shown by fig.
. —See 470. And, consequently, in order to discover
hen the jar is full of muriatic acid gas, we bave only to
1d at the mouth of it, a feather moistened with liquid
ymonia. Process 2. The same as the preceding——only,
stead of the powdered materials for producing the gas,
se liquid ammonia.
468. Surrnurous Acip is formed when a cominon
imstone match is burnt.  Its peculiar smell may be then
sreeived. Its effects on vegetable colours may be shown
‘a pleasing manner, by holding a red rose over the blue
me produced by the burning sulphur: wherever the
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sulphurous acid vapour comes in contact with the re
the colour will be discharged so as to render it beautifi]
variegated, or entirely white. Afterwards, the rose.|
dipped in water, recovers its redness.

469. To PrOCURE MURIATIC ACID GAS.—Put a qu |
tity of dried muriate of soda (common salt) into the
bottle, fig. 29, then fit the tube, fig. 30, and the funy
fig. 58, into the bottle, as direeted at 591.  Pour stre
sulphurie acid down the funnel, and muriatic acid
will be rapidly evolved. For the mode of discovers
when the jar is full of gas, see the preceding experime|
Rationale of this experiment. = The muriate of soda is |
composed by the sulphuric acid: the muriatic acid is ¢
charged in the state of gas, and sulphate of soda (whi
may be easily crystallized) remains behind,

470. TWO PUNGENT AND INVISISLE GASES UNITE 2|
FORM AN INODOROUS SOLID.—Process 1.—Fill a jar w
ammoniacal gas, as shown by fig. 51, (sce 468), and fill 2/
with muriatic gas, as shown by fig, 52.—See 470. 4,
ply the two jars mouth to mouth, and the above-mentios
effect will instantly be produced: muriate of ammex
being formed and precipitated on the sides of the jai
Process 2.—Dip a clean feather into muriatic acid, s
moisten with it the interior of the glass, fiz. 6.  DMois
in like manner, the interior of the glass, fig. 16, w
liquid ammonia.  The glasses, in this state, still se
empty ; but, if they are put mouth to mouth together,
whole included space will be filled with a dense wll
vapour ; which in the end settles on the sides of the glasl
in the form of a white powder, (solid muriate of ammoni
—Process 3. If two jars, one containing ammeniacal g|
and the other containing carbonic acid gas, are thus 1!
together, solid carbonate of ammonia will be formedl
like manner. 2

471. To PrROCURE CHLORINE G As—Grind, in a mory
three parts of common salt, with one part of black 0X!
of manganese. Introduce this mixture into the
(ig. 18,) and add two parts of sulphuric acid, dilu
with the same weight of water, Instead of the abe
mentioned materials, you may use one ounce of i
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powdered black oxide of manganese, and two ounces of
muriatic acid. In either case, apply a gentle heat, and
chlorine gas will be evolved. Chlorine gas, being absorb-
able by cold water, must be received in bottles filled with,
and inverted in, warm water, (of a temperature made by
mixing two parts of cold, with one of the boiling water),
The bottles must be provided with accurately ground
stoppers, which must be introduced under water, while
the bottles remain full of gas, and inverted, and no water
must be left in the bottle with the gas.
- Nore :—In experiments with this gas, great care should
be taken that it does not escape, in any considerable quan-
ﬂ?’ into the apartment: as its action on the lungs is ex-
remely injurious,
472, Liquip CHLORINE.—This may be prepared by
gitating chlorine gas with water, in the manner directed
Eur' such operations at 446, It possesses the property of
destroying vegetable colours,
473. JLLUSTRATION OF THE ART OF BLEACHING. — Put
fnto a phial of liquid chlorine, strips of linen cloth, dyed
of different colours—the colours will be quickly dis-
charged.
474. To snow THAT CHLORINE GAS SUPPORTS COMBUS-
ION.—1., A candle, previcusly lighted, when plunged
nto a jar of it, burns with a red flame, and a copious
mission of dense fumes. 2. Charcoal dust; 3, tinfoil ;
- copperleaf; 5. powdered antimony; 6. phosphorus ;
nd some other bodies ; when dropt in it, inflame sponta-
eously. :

475. To PrOCURE CHLORATE OF POTass,—Pass chlo-
ine gas, as it comes from the vesselin which it is formed,
through a ncarly-saturated solution of pure, or sub-car-
vonate of, potass,  This may be done by means of Woulfe’s
ipparatus, (fig. 57), using only the bottle into which the
ulkaline solution is put in addition to the receiver. “But,
or this purpose, the tube e, which passes into the solu.
!H;' -must be half an inch wide, in order that it may not
e choaked up by crystals which form during the process.
Fhe chlorine gas as it passes into the liquid alkali will be
ﬁidly absorbed, and, if Lh(%i carbonate of potass is used,

M
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the carbonic acid escapes with effervescence. The liquor
is generally of a pinkish hue from the presence of man
ganese. When it is saturated, it may be put aside, in :
cool dark place, for 24 hours, when it will be found t«
have deposited a considerable portion of crystallized chloe
rate, which may be taken out, drained, and purified by
solution in boiling water, which, during cooling, deposit|
the salt in brilliant crystalline scales. Dr, Henry, in hi
directions for preparing this salt, says—¢ the solutior
when saturated with the gas, may be gently evaporateci
and the first produets only of crystals are to be reserves
for use ; for the subsequent products consist of muriat|
of potass only.” NOTE:—By passing the current of ge
into the solution the water is decomposed: its oxyge
unites to one portion of chlorine to form chloric acid ; i1
hydrogen unites to another portion of chlorine to forr
muriatic acid: hence a chlorate and a muriate of the a1
kali are simultaneously produced, and are to be separate
by one of the methods above described.

SECTION IV.—ON THE PREPARATION OF SALTS:

476. CarBONATE OF POTass may be formed by passit|
a current of carbonic acid gas through pure (or sub-cad
bonate of) potass, as directed 448. The salt may I
erystallized by very slow evaporation,

477. Sup-CARBONATE OF Porass may be obtained 1
dissolving the potash of the shops, and filtering and evy
porating the solution. Tt does not crystallize.

478. NITRATE OF POTASS is obtained by adding to a s
lution of sub-carbonate of potass, nitric acid, as long
effervescence continues. The solution is then filtered ax
crystallized. To obtain cheaply, for purposes of expe:
ment, nitrate of potass in a state of purity, dissolve conl
mon saltpetre in boiling water, nearly to the point of &
turation ; strain the solution while hot; and add a fd
drops of a solution of caustic potass. 1f precipitati|
ensues, continue to add the potass till it ceases. If
precipitation takes place, or when itis at an end, fill
the solution, and crystallize by slow evaporation.

479. TarrraTE OF POTASS may be obtained by add®
sub-carbonate of potass to cream of tartar, or crystalliz
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tartaric acid, in solution, till the cessation of effervescence,
100 parts of cream of tartar, (which isa super-tartrate)
require 4314 parts of sub-carbonate of potass to make a
neutral tartrate,

480, To osTAIN PURE SUB-CARBONATE OF SoDA—dis-
solve soda of commerce in a small portion of water, filter
the solution ; this clears it from the admixture of earthy
bodies. Slowly evaporate the filtered solution by a low
heat, very small crystals of muriate of soda will form on
the surface. Skim them off. When these cease to form,
the solution may be suffered to cool, and the purified sub.
carbonate of soda will crystallize.

481, MURIATE OF SODA—( CULINARY SALY)—may be
obtained by dropping into a saturated solution of sub-
carbonate of soda, muriatic acid, as long as effervescence
takes place. The solution is then to be filtered, and the
salt crystallized by evaporation.

482. To Puriry MURIATE OF SopA for chemical pur-
poses, dissolve it in boiled water ; filter the solution ; and
add a solution of carbonate of soda as long as any milki-
ness ensues, Filter the solution, and evaporate till cry-
stallization.

483, SULPHATE OF SoDA is formed by adding sulphuric
acid to a solution of sub-carbonate of soda, till efferves-
cence ceases. The solution must be filtered and evapo-
rated for a short time, and then set by to cool, when
crystals will be deposited. The remaining solution must
be again evaporated, and again cooled ; and this must be
repeated till all the water is driven off. Note.—1f you
put a ready formed crystal of the salt into the solution
which you set by to cool, crystallization will take place
very speedily.

A48%. NITRATE OF AMMONIA,—To form this ; saturate
nitric acid diluted with five parts of water, with carbonate
of ammonia, Filter the solution, Then, evaporate by a
gentle heat, and, to supply the waste of the alkali, (which
is volatilized by the heat,) add, occasionally, a little more
of the carbonate. When the evaporation has proceeded
to a certain extent (which experience alone can point out),
the solution is set aside, and the salt, upon cooling, crys-



160 EXPERIMENTS

tallizes. The chief use of this salt is to afford, by its de-.
composition, nitrous oxide. n

486. MURIATE OF AMMONTA may be formed by any of
the following processes.—1. By saturating sub-carbonates
of ammonia with muriatic acid, and filtering the product. .
—2. By combining the constituents in the gaseous state,
see 471.—3. By putting into a wine glass a small quan-.
tity of liquid ammonia, and pouring upon it liquid mu--
riatic acid till saturation, which will have taken place:
when the addition of the acid ceases to cause a white:
vapour to ascend, J

487. MURIATE OF BARYTES is formed by dissolving :
native carbonate of barytes, in diluted muriatic acid, The :
solution, when saturated, must be filtered, and gently
evaporated, when the salt will erystallize, ‘This salt may
also be obtained as directed 489,

488. NITRATE OF BARYTES is formed in the same man-
ner as muriate of barytes.

489. SULPHATE OF BARYTES is formed whenever the
acid and base which constitute it, or bodies containing
that acid and base, are placed in contact. The salt is very
abundant in a native state. To convert it into the muriate
proceed thus: reduce it to powder, mix it with charcoal
powder, and keep it for some hours red-hot in a crucible :
during this operation, the oxygen of the sulphuric acid
continues with the carbon and heat, and forms carbonic
acid gas, which flies off, and leaves sulphuret of barytes
behind.  This product must be dissolved in water, and
have nitric acid added to it; when the sulphur will be
precipitated, and nitrate of barytes will remain in solution.
Filtration, evaporation, and crystallization then follow, as
above directed, '

490. STRONTIA SALTS are prepared precisely in the
same manner as the salts of barytes.

401. N1TRATE OF LiME.—To form this, nitric acid,
diluted with five or six parts of water, must be saturated
with carbonate of lime, 63 parts of which are decomposed
by 90 parts of nitric acid, and give 103 parts of dry ni-
trate of lime. 'When this solution is boiled down to the
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consistence of a syrup, and exposed in a cool place, the
salt crystallizes.

491. MuriaTe OF LiME.—This may be obtained by
dissolving carbonate of lime in muriatic acid. To be
crystallized, it must be boiled down to the consistence of
a syrup, and then set in a cool place. Note :—"This salt,
and the preceding one, can only be preserved in the solid
state by being kept in closed bottles—they are so extreme-
ly deliquescent, .

492. SurruAaTE OF MacNEsta.—To form this, satur-
ate the common magnesia of the shops with diluted sul-
phuric acid, filter the solution, and crystallize the salt, by
concentrating the solution; and then allowing it to cool.
For the purposes of experiment, dissolve, filter, and re-
crystallize, the sulphate of magnesia (Epsom saits) of the
shops.

493. To MAKE NITRATE OF SILVER.—Put a small
quantity of pure silver into a test glass, (fig. 17,) and
pour over it twice its weight of nitric acid and twice as
much water as acid. The silver will be quickly dissolv-
ed, and at the same time nitrous gas will be discharged.
The solution, if the metal and acid be both pure, will be
transparent and colourless ; but, if any copper be present,
the solution will have a green colour; and if any gold be
present, it will be precipitated in the form of a black
powder. Should the nitric acid contain any munatic
or sulphuricacid, an insoluble white powder will be form-
ed, which will be a muriate, or sulphate, of silver. Nitrate
of silver may be crystallized.

494. NITRATE OF MERCURY is made by dis:clving mer-
cury in diluted nitric acid. The saturated solution is very
ponderous and colourless; and yields, by evaporation,
large transparent crystals.

495. To MAKE NITRATE OoF CopreRr.—Put a quarter of
an ounce of shreds of copper into a test glass, (fig. 'Y,
and pour over them half an ounce of nitric acid diluted
with its bulk of water. An effervescence instantly com-
mences, which is accompanied by a copious discharge of
pitrous gas. The liquor i a muddy greenish ap-

o2
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pearance ; but afterwards becomes clear and of a beautiJ
ful blue colour, which is permanent ; and a yellowish pres
cipitate is found at the bottom of the vessel. To crystald
lize this salt, evaporate the saturated solution till a strong,
pellicle is formed on its surface, then set it by to cool|
The crystals have the fine blue colour of the solution.

196. To MAKE SULPIATE OF IRON, all that is necessary
is to pour diluted sulphuric acid over iron filings. See
428, 430, The solution, by evaporation, yields crystalss
which bave a beautiful green colour.

&97. Muriate or TiN is formed by digesting pure tir
in concentrated muriatic acid, in the proportion of une pars
of the former to two of the latter, The vessel, fig. 53]
may be made use of. The solution, when evaporated |
furnishes erystals, I

498. AcrraTe oF LEAD is obtained by dissolving white-
lead in distilled vinegar.  When the solution is evaporatec
and cooled, the salt crystallizes. -

499. NrrraTE OF LEaDp is formed by di gesting lead witl
nitric acid, It forms crystals, when evaporated and cooledd

500, SULPHATE OF ZINC is formed by pouring sulphu«
ric acid diluted with six parts of water upon granulaiec
zinc. The water is decomposed by the metal ; its oxyger
forms an oxide by combining with the zine, and this id
dissolved by the acid, forming a colourless solution, Thei
hydrogen of the water, escapes meanwhile, in the gaseous
state. See 429. If the solution is rapidly evaporated te
dryness, the salt is obtained in a mass which hears a re«
semblance to loaf-sugar. But, if slowly evaporated ta
the due degree of density, it shoots, on being allowed ta
cool, into regular erystals, o

501, NITRATE OF BrsmuTH.—Nitric acid dissolves bisa
muth with great rapidity, To one part and a half of nis.
tric acid (undiluted), add, at distant intervals, one of bis-
muth, brokeninto small pieces,. The saltis crystallizablew
‘The solution cannot be diluted, for water precipitates they
metal in the state of an oxide, g

502. NITRO-MURIATE OF CoBanT.—Digest, in a sandl
bath, for some hours, one part of cobalt or zaftre, withdl
four parts of nitric acid, add to the solution, one part ofl
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muriate of soda, and four times as much water as acid,
and filter the solution. This is the green sympathetie ink.

' SECTION V,—ON TESTS, . OR RE-AGENTS:

503. CHEMiCAL ANALYSIS consists of a great variety of

operations, performed for the purpose of separating the
componeyt parts of bodies. It might seem an inpossible
task, to exhibit, in a separate state, five or six substances,
the weight of some of which is, perbaps, less than the one-
five-hundredth part of the whole; yet, to so wondrous a
degree of perfection has the science of chemistry arrived,
that we are enabled to do this with ease.
_ When, in an analytical pursuit, the object of inquiry is
—what are the elementary parts of a certain compound Y=
we place that compound, under particular circumstances,
to the action of certain bodies or powers, which it s ex-
pected will chemically act upon it; and which, when they
do, produce changes so obvious to the senses, as to enable
as to decide whether the compound does, or does not,
contain the principles which it was suspected to contain.
The bodies which produce these changes are called tests,
or re-agents ; the proper application of which constitutes
the chief part of the proceeding called chemnical analysis.

To illustrate the agencies of chemical re-agents, we
shall subjoin some striking and beautiful experiments ;
but, first, it will be necessary to describe the most import-
ant tests, individually. _

504. TiNcruRE OF LytyMus— Preparation. Tie bruised
litmus root in a linen rag and steep it in pure water.
Strain the infusion, and, to keep it from spoiling, add to
it an eight part of alcohol. Should the tincture be more
of a purple colour than of a blue, it must have a drop or
two of liquid ammonia added to it.—Use. It is a test of
most uncombined acids.  Its blue colour is changed to
red, by water containing 1-20,000 of its bulk of sulphuric
acid. The redness produced by carbonic acid and sul-
phuretted bydrogen, goes away when the mixtureis heated.
The other acids permanently redden the test: the red co-
Jour is changed to blue by the alkalies and alkaline earths.
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505. Lirmus Tresr PAPERS are prepared by staining
slips of paper, four inches long, and half an inch wide
with the tincture. The tint should be pale: the papes
for this purpose must be wunsized writing paper ; or, il
sized, must be well washed with warm water. The Yitmu
papers are more conveniently applied than the til‘l{:tl;ll'e'.'
but they are not so delicate a test. They are sensibles
however, to acid diluted to 1-14,000.—Test papers muss
be kept from light and air, or they will be spoiled.

906. TINCTURE OF CaBBaGE.—To prepare this, pous
boiling water upon sliced red cabbage, decant the cleas
infusion (which will be of a fine blue colour) when cold{
and mix it with an eight part of alcohol. Red cabbage
leaves may be preserved for a long time, by drying them
in a warm place till they are crisp, baving previously cus
them into small pieces. It is necessary to be providec
with some of these dried leaves, because the tincture spoil:
by keeping. The blue colour of this test is changed tc
red by acids, and to green by alkalies and alkaline earthss

507. TINCTURE OF TURMERIC is prepared in the samel
manner as tincture of litmus. It has a fine yellow colouw
which alkalies change to a reddish-brown. The carbonas
ted earths have no action upon it, so that, in solution,
they may be thus distinguished from alkalies It is a de.
licate test, being affected by a solution containing only 1-.
2000 of potass.  T'wrmeric test-papers are prepared as lit-:
mus test-papers are.

908. TINCTURE OF GaLLs is prepared by steepingy
bruised nut-galls in boiling water, filtering the solution,,
and adding to it an eight part of alcohol. It is the test!
generally employed for detecting iron, with all the com.
binations of which it produces a black tinge. It is, like—
wise, owing to the tan contained in it, a good test for
gelatin, with which it forms an insoluble precipitate.

309. SuLPHURIC AcID,—1. Discovers, by a slights
effervescence, the presence of carbonic acid.—2, Barytes, ,
for which it is the best test, is precipitated instantly, ini
the form of a white powder, which is a sulphate of barytes, .
—3. It throws down lime from most of its solutions.—4, .
It precipitates lead, as a white powder.
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510. Oxaric Acip (in solution) is a most delicate test
tof lime, which it separates from all its combinations. Oxa-
late of Ammonia (which may be easily formed by saturat-
ing the carbonate of ammonia with a solution of oxalic
lacid) is preferable to the pure acid as a Te-agent, being
less affected by other substances.
511. PURE ALKALIES, AND CARBONATE oF ALKALFES,—
En solution), precipitate most of the earths and all the
etals : the colour, and other properties, of the precipi-
jate, determining the nature of it,

512. Live Warer, made by dissolving pure lime in
rain water, is chiefly used as a test for carbonic acid, with
which it forms a white precipitate, On the same principle

id carbonic acid is a test for lime. Lime water also

rwws the presence of corrosive sublimate by a sediment
of a brick-dust colour.
513. Baryric WATER is more effectual than lime water
in denoting carbonic acid, and is more portable and con-
renient ; since, from the pure earth, the solution may be
t any time readily prepared. The barytic solution is also
. most sensible test for sulphuric acid, which it indicates
by an insoluble precipitate. |

214, Mrurars may be used as tests of each other on the
rinciple of elective affinity. Thus, for example, a po-
shed iron plate, immersed in a solution of sulphate of

pper, scon acquires a coat of this metal—this is occa-

ned by the sulphuric acid seizing on the iron, and
tting fall the copper; and the same in other instances.

215. NITRATE OF SILVER (m solution) is peculiarly

pted to the discovery of muriatic acid and muriates.
or the silver combines with the muriatic acid, and forms
flaky precipitate, which, at first, is white, but on expo-

re to the sun’s light, acquires a blueish and finally a
;a.ck colour, DMuriatic acid, consequently, is a test for

ad

lver.
816. ACETATE oF LEAD (in solution)- is a test for sul-
auretted hydrogen, which occasions a precipitate of a
ack colour It also forms a white precipitate with sul-
auric acid, for which, however, it is not so good a test
b the following,
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517. MuriaTg OF BARYTES (in solution) is the best ta
for sulphuric acid. A sensible precipitation is producy
by it in water, containing only 1-910256 part of sulphuwn
acid. This is supposing the acid to be uncombined : fi
the acid in a state of combination (as in sulphate of sod
&c.) the test is not so sensible. :

518. PrussiaTE OF PoTass is a very sensible test
iron, with the solutions of which in acids it produces
Prussian blue precipitate. To render its effect certaing
little muriatic acid must be added previously, to sature
bodies which might interfere. It also precipitates may
other metals, see 167,

519, MuriaTE OF LIME (in solution) is sometimes us
to discover sulphuric acid, with which it forms a why
precipitate ; but, it is not so good a test as muriate :
barytes.

520. SOLUTION OF SOAP IN ALCOHoL is employed |
ascertain the comparative hardness of waters. With d
tilled water it may be mixed, withoutany change ensuim
but, if added to a hard water, it produces a milking
more considerable as the water is less pure ; and from 1
degree of this milkiness, an experienced eye will derivy
tolerable indication of the quality of the water. This.
fect is owing to the alkali quitting the oil whenever thy
is present in a water any substance for which the alkl
has a stronger affinity than it has for oil. Thus all v
combined acids, and all salts, except those of alkall
decompose soap, and occasion that property in wat
which is termed hardness.

521. Carsoxnic Acip (applied either in the gaseouss
liquid state) occasions a white precipitate in lime,—bary,
—or strontia water, soluble, with effervescence, in mu
atic acid.

522. NITRATE of MERCURY (in solution) is the ns
sensible test of ammonia, one part of which, with 30y,
parts of water, is indicated by a slight blackish yel
tinge on adding the test.

523. LiQuibD AMMONIA is an excellent test for copy
with which it strikes a fine blue colour.

524, Merraric TiN, AND NITRO MURIATE OF T¥
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(in solution), throw down Gold in form of a purple
oxide. On the same principle, nitro-muriate of gold
serves as a test for tin,

525. Liquid SULPHURETTED HYDROGEN is a test for
both lead and arsenic; with the former it gives a black,
and with the latter a yellow, precipitate.

* * The following experiments are intended to give an
idea of the great power and usefulness of these tests.

526. A BEaUuTIFUL GREEN LIQUID PRODUCED BY MIXING

s BLuE ONE WiTH A COLOURLEsS ONE.—Nearly fill the
test glass, fig. 6, with water, and add to it a spoonful of
the tincture of cabbage. The mixture will be of a fine
blue colour : add, next, a few drops of colourless liquid
ammonia : the mixture will instantly become green.  Ra-
tionale.—This experiment is designed to exhibit one of
the distinguishing properties of alkalies, namely, that of
changing vegetable colours. A solution of potash or soda
produces the same eftect as liquid ammonia ; but, if the
liquid made green by ammonia be boiled, it regains its
blue colour—beeause that alkali, being volatile, is driven
off in the gascous state by the heat.—The following ex-
periment shows the mode of using the common fest for
alkalies.
597. Process.—Into a test glass of water, pour a few
drops of an alkaline solution, and then dip into the mix-
ture a slip of turmeric paper. The pale yellow colour
of the test-paper will be changed to a deep brown.

598, To propuck A Beavrirur CrivsoN Liquip BY MIX-
156 A Brue oNe AND A COLOURLESS one—To a mixture of
a tea-spoonful of tincture of cabbage with a glass full of
water, add a few drops of sulphuric or muriatic acid ;
upor which, the blue colour given by the tincture will be
changed to a red.—This is designed to show the influence
of acids in changing vegetable colours. If a red colour
is produced by dropping a little tincture of cabbage into
a certain solution, we know that that solution contains an
acid ; and if the reddened solution upon being heated be-
comes blue, we learn that the acid is either carbonic acid,
or sulphuretted hydrogen—as only those two acids are
volatile.




168 EXPERIMENTS

529. To cuaNGe tHE corour oF A Liquip rror
GreEN 1o Rep, BY ApDING A COLOURLESS ONE TO 1.~ TV
green liquid is the one produced by experiment 527.—
The colour is changed by pouring a little sulphuric aci
into it. A portion of the acid neutralizes the alkali b
combining with it, and another portion produces its ordi
nary reddening eflect.

530. TO MAKE THE SAME LIQUID ALTERNATELY RED ANy
GREEN BY THE ADDITION OF TWO COLOURLESS LIQUIDS, ya(
have only to add alternately a few drops of sulphuric aei
and liquid ammonia, to diluted tincture of cabbage.

531. WATER, CONTAINED IN A TALL GLASS, MAY BE €@
LOURED CRIMSON AT THE BOTTOM, PURPLE IN THE MIDDLI
AND GREEN AT THE TOP.—Nearly fill a tall test glass
with water, and colour it blue by adding a table spoom
ful of tincture of cabbage—then make it green by addin
a little liquid ammonia, and afterwards pour a little sul|
phuric acid gently down the sides of the glass : upoy
which the effect mentioned will be produced. :

332. THREE BIFFERENT COLOURS PRODUCED FROM THI
SAME VEGETARLE INFUSION, BY THE ADDITION OF TIHREL
CoLourLEss Liquins.—Into each of three test glasses
put a little diluted tincture of cabbage. To one, add i
solution of alum, to the second, a little solution of potassy
and to the third, a few drops of muriatic acid. The pro-
duct of the first mixture will have a purple colour, thai
of the second, a bright green, and that of the third, e
beautiful erimson.

533, Tesr For MURIATIC AciD.—Add a drop of mu4
riatic acid to a quart of water; pour some of the mixture!
into a test glass, and let fall into it a single drop of nitrate
of silver—the whole will instantly be pervaded by a milki4
ness, as the muriatic acid combines with the silver ana
forms muriate of silver, a salt highly inzoluble. So grean
is the power of this test, that if a single grain of common
salt is dissolved in 42,250 grains of water, the muriatic
acid, though amounting to only the 1-1083,333 part of the
weight of the solution is detected.

534, TEsts ¥ror SULPHURIC Acip.—Mix a drop of sul-,
phuric acid with a quart of water, and pour some of this|

into four test-glasses. Then add to the four classes ses
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parately, the four tests described 513, 516, 517, 5619. In
all the cases, there will follow a precipitation of a white
powder : in the first case, sulphate of barytes (a salt
highly inscluble) is formed ; in the second case, sulphate
of lead ; in the third, sulphate of barytes; in the fourth,
Isulphate of lime.—The muriate of barytes is the best test

535. TesTs FOR IRON.—Process 1. In a goblet-full of
water, dissolve one grain of sulphate of iron, and add a
very little tincture of galls: a purple or blackish colour
will be produced immediately, showing that every drop of
lthe water is united to a portien of iron.—Process 2. To a
similar diluted solution of sulphate of iron, add a drop or
two of a solution of prussiate of potass,—~by which a beau-
full Prussian blue colour will be produced.

536, Test ror GoLp. To a diluted colourless solu-
ltion of nitro-muriate of gold, add a few drops of a solu-
tion of any salt of tin—or stir the solution of gold with a
lslip of metallic tin: in either case, the production of a-
beautiful purple or port-wire colour will be the immedi-
te result.  If the mixture is allowed to settle, it becomes
olourless ; a purple powder (which is an oxide of gold

mbined with a little tin) being precipitated. This pow-
er is employed in the painting of china, and is called the
urple precipitate of Cassius.

537. To cONVERT IRON (APPARENTLY ) INTO COPPER.—

Dip a piece of polished iron (as the blade of a knife) into
2 solution either of nitrate or sulphate of copper: it will
sume the appearance of a piece of pure copper. For an
xplanation of this phenomenon, see 514.
538, Test rok COPPER—A BEAUTIFUL BLUE LIQUID
RODUCED BY MIXING TWO COLOURLESS ONES—Add a few
rops of a solution of nitrate of copper to a test glass of
-ater—the mixture will be colourless: pour into it, a lit-
le liquid ammonia—the mixture will then assume a fine
p blue colour,—Rationale.  'The alkali precipitates
he copper, and then dissolves it, forming a blue liquid
imoniuret of copper.

" 593. To PRODUCE A COLOURLESS LIQUID BY MIXING A
DEEP BLUE ONE WiTH A COLOURLESS ONE.— Add alittle ni-
tric acid to the product of the preceding experiment: upon

; P
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which the effect described will be produced.— Rationall
The ammoniuret of copper is decomposed, and nitrate 4
ammonia formed. The copper re-unites to the nitr
acid, and is dissolved in the water, which, on account
its quantity, renders the blue colour of the salt insensibl!

540. Test ror LEaD.—Dissolve a grain of nitrate
acetate of lead in a glass of water, and add a little soli
tion of sulphate of soda—a dense white precipitate (whi¢
is sulphate of lead) will be produced immediately ; alle
the mixture to settle, decant the clear part, and digest ti
precipitate in nitric acid : to the solution obtained by th
means, add liquid sulphuretted hydrogen, upon which/
precipitate of a black colour will be produced. Thus,,
this experiment, the lead passes through the several stat
of an acetate, a sulphate, a nitrate, a hydrosulphuret.

541. Test rorR SiLveErR.—Let fall a drop of a solutii
of nitrate of silver into a glassful of water, and add to.
a grain of common salt. Mutual decomposition of ti
salts will take place, and muriate of silver (in the form
a white powder) will be precipitated—see 515.

SECTION VI..—APPLICATION OF CHEMICAL KNOY
LEDGE TO THE ARTS AND TO DOMESTIC PU/

POSES.

542. PREPARATION OF GINGER-BEER POWDER.—T#
9 drachms of fine loaf sugar, 8 grains of ginger, and |
grains of carbonate of potass, all in fine powder—iu
them intimately in a Wedgewood’s-ware-mortar. Ta:
also, 27 grains of citric or tartaric acid, (the first is
pleasantest, but the lastthe cheapest.) The acid is to)
kept separate from the mixture, ‘The beer is prepain
from the powders thus : take two tumbler glasses, ez
half filled with water—stir up the compound powder-
one of them, and the acid powder in the other: then
the two liquors—an effervescence takes place—the bee
prepared, and may be drank off.. The effervescence
occasioned by the discharge of the carbonic acid of '
carbonate of potass, which is given up because the pot
has a stronger affinity for the tartaric acid. If the &l
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is allowed to stand for a few minutes, it becomes flat:
this is owing to its having lost all its carbonic acid.—The
cost of these powders is 8d. a-dozen sets.

5143, METHOD OF PREPARING SODA W ATER.—Soda water
is prepared (from powders) precisely in the same manner
as ginger beer, (see preceding exp.) except that, instead
of the two powders there mentioned, the two following
are used : for one glass, 30 grains of carbonate of Soda;
for the other glass, 25 grains of tartaric (or citric) acid.

544. LEMONADE.—Mix one part of citric acid with six
parts of finely-pounded loaf-sugar: a very fine dry lemon-
ade is thus prepared, which may be preserved for any
length of time. The quantity of this mixture necessary
to be put into a glass of water to make a pleasant drink,
must be regulated by the taste of the person using it,

545. INSTANTANEOUS PRODUCTION OF CURDS AND WHEY
FROM MiLK.—A very ready and elegant mode of procur-
ing curds, and also a pleasant acidulous whey, is, by add-
ing to a glassful of milk a little solution of citric acid—
taking care not to add too much; an experiment or two
will readily show the quantity necessary to effect the pur-
pase. ~

546. To DISTINGUISH A SOLUTION OF EPsoM SALT FROM
A soLuvTion oF Oxarnic Acip—l1, Taste the solution ;
- Epsom salt is bitter; oxalic acid extremely sour.—2.
Pour a little tincture of litmus into the solution: if Ep-
som salt be present, the blue colour will remain unchang-
ed ; if oxalic acid be present, the blue will be turned to
red.—3. Tincture of cabbage, or any other vegetable in-
fusion, or a slip of litmus test-paper, are all acted upon
by the acid, (which changes their colours, ) but not by the
salt.—4. Osxalic acid when dropped into water makes a
crackling moise, which Epsom salt does not.

5147. TEST FOR THE PURITY OF WINE.—Put into a phial,
sixteen grains of sulphuret of lime (prepared by exposing
to a red heat, in a covered erucibie, equal weights.of pow-
dered lime and sulphur,) and twenty grains of super-tar-
trate of potass (cream of tartar.) Fill the phial with wa-
ter, cork it well, and shake it occasionally for the space of
ten minutes, Separate the clear liquid by decantation,
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and preserve it in a well stopped bottle for use. A pon
tion of this liquor fresh prepared, when added to wine cony
taining lead, produces a blackish precipitate.

918. TojpeTECT COPPER IN PICKLES OR GREEN TEA.—
Put a few leaves of the tea, or some of the pickles cus
small, into a phial, with two or three drachms of liquic
ammonia, diluted with one half the quantity of water,
Shake the phial : when, if the most minute portion o3
copper be present, the liquid will assume a fine blue
colour, .

549. Test ror THE PuriTy OF VOLATILE O1Ls,—Many,
of the volatile oils being produced in small quantity, are
high priced. There is, therefore, some temptation ta
adulterate them with fixed oils to increase the quantitys
To detect the fraud, let a single drop of the suspected oil
fall on clean paper, and expose it to a gentle heat. I
the oil be pure, the whole will be evaporated, and nc
trace will remain in the paper; but if it has been mixed
with a fixed oil, a greasy spot remains behind.

550. To DisTINGUISH IRON FROM STEEL.—Let a dropy
of diluted nitric acid fall on the metal ; and after a few
minutes wash it off with water. If the metal be steel, a
black spot will be left on it ; if it be iron, a whitish-greyy
spot will remain.— Rationale. The nitric acid dissolves
the iron in both cases; but the charcoal that enters intox
the composition of the steel, remains undissolved, and/
constitutes the blackness.

551. To vErERMINE wHETHER WATER BE HARD OR SOFT 3
that is whether or not it be fit for domestic purposes.——
To a glassful of the water, add a few drops of soluticn ofi
soap in aleohol.  If the water be pure, it will continues
limpid ; if it be impure, white flakes will be formed—seex
520. |

552. To DETERMINE WHETHER WHEAT FLOUR OR BREAD,),
BE ADULTERATED WITH CHALK.—]. Mix with the flour toy
be tried, a little sulphuric acid: if chalk or whiting bex
present, an effervescence (arising from the discharge of
the carbonic acid of the chalk) will take place; but, if!
the flour be pure, no effervescence is produced. 2. Pourr
boiling water on some slices of bread, and then pour into)
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the water a little sulphuric acid : if there be any chalk in
the bread, an effervescence ensues.

553. To DISCOVER IF BREAD IS ADULTERATED WITM A-
r.uM.—The bread must be soaked in water, and to the wa-
ter in which it has been soaked, a little of any test for Sul-
phuric acid must be added. (Solution of muriate of lime
will do).  Upon which, if any alum be present, the li-
quid will be pervaded with milkiness ; but, if the bread be
pure, liquid will remain limpid. — Rationale. ~ Sulphuric
acid has a stronger affinity for lime than for the alumina
and potass with which it forms alum; it therefore quits
those bodies, to form sulphate of lime, with the lime of
the test—which produces the milkiness.

554, Test ForR JELLY.—Let a grain of isinglass, glue,
or any other gelatinous matter, be dissolved in a goblet-
full of water, and let a few drops of tincture of galls be
added to the solution : the immediate product will be an
abundant flocculent precipitate. This precipitate is a
compound of the tan of the gall, and the pure gelatin of
the jelly.

555. TEST FOR THE PURITY OF MAGNEsIA.—The com-
mon magnesia of the shops (which is a carbonate) is fre-
quently adulterated with chalk ; this may be detected by
adding a little diluted sulphuric acid, which, with mag-
nesia, forms a very soluble salt, but with lime, a very
insoluble one. Pure magnesia (called calcined maguesia,
in the shops) dissolves in diluted sulphuric acid entirely,
and without effervescence:

556. READY METHOD oF ASCERTAINING THE PREPARA-
TION OF ALCOHOL IN WiNES, BEER, CIDER, AND OTHER
SpirITUOUS LIQUORS.— Process. To 100 parts in volume
of the liquid tg be tried, add 12 parts of solution of sub-
acetate of lead, (prepared as directed below,) a precipita-
tion ensues; which, by a slight agitation, is rendered
general. On filtering, a colourless liquid, containing
the alcohol, is procured. By mixing with this dry and
warm carbonate of potass, {calcined pearl-ash,) as long
as it is dissolved, we separate the water from the alcohol.
The latter is scen floating above in a well-marked stratum ;

the guantity of which can be estimated at once, in a mea-
p2
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sure tube, (such as figure 12).—Preparation of the soluts
of sub-acetate of lead.—Boil 15 parts of pulverized (as
calcined) litharge, with 10 of acetate of lead, in 200
‘water, for 20 minutes, and concentrate the liquid by sla
evaporation to one half; it must be kept in well-corks
phials quite full, :

557, APPLICATION OF CHEMISTRY TO AGRICULTUR .2
ANALYSIS oF S0ILs.—Among the substances that cory
pose soils, the foliowing are the principal : mixtures
the earths (see 122); animal and vegetable matter ini
decomposing state ; certain saline bodies; and oxide
iron ; together with water. Now, in order that a se
may answer a certain purpose, these bodies should 1l
present in particular proportions, and united in a pay
ticular manuver; and the end of analyticul experiment
performed with soils, is to determine whether any subl
stance is either super-abundant or wanting.

The earths commonly found in soils are principall
silica, or the earth of flints ; alumina, or the pure matte
of clay; lime, or calecareous earth ; and magnesia; fo
the characters of which see articles 128, 127, 125, 12€¢
Silica composes a considerable part of hard gravelly soil |
hard sandy soils, and hard stony lands.  Alumina abounci
most in clayey soils, and clayey loams; but even in thi
smallest particles of these soils 1t is generally united witl
silica and oxide of iron. Lime always exists in soils in |
state of combination, and chiefly with carbonic acid, wher
it is called carbonate of lime:  ‘This carbonate in its haré
est state is marble ; in its softest, chalk. Lime unites
with sulphurie acid is sulphate of lime, or gypsum ; witt
phosphoric acid, phosphate of lime, or the earth of boness
Carbonate of lime, mixed with other substances, composes
chalky soils and marles, and is found in soft sandy seils
Magnesia is rarely found in seilsy when it is, it is comuy
bined with carbonic acid, or with silica and aluminas
Decomposing animal matter exists in different states
contains much carbonaceous substance, wvolatile alkali
inflammable aériform produets, and carbonic acid. It il
found chiefly in lands lately manured. Decomposing
vegetable matter usually contains still more carbonaceou |
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substance, and principally differs from the preceding, in
not producing volatile alkali. It forms a great proportion
of all peats, abounds in rich mould, and is found in larger
'or smallerquantities in all lands.  The saline compounds
are few, and in small quantity: they are chiefly muriate
of soda, (common salt,) sulphate of magnesia, muriate
and sulphate of potash, nitrate of iime, and the mild al-
kalies. Oxide of iron, which is the same with the rust
produced by exposing iron to air and water, is found in
all soils, but most abundantly in red and yellow clays,
and red and yellow siliceous sands.

Process 1. 'When the general nature of the soil of a
field is to be ascertained, specimens of it should be taken
frem different places; the total quantity submitted to
analysis may be 400 grains. For weighing the various
I’hrﬁducts of analysis, a pair of scales, capable of holding
a quarter of a pound of common soil, and ‘urning with a
grain when loaded, must be provided. Soil, when col-
leeted, if it cannot be immediately examined, should be
preserved in phials quite filled with it, and closed with
ground glass stopples, It should be collected in_dry
weather, and exposed to the air till it feels dry. The
first step to be taken, is an examination of the physical
properties of the soil, beeause they, to a certain extent,
Idenote its composition, and therefore serve as guides in
directing the experiments: thus, it is of impoertance that
the specific gravity of it should be known, as it affords an
idea of the quantity of animal and vegetable matter it
contains, these substances being always most abundant in
the lighter soils; thus, also, a roughness to the touch,
and a capability of scratching glass when rubbed upon i,
denote siliceous soils ; if a soil adheres strongly to the
tongue, and emits a strong earthy smell when breathed
upon, it is aluminous ; and if it is soft, and possessgs lit-
tle adheviseness, it is calcareous.

" Process 2. 'The next’step is to free the soil as much as

ossible with water, without, in any other respect, affec-
ting its composition,  This is done by heating the soil for
ten or twelve minutes in the Wedgewood’s-ware basin,

. 4, by means of the lamp-furnace ; the proper degree
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of heat being ascertained by keeping a piece of wood
countact with the bottom of the basin : the process must |
stopped, as soon as the wood begins to be charred. TU
loss of weight in this process must be carefully noted ;
it amount to 50 grains in 400 of the soil, then clay,
aluminous earth will be abundant ; if it amount to by
about 10 or 20 grains in 400, the soil is to be considers
as chiefly siliceous.

Process 3. Now, gently bruise the soil in the Wed
wood’s-ware mortar, and separate from it, (by means o#
wire sieve, coarse enough to let a pepper corn pass throu
the large vegetable fibres, and loose stones; note dov
separately the weights of these substances, and let t
nature of the latter be ascertained. If the stones
gravel be calcareous, they will effervesce with acids;
siliceous, they will scratch glass ; if aluminous, they wy
be soft, easily dissolved and incapable of effervescing wi
acids.

Process 4. Mix the soil well with water; let it setd
for a minute or two, during which time, the coarse sa
will sink to the bottom ; then, pour off the water in whi
the fine part of the soil remains suspended through a fil
Preserve the water ; it will contain the soluble matter
the soil. Dry and weigh the coarse sand, and also, wl
remains on the filter; and note down their respecti
quantities.

Process 5. The coarse sand thus separated is alwe
siliceous, or calcareous sand, or a mixture of the two ; |
nature may be detected in the same way as that of t
stones and gravel. (Process 3.) If it consist wholly
carbonate of lime, it will dissolve rapidly, with effervescer
in diluted muriatic acid (the experiment may be tried
a glass tumbler ;) but if it consist partly of this and par
of ciliceous matter, a residuum will be left after the a
has ceased to act upon it, the acid being added till t
mixture has a sour taste, and has ceased to efferv
This residuum is the siliceous part ; which being washi
(by being placed in a filtering paper, and having rz
water poured over it,) dried, and heated strongly in:
crucible, shows, by the difference of its weight from tk
of the whole, the quantity of the caleareous sand.




ON THE ARTS. 19%

Process 6.  The purely divided matter of the soil (se-
varated by Process 4,) sometimes contains the four usual
:arths of soils, as well as animal and vegetable matter ;
ind it is the most difficult part of the analysis to ascertain
ith accuracy the proportions of these.  Put the earthy
r into the evaporating basin, fig. 4, and add twice its
eight (measured as directed 305) of a mixture of one part
£ muriatic acid with two parts of water.  Stir the mixture
ften with a glass rod, and suffer it te remain for an hour
nd a-half before it is examined. During this time, the
id will have dissolved (what was present) of the carbo-
ate of lime, or of magnesia’; and, sometimes too, a little
side of iron.  Filter the mixture ; wash the solid matter;
v it at a moderate heat, and weigh it ; add the washings
the solution, The weight lost by the solid matter de-
otes the quantity of it dissolved by the muriatic acid.
‘he solution must be made sour to the taste (if not so
ady) by the addition of fresh acid.  Into thissolution
rop a solution of prussiate of potass : if a blue colour is
roduced, continue to drop it in, till the production of a
lee precipitate ceases.  Collect the precipitate on a filter,
the same manner as the other precipitates, and heat it
ed ; the result will be oxide of iron, which must be
eighed. Into the remaining solution, drop solution of
arbonate of potass till effervescence entirely ceases, and
Il the solution has a strongly alkaline taste.  Collect the
recipitate by filtration, dry it at a heat below redness
nd weigh it-——it is carbonate of lime. Boil the filtered
luid (in a Florence flask) for a quarter of an hour ; when
he magnesia (if any be present) will be precipitated,
lombined with carbonic acid : proceed with this as” with
‘carbonate of lime.
Process 7. 'To ascertain the quantity of insoluble ani-
al and vegetable matter contained in the solid matter
jarated in the preceding process, from the muriatic so-
ation, heat it in a crucible, over a common fire, at a
trong red heat, till the mass retains no blackness, stirring
. frequently meanwhile with a metallic wire.  The loss
f weight shows the quantity of animal and vegetable
hatter there was, but not the proportions of each., The
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presence of animal matter is indicated by a smell of bud
feathers emitted during the process ; and a copious bi
flame generally denotes a considerable proportion of ves
table matter,
Process 8. What remains now is a mixture of sil!
alumina, and oxide ofiron, To separate these, boil thy|
for 2 or 3 hours, in sulphuric acid diluted with four tix
its weight of water, allowing about 6 grains of acid
every b grains of the residuum. At the end of this t4
whatever remains undissolved is silica, which may be
parated, washed, dried, and weighed, in the usual n;
ner. Carbonate of ammonia being added to the solus
in quantity more than sufficient to saturate the aj
the alumina will be precipitated, and the oxide of is
if any, may be obtained by boiling away the remairy
liquid.
Process 9. Let the filtered liquid of process 4, be -
evaporated to dryness, at a heat below boiling : the na4
of the residuum (if any) may be ascertained as follows
it be of a brown colour, and inflammable, it is veget/
extract ; if, when heated, its smell be strong and fetid, .
animal mucilaginous, or gelatinous matter. If if
white and transparent, it is saline.  Nitrate of potﬂlj
of lime in this saline matter is indicated by its spar
‘when thrown on burning coals : sulphate of magnesia |
be detected by its bitter taste : and sulphate of potass :
duces no alteration in a solution of carbonate of
monia, but gives a precipitate with a solution of mu
of barytes.
Process 10. A particular operation is required to di
sulphate of lime (or gypsum) and phosphate of lime:
soil. A given weight (400 grains) of the entire soil 1|
be mixed with one-third as much powdered charcoal,
kept at a red heat, in a crucible, for half an hour.
mixture must then be boiled a quarter of an hour, ing
a pint of water, and the solution, being filtered, expy
some days to the open air. A white precipitate will
in the fluid, which, being weighed, gives the proporti¢
sulphate of lime existing in the soil,—To separate
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shosphate of lime, add to the soil, after the process for
sypsum, muriatic acid, more than sufficient to saturate all
he soluble earths; form a solution by digestion; then,
syaporate the solution to dryness, and pour water upon
he solid matter. This will dissclve the muriates, and
eave the phosphate of lime untouched.
When the experimenter is become acquainted with the
1se of the different instruments, the properties of the re-
ents, and the relations between the external and chemi-
al qualities of soils, he will seldom find it necessary to
erform, in any one case, all the processes that have been
escribed. When his soil, for instance, contains no no-
ble proportion of calcareous matter, the action of the
uriatic acid, Process 6, may be omitted : in examining
eat soils, he will have to attend principally to the opera-
ion by fire and air, Process 7: and in the analysis of
chalks and loams, he will often be able to omit the expe-
riment with sulphuric acid, Process 8.
The examination of a soil being completed, the pro-
ducts are to be classed, and their quantities added toge-
ther ; and if they nearly equal the original quantity of soil,
the analysis may be considered as accurate. When, how-
ever, products are obtained by Process 10, a sum equal to
their weights, must be deducted from the weight of the
carbonate of lime obtained by precipitation, in Process 6.
In arranging the products, the form should be in the or-
der of the experimments, by which they are obtained.
Thus, 400 grains of a good siliceous sandy soil, may be
supposed to contain,

Zrains.

Of water of absorption, ® = - . 18,

| Of loose stones and gravel, chiefly siliceous, - 42,

Of undecompounded vegetable fibres, - - 10,
| Of siliceous sand, = - - i ases 30N

i Of minutely-divided matter, consists of .

' Carbonate of lime, - - - 25.
Carbonate of Magnesia, - < 4.
Matter destructible by heat, principally

vegetable, - > - - 10.

Carried over, - = o % 39. 270,
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reduce some dry marl to powder, take a few ounces of this
powder, and drop it carefully and gradually into the diluted
acid, until an addition ceases to cause eflfervescence. Let
the remainder of the quantity of marl taken be weighed,
by which the quantity projected will be known. Let the
balance be then restored. 'The difference of weight be-
tween the quantity projected, and that requisite to restore
the balance, will show the weight of air lost during effer-
vescence. This air is carbonic acid gas. For every 45
grains of which that escape, reckon 100 grains of carbonate
of lime as present in the projected quantity of marl. Tf
the loss (by the escape of gas) amount to 13 per cent of the
quantity of marl projected, or from 13 to 32 per cent, the
marl assayed isrich in calcareous earths. Clayey and sandy
marls lose only 8 or 10 per cent by this treatment.—The
presence of much argillaceous earth may be judged by dry-
ing the marl after being washed by muriatic acid, when it
will harden and form a brick. To determine, with still
greater precision, the quantity of calcareous earth in a
marl, let the muriatic solution be treated with carbonate of
potass, as described at Process 6 of the preceding Ana-
lysis. Nore:—In some of the processes instituted to
determine the quantity of carbonic acid discharged by
another acid, errors arose, in consequence of a portion of
water being thrown from the vessel along with the gas, by
the violence of the effervescence. To remedy this incon-
venience, the instrument described at 359 was contrived,
A given quantity of any matter to be examined—as car.
bonate of potass or of lime—being introduced into a
bottle, and weighed, and a given weight of diluted acid
being added, the cork affixed to the bottom of the bended
tube is instantly inserted in the neck of the bottle, Any
water therefore that rises with the gas, is condensed in
the worm, and runs down again into the vessel, nothing
but gas escaping.

259, How 10 IMPROVE So1Ls.—Having given an ab-
stract of Sir Humphry Davy’s method of analyzing soils,
we subjoin the rules he has laid down for improving them.
In cases where a barren soil is examined with a view to its
improvement, it ought if possible to be compared with an

Q
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‘extremely fertile soil, sitnated in a similar place: the dii
ference given by their analysis will indicate the means ¢
improvement. If, for instance, the fertile soil cont i
much more sand than the barren one, then sand is the me
terial which the barren soil is in need of ; and so of othe
kinds of matter. In the application of clay, marble, chal
&c., to lands, there are no particular chemical principle
to be observed ; but when quicklime is used, great ¢
must be taken that it is not obtained from the magnesia
limestone, for such lime is exceedingly injurious to lane
The magnesia limestone may be distinguished from th
common limestone by the slowness of its solution in aci¢
—the softest kind of it being much longer in dissolvir
than marble. When the analytical comparison indicaty
an excess of vegetable matter as the cause of sterility,,
may be destroyed by much pulverization and exposure :
air, by paring and burning, or by the agency of newly-mae
quicklime. ~And a defect of animal and vegetable mattc/
must be supplied by suitable manure.

560. InsTanTANEOUS L1cHT-BOXES, sold by Chemist|
contain a little phial filled with a liquid, and a number
small matches: you take a match and dip it into the liquij
upon which it takes fire.—The liguid is concentrated su
phuric acid. The bottle containing it is never opened e
cept when it is to be used ; for the acid, when exposed
the air, imbibes moisture very rapidly, and is soon spoile
The matches are prepared as follows: the ends of sor
small slips of light wood are dipped into a strong solutiu
of gum, and afterwards into the mixture of chlorate of
tass and sulphur prepared as described 591 . the pow
is fastened to the wood by the gum, and the matches who
dry are fit for use.

561. ILLUSTRATION OF THE ART OF CALICO- PRINTING
—Process 1. To produce a white pattern on a black grou
Let a piece of white calico be dipped in a cold solution
sulphate of iron, and dried. Then imprint any figuri
upon it with a strong solution of colourless citric acid, ar
let this dry also. If the piece be then well washed
warm water, and afterwards boiled in a decoction of lod
woed, the ground will be dyed either a slate or black ¢
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lour, according te the strength of the metallic solution,
while the printed figures will remain beautifully white.

562. Process 2. 'TO PRODUCE A SCARLET PATTERN ON
A BLACK GROUND,.—Dip a piece of white calico ina strong
solution of acetate of iron (which may be made by boiling
sulphate of iron with acetate of lead); dry it by the fire
and lay it aside for 3 or & days.  After this, wash it well
in hot water, and then dye it black by boiling it for ten
minutes in a strong decoction of logwood ; and, lastly,
rinse it in water, and let it dry. Now, any figures printed
upon it with a colourless solution of muriate of tin, will
acquire a beautiful scarlet colour,—though the ground re-
mains black.

563. Process 8.—OfF DYING DIFFERENT COLOURS
WITH THE SAME LiquOR.—Dissolve indigo in sulphuric
acid, and add to the solution an equal quantity of solution
of carbonate of potass.—If a piece of white cloth be dip-
ped in this mixture, it will be changed to blue: in the
same way, yellow may be changed to green; and red to
purple; and a piece of blue litmus paper will become red.

564. EXTEMPORANEOUS FORMATION OF A BLEACHING
" Liquip.—Add a few grains of chlorate of potass to a spoon-
ful of muriatic or sulphuric acid diluted with balf a wine-
glassful of water. The liquid thus formed will possess
the bleaching property of that described 474.

565. MoIREE METAL, OR CRYSTALLIZED TIN.—Clean
a piece of tin from dirt or grease, by well washing it with
warm soapy water ; and rinse it in clean water. Then,
heat the tin to the temperature of bare sufferance to the
hand, and pour on it, or apply with a brush or sponge, one
of the following mixtures.—1. Dissolve two ounces of mu-
riate of soda in four ounces of water, and add one ounce of
nitric acid.—2. To two ounces of water, add half an ounce
of muriatic acid, and one fourth of an ounce of sulphuric
acid.—3. Either of the preceding in a greater or less degree
of dilution.—When the mixture has been applied, the tin is
to be dipped into water slightly acidulated, and afterwards
well washed in clean water, This process will cause the tin
to assume an appearance of great beauty: an apparent crys-
tallization takes place, somewhat resembling mother of
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pearl ; and curious figures, stars, and rude leaves appear.,
A transparent varnish (either coloured or colourless) may]

be laid on now, which will give a fine polish to the work,
and produce that brilliant covering so much employed for
snuffer.stands, tor covering pillars in shop-windows; &e.

GOLD-VARNISH to be laid on the tin which has beenn
ornamented by undergoing the process just described.
—Take of shell-lac two ounces, of arnatto and turmericd
of each one ounce, of dragon’s blood thirty grains: mak
an extract with twenty ounces of alcohol in a gentle heat.

566. To MAKE THE ADMIRED COSMETIC CALLED PEARL!
Powper.—Dissolve bismuth in nitro-muriatic acid, and
gradually add to the solution cold distilled water: upon
which, a beautiful white powder, wht-::h is an oxide of bis--
muth, will be precipitated,

567. PREPARATION OF WRITING INK.— Process 1. Take
two ounces of gall-nuts (in coarse powder); one ounce of'i
logwood (in thin chips); one ounce of sulphate of ironj
(green vitriol) ; three-fourths of an ounce of gum-arabies
(in powder) ; one-fourth of an ounce of sulphate of coppery
(blue vitriol) ; and one-fourth of an ounce of sugar-candy..
Boil the galls and logwood together in three pints of wa--
ter, till the quantity is reduced to one-half; when the li-.
quor must be strained through a flanuel into a proper ves-
sel, and the remainder of the ingredients be added to it.,
The mixture is now to be frequently stirred, till the whole
is dissolved : after which, it must be left at rest for 24|
hours. The ink may then be decanted from the gross se--
diment, and must be preserved in a glass, or stone bottle, ,
well corked.—Writing performed with this ink has a beau--
tiful black cast, which it retains, unaltered, for a consid-.
erable length of time.—There is an inconvenience attends ;
the use of the sulphate of copper (which some, therefore,
dispense with ) that requires notice :—uponanending a pen, ,
which is moist with the ink, a film of copper is deposited |
upon the edge of the penknife, and takes considerably -
from its keenness. NOTE:~—Ink-holders ought always to
be made of glass. |

568. Process 2,—Take four ounces of the best galls;;
two ounces and a half of sulphate of iron caleined to white- .
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hess ; two pints of water; and ten drachms of gume-arabic.
The galls, and calcined vitriol, are to be left to macerate
for 24 hours, then the gum is to be added, and the mix-
ture is to be preserved in a stone jar, open, or merely co-
vered with paper.

569. INDELIBLE INKS, USEFUL FOR WRITING LLABELS FOR
BOTTLES CONTAINING AcIDS, &c.—1. Take oil of lavender,
200 grains; gum copal, in powder, 25 grains; and lamp
black, 3 grains.  Dissolve the copal in the oil of lavender,
in a small flask or phial, by the aid of a gentle heat; and
then mix the lamp-black with the solution, by trituration
in the Wedgewood's-ware mortar.  After a repose of
some hours, the ink, before use, requires to be shaken, or
must be stirred with an iron wire. If it be found teoo
thick it may be diluted with a little oil of lavender, or of
turpentine.—2. A solution may be made, in like manner,
of 120 grains of oil of lavender; 17 grains of copal, and
60 grains of vermilion.—3. Boil one ounce of finely-

e

rasped Brazil-wood, and half an ounce of alum, in twelve
ounces of water, till the liquid is reduced to eight ounces ;
then decant the clear part, and add to it an ounce of cal-
cined manganese mixed with half an ounce of gum-arabic.

570. COLOURED INKs.—Red. Boil an ounce of Brazil.
wood (in fine chips) in half a pint of water, for a quarter
of an hour; and add to the decoction, 3 drachms of gum--
arabic, and as much alum as it will dissolve.—Blue. Dif-
fuse Prussian blue or indigo through strong gum-water.—
Yellow. Dissolve gamboge in gum water.—Scarlet.
Dissolve vermilion in gum-water.—Inks of other colours
may be made from a strong decoction of the materials used
in dying, mixed with a little alum and gum-arabic.

571. Ink PowpEr.—For the use of travellers, who may
not find it convenient to carry liquid ink with them, the
materials used for producing good ink—see 568; 569—
may be finely powdered, and intimately blended together ;
by which means, an ink powder is made, from which, at
any time, good ink may be extemporaneously prepared, by
mere mixture with water.

572. To RemoveE INK SraiNs rroM BooOKs, LINEN,
&c.—Apply to the spot, muriatic acid diluted with five

Q2
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or six times its weight of water, and, after a minute or tw|
wash it off; repeating the app]:catmn as often as mayi
found neccaqarjf Strong solutions of oxalie, eitrie, ary
tartaric acids, also effect the purpose, and, being less lik
than the muriatic acid to injure the fabric they are applie
to, are preferable.

573. PERMANENT INK FOR MARKING LINEN, —Dissolt
a drachm of lunar caustic (fused nitrate of silver) in thrie
its weight of distilled (or rain) water, and add about ha
a drachm of gum-arabic. This forms the ink, with whic
you must write, or rather paint, with a clean pen, upon t
linen prepared as follows: dissolve half an ounce of sul
carbonate of soda in an ounce of distilled water, and a
20 grains of gum-arabic; this forms the mordant. We
moisten, with the mordant, the part of the linen that is 1
be written on, dry it well by a gentle heat, and then app’
the ink in the manner above directed, to the place that ha
been moistened. The writing, when exposed to the sux
becomes black. :

574. INk ror PRINTING ON LiNEN wiTH TYPES. — Di:
solve one part of asphaltum in four parts of oil of turper
tine, and add lamp-black, or black-lead, in fine powder, i
sufficient quantity to render the ink of a proper consistenc
for printing with types.

SECTION VII.—ON COMBUSTION, DETONATION
AND LIGHT.

575. WRITING WHICH 18 LuMINOUS IN THE DARK.
Trace letters or figures on a smooth board, or on dark cc
loured paper, with a stick of phosphorus, in the same mar
ner as you would trace them with a crayon. Every li
thus made will be beautifully luminous in the dark, an:
will continue so for some minutes,

576. Rationale.—The luminous appearance of the writ
ing arises from a slow combustion of the phosphorous whie
adheres to the board.—In all experiments with this su
stance, the greatest degree of care is required, on accoum
of its very combustible nature. A very small portion of i
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(the quantity is generally mentioned in the experiments)
should be operated upon at once. When it is taken in the
hands, it never should be held for more than a few seconds,
for the heat thus applied is sufficient to inflame it, if con-
tinued ; and a burn from phosphorous is more painful than
any other kind of burn. A basin of cold water ought al-
ways to be at hand, to dip the phosphorus in occasionally ;
and, when it is cut to pieces it must be cut in water.
Phosphorus can only be preserved by keeping itin places
where neither light nor heat has access, It is obtained
from druggists in rolls about the thickness of a quill;
these are put into a phial filled with cold water, which has
been boiled to expel air from it, and the phial is inclosed
in an opaque case.

577. To sHow THE INFLAMMABLE NATURE OF PHOS-
PHORUS.—1. Wrap a grain of it, dried on blotting paper,
in a piece of brown paper, and rub it with some hard
body ; it will set fire to the paper.—2. Put into the mid-
dle of some dry cotton, a piece of phosphorus the size of
a large pin’s head, (previously dried, as before) : strike it
with a hammer and it will inflame.—3. Upon a piece of
glass, lay a small piece of phosphorus, and place the glass
upon the surface of hot water in a basin : the phosphorus
will inflame.

578. PREPARATION OF PHOSPHORIZED ETHER.—Sufler
sulphuric ether to stand, for some weeks, over a quantity
of phosphorous in a well-stopped pbial. The solution is
aided by occasional agitation.

579. PrepARATION OF PHosPHORIZED OiL.—Put one
part of phosphorus with six parts of olive-oil into a flo-
rence flask, and digest the mixture in a gentle sand heat
for two hours. The solution must be kept in a dark
place.

580. To MAKE WAVES OF FIRE ON THE SURFACE OF
WATER.—On a lump of loaf sugar, let fall a few drops
of phosphorized ether, and place the sugar in a glass of
warm water; a very beautiful appearance will be instantly
exhibited, and the effect is increased, if the surface of the
water is made to undulate, by blowing gently with the

breath. X
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H81. To MmakE Faces AND HaNDs LUMINOUS ; 5O THAY
IN THE DARK, THEY APPEAR ASIF ON FIRE.—~Though tl|
phosphorized oil and ether are lumino=s in the dark, ye
they have not the power to burn any thing ; so that eithe
of them may be rubbed on the face and hands withou
danger ; and the appearance thereby produced is mo:
hideously frightful.  All the parts of the face that hax
been rubbed, appear to be covered with a luminous blueis
flame, and the mouth and eyes appear as black spots.
When the bottles containing phosphorized oil and eth
are opened in the dark, light enough to tell the hour ony
watch is evolved,

582, BRILLTANT COMBUSTION UNDER WATER.—Dropy
piece of phosphorus, balt the size of a small pea, into)
glass of hot water. It will immediately inflame. The
force upon it, from a bladder with the jet-pipe, fig.
fitted to it, a stream of oxygen gas. Upon this, there wi
be produced a flame of great vividness.

583; PREPARATIONS FOR THE INSTANTANEOUS PR
DUCTION OF LIGHT.—Put a little phosphorus, dried ¢
blotting paper, into a small phial ; heat the phial by pl
ing it in a ladle full of hot sand, and turn it round, :
that the melted phosphorus may adhere to its sides. Co
the phial closely, and it is prepared. Another meth:J
of preparing it, consists in mixing one part of flowers
sulphur, with eight parts of phosphorus.—On putting |
common sulphur match into this fire-bottle, stirring
about a little, and then withdrawing it into the air, it wy
take fire. Sometimes, however, it is found necessary
rub the match when withdrawn from the phial on a cor
before it will inflame,

584. Curious PROPERTY OF PHOSPHURET OF LIME.~
Process 1. Drop a small piece of phosphuret of lime i
a wine-glass of water: in a short time, bubbles of gas
be produced, which, rising to the surface of the wa
will take fire and explode. After each explosion, a be
tiful column of white smoke will ascend from the glass.-.
Rationale, see 152.—I1f the phosphuret of lime be ﬂ
fresh made, it may be proper to warm the water it is
ded to. If the residue of the phosphuret of lime




ON COMBUSTION, ETC. 189

E.km out of the water, and, after being dried, has muri-
ic acid poured upon it, it will inflame.

585. Process 2. Into the glass, fig. 6, put one part of
hlorate of potass, and two parts of phosphuret of lime, in
ieces about the size of peas (not in powder). Fill the
lass with water, and put into it tbe funnel, fig. 10,
shich will reach to the bottom of it. Through this, pour
ix or eight parts of strong sulphuric acid, which will de-
ompose the chlorate ; and the phosphuret also decompos-
1g the water at the same time, flashes of fire dart from
ae surface of the fluid, and the bottom of the vessel is
luminated by a beautiful green light.

586. Mrruop or PreparING aAND UsiNg A FurMi-
ATING PowpiRr.—Take three parts of nitrate of potass,
o parts of sub.carbonate of potass, and one part of
Iphur. Powder them separately, and dry them, by
acing them on a tile before the fire. Then, mix them -
timately, by rubbing all together in a warm mortar;
d preserve the compound in a corked phial.—Let half
Frachm of this powder be spread on the bottom of a

all iron ladle, and heated over a fire. It gradually
ackens, and at last melts, at which instant, it explodes
ith a violent report: it is not, however, attended by any
anger. The explosion is occasioned by a sudden expan-
on of the solid powder into a variety of gases.

587. To MakE GuNrPOWDER.— Pulverise separately, 5

hms of nitrate of potass, 1 of sulphur, and 1 of newly-

rnt charcoal. Mix them together, with a little water,
a mortar, so as to make the compound into a dough ;
thich must be rolled out into round pieces, the thickness
Ea pin, between two boards. Lay a few of these pieces -
gether, and cut them with a knife into small grains,
hich are to be placed on a sheet of paper, in a warm
ace, to dry. During granulation, the dough must be
vented sticking to the board, by rubbing on it a little
the dry compound powder. The eftects produced by
e explosion of gunpowder, are so well known, that it
uld be useless to describe them. It may be observed,
ever, that the explosion takes place in consequence of
generation of a large quantity of various gases.
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588. To propuckE COLOUVRED FLAMES, which, in
dark, are very curiously reflected by the faces of the s}
tors.—To do this, certain substances are mixed
burning alcohol. A beautiful rose-coloured flame is
duced by inflaming four parts of alcohol, puured o
one part of muriate of strontia, in a small iron ladle
An orange-coloured flame is produced, by burning spi
of wine, on muriate of lime deprived of its water of er
tallization.— A flame having a fine green tinge, is
duced by burning alcohol on boracic acid, or nitrat
copper.—A yellow flame is produced, by burning al
on muriate of soda, or nitrate of potass,—NOTE. It sh
be observed, that the ladle ought previously to be w
and ought to be kept heated while the alcohol is burni
The salts remaining behind, after being dried, may
used for the same purpose again.

589. A METAL WHICH BURsTS INTO FLAME wy
THROWN UPON COLD WATER.—Place a piece of potass:
of about two grains weight, upon cold water in a ba
—the effect is described at 60.

590. Exuisrrioy OrF THE POWERFUL IDETONA
PROPERTIES OF ALL MIXTURES OF INFLAMMABLE BO
wiTH CHLORATE OF Porass.—NorE: In the perfe
ance of experiments with chlorate of potass, proceed -
cautiously. Never use more than the prescribed quaj
ties. Let the hands be covered with stout gloves,
keep the mixtures, and vessels containing them, as f&!
possible from the face. Chlorate of potass must neved
kept ready mixed with inflammable bodies ; for such
tures sometimes explode spontaneously.

Process 1.—Rub two grains of chlorate of potass:
a fine powder in a mortar, and add one grain of floy
of sulphur. Mix them very accurately, by well tritu
ing them in the gentlest possible manner; and then,
ing collected the mixture to one part of the mortar, |
the pestle down upon it suddenly and forcibly—a
detonation, accompanied by a flash of light, will inst&
ensue.

591. Process 2.—Let the mixture of the salt and]
phur, just described, be wrapped in some strong [
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sr tin-foil, and then struck with a hammer—a still
ouder report will be produced.

592. Process 3.—Let half the quantity of a similar
ixture be forcibly triturated in a dry mortar—several
plosions, like the cracking of -a whip, accompanied by
ashes of purple light, take place.

593. Process 4, —Four grains of the salt are to be re-
uced to a fine powder, and then mixed with two grains
f finely.pulverized charcoal. To this mixture, rather
ore than one grain of sulphur is to be added ; and the
hole must be intimately incorporated by mixture, with
he least possible friction, on a piece of paper. If this
ixture be triturated, it will burst into flame—Dbut not
ith much noise.

594. Process 5.—Mix gently, but intimately, three
rains of the salt, with three grains of loaf sugar, both
reviously reduced to fine powder. Place the mixture
n a plate, and touch it with a thread which has just been
ipped in strong sulphuric acid—a sudden and vehe-
ment inflammation will be immediately produced.—It
will be prudent to fasten the string to the end of a stick.

595. Process 6.—Upon one grain of the powdered
lsalt, in a mortar, place half a grain of phosphorus; and
then, strike the phosphorus with a pestle—a violent de-
tonation takes place instantly.—The utmost degree of
lcaution is requisite in this experiment.

596. Process T.—Put into the glass, fig. 17, one part
(about 3 grains) of phosphorus, and twe parts (6 grains)
of the salt; nearly fill the glass with water; and then
¢onvey to the bottom of it, by means of the funnel, fig.
10, three or four parts of sulphuric acid.—A violent ac-
tion ensues, and the phosphorus burns very vividly, with
a curious light, under the water. 1
597. Process 8.—0il may be inflamed on the surface
of water, by repeating the preceding experiment, omitting
however, the phosphorus, and substituting a little olive
or lintseed oil.

598. Process 9.—1If a slip of cotton cloth be dipped in
la strong solution of the salt, and afterwards well dried,
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upon being rubbed in a mortar, it will emit flashes of fil
with explosions similar to the cracking of whips. If
cloth and the mortar be very dry and warm, the tritu.
tion causes the cloth to take fire.—Inflammation is a4
produced by pouring sulphuric acid upon a similar pic
of cloth.

599. Pyocess 10.—If a little of the mixture descril|
at process 1, be taken on the point of a knife, and dre
ped into a wine-glass containing sulphuric acid, a beau
ful column of flame will be produced.

600. Curious INsTANCE OF COMBUSTION RESULTI]
FROM INTENSE CHEMICAL AcCTION,—Coarsely powded
few crystals of nitrate of copper, lay them on a piece
tin-foil, add enough of water to make them into a ki
of paste, and then quickly fold up the tin-foil, doubli
the sides and corners weli together, so as to exclude a
in a short time, nitrous gas will force its way out of ¢
packet, and the tin-foil will be set on fire.

601. Fire PropuceDp BY THE MIXTURE OF TWO Car
Liquips.—Into a gallipot, placed upon a hearth, pof
about 3 teaspoonsful of oil of turpentine; then, mix:
a phial about 3 teaspoonsful of fuming nitrous acid
4 part of sulphuric acid, and pour this mixture sudder
upon the oil of turpentine. Instantaneous inflammatia
accompanied by the production of a large quantity of ble
smoke, is the result.—It is adviseable to fix the phi
from which the acid is poured, to the end of along sti|
as the sudden combustion sometimes occasions a part
the liquid to be thrown out of the vessel.

602. Lawp witnour FrLaMme.—Take platinum wi
about 1-100th of an inch in thickness. Coil it up, &
stick the coil loosely on the wick of a spirit lamp.
cotton of the lamp must be very straight, aud not pres
by the wire. There should be about 16 spiral turns, cf
half of which should surround the wick, and the rest 1
above it. Having lighted the lamp for an instant,
blowing it out, the wire will become brightly ignited, &
will continue to glow as long as any alcohol remains.

603. A WIRE INSTANTLY MADE RED-HOT BY BEI
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PLACED IN CONTACT WITH A VAPOUR.—Let a few drops
of ether be thrown into a cold glass, or a few of alcohol
into a warm one ; let a few coils of platinum wire, of the
1-60th or 1.70th of an inch in thickness, be heated to
redness by a candle, then, when it has ceased to be red-
hot, let it be held in the glass over the ether: in some
parts of the glass, it will become glowing, almost white-
hot, and will continue so, as long as a suflicient quantity
of vapour and air remains in the glass,

604. BRILLIANT INFLAMMATION, WITHOUT THE PRE-
SENCE OF AIR.—DMix intimately together, eight parts of
copper filings, and two parts of flowers of sulphur, and
expose the mixture in the glass vessel, fig. 53, to a gen-
tle heat, by means of the lamp furnace. As soon as the
sulphur is heated to a little above its melting tempera-
ture, combustion suddenly pervades the whele mass, and
the two bodies unite with an explosion—the result being
the formation of sulphuret of copper. The most curious
circumstance attending this experiment is, that it suc-
ceeds equally well if the vessel is closed so as to exclude
air, or even if filled with nitrogen gas. Here, then, is
an instance of combustion taking place, without the pre-
sence of either oxygen or chlorine, So that the theory
which terms those bodies the supporters, and the only
supporters, of combustion, is erroneous. The modern
notion of combustion, that ¢ it is the result of intense
chemical action,”” appears to be the more correct one,

605. To MELT A PIECE OF METAL IN A NUTSHELL.—
Take three parts of nitre, (freed from water of crystalli-
zation by exposure to heat,) one part of sulphur, and one
of very fine dry saw-dust—mingle the whole intimately
together. This is called the powder of fusion, and is a kind
of chemical flux. Let a quantity of this be wellZpressed
into a walnut-shell, with a thin piece of copper coiled up
in the midst of it, and then set on fire: it will burn
rapidly, and the metal will be fused into a round globule,
while the shell is only blackened.—A combination takes
place between the metal and sulphur, (which is aided by
the potass,) and the result is the formation of a sulphuret.

R



194 EXPERIMENTS,

606. To MAKE A POWDER WHICH INFLAMES ON EXPO-4
SURE TO AIR.—To the substance possessing this property,,
is given the name of Hombera’s pyrophorus : it is preparedd
in the following manner. Equal parts of alum and coars
brown sugar are to be mixed together and dried over th
fire in an iron ladle, being diligently stirred all the while
with an iron rod. The mixture melts, becomes thick:
swells up, and runs into small dry lumps. These ar
coarsely powdered in a mortar, and again roasted till the
operator is well assured that the mass contains not the leas:
moisture, when it looks like a blackish powder of char
coal. This, while hot, must be put into a common phial
which must be previously luted on the inside, by being
washed with a weak solution of borax, made as thick a
cream, by the addition of pipe-clay, and which must have
a narrow glass tube, six inches long, and open at botk
ends, luted into its neck. The phial, which, however:
is to be filled three-fourths full only, is to be placed in :
crucible, or deep iron pan, and covered with sand ; ane|
the crucible is to be putintoa fire, and heated to redness:
a thick smoke will rise from the tube for a quarter of an|
hour, which is succeeded by a sulphurous vapour, whiel
must be inflamed. When this flame disappears, the oper
ation is completed: the tube must be then closed by a plug
of soft clay, and the crucible must be removed from th:
fire. As soon as the phial becomes cool enough to
handled, the contents of it are to be hastily transferre:
into a dry and warm stout glass phial, which must bi
secured by a ground glass stepple.— Experiment. Throv
a little of this powder from the bottle upon some flat dr
surface : in a short time it will burst into flame.— Ratio
ale. 'The sulphuret of potass derived from the alu
attracts moisture, or (perhaps) a little potassium forme
in the process, attracts oxygen, from the air, and gener
ates sufficient heat to kindle the carbonaceous mat
mingled with it.

607. PHOSPHORESCENCE —1. If coarsely powdered flu
spar be sprinkled in a dark rvom, on a fire shovel m
hot, (but not to redness,) a beautiful phosphorescent ligh
will be emitted for some time.—2. “ About 4 drach
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of the substance of a fresh herring were put into a solution
of 2 drachms of sulphate of magnesia, in 2 ounces of
water. On the succeeding evening, the whole of the
liquor, upon shaking the phial, became beautifully lu-
minous; and it continued luminous till the fourth night.””
~—3. Herrings, whitings, and many other fish, if exam-
ined in the dark, shortly after being caught, will be found
to possess a considerable share of this phosphorescence.
The English glow-worm, the Chinese lanthorn-fly, and
the West-India fire-fly, are living phosphorescent bodies.
The cause of the curious property thus possessed by some
bodies is unknown.

608. To make CaNTON’s PHOsPHORUs.—Take thick
oyster shells, wash them, and keep them red-hot in an
open fire for half an hour : then, select the whitest parts,
and pound them in the Wedgewood’s-ware mortar. Mix
three parts of this powder with one part of flowers of sul-
phur, and ram the compound into a crucible, till it is
nearly full. The crucible is then to be kept red-hot for -
at least an hour; and when it has afterwards become cold,
the contents of it are to be turned out, and the whitest
part scraped off; and preserved in a phial with a ground-
glass stopple. If the bottle containing this phosphorus
be exposed for a few minutes to the light of the day, and
be then taken into the dark, light enough will be emitted
to enable one to distinguish the figures on the dial-plate
of a watch. If the bottle containing the phosphorus is
heated, the luminous appearance increases ; if cooled, it
decreases. The phosphorescence ceases after a while;
but is renewed when the phosphorus is again exposed to
light.— Rationale. It is generally supposed, that light is
capable of entering into Dbodies, and, after remaining in
them, of being extricated unaltered. -

609. To rREPARE DBaLpwIN’s PHOSPHORUS, WHICH
EMITS LIGHT IN THE DARK.—Put some dry nitrate of lime
into a crucible, place it in a clear fire, and let it remain
in a state of fusion for about ten minutes; then pour it
out into a warm iron vessel and it will become solid ;
break it into pieces, and enclose them in a well-stopped
phial, If this phial be exposed for some hours to the di-
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rect rays of the sun, and be then taken into a dark place,,
the substance within it will emit a considerable quantity/
of light.

610. HoMBERG'S PHOSPHORUS possesses the same pro--
perty as Baldwin’s phosphorus, and is prepared in the:
same manner—only substituting muriate of lime for nitrate:
of lime. :

611. To MakeE FuLMINATING QUICKSILVER.—Dissolve:
100 grains of mercury in an ounce and a.half (by mea--
sure) of nitric acid, assisting the solution by heat. ~Wheni
the solution is cold, pour it upon two ounces (by measure))
of strong alcohol, previously introduced into a small glasss
retort, and apply a moderate heat till effervescence is ex~-
cited. (Do not forget that the mercurial solution musti
be poured upon the alcohol, and not the alcohol upon thes
solution.) A white fume then begins to undulate on thes
surface of the liquor, and flows through the neck of thes
retort ; and a white powder is gradually precipitated,.
As soon as any precipitate ceases to form, quickly pours
the contents of the retort upon a filter, well wash thes
powder with distilled water, and cautiously dry it by aa
heat not exceeding that of boiling water, The immediates
washing of the powder is material, because it is liable tog
the re-action of the nitric acid ; and while any of thati
acid adheres to it, it is very subject to be decomposed byy
the action of light. From 100 grains of mercury, abouti
120 or 130 grains of the fulminating powder are obtained. .
— Experiments.—1. Lay about a grain of the powder on
a smooth iron, and strike it with a hammer—it will de--
tonate with violence.—2. The third of a grain of it mayy
be enclosed between the ends of two slips of card pasted]
together, and the other end of the card marked by a notch, .
If that end of the card which contains the powder be heldl
over a candle, detonation takes place.—3. Half a grain
of the powder may be wrapped up with a hard pea in ax
piece of tissue paper, This, (which is the fulminating)
ball, or Waterloo cracker,) when thrown on the groundl
- forcibly, explodes.—4. The other fulminating curiositiesi
such as spiders, &c., are too well known to need describ-
ing, and may be easily prepared. NOTE:—This com=
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pound is less dangerous than the fulminating compounds
of gold and silver, as it never explodes spontaneously ;
but yet it carnot be handled with too much caution ; and
no student should attempt to make it who is not tolerably
expert at chemical processes in general.

SECTION VIIL.—MISEELLANEOUS EXPERIM ENTS.

612. To ExGrAVE FIGURES ON GLAss.—Cover one side
of a flat piece of glass, after having made it perfectly clean,
with bees’ wax, and trace figures upon it with a needle,
taking care that every stroke cuts completely through the
wax. Next, make a border of wax all round the glass,
to prevent any liquid when poured on from running off.
Now, take some finely-powdered fluate of lime, (Huor
spar ;) strew it evenly over the glass plate, (upon the
waxed side;) and then, gently pour upon it, so as not to
displace the powder, as much sulphuric acid, diluted with
thrice its weight of water, as is sufficient to cover the pow-
dered fluor spar. Let every thing remain in this state for
three hours, then remove the mixture, and clean the glass
by washing it with oil of turpentine: the figures which
were traced through the wax will be found engraven on
the glass ; while the parts which the wax covered, will be
uncorroded.— Rationale. The fluate of lime is decom-
posed by the sulphuric acid, and sulphate of lime is for-
med. The fluoric acid disengaged in the gaseous state,
combines with the water that diluted the sulphuric acid,

and forms liquid fluoric acid, by which the glass is cor-
roded.

613. ExusrrioNy oF [opiNe,—This substance is pre-
pared with great difficulty, and is very expensive. But,
st some of the shops where chemical preparations are sold
small glass tubes, hermetically sealed, and containing two
or three grains of it, may be purchased.—If one of these
glass tubes is gently heated, by holding it over a
lamp, the iodine is converted into a beautiful violet-co-

loured vapour.
614, Tug CHAMELEON SpiriT—A LIQUID WHICH IS

R 2



198 EXPERIMENTS

BLUE WHEN THE BOTTLE CONTAINING IT IS OPEN, BUT CO--
LOURLESS WHEN THE BOTTLE IS CLOSED.—Put some:
shreds of clean copperinto a small phial, fill it with liquid!
ammonia, and cork it air-tight. Nothing will take place. .
Open the bottle, and let it remain for a few hours. The:
liquid will become blue. Cork the phial. After some:
time, the liquid will be colourless. Re-open the phial,—-
the liquid will become blue again.—It will be found ne--
cessary, sometimes, to add to the mixture, after it has re-.
mained exposed to the air for some time, a little more:
copper.— Rationale. Metallic copper is not acted upon
by ammonia ; but if the copper is allowed to attract oxy-.
gen from the air, it then becomes soluble. But copper-
oxidised only so much as to render it soluble produces a:
colourless solution ; and it is only when it is highly oxi- .
dised that the blue solution is produced. Thus, in the:
above case, the copper, when the phial was left open, ac- -
quired enough of oxygen from the atmosphere to produce
blue solution. 'When, however, the phial was closed, the |
blue colour disappeared—why ?—because the remainder
of the metallic copper took, in order to render it soluble,

the super-abundant oxygen from the portion of copper
which was dissolved.  The blue colour returned, when

the bottle was opened, because more oxygen was at-
tracted.

615. Spoons wiicn MeLt 1N Hor WATER,—Fuse to-
gether in a crucible, eight parts of bismuth, five of lead,
and three of tin : these metals will combine, and form an.
alloy, (of which spoons may be made possessed of the re-.
markable property of melting in boiling water. )

616. To MAKE BEAUTIFUL GOLDEN FIGURES UFON SILK..
—Dilute a solution of nitro muriate of gold with thrice its.
quantity of water, and with the solution paint flowers, or-
shrubs, on a piece of white silk, then expose the silk (kept.
moist by being wetted with pure water) to a current of"
hydrogen gas, which is to be forced through a pipe, from.
the vessel containing it, as directed 434, 435, The hy-
drogen gas will reduce the oxide of gold,—the colour of"
the paintings will change from yellow to green-—and the-



MISCELLANEOUS. 199

figures will soon shine with all the splendour of the finest
gold. NOTE :—Unless the silk is kept wet, the effect will
not be produced.

617. To MAKE BEAUTIFUL SILVERY FIGURES UPON SILK.
—Immerse a piece of silk in a diluted solution of nitrate
of silver, and expose it while wet to a current of hydrogen
gas (as described in the preceding experiment) the silver
will quickly be reduced; various colours,—blue, purple,
red, orange, yellow,—accompany the reduction, and at
last, tlie threads of the silk appear like silver wire.

618. To MakeE CINDERS, OR LITTLE WICKER-BASKETS,
APPEAR AS 1F THEY WERE CRYSTALLIZED,—Saturate water
kept boiling, with alum; then set the solution in a cool
place, suspending in it, by a hair, or fine silk thread, a
cinder, a sprig of a plant, or any other trifle ; as the solu-
tion cools, a beautiful crystallization of the salt takes place
upon the cinder, &c. which resembles specimens of miner-
alogical spars.

619. TOMAKE A PIECE OF CHARCOAL APPEAR ASTHOUGH
IT WERE COATEDWITH GOLD. Dilute a saturated solution
of nitro-muriate of gold with 5 times its bulk of water,
place a thin slip of fresh-burned charcoal into it, and apply
heat, gradually increasing which, till the solution gently
boils._The heat will make the charcoal rob the oxide of
gold in solution of its oxygen, whereby the metal is ren-
dered insoluble, and is precipitated on the charcoal, in the
form of brilliant spangles.

620. To GIVE A PIECE OF CHARCOAL A RIcH COAT OF
SiLVER.— Lay a crystal of nitrate of silver upon a piece of
burning charcoal,—the metallic salt will deflagrate and
throw out the most beautiful scintillations that can be
imagined. The silver is reduced, and, in the end, pro-
duces upon the charcoal an appearance very brilliant.

621. BEAUTIFUL PRECIPITATION OF PURE METALS FROM
MeraLLic SALTS.—Process 1. Let a small piece of phos-
phorus be scraped to free it from oxide, and dried by im-
mersion in alcohol. Pass a thread through it with a nee-
dle, and then suspend it in a solution of nitro-muriate of
gold. In a few minutes, the phosphorus will be covered
with pure gold,—Process 2. Suspend, in like manner, a




200 EXPERIMENTS

bit of phosphorusin a solution of sulphate of copper, fora
few hours; the result will be a precipitation of pure copper.
—Process 3. Let the same be suspended, for a day om
two, in a solution of nitrate of silver—a brilliant precipi-
tation of'silver will ensue.— Rationale. The oxygen whicH
enters into the composition of the metallic salts by forming,
soluble oxides with the metals, is abstracted by the phos+
phorus ; aud the metals, being in its absence insoluble, are
precipitated.

622. To snow THE Fix1Ty oF THE NOBLE METALS.—
Expose to a current of oxygen gas, in the manner descri:
bed, 425, an alloy of silver and lead : as soon as the alloy
is in a state of complete fusion, the lead will begir|
to burn, and in a short time, will be entirely dissipated ix
a white smoke ; the silver being left behind in a state
of purity.

623. TO MAKE A BEAUTIFUL GREEN PaINT. —Add, to :
hot solution of sulphate of copper, a little solution of cars
bonate of soda—a beautiful powder (known by the nam,
of French Green) will be precipitated,—The powder is :
sub-carbonate of copper.

624. TO SHOW THAT THE ATMOSPHERE CONTAINS WATERS
EVEN IN THE DRIEST WEATHER.—1. Expose to the oper
air, for a few days, a spoonful of dry sub-carbonate of po«
tass, or muriate of lime, spread on a saucer: the salt will
attract so much moisture from the air, that it will hecom1
liquid.—2. Puta given quantity of strong sulphuric aci«
into a vessel exposed to the air ; at the expiration of twenn
ty-four hours, its weight will be found to have increasee
one-third.

625. To SHOW THAT THE ATMOSPHERE CONTAINS CARBO/
NIc AciD.—Expose to the open air, in an open vessel,
quantity of transparent lime water ; a white crust will soon
form on its surface, which on being broken, falls to th
bottom of the vessel, and is succeeded by another—thii
precipitate, upon being examined, proves to be carbonat!
of lime—therefore, carbonic acid is attracted from the at!
mosphere by the lime in sclution.

626. To sHOW THAT CARBONIC ACID IS CONTAINED I¥
AR RESPIRED FROM THE LuNGs. Process 1.—Put into
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test glass a little water tinged blue by tincture of cabbage ;
then, blow into this water, through a tobacco-pipe, air
from the lungs—the blue colour will soon be changed to
red. This proves that the air blown from the lungs con-
tains an acid—now, query, what acid is it? Let us see,
— Process 2. Warm the product of process 1, the blue
colour will be restored—hence the acid is volatile, and
must be either carbonic acid or sulpburetted hydrogen.
That it is not the latter, may be known by its want of
smell ; that it is the former, may be proved thus ;—Process
3. Blow air, in the manner described above, into lime or
barytic water. The transparent solution will be shortly
rendered opaque, by the formation of carbonate of lime,
or of barytes.

627. Cuemicar. MIRACLE! Two LiMPID LIQUIDS CON-
VERTED BY MIXTURE INTO A SOLID Mass,— Process 1. If
a saturated solution of muriate of lime be mixed with a
saturated solution of carbonate of potass, (both transparent
liquids), the result is the formation of an opaque and al-
most solid mass.— Rationale. Mutual decomposition of
the salts takes place—muriate of potass, and carbonate of
lime, are formed ; and the latter absorbs the whole of the
water of solution—and thus a degree of solidity is pro-
duced.— Frocess 2. Drop sulphuric acid into a saturated
solution of muriate of lime; in this case also an opaque
mass is produced.— Ratimale. The muriate is decom-
posed, and sulphate of lime (a highly insoluble salt) is
formed.— Process 3. Pour a saturated solution of caustic
potass into a saturated solution of sulphate of magnesia
(Epsom salt)—a nearly solid mass is again produced.—
Rationale. 'The sulphuricacid leaves the magnesia (which
is then precipitated in the form of a white powder) in or-
der to combine with the potass, for which it has a greater
affinity. *,*If a little nitric acid be added to the product
of process 1, the solid mass will be changed to a transpa-
rent liquid : the insoluble carbonate of lime being conver-
ted into the soluble nitrate.

- 628. A FLUID PRODUCED BY RUBBING TOGETHER TWO
Sor.1p METALS.—Triturate an amalgam of lead with an
amalgam of bismuth—~the product will be fluid, like mer-
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cury. Fluids are likewise produced when any of the mix
tures which follow are triturated: acetate of lead am
sulphate of zinc—or, sulphate of soda and nitrate of am
monia==or, sulphate of soda and carbonate of potass.—
These salts should be all fresh crystallized.

629. A GREEN COLOURED SOLID PRODUCED BY MIXIN|
A BLUE ONE wiTH A WHITE ONE.—Triturate crystallizes
sulphate of copper with crystallized super-acetate of leaw
In this process, acetate of copper (which is of a green c¢
lour) is formed.

630. AN ALLOY WHICH MAY BE KEPT IN Fusio)
UPON A PAPER HELD oVER A CANDLE.—Melt together i/
a crucible—lead one part, zinc one part, and bismuth ons
part.

631. MEraLLic TREES.—Some of the metals, wher
precipitated in a particular manner from their solutions:
crystallize into the appearance of very beautiful trees o
plants, which are usually known by the Latin name of ars
bors. These experiments are not only curious and enters
taining, but very simple; and, therefore, we subjoin the
processes for working them.

632. FORMATION OF THE SILVER TREE, orR AREOR Dp|
AN Z.—Mix one part of a saturated solution of nitrate o«
silver with twenty parts of distilled water, and pour tha
mixture upon two parts of mercury in a phial. After som3
time (the phial being left standing quietly) the branches
and a figure of a tree formed of brilliant silver will appeas
to grow from the mercury, in a very beautiful manner, —
Rationale.  The silver in solution is robbed of its oxyger:
by the metallic mercury, and is then consequently precii
pitated.

633. FORMATION oF THE IRON TREE, OR ARBOR MAR:
TL.—Add a saturated solution of sub-carbonate of potass
to a solution of nitrate of iron. The mixture swells uy
considerably, then sinks to rest, and metallic branches

spring out in a very curious manner on the surface of the
g]aﬁﬁo

634. ForMATION OF THE LEAD TREE, OR ARBOR PLUM!/

BUM.—Dissolve two drachms of acetate of lead (sugar o
lead) in six ounces of rain water ; filter the solution ; ane
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pour it into a clean wide phial. Then, suspend a thin roll
or a granule of zing, by a thread or wire fastened to the
cork of the phial, in the middle of the solution, and place
the phial where it will not be disturbed.  After a few
hours, the lead (which is de-oxidized by the zine) is pre-
cipitated on the zinc in the shape of scales or leaves, which
have a very brilliant appearance. _

€35. Easy PropuctioN OF SILVER SHRUBBERY.— Pro-
cess 1. Bend a piece of copper wire into the shape of a
tree, (but flat), or any figure you choose, and lay it upon
a piece of glass or slate over which you have previously
spread a few drops of nitrate of silver, In a few hours,
the copper will be covered by brilliant ramifications of sil-
ver.—Process 2. Drop alittle solution of nitrate of silver
upon a clean plate of copper ; in a short time, a very ele-
gant and pleasing metallic vegetation will be observed to
branch out.

636. E.ASY METHOD OF MAKING BEAUTIFUL GOLDEN Fi-
GURES UPON STEEL.— Add to a saturated solution of nitro-
muriate of gold, about a fourth part of sulphuric ether;
shake the mixture, and then allow it to settle, The ether
will take the gold from the acid, and will separate itself
from it also and form an upper stratum in the vessel.
Carefully pour this ethereal gold into another glass, and
immerse in it any steel utensil that is highly polished, then
take it out and instantly plunge it into water—when the
surface will have acquired a coat of pure gold, the beauty
of which may be increased by burnishing.—You may use
a pen, and draw figures on razors, &c., and the gold will
remain on them, as just described.

637. To MAKE Brass.—Put into the bowl of a large
tobacco-pipe, a portion of copper filings, mixed with about
twice its quantity of finely granulated zinc ; cover it with
charcoal powder, and press it well together ; then, expose
it to the action of a clear fire for some time :—the two
metals will combine and form brass. _

638. To SiLvEr Corper.—Precipitate silver from its
nitric solution, by the immersion of polished plates of cop-
per. Take of this silver 20 grains, of super-tartrate of
potass 2 drachms, of common salt 2 drachms, and of alum
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half a drachm ; mix the whole well together. Take the
the article to be silvered, cleanit well, and rub some of th!
mixture, previously a little moistened, upon its surfaces
the silvered surface may be polished with a piece of sos
leather,—The dial-plates of clocks, scales of barometers
&c. are all plated thus.

639. To oBTAIN LARGE AND BEAUTIFUL ARTIFICIA4
Crysrarns.—This operation requires considerable address
and much patient attention ; it is as follows : a solution «
the salt to be crystallized is to be slowly evaporated to suc
a consistency that it shall crystallize upen cooling, whic
may be known by letting a drop of it fall on a plate «
glass.  When it is in this state, set it by ; and when it :
cold, pour into a flat-bottomed vessel the liquid part of thi
solution off the mass of crystals, which will have formed
the bottom of it.  After a few days, solitary crystals wi/
be formed, which will gradually increase in size. Piey
out the most regular of these, and put them into anothe
flat-bottomed vessel ; and pour over them a fresh solutios
of the salt evaporated till it crystallizes on cooling  Aftel
this, alter the position of every crystal once a day with |
glass rod, so that all the faces of it may be alternately exs
posed to the liquid ; for the face on which the erystal rest
never receives any increment, By this process the crystal
gradually increase in size. ~ 'When they are so large the
their forms can be easily distinguished, take the best «
them, and put each into a vessel separately ; add a fress
solution of the salt as before directed ; and turn every eryg|
tal several times a.day. By this treatment we may obtai |
them of almost any size we wish, It is necessary to pow
off the liquid from the crystals, and add fresh liquid in it|
place, very frequently ; for the solution, after depositing -
certain portion of its salts, becomes weakened, and then at|
tacks the erystals—rounding off their ancles in the firs
place, as an attentive observer may perceive, and infallibl}
destroying them unless renewed.—The siudent may emn
deavour to form regular erystal of alum thus, to exerciss
his dexterity.

640. To PROVE THAT “ EVERY SALT HAS A CERTAIY
DETERMINATE FIGURE WHICH IT ASSUMES UPON CRYSTAL)
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LIZATION, ""=—Process 1. Dissolve in separate portions of
boiling water, equal weights of sulphate of copper
and nitrate of potass ; pour them together while hot, into
an evaporating dish, drive off' by heat a little of the water,
and then suffer the mixture to cool, when the salts will
shoot : —the sulphate of copper into blue crystals, the nit-
- rate of potass into white ones—precisely similar to what
they were before they were dissolved.— Process 2, Treat,
in the same manner, sulphate of iron and muriate of soda :
the former salt is separated from the colution (in green
erystals) by alternate evaporation and cooling ; the latter
salt can only be obtained (in white crystals) by converting
all the water into steam,—Process 3. Dissolve a quarter
of an oz. of each of the following salts in a small quantity
of water, in separate glasses,—sulphates of magnesia, iron,
copper, soda; alumina and potass (alum),~pour the whole
into the Wedgewood’s-ware basin, and slowly evaporate a
portion of the water. When the liquid has acquired its -
proper degree of density (the student will be taught by
practice to know when this is the case) it must be set by
to cool—when every salt will erystallize in its own peculiar
manner ; having the identical colour, form, taste, and
other properties by which it was distinguished, previous
to its solution : the mixture of the different ecrystallized
salts having a most pleasing, singular, and beautiful ap-
pearance.

641. Preasing EXAMPLE OF CRYSTALLIZATION BY Fu-
sION.~—Take common red litharge, pour over and stir well
with it one-third of its weight of strong muriatic acid. Let
the mixture become dry, then melt it in a crucible, and
pour it into a metallic vessel while in a state of fusion.
The mass when cool will be of a beautiful yellow colour,
and when broken will exhibit the most regular erystalliza-
tion that can be conceived.

642, Tue MINERAL CHAMELEON.—When one part of
black oxide of manganese and three parts of nitrate of
potass, both reduced to powder, and mixed together, are
exposed in a erucible to a strong heat for about an hour,
or, as long as any gas continues to be disengaged, a com-
pound of highly oxidised manganese and potass, possess-
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ed of some very curious properties, is obtained.— Experi-
ment 1.— A few grains of this compound put into a wine-
glassful of water produces a green colour; an increase of
the quantity changes the colour to a blue ; more still to a
purple ; and a yet further increase produces a beautiful
deep purple.— Experiment 2. Put equal quantities of this
substance into two separate wine-glasses, and add to the
one hot, and to the other cold, water.  The hot solution
will be of a beautiful green colour; the cold one of a deep |
purple. By using more glasess, and water more or less |
in quantity, and at different temperatures, a great variety -
of colours will be produced in this way from the same:
substance.

643. EXAMPLES OF SUBLIMATION.— Process 1. Put a)
quantity of roll sulphur, previously reduced to a powder,
into the mattrass a, fig. 26, then fasten upon a the head b, ,
and close by a cork the neck ¢ Apply now a gentle heat, |
and the sulphur will be converted into a vapour, which |
will be condensed in the head of the vessel in a state ofl
tolerable purity; its purification may be completed by,
washing it with distilled water.—Process 2. Spread ai
small quantity of grossly-powdered gum benzoin on the:
bottom of a Wedgewood’s-ware basin, invert over it a glass:
tumbler, and apply to it a gentle heat by means of the:
lamp furnace: the gum will melt, and dense fumes will|
immediately rise from it and deposit themselves in beau-.
tiful silky crystals (which are benzoic acid) on the sides:
of the glass.— Process 3. Take a large glass jar, containing:
at its top a sprig of rosemary or some such shrub, and!
invert it over a flat thick piece of heated iron on which:
coarse powder of gum benzoin has just been spread—then,
the benzoic acid which rises, as in the preceding experi--
ment, will be deposited on the branches of the shrub,
producing a singular and beautiful representation of hoar
frost.

644. To oBTAIN PURE GOLD.—Add to a solution of
nitro-muriate of gold, a solution of green sulphate of irony
as long as precipitation ensues: the precipitate is to be
well-washed on a filter, (first with diluted muriatic acid/
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and then with pure water), and. dried—it is then pure
gold.

645. To rorm SULPHURET OF IRON,—Bring a bar of
iron to a white heat, hold it over a pan of water, and touch
it with a roll of sulphur. A portion of the metal will in-
stantly combiue with the sulphur, and fall, in drops, into
the water.—Sulphuret of iron may also be formed, by
melting equal portions of iron filings and sulphur in a
crucible.

646. PurE LIME IS OBTAINED by exposing oyster-shells,
marble, or chalk, to the action of a clear kitchen fire, for
about an hour, the heat drives off the carbonic acid, and
the substance remaining, is pure lime, which must, while
warm, be put into a bottle and be well-secured from the
air,

647, Curious MODE OF SILVERING IVORY.—Immerse
a small slip of ivory in a weak solution of nitrate of silver ;
and let it remain till the solution has given to it a deep.
yellow colour ; then take it out and immerse it in a tum-
bler of clear water ; and expose it in the water to the rays
of the sun.  After it has been thus exposed for about three
hours, the ivory acquires a black colour; but, the black
surface, on being rubbed, soon becomes changed to a bril-
liant silvery one.

618. SympaTHETIC INKS,—Among the amusing experi-
ments of the science of chemistry, the exhibition of sympa-
thetic ink holds a distinguished place.  These liquids,
when written with, leave no visible traces behind: the
writing only becomes visible when some known re-agent
is applied to it.—We shall here mention a few of these
““inks’’ out of the great number which but a slight ac-
quaintance with chemistry will suggest to the student,—
NoOTE.—The sympathetic inks may be laid on paper either
with a camel hair pencil or a common pen; but, which-
ever is used, it is necessary that the instrument be perfectly
clean—the presence of the smallest conceivable quantity
of any foreign body will go nigh to spoil the effect. The
best thing to employ is a elean fresh-cut pen.

Process 1.—Write with weak tincture of galls—the
characters will be invisible. Moisten the paper with a
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feather dipped in a weak solution of sulphate of iron—
the writing will become black.-——For an explanation of this
phenomenon, see 389,

649. Process 2.— Write with a weak solution of prussiate
of potass—the letters will be invisible. Moisten the paper,
as in the preceding experiment, with a weak solution of
sulphate of iron—the writing will assume a fine blue co-
lour.— Rationale.  Prussiate of iron is formed, see 167,

650. Process 3.—Wash paper with a solution of sulphate
of iron, and suffer it to dry : when written upon this pa-
per, solution of prussiate of potass produces blue letters,
and tincture of galls black ones; but upon common
paper, they make colourless marks.

651. Process 4.—Most acids, diluted, and written w:th,
leave marks which are invisible till the paper is heated,
when they become black ; the heat concentrating the weak
acid, and enabling it to char the paper,

652. Process 5.— Write with a weak solution of nitrate
of silver, and let the writing dry in the dark—it will be
invisible ; fold up the paper so as to keep the writing in
the dark—it will continue invisible ; but, expose the writ-
ing to the light of the sun—it will become black,——Ration-
ale. The nitrate of silver has the property of being de-
composed by light; a black colour being acquired by the
metallic oxide.

653. Process 6.—Characters written with a solution of
equal parts of sulphate of copper and muriate of ammonia,
have a yellow colour when heated ; but, are invisible when
cold.

654. Process T.—Write with a weak solution of muriate
of copper—the writing is invisible when cold but yellow
when heated.

655. Process 8.—Write with a weak solution of nitro-
muriate of gold, and dry the writing in the dark—it will
be invisible. Moisten the paper, by means of a feather or
bit of sponge, with a solution of muriate of tin—the writ-
ing will then assume a purple colour,

656, Process 9.—Write with a solution of nitrate of bis-
muth—the writing will be invisible, Immerse the paper
in water—the characters will then be legible.— Rationale.
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The water decomposes the salt, and causes the white oxide
of bismuth to be precipitated.

657. Process 10.—Expose a paper upon which you have
writen with nitrate of bismuth, to the vapour of water im-
pregnated with sulphuretted hydrogen—the writing will
become black ; It being the property of bismuth to be thus
affected by sulphuretted hydrogen.

638.  Process 11.—Let a paper upon which you have
written with nitrate of bismuth be moistened with solution
of prussiate of potass—the writing will assume a beautiful
yellow colour: a prussiate of bismuth being formed.

659, Process 12.,—Write with a solution of sulphate of
copper—no writing will be visible. "Wash the paper with
solution of prussiate of potass—the writing will then geta
reddish-brown colour: prussiate of copper being formed.

660. Process 13.—Write with a solution of super-ace-
tate of lead—the writing will be invisiblee. Hold the
paper over a saucer containing liquid sulphuretted hydro-
gen—the writing will become, first black, and then glit-
tering like silver.—Rationale. The metallic salt is de-
composed by the sulphuretted hydrogen, which robs it of
its oxygen, and, consequently, the lead is gradually re-
duced to its metallic state.

661. Process 14.—Upon a fire-screen let there be drawn
a representation of winter, with trees destitute of foliage,
and ground covered with snow. Let however, every part
of the picture which, if the scene represented summer,
would be green, be covered with the sympathetic ink, for
making which directions are given at 503. Draw, for in-
stance, leaves on the trees, and grass on the ground.
These marks will not be visible ; the picture will still bear
the aspect of winter.  But, let the fire-screen be placed
near the fire, then the view will exhibit all the verdure of
the summer. When allowed to cool, the verdure dis-
appears ; but it may be again revived, by the same means
as before, and that as often as desired—provided, that the
paper be not heated beyond a certain point : for, if heated
too much, the ink will assume a permanent brown colour.

662. Process 15.—Write with a diluted solution of ace-
tate of cobalt (made by dissolving oxide of cobalt in acetic

s 2
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acid):—the writing will be invisible till the paper is heat|
ed, when it becomes blue.

663. Curious EFFECT OF COLOUR WITH RESPECT TO THI
ABSORPTION AND REFLECTION OF HEaT.—Take 6 pieces
of tin plate, each one inch square—paint (on one side only;
I black, 1 blue, 1 green, 1 red, 1 yellow, and let the othes
remain bright. On the backs of these pieces of metal, las
a thin coat of cerate, composed of oil and wax, which easil |
melts, Place them, thus prepared, on a board paintes
white, and expose the coloured surfaces of the metal to thi
rays of the sun. The heat will melt the cerate, and (if thi
board rests in a proper position) it will run down——from th{
black, the blue, the green, the red, and the yellow, pieces—
while the bright one remains nearly unaffected.—"This exs
periment shows that light-coloured surfaces reflect heaty
and dark ones absorb it.  Hence we learn, that, if wy
wish to be warmed by the sun, we should clothe ourselve:
in black ; and that, in the summer, light coloured dresse
are preferable.

664. VERY SINGULAR PROPERTY OF CAMPHOR.—If
small piece of camphor is placed on the surface of wate
contained in a basin, it immediately begins to move roun;
and round with considerable rapidity. It is necessary the
the water be pure, for, if dust or grease be present, thi
camphor will not move, or, if, while its rotatory motion i
proceeding, a single drop of grease be let fall into thi
water, the camphor will instantly start away from 1t to thi
sides of the basin, and its motion will be put a stop tc
—Nothing satisfactory has yet been advanced in explea
nation of this phenomenon.

665. To MAKE PEWTER.—DMelt, in a crucible, one pax
of lead, or bismuth, with about twenty parts of tin.

666. AN EXAMPLE OF THE MODE OF ANALYZING A ME
TALLIC ALLOY.—Suppose the alloy to contain silver, zine
lead, and bismuth.— Process 1. Let it be dissolved wit/
the aid of heat, in an excess of nitric acid.—2. Evaporat
the solution to dryness,—3. Pour water on the residuum
which, of course, contains nitrates of the different metas
—solutions of nitrate of silver, zine, and lead, will be ol
tained ; the nitrate of bismuth will be decomposed by tll
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water, and oxide of bismuth (for every 100 grains of which
reckon 90 grains of metallic bismuth) will be left at the
bottom.—4. Into a.hot and pretty dilute solution of the
remaining salts, pour muriatic acid—muriate of silver
(containing 83 grains of metal in every 100 grains of the
salt) will be precipitated.—5. Add to the solution, having
separated the product of the last process by filtration, sul-
phate of soda—this will throw down sulpbate of lead
(which contains 69 grains per cent. of the metal).—
6. Finally, add carbonate of potass to precipitate the
zine. NoOTE :—the papers through which the mixture is
filtered, are to be carefully weighed before they are used ;
and are to be weighed again, when perfectly dry, after the
process, with the precipitates upon them. The number
of grains shows the weight of the precipitates.

667. EXHIEITION OF THE EFFECTS PRODUCED BY GALVA-
NI¢ ACTION.—Process 1. Place a piece of the metal zinc
under the tongue, and a piece of copper (as a penny) upon
‘the tongue, and bring the extremities of the merals into
contact—the result will be the immediate perception of a
curious taste, something resembling the taste of copperas.
The metals have not this taste when not in contact ; and,
therefore, this experiment clearly shows the influence of
excited galvanic electricity upon the organ of taste.

668. Process 2 Moisten the under lip; lay upon it a
shilling, with the edge of it beneath the tongue ; lay upon
the tongue a piece of zine, and bring the edges of the
pieces of metal into contact—instantly, the shilling will
feel so intolerably hot, that you will be obliged to let it
fall from your mouth. You will then not hesitate to say
—galvanic electricity has an influence over the sense of
feeling. ¢

669. Process 3. Place a piece of zinc under the tongue,
and put the small end of a silver tea-spoon in the mouth,
between the teeth and the under-lip, passing it up as high
as possible, and pressing the extremity of it against the
gums; then, let the lower part of the spoon touch the
edge of the piece of zinc—at the moment of contact, a
flash, like lightning, appears to the eye, which is renewed
as often as you let the two metals touch each other. 1f
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vou shut your eyes when you perform this experiment, ,
you still see the light; and if you look sternly at a candle, ,
or other light, still you see it. Does not this afford o-.
cular demonstration, that galvanic electricity affects the:
organ of sight?

670, Process 4.—A Voltaic Pile, constructed as direct--
ed, 331, afferds a constant current of the galvanic fluid,.
for many hours, through any conducting body which may
be employed to connect its two ends. If the hands be:
moistened, and one applied to each end of the pile, or if!
a rod of metal be held in each hand, and a communication
be made by means of them, a shock will be received ; thes
intensity of which is according to the number of piecess
that compose the pile; thus, zinc, copper, and cloth, re-
peated 20 times, forms a pile that gives a shock percepti-
ble to the wrists, and a pile five times as high, gives as
tremulous but severe and continued sensation extendingy
to the shoulders.

671. Process 5.—When a wire communicating with the«
top of a small pile is held between the teeth, so as to resti
upon the tongue (the hands at the same time touching thes
bottom of the pile), the lips, and the tongue, will become
convulsed, a flash will appear to the eye, and a very pun-.
gent taste will be perceived in the mouth.

672. Process 6.—Put distilled water into a small glass
tube (of a diameter of about one-seventh of an inch), and
connect the tube, by means of two copper wires, to thel
Voltaic pile, in the manner described, 331. (The pile, fon
this experiment, must be formed of at least 50 or 60 sets
of plates.) After some time, the wire connected with the
zinc or positive end of the pilepwill be oxidised at the ende
in the tube; while from the end of the other (the negative}
wire in the tube, a stream of small bubbles of gas will
arise, This gas is hydrogen ; as may be proved by pulld
ing cut the cork, and instantly applying an ignited body
to the tube, by which the gas will be inflamed. As the
gas that is formed in the tube occupies more space thar
the water that is decomposed, it is necessary to make room
in it by allowing some of the water to escape ; this is done
by cutting a small slit in the cork fastened in the bottoms
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of the tube.—If two wires of gold or platinum (which are .
not oxidable) be used instead of the copper wires, a
stream of gas then issues from each; and collects at the
top of the tube; forming a mixture of hydrogen and oxy-
gen gas, which explodes on the approach of an ignited
body.—The gases may be obtained separately, by passing
each of the gold wires down a leg of a glass syphon, mak-
ing them nearly meet at the bottom, and closing the
openings at top by means of corks as before. The gas
that will be formed will rise up the two legs of the sy-
phon—the hydrogen up the leg containing the negative
wire—the oxygen up the leg containing the positive wire
—and it will be seen that the gases are formed from the
decomposition of the water precisely in the proportions
that are required to compose it, namely two volumes of
hydrogen to one of oxygen. In this case, the water that
must be suffered to escape to make room in the tube,
must pass through a small hole ground in the bended part
of the syphon, near where the two wires are opposed to
each other.

673. Process 7. Fill the tube ¢, fig. 40, with a solution
of acetate of lead, and let the galvanic influence be passed
through the tube by copper wires, in the manner described
in the preceding process: no gas will be perceived, for
the hydrogen arising from the decomposition of the water
reduces the oxide of lead held in solution by the acetic
acid, and uniting to its oxygen, re-forms water ; the lead,
in a brilliant metallic state, being precipitated on the me-
gative wire, first in the form of beautiful needles, and
then like fern.

674. Process 8. Lay a live flounder upon a wetted
plate of copper, and lay on the top of it a piece of zinc;
then, by means of a bended wire, make a communication
between the pieces of metal placed on each side of the fish;
instantly, the animal (though previously lying perfectly
guiet) will be violently convulsed.

675. Process 9. If a piece of zine and a piece of silver
have each one extremity immersed in the same vessel,
containing sulphuric or muriatic acid largely diluted with
water, the zinc is dissolved and yields hydrogen gas by de-
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composition of the water ; the silver not being acted upe
has no power of decomposing the water; but whenever t
zine and silver are made to touch, or any metallic eow
munication is made between them, hydrogen gas is ax
formed at the surface of the silver.

. 676. Process 10.—Experiments analogous to the forme
and equally simple, may also be made with metallic sol/
fions. Take a solution of sulphate of copper; immerse
piece of silver in it-—it will come out unchanged ; immer
a piece of polished iron—it will receive a coat of copp
(see 538): bring the iron and silver into contact, a4
immerse them in the solution together—then, both will |
coated with copper.

677. SKETCH OF THE SCIENCE OF GALVANISM=—g
planatory of the preceding experiments.—1. It was ae«
dentally discovered by Galvani, an Italian, that if the cx
ral nerve and the muscles of the leg of a recently-kill
frog be laid bare, and we place a piece of zinc upon 1
nerve, and a piece of copper upon the muscle, and me
the two metals, while so placed, touch each other, the ]
of the frog is immediately thrown into vielent convulsios
2. Volt, a friend of Galvani’s, invented the pile we ha
described ; and showed that shocks like those produe
by eiectricity could be received from it.—3. Shortly af¥
it was found that water, and many other substances, cow
be decomposed by the galvanic energy.—4. It was n)
discovered, that when compound bodies are decomposi
oxygen and acids accumulate round the positive po
while hydrogen, alkalies, earths, and metals, accumul
round the negative pole. Hence it was deduced, t1
chemical aflinity is identical with electrical attractic
and, that the reason that oxygen combines with hydrog;
and acid with alkalies, earths, and metals, is that they
in opposite states of electricity.—3. Galvanic electriet
when properly excited and directed, is sufficiently pows
ful to decompose any compound whatever., And ev
pure gold may be burned by being made to form a py
of a galvanic circuit.

678. To oBTAIN METALLIC ZINC FROM AN ORE!
Rub together in a mortar 1 ounce of lapis calamina
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(which is an oxy-carbonate of zinc mixed with earths, &e.),
and rather more than } the quantity of powdered char-
coal, mixed with a little quick-lime ; press a portion of
this mixture into the bowl of a large tobacco-pipe, and
submit it to the action of a strong clear fire; after some
time, the zinc will be reduced, and will be found at the
bottom of the vessel. -

. 0679. To ANALYSE GALENA, AN ORE oF LEaD.—A
very common ore of lead is galena. which is a compound
of lead and sulphur. It is of a blue colour, has a bril-
liant metallic lustre, and is easily broken. Before the
blow-pipe it decrepitates, melts with a sulphureous smell,
and yields a globule of lead.—Let a quantity of this mi-
neral (say 200 grains) be pounded, and put into nitric
acid, diluted with an equal weight of water. Nitrate of
lead will be formed, and the sulphur will remain undis-
solved. Filter the solution, and crystallize the salt by
evaporation. Or, add to the solution, concentrated sul-
phuric acid : a white precipitate of sulphate of lead will
be thrown down : weigh this, and from the weight deduct
70 per cent. ; the remainder shows the quantity of lead.

680. FLUXES are substances employed to assist the fu-
sion of minerals. Crude fluzr is a mixture of nitre and tar-
tar, which is put into the crucible with the mineral intend-
ed to be fused.  White flux is formed by projecting a mix-
ture of equal parts of nitre and tartar, by moderate por-
tions at a time, into an ignited erucible, Tt is potass in
a state of tolerable purity. Black fluz differs from white
fiux (both being made in the same manner) in the pro-
portion of its ingredient. In this, the weight of the tar-
tar is double that of the nitre.  Microcosmic Salt is pro-
cured, by mixing equal part of phosphate of soda and
pbosphate of ammonia in solution, and then crystallizing.
A slight excess of ammonia is useful.

681. Lures, are substances applied to the junetures of
vessels used in distillation, to prevent the escape of vapours,
In fig. 20, the adopter 6 is represented as luted to the
necks of the retort and receiver—a and ¢« When
vapours of watery liquors, and such others as are not cor-
rosive, are to be contained, it is sufficient to surround the
joining of the receiver to the retort with slips of wet blad-
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der, or of linen, or paper, covered with flower paste,
mucilage of gum-arabic. When more penetrating am
dissolving vapours are to be contained, a lute is to be er
ployed of quicklime slacked in the air, and beaten into,
liquid paste with white of eggs. This must be applied «
strips of linen; it is very convenient, as it easily dri¢
and becomes firm. This lute is very useful for joinix
breken china-ware.—For containing the vapour of aci|
or highly-corrosive substances, the fut-lute is made use ¢
This is formed by beating perfectly dry and finely-sift!
tobacco-pipe clay, with painters’ drying oil, in a morts
to such a consistence that it may be moulded by the ham
To use it, it is rolled into cylinders of a convenient sia
which are applied, by flattening them, to the joinings
the vessels, which must be quite dry, as the least moistu
prevents the lute from adhering. The lute when appli
is to be covered with slips of linen spread with the secom
mentioned lute; which slips are to be fastened wx
pack-thread.

682. To rrocURE Boracic Acin.—Dissolve borate:
soda (borax) in hot water, and filter the solution; thi
add sulphuric acid by little and little, till the liquor has
sensibly acid taste. Lay it aside to cool, and a gre
number of small laminated erystals (scales) will be gz
dually formed. These are the boracic acid. They ares
be purified by washing with cold water, which carries
any extrancous soluble body, but leaves the acid, who
is very sparingly soluble, almost untouched. When -
crystals have been washed, they are to be drained up
brown paper,

683. EAsYy METHOD OF BREAKING GLASS TO ANY I
QUIRED FIicURE.—DMake a small notch, by means oo
file, on the edge of a piece of glass ; then, make the ¢
of a tobacco-pipe, or of a rod of iron of the same sk
red-hot in the fire: apply the hot iron to the notch, &
draw it slowly along the surface of the glass in any dir
tion you please; a crack will be made in the glass,
will follow the direction of the iron. Cylindrical gk
vessels, such as flasks, may be cut in the middle, by wry
ping round them a worsted thread dipped in spirit of t|
pentine, and setting it on fire when fastened on the gl
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TABLE OF CHEMICAL DECOMPOSITIONS,

BARYTES ANL

ALKALIES. SRRy LiME. MAGNESIA.
Sulphuric acic | Sulphuricacic| Dxalic acid, |Dxalic acid,
Nitric, Oxalic, sulphuric, sulphuric,
Muriatic, Nitrie, "artaric, Nitric,
Oxalie, Muriatic, Nitric, VMuriatic,
Tartaric, [artaric, Muriatic, ['artaric,
Carbonic. Carbonic. Carbonic. Carbonic,

SULPHURIC N R MUuURIATIC CARBONIC

Acip. AcCID. Acip.
Barytes, Barytes, Barytes, Barytes,
Strontia, Potass, Potass, strontia,
Potass, Soda, soda, Lime,
Soda, Strontia, strontia, Potass,
Lime, Lime, Lime, joda,
Magnesia, Magnesia, Ammonia, Mlagnesia,
Ammonia. Ammonia., Magnesia. Ammonia,
Qﬁ:;;i;gn A(c;ms W'ITH (;};IDE oF OXx1DE OF

idicns XYGEN, ILVER, Irow,
Lime, Zine, 7 |Gallic acid, |Gallic acid,
Barytes, [ron, _|Muriatic, sulphuric,
Serontia, ['in, = | xalic, Vuriatie,
Magnesia, LLead, > | Sulphurie, Nitrie,
Potass, Zopper, ; vitrie, \cetic,
Soda, Mercury, | ™ | Prussic, Prussie,
Ammonia. |Silver, J |Carbonic. Carbonic.
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Expr.aNaTION: This table shows what would result from
the mutual action of two chemical agents, if placed in con)
tact. Thus the column headed sulphuric acid is designec
to show, that barytes has a stronger affinity than any othes
body for that acid, and will detach it from any of the sue:
ceeding substances in the list; and that strontia will sepaa
rate it from potass; and so on of the rest. This may bo
verified by actual experiment-—When, therefore, any
question regarding decomposition occurs, if, for instance|
we wish to know, whether potass will decompose sulphati
of magnesia, instead of putting the bodies together to try
the experiment, we refer to the table, in order to save trou
ble; and there, under the head sulphuric acid, we find i
stated, that potass has a stronger affinity for that acid thax
magnesia, and, therefore, that it will decompose the above:
mentioned salt.

TABLE OF FREEZING MIXTURES.

Maxtures. Thermometer sinks, |

Muriate of Ammonia, J parts
Nitrate of Potass, s From 50° to 109
Water, - = = 16
Nitrate of Amimonia, I part o
Waticr g 5 P % From 50° to 4.0
Sulphate of doda, - 2 parts

i
Diluted Sulphurie Acid, 4 % kizom 08960508
Snow, - - - 1 part .
Common Salt, - - 1 } From 3z¢ to 0°
Muriate of Lane = o barts
Snow, - - - ¥ parts
Diluted Sulphuric Acid, 1 From 10° to 500
Diluted Nitric Acid, 1
Snow, or pounded lce, 1Z parts
Common Salt, - 5 From 18° to 25°
Nitrate of Ammonia, - 5
Muriate of Lime - 3 parts
Snow, - ’- Wil g . From 40° to 730"
Uuted Sulphurie Acid, 1V parcs
Snow, - oo o | h} From 68° to 91¢
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NoOTE : —The principle upon which tl.e action of freezing
mixtures depends is mentioned at 382, In order to pro-
duce the effects described in the above table, several things
must be attended to, The salts employed must be fresh
crystallized, and should contain as much water of crystal-
lization as possible; they should also be quite dry, and re-
duced to fine powder immediately before being used. The
vessel in which the freezing mixture is made should be
very thin; and the substance it is made of should be a
good conductor of caloric. Tin vessels answer very well ;
but, when it is intended to put acid mixtures into them,
they must be coated with wax. The materials should be
mixed as quickly as possible, and must be in sufficient
quantity to fill the vessel.—When great cold 1s to be pro-
duced, the materials for the mixture must first, separately,
be reduced to the temperature marked in the table, by be-
ing placed in some of the other freezing mixtures; an
they are then to be mixed together in a yvessel placed 1n a
similar freezing mixture.

Mercury freezes at— 399, so that, by the aid of some of
the mixtures described in the above table, put together in
the manner we have just directed, the interesting experi-
ment of the congelation of this sin gular metal may be per-
formed. The readiest method of exposing the mercury to
" the action of the mixture, is to place a little of it, on a
watch glass, or concave piece of tin, supported in the mid-
dle of a pretty large mass of the freezing mixture.

For procuring moderate refrigeration, the most conveni-
ent mixture is the first in the above table ; because, the wa-
ter of solution being afterwards removed by evaporation,
the pulverized salts are equally efficacious as at first,
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TABLE OF SPECIFIC GRAVITIES.

METALS.
Water (the Standard), 1,00

Platititin gy v e =« 21,50
oltds | oxb wmy v 0 0050
Standard Gold, - 17.50
Merenryyol s =) <1850
T TP R | |
Silver; o« waont e JL50
Bismuth, .~ = i 9.80
Capper, - - -, . 8.9

BB v i 1L B850

Arsenio) = o =nve B35
Bligkaleie 1c i wiai B 5E
Blabilbiiche: c8h 12 110 8.0
i R S
Brradoalss coes o= 2LaD
A PO R 4 ||
Manganese, - - . 6.85
Antimony, - - . 6.70
Sodium, < - < < 0.97
Potassium, - « - . 6.86
’ G asEs,

Air (the Standard), 1.00
Todine (Vapour of), 8.77
Chlorine, = ‘= ... 9.50
Nitrous Oxide, - 1.53
Muriatic Acid, - 1.29
Sulph. Hydrogen, 1.19
UK}'gEn, - = = - 1.12
Nitric Ozide, -« - 1.04
Carb. Hydrogen, - 0.99
Carbonic Oxide, - 0.98
Nitrogen, - - - 0.97
Phos. Hydrogen, -  0.89
Water (Vapour of), 0-62
Ammonia, - = « 0.60
Hydrogen, - - - - 0.07

Liquips.
WY b
Sulphuric Acid, -
Nitrie Acid, . - =
Carburet of sulphur,
Muriatic Acid, -
Sea Water, - -
Lintseed Oil, - -
Ohlive Oil, . .
diptoonia, - . s, .«
Oil of Turpentine, -
Alcohol (Com.), -
Alcohol (Pure), -
Naphtba, e = s
Sulphuric Ether, -

SOLIDS,
Water (the Standard), 1.06

i

Sl g
AP eNNERR

Barytes, = & = o 4,800
Strontia, .~ = o= S8
Carbon (Diamond), 3.50
Flint Glass, . - 3.908
Fluor Spar, - - - 3.1§

Carbon, of lime, as 3 fr.2.7(!
marble, chalk, &c. } to 1. 38

Rock Crystal, - . 2.68
T, VO
Potasgs o in: o, ms. . 2500
Limaey , (e aiy e B0
Magnesia, - - - 2,300
Alumina, = = = 200
Slphive e o e o
Phosphorus, - - 1.77
Camphor;, - - - 0.99
Oak (Dry), - - - 0.9
Pumice-Stone, - 0.91]
¥ir (Dey); = = <« 0.8
B AR 1 |
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CHEMICAL EQUIVALENTS.

At paragraph 92 the student is referred to the Appendix
for a continuation of the subject of definite proportions.
All that seems necessary to be done, is to give some ac-
count of Dr. Wollaston’s admirable Scale of Chemical Equi-
valents ; ¢ an instrument which,”” as Dr. Ure observes,
¢ has contributed more to facilitate the general study and
practice of chemistry than any other invention of man.”
Tt is of so much advantage to the practical chemist, so
simple and easily used, and so cheap, (the price is 4s.)
that it cannot fail to come into general use. It answers’
at once a great many important questions, which perpe-
tually oceur to the practical chemist, and sometimes can-
not otherwise be answered than by a long arithmetical cal-
culation.

Dr. Wollaston®s scale is a list of simple chemical bo-
dies and chemical compounds, arranged on one or the
other side of a scale of numbers, in the order of their re-
lative weights, and at such distances from each other, ac-
cording to their weights, that the series of numbers placed
on a sliding scale can at pleasure be moved, so that any
number expressing the weight of a compound, may be
brought to correspond with the place of that compound
in the adjacent column. The arrangement is then such,
that the weight of any ingredient in its composition, of any
re-agent to be employed, or precipitate that might be ob-
tained in its analysis, will be found opposite to the point
at which its name is placed.

In order to show more clearly the use of this scale, the
table annexed exhibits a portion of the scale with two dif-
ferent situations of the slider, or, more strictly speaking,

the table shows two sets of cases selected from the scale,
U 2
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First view of the Scale.

38 | Carbonic acid
46 | Muriatic acid, dry
Lime | 48 ]

Soda | 53
86 | Carbonate of Lime

Carbonate of Soda | 91
94 | Muriate of Lime, dry

Muriate of Soda | 99
Second view of the Scale,

24 | Carbonic acid
29 | Muriatic acid, dry
Lime | 30
Soda | 33
54 | Carbonate of Lime
Carbonate of Soda | 57
- 99 | Muriate of Lime, dry
Muriate of Soda | 62

In the first view all the following questions are answered,
In 94 parts of dry (that is not crystallized) muriate of’
lime, how many parts of lime and how many parts of mu-
riatic acid are there ?—48 lime, 46 acid. If I wish to
decompose this salt by means of soda, how much of the
latter will be required 7—53 parts, or 91 parts of carbo-
nate of soda, which will leave 38 parts of carbonic acid.
Then how many parts of muriate of soda will result? and
how many parts of lime will be precipitated? 99 parts
of muriate of soda, and 48 parts of lime. Another case :
if T wish to form muriate of lime from carbonate of lime
(chalk) how many parts of muriatic acid, will 86 parts of
carbonate of lime require for its decomposition? 46, which
will give 94 parts of muriate of lime, and leave 38 parts
of free carbonic acid. These are but a few of the queries
capable of being solved by this small table, but it is need-
less to enumerate any more.

In the second view of the scale, questions similar to the
above are answered, with the difference that the quantities
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B The Figures refer to the Paragraphs of the Work.

ACETATES, 111

Acetic acid, 111, 238, 245

Acidifiable. Capable of be-
ing made into an acid.
Stﬁphur is an example of
an acidifiable base.

- Adcids, 87

, properties of, 97

, classification of, 98

, nomenclature of, 99

Adopter, 271, 312

Affinity, Chemical. SeeChe-
mical Affinity.

Agent, Chemical. Any sub-
stance capable of produc-
ing chemical action.

Aggregatiﬂn, attraction of,
/b

Agriculture, chemistry ap-
plied to, 557

Air, (atmospheric,) Note to,
18, 95; to compose, 455 ;
to decompose, 452

, contains
water and carbonic acid,
624, 625

Air-Funnel, 285

Air-Holder, 287, 352

Aix -la- Chapelle mineral
water, 143

Alabaster, 189

Albumen, 249, 251

Alcohol, 242, 243

, ready method of
ascertaining the quantity
of, in wine, &c. 536

Alcohol of sulphur, 147

Alembic, 271, 318

Alkahest, 60

Alkali, fixed, 118

, mineral, 119

, vegetable, 118

, volatile, 121

Alkalies, Note to, 29, 88,
117,128

—, as tests, 511

Alloys, 28, 628, 630, 666

, mode of analysing,

Alum, 127, 197
Alumina, 69, 127
and potass, sul-
hate of, 197
Aluminum, 29, 69
Amalgams, 34
Amber, 238
Ammonia, 121
, carbonate of, 179
, muriate of, 178,

486
484

, nitrate of, 177,

, oxalate of, 510

liquid, 523
Ammoniacal gas, 467
Analysis defined, 11
Animal kingdom, 249
Antimony, 29, 43
Apparatus, 2564—359
Aqua-fortis, 106
Aqua-regia, 199
Arbor Diana, 632
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Arbor Martis, 633 .

Plumbum, 634

Argil, 127

Argillaceous earths, 127

Arsenic, 29, 47

Arsenic acid, 47

Arsenious acid, 47

Assafeetida, 231

Atomic theory, 89—92

Attraction, 74

Aurora Borealis, 437

Azote, 23

BALDWIN'S
60Y

Balloons (Miniature), 431,
432, 433

Balsams, 232, 238

Barilla, 174

Barium, 29, 64

- Barytes, 64,123

, rarbonate of, 181

, muriate of, 183,

487, 517

, nitrate of, 182, 488

, sulphate of, 180,

Phosphorus,

489

Barytic water, 513

Base. A term applied to de-
note the amige which is
combined with an acid, to
form a salt: .

Bath (Sand). A vessel filled
with sand, and placed over
a fire. It is employed to
give heat to matrasses, re-
torts, and other vessels,
which it would not be pru-
dent to expose to a naked

re.

Bath (Water). A vessel of
boiling water, in which
other vessels to be heated
are placed; or on the co-
ver of which, certain pre-
cipitates, &c. are placed to
dry. The boiling water

INDEX AND GLOSSARY.

———, nitrate of, 42,2164

bath gives a constant heas
of 215‘%'*

Beer, 240

Bell-metal, 35

Benzoates, 113

Benzoic acid, 113, 238

Bismuth, 29, 42

501
, hitro-muriate of}

218
Bitumen. A generic termy

applied to a variety of iny
flammable mineral sub?
stances. The following
are some of the most imj
ortant of this class o
odies: Naphtha, Petros
leum, Asphaltum, Jet
Amber, Coal.
Black-lead, 149 ,
Bleaching, 469, 473, 564
Bleaching-Powder, 138
Blow-pipe, 279, 350
spoon, 351
Bolognian phosphorus, 1804
Bolt-head, 344
Bones, 27, 193
Boracic acid, 105, 682
Borates, 105
Borax, 25, 105, 172
Bﬂmn., 171 25
Borurets, 140
Brass, 35, 637
Brimstone, 26
Bronze, 35
CABBAGE, tincture of, 506(
Cadmium, 29, 40
Calcareous. Of a chalky na
ture, containing lime.
Calcareous spar, 125
Calcination. The act
burning certain substan|
ces, in a particular mani
ner. Chalk is calcinee
when it is made into lim |
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Lead is caleined, when it
is made into dross, by be-
ing kept melted, and ex-
posed to the air. The
dross of Lead is an owide
of that metal ; it formerly
was termed the calxe of
Lead.
. Caleium, 29, 63
Calico-Printing, 561, 562,
563
Calomel, 34
Caloric, a simple body, 16
, nature of, 81—84
. experiments on, 360
to 356 -
, expands bodies, 362
, conductors of, 371
Camphor, 229, 238, 6iti4
Camphoric acid, 238
Canton’s phosphorus, 608
Caoutchouc, 233
Carbon, 17, 24
(Carbonates, 104
Carbonic acid, 24, 104, 416,
442450, 521
Carbonic acid contained in
air respired from thelungs,
626
Carbonic acid gas, directions
for obtaining, and per-
forming experiments with,
442450
Carbonic oxide, 136
Carburet of iron, 148, 149
—————— of sulphur, 147
Cassius, precipitate of, 536
Causticity. A property
which some substances
possess, of burning or
corroding animal bodies
to which they are applied.
Cerium, 29, 58
Chalk, 125, 188
Chﬂalyhﬂatﬁ mineral waters,
09

224

Chameleon (mineral), 642

spirit, 614

Charcoal, 24

Chemical Affinity, defined,
763 laws of, 7;; simple,
783; compound, 79; ex-
periments on, 387—407

Chemical Decompositions,
table of, see APPENDIX.

Chemical miracle, 627

Chemical preparations -mne-
cessary for the performance
l:])f the experiments, page
19

Chemistry, usefulness of,

3
Chleric oxide, 137
Chlorides, 19, 108, 138
Chlorine, 17, 19, 471
liquid, 472 F
Chlorous oxide, 137 '
Choke-damp, 104
Chromic acid, 48
Chromium, 29, 48
Cinders, to chrystallize, so
as to resemble specimens
of minerals, 618
Citrates, 112

 Citric acid, 112, 238

Clay, 127

(Coal gas, 463

Cobalt, 29, 45
nitro-muriate of,

502
Cohesion, attraction of, 75
Coke, 463 7
Cold. This is treated of
along with Heat, or Calo-
ric, which see.
Colour, 663 ; see also ¢¢ Li-
quids.”
Coloured flames, 588
Colouring matter, 234
Columbic acid, 51
Columbium, 29, 51
(lombination, 85
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Guﬁnagustion, 85, 599, 600,

Combustion under water,
582

Concentration. The act of
increasing the specific gra-
vity of bodies. In gene-
ral, the term is applied to
fluids which are rendered
stronger by evaporating a
portion of the water they
contain.

Comguund bodies, 14, 94

Copal, 230

Copper, 29, 35

, acetate of, 206

, carbonate of, 623

, muriate of, 205

, Ditrate of, 203, 495

, sulphate of, 204

, oxide of, to make, 35

, to silver, 638

Cﬂpparas, 36, 207

Cork, 238

Corrosive sublimate, 34

Cream of Tartar, 116, 169,
238

Crucibles, 277, 298

Cryophorous, 334, 384

Crystallization, 93

, water of, 93

, instantane-

ous, 385
Crystallizing, process of,
73, 639, 640, 641
Crystals, beautiful, 641
Cupel, 192
Culinary salt, 170
Cyanogen, 150
DEcaNTATION, 264
Decanting glasses, 301
Decomposition. The sepa-
ration of the constituent
principles of compound
bodies by chemical means.
Decrepitation, 170

INDEX AND

GLOSSARY.

Definite proportions, doc-
trine of, 89

Deflagrating ladle, 329

Deliquescence, 167

Derbyshire spar, 190

Deutoxide, 91

Diamond, 24

Digestion, 268

Dissolution of metals, 156,
265

Distillation, 271

, compound, 294

Dropping tube, 303

Duectility. A property of
certain bodies, in conse-
quence of which they may
be drawn out to a certain
length without fracture.

Dying, (art of,) 234, 561

EAR;‘HS, Note to, 29, 88,
12

Effervescence. An internal
motion which takes place
in certain bodies, occa-
sioned by the sudden
escape of a gaseous sub-
stance.

Efflorescent. Saline crys-
tals, to which this term is
al]]:-plied, when exposed to
the air, fall into powder,
in consequence of losing a
part of their water of crys-
tallization.

Electricity, 16

Elements. The simple con-
stituent parts of bodies,
which are incapable of de-
composition ; they are fre-

uently called principles.
%ee Simple Bodics.

Elutriation. The same as
washing, which see.

Empyreuma. A pecuoliar
and indescribably disa-
greeable smell, arising
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from the burning of ani.
mal and vegetable matter
in close vessels.
Epsom-salt, 126, 195
Equivalents (chemical ). See
APPENDIX.
Ether, 244

Eudiometer, common, 289,

324
, Dr. Ure’s, 357

, Volta’s, 358
Evaporating basin, 299
Evaporation, 270
Expansion by heat, 362
Experiments (chemical ), ge-

neral observations respect-

ing, 254, and page 123
Experiments :—On th%l?m-

ggf;ties of Heat, 360 to

Experiments :—On Chemi-
cal Aflinity, 387 to 407
Experiments :—On  Gases,
488 to 475

Experiments :—On the pre-
paration of Salts, 476 to
a02 *

Experiments :—On Chewmi-
cal Tests, or Re-agents,
503 to 641

Experiments :—Application
of chemical knowledge to
the Arts, and to Domestic
Purposes, 542 to 574

Experiments : —On  Com-
bustion, Detonation, and
Light, 675 to 611

Experiments :—DMiscellane-
ous, 612 to 683

Facg, luminous, 581

Fecula, 225

Fermentation, 239

, vinious, 2 40

, acetous, 245

Fibrin, 249, 252

Filters, 263

AND GLOSSARY.
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Filtration, 263

‘Fire produced by the mix-

ture of two cold liquids,
601
Fire, a fountain of, 464
Fire-damp, 141
Fireworks, with gas, 435
Fixity of the moble metals,
to show the, 622
Flake-white, 42
Flask, 345
Flint, 128
Flowers, in chemical lan-
guage, are solid dry sub-
stances reduced to a pow-
der by sublimation.
Flowers of antimony, 43
of benjamin, 113,
643

of sulphur, 26, 643

of zinc, 41

Fluates, 109

Fluor spar, 190

Fluoric acid, 109, 612

Fluorine, 17, 21, 128

Fluxes, 680 .

Frankincense, 230

Frigorific mixtures, table of,
see APPENDIX.

Frost bearer, 334, 384

Fulminating mercury, 611

mixtures, 590
to 599

powder, 586

Furnace (Table-lamp), 314

Furnaces, 278, 314

Fusible metal, 615

Fusion, 277

GALENA, an ore of lead,
analysed, 679

(GGallates, 114

Gallic acid, 114, 238

Galls, tincture of, 508

Galvanic experiments, 667
to 677

Galvanic pile, 331
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Galvanism, sketch of, 677

Gas differs from vapour,
Note to, 18

Gas-bottles, 281, 320, 327,
328

Gas-holder, 287, 352

Gas, intoxicating, 135

Gas, laughing, 135

Gas-lights illustrated, 463

Gas ng Paradise, 135

Gas, to fill bladders with,
291, 326

Gas, to try if combustible,

G 288 s
ases, apparatus for, 280 to
503 PP ’

Gases, experiments on, 408

to 475

Gases, how collected, 284,
286

Gases, how weighed, 293%

Gasometer. An instrument
used for the same purpose
as a Gras-holder; but the
name here intimates, that
the instrument serves not
only to contain the gas,
but to measure its quan-
tity also.

Gelatin, 249, 250

Ginger beer, to make, 542

Glla’?g, of what made, 128,

Glass, to cut, 683

Glass, to engrave on, 612

Glass jars, to graduate, 325

Glass tubes, remarks on, 346

Glauber’s salts, 171

Glucina, 68, 129

Glucinum, 29, 68

Glue, 250

Gluten, 226

Gold, 29, 30, 644

Gold, nitro-muriate of, 199

Golden figures, to make,

INDEX AND GLOSSARY.

upon charcoal, 619 ; upon
silk, 616 ; upon steel, 636

Graduated measurer, 304

Granulation, 275

Grreen Paint, 623

Gum, of what comp osed, 24

Gum, properties of, 223

Gum Benzoin, 113, 643

Gum Resins, 231

Gunpowder, 587

Gypsum, 189

HarROWGATE water, 143

Hartshorn, 193

Heat, see Calorie.

Homberg’s phosphorus, 610

pyrophorus, 606

Hydrates. Those substan-
ces that have formed so
intimate an union with
water, as to solidify the
water, and render 1t one
of their component parts.
Common slaked lime is
properly a hydrate of lime.

Hydrogen, 17, 22

Hydrogen gas, directions for
obtaining, and performing
experiments with, 428 to
441

H _'.,lrdmgm, arsenuretted, 47,

44

Hydrogen, carburetted, 24,
141, 463

Hydrogen, phosphuretted,
142, 152, 464 :

Hydrogen,
146 et

Hydrogen, sulphuretted, 26,
145,465 " °

Hydrogen, sulphuretted, li-
quid, 466, 525 :

Hydrogen, telluretted, 46,
145

Hydro-sulphurets, 143

Hyposulphurie acid, 102

potassuretted,
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Hyposulphurous acid, 102

Ie~Es fatui, 142

Imponderable bodies, 16

Incineration. The burning
of vegetables, for the sake
of their ashes. It is usu-
ally applied to the burn-
ing of kelp on the sea-
coast, for making mineral
alkali. -

Indian rubber, 233

Inflammable air, 22

Inflammation, curious cases
of, 589, 600, 604

Infusion, 267

Ink-powder, 571

Ink-stains, to remove, 572

Inks, coloured, 570

Inks, indelible, 569

Inks, indelible, for marking
linen, 673, 574

Inks, sympathetic, 648 to
662

Inks, writing, 567, 568

Instantaneous light,
583

Todides, 20, 139

Todine, 17, 20

Todine, vapour of, 613

Iridium, 29, 55

Iron, 29, 36

——, acetate of, 210

~—, carbonate of, 209

—, gallate of, 211

——, mariate of, 208

~——, nitrate of,

——, prussiate of, 212

, sulphate of, 207, 496

—, oxide of, 421

Iron liquor, 210

Iron tree, 633

Isinglass, 250

Ivory, to silver, 647

g ELLY, 25fﬂ PR
et-pipes, for gas, 322,

KAEIP A genus of marine

560,

231

plants, which is burnt for
the preparation of mineral
a.lkagi. The alkali is af-
terwards obtained by lixi-
viating the ashes, and then
concentrating the saline
liquor by evaporation.
Kelp, 174 _
Kermes, mineral. A medic-
inal preparation, formed
by the union of sulphuret
u%’ antimony and potash.
LABORATORY,observations
on fitting up a, 264
Lakes. Certain colours
made by combining the
colouring matter of cochi-
neal, or of certain vegeta-
bles, with pure alumina,
or with oxide of tin, zinc,

&c.
Lamps, 313, 315, 335, 602
Lamp-Furnace, 314
Lapis calaminaris, 678
Latent heat, 382
Lead, 29, 38
_, acetate of, 216, 499,
516 |
, carbonate of, 215
——, nitrate of, 499
——, oxides of, 90 :
, ore of, analysed, 679
Lead tree, 634
Lieather, 235, 250
Lemon juice, 238
Lemonade, to make, 544
Lievigation, 261
Light, 16
Lime, 63, 125, 646
Lime, carbonate of, 188,449
, chloride of, 138
—, fluate of, 190
—, muriate of, 192, 491,
519
——, nitrate of, 191, 491
——, oxalate of, 194




232

Lime, phosphate of, 193

» Sulphate of, 189

Limestone, 125, 188

Limestones, analysis of, 558

Lime-water, 512

Liquefaction. The change
of a solid to the state nlg a
fluid, in consequence of
the combination of caloric
with it.

Liquids, remarkable altera-
tions in, resulting from
chemical action, 520 to
541

Liquids, to measure given

uantities of, 304—306

Lithia, 62, 120

Lithium, 29, 62

Litmus, tincture of, 504

Litmus test-papers, 505

Lixiviation, BSE

Lioadstone, 36

Lunar caustic, 200

Lutes, 271, 681

MacErAaTION, 269

Magnesia, 66, 126, 196

, carbonate of, 196

, sulphate of, 126,
195, 492

Magnesium, 29, 66

Magnetism, 16, 36, 39, 45

Malic acid, 238

Malleability. That roper-
tl‘; of metals whicl]: 1ves
them the capacity of be-
ing extended and fattened
by hammering.

Manganese, 29, 44

Marble, 125, 188

Marls, analysis of, 558

Martial. An old term for
chemical preparations of
iron.

Massicot, 90

Mastic, 230

Matrass, 344
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Menstruum, 265

Mercury, 29, 34

— fulminaﬁI}g, 611
494, 522

Metallic oxides, 90

Metallic salts, 198

Metallic trees, 631

Metallurgy. The art of ex-
tracting and purifying
metals.

Metals, 17, 28, 29

—— as tests, 514

Microcosmic salt. A com-
pound formed of phospho-
ric acid, soda, and ammo-
nia.

Milk, 545
Mineral waters, 220
Mineralizers. Those sub-

stances that are combined
with metals in their ores 3
such as sulphur, arsenic,
oxygen, carbonic acid, &c.

Mineralogy, 219

Minerals, 219

Minium, 90

Moiree metal, 565

Molybdenum, 29, 49

Molybdic acid, 49

Mordants. Substances which
have a chemical affinity
for particular colours’s
they are employed by dy.-
ers as a bond of union be-
tween colours and the cloth
intended to be dyed with
them. Alum is a body of
this class.

Mortar, 261, 300

Mucous acid, 238

Muriates, 108, 138

Muriatic acid, 108, 469

, as a test, 515

Musical sounds produced b
the combustion of gas, 44
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Myrrh, 231

Natron. One of the
names for mineral alkali,
or soda.

Neutral salts, 155

Neutralizee. When two or
more substances mutually
disguise each other’s pro-
perties, they are said to
neutralize one another.

Nickel, 29, 39

Nitrates, 106

Nitre. The same substance
as nitrate of potass, or
saltpetre.

Nitre, inflammable, 177

Nitric acid, 106

Nitric ether, 244

Nitric oxide, 134, 456

Nitrites, 107

Nitrogen, 17, 23, 247, 451
to 453

Nitro-muriates. Salts form-
ed by the combination of
bases with nitro-muriatic
acid.

Nitro-muriatic acid, 199

Nitrous acid, 107

Nitrons gas, 134, 456

Nitrous oxide, 1353 to pro-
cure, 460 ; to breathe, 462

OCHRES. Various combi-
nations of the earths with
oxide or carbonate of iron.

Oil of lime.
lime in a state of deliques-
cence.

0il of vitriol, 100

Oil, fixed, 227

Oil, volatile, 228

Oils, 24, 227

Ores. Metallic earths mix-
ed with extraneous mat-
ters; such as sulphur, ar-
senic, &c.

Osmium, 29, 33

Muriate of

L
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(Oxalates, 115

Oxalic acid, 115, 224, 235

as a test, H10

Oxides, 29, 88, 90, 133

Oxidizement. The opera-
tion by which any sub-
stance is combined with
oxygen, in a degree not
sufficient to produce acid-

ity.
Oxygen, 17,18
Oxygen gas, directions for
obtaining and performing
experiments with, 408 to
42
Oxygenize. To acidify a
substance by oxygen.
PALLADIUM, 29, 33
Parting. The operation of
separating gold from sil-
ver.
Pearl-powder, 218
Permanent white, 123
Peroxide, 91
Pewter, 87, 42, 43, 665
Philosophical taper, 434
Philosophical wool, 41
Phlogiston. This is an old
chemical name for a sub-
stance now held to be #mna-
,%riﬂary; supposed ancient-
ﬁ};tu be a combination of
e with some other body,
and to be a constituent of
all inflammable bodies,
and of many other sub-
stances.
Phosphates, 103
Phosphorescence, 607
Phosphoric acid, 103, 419
Phosphoric fire-bottle, 583
Phosphoric spar, 190
Phosphorized ether, 578
Phosphorized oil, 581
th:}%)hnma, 17, 27, 575 te

' 2
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Phosphorus, caution respect-
ing the use of, 576

Phosphuret of lime, 152,
584, 585

Phosphuret of sulphur, 152

Phosphurets, 152

Pinchbeck, 35

Pitch, 230

Plaster of Paris, 189

Platinum, 29, 30

Plumbago, 149

Pneumatic. Any thing re-
lating to the airs and
gases.

Pr;aeit.l?matic trough, 284, 316,

Potash, 118

Potass, 29, 60, 118

affinities of some of

the acids for, 395 to 398

carbonate of, 166,

447, 448, 477

chlorate of, 165, 475,

990 to 599

nitrate of, 164, 478

oxalate of, 168

prussiate of, 167, 518

sub-carbonate of,118,
166, 477

——— super-tartrate of, 169

tartrate of, 169, 479

Potassium, 29, 60, 518 -

Precipitant, 274

Precipitate, 274

Precipitating glasses, 301

Precipitation, 274

Protoxides, 91

Prussian Blue, 36, 110, 212

Prussiates, 110

Prussic acid, 110

Prussine, 150

Pulverization, 261

Putrefaction, 246, 253

Pyrites. A mineral found
abundantly in England.
Some are sulphurets of

INDEX AND GLOSSARY.

iron, and others sulphu
rets of copper, with a l:mm
tion of alumina and silicz{
The former are worked fc:
the sake of the sulphu
and the latter for sulphuy
and copper. This mines
ral is sometimes called
Fire-stone ; see 151.
Pyrites (Martial). Thad
species of pyrites whicl
has iron for its base.
Pyrometer. An instrument
for measuring high ded
ees of heat; that is, fi
egrees of heat above thi
range of thermometers.
Pyrophori. Certain sub
stances that heat of them:
selves, and take fire whenl
exposed to atmeospheric
air; see 606,
QuickrLime, 125
Quicksilver, 34
REAGENTS.

waters or other liquids,
discover their nature an
composition. Reagent i
synonimous with 7est;
which see.
Receiver, 271
Red-lead, 90
Reduction, 276
Refining. The process off]
separating the perfect me- .
tals from other metallic:
substances by capellation. .
Refractory. A term applied |
to earths or metals that .
are infusible, or that re- .
quire an extraordinary de-
gree of heat to change or
melt them.
Regulus, in its chemical ae-
ceptation, signifies a me-
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tal purified from all extra-
neous matter. The term
is an antiquated one.

Repulsion, 8]

Resins, 230

Retort, 271, 282

Revivification, 276

Rhodium, 29, 54

Roasting. A preparative
opergtion in mineralogy,
by which the sulphur, ar-
senic, and other volatile
bodies, combined with
some minerals, are dissi-
pated.

Rock-crystal, 128

Rust of iron, 36

SAL ammoniac, 178

Sal polychrest. An ola
name for sulphate of po-
tass.

Salifiable bases. All the
bodies capable of combin-
iI;f; with acids and forming
salts.

Saline. Partaking of the

roperties of a salt.

Salt, common table, 61, 170

Salt of lemons, 168

Saltpetre, 164

Salts, bi-, 155

neutral, 155

nomenclature of, 154

——— phenomena attending
the formation of, 156 to
160

——— sub-, 155

— super-, 155

—— the solubility of, 161

what they are, 153

Salts, triple. Salts formed
by the combination of an
acid with two bases. Alum
(a sulphate of alumina
and potass), and Rochelle
salt (a tartrate of soda and
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potass), are both instan-
ces of this kind of combi-
nation.

Saturation. The act of im-
pregnating a liquid with
another substance till no
more can be received or
imbibed. A fluid which
holds as much of any sub-
stance as it can dissolve,
is said to be saturated with
that substance. A liguid,
however, which is ctLully
saturated with one sub-
stance, is still capable of
dissolving other substan-
ces. At 162 is explained
the mode of obtaining asa-
turated solution of a salt.

Scales, 255

Selenic acid, 52

Selenium, 29, 52

Sifting, 262

Silica, 72, 128

Siliceous earths. A term
used to describe a variety
of natural substances
which are composed chief-
}_fr of silica; as quartz,

int, sand, &c.

Silicium, 29, 72

Silver, 29, 32

Silver, muriate of, 201

Silvler, nitrate of, 200, 493,
515 .

Silver, sub-nitrate of, 200

Silver shrubbery, 635

Silver tree, 632

Simple bodies, what, 13 to 15

Simple bodies described, 13
to 72

Simple bodies, table of, 17

Smelling salts, 179

Smelting. The operation of
fusing ores for the pur-
pose of separating the me-
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tals they contain, from the
sulphur and arsenic with
which they are mineraliz-
ed, and also frem other
heterogeneous matter.
Soap, how made, 387
Soap as a test, 520
Soda, 61,119,174
= borate of, 172
carbonate of, 174, 175
muriate of, 170, 481,

482

phosphate of, 173

sub-carbonate of, 174,

176, 480

sulphate of, 171, 483

Soda-water, te make, 543

Sodium, 29, 61

Sodium, chloride of, 61

Soils, analysis of, 557

Soils, how to improve, 559

Soluble tartar, 169

Soluble bodies, 265

Solution, 265

Specific gravities, on taking,
257

Specific gravities, table of,
see APPENDIX.

Spl%:iﬁc gravity bottle, 260,

2

Specific gravity of gases, to
pdetf:rm%lr‘le the, 29%‘ v

Specific gravity of liquids, to
determine the, Eﬁg

Specific gravity of solids, to
determine the, 258, 259

Spirit-lamp, 315

Spirit of salt, 108

Spirit of wine, 242

Spirits of hartshorn, 121

Spoons which melt in hot
water, 615

Stalactites. Certain concre-
tions of calcareous earth
found suspended like ici-
cles in eaverns, They
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are formed by the oozin
of water charged with this
kind of earth through the
crevices of the rocks.

Starch, 24, 225

Steel, 36, 148

Still, 271

Stop-cock, 323

Strontia, 65, 124

Strontia, carbonate of, 185

Strontia, muriate of, 187,490

Strontia, nitrate of, 186, 490

Strontia, sulphate of, 184

Strontium, 29, 65

Sub-salts, 155

Suberic acid, 238

Sublimation, 272, 643

Suceinic acid, 238

Sugar, 24, 224

Sugar of lead, 38, 216

Sulphates, 100

Sulphites, 101

Sulphur, 17, 26, 643

Sulphuret of carbon, 147

Sulphuret of copper, 151

Sulphurets, 26, 151

Sulphurie acid, 100, 418

Sulphuric acid, comparative
aflinities of several sub-
stances for, 399 to 404

Sulphuric acid as a test, 509

Sulphuric ether, 244

Sulphurous acid, 101, 46¢

Super-salts, 155

Sweet Salts, 129

Synthesis defined, 11

TANNIN, 235

Tannin, artificial, 235

- Tar, 230

Tartaric acid, 116, 238
Tartrates, 116

Tea, 2hy7 -

Telluric acid, 46
Tellurium, 29, 46
Test-glasses, 308
Test-papers, 505, 507

e
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Tests, or re-agents, experi-
ments on, d03 to 541
TESTS, References to, for
the presence of the follow-
ing substances .—
Acids in general, 504, 505,
528
Albumen, 251
Alkalies in general, 504,
506, 507, 526, 527
Ammonia, 522
Arsenic, 525
Barytes, 509, 521
Carbonates ;—effervesce
on adding acids.
Carbonic acids, 509, 512,
513, 528
Copper, 514, 537, 523, 540
Corrosive sublimate, 512
Earths in general, 511
Earths, dissolved by carbo-
nic acid, precipitate on
boiling.
Gallic acid, 389, 508
Gelatine, 508, 554
Gold, 524, 536
Iron, 508, 518, 535
Liead, 509, 525, 540
Lime, 509, 510, 512, 521
Magnesia, dissolved by
acids ;—precipitated by
pure ammoria.
Magnesia, dissolved by car-
bonic acid, precipitates
on boiling.
Metals, 511, 514, 518
Muriates, 515
Muriatie acid, 515, 533
Silver, 515, 541
Strontia, 521
Sulphuretted  hydrogen,
516, 528 )
Sulphates, 534
Sulphate of lime, 55l
Sulphuric acid, 613, 516,
517, 519, 534

Tin, 524
To distinguish iron from
steel, 550
For impurities in wine, 547
To determine whether wa-
ter be hard or soft, 520,
551
To detect copper in pickles
or green tea, 548
To determine whether
wheat-flour or bread be
adulterated with chalk,
552
To discover if bread be
adulterated with alum,
553
For impuiities in magne-
sla, HdH
To distinguish a solution
of oxalic acid from one
of Epsom salt, 546
For the purity of volatile
oils, 54Y
Thermometer, 366 to 368
Thorina, 70, 132
Thorinum, 29, 70
Tin, 29, 37
Tin, muriate of, 214, 497
—— nitrate of, 213
as a test, 524
Tincal, 172
Tin-plate, 36
Titanium, 29, 57
Tritoxide, 91
Trituration, 261°
Tube of safety, 296, 349
Tungstenum, 24, 50
Tungstic acid, 50
Turmeric, tincture of, 507
Turmeric test-papers, 507
Turpentine, 230
UxioxN, chemical. When
a mere mixture of two or
more substances is made,
they are said to be me-
chanically urited ; but
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when each or either sub-
stance forms a permanent
component part of the pro-
duct, the substances have
formed a chemical union.
Uranium, 29, 56
- Varour differs from gas,
Note to, 18
Vegetable acids; 238
Vegetable substances, 222
Verdigris, 206 -
Vermilion, 34
Vinegar; see Acetic acid.
Vital ?11"?1 onB of the names
appilied to OUxygen gas.
Vitrilgl, blue, 4g 7
Vitriol, green, 36, 207
Vitriol, white, 41, 217
Volatile alkali, 121
Voltaic pile, 331
WasHING, 262
Water, the basis of, 22
Water, composition of, 89,
440
. Water, freezing and boiling
oints of, 36%
ater, properties of, 96
Water, mineral. Waters
which are impregnated
with mineral and other
substances, are known by
this appellation. These
minerals are generally
held in solution by carbo-
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nie, sulphuric, or muri-
tic acid.
Waves of fire on water, 58
Wax, 236 : ;
‘W?a}r, dry and humid, pag|
5

Weighing, 255
Welding, 30, 36.
White-lead, 215
Will-of-the-wisp, 142
Wine, 240
Wine-test, 547
Wodanium, 29, 59
Wood, 237
Worm, 271
Woulfe’s apparatus, 299
348
Woulfe’s gas bottle, 320
Writing, luminous, 575
YEasT, 240
Y ttria, 67, 131
Y ttrinm, 29, 67
ZAFFRE. An oxide
cobalt, mixed with a pad
tion of siliceons matted
In this state it is importe)
from Saxony.
Zero, 366
Zinc, 29, 41
Zinc, ore of, analyzed, 67§
Zine, oxide of, 423
Zinc, sulphate of, 217, 5004
Zirconia, 71, 130
Zirconium, 29, 71
















